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how to build 
a versatile 

special effects 
system on a 

not-so-versatik 
budget. 

You build it the Riker way. Inexpensively. Cleverly. 
A module at a time. Like so ... 
1. Start with our Dasic 9 -wipe system. Very handy. Very useful. 
2. Add a waveform module and you've increased your wipe capacity 
by 29. And by pressing two or more buttons simultaneously, 
you can create an infinite number of waveform combinations. 
3. Add an insert ieyer and subjects being keyed are easily wiped 
in or out. Title inserts can be wiped from one to the next. 
Electronic maskirg and montage effects become simply a matter 
of pressing the r ght buttons. 
4. Add a "Joy Stick" positioner. Now you're able to set circles, 
squares, diamonds and other wipe patterns to move or appear 
in any portion of the picture area. 
5. Add a mixes -fader and you now have the world's most 
versatile spec al effects system. 

Incidentally, you don't have to buy a Riker Special Effects 
System a module at a time. You can always splurge and get the 
whole works all at once. It's really more fun that way. For 
details write or call Riker-the one company in the TV 
broadcast industry offering a complete line of all solid-state 
instrumentation for video analysis, simulation and control. 

PRODUCTS FOR VIDEO ANALYSIS, SIMULATION 8 CONTROL 

RIKER VIDEO INDUSTRIES, INC., 100 Pakway Drive South, Hauppauge, Long Island, N.Y. 11787 (516) 543-5200 
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accepts composite or noncomposite signals 

cut is standard on Mix, Effects, and 
Preset/Program Buses 

automatic inhibit of non -synchronous dissolve 

fade to black with automatic cut 

automatic sync insertion 

no mid -fade color drop when fading to 
monochrome 

input over -voltage protection 
to ±300 volts 

All performance specifications lead 
the state of the art; all components 
used are selected from the latest 
proven lists. Cohu's new 9300 Series 
Video Switcher does it all... and does 
it now. 

No single failure can disable the 
9300 because of redundant power 
supplies and sectional fusing. Test 
points are easily accessible from the 
front. Cards are interchangeable 
plug -ins. Adjustable, preprogrammed 

delay sections provide interchange- 
able output amplifiers. 

Designed specifically for broadcast- 
ing, the 9300 Series Video Switcher 
features integrated circuits and modu- 
lar construction with a convenient 
form factor for typical studio require- 
ments and expansion capabilities. For 
more details, contact your nearest 
Cohu representative, or call Bob 
Boulio direct at 714-277-6700 in San 
Diego. But do it now! Box 623, San 
Diego, California. TWX 910-355-1244. 

VIDEO SWITCHING MATRIX 

Cohu's New 
9300 Series 

video switther 
does it all ... 

Now ELECTRONICS, IIVC 
SAN DIEGO DIVISION 
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Partner, adjunct, or competitor to the 
broadcasting industry-only time can 
reveal the ultimate role of CATV. One 

thing is certain, the CATV methods 
and technology of today are a far 
cry frrom those of a decade ago. 
Our cover shows the construction 

of a trunk line in Lancaster, 
Pennsylvania. This scene promises 

to become increasingly familiar 
throughout the counrty. (Cover 

photograph courtesy of Entron, Inc.) 
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Color it red, 
green or blue 
but above all 
color it true! 
The rhyme may be pretty corny, but take our 
word for it, the results you can expect with our 
new Model 538 Chromax Masking Processor 
aren't. Whether it's Campbell Soup Red, Oasis 
Blue, or even Lucky Strike Green, Chromax 
delivers true color fidelity from your telecine 
chain. 
The new CBS Laboratories development 
electronically corrects color distortion caused by 
optical color filter overlap and the response 
characteristics of camera pick-up tubes. You get 
true color fidelity - automatically - without 
adding noise to the picture. 
Come to think of it, you really don't have to take 
our word for anything. You can call us collect 
anytime (203) 327-2000 for details on how you 
can try one in your PE -240 chain. If you're 
not in too much of a hurry for a better color 
picture, then write the Professional Products 
Department at CBS Laboratories for more details 
on this Masking Processor and others now 
being designed. 

PROFESSIONAL 
PRODUCTS 

LABORATORIES 
Stamford, Connecticut. A Division of 
Columbia Broadcasting System, Inc. 

Circle Item 3 on Tech Data Card 

June, 1968 5 



NEWS OF THE INDUSTRY - --- - 
NATIONAL 

Microwave Systems 
Sold to TV Stations 

Microwave Associates, Inc. reports 
receipt of a contract from KBYU-TV, 
Provo, Utah, educational television 
station of Brigham Young University, 
for delivery of dual STL and TSL 
equipment with color capability. Other 
recent ETV station installations by 
Microwave Associates include WSBE, 
Providence, R.I. (STL); WBGU, Bowl- 
ing Green State University, Ohio (TV 
Pick -Up); KUAT, University of Ari- 
zona, Tucson (STL); KAET, Arizona 
State University (STL); KLRN, Uni- 
versity of Texas at Austin (TV Pick 
Up), and WEDH-WEDN Hartford - 
Norwich, Connecticut (STL/intercity 
relay). 

Also, a new turnkey contract has 
been signed with Wometco Industries' 
station WTVJ, Miami, for dual auto- 
matic-switchover STL, TSL, and inter- 
city relay from Ft. Lauderdale to the 
Miami studio. In addition, KIRO-TV, 
Seattle, Washington, has signed for 
dual STL and TSL links. The station 
previously purchased a portable link 
for greater -Seattle live TV van pick-up 
and coverage of marine sports events 
from boats. 

Two New ETV Systems 

A new instructional television sys- 
tem will be in operation this Septem- 
ber when the Monroe Community 
College, Rochester, N.Y., opens its 
doors to students at its new campus. 
The system will enable the college to 
originate programs on 12 RF, 5 

video, and 2 subcarrier TV channels 
and distribute them over a coaxial - 
cable system to every teaching station 
on campus -156 classrooms, lecture 
halls, laboratories, and learning car- 
rels. The system has the capability of 
providing up to 17 simultaneous TV 
programs. 

In addition, programs can be 
originated from any point on campus, 
and then fed back through the cable 
by means of the subcarrier channels 
to the college TV distribution center 
for recording and taping purposes. 

The ITV system was engineered to 
the specifications of Professor Eugene 
Edwards, chairman of the Instruc- 
tional Services Department of Mon- 
roe, by the Educational and Commu- 

nication Systems Division of Jerrold 
Electronics Corp. Fabrication and in- 
stallation of the master distribution 
system and head -end were handled by 
Professor Leslie M. Wetherbee, chief 
television engineer. 

Northeastern University is con- 
structing a new four -channel 2500 - 
MHz instructional television system. 
The system uses Jerrold color and 
black -and -white transmitting and re- 
ceiving equipment. Programs origina- 
ting in the university's studios will be 
transmitted via microwave to its 
downtown -Boston campus and its 
Burlington, Mass., campus approxi- 
mately 12 miles away. At the various 
buildings, the signals will be converted 
to VHF and delivered to each class- 
room through a cable TV distribution 
system. In addition to two program - 
origination studios, many of the class- 
rooms are equipped to originate 
programs. 

Handwriting Over FM 

The transmission of handwriting 
with voice was presented at the annual 
convention of the National Associa- 
tion of FM Broadcasters by the Victor 
Comptometer Corp. In addition to 
normal FM voice broadcast, the 
Victor Electrowriter Remote Black- 
board (VERB) system provides the 
speaker with a means of transmitting 
handwritten notation normally made 
on a classroom chalkboard. 

The Electrowriter signal can be 
transmitted on the FM station's SCA 
subchannel. The audio broadcast is 

received in the normal way; the 
writing information is recovered from 
the subchannel and reproduced by the 
Electrowriter equipment on a large 
screen. 

MATV-ITV Technical Session 

Thirty-five engineering contractors, 
educational television broadcasters, 
and electronic distributors recently 
completed a three-day technical train- 
ing course on master antenna and in- 

structional television conducted by the 
Educational and Communication Sys- 
tems Division of Jerrold Electronics 
Corp. The course, held at Jerrold 
headquarters in Philadelphia, drew 
representatives from 14 states, the 
District of Columbia, and Puerto Rico. 
Similar schools are to be held this 
year in Atlanta, San Francisco, and 
again in Philadelphia. The school in 

San Francisco will cover, in addition 
to MATV and ITV, the subject of 
Instructional Television Fixed Service 
(ITFS). 

------- - 
ETV for Kentucky 

Now undergoing final tests are 
twelve TV transmitters which RCA is 

supplying the State of Kentucky's new 
educational TV network. The trans- 
mitters are designed for UHF televi- 
sion service, and when used with the 
appropriate antenna, each is capable of 
radiating 1,000,000 watts of effective 
radiated power. The transmitting 
equipment is scheduled to be in opera- 
tion next fall. 

New Division is Formed 

Formation of a new Information 
Systems Division has been announced 
by Visual Electronics Corp. The Divi- 
sion immediately will begin local op- 
erations in the metropolitan New 
York and northern New Jersey area. 

Products incorporated in the sys- 
tems provided by the new Division 
will include equipment for conversion 
of digital data to television -screen 
information displays, electronic char- 
acter -generation units, display com- 
posers for information -handling 
terminals, "Ready -File" for random- 
access data storage, "Master -File" for 
high -capacity instant -access data stor- 
age, monochrome TV cameras for 
closed-circuit surveillance and educa- 
tional applications, and color equip- 
ment including cameras and video- 
tape recorders. 

Plans call for early expansion of the 
New York operations to New England 
and, later, throughout the United 
States. 

To Receive President's 
"E" Award 

Memorex Corp. has been desig- 
nated by Secretary of Commerce C. 
R. Smith to receive President John- 
son's Export "E" Award for its suc- 
cess in promoting foreign sales of 
U.S. products. The company was 
founded in 1961 and opened its inter- 
national markets in 1964. In three 
years, export sales volume has in- 

creased to one -quarter of total sales. 
The "E" Award consists of a cita- 

tion signed in the name of President 
Johnson by Secretary Smith, an "E" 
flag, and "E" lapel buttons. 

Dealer Announced 

Arrow Electronics, Inc. has been 
selected by the Ampex Corp. as a 

franchised dealer for the metropolitan 
New York area. Arrow will be han- 
dling the entire Ampex line of profes- 
sional audio products, with the ex - 
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what video distribution 
°amplifier has all these 

features ... 
Lowest cost per output 
Six identical source terminated outputs 
Cable equalizing for LF and HF compensation 
Hum bucking input for 46 db ground loop rejection 
Available with sync adding facility 
Built in power supply 
BNC source -terminated test output on front panel 
Plug-in module; silicon semi -conductors throughout 
Excellent performance characteristics 

only Ward video 
distribution amplifier 

Type TA -901 
Your best buy-feature for feature, 
dollar for dollar . . . 72 outputs in 
5-1/4" rack space-at less than $45 
per output. 

The Ward TA -901 Video Distribution Amplifier is a high performance, multi -purpose 
amplifier for distributing color or monochrome video signals in TV systems. Each TA -901 
plug-in module, with built-in power supply, provides six source -terminated outputs. Twelve 
TA -901 amplifiers can be accommodated in a standard F-800 5-1/4" rack frame. Write or 
call for complete details. 

WARD ELECTRONIC INDUSTRIES 
142 CENTRAL AVE., CLARK, NEW JERSEY 07066 (201) 382-3700 

MIMIE 

June, 1968 
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ception of magnetic tape. Last year, 
a broadcast division was established 
as an adjunct to Arrow's industrial 
sales department. Its function is the 
administration of sales to major net- 
works, audio specialists, and sound - 
system contractors in the broadcast 
field. The broadcast division makes its 
headquarters at the company's main 
facility in Farmingdale, New York. 
Ampex professional audio products 
also are available through Arrow sales 
distribution centers in Manhattan; 
Norwalk, Connecticut; Totowa, New 
Jersey; and Mineola, Long Island. 

New VTR Division 

Consolidation of the Sony Corp. of 
America Industrial and Commercial 
video tape -recorder divisions into one 
division has been announced. The 
new VTR Division will be under the 
direction of Vice -President Bruce L. 
Birchard, who has headed the Indus- 
trial Division since it was formed in 
1963. Mr. Birchard is also president 
of Videoflight, Inc., a Sony tape - 
duplication subsidiary. Sony will have 
two sales managers, Richard F. 
O'Brion and Harold L. Johnson, to 
supervise the company's full line of 
Videocorders 

New Plant Opened 
Advance Industries is now operating 

from new facilities at 2301 Bridge- 
port Drive, Sioux City. The 20,000 - 
square -foot facility is the first to be 
located in the "Bridgeport Industrial 
Park." The factory and offices are 
located on a 5 -acre tract of land in 
this area. 

National Distribution 
of Video Tape 

Irish Electronic Enterprises, Inc. 
has announced that national distribu- 
tion of Irish video tape has been 
achieved. Irish markets a line of video 
tape in both the one and one-half 
inch sizes. It is manufactured in the 
United States for use in home re- 
cording, sales training, and special 
industrial applications. 

Miniature Plumbicon 
Camera Tube 

A miniature Plumbicon camera 
tube has been developed by scientists 
at the Philips Research Laboratories 
in Eindhoven, the Netherlands. The 
tube is five inches long with an ex- 

ternal diameter of 5/8 inch, which is 

one half the diameter of the present 
standard Plumbicon employed in 

color television cameras. Since pick- 
up -tube dimensions are a significant 

factor in the design of compact 
cameras, the size of this miniature 
tube should have an important bear- 
ing on the successful development of 
small color cameras for a number of 
applications in addition to television 
broadcasting, such as attachments to 
microscopes, endoscopes, surgical 
lamp units, etc. 

A prototype lightweight color cam- 
era has been developed as a test bed 
for the miniature tube and to evaluate 
its potential for small color -television 
cameras. Compared with that of the 
present day Plumbicon color -studio 
cameras, the overall performance of 
this small, experimental camera is 

reported to be surprisingly good. 
Color rendition is comparable and 
the lag is actually less due to lower 
tube -target capacity. 

This experimental portable color 
camera is comparable in dimensions 
and weight to a 16 -mm movie cam- 
era. The camera itself weighs about 
six and a half pounds, and the as- 

sociated electronic circuits in a por- 
table case or backpack housing weigh 
less than nine pounds. A zoom lens 
weighs another two pounds, as does 
a small electronic viewfinder. The total 
weight for the camera head, there- 
fore, is ten and a half pounds. 

INTERNATIONAL 

Mexican Subsidiary Formed 

Jampro Antenna Co. has announced 
the formation of a new subsidiary in 
Mexico City. Jampro is a division of 
Computer Equipment Corp. The 
Mexican subsidiary, Jampro de Mex- 
ico, S. A., will design and manufacture 
television and FM broadcasting an- 
tennas. Other products include vesti- 
gial-sideband filters, harmonic filters, 
and diplexers. 

Marketing and sales of products 
manufactured by Jampro de Mexico 
will be done exclusively by Visual 
Electronics S. A., Mexico City, a 

wholly owned subsidiary of Visual 
Electronics Corp. This office is headed 
by Miguel Pereyra, formerly with 
Telesistema Mexicana. 

South American 
Microwave System 

A new microwave communications 
system linking Argentina and Uruguay 
has become operational according to 

an announcement by General Tele- 
phone & Electronics International, 
Inc. The 155 -mile network, which 
will be utilized' primarily to carry 
telephone calls, also makes possible 
the transmission of television programs 

between the two countries. TV pro- 
grams were not transmitted previously 
between countries in South America 
because the existing international tele- 
phone cables did not have sufficient 
capacity to carry them. 

The microwave system was installed 
by GT&E International for the gov- 
ernmental telecommunications agen- 
cies of the two countries. The work 
was performed under contracts total- 
ing approximately $2 million. The 
network was constructed across gen- 
erally flat terrain subject to the strong 
"pampero" winds which sweep east- 
ward from the Andes Mountains 
across the pampas, or plains. For this 
reason, the four microwave relay 
towers in the system were designed 
to withstand winds of up to 130 miles 
per hour. The unattended relay sta- 
tions are all located in Uruguay, at 
Canelones, San Jose, Rosario, and 
Colonia. The last "hop," between sta- 
tions in Colonia and Buenos Aires, 
spans the 30 -mile -wide Rio de la 
Plata, which separates Uruguay and 
Argentina. 

Microwave radio, carrier multiplex, 
and switching equipment for the sys- 
tem were supplied by Societa Generale 
di Telefonia ed Elettronica S.p.A. 
(Italy), a GT&E International subsid- 
iary. Voice -frequency telegraph equip- 
ment was provided by Lenkurt Elec- 
tric Co., Inc. Lenkurt and GT&E 
International are subsidiaries of Gen- 
eral Telephone & Electronics Corp. 

Computer To Aid in Detecting 
Unlicensed Dutch Set Owners 

Dutchmen who neglect to pay 
licenses for operating their television 
and radio sets will find a formidable 
opponent working to detect them. The 
"detector" is a new UNIVAC 418 
Real -Time Computer System, supplied 
to the Netherlands Postal and Tele- 
communications Services (PTT) by the 
Sperry Rand Corp. UNIVAC Divi- 
sion. 

To discover unlicensed owners, the 
computer will make rapid checks of 
registered set owners against a file 
of all cities, streets, and houses. From 
this comparison, a list of addresses 
will be prepared showing those homes 
where no radio or TV sets are 
registered. The list will then be given 
to PTT officials for investigation. 

In common with many European 
countries, Holland licenses all radio 
and television sets operated in the 
country. Twice each year, each set 
owner receives a prepunched, pre- 
printed card prepared on Univac 
card -punching machines, with which 
to pay his license fee at any post 
office or by a cash transfer from a 
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First new concept 

in Switching in a 

decade is here 

Vital Industries, Inc. has taken the custom cost and complications out of custom switching. 
A unique combination of mechanical and electrical packaging has yielded exceptionally high 
performance and specifications in the VIX-108 vertical interval switching system. 

FEATURES: 

All solid state with integrated circuits including crosspoints 
and control circuits. 

Complete basic package 18 in by 6 out system complete with 
power supply control circuitry, in 51/4" rack space. UHF 
Connectors. 

Production or routing switcher. Any size. 

Vertical interval or random switch in less than 0.1 micro- 
second. 

Auto sync add for comp/non comp operation. Auto inhibit 
non synchronous mix. 

Custom built with any kind of control buttons or panels. All 
state of the art accessories also furnished by Vital Indus- 
tries, Inc. 

GOOD ENGINEERING IS VITAL 

SPECIFICATIONS for one typical 18 in 6 out system: 

Exceptional isolation between crosspoints ... 65 DB down 
at 4 Mhz. 

Differential phase through the system . . . Less than 0.1 
degree at 1 volt output. 

Differential gain ... less than 0.1 percent at 1 volt output. 

Frequency response . Flat within 0.1 db from 10 Hz to 
10 Mhz under all conditions. 

Tilt ... Less than 0.5% over 1 field. 

K factor less than 1%. 

Selecting the right switcher is Vital 

Write for complete information and specifications. 

June, 1968 

VITAL INDUSTRIES, INC. 3 6 1 4 SOUTHWEST ARCHER ROAD 
GAINESVILLE. FLORIDA 32601 - PHONE 1904) 378-1581 
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bank checking account. A large part 
of this revenue is then distributed to 
the five Dutch broadcasting com- 
panies. 

STATION ACTIVITY 

Station Equipped 
for Emergency Power 

Installation of power generators for 
emergency operation of the studios 
and transmitter of WABC, New York 
has been completed to make it possi- 
ble for the station to remain on the 
air through emergency periods such 
as the power failure of November 
1965. 

A 35 -kw generator has been in- 
stalled -;in a separate fireproof concrete 
room in the ABC Building in down- 
town New York. This room is 
equipped with its own ventilating sys- 
tem. The generator will take over with- 
in 6 seconds after a commercial power 
loss, and its fuel -tank capacity allows 
it to run for approximately 8 hours. 
Refueling of the tank is done by a 
hydraulic pump operated from the 
generator power source. The genera- 
tor will not shut itself off until all 
three phases of commercial power 
have proven themselves stable for a 
period of 30 minutes. 

At the Lodi, New Jersey WABC 
AM transmitter site, a 200 -kw 3 - 

phase, 2400 -volt generator is capable 
of operating both the 50 -kw transmit- 
ter and the 10 -kw transmitter plus 
all auxiliary equipment and building 
lighting. The generator also can 
provide the power needs of a fallout 
shelter which contains all the neces- 
sary broadcast equipment to originate 
normal programming from that 
location. 

Station Sold 

Subject to the approval of the Fed- 
eral Communications Commission, the 
assets of Radio Station WYSI, 
Ypsilanti, Michigan, licensed to the 
Ypsilanti Broadcasting Co. have been 
sold to Robert Koch of Bloomfield 
Hills, Michigan. The president of 
Ypsilanti Broadcasting Co. is Craig 
Davids, who als oowns KCKY, Coo- 
lidge, Arizona. The station sold for 
$135,000. 

20th Anniversary 

Radio station WJCW-FM, Johnson 
City, Tenn., celebrated its 20th anni- 
versary recently. WJCW-FM went on 
the air with the call letters WJHL-FM 
and a power of 3000 watts. It dupli- 
cated the programs of WJHL-AM, a 
5000 -watt facility. In 1956, the power 

of the FM station was increased to 
9600 watts. Both stations were sold in 
1960 to James C. Wilson, the present 
owner, who raised the FM power to 
65,000 watts. In recent years, WJCW- 
FM has operated indepently from 
WJCW-AM, with its own announcing 
and sales staff. 

ORGANIZATIONS 

AES 

The 1968 Fall Convention and 
Exhibit of the Audio Engineering 
Society will be held October 21-24 
at the Park -Sheraton Hotel in New 
York City. Technical Sessions will be 
devoted to: Disc and Tape Recording, 
Broadcast and Communications Au- 
dio, Electronics and Musical Instru- 
ments, Sound Reinforcement, Solid 
State Transducers, Audio Apparatus 
and Applications, and Audio in Medi- 
cal Practice and Reasearch. 

In addition to the Technical Ses- 
sions, several special features are be- 
ing planned to commemorate the 20th 
year of the AES. 

Members and friends of the Society 
are invited to submit 60 -word ab- 
stracts of papers for consideration for 
presentation at the Convention to the 
Convention Chairman, J. G. Wood- 
ward, RCA Laboratories, Princeton, 
New Jersey 08540, before June 1, 

1968. 

NAB 

The National Association of Broad- 
casters has asked the Federal Com- 
munications Commission to hold up 
its approval of a cable television sys- 
tem in Colorado until a U.S. Court 
rules on the validity of the FCC's 
decision. Douglas A. Anello, NAB 
general counsel, said in a statement 
filed with the Commission that the 
FCC "erred in granting without evi- 
dentiary hearing" an application for 
permission to build a CATV system 
that would import multiple TV signals 
into an area already served by all 
three television networks. 

In an earlier filing, NAB had asked 
that this and three other CATV ap- 
plications in the same part of the 
state be considered as one. 

NCTA 

A former chairman of the Federal 
Communications Commission has 
called for creation of a cabinet -level 
Department of Communications and 
an overhaul of the nation's commu- 
nications laws "to bring together into 
a single useful fabric the loosely knit 

ravelings of our present patchwork 
communications program." 

Frederick W. Ford, president of the 
National Cable Television Associa- 
tion, offered the proposals as part of 
a five -point program which he said is 
necessary to "lead us out of the com- 
munications jungle." The CATV 
spokesman addressed a Telecommuni- 
cations Symposium sponsored by the 
Broadcast Advertising Club of 
Chicago. 

Ford's five -point program called for: 
(1) A step-up in the "pathetically 

small sums" now spent by government 
and private industry on research de- 
signed to increase effective use of the 
electromagnetic spectrum. 

(2) Creation of a cabinet -level De- 
partment of Communications, "to as- 
sure the growth and progress of the 
nation's telecommunications indus- 
tries." 

(3) Revamping and revitalization 
of the communications laws, "to meet 
the growing needs of our defense 
establishment, to accommodate the 
public interest," and to bring about 
needed reforms in the policies of such 
agencies as the FCC, which, he noted, 
has "severely restricted" the growth 
of CATV. 

(4) "An integrated approach that 
makes optimum use of all our com- 
munications resources-both commer- 
cial and educational television, the 
cable industry, land -mobile services, 
satellites, and all other communica- 
tions capabilities." 

(5) "A new sense of purpose and 
direction" assuring that the nation's 
communications program "meets other 
national objectives . . . operates al- 

ways in the public interest, and . . . 

remains free of monopolistic influence 
and negative tendencies." 

SMPTE 
The appointment of Denis Court- 

ney as executive secretary of the 
SMPTE has been confirmed by the 
Society's Executive Committee. Mr. 
Courtney has been serving as acting 
executive secretary. 

CATV 
Color System for CATV 

A live color studio package is slated 
for installation at Coachella Valley 
Cable TV, Palm Desert, Calif. The 
cable system is owned by Dr. David 
Palmer, of Palmer Broadcasting, Dav- 
enport, Iowa, and managed by Daniels 
Management Co. 

The new color equipment includes 
International Video Corp. cameras 
and video tape recorders, and Tele- 

Mation multiplexing equipment, sync 

generators, and other video systems 
components. A 

10 
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The world's 
most precise 
broadcast 
sync generator! 
(Proved in over 200 installations.) 
The EIA Sync 
Generators in Tele- 
Mation's TSG-2000 
Series are more accurate 
-more stable-than any 
available. Here are some 
of the reasons why : 

All -digital design 
No monostables - no delay lines 
Integrated circuit reliability 
Dual outputs - permit pulse assignment with full standby 
Guaranteed better time -base stability and pulse jitter performance 
(even when genlocked) than any other sync generator 
Monochrome genlock, color genlock, bar -dot, and sync 
changeover ad -in modules available. 

La 

_ .. 
ttiter MATrl.QN 

ffile, 

R POW/ER 
OOEI TE4.2000 

9ROAO fAST 
SYNC! NG 

Other TeleMation video equipment includes: 
Optical Multiplexers Video Distribution Amplifiers 
Vidicon Cameras I Color Camera Matching Systems 

131® 
TELEMATION, INC. 

Orr 

ENERATOR 

2275 South West Temple / Salt Lake City, Utah 84115 / Telephone (AC 801) 486-7564 

See our exhibit at the NCTA Convention, Booths 147-151 / Sheraton Boston Hotel / Boston, Mass. / June 29 - July 2. 

Circle Item 6 on Tech Data Card 
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FLEXIBILITY 
4 switch -selectable inputs: hi -level/ 
mike/equal phone cannon XL 
connector/barrier strip input. 
External studio and local speaker. 
P. A. output (public address( 
Muting relay contacts on barrier strip. 

ELECTRONICS 
Etched -epoxy circuit board. 
Plug-in silicon transistors. 
4 preamplifiers (each normal on 
equal RIAA phono). 
1 program amplifier. 
1 monitor amplifier. 
Speaker muting relays for local and 
studio speakers. 
May be strapped to operate from 
any mixer. 
Two -speaker muting. 

PORTABILITY 
Weight: 28 pounds. 
Height: 5". 
Width: 14". 
Length: l7". 

PARALLEL 
OPERATION 
Optional plug-in cable allows 
parallel operation of two 212,1-1's. 
Arrangement provides 8 input 
channels (hi-level/mike/phono) 
two metered program output 
channels, and two switchable input 
monitor channels. 

a studio production console 
and remote pickup amplifier in one unit 
That's the combination you get in Collins' new 212J- 1 Console. 
Produce spots, conduct remote pickups, 
or operate the control room in emergency situations. 

Completely solid-state, the 212J-1 offers: 
Four input channels, each with selectable switches for hi -level, 
microphone, or phone (RIAA equalization). 
One program output channel. 

Switch -selectable monitor amplifier 
with internal speaker. 
Cue on all mixers overriding into 
monitor channel. 

Local and studio 
speaker muting. 
Public address 
system feed with. 
level control. 

ACCESSIBILITY 
Top and bottom covers removed 
individually to expose all components. 
Circuit board hinged for easy 
access to reverse side and cables. 

POWER SOURCE 
Self-contained power supply that 
operates the unit on AC also serves 
as charger for optional internal 
nickel -cadmium 12 -volt battery. 
Unit switches automatically to battery 
in the event of an AC power loss. 
Unit also operates on external 12 -volt 
battery. 

COMMUNICATION / COMPUTATION / CONTROL 

COLLINS 
Circle Item 7 on Tech Data Card 
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Late Bulletin from Washington 

by Howard T. Ilcd 

Presidential Task Force Report Due Soon 

A special Presidential Task Force on communication policy (see October 1967 
Bulletin) is working to meet an August deadline for submission of its report 
to the White House. This Task Force, conceived originally for the primary 
purpose of inquiring into international space communications, is also actively 
studying the role of broadcasting, together with the use of their frequency - 
spectrum allocations by broadcasting and other services. 

Concentrated attention is being given to complaints by the land mobile -radio 
services of increasing spectrum congestion. These interests are stepping up 
their fight for the reassignment for land -mobile use of channels now assigned 
to UHF television broadcasting. 

The Commission is planning to commit a substantial portion of the $600,000 in 
research funds allocated for the current fiscal year (February 1968 Bulletin) 
for studies to determine improvements which can be made in the present methods 
of allocating and assigning land -mobile frequencies. These studies will in- 
clude an investigation of the use of computer techniques in making channel 
assignments. 

AM Transmitter Move Can Involve Complications 

FCC permission to move AM transmitters to new locations ordinarily is routine, 
and without complications approvals may be obtained within 60 days after an 
application is filed. There are some pitfalls, however, which can increase 
this time substantially. 

For example, if your transmitter move involves a change in contour overlap 
(interference) with cochannel or adjacent -channel stations, the Rules must be 
waived even to permit acceptance of the application, and processing time is 
increased. Applications requesting power or radiation increases, or changes 
in directional -antenna patterns, go to the foot of the Commission's regular 
processing line. These applications are now being acted on about one year 
after filing, for applications involving essentially no complications; inter- 
ference complaints or other protests often add many months to this figure. 



Commission Acts, Stalls, on Television Contour Locations 

In a recent case involving a CATV system in Menominee, Michigan, the Commission 

ruled that in establishing television -station coverage contours for CATV pur- 
poses, the predicted contours must be laid out using distance predictions only 

in the eight directions specified by the Commissions Technical Standards. In 

this case, a showing based on additional terrain data toward Menominee was 

specifically ruled out, the Commission stating that all parties involved must 

rely on coverage data already on file. 

The Commission is expected to act favorably on a proposal (see January 1967 

Bulletin) to calculate distances to Grade A and Grade B contours using the 

radiation at the pertinent vertical angle, rather than in the horizontal plane 

as is now required. This change will be of particular benefit to UHF stations 

employing high -gain antennas where the rated power in the horizontal plane is 

often substantially less than that in the direction of maximum radiation. 

There appears to be little immediate prospect that the Commission will adopt 
new VHF and UHF television propagation curves previously proposed (see June 
1967 Bulletin). Both VHF and UHF licensees opposed the new curves on the 

grounds that their use would reduce the predicted coverage areas of virtually 

all stations. 

Comments on a proposal to permit the introduction of measured service contours 
in FM and television cases (see May 1968 Bulletin) are being studied by the 
Commission. 

Short Circuits 

The Commission continues to make numerous new FM channel assignments; the FM 
"25 -mile Rule" (permitting unused FM channel assignments to be shifted to other 
cities which are within 25 miles but which lack assignments) has been amended 
to reduce the mileages to 15 miles for Class WC assignments, and 10 miles 
for Class A. . .A Florida AM station has been informed by the Commission that 
the broadcasting of paid political spot announcements (for an election in the 
Bahama Islands) intended only for a Bahamian audience is inconsistent with the 
terms of the station's license. . .A 1 -kw UHF ETV translator (the third in the 
state) has been authorized at Strasburg, Virginia, and a 100 -watt commercial 
VHF translator has been authorized at Miles City, Montana, on an unused ETV 
channel. . .Commissioners Lee Loevinger and Robert E. Lee have called on the 
Commission to review its clear -channel policy to determine whether additional 
stations are to be permitted on the clear channels. . .The Commission has asked 
for comments as to whether Class IV AM stations on local channels should be 
permitted automatic power increases to 1 kw daytime, or whether existing inter- 

ference rules should be rigidly enforced; some 150 Class IV stations, many 
near the Mexican and Canadian borders, are still operating with less than the 

permitted 1 -kw power. 

Howard T. Head. . .in Washington 



The 
Performance Picture 
Looks Great with 
BIALKON Orthicons 

New warranty- now extended to 1800 hours 
New non-stick capabilities mean long, long life 
No linear decline in sensitivity 
Five BIALKON camera tube types" now can replace 
80 industry types 

You get more with RCA BIALKON orthicons-in initial 
performance, hours on -air per your dollar, and 
in -camera stability. 
See your RCA Field Engineer for full information about 
the five BIALKON camera tube types, now available 
from your RCA Broadcast Tube Distributor. 
RCA Electronic Components, Harrison, N.J. 07029. 

*Bialkali photocathode, 
electronically conducting 

glass target image orthicon 

RC" 
June, 1968 
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Facts About 

SPEAKERS and ENCLOSURES 

A speaker and its enclosure need not be a mysterious 

entity; here are some basic facts about these systems. 

by Bill Brandt and Don Davis* 

One of the most common fallacies about loudspeaker 
enclosures is that the enclosure is some sort of musical 
instrument-that it should "resonate" or have "tone." 
Various types of woods are thought to be more suitable 
because "they are used in musical instruments," or 
various shapes are chosen because "they are shaped 
like a timpani" or a "piano sounding board." 

The first distinction that must be made, then, is that 
speaker systems are not musical instruments and they 
do not generate musical tones. They are more accu- 
rately defined as precision reproducers of musical tones. 
This means that ideally they will add no tonal colora- 
tion of their own, but will remain neutral, responsive 
only to the controlling input signal. The loudspeaker 
and its enclosure should be as impersonal as a mirror. 
The startling effects should be generated by the per- 
formers, not the sound system. 

The Functions of an Enclosure 

The first, and always foremost, function of the loud- 
speaker enclosure is acoustical. This acoustical func- 

tion can be divided into two parts: 
1. The enclosure must baffle the loudspeaker. This 

means that it must either totally isolate the rear 
pressure wave of the cone from the front pressure 
wave generated by the same cone, or else change 
the phase relationship of the waves to give a useful 
addition. These two pressure waves are out of phase 
by 180 degrees and, if allowed to meet, they cancel 
each other. 
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2. The enclosure, in addition to its function as a baffle, 
must, if designed properly, help the loudspeaker 
cone move as much air per stroke as possible. Good 
bass response demands high sound pressure levels 
(SPL), and this, in turn, demands either large cone - 
surface areas or a means of causing the existing 
cone surface to influence a larger volume of air. 

Factors to Consider 
In buying or building a loudspeaker enclosure, two 

factors must be considered in conjunction with each 
other: 
1. The loudspeaker or driver, and, 
2. The baffle or housing in which the driver is 

mounted. 
The driver, usually chosen first when optimum 

performance is sought, largely determines the most 
suitable type of enclosure. If decor is of concern, 
it is usually wisest to determine how much physical 
space can be allotted to enclosures and let this param- 
eter suggest the range of drivers most likely to be 
suitable 

Basic Enclosure Types 

A loudspeaker, as already mentioned, causes inter- 
ference with its own output if not properly enclosed 
or baffled. There are five basic forms of baffles, several 
of which also improve the loudspeaker loading (that is, 
they help the cone move more air per stroke) . 

1 Finite baffle-flat boards, openbacked cabinets. 
These are characterized by partial baffling of the 
rear pressure wave with little or no loading assis- 
tance. 

2. Infinite.baf le-walls between rooms, or else very 
large or very small, totally sealed enclosures. These 
enclosures provide complete baffling but provide no 
loading assistance to the cone. 

3. Bass reflex-wherein the radiation from the rear of 
the cone is added usefully to the radiation from the 
front of the cone by means of a port in the en- 
closure which changes the phase of the rear pressure 
wave. With proper design, the port area can be 
made equal to the cone area, effectively doubling 
the amount of air moved by each stroke of the cone 
at the lower audible frequencies. (In practical, 
commercial models, the port area is always smaller 
than the cone area.) 

4. Horn projectors. Normally, a horn -loaded loud- 
speaker eliminates the pressure wave from the rear 
of the driver cone. The small area of the front of 
the cone is coupled to a much larger cross section 
of space through an acoustical transformer known 
as a horn. This allows each stroke of the driver 
to move all of the air at the mouth of the horn 
with a significant increase in sound. (The familiar 
megaphone is a rudimentary horn which improves 
the coupling between the vocal cords [the driver] 
and the atmosphere.) 

5. Combinations. In our competitive world, it should 
startle no one to hear that, once the basic funda- 
mentals were at hand, many clever designers have 
combined these various types to obtain still better 
performance. Today, the horn projector combined 

with the bass -reflex baffle is widely used in profes- 
sional applications. 

Finite Baffles 

Finite baffles, typically consisting of a board about 
2 -feet square with the loudspeaker mounted in the 
center, are most commonly encountered in furniture - 
type console radios and TV's. This baffle forces the 
back pressure wave from the cone to travel a slightly 
longer path to reach the front pressure wave before 
causing cancellation. The larger the board used, the 
lower the cutoff or cancellation frequency. The cutoff 
frequency can be calculated as follows: 

F 
1140 

D 

where, 

F = the cutoff frequency, and 
D = distance from the rear of the 

speaker, around the edge of the 
baffle, to the front of the speaker. 

With this formula, it can be seen that a baffle board 
38 feet in diameter is required to reduce the cutoff 
frequency to 30 Hz. 

Infinite Baffles 

If the loudspeaker were mounted on a board of 
infinite length and width, the back radiation of the 
cone would never meet the front radiation, and no 
cancellation could take place. Then, the only determin- 
ing factor would be the ability of the driver to move 
enough air at low frequencies to be audible. 

In a practical sense, an infinite baffle can be any 
totally enclosed space with sufficient size to prevent 
significant rear compression against the cone movement. 
In enclosures heavily lined with absorbent material, 
internal volumes as low as 15 cubic feet can be used 
quite successfully. Closet doors, properly gasketed, 
make excellent mounting boards for drivers; the closet, 
contents included, becomes an infinite baffle. 

Today, the purchaser is faced with a variation of 
the traditional infinite baffle that requires careful con- 
sideration on his part before purchase. If his preferences 
and listening room allow, he should take a look at the 
so-called acoustic -suspension infinite baffle. Some de- 
signers have constructed loudspeaker drivers whose 
cones travel as much as four times farther per stroke, 
thus "grabbing hold" of more air per stroke with the 
same cone area. The improvement in bass efficiency of 
the speaker is comparable to what would be expected 
by providing up to four times the cone area. - The 
designers also found that they could replace the me- 
chanical suspension of the driver with the compress- 
ibility of the entrapped air in a very small sealed 
enclosure-acoustic suspension. Unfortunately, while 
this resulted in very acceptable infinite baffles of 1.5 to 
2 cubic feet that fit on bookshelves, it also resulted in 
drastically reduced efficiency that dropped as low as 
.06% in one case; i.e., for 1 electrical watt in, only 
6/100 of an acoustical watt came out. This unhappy 
condition resulted because the cone had to be heavily 
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weighted in order to achieve resonance at a very low 

frequency. 
While these small infinite baffles represent fascinating 

design exercises, they also prove you still can't get 

something for nothing. 

Bass -Reflex Enclosures 

The basic problem with infinite baffles is that of 

engaging enough air at very low frequencies. A cone 

loudspeaker can be likened to a canoe paddle. As the 

frequency decreases, the paddle slowly changes to a 

small teaspoon. The traditional solution has been to 

start with a bigger paddle in the first place (up to four 

12" woofers) . A second solution has been to sweep 

further with each stroke of the paddle (the increased 

cone excursions of the acoustic -suspension advocates) . 

Still another solution would be a paddle that grew 

bigger instead of smaller as the frequency decreased. 
The bass -reflex enclosure, or as it is more properly 

called, the phase -inversion enclosure, puts the rear pres- 

sure wave to work as the frequency is lowered toward 
cone resonance. A bass -reflex enclosure is made just 

like an infinite baffle with the exception of a second 

hole cut in it. (The first hole is the one in which the 

driver is mounted.) In optimum designs, this second 

hole usually is located within 2 inches to 1 foot from 
the cone opening and can have an area equal to that 
of the cone, although it is usually somewhat smaller. 

When the port area is made equal to the cone area, a 

"drone" (undriven cone) usually is used in the port. 
The interior volume of the enclosure is determined 

by the cone resonance of the driver. Then, as the driver 

approaches resonance, it also resonates the enclosed 
air volume entrapped in the port opening to radiate in 

the same manner as the air in front of the cone itself. 

Due to the delay exhibited by the entrapped air 

volume, the radiations from the port area are in step 

with the radiations from the front of the cone, and 

instead of cancelling, they add together to renforce 
each other. 

Bass -reflex enclosures can double quite effectively 

the bass output of a driver near its resonant frequency. 
One temptation is to try to make the port twice as 

large as the cone for some more free bass, but as the 

port area gets larger than the cone area, it unbaffles 

the cone more than is desirable. The size of a bass - 

reflex cabinet of optimum design is determined by the 

low -frequency cone resonance of the driver chosen and 

is usually between 10 and 15 cubic feet. If the bass - 

reflex enclosure is made smaller than this theoretically 
optimum size (which is perfectly acceptable), then the 

port area must be reduced in proportion, if the en- 

closure is to remain tuned. The penalty paid for re- 

ducing the size of the enclosure is reduced bass output, 

and enough reduction finally brings one to the point 
where the output cannot be discerned from that of an 

infinite baffle of similar size. The best commercial 

models usually reduce enclosure volume to one-half of 

the optimum size, and the port is adjusted accordingly. 
For those interested in construction of an enclosure, 

the infinite baffle and the bass -reflex enclosure offer 

the most advantageous design possibilities. 

Horn Projectors 

Where absolute maximum performance is desired, 
and where a large listening area is available, the large 
horn -loaded loudspeaker is the optimum choice. Either 
the large professional theater -type horn system or one 

of the folded corner -horns should satisfy the most 

critical listener. 
When a horn is attached to the front of a cone, the 

bass response is increased substantially. The old Edison 
phonographs had a diaphragm about the size of a dime. 

When the large "morning glory" horn was attached to 

the small diaphragm, each motion of the dime -sized 

surface was transformed from a small -area radiation 
into a large -area radiation as the sound gradually passed 

up the horn. This means that horns act as acoustical 
transformers. 

Such transformers can take many shapes, such as 

conical, hyperbolic, catenary, parabolic, and exponen- 
tial (See Fig. 1.) In all types of horns, the effect is to 

present the small diaphragm, or cone, at the throat of 

the horn with a high, but consistent, acoustical imped- 

ance. The high-pressure, low -velocity energy from the 

surface of the cone is transformed to low-pressure, 
high -velocity energy with a low impedance which 
matches that of the air in the room.' This consistent 
high impedance at the throat of the horn can be main- 

tained as long as twice the square root of the mouth 

area times pi is greater than the wavelength required. 
In other words, the horn is useful when the following 

expression holds true: 

1140 
2 -\/ A,n > F 

where, 

area of the cross section of the 
horn at its mouth, and 

F = the required frequency. 

From this it can be seen that to have a usable low - 

frequency horn, large dimensions are required. For 50 

Hz, a mouth area, A,,,, of 45 square feet would be 

needed. "Folded" corner horns can reduce materially 

the enclosure dimensions required to achieve such a 

1. John H. Newitt, High Fidelity Techniques, 
Rhinehart & Company, Inc., 1953-Pages 108- 
132. 

Fig. 1. A comparison of the four most popular rates of 

flare which are used in the design of horn projectors. 
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large mouth area by "folding" the horn back and forth 
before using the corner of the room as the final flare to 
the mouth of the horn. Horn -loaded drivers exhibit the 
highest efficiency of any enclosure design. 

Unless you are already professionally engaged in 
acoustics, construction of a horn projector is an ex- 
tremely difficult project. Therefore, where you buy one, 
rather than how you build one, becomes the important 
consideration. 

While a large -horn woofer can demonstrate its su- 
periority over the bass -reflex loudspeaker if a live 
source consisting of a mammoth pipe organ and a 
massed choir were picked up in the next room by an 
exceptionally high -quality microphone and fed directly 
to a superior power amplifier, this is not a situation 
likely to occur. When listening to phonograph records 
in an average -sized room, at loudness levels substan- 
tially reduced as compared to the original, the most 
expert listener would be hard pressed to tell the horn 
from the bass -reflex, if he were blindfolded. Con- 
sequently, the majority of enclosures which are ac- 
ceptable from the standpoint of size and cost, as well 
as performance, employ some combination of the four 
fundamental types. Various popular combinations 
include: 
1. The acoustical labyrinth. This enclosure provides 

increased useful loading of the cone at low fre- 
quencies. It has the disadvantage of sharp drops 
in output at some frequencies. (See Fig. 2.) 

2. Back -loaded horn. This is really a bass -reflex en- 
closure that has a horn attached to the port. It 
offers increased bass response, but it does not 
always maintain flat response at the higher fre- 
quencies. This is also true of the acoustical laby- 
rinth. (See Fig. 3.) 

t 

3. Horn loading at front of woofer, bass -reflex loading 
at back of woofer, and a straight -axis, high -fre- 
quency horn. This particular combination dominates 
the professional sound field and allows proper phas- 
ing, high efficiency, and extremely low distortion. 
It has the disadvantage of having to be large for 
best results. 

Loudspeaker Efficiency 

In choosing a loudspeaker system, care must be 
taken to obtain the following characteristics: 
1. The smoothest frequency response over the widest 

range at a usable efficiency. 
2. Low harmonic, intermodulation, phase, and tran- 

sient distortion. 
3. Uniform polar characteristics, i.e., even distribution 

of the sound over a reasonable listening area at 
all frequencies. 

Most of these characteristics will be determined 
primarily by the careful choice of drivers and their 

r 

%. 
i 

Fig. 3. Shown schematically is a bass -reflex enclosure 
with a back -loading conical horn attached to its port. 

COMING 

NEXT MONTH 

Testing of Video Tape 

Equalization of Magnetic Cartridges for Broadcasting 

Introduction to Klystrons (Part 1) 

Automatic Insertion of Network News 

A Microphone -Mounted Remote Amplifier 

Turntable Power Switch Also Controls Audio 

Broadcasting Space Films 

New Products-Industry News-Personalities 

Washington Bulletin-Tech Data 

Fig. 2. This example of a combination enclosure, the 
acoustical labyrinth, increases low -frequency loading. 
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Norelco cameras 
are used for top shows 

on 2 of the 3 
major networks 

...there must be a reason 



ABC's Lawrence Welk Show is enjoyed by milliors each Saturday night,.. televised with Norelao Plumbicon color cameras. 

There is. First a superior color 
picture that enhances fine 
programs. A picture with snap, 
with sharpness of detail, and free 
of noise and lag. 

There are other reasons,too.The 
Norelco Plumbicon*camera has a 
unique optical system that utilizes 
Iight to the maximum-performs 
beautifully even at very low light 
levels and over high contrast 
ranges. 

Finally, the Norelco camera 

scores consistently with networks, 
group and independent stations 
from coast to coast by its 
simplicity of operation, reliability 
and unmatched handling ease. 

Send for the brochure, "The 
camera that sees eye to eye with 
the viewer," for a complete 
description of the newest 
generation Norelco PC -70,. For a 
live demonstration at your station, 
call or write. 

Awarded to Philips 
for Outstanding 
Achievement in 

Engineering for the 
Development of the 

Plumbicon Tube 

ErnmyCe- 
.tW 

Noreko 
PHILIPS BROADCAST 

EQUIPMENT CORP. 

299 Route 17, Paramus, New Jersey 07652 

Registered trade mark for television camera tubes. 
N. A... A. S. ©1949 



associated crossover networks.2 However, one f actor- 
efficiency-will depend almost entirely on the influence 
of the enclosure. Efficiency is 9eldan discussed and 
little understood in its importance to loudspeaker sys- 

tems. It is widely assumed that one can easily com- 
pensate for any lack of efficiency with relatively "cheap" 
amplifier power. However, since the advent of the 
midget, acoustic -suspension infinite baffle, loudspeaker 
systems vary in efficiency from 0.06% to 40%, and 
compensating for poor efficiency is more easily said 
than done. 

Just what real meaning does the efficiency argument 
have for the listener, and where does the point of 

diminishing returns become important? The size of the 

enclosure, the basic principle it employs, and the loca- 

tion you give it in the listening room are all related to 
its efficiency. While one loudspeaker system can deliver 
a pleasing level of sound in a small room with only 8 

watts of electrical power, another system, costing about 
the same amount, requires 200 watts to deliver the 

same amount of acoustical power! 
The more efficient loudspeaker in the example cited 

below weighs 90 pounds and measures 24" x 39" x 

16". The second system weighs 55 pounds and is 25" 
x 14" x 111/2 ". So efficiency, while it is not all- 

important, cannot be ignored in the search for small 

size. This is why acoustical experts stress the im- 

portance of large enclosures. The small enclosure has 

2. Alex Badmaieff and Don Davis, How to 
Build Speaker Enclosures, Howard W. Sams 
& Co., Cat. No. 20520, second printing. 

its place, but be sure you understand just where that 
place is. 

Assuming a 90° spherical angle of coverage, a loud- 
speaker system that reaches 117 dB, SPL, measured 
at a point 4 feet in front of the loudspeaker, with an 
electrical input power of one watt, is 100% efficient. 

That is, one electrical watt of input produces one 

acoustical watt of output. Loudspeakers for domestic 
use, with wide frequency response and low distortion, 
range in efficiency up to almost 40%. Efficiencies usu- 
ally are not given by manufacturers as percentages, but 
rather as the number of dB, SPL, produced by one 

electrical watt of input power with the pressure reading 
taken 4 feet from the loudspeaker on its 0° axis (di- 
rectly in front of the loudspeaker) . 

Chart 1 converts this SPL reading to a percentage of 

efficiency with quite acceptable accuracy. One caution 
should be borne in mind. While manufacturers of 

professional sound equipment state efficiency as de- 

scribed above (dB, SPL, at 4 feet, with 1 watt of 

electrical input power), another group of manufacturers 
uses the EIA standard employed for table model radio 
and TV/phonograph combinations. The EIA rating 
method measures the number of dB, SPL, at 30 feet 

with one milliwatt of electrical input power. To convert 
an EIA rating to the 4 -foot one -watt rating, add 47 dB 

to the EIA rating. 
A well -circulated testing -service report of the mid - 

1950's discussed the efficiency of a small infinite -baffle 

loudspeaker system in the following manner: "While 
we are on the subject of efficiency, if a speaker is to 

have flat response, a little thought will show that its effi- 
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ciency can be no better than its lowest efficiency value 
within its claimed passband. Assume a speaker system 
with 10% efficiency at 100 cycles, but only 3% at 40 
cycles, and 1% at 30 cycles. The response of such 
a system will be down 10 dB at 40 cycles and 20 dB 
at 30 cycles relative to its 100 cycle output." (Italics 
are our own.) This report then went on to label the 
efficiency of the system it was discussing as "almost 
1%." 

The loudspeaker being tested specified an EIA 
rating of 38 dB (or, at 4 feet, one watt, 85 dB). 
Starting at the left of Chart 1, locate 85 dB. Follow 
the dashed line across until it intersects line one. This 
is the line for finding voltage percentages which vary 
6 dB each time the power is doubled or halved. From 
Chart 1, it can be seen that the earlier statement of 
10% efficiency at 100 Hz means that a 1% efficiency 
at 30 Hz would represent 20 dB. This conclusion is 
reached as follows: Move up from the efficiency scale 
at 10% and intersect "line one." Proceed toward the 
left scale and read 97 dB. Next, proceed upward from 
1% on the efficiency scale and intersect line one again. 
Proceed to the left scale and read 77 dB. It is ap- 
parent that 97 -77 = 20 dB. Therefore the report 

used the voltage -change formula (20 logic Én ) . But, 

efficiency is the power ratio, not the voltage ratio! 
Therefore, the line should have been projected from 
85 db on the left scale to "line two." Then it would 
have been found that the true efficiency of the loud- 
speaker was .06% instead of the "almost 1%" quoted. 

Much of the evaluation of low -efficiency loudspeakers 
has stemmed from similar failures to get the acoustical 
facts straight. 

To illustrate better the practical role of efficiency as 
applied to choosing a loudspeaker enclosure, two cur- 
rently available, low -efficiency loudspeaker systems in 
a similar price range will be examined. For conveni- 
ence, one speaker system will be called "X" and the 
other "Y." The specifications of interest are listed in 
Table 1. 

Table 1. Speaker Specifications 

Speaker X 

Size: 31" x 24" x 16" 
Weight: 90 lbs. 

Volume: 6.8 cubic feet 
Output (SPL, at 4' and 1 -watt input): 99 dB 

Efficiency: 1.5% 

Speaker Y 

Size: 25" x 14" x 11.5" 
Weight: 55 lbs. 

Volume: 2.3 cubic feet 
Output (SPL, at 4' and 1 -watt input): 85 dB 

Efficiency: .06% 

Assume the listening room to be used has the lis- 
tening area 10 feet in front of the loudspeakers (a 
small room), and the maximum level to be reproduced 
is 100 dB, SPL. (110 dB is more realistic, but, for 
the purpose of this comparison, assume the smaller 
room and lower volume.) 

On Chart 2, "10 feet" is found on the upper hori- 
zontal scale. Dropping down to the "A" line and then 
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proceeding across to the left-hand vertical scale indi- 
cates that, if the listening point is moved from 4 feet 
in front of the loudspeaker to 10 feet in front of it, 8 

dB must be subtracted from the 4 -foot SPL figure. 

Speaker X at 10'/lw input: 91 dB SPL 

Speaker Y at 10'/lw input: 77 dB SPL 

Now, it is desired to achieve 100 dB, SPL, at this 
10 -foot distance. 

Level of Speaker X: 

Needed power increase: 
Level of Speaker Y: 

Needed power increase: 

91 dB at 10'/lw 
9 dB 

77 dB at 10'/lw 
23 dB 

The required power may be computed, or read 
from Chart 2 as follows: Find 9 dB on the right-hand 
vertical scale, proceed across the chart horizontally 
until you intersect the "B" line, and then project down- 
ward to the reading of 8 watts. Next, go to 23 dB on 
the right-hand vertical scale and follow the same 
procedure until you find the reading of 200 watts. 

Speaker X needs 8 watts electrical input for 100 
dB, SPL, at 10 feet. 

Speaker Y needs 200 watts electrical input for 100 
dB, SPL, at 10 feet! 

The cost of reducing physical size and weight from 
6.8 cubic feet and 90 pounds to 2.3 cubic feet and 55 
pounds is 192 watts. Unfortunately, Speaker Y cannot 
handle anything near that amount of power, making it 
impossible to reach a satisfactory level of volume in 
the first place. 

To put these results in perspective, consider a the- 
oretically perfect, 100% efficient, loudspeaker system 
and an optimum, 30% efficient, system: 

30% -Efficient Speaker 

Output at 4' with lw input: 112 dB, SPL 

Less correction for 10' distance: -8 dB 

Output at 10': 104 dB, SPL 

Power change required for 100 dB, SPL: -4 dB 

Power input required: 0.4 watt 

100% -Efficient Speaker 

Output at 4' with lw input: 117 dB, SPL 

Less correction for 10' distance: -8 dB 

Output at 10': 109 dB SPL 

Power change required for 100 dB, SPL: -9 dB 

Power input required: 0.125 watt 

Therefore, an improvement in efficiency from 1.5% 
to 30% would yield a saving in amplifier power of 7.6 
watts, and, even if a perfect speaker were possible, the 
power saving would be less than 8 watts. 

It may be concluded from these examples that, while 
efficiency is not all important, it cannot be ignored. 
The effects of efficiency should be considered in the 
selection of any speaker system, but especially if the 
listening area is large or the efficiency of the speaker 
is low (less than 1 or 2 percent). An inspection of 
the charts shows, for example, that increasing the lis- 
tening distance to 30 feet instead of 10 increases the 
power requirement more than 9 dB (8 times) . Under 
these conditions, "Speaker X" would be unsatisfactory 
just as "Speaker Y" was unsuited for the first 
application. 

ALFORD TRANSMITTING ANTENNAS FOR 

ITFS 
(2500 MHz ETV) 

Directional or Omnidirectional 

For Top or Side Mounting 

With Null Fill -In, Electrical and/or 
Mechanical Beam Tilt 

ALFORD ITFS Antennas are ruggedly designed and constructed 
of noncorrosive materials Such as aluminum, copper and stain- 
less steel. The antenna is mounted within a rugged, heated fiber- 
glass radome which provides further mechanical protection for 
the antenna as well as a streamlined design to minimize wind 
loading. This construction yields an extremely dependable antenna 
that requires essentially no maintenance. 

A system engineered mounting kit provides independent light- 
ning protection (the antenna structure is not used as a grounding 
means) . for top -mounted antenna arrays. Antennas are shipped 
completely assembled and are individually tested at the factory. 

For more information on these antennas, write for Bulletin 12. 

ALFORD® 
Alford Manufacturing Company 
120 Cross Street, Winchester, Mass. 01890 
Tel: (617) 729-8050 TWX: (710) 348-1063 Cable: AMCIBOS 
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The weather may be unpredictable. 
But that doesn't mean 
your microwave has to be. 
With Lenkurt's 76E microwave radio system, you can 

always forecast reliable video transmission. 

That's why major networks have used it for years 
for studio -to -transmitter links. And that's why you can 

rely on it to get the best video through to your CATV 

and ETV customers. 

The 76E operates in the 12.2-13.25 GHz frequency range. 
Its r -f manifold is factory tuned to the frequency you 
specify-and it never needs retuning. Drift is no problem. 
And differential phase and gain are better than industry 
standards -giving you consistently superior 
color transmission. 

So if you'd like predictable transmission for your 
customers, call or write Lenkurt Electric Co., Inc., 

San Carlos, California. 

LENffURT ELECTRIC 
Sobed,Ory OI GENERAL 

GENERAL TELEPHONE a ELECTRONICS 

June, 1968 
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DIGITAL CIRCUITS 

FOR BROADCASTERS 

This is the fourth and last in a 
series of articles presented to ac- 
quaint the broadcast engineer with 
the basic elements of digital cir- 
cuits. Part 1 covered elementary 
binary notation. Part 2 covered the 
gate circuits which are the work- 
horses of digital circuits. Part 3 
covered the bistable circuit and its 
variations and provided an initial 
entry into combinations of logic 
blocks which perform logic func- 
tions. This fourth part will deal 
more with the systems aspects of 
digital circuits and give a brief in- 
sight into the various types of logic. 

Fan -Out 

The output of a gate or flip-flop 
may feed more than one input. 
There is a limit on the number of 
inputs that may be fed, of course, 
because of the loading effect of each. 
The maximum number of inputs 
that may be fed from the output of 
a logic device is termed the "maxi- 
mum fan -out" of the device. De- 
pending upon the type of logic 
circuits employed, the maximum 
fan -out may be from 5 to 10. 

Fan -out is a design consideration. 
If modifications are being made on 
the equipment, great care should 
be given to this subject. 

Delays 

An input pulse experiences a 
certain amount of delay in propa- 
gating through flip-flops and gates. 
This becomes important when syn- 
chronous data are being handled; 
i.e., if the data must accurately co- 
incide with a clock pulse, etc. These 
delays are very small, typically in 

Logic types and the application of dig- 
ital circuits in systems are considered. 

Conclusion of a four-part series. 

the order of a few nanoseconds, but 
they are cumulative and can add to 
a significant value, especially if very 
short data pulses are being handled 
at high data rates. The delays gen- 
erally take the form of increased 
rise time and extended fall time of 
the data pulse. 

Boosters and Drivers 

A booster is generally a single 
transistor stage which has a low 
output impedance and which is ca- 
pable of driving more than the usual 
number of inputs. The booster stage 
is an inverting stage if a single tran- 
sistor is used and gives the increased 
drive capability in addition to per- 
forming the NOT function. Con- 
sideration is given to this inversion 
in the logic design, and the circuit 
is made to accommodate the in- 
version. It is entirely possible that 
an increased fan -out is needed and 
an inversion cannot be permitted; 
in this case a NOT may be used 
following the booster, or two boost- 
ers may be cascaded. 

It is common to require a logic 
level to operate a lamp or relay, 
and the power requirements of these 
devices may exceed that which can 
be supplied by the logic level alone. 
In this case, the lamp or relay is 
placed in the collector circuit of a 
transistor, and the logic level is 
used to drive the transistor base. 
When used in this application, the 
transistor is called a lamp driver or 
relay driver. 

Fig. 1 shows typical booster and 
driver circuits. Applications may be 

*Manager, Broadcast Systems Engineering, 
Collins Radio Co. 

by J. L. Smith* 

to drive relays which provide a 
closure when a comparator experi- 
ences coincidence of its input and 
reference, or perhaps when a read- 
out light must be lighted with a logic 
level, etc. 

NAND/NOR Logic 

A NAND gate is the equivalent 
of an AND gate followed by a 
NOT. This gives the logic function 
"NOT AND," which has been 
shortened to simply NAND. 

A NOR gate is the equivalent of 
an OR gate followed by a NOT. 
This gives the function "NOT OR," 
or simply NOR. NOR logic is very 
popular because it is easily fabri- 
cated in integrated circuits. For- 
tunately there are other advantages, 
such as large fan -out, and since a 
transistor is used in each logic 
element, gain is present at each 
stage. Fig. 2A shows a simplified 
schematic of a typical NOR circuit. 
If any of the three inputs, A, B, 
or C, is at logic 1, its associated 
transistor will be saturated, and the 
output will be logic O. 

Schematically the NOR is rep- 
resented as an OR with a. small 
circle placed at its output, as shown 
in Fig. 2B. The NOR gate can be 
used as an inverter (or NOT) by 
using only one input. 

A NOR gate can be made to per- 
form an OR function by following 
the NOR with a NOT. 

A NOR gate can be used to per- 
form an AND function by inverting 
the inputs. Refer to Fig. 3. Both the 
schematic and truth table are shown 
for this circuit. Notice that the truth 
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+ 12V 

(A) Schematic 

INPUT 

(A) Inverting booster 

(B) Lamp driver 

OUTPUT 

(B) Symbol 

Fig. 2. The schematic and symbol for 
a typical 3 -input NOR gate are shown. 

table shows the same result that 
would be obtained for an AND cir- 
cuit. The reader may trace through 
the circuit to verify the truth table 

+i2V by assuming logic levels at A and 
B and tracing through the NOT, 
NOR gate, etc. 

Fortunately, the NOT and NOR 
gate can be the same circuits sche- 
matically. This fact permits design 
of equipment using a minimum of 
different kinds of parts and enables 

(C) Relay driver 

Fig. 1. Booster and driver circuits, 
used when load requirement is large. 

A 

C o, 
A 

(A) Diagram 

TRUTH TABLE 

A C 

0 
B 

0 

B 

(B) T uth table 

Fig. 3. The AND function results when 
inputs to the NOR gate are inverted. 

the user to keep only a minimum 
number of spares on hand. 

Basic Binary Computations 

Actual electronic calculations 
with binary numbers are done by 

those who are concerned with com- 
putor circuitry, and those in the 
broadcast field are not touched di- 

rectly by these techniques. It is, 

however, worthwhile to examine 
briefly the methods used; while 
these computations may not be done 
directly in many types of equip- 
ment, the principles involved are 

(A) Half -adder 

B 

>AB 

)AB 
AF T+ ÁB 

S= Cp (AB +-A-6) + Cp (AB + ÁB) 

C =AB +CIAB+ÁB) 

P BSC 
0 0 0 0 

0 1 1 0 

1 0 1 0 

1 1 0 1 

C (AB + AB) 

AB 

S=AB +ÁB 
C=AB 

C (Aä+ ÁB) 

A B Cp S C 

0 0 0 0 0 

0 1 0 1 0 

1 0 0 1 0 

1 1 0 0 1 

0 0 1 1 0 

0 1 1 0 1 

1 0 1 0 1 

1 1 1 1 1 

(B) Full adder 

Fig.. 4. Addition function is implemented as shown by these diagrams and tables. 
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used in many ways. The basics of 
the binary adder and subtractor 
will be shown, and the procedures 
for multiplication and division will 
be discussed. 

Adder 

To make a binary adder, it is 
necessary to devise the logic cir- 
cuitry which will perform the opera- 
tions defined by the rules of binary 
addition. It should be recalled that 
the addition rules are: 

B 

0+0=0 
1+0=1 
0+1=1 
1+ 1=0 with 1 to carry. 

There are two types of adder, 
the half -adder and the full adder. 
The half -adder has two inputs and 
two outputs. It can add two binary 
digits and determine the sum digit 
and a carry. It cannot receive a 
carry from the preceding column, 
however. A full adder, on the other 
hand, has three inputs and two out- 
puts, and thus has the ability to 
receive a carry from the preceding 
stage. The logic diagram and truth 
table of the half -adder are shown 
in Fig. 4A. The Boolean expressions 
for the intermediate steps are shown 
with the logic diagram. It is very 
helpful to include these intermedi - 

N 

A 
AB 

D=B (AB + AB) + BP (Aä + AB) 

Bo = AB + B (AB + AB) 

AB 

AB + AB 

ate expressions on logic diagrams, 
since they contribute to the ease of 
understanding. The reader may 
compare the Boolean expressions 
for the sum and carry with the truth 
table and the rules of addition to 
obtain a better understanding of 
this circuit. 

The full adder (Fig. 4B) is little 
more than two half -adders in cas- 
cade. In effect, the second half - 
adder has as its inputs the carry 
from the previous, less significant 
stage, Cp, and the sum output of 
the first half -adder. The carry out- 
puts of each half -adder OR together 
to make a single carry forward. 

AB 

BP (AB + ÁB) 

Bp (AB + AB) 

A B Bp D Bo 

0 0 0 0 0 

0 1 0 1 1 

1 0 0 1 0 

1 1 0 0 0 

0 0 1 1 1 

0 1 1 0 1 

1 0 1 0 0 

1 1 1 1 1 

Fig. 5. Method for performing binary subtraction is illustrated by diagram, truth table, and Boolean expressions above. 
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Subtractor 

The subtractor performs the func- 
tion A -B. This circuit resembles 
the full adder; Fig. 5 shows its 
logic diagram. The main differences 
are the inclusion of an inverter 
stage in the A input to provide A, 
and the change of the last NOR 
gate to an OR gate. 

The rules for subtraction are: 

0-0=0 
1-0=1 
1-1=0 
0-1=1 and borrow 1 

By following the diagram, it may 
be verified easily that the circuit 
performs the logic necessary to con- 
form with the rules of subtraction. 

Multiplication 

The process of multiplication is 

merely a process of repetitive ad- 
dition. A brief look at decimal 
multiplication should make binary 
multiplication easy to understand. 
Consider the product of 56 X 23. 

This can be written as: 

56(20+3) 

Also, the expression can be further 
factored to: 

(56 X 10 X 2) + (56 X 3) 

In terms of sums this is: 

56 

56 

56 

560 
560 

1288 

Binary multiplication is handled 
in a similar manner, although it is 

simplified by the fact that there are 
only two digits in the binary system. 
To illustrate, the numbers 56 and 
23 will be multiplied in the binary 
system. 

111000 - 56 
010111 - 23 

111000 
111000 

111000 
000000 

111000 
000000 
10100001000 - 1288 

In machine multiplication, the 
multiplicand is added according to 

the digits of the multiplier and shift- 
ed in the register according to the 
bit position. If the digit in the mul- 

tiplier is 1, the multiplicand is 3612 
added; if it is 0, only a shift in - 3000 1 

position occurs when adding the 612 
effect of the next bit. This process - 300 2 
of shifting and summing is continued - 300i 
to obtain the product. 0 120 

Division 

Division is a process of repeti- 
tive subtraction. For example, the 
operation 3612 - 3 is performed 
as follows: 

-V 

- 30 
- 30 4 - 30 
- 30 

000 

(A) Diode AND gate (B) Diode OR gate (C) DCTL NAND gate (D) DCTL NOR gate 

(E DCTL flip -flip 

+v« 

vBB 

(H) DTL NOR gate 

+V« +V CLAMP 

(F) RTL NAND/NOR Rgate (G) Variation of RTL NOR gate 

+vu 

(I) TTL NAND gate 

OR 

NOR 

REFERENCE 

(J) ECL basic gate 

Fig. 6. Typical integrated -circuit logic elements which find application in digital 
Circuits are shown by schematics. 
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First it was determined how 
many times 3000 could be sub- 
tracted from the dividend, in this 
example, only once. Next it was 
determined how many times 300 
could be subtracted from the re- 
mainder, how many times 30 could 
be subtracted from that remainder, 
etc. (In this case 30 could not be 
subtracted from the remainder, so 
a zero was placed in the quotient, 
and the remainder was multiplied 
by 10.) The quotient is the ac- 
cumulation of the factors that are 
obtained. 

The same results may be obtained 
by using the binary equivalents. The 
net result is that division becomes 
a process of subtraction and shift- 
ing. These operations can be per- 
formed with subtraction circuits and 
shift registers. 

Integrated -Circuit 
Logic Elements 

The availability of integrated - 
circuit logic elements has made it 
possible to design equipment of a 
complexity which could not be 
achieved with discrete components. 
There are several types of logic cir- 
cuits which are well suited to fab- 
rication by integrated -circuit tech- 
niques, and each has characteristics 
which are favorable to certain ap- 
plications. Some of these circuits 
are described in the following para- 
graphs, and some of the advantages 
and disadvantages are discussed. 

Diode Logic 

This logic is suitable only for 
AND gates and OR gates. Figs. 
6A and 6B show representative 
schematics of these circuits. The 
obvious advantage of this logic is 

its simplicity. The application is 

limited, however, by virtue of the 
fact that it is not possible to create 
flip-flops with diodes only. The fan - 
out capability of these circuits is 

limited, and this further restricts 
their applications. However, there 
are many uses for which these cir- 
cuits are adequate, and they will 
be found in many different kinds of 
equipment. 

Direct -Coupled 
Transistor Logic 

Direct -coupled transistor logic 
(DCTL) is illustrated in Figs. 6C, 
6D, and 6E. This type of logic is 

characterized by the fact that only 

one kind of circuit element, the 
transistor, is used. Fortunately, it 
is easily fabricated with integrated - 
circuit techniques. The power -supply 
requirements are quite simple, and 
the circuits consume little power. 
The propagation time through these 
circuits is reasonably short. DCTL 
elements do suffer from the disad- 
vantages that the transistor param- 
eters are somewhat critical, and, 
especially in the case of the NOR 
gate, the circuit is somewhat sub- 
ject to current hogging. The fan -out 
ability of these circuits is moderate. 

Resistor -Transistor Logic 

Fig. 6F shows the schematic of 
the basic resistor -transistor logic 
(RTL) circuit. This circuit may 
function either as a NAND gate or 
a NOR gate, depending on the 
definition of the logic signals em- 
ployed. If positive logic is used, the 
circuit is a NOR gate. If negative 
logic is used, it functions as a 
NAND gate. This type of logic cir- 
cuit allows the use of a larger logic 
level than does DCTL. It is simple 
and inexpensive. The series resis- 
tors eliminate the problem of 
current hogging. The circuits are 
well suited for integrated -circuit 

(A) Logic diagram 
(AI 

construction and are flexible in their 
usage; they do suffer from long 
fall and rise times and are, there- 
fore, relatively slow devices. They 
possess moderate fan -out ability 
and immunity to noise. 

A variation of RTL is shown in 
Fig. 6G. This is somewhat of a 
cross between DCTL and RTL and 
proves to be an excellent choice of 
logic circuit when high speed is not 
required. 

Diode -Transistor Logic 

Fig. 6H illustrates the diode - 
transistor logic (DTL) element. 
This circuit is reliable, and its com- 
ponent values are not critical. Also, 
it may handle high logic levels and 
consequently enjoys a reasonable 
freedom from logic noise. The cir- 
cuits are somewhat restricted in 
fan -out, and they require the use of 
multiple power supplies. 

Transistor -Transistor Logic 

Transistor -transistor logic (TTL, 
or T2L) is a popular form of logic 
when high speed is required. The 
schematic shown in Fig. 6I repre- 
sents a positive -logic NAND gate. 
Only one power supply is required, 
and the circuits are very flexible in 

+ 
cc 

(B) NOR gate schematic 

I B) 

(C) Flip-flop schematic 

Fig. 7. The use of NOR gates to make an RS flip-flop as illustrated above. 
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a 

sound 

investment 
for the Broadcast 
Industry... 

REMOTE CONTROL 
MIKE REELS 

Specially designed reels. Remote 
control by drum, push button or 
station relay. 115 volt reversible 
chain driven motor. 2 to 8 

conductor slip rings available. 
150' cable capacity. 

POWER CABLE 
REELS 

I.E.R.'s 
level wind 
Port -O -Reels 
protect and 
prevent mike 
or extension 
cord break- 
downs. Up to 
400' cable 
capacity. 

Write for Specification Data on the 
most complete line of Remote 
Control Reels and Port -O -Reels. 

INDUSTRIAL 

ELECTRIC 

IREELS 
INCORPORATED 

1503 CHICAGO ST. 

OMAHA, NEBRASKA 68102 
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their usage. The fan -out charac- 
teristics are excellent. These circuits 
are somewhat subject to current 
hogging, and the noise margins leave 
something to be desired. 

Emitter -Coupled Logic 

Emitter -coupled logic (ECL) , 

shown in Fig. 6J, offers the unique 
advantage of providing both the 
logic level and its complement. It 
is a high-speed circuit with good 
fan -out characteristics. However, it 

does not possess very good noise im- 
munity, and it does require two 
power supplies. 

NOR -Logic Flip -Flop 

The NOR gate is one of the most 
versatile of all logic elements. By 
application of DeMorgan's theorem, 
it may be used as an AND gate. 
The various forms of the flip-flop 
may be derived by interconnecting 
the NOR gates as shown in Fig. 7. 

Fig. 7A shows the logic diagram of 
an RS flip-flop made from NOR 
gates. Fig. 7B shows the basic NOR 
gate, and Fig. 7C, the schematic of 
the total circuit, illustrates how the 
circuit evolves. If AC coupling is 

used, a multivibrator is formed, and 
if AC coupling is used on only one 
side, a one-shot is formed. 

Conclusion 

This series of articles has at- 
tempted to provide an introduction 
to the subject of digital circuits. It 
is extremely difficult to cover a sub- 
ject as broad as this with such a 

brief treatment. The author has no 
illusions that this series stands com- 
plete in itself, but it has been pre- 
sented with the thought that it is 

good to go over a subject lightly at 
first to get an understanding of the 
nature of the subject and to learn 
the terminology. With this initiation 
complete, the reader may have in- 
creased his desire to dig more deep- 
ly into this very important phase of 
electronics. 

There is no question but that 
digital circuits are one of the more 
important classes of electronics. In- 
tegrated circuits are being used 
more and more frequently in equip- 
ment. Application of these circuits 
in the broadcast station will follow 

naturally as their usages become 
apparent. 
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Telë sion. Show Business. To Belden it's all 
a world of wire. Belden plays a leading role in 

many complex systems of sight and sound communication. 
By delving into design, processing, packaging and a host of 
factors, Belden's team of wire specialists have helped many 
people wring out hidden costs. Success takes a supplier that 
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P.O. Box 5070-A, Chicago, Illinois 60680. 

Circle Ii tern 13 on Tech Data Card 
9© 33 



Human Engineering 

for the Disc Jockey 

Here is a somewhat unconventional approach 
to improving radio -station operating efficiency. 

The half-hour program was pro- 
gressing beautifully when it hap- 
pened. For the second week in a 
row, listeners heard the unexpected 
tinkle of network chimes-right in 
the middle of the commercial. But 
before you blame the "carelessness" 
of the luckless master -control en- 
gineer, consider what really caused 
the mistake. The chime key was just 
below several frequently used con- 
trols. Each time the engineer ad- 
justed them, he had to reach past 
the unprotected key. In a very real 
sense, he didn't even make an er- 
ror; it was almost inevitable that 
somebody's sleeve would brush the 
chime key some day. The error had 
already been built into the equip- 
ment itself. 

Once the trouble was recognized, 
it was easy to place a guard around 
the key. But how much better it 
would be to anticipate these prob- 
lems in time to prevent them, rather 
than merely correcting them after 
they become crises. That is the goal 
of a relatively new science called 
"human engineering," a team effort 
of engineers and psychologists, who 
pool their knowledge to develop 
simple, error -free equipment that 
almost anyone can learn to use with 
a minimum of training. 

Good human engineering always 
has been important, but it becomes 
critical when performers must 

double as their own engineers. We 
tend to think that more complicated 
equipment is better equipment. Yet, 
many announcers and disc jockeys 
have very little technical training. 
In dad's day, good human engineer- 
ing made the seasoned engineer's 
job easier and more pleasant. Today 
it is the crucial factor that deter- 
mines whether nontechnical talent 
can deliver a smooth show. This 
article examines how human en- 
gineering can streamline a DJ's con- 
sole to fit his specialized require- 
ments. 

Design Requirements 
The first step is analyzing the 

operator's job and listing what he 
has to do. A DJ at a small radio 
station must cope with a wide di- 
versity of tasks: reading news, an- 
nouncements, and commercials; cue- 
ing and playing records; inserting 
and playing tape cartridges; thread- 
ing and playing reel-to-reel tapes; 
keeping logs; and sundry other 
chores. In many cases, the DJ is 

expected to operate as much equip- 
ment as can be crammed into his 
studio. 

It often is assumed that audio 
consoles can be made as wide as 
desired, so long as they are wthin a 
man's arm span-which, even for a 
small man, is a roomy 65 inches. 
But in reality, people cannot possibly 

by William Wokoun 

operate efficiently over anything like 
such a wide range. 

Consider how the DJ's job af- 
fects his position and his move- 
ments. True, he is free to wander 
where he chooses part of the time. 
Yet, when he announces, he is es- 
sentially frozen into position, be- 
cause he must face his microphone 
from a fixed distance while watch- 
ing a clock, reading from his copy - 
board or notebook, and checking his 
VU meter. 

The farther back the DJ is from 
his console, the more of it he can 
see. Assume he moves back so that 
he can just reach his controls com- 
fortably (an unrealistic assumption, 
because the microphone mounting 
often requires him to stay closer). 
At best, the small man will be about 
29.5 inches from his console, and a 
small woman will be about 27 inches 
from it. 

Without turning his head, a de- 
termined DJ can scan a bit more 
than 30° to either side of center- 
but only with difficulty. Realistically, 
we cannot expect him to scan more 
than 15° to either side in a single 
fixation, or 30` altogether. This 
means that consoles should not be 
more than about 17 inches wide for 
a small man or 15.6 inches wide for 
a small woman. With wider consoles, 
the DJ will have to turn his head, 
or his visual speed and accuracy will 
suffer. 
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Vertically, people see best be- 
tween eye level and some 60° below 
it. The upper limit, seated eye 
height, is about 46 inches for a 
small man, but only 42 inches for a 
small woman. The lower limit de- 
pends on the height of a table, 
which typically is 30 inches. Thus 
a console never should be higher 
than 16 inches above the table top; 
if women use it, or if the DJ must 
see beyond it, the console should not 
be higher than 12 inches. 

The inescapable conclusion is that 
whatever the DJ has to see and 
reach must be fitted into a prime 
visible area roughly the size of a 
standard 12" x 19" relay -rack 
panel. If displays are outside this 
area, the DJ cannot see them easily, 
and he may not be able to see them 
at all. If controls are outside this 
area, he will find them by blind 
feeling, which not only is awkward 
and distracting, but also inevitably 
in conducive to mistakes. 

These space limitations may seem 
severe. They are. but they also are 
realistic. And, they emphasize that 
displays and controls must be pared 
down to the bare minimum the DJ 
actually needs. There is simply no 
room for unnecessary extras within 
his prime visible area. 

To determine which components 
the DJ really needs, it is necessary 
to catalogue his jobs in more detail. 
He is busiest-and most restricted 
-while making announcements. 
Most important, he must face his 
microphone from the proper dis- 
tance while reading copy. He must 
monitor output level by checking 
the VU meter and, sometimes, a 

gain -reduction (GR) meter. He 
must pace his delivery by watching 
the clock. Near the end of his an- 
nouncement. he must find the con- 
trol that selects the next input and 
turns it on. as weil as the contro. 
that turns his microphone off. 

The prime displays, giving the 
operator the basic information he 
needs to do his job, include the VU 
meter and GR meter. Audio con- 
soles seldom have incorporated 
copyboards, yet the operator must 
have one. and he must be able to 
gee it easily. If the prime visible 
area is occupied b" other useful. 
but less necessary, objects, the DJ 
must put his copyboard above the 
prime area, where it will be more 
difficult to see. 

Although there may be good rea- 
sons (i.e., noise) for omitting the 
clock from the console, the DJ must 
add his own, and another important 
display strays outside the prime 
visible area. 

All of these prime displays belong 
in the console, even though some 
of them have nothing to do with the 
way it processes signals, because 
the operator cannot do his job 
properly without them. 

The most important controls are 
the ones that select inputs, turn 
them on and off, fade them in and 
out, and start and stop the reproduc- 
tion equipment. The typical DJ 
works with at least five input 
sources: his microphone, two turn- 
tables, and two cartridge machines. 
Since he also needs a master gain 
control, this adds up to a row of 
six faders on a conventional console. 
However. the DJ needs enough 

clearance to use these faders with- 
out snagging fingers on (and dis- 
turbing) adjacent controls (Fig. I ). 
Each fader requires at least three 
inches of space, even with smalier- 
than-average knobs. If ; ou use 
standard two-inch knobs, you will 
have to space faders even farther 
apart. And often the DJ has still 
more inputs: network, reel-to-reci 
tape decks, other microphones, and 
so forth. 

Clearly, it is easier to think of 
additional inputs than it is to find 
space for them within the prime 
visible area. For practical purposes, 
a row of five rotary faders will com- 
pletely fill the width of the prime 
area. The newer, and narrower. 
straight-line faders allow more in- 
puts within the same width, but they 
also are more susceptible to acci- 
dental operation. 

The audition -program key opens 
the door to many interesting mis- 
takes. too. We have all heard a DJ 
introduce his next hit-followed by 
a total silence because he forgot 
to flip the key from audition to 
program. These mistakes can be 
eliminated b" combining the two 
controls. that is, by using faders 
with a snap -cue position. But. many 
DJ's have found an even sim'Ier 
solution; they set the fader once. 
then forget about it and use only 
the key. 

Most of the DJ's input sources 
deliver a reasonably consistent out- 
put level which is well within the 
operating range of present-day AGC 
amplifiers. Wide use of these am- 
plifiers has made faders unnecessary 
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(A) Close spacing. (B) Better spacing. 

Fig. 1. The size and spacing of knobs affects convenience. 
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(A) Cartridge insertion is blind. 

Fig. 2. 

for the average DJ, and often he 
does not use them at all. This fact 
suggests substituting keys, a single 
master fader, and AGC for the usual 
bulky faders to lighten the DJ's 
work load. With fewer controls to 
choose from, he can find the cor- 
rect one more easily. And, since 
keys are more compact, more in- 
puts fit into the prime area. 

To allow the DJ to override other 
inputs when he makes announce- 
ments, simply set the microphone 
level at the mixer network 12 to 15 
dB higher than the turntable and 
cartridge -machine levels. This 
higher level will cause greater com- 
pression during announcements, 
fading the other inputs to back- 
ground level. After announcements, 
other inputs will fade up again auto- 
matically as the gain of the AGC 
amplifier returns to normal. 

It may be desirable, or even 
necessary, to have level -set controls 
for each channel. However, these 

Awkward location of tape 

8) Wrong push button 

machines causes errors. 

controls are intended for the en- 
gineer's occasional use; the DJ 
should not disturb their settings. 
Reduce both clutter and mistakes 
by locating these controls behind 
the panel, where the DJ won't even 
see them. 

The other basic controls are the 
off -on switches for the reproduction 
equipment; these switches are pro- 
vided on the units themselves. In 
the days before tape, the DJ usually 
had a turntable at each side of his 
audio console. With only two units 
to control, it was not too inconve- 
nient to reach for the switches on 
these units. But modern radio sta- 
tions have added tape units as well, 
often to the operator's side or even 
behind him (Fig. 2) . As the DJ 
finishes reading an announcement, 
he must reach blindly for the push 
button that will start the tape ma- 
chine, and even if he finds a push 
button, it may not be the right one. 
What is even worse, silent push but - 

may be pressed. 

tons have short travel and little 
"feel," so the DJ is likely to operate 
them prematurely while he is trying 
to locate them. If tape units must 
be mounted where the DJ cannot 
see them, he should have remote 
controls in his prime visible area. 
Most manufacturers of cartridge - 
tape players make remote control 
panels. 

Even if remote controls are pro- 
vided, the DJ will have trouble in- 
serting and seating cartridges in the 
machines by feel. Wherever pos- 
sible, cartridge players should be 
mounted near the DJ's normal line 
of sight. Since the usual arrange- 
ment places one turntable to each 
side of the prime visible area, the 
most likely locations would be above 
the two turntables. 

But the best answer to the prob- 
lem of on -off controls, for both 
turntables and cartridge players, is 
combining functions that necessarily 
go together into a single control. 

o 
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(A) Arm hides meter. (B) Control below meter. 

Fig. 3. All indicators should be visible during adjustments. 
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There is already a key for each in- 
put source; simply wire two of the 
key's program -position contacts to 
operate a relay that starts the unit. 
When the DJ flips the key to audi- 
tion, he can use the motor switches 
on the units themselves, as usual. 
But when he flips the key to its 
program position, this one motion 
both opens the input and starts the 
motor. Why make the DJ operate 
two controls-which requires two 
hands-when one centrally located 
key can do both jobs? 

Once the critical functions have 
been isolated and the most suitable 
component has been selected for 
each of them, it is relatively easy 
to arrange these components within 
the prime visible area. The basic 
rule is that displays are grouped at 
the top of the panel, and controls 

at the bottom (Fig. 3) . This ar- 
rangement assures that the opera- 
tor's hands will not block his view 
of the displays. It also allows him 
to rest his forearm or elbow on the 
table top while operating the con- 
trols. 

Controls should be arranged so 
that either right-handed or left- 
handed operators can use them. If 
that proves impossible, the design 
should be made for the right- 
handed operator, since more than 
90% of people are right-handed. 
Thus, if a display and a control must 
be placed side by side, the display 
should be at the left of the control 
so that most people's hands will not 
cover it. 

Sample Design 

A human -engineered panel design 
is shown in Fig. 4. The upper, or 

display, part of the panel is divided 
into halves. One half is the copy - 
holder; the other has a clock cen- 
tered at its top, with VU and GR 
meters side by side below the clock. 
Since horizontal eye movements are 
easier than vertical ones, this ar- 
rangement helps the DJ check his 
three displays while reading copy. 

Assuming the DJ is right-handed, 
the copyholder probably should be 
placed on the right side. However, 
it would be very desirable to make 
it and the display panel as separate 
units, so the DJ could interchange 
their positions if he wished. 

Because letter -size paper is 11 

inches high, the top of the copy - 
holder extends somewhat beyond 
the prime visual area. This should 
not pose a problem, because the 
top of the sheet usually contains a 

12" 

0 

COPYHOLDER 

(8-112"x 11") 

0 
READY RUN 

TCP 
PG M 

GREEN 1 OFF 

A UD 

0 

TT 

RED 

MIC 

WH ITE 

RED 

TT 

READY RUN 

TCP 
fPGM 

t 
GREEN 

FF 

-4-AUD 

MASTER 

19" 

Fig. 4. Human -engineered console groups controls below indicators; the copyholder and meters are grouped near eye level. 
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letterhead and scheduling informa- 
tion that the DJ will not read aloud. 
To save space, another possibility 
would be using rings at the top, 
together with shorter sheets or 5" 
x 8" cards, which would fold up 
and back. 

The lower, or control, area of 
the panel has the bank of vertically 
mounted keys controlling inputs; 
the master gain fader is located at 
the far right. The key knobs have 
been color -coded to reduce the DJ's 
hunting time, and their positions are 
related to the locations of the equip- 
ment they control: leftmost key for 
left cartridge player, next key for 
left turntable, and so forth. The 
center key, for the microphone, has 
a round white knob; this is the only 
key with a round knob, and the only 
white knob, so that the DJ can find 
it easily by either sight or touch. 
Just above the two cartridge -player 
keys are illuminated legend lights 
that show the status of these ma- 
chines. 

Note, incidentally, that the pro- 
gram position for each key is up- 
ward, audition is downward, and off 
is the center position. This takes 
advantage of the usual expectation 
that flipping a control up should 
turn something on. 

Conclusion 

Because this console is tailored 
to the DJ's special requirements, it 
simplifies his job and reduces the 
number of mistakes he can make. 
Even more important, almost any- 
one can operate it without technical 
background or extensive training. 

It must be emphasized, however, 
that this concept answers a require- 
ment which is specialized, even 
though it is very common. This con- 
sole obviously cannot supplant more 
complicated facVities in situations 
that require reef finesse. When re- 
cording a symphony orchestra, or a 

dramatized commercial with several 
characters, music, and sound effects, 
you will need the flexibility of a 
more conventional console. Never- 
theless, a human -engineered console 
like this one can handle much of a 
small radio station's daily operation, 
perhaps freeing more sophisticated 
equipment for recording commer- 
cials and other work more suited 
to it. A 
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A Solid -State Control Board 

Station KOFA, Honolulu, re- 
quired a control board of simplified 
design, with a minimum of controls, 
for the benefit of nontechnical oper- 
ators. The board described in this 
article was designed and fabricated 
to meet that need. The original stereo 
design adapts easily for monophonic 
use, and any configuration of inputs 
should work equally well. 

Features 

Simplification comes mostly from 
incorporating only essential features. 
The exclusive use of transistors 
helps, too, as matching for constant 
impedance is not necessary. All 
transistor types are silicon, most 
costing less than one dollar each. 
No unusual parts are required, al- 
though the transistors and printed - 
circuit supplies probably will not be 
stocked by any but the largest parts 
distributors. 

Except for the power supply, the 
board is self-contained. Power am- 
plifiers to drive monitor and cue 
speakers are not included, but any 
conventional amplifiers can be used. 
The board was built entirely with 
ordinary hand tools and a 1/4 -inch 
electric drill. 

Basic Design 

The basic overall schematic is 
shown in Fig. 1. For a monophonic 
board, eliminate the right channel 
and use single rather than dual - 
ganged potentiometers. 

Fig. 1 shows three types of input 
channels-microphone, phono, and 
high-level. For more than one of 
each type of input, simply add iden- 
tical input channels, all connectd 

This station built its own audio board 
to meet its particular requirements. 

by Ronald Pesha* 

to the mixing bus. Since the mixing 
bus is not of constant impedance, 
any number of input channels up to 
about twelve (possibly more) can 
be connected to it. 

Only the microphone channel has 
an on -off switch. The operator mere- 
ly turns other potentiometers up or 
down as necessary. This simplifies 
operation for nontechnical operators 
who are occupied with logs, spots, 
etc. To add switches, install lever 
switches in the audio lines preced- 
ing the potentiometers. For mono, 
use an SPST N.O. switch; for stereo, 
a DPST N.O. switch should be used. 

Mixing 

The simple nonconstant-imped- 
ance mixing used here has its pen- 
alty: heavy mixing loss. However, 
the program amplifiiers have ade- 
quate gain to compensate for the 
loss, provided the peak input to each 
potentiometer is about 1 volt. The 
preamplifiers provide this much 
level, and most external signal 
sources used by broadcast stations, 
such as tape -playback machines, can 
provide 1 volt. Lower -level signal 
sources may require preamplifica- 
tion. The microphone -preamplifier 
design can be used for this purpose, 
with the preamplifier preceded by 
a pad to avoid overloading. 

Potentiometers 

The potentiometers in the original 
board were assembled with individ- 
ual resistors on 22 -position short- 
ing -type rotary switches (Centralab 
PA -4000 series) with the detent ac- 
tion removed. The 10,000 -ohm, 
linear -taper pots are heavily loaded 

`Radio Station KFOA, Honolulu, Hawaii 

with 680 -ohm resistors from arm 
to ground. This causes each pot to 
operate with an audio taper. It also 
helps swamp out poor tracking be- 
tween the two ganged pots in each 
pair used for stereo. 

A standard SPST switch (DPST 
for stereo) feeds the audio to the 
cue channel through isolating resis- 
tors when the potentiometer is 
turned all the way down. In stereo, 
the two channels are connected to- 
gether for a monophonic cue feed. 

Chassis 

The board is built inside two stan- 
dard 3" x 17" x 11" aluminum 
chassis bases, which are turned up- 
side down and bolted end to end. 
Each chassis is modified by sawing a 
wedge-shaped piece from the front 
corners; this change allows the front 
to be bent back for a sloping panel. 
Alternatively, a sheet -metal fabrica- 
tor can produce a suitable chassis 
cabinet to order. 

A sheet of 1/2 -inch aluminum is 
attached to the sloping panel with 
the control nuts. This panel should 
be drilled and then painted with a 
can of spray lacquer before mount- 
ing. Rectangular holes for the VU 
meters may be cut with an electric 
drill, files, and lots of elbow grease. 
The VU meters mount behind these 
holes with simple clips of scrap 
aluminum. 

Rubber chassis feet on the bottom 
of the assembly allow sliding the 
entire board into its wooden case. 
A sheet of aluminum obtained from 
a sheet -metal contractor (a maker 
of heating and cooling ductwork) is 
used to cover the exposed top of 
the board for shielding. 
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VISUAL ... 
your major 
source for 
advanced 
AM/FM/TV 
products 

ube type 7389/P858* 

TUBE -UP WITH EEV FOR THE BASEBALL SEASON 

and be ready for the election campaigns 

itube types 4493, 4494, 4495 

Right now is the time to check your tube line-up for 
the current baseball season - and the political conventions and 
elections - and get improved color, improved system 
sensitivity from your remote cameras. How? Re -tube with: 

EEV 41/2" ELCON Target Image Orthicons. These improved 
ELCON no -stick target tubes offer a minimum S/N ratio of 40dB 
at 4 volts with no significant loss in resolution or sensitivity. 
They handle highlights without compression and maintain 
constant gamma, sensitivity and resolution throughout their life. 
'Knee' sensitivity of the P858 is in the region of 12ft-lamberts 
scene brightness at f/5.6. 
EEV 1" Electrcstatic Focus Vidicons. Available in matched 
sets, they incorporate electrostatic focusing which requires 
virtually no current ... and no magnetic focusing unit. The 
result is deflection field strength as low as one quarter of 
normal requirements, freedom from "S" distortion in focus - 
induced image rotation and much more. 
Tune-up your color cameras now with these superb English 
Electric Valve tubes-state-of-the-art products from 
Visual Electronics! 

*The improved -performance direct replacement for 4536V1. 

VISUAL ELECTRONICS CORPORATION 
356 west 40th street new york, n.y. 10018 (212) 736-5840 

YOUR MAJOR SOURCE FOR ADVANCED AM/FM/TV EQUIPMENT 
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LEFT PHONO 

PREAMP 

PREAMP 

RIGHT PHONO 

LEFT 

HIGH-LEVEL o 

INPUT 

RIGHT 

HIGH-LEVEL 
INPUT 

MICROPHONE 
INPUT 

d10Ú' 700 

I SWITCH 

CUE 

SWITCH 

4700' 4710 

4700' 
Ye, 

CUE 

SWITCH 

4700 

CUE 

SWITCH 

PREAMP 

EXTERNAL 

RELAY 
CIRCUIT 

MIC 

ON-OFF 

SWITCH 

POSITION 
SWITCH 

1 

680' 

680' 

LEFT 

PROGRAM 

AMPLIFIER 

RIGHT 
PROGRAM 
AMPLIFIER 

TO CUE 

AMPLIFIER 

LEFT 

OUTPUT 

TO 

MONITOR 
AMPLIFIER 

RIGHT 
OUTPUT 

TO 

MONITOR 
AMPLIFIER 

NOTES: 

1. Cue switch on phono channel shown in "cue" position. 
2. Cue switch on high-level input shown in out -of -cue position. 
3. Microphone on -off switch shown in "off" position 
4. Microphone -channel position switch shown in "center" position. 
5. Stereo position switch: 2 -pole, 3 -position (Switchcraft 3037L or 

similar). 
6. Microphone on -off switch: for stereo, 3 -pole, 2 -position (Switch - 

craft 60012 or similar); for mono, 2 -pole, 2 -position (Swiftcraft 
30004L or similar). 

7. Potentiometers are 10,000 ohms, linear taper, dual ganged units 
for stereo. 

8. Cue switches attached to potentiometers are SPST for mono, 
DPST for stereo. 

9. All resistors are 10%, 1/2 -watt units. 
10. *Denotes matched pairs for stereo. 

Fig. 1. Overall schematic diagram shows operation of the control board in the stereo configuration. 
One input channel of each type is shown; others may be added. 

The Preamplifiers 

The microphone and phono pre- 
amplifiers use inexpensive silicon 
transistors in circuits similar to those 
of units described in the GE Tran- 
sistor Handbook. The microphone 
preamp (Fig. 2) uses two emitter 
followers as parallel output stages. 
This arrangement provides isolated 
outputs to the two stereo channels. 
For monophonic use, Q4, C4, and 
R9 should be omitted. The micro- 

phone preamplifier includes a trim- 
mer potentiometer in the AF 
feedback line for adjustment of gain. 

The phonograph preamplifier 
(Fig. 3) resembles typical high- 
fidelity component designs more than 
traditional broadcast practice. The 
cartridge feeds the preamp directly, 
with no passive equalization net- 
work. RIAA equalization is pro- 
vided in the AF feedback line. The 
82,000 -ohm input resistor in paral- 
lel with the input impedance of the 

first stage provides a 47,000 -ohm 
cartridge load. 

Program Amplifier 

The program amplifier (Fig. 4) 
features a conventional Class -B 
complementary -symmetry circuit. 
Voltage gain exceeds 100 over a 
bandwidth almost perfectly flat from 
10 Hz to 35 kHz. Distortion mea- 
sures less than 0.5% THD at all 
frequencies, up to an output of 5 

volts rms-about + 16 dBm. 

R4 

FLAT 

SIDE ----- 

ECB 

TRANSISTOR 

BAS ING 

R1 300,000 ohms, 5% 
R2 47 ohms 
R3 51,000 ohms 5% 
R4 4700 ohms 
R5 10,000 ohms 
R6 82 ohms 
R7 1000 ohms 
R8 4700 ohms 
R9 4700 ohms 
Cl 50 mfd, 6 volts 
C2 10 mfd, 25 volts 
C3 100 mfd, 3 volts 
C4, C5 10 mfd, 15 volts 
R10 500,000 -ohm trimmer potentiom- 

eter, IRC Type U201 or Mallory 
Type MTC-4 

Q1 2N3391A 
Q2 2N2924 
Q3 2N2924 or 2N2925 
Resistors are 1/2 watt, 10% unless 
otherwise noted. 
Capacitors are tubular electrolytic. 

Fig. 2. Three -stage microphone preamplifier has two inputs driven in parallel. 
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This is our new 2200 "Sync -Line" 
pulse distribution system 

r í 

S.G. 

1 

S 

S.0 
ENCODER 

S.G. ----- 

r i 

S.G. 

3 

ASSIGNMENT 

SWITCHER 

DECODER 

H. DR 

V. DR 

B 

S 

B.F 

S.0 

and this is all you need 
to adjust it 

CAMERA 

CONTROL 

AND 

ENCODER 

CAMERA 3 

Here's a totally new timing distribution system-as far removed from the usual 
unwieldy octopus as simple arithmetic from calculus. It does this: 

1. Reduces the complexity of the pulse 
assignment switcher from six levels to 
one. 

2. Reduces to a single line the cable 
from the pulse distribution system to 
the camera. 

3. Makes system planning easier. 
Sophisticated design enables all pulses 

to be advanced/retarded relative to in- 
coming signal-a UNIQUE FEATURE. 

4. Makes installation easier, by eliminat- 
ing delay line equalization and cable 
length trimming. 

5. Saves you money, both in capital cost 
and in installation. 

We'll be happy to talk it over with you. In fact, if you'd like to discuss your 
systems problems with people who really understand them, give us a call-or drop 
us a line. 

The "SYNC -LINE" is another example of craftsmanship by Central Dynamics- 
international leader in terminal equipment of advanced design. 

CENTRAL DYNAMICS CORPORATION 
HEAD OFFICE: 903 Main St., Cambridge, Mass. 02139 

Circle Item 19 on Tech Data Card 
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TRANSISTOR 
BASING 

FLAT 

SIDET 

IN 

R9 

Q1 

EC B C 

ri 

Cl 

+22 VOLTS 

Fig. 3. Phono preamplifier achieves RIAA equalization through the use of 
feedback network between first two stages. 

R1 180,000 ohms 
R2 220 ohms 
R3 27,000 ohms 
R4 470,000 ohms 
R5 10,000 ohms 
R6 82 ohms 
R7 1000 ohms 
R8 4700 ohms 
R9 62,000 ohms, 5% 
Cl 50 mfd, 6 volts 
C2 100 mfd, 3 volts 
C3 .003 mfd, 600 volts, disc ceramic 
C4 .01 mfd, 600 volts, disc ceramic 
C5 10 mfd, 15 volts 
Ql 2N2925 
Q2 2N2924 
Q3 2N2924 or 2N2925 
Resistors are 1/2 -watt, 10% unless 
otherwise noted. 
Capacitors are tubular electrolytic un- 
less otherwise noted. 
82,000 -ohm resistor is not on etched 
circuit board; mount across input con- 
nector. 

Resistor R6 controls the idling 
current of the output stage. The DC 
voltage at the positive side of output 
coupling capacitor C3 should be half 
the supply voltage, that is, about 19 
volts; if it is not, change the value of 
R 1. Trimmer potentiometer R9 ad- 
justs the gain within narrow limits; 
in stereo it may be used to balance 
the gains of the two channels. Other 
than R9, no "master gain" control 
is incorporated into the board. If 
desired, a master gain control may 
be added ahead of the program am- 
plifier. 

Audio Output Circuitry 

No output transformer is used, on 
the theory that a board usually works 
into the input transformer of the de- 
vice it feeds (or into a telephone -line 
repeat coil), and there is no advan- 
tage to having two transformers in 
tandem. The load can have any im- 
pedance from 500 ohms up without 
disturbing the program amplifier. If 
a transformer is desired, connect it 
to the output of the program am- 
plifier, and ground one side of the 
primary. Because of output coupling 
capacitor C3 (Fig. 4) , there will be 
no DC through the primary, which 
should have an impedance of 500 
ohms or higher. 

No isolation pad is used at the out- 
put of the program amplifier. The 
measured source impedance of the 
amplifier is on the order of 20 ohms 
at most frequencies, so its perfor- 
mance should not be affected by 
variations in a load which has a 
nominal impedance of 500 ohms or 
more. 

The Etched Circuits 
The etched -circuit amplifiers are 

unusual in that the components are 
mounted on the same side of the 
board as the copper "wiring." This 
results in amplifiers much more ac- 
cessible for servicing, since the com- 
ponents and etched wiring are visible 
simultaneously. Component leads re- 
quire no holes through the board. In- 
stead, the leads are bent into tiny 
mounting feet, and these feet are 
soldered to their respective mount- 
ing pads. (See Fig. 5.) This method 
of construction makes future com- 
ponent replacement easy, too. The 
process of pulling a lead from a 
mounting hole on a conventional 
board and pushing a new lead 
through the hole frequently damages 
the mounting pad or lifts the copper 
from the board. With the construc- 
tion used here, the component drops 
off with a touch of the soldering iron. 

Full-size layouts for the etched 
circuit boards are shown in Fig. 6. 

A commercial photographer or a 
lithographer can make negatives of 
these layouts; a lithographer is avail- 
able in most cities and towns as small 
as 15,000. You will need same -size 
negatives of these layouts. In other 
words, the copper areas will be clear 
on the negative, and the areas to be 
etched will be opaque. Ask a photo- 
grapher for a "high contrast" nega- 
tive; ask a lithographer for a "line" 
negative. 

Processing of the etched boards 
requires only two chemicals, which 
may be handled easily in a kitchen 
sink. No darkroom is necessary, for 
the photo -sensitized boards may be 
handled in subdued room light. 

You will need one 3" x 3" board 
for each preamplifier and program 
amplifier. You also will need devel- 
oper, etchant, two glass or ceramic 
trays, a sheet of plate glass large 
enough to cover a board, and a 
photoflood bulb (from a photogra- 
phy store). The boards and chemi- 

R4 

TAB 

TRANS ISTOR 
BASING C4 

IN 

Fig. 4. Program -amplifier circuit makes 
use of an NPN and a PNP transistor in 
complementary -symmetry output stage. 

R1 47,000 ohms 
R2 5600 ohms 
R3 270 ohms 
R4 1000 ohms 
R5 4700 ohms 
R6 470 ohms 
R7, R8 82 ohms 
R9 100,000 -ohm trimmer, IRC Type 

or U201 or Mallory Type MTC-4 
Cl 10 mfd, 6 volts 
C2 100 mfd, 3 volts 
C3, C4 100 mfd, 25 volts 
Ql 40317(NPN) 
Q2 40314(NPN) 
Q3 40319 (PNP) 
Resistors are Yz watt, 10%. 
Capacitors are tubular electrolytic. 
Jumper on etched circuit board from X 
to X. 
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SPAHIA'$ néw iLl O is 

A-20 
8 CHANNEL 

MASTER 
CONTROL 
CONSOLE 

Advanced transistorized design 
Self contained power supply Monitor 

& cue amplifiers Accommodates 22 separate inputs. 

A-15 CHANNEL CONSOLE 

Modestly priced, but offers 
a wide range of features 
usually found only in larger 
consoles Speaker muting 

Self contained monitor/ 
cue speaker system 14 

audio inputs 

AS -30 STEREO 

5 CHANNEL 

CONSOLE 

Ultra flexible 
Completely 

transistorized 5 

charnel 9 stereo inputs incl. mic. 

turntable & aux. sources. All channel cue system. 

TURNTABLES 

Heavy duty profes- 

sional quality Posi- 

tive 3 speed lever 
control. 
12" & 16" models. 

Choice of motors. 

Instant acceleration. 

MULTI CARTRIDGE 

SYSTEM 

Each deck module is independent 

from tige others with separate 

direct drive/capstan drive 

transport Monaural and stereo 

models. 19" rack or custom 

cabinet mounting. 

300C SERIES 

CARTRIDGE 

SYSTEM 

Solid state plug-in 
electronics Super 

silent operation 
e Continuous duty rated 

Rack or custom cabinet mounting. 

800C SERIES 

CARTRIDGE SYSTEM 

Ultra modern design with 
advanced transistorized 
circuitry Direct motor/ 

capstan drive transport 
Plays any size endless loop 

NAB tape cartridge. 

CD -15 CARTRIDGE 

TIME DELAY UNIT 

Unique device for 
censorship of live 

programming Delays 
3 sec. to 31 minutes 
Also produces "echo" 

and reverberation effects. 

This is only a glimpse of SPARTA'S NEW LOOK of professional audio equipment. 

WRITE OR CALL NOW FOR OUR NEW PRODUCT BROCHURE. 

PAkTA 
ELECTRONIC CORPORATION 

5851 FLORIN-PERKINS ROAD SACRAMENTO, CALIFORNIA 95828 
A DIVISION OF COMPUTER EQUIPMENT CORPORATION 

Circle Item 16 on Tech Data Card 
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What 
FM transmitter 
power 
do you need? 

Gates has the most complete line of 
FM transmitters in the industry. From 
10 watts to 40,000 watts. All with a 

100% solid-state exciter employing 
DCFM (direct carrier frequency 
modulation) where modulation 
occurs at carrier frequency. 
The TE -1 exciter is the heart of all 
H series transmitters - one tube (1 kW), 
two tube (3, 5 and 10kW), and 
three tube (20kW). All FCC -type 
accepted, ready for prompt shipment. 
Tell us the power you need and ask 
for data on our FM antennas. Write, 
or phone (217) 222-8202 today. 

GATES 
MARRIS 

INTERTYPE 
ION 

GATES RADIO COMPANY 
QUINCY, ILLINOIS 62301, U.S.A. 
A subsidiary of Harris-Intertype Corporation 

(A) Microphone preamplifier 

(B) Phono preamplifier 

(C) Program amplifier 

Fig. 6. Full-size patterns for three circuit -board types described in the text. 
Circle Item 28 on Tech Data Card 
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Fig. 5. Board for program amplifier; note 

cals are listed in major parts 
catalogs. Order copper -clad boards 
which are one-sided and photo sen- 
sitized. Either bakelite or glass -fiber 
boards are satisfactory. 

Complete processing instructions 
are packed with the boards. Usually. 
a pint of etchant is sufficient for 3 or 
4 boards, and a pint of developer 
may be used for at least a dozen 
boards. 

Amplifier Construction 

Using the symbols on the etched 
boards as guides, refer to the sche- 
matics and assemble the components 
on the boards. Using needle -nose 
pliers, bend the component leads to 
make mounting feet as shown in 
Fig. 6. Cut off excess leads so that 
the feet fit within their mounting 
pads. Hold each component with 
pliers as the first lead is soldered, 
and then solder other leads. Very 
little heat should be required for 
soldering when this method of 
mounting components is used. 

Note that the preamplifier transis- 
tors are soldered directly to the 
boards, but the program -amplifier 
transistors in TO -5 cases use sock- 
ets. The sockets are not really neces- 
sary, and these transistors may be 
soldered in place if desired. If sock- 
ets are used, bend their leads out- 
ward to form mounting feet. 

With a hacksaw, cut notches in 
the corners of the circuit boards so 
that the boards fit their plugs. This 

June, 1968 

method of soldering leads to board. 

is done best on a cut -and -try basis; 
use a fille for final fitting. 

Wiring the Board 

At KFOA, all input and output 
connectors are standard phone jacks. 
Of course, any type of connector, 

HEART ATTACK 

STROKE 

HIGH BLOOD 
PRESSURE 

INBORN HEART 
DEFECTS 

HALF THE COST 
1/10 THE SIZE 

DA TA TONE® 
TRANSMITTERS 

RECEIVERS 
Transistorized Miniaturized 
No tuning forks Solid state 
No tuned reeds 
Low cost Proven reliability 
Thousands in service 
Compatible with standard 
telephone operating practices 

All plug-in sealed modules measure only 
11/2" x 11/4" x 4". 
Freq. range: 300 Hz to 9999Hz. 

SPECIFICATIONS 
DATATONE TRANSMITTER: Designed to 
bridge a 600 ohm transmission line 
with less than 1 db loading and through 
contact closure deliver an undistorted 
tone signal level of 1 Milliwatt. 
DATATONE RECEIVER: Designed to bridge 
a 600 ohm transmission line with less 
than 0.5 db loading, and close contacts 
or power an external relay load upon 
receiving a tone pulse from its com- 
panion transmitter. 
Both units are rated for continuous op- 
eration over a temperature range of 0° 
to 50° C from a 12/24/36/48/ VDC 

supply. For complete technical data, 

call or write: 

4TREPAC SOLID STATE 
ELECTRONICS FOR 

® TELECOMMUNICATIONS 

TREPAC CORPORATION of AMERICA 

30 W. Hamilton Avenue, Englewood, N. 1. 07631 

Phone: (201) 567-3810 TWX: (201) 567-4977 

Circle Item 17 on Tech Data Card 
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Fig. 7. Inside view of stereo board shows circuit 

barrier strip, or solder terminal may 
be used. One advantage of construct- 
ing a board is that connectors most 
suitable for the other wiring in a 
station can be used. 

The etched -circuit amplifiers fit 
Cinch -Jones 50-10A-20 or Amphe- 
nol 143-010-01 plugs. Drill new 
mounting holes at the ends of each 
plug in order to bolt it flat against 
the inside bottom of the chassis 
(Fig. 7) . Alternatively, the plugs 
can be affixed with epoxy -type ce- 
ment. 

Shield the leads to preamplifiers 
and potentiometers. The low imped- 
ance of the mixing bus permits the 
use of unshielded point-to-point wir- 
ing there without noise or cross -talk 
problems. Since the power supply is 
external, all grounds can be attached 
to the chassis without hum from cir- 
culating ground currents. Solder the 
ground end of each potentiometer di- 
rectly to its case. 

cards and input circuits. 

Power Supply 
The power supply (Fig. 8) is con- 

ventional in every respect. Build it 
in an external case or cabinet, and 
connect it to the board with a four - 
conductor cable and suitable con- 
nector. All attempts to build the 
power supply inside the board re- 
sulted in excessive hum because of 
induction, ground loops, etc. 

Regulated voltages don't seem 
necessary. However, silicon -transis- 
tor biasing varies more with varying 
supply voltage than does germanium - 
transistor biasing. Therefore, supply 
voltages to the amplifiers should be 
within a volt or so of the nominal 
values. Adjust the values of the 
series resistors according to the mag- 
nitudes of their respective loads, as 
determined by the number of each 
type of amplifier used. The phono 
preamps draw about 3.5 ma; the 
microphone preamps draw about 6.5 
ma in the stereo version and 3.5 ma 
in the mono version; the program 

amplifiers require about 10 ma rest- 
ing. 

Since failure of the supply kills 
the entire board, it is a good idea to 
build a spare supply. 

Additional Facilities 

Extra contacts on the microphone 
on -off switch allow use of an extern- 
al power supply to operate external 
relays for speaker muting, warning 
lights, and other station require- 
ments. Isolate the relay power sup- 
ply from the board, and ground this 
supply only to the main station 
ground. This practice avoids induc- 
ing clicks into the board. 

For stereo, a position switch in 
the microphone channel places the 
announcer at the apparent left, right, 
or center. 

Connect a standard VU meter 
across the output of each program 
amplifier. Standard high -impedance 
headphones (2000 ohms or higher) 
may be connected across the pro- 
gram -amplifier output also. 

Conclusion 

Few types of business have so 
many individual variations as broad- 
casting. But, with juggling of the 
amplifier arrangements, number of 
input and output channels, etc, this 
basic board design should meet the 
unique requirements of almost any 
station. 

Even a simple board with few 
channels and limited facilities be- 
comes a major construction project 
when the possible ground loops, RF 
pickup points, and other potential 
trouble spots are considered. Never- 
theless, any competent technician 
should be able to build a high -quali- 
ty, low -distortion board. Just plan 
carefully, and allow sufficient time 
to handle the "debugging" which 
seems inevitable on a project of this 
size. 

+38V TO PROGRAM 
AMPLIFIERS 

+22v TO PHONO 

PREAMPLIFIERS 

+22V TO MICROPHONE 

PREAMPLIFIERS 

117VAC 

Fig. 8. Schematic diagram of power supply shows three sources of voltage 
for amplifiers in the audio control board. 

Ti: 24 -volt, 1/4 -amp (or better) filament - 
type 

F1: 1/4 -amp fuse 
C1 -C4: 500-mfd, 50 -volt electrolytic ca- 

pacitors 
R1 -R3: Values and rating chosen to supply 

indicated voltages; depend on load 
(number of program amplifiers and 
preamplifiers used). 

Dl -D4: Silicon diodes, 200 p.i.v. at 100 
ma (or better), or full -wave bridge 
rectifier of similar rating). 
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When engineers get together, 
the conversation turns to pickups. 

PHOTOGRAPHED BY FRANZ EDSON AT THE CAPITOL TOWER, HOLLYWOOD.. 

It's an irresistible topic. 
Especially since Stanton came out with the Model 500 stereo cartridge. 
That's an engineer's pickup, if there ever was one. 
Beautiful curve -within 1 db from. 20 to 10,000 Hz, 2 db from 10,000 to 20,000 Hz. 
Fantastically small moving system to trace the wildest twists in the groove. 
Light weight (only 5 grams!) to take advantage of low -mass tone arms. 
And, of course, Stanton's legendary quality control. 
No woncer engineers use the Stanton 500 for critical broadcasting 
and auditioning applications. 
And to impress other engineers with their pickupmanship. 
(Available with 0.7 or 0.5 -mil diamond, $30; with elliptical diamond, $35. 
For free literature, write to Stanton Magnetics, Inc., Plainview, L.I., N.Y.) 
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Determining Spurious -Frequency 
Components by Computer 

The digital computor makes practical the volumi- 
nous calculations necessary to determine spurious 
frequencies. 

The growing problem of genera- 
tion of spurious frequencies is an 
unfortunate by-product of the in- 
creasing congestion in all frequency 
bands, and it is not likely to im- 
prove. The presence of undesired 
signals is at best an aural or visual 
nuisance which degrades the re- 
production of sound or pictures. At 
worst, if a spurious frequency occurs 
in one of the vital links, such as 
aeronautical communications or an 
international distress frequency, it 
could be an outright menace. 

Computer Procedure 

In areas with a moderate to great 
number of AM, FM, TV, or other 
stations, the manual compilation of 
all the various frequency combina- 
tions becomes prohibitively cum- 
bersome. The mathematical effort is 
approximately proportional to the 

by Serge Bergen* 

square of the input; i.e., the number 
of stations and number of harmon- 
ics considered. The number of com- 
putations rapidly accumulates into 
thousands and tens of thousands. 

An electronic computor is an 
ideal device to use in accomplishing 
the necessary calculations. Because 
of its speed, it is able to provide the 
desired solution in a fraction of the 
manual time, and with greater reli- 
ability since the problem of psy- 
chological fatigue does not arise. In 
the procedure described here there 
are two programs, the first to be 
used mainly in the lower frequency 
bands, the second version mainly 
for television and FM stations and 
higher frequency bands. In the fol- 
lowing text no distinction is made 
between spurious frequencies gen- 
erated externally or internally within 

*Consulting Engineer, Fairfax, Va. 

SPURIOUS FREQUENCY, KHZ: 2120 
HIGHEST HAARMONIC CONSIDERED: 3 

BANDWIDTH, +-KHZ: 0 

STATIJN 
Na. 

1 

2 

3 

FREQUENCY 
KHZ 

1010 
1060 
1120 

HARMONIC 2 OF 1060 = 2120 
EXTEND HARMONIC RANGE OR BANDWIDTH OR ADD STATIONS 

Fig. 1. Computor print-out shows one spurious frequency for given conditions. 

the receiver. The computation re- 
sults are applicable in both cases. 

The Federal Communications 
Commission in Part 2 of the Rules 
lists frequencies in kHz up to 25,000 
kHz, and higher frequencies (in the 
area of interest here) in MHz. This 
is an arbitrary dividing line which 
does not preclude overlapping use 
of either program, provided fre- 
quencies are expressed in correct 
units. 

In the course of the computation, 
it is necessary to consider all the 
combinations between the sums and 
differences of all the harmonics of 
the frequencies entered. In addition, 
the harmonics themselves have to 
be accounted for. The comupter then 
proceeds to single out the combina- 
tions which are equal, or nearly 
equal, to the spurious frequency. 
The reason for the "nearly equal" 
provision is that sometimes the exact 
value of the spurious frequency may 
be uncertain. Therefore, it is de- 
sirable to introduce a variable 
parameter, namely, the bandwidth 
within which the various combina- 
tions will be recognized. The pro- 
cedure provides added flexibility. In 
the programs described here, Har- 
monic No. 1 is always defined as 
the fundamental frequency. 

The first program is illustrated 
by the computer printout in Fig. 1. 
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Three stations were entered to de- 
termine the combinations for the 
spurious frequency of 2120 kHz.' 
Only one result was obtained, the 
second harmonic of Station No. 2. 
Since a combination frequency was 
not obtained, the computer prints 
a message of insufficient input to 
solve the problem. 

In Fig. 2, the number of har- 
monics was extended, a bandwidth 
of +10 kHz was introduced, and 
other stations were added. Within 
the listed bandwidth, six new combi- 
nations are printed out, including the 
composition of the values. If the 
most accurate value of the spurious 
frequency is obtained, it is possible 
to ignore the combinations which 
do not apply. 

Although these two examples 
show the solution of a problem in 
the broadcast band, the program 
can be applied to problems extend- 
ing from power frequencies to short- 
wave frequencies and beyond, with- 
out limitations. 

In case of interference between 
television stations and FM stations, 
as well as any other stations in the 
higher frequency bands, it is neces- 
sary to account for the fact that 
each television station has a visual 
and an aural transmitting source. 
It would be impractical to read and 
enter the assigned frequencies from 
a tabulation, since this procedure is 

cumbersome and could lead to entry 
errors. Instead, in the second ver- 
sion of the computer program, all 

television stations are entered by 
channel number. The computer rec- 
ognizes any VHF or UHF channel; 
it then proceeds to retrieve the ap- 
propriate visual and aural frequen- 
cies for the given channel number. 
The visual frequency considered is 

the "nonoffset" value. Although in 

each particular case the exact value 
can be entered, an offset of ±-10 
kHz generally is not expected to 
alter the results if a bandwidth in 
excess of that value is used. All 
other stations are entered by 
frequency in MHz, randomly inter- 
mixed; this enables additional sta- 
tions to be entered later without 
disruption. 

In the computer printout, Fig. 
3, the TV channels and FM sta- 

tions are shown in the order entered, 
under "Channels." The appropriate 
visual and aural frequencies for all 
television stations are then listed for 
reference. After the parameter table 
is printed, all radiation sources and 
their total number are accounted 
for; note that with 13 entered sta- 
tions there are 19 radiation sources. 

In the first case, only one com- 
bination is registered. When the 
bandwidth is increased to ±0.5 
MHz, and the number of harmonics 
is raised to 5, eight additional com- 
binations are given (Fig. 3, lower 
portion) . Since no additional sta- 
tions were entered, the computer 
bypasses the printing of the station 
list on the second run. Again, a 
more accurate value of the spurious 
frequency would eliminate the un- 
wanted combinations. 

The second version of the pro- 
gram also can be used in any fre- 
quency range without limitations. 

Applications 
Although this procedure normally 

would be intended to resolve exist- 
ing interference problems, it also 
can be used to predict theoretical 
situations, as shown in the .following 
examples. 

SPURIOUS FREQUENCY, KHZ: 2120 
HIGHEST HARMONIC CONSIOERED: 5 

f3ANOWIOTH, +-KHZ: 10 FROM 2110 

STATION FREQUENCY 
NO. KHZ 

1 1010 
2 1060 
3 1120 
4 1170 
5 1210 
6 1300 
7 1420 
8 1 460 
9 1500 
10 1560 

HARMO.NIC OF 1060 
HAR. 1 OF 1120 = 

HAR. 3 3F 1210 = 

HAR. 2 OF 1560 = 

HAR. 5 OF 1010 = 

HAR. 5 3F 1300 = 

HAR. 5 OF 1560 = 

At times it is necessary to make 
broadcast -station field -intensity mea- 
surements in the immediate vicinity 
of other transmitters in the same 
band. In the presence of strong 
fields from such transmitters, a 

spurious reading could be indicated 
by the measuring device, and the 
field intensity of the measured dis- 
tant station would appear to be 
higher than its actual value. Before 
the measurements are made, a 

spurious -frequency analysis can be 
carried out, with considerations giv- 
en to the frequencies of all other 
transmitting facilities located along 
the radial, and with the frequency 
of the station to be measured en- 
tered under "spurious frequency." 
From the results of the analysis, it 
is possible to predict whether the 
value of any of the combinations is 
in the neighborhood of the fre- 
quency to be measured. The en- 
gineer then is made aware of pos- 
sible difficulties. 

A location for a receiving facility, 
such as the input of a television 
translator, could be considered in 
the presence of other established 
TV and FM services. Here again, 
it is possible to predict whether the 
existing services will affect the re- 

= 2120 
1120 +HAR. 
3630 -HAR. 
3120 -HAR. 
5050 -HAR. 
6500 -HAR. 
7800 -HAR. 

TO 2130 KHZ 

1 OF 
1 OF 
1 OF 

3 OF 
4 OF 

1010 
1500 
1010 
1460 
1460 
1420 

= 1010 
= 1500 
= 1010 
= 2920 
= 4380 
= 5680 

2130 
2130 
2110 
2130 
2120 
2120 

1In this and subsequent examples, the se- 
quence of frequencies entered is fictional 
and does not refer to any specific city. 

June, 1968 

Fig. 2. Added frequencies and specifications of bandwidth yield six spurious 
frequencies in addition to those of Fig. 1. 
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Fig. 1. Map shows region in which measurements were made on the WLKE test signal to establish the ground conductivity. 
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frequency. A study of 1180 kHz 
showed that no existing stations on 
this channel would place any signif- 
icant signals in the area in which 
we had to measure. 

An 1180 -kHz crystal was pur- 
chased and installed in the No. 2 
crystal socket in the WLKE trans- 
mitter. By use of the front -panel 
switch, the operator then could 
switch quickly between 1170 and 
1180 kHz. The next step was to 
adjust the transmitter tuning to 
compromise settings of "Plate Tune" 
and "Plate Loading." The WLKE 
nondirectional antenna employs a 
broad -band antenna coupler; hence, 
no re -adjusting was necessary there. 
Since the WLKE transmitter was a 
250/1000 -watt type, and because 
1 -kw signals in the area of overlap 
would be twice as strong as for 250 
watts, and therefore easier to meas- 
ure, we requested site -test permis- 
sion for 1 -kw power. The licensed 
antenna current is 2.2 amperes for 
250 watts; for 1000 watts, this cur- 
rent would be 4.4 amperes. 

Normally, WLKE operates by re- 
mote control. We decided it would 
be more convenient to place an oper- 
ator, in this case the owner of the 
station, at the transmitter for the 
duration of the site test. This ar- 
rangement would be easier and less 
expensive than to modify the re- 
mote -control equipment to change 
both power and frequency. As can 
be appreciated, the use of an op- 
erator at the transmitter is a positive 
way to be certain the power and fre- 
quency have been changed each 
time, and it provides a more ac- 
curate way to record the plate 
voltage, plate current, and antenna 
current each time. 

Each fifteen minutes during the 
site -test period, the announcer at 
the WLKE studios made a short 
announcement to the effect that 
WLKE would interrupt its normal 
programming for approximately 20 
seconds to conduct a special site 
test. At this cue, the transmitter 
operator would change the trans- 
mitter crystal and the power switch. 
As soon as this was accomplished, 
the man at the studio would an- 
nounce the site -test call letters, the 
frequency of 1180 kHz, and the 
1 -kw power. At the end of the 20 - 
second period, the transmitter op- 
erator would switch back to the 

1170 -kHz crystal and return the 
power to normal. 

We selected fifteen -minute inter- 
vals so that we would have sufficient 
time to record the data, look at the 
map, and drive from one measuring 
location to the next. Since most of 
our locations were about five miles 
apart, this allowed us ten minutes 
for driving, two minutes for setting 
up and taking down equipment, and 
a minute or so to take the reading 
and calibrate the equipment. 

Some simple suggestions may be 
helpful to others who may employ 
this new technique. All these have 
to do with the very short period of 
time the test carrier is on the air, 
about 20 seconds. First, a tripod or 
a measuring table is needed (Fig. 
2) ; the field -intensity meter can be- 
come awfully heavy while you are 
waiting for the test signal. Second, 
a compass helps align the antenna 
loop in the direction of the expected 
maximum signal. This preliminary 
direction setting saves time in ori- 
enting the loop for a maximum after 
the signal is on the air. Third, a 
good watch is a must for predicting 
the time at which to expect the site - 
test signal. In the area close to the 
site, this will not be necessary, be- 
cause there one can monitor the 

Fig. 2. A measuring table (top) was 
used to support the meter (bottom). 

normal station frequency (1170 kHz 
in the case of WLKE) and hear the 
switching cues. Eighty to 100 miles 
or more out, the time method is the 
only way. Fourth, it is recommended 
that the field -intensity meter tuning 
dial be "locked," as can be done 
with some of the newer units. If 
you use one of the older type, it is 
best to record the logging -scale 
setting. Since prior to the site -test 
signal there is no carrier to use in 
tuning the field -intensity -meter re- 
ceiver, the expected tuning point 
must be known ahead of time. 
Finally, it is recommended that the 
calibration of the field -intensity 
meter be checked both before and 
after the twenty-second signal, to 
be certain the gain did not drift. 

Standard procedure is to check 
the loop orientation for maximum 
during the time the signal is on the 
air. If this is done conscientiously, 
there will be little time left. In our 
WLKE site test, we found that 
twenty seconds was quite adequate 
for these steps. In some other cases, 
where signals might be weaker or 
more interference might be present, 
longer time periods (30 or 40 sec- 
onds) could be needed. At each 
location, we recorded the usual in- 
formation, such as time, location 
number, distance, description of the 
location, etc. We did add one extra 
bit of information in the case of 
WLKE. This was the recording of 
the signal strength for 250 watts on 
1170 kHz as well as the site -test 
1 -kw signal on 1180 kHz. The 
reason for this was to check the 
two -to -one field -intensity ratio we 
should find with this four -to -one 
power ratio. 

One final suggestion is offered in 
connection with taking the field 
data: Within the first two miles, 
where FCC Rules call for field 
measurements at one -tenth mile in- 
tervals, it would be too time con- 
suming to wait 15 minutes between 
readings. So for this part of our 
test, we took readings at five-minute 
intervals. 

Understandably, the foregoing 
method may not be used often in 

normal FCC allocation problems. 
But, it does serve to point up the 
fact that nothing is impossible to 
measure, if a little ingenuity is 

used. A 
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SILENCE SENSOR for AUDIO MONITORING 

Here is a silence sensor for moni- 
toring your automatic audio pro- 
gramming or alerting you to 
transmitter failure. In operation at 
the stereo FM facilities of KCRC, 
the original unit has provided quite 
satisfactory performance. 

Circuit Description 

Tube V t (Fig. 1) is used in two 
straightforward audio stages. Tube 
V2 controls relay K1. When audio 
is present at the input (terminals 1 

and 2 of TB 1) , C4 charges through 
diode D I. A negative voltage is 

placed on the grids of V2, and that 
stage is held near cutoff; thus K1 

is not energized. 
When audio is lost, C4 discharges 

through R8; V2 then conducts, pull- 
ing in relay K 1. With K I energized, 
the START COUNT lamp glows, and 
120 volts AC is applied to time - 
delay relay K2. After a predeter- 
mined delay (from 1 second to 3 

minutes as set by the delay control 
on the relay), K2 then pulls in. 

(Note: the discharge time of C4 
and R8 adds 3 seconds to the time - 
delay setting of K2.) Contacts 1 

and 3 of K2 complete the external 
alarm circuit, and contacts 6 and 8 

allow C10 to discharge through the 
coil of K3, the automation -advance 
relay. As soon as C10 discharges, 
K3 drops out, having provided a 

momentary closure of contacts 1 

and 3 to the automation -advance 
circuit. 

When audio is applied again to 

the sensor, C4 charges, Kl drops 
out, the voltage is removed from 
across K2, and this relay drops out. 
When K2 de -energizes, the external 
alarm goes off and Cl 0 starts to 
recharge. This completes the cycle 

of operation. For test purposes, S2 

may be used to apply voltage to K2 

This station -built device sounds an 
alarm whenever modulation is lost. 

by John A. Burtle 

regardless of the state of K I. Switch 
S3 determines whether or not an 
advance pulse is applied to the 
automation programmer when K3 
operates. 

A charge of 18 volts or more on 

C10 will pull in automation -advance 
relay K3 when contacts 6 and 8 of 

K2 are closed. It takes 20 seconds 
for CIO to charge to this voltage; 
therefore, as long as the time -delay 
relay (K2) is set for 20 seconds 
delay or longer, K3 will pulse each 
time the delay relay is energized. 
(Of course the charging time of C10 
can be changed to suit individual 
requirements.) The capacitor will 

reach a full charge of 34 volts if 

allowed to charge for 4 minutes or 
longer (usually the case). An in- 
teresting characteristic of this cir- 
cuit is that it will advance the auto- 
mation programmer only once for 
each time K2 pulls in, regardless of 
how long K2 remains energized. 
However, the external alarm will 

continue to sound until audio is 

received at the sensor input or S2 

is placed in the "Off" position. 
The B + power supply is a volt- 

age doubler to provide 340 volts 
DC from the 120 -volt transformer 
secondary. The rectifier and filter 
circuit across the 6.3 -volt filament 
winding is also a doubler, used to 
provide 14 volts DC to operate the 
aural alarm and a remote warning 
light. 

Adjustments and 
Voltage Measurements 

Adjustment of the sensitivity and 
audio -level controls is accomplished 
by the following steps. First, set 

sensitivity control R9 and level 
control R4 fully counterclockwise. 

'Chief Engineer, KCRC AM -FM, Enid, Okla. 

Then remove and reinsert relay K1 

in its socket (leaving Kl in the de - 
energized position) . With K 1 now 
de -energized, slowly advance sen- 
sitivity control R9 until K 1 pulls in. 
(This setting should be approxi- 
mately at the midway position of 
R9. Under normal operating con- 
ditions, it may be desired to ad- 
vance the sensitivity control slightly 
from this position.) Now with the 
anticipated normal audio input ap- 
plied, advance the audio -level con- 
trol until the relay de -energizes. 

Voltage measurements of the 
power supply and the 12AX7 are 
indicated on the schematic (Fig. 1). 
The voltages measured on the 
12AU7A for its two modes of oper- 
ation are shown in Table 1. 

Construction and Use 

The chassis we used measured 
12" x 7" x 3". A top view of the 
chassis is shown in Fig. 2, and a 
view of the front -panel controls and 
indicators is shown in Fig. 3. 

Terminals 5 and 6 of TB 1 are 
connected to the remote -advance 

Table 1. Voltages on 12AU7A 

Sensitivity control fully counterclockwise and 

Kl de -energized 
Sensitivity control advanced uniti Kl just 
pulls in 

Pins DC Volts 

3 and 8 17 

2 and 7 0 

1 and 6 305 

2 and 7 o f K l 35 

Voltages measured (without signal) with a 

20,000 ohms/volt VOM. Negative meter lead 
to chassis ground.. 

Pins DC Volts 

3 and 8 16 

2 and 7 Slightly 
negative 

1 and 6 295 

2 and 7 of K 1 45 
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Fig. 2. Top view of chassis shows locations of the major components. 

GREEN LENS RED LENS AMBER LENS 

FUSE 

Fig. 3. Front view of chassis shows the front -panel controls and indicators. 

terminals of the automation pro- 
grammer. Terminals 9 and 10 pro- 
vide 14 volts DC to operate a bell 
or buzzer aural alarm and a No. 
1892 14 -volt pilot light, which in 
our case is mounted in the AM 

audio input. Both the left and right 
output channels of the stereo modu- 
lation monitor are connected to the 
sensor input through the connecting 
network shown in Fig. 4. This net- 
work provides isolation between 

control room. channels 
Terminals 1 and 2 of TB1 monitor the 

present a high impedance to the the stereo 

and allows the unit to 
total audio output of 

modulation monitor. 

LEFT 

CHANNEL 
BLACK 

6000 6000 

RED 
1 

MODULATION 

MONITOR 6000 TO INPUT TERMINALS 

OUTPUTS OF SILENCE SENSOR 

BLACK 
2 

6004 
RIGHT 

CHANNEL 

6000 RED 

ANEW 
Computer Logic Control 

Pro 800 iraosport 

e 44 , 
a >> / 

MODEL SX 824 

In the league of nimble -fingered 
tape -handlers there exists a re- 
current problem. It has been 
demonstrated time and again that 
anyone can ruin a valuable tape by 
absentmindedly outsmarting the 
interlock system of an otherwise 
safe tape recorder. 

In answer to this problem and sim- 
ilar problems arising in automated 
and remote control applications, the 
CROWN Pro 800 was designed. This 
recorder has a computer logic sys- 
tem using IC's which prohibit all 
such destructive operations. 

The CROWN computer stores the 
last command given it in its memory 
(forgetting all previous commands) 
and by a continuous knowledge of 
the operating state of the machine 
(motion and direction), it takes all 
the necessary measures and 
executes the command. This is all 
done without time -wasting delay 
mechanisms. 

Computer Logic Control brings 
to you rapid error -free tape han- 
dling. It is actually impossible 
to accidentally break a tape. 
Call your CROWN dealer NOW! 

MOST PERFECT REPRODUCTION e Performance as yet unequalled 
*Four years proven Solid 

State circuitry 
Extremely low noise electronics 

FINEST TAPE HANDLING 
*Computer smooth operation e True straight line threading e Patented Electro -Magnetic brakes 

never need adjusting 

w 

International 
Box 1000, Dept. 100-P 

Elkhart, Indiana 46514 

Fig. 4. Sensor input is obtained from modulation monitor through this network. 
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-- NEW PRODUCTS 
- --- -- --- - -- 

For further information about any item, circle the associated number on the Tech Data Card. 

Projectors 
(50) 

Two projectors are being marketed 
by Technical Material Corp. The 
Model BCPS-1 (illustrated) "sound - 
strip" still projector features a patent- 
ed "sound -on -film" system in which 
sound is optically recorded on the 
adjacent frame. The unit also shows 
conventional 35 -mm film strips and 
2" x 2" slides. It includes provision 
for manual or automatic timing, pro- 
jection onto a screen or into a TV 
vidicon, and remote control. 

Model BCP-16 is a 16 -mm sound 
projector for use in television film 
chains. Features include a field rate 
of 50 or 60/sec (switchable), 4000 - 
foot reel capacity, remote control 
facilities, solid-state sound system, and 
optical or magnetic sound. 

M! 

Vidicon TV Camera 
(51) 

A low -light -level vidicon television 
camera with self-contained EIA syn- 
chronization is sold by Maryland 
Telecommunications, Inc. The camera 
is designated the MTl Model VC -41. 
The internally generated synchroniza- 
tion in the VC -41 is designed to meet 
or exceed all pulse widths and timing 
criteria of EIA Specification RS -170, 
Sections 3.3.3 to 3.3.10, to permit the 
VC -4I to he used in either broadcast 
or closed-circuit applications. 

Operating controls for beam cur- 
rent, target voltage, electrical and 
optical focus, and power on -off are 

located on the camera. The single - 
unit, I3 -pound VC -41 features solid- 
state regulated circuitry and special 

electrical -focus circuitry to compen- 
sate automatically for warm-up time. 
Resolution of 800 lines is specified. 
Solid-state circuitry is used through- 
out with the exception of the vidicon 
tube and the video preamplifier, which 
employs a Nurisior cascode circuit. 

The VC -4I, complete with MTI 
Type S -V -11O preselected vidicon 
tube, is priced at $2495. 

Self -Contained Television 
Camera 

(52) 

The 3200 -series self-contained 
Plumbicon television camera is being 
produced by Cohu Electronics, Inc. 
Available with or without viewfinder, 
the camera is designed for use in re- 

mote and studio broadcasting or in 

closed-circuit systems. The unit weighs 
32 pounds with viewfinder and fea- 

tures modular solid-state circuitry for 
all video -organization functions. 

Specified performance includes 600 - 
line resolution, production of a usable 
picture with 0.1 footcandle of illu- 
mination on the pick-up tube face, 

and production of all ten shades of 
gray on an EIA test pattern when 
0.25 footcandle of highlight illumina- 
tion is applied to the tube face. 

Circuit assemblies for the camera 
are mounted on interchangeable plug- 
in hoards, and controls are protected 
against accidental movement by a 

hinged rear door. EIA synchronization 
is by means of a plug-in sync genera- 
tor or external sync source. The basic 

3200 camera may he transformed in- 

to a general-purpose studio unit with 
the addition of a five -inch, snap -on 
viewfinder. 

Base price of the camera (with 
viewfinder) less tube, lens, and cable 
is $3375. 

ro 

High -Power RF Attenuators 
(53) 

Three new units have been added 
to the Bird family of high -power RF 
attenuators. They are Model 8321 
(50 watts), Model 8322 (200 watts), 
and Model 8327 (1000 watts). Maxi- 
mum rated deviation of the new units 
and the earlier Tenuline 500 -watt and 
2000 -watt attenuators is -± dB 
from DC to 500 MHz, which can be 

corrected to within 0.2 dB at six 
calibration frequencies and at DC by 

use of a table. Electrically equivalent 
to symmetrical T -pads, these attenu- 
ators are unidirectional; i.e., each re- 

sistance element in the T configuration 
is selected to dissipate only its share 

of the total input power. All Tenuline 
high -power attenuators also can be 

used as RF coaxial load resistors with 
a rated maximum VSWR of 1.10- 
with or without a small termination 
at the output connector. 

Bird Quick -Change connectors on 
input and output provide for mating 
with all standard RF connectors with- 
out the use of adapters. 

C, 
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Solid -State TV Demodulator 
(54) 

The Model RX-4000A TV de- 

modulator features plug-in modular 
construction to allow use of optional 
modules for special receiving require- 
ments, such as off -the -air reception 
for microwave relay, broadcast trans- 
mitter monitoring, remote control, and 

CATV and ITV head -ends. The Dy- 
nair Electronics, Inc. product includes 
a tuner for reception of all VHF 
channels; an optional single -channel 

crystal -controlled- turier also is avail- 
able. An external converter may be 

added to allow reception of UHF 
channels. I he equipment has been de- 

signed to offer the frequency response, 

differential phase and gain, AGC, and 

June, 1968 
59 



envelope -delay characteristics neces- 
sary for both color and monochrome 
performance. Military -type RF shield- 
ing is used on each module. 

Several simultaneous outputs are 
available. In addition to the regular 
75 -ohm video and 600 -ohm audio 
outputs, a combined 75 -ohm video 
and 4.5 -MHz aural output is available 
for CATV microwave applications. 
The sound section also includes a 

built-in speaker to allow monitoring 
of the 600 -ohm audio output. 

Switch -selectable metering is pro- 
vided on the power supply for moni- 
toring B+ and B- voltages, RF 
level, IF level, video level, percentage 

of aural modulation, and VU level on 
the 600 -ohm audio output. 

Vidicon Deflection Assembly 
(55) 

1 he Deflection Components Divi- 
sion of Cleveland Electronics, Inc. is 

Multiple Cartridge Playback Units 

Ten . Spot Model 610B Five Spot Model 605B 

... bringing a new dimension to 
pushbutton broadcasting 
Spotmaster Ten Spot (holding 10 cartridges) and Five Spot (holding 
five) will reproduce any NAB Type A or B cartridge instantly at the push 
of a button ... at random or in sequence. They may be operated manually 
or incorporated into programmed automation systems, using one, two or 
three NAB standard electronic cueing tones. 

The Ten Spot is designed for 19" rack mounting while the Five Spot 
is available either in an attractive walnut -finished case or with a 19" front 
panel containing a cartridge storage cubicle. Both are backed by Spot - 
master's iron -clad full -year guarantee. 

For further information about these and other Spotmaster cartridge tape 
units, call or write today. Remember, Broadcast Electronics is the No. 1 

designer producer of broadcast quality cartridge tape 
equipment... worldwide! 

BROADCAST ELECTRONICS, INC. 
8810 Brookville Road, Silver Spring, Maryland 20910; Area Code 301, 588-4983 

producing a new one -inch -vidicon de- 
flection assembly for applications in 
compact TV camera heads. The all - 
magnetic assembly contains a long 
yoke, focus coil, and alignment coil. 
The outside diameter is 1.62 inches, 
and the weight is 6 ounces. Specifi- 
cations include resolution capabilities 
in excess of 600 TV lines, and 
geometric distortions within ± I% 
total. Some specifications for the com- 
ponent shown in the photograph are: 
yoke inductances, .300 mhy; 100 -ohm 
focus coil capable of producing 40 
gauss with 100 -ma focusing current; 
and alignment coils designed at 130 
ohms per pair and capable of han- 
dling up to 20 ma if required. 

New Series of Oscilloscopes 
(56) 

A new series of solid-state oscillo- 
scopes has been introduced by the 
newly established Electronic Measur- 
ing Apparatus group of Philips Elec- 
tronic Instruments, a division of 
Philips Electronics and Pharmaceuti- 
cal Industries Corp. The line com- 
prises a 1-gHz sampling oscilloscope 
with real-time measuring facilities 
(Type PM 3410) and two portable, 
general-purpose oscilloscopes (Type 
3221 and Type 3230). 

The Type 3410 oscilloscope (in 
photo) incorporates sampling or real- 
time plug-in amplifiers and time -base 
generators. Features and specifica- 
tions of this instrument include 100x 
magnification of horizontal sweep; 
Y/T flatbed record output available 
on the front panel; stable triggering 
from 10 mvolts at 1 gHz; maximum 
sensitivity of I mvolt/cm, and provi- 
sion of a position on the horizontal 
scan, to scan the vertical input by 
manual control-the flatbed recorder 
can he scanned at the same time. 

All power supplies in the main 
frame are regulated and stabilized 
with automatic overload protection; 
once the overload condition is re- 
moved, the oscilloscope resets itself 
automatically. The control circuits of 
the various power supplies are mount- 
ed on removable printed boards. Both 
the horizontal and vertical amplifiers 
are fully transistorized and are de - 

60 BROADCAST ENGINEERING 



signed to provide deflection of the 
CRT from DC to 15 MHz. 

Overall dimensions of the sampling 
oscilloscope frame are 13-1/2" X 
20-1/2" X 8-1/2". Total weight includ- 
ing plug-in units is 44 pounds. Slide 
mechanisms can be attached to the 
main frame to permit rack mounting. 

Two equipment combinations of 
Type 3410 are presently available: 
Type PM 3410S, sampling unit for 
DC to 1 gHz, total price $3330; and 
Type PM341ORT, real-time unit for 
DC to 15 MHz, total price $2650. 

The Type PM3221 oscilloscope is 

a general-purpose unit with a 5" 
single -beam cathode-ray tube. Listed 
features and specifications include: 
DC -to -10 MHz range at 10 mvolt 
sensitivity; vertical -signal delay of 100 
nanoseconds, obtained by means of 
built-in delay lines; power consump- 
tion, 70 watts; and weight, 18-3/4 

pounds. Price, including attenuator 
probe is $670. 

The Type PM3230 oscilloscope has 
a dual -beam, 4" cathode-ray tube. 
Specifications for this DC -to -10 MHz 
unit include sensitivity of 20 mvolts/ 
cm, power consumption of 70 watts, 
and weight of 24 pounds. Price, in- 
cluding attenuator probe, is $795. 

Footcandle Meter 
(57) 

The Spectra Candela X-100 foot- 
candle meter, manufactured and dis- 
tributed by the Photo Research Corp., 
features the use of two different types 
of photocells for light measurement. 
A selenium photovoltaic cell is used 
for "normal" and high light levels, 

and a Cds photoconductive cell is 

used to meisure low light levels. The 
change -over from high to low range 
is accomplished by pressing a switch 
on the side of the meter. The cells 
are on separate circuits, and both are 
color corrected to the standard ob- 
server curve. 

By the use of multiplier slides and 
by switching from one cell to the 
other, six different full-scale readings 
are possible: 1, 5, 50, 500, 5000, and 
50,000 footcandles. Other features 
listed for the instrument include NBS- 
traceable calibration, hand -drawn me- 
ter scale, and a swivel head. There are 
accessories for measuring brightness 
and for integrating incident light, and 
a light hood to narrow the acceptance 
angle. 

This footcandle meter comes com- 
plete with multiplier slides in a belt - 
type leather case; list price is $139.50. 

Mounting Device 
(58) 

Quick -set, Inc, has announced a 
new Samson wall and ceiling bracket, 
designed for permanent mounting of 
devices which require precise orienta- 
tion, such as TV surveillance cameras, 
spotlights, TV monitors, etc. A choice 
of four different pan heads may be 
installed on the top or end of the 
bracket, as required for attachment to 
wall or ceiling. All heads provide 
135' of tilt and 360° of pan. The 
bracket is of welded steel construc- 
tion, is 2 inches wide, and is finished 
in black enamel. 

The No. 7532 Samson wall and ceil- 
ing bracket is priced at $10; with the 
No. 7291 head (as illustrated), the 
price is $33. 

3 NEW HEADS IN 

YOUR AMPEX 

FOR LESS THAN $100.00 

Our heads are manufactured under 
controlled laboratory conditions and 
are guaranteed to meet or better 
original equipment specifications. All 
products must pass exacting quality 
control tests on Ampex equipment at 
our plant. We will put three new full 
track or half track heads in your 
Ampex assembly for $97.50. We will 
deliver your assembly back to you by 
return mail. We have loaner assem- 
blies for your use if you need them. 
We will put four new heads in your 
Ampex VTR audio assembly for 
$310.00. Send for Brochure. 

TABER 
Manufacturing and Engineering Co. 
2619 Lincoln Ave., Alameda, Calif. 

94105 
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TV LINE EQUALIZER 
TYPE AV -535 

The AV -535 Equalizer com- 
pensates for losses in RG - 

11/U (75 ohm) cable and its 
equivalents. It is capable of 
equalizing 50 to 300 ft. in 

50 ft. increments. Terminals 
are arranged to provide for 
simplifed strapping of differ- 
ent cable lengths. Units are 
foamed and hermetically 
sealed in steel cans. 
Impedance: 75 ohms ±2 ohms to 8 megs. 
Attenuation of Cable plus Equalizer: 3 db. 
Size: 2 x 31/2 x 5" (excl. mounting stud length). 

PULSE & VIDEO DELAY LINE 
TYPE AV -397 

These units are used with 
any 75 ohm system for 
either pulse or video delay. 
Although intended primarily 
for equalizing the delays in 
various lengths of coaxial 
cable, the line can be used 
wherever an appropriate de- 
lay is needed. Each AV -397 
consists of 7 individual de- 

lay lines, each having its own input & output 
terminals. By connecting the output of 1 to 
the input of another, 83 different time delays 
are available in .025 u,s steps from 0.25 µs 
to 2.075 µs. The total time delay is the sum of 
the delays of the individual lines that are 
connected. 

WRITE FOR CATALOG 

PRIME SUPPLIER TO TV INDUSTRY 

ALLEN AVIONICS, INC. 
Division of A. K. ALLEN CO., Inc. 

255 E. 2nd 5T., MINEOLA, N.Y. 11501 

June, 1968 
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Isolation Transformers 
(59) 

"Ultra -Isolation" transformers 
with shielding for electrostatically 
isolating noisy power lines from noise - 
sensitive equipment-are now offered 
in a compact, flat design. The new 
Topaz Inc. "Space Saver" models (in 
photo) are designed for mounting at 
the bottom of rack cabinets, between 
the casters in normally unused space. 
Units are available with ratings of 
1.0 and 5.0 kva. 

Some specifications for these units 
are as follows: Leakage resistance be- 
tween primary (power line) and sec- 
ondary or from either winding to 
ground is kept at greater than 10,000 
megohms; effective interwinding ca- 
pacitance is maintained at 0.0005 pf 
or less, 0.001 pf or less, or 0.005 pf 
or less, depending on the customer's 
choice; transverse (across -winding) 
noise voltage is 40 dB or more below 
the value ordinarily attainable by 

SPOTMASTER 
Solid -State Portable 

REMOTE. 
AMPLIFIER 

The RA-4CA is a lightweight, four -channel 
portable mixer amplifier specifically de- 
signed for remote broadcast or auxiliary 
studio use. It is completely self-contained 
and operates from either AC or batteries 
(switching automatically to battery opera- 
tion if AC power fails); runs as long as 
200 hours on low-cost "D" cells. It offers 
four microphone channels with master 
gain and P.A. feed, all controlled from the 
front panel. Lightweight construction (just 
11 pounds with batteries), a convenient 
carrying handle and a snap -on front cover 
mean the RA-4CA can be easily set up to 
operate anywhere. For further information, 
please write or call today: 

BROADCAST ELECTRONICS, INC. 
8810 Brookville Road 

Silver Spring, Maryland 20910 
Area Code 301 588-4983 

standard box -shielding methods; the 
attenuation of both transverse and 
common -mode noise applies in both 
directions, i.e. primary to secondary 
and secondary to primary. The "Space 
Saver" transformers are designed to 
operate at a temperature of 130°C, 
Class B (Commercial) or Class S (per 
MIL -T -27B). 

In addition to the "Space Saver" 
units, Topaz now offers its "Ultra - 
Isolation" transformers in 3 -phase 
models with ratings from 10 kva to 
40 kva. The new high -power models 
operate from any input-output voltage 
of 120 to 480 volts, 60 Hz. Some 
specifications are: Leakage resistance 
between primary (power line) and 
secondary or from either winding to 
ground is greater than 10,000 meg- 
ohms; common -mode rejection is 
greater than 125 dB; regulation is 
±2% no load to full load; effective 
capacitance between windings is less 
than 0.005 pf. The high -power trans- 
formers weigh approximately 15 
pounds per kva, and their size is ap- 
proximately 1/10 cubic foot per kva, 
with the largest dimension 36 inches. 

New Camera Introduced, 
Updating Kits Offered 

(60) 

The General Electric Co. Visual 
Communications Products Depart- 
ment has introduced a new separate - 
luminance live color television camera 
using chroma enhancement and a new 
optical system. The PE -350 color TV 
camera also features new preamplifiers 
and video processing amplifiers. The 

camera uses four lead -oxide pickup 
tubes, but these are now separate mesh 
types. The unit weighs under 160 
pounds, with viewfinder and 10:1 
zoom lens. 

Two available PE -350 accessories 
are a cable adapter box and a remote 
video control panel. The adapter box 
permits the PE -350 to be used with 
existing cable for older three -image- 
orthicon cameras. The remote video - 
control panel is designed for use by 
directors to assure that all cameras 
are color -matched during a perfor- 
mance. The iris and pedestal can be 
adjusted and color balance is controlled 
remotely. 

The PE -350 camera will accept a 
wider selection of zoom lenses than 
its predecessor; it also includes a new 
quick -disconnect lens mount. A 
weatherproof rectangular cover has 
been installed on top of the camera 
to provide easy accessibility to the 
viewfinder yoke and the high -voltage 
power supply. 

While the PE -350 camera was be- 
ing developed, a parallel program was 
underway to design retrofit kits so 
that owners of PE -250 cameras could 
protect their investment. There are 
three separate kits, one for converting 
PE -250 cameras to the performance 
level of the PE -350 camera, and two 
remote kits. 

The improved -performance kit, 
PK-250-A, is designed to update both 
electronics and optics in the camera. 
The remote kit, PK-250-B, is designed 
to make adjustments for varying 
color -temperature conditions, improve 
camera control, and facilitate trans- 
portation for remote applications. It 
includes a new color -temperature - 
correction filter wheel with eight 
positions for correcting color tem- 
peratures from 8000°K to 3200°K, or 
from noon to sunset. The optical sys- 
tem kit, PK-250-C, is designed to 
improve performance under adverse 
light conditions, such as those en- 
countered during indoor remotes and 
night sports events. 
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NEW ... Type 19 Precision Antenna 
a. Monitoring System 0- 

O 
O 

±0.1 Degree Resolution 
Up to 12 Towers 
For DA -1, DA -2 or DA -3 
Mercury -Wetted Relays 

For further information, 
contact: 

POTOMAC INSTRUMENTS, inc.- 
932 Philadelphia Ave. Silver Spring, Md. 20910 
Phone: (301) 589-3125 
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Audio Components 
(61) 

Arbor Systems, Inc. has announced 
several items in a line of audio equip- 
ment. Model MX101 is a mixing 
amplifier with multiple bridging in- 
puts. It is designed to permit mixing 
of up to 10 inputs with a level in- 
crease of up to 40 dB. The output 
rating is +10 dBm into 600 ohms 
with less than 0.5% distortion. 

Model PA201-10W is a universal 
power amplifier intended to deliver 
up to 10 watts into loads of 4 to 50 
ohms, with distortion levels down to 
0.1% THD typical. The modified 
class -B solid-state circuit features 
overload protection; rated input im- 
pedance of the amplifier is 1 megohm. 

Model TO 101 A is a solid-state, 
fixed -frequency Wien -bridge oscillator 
featuring an AGC circuit for auto- 
matic control of the output amplitude. 
The oscillator, of printed -circuit con- 
struction, is contained in an alumi- 
num plug-in housing with an octal 
base plug. The module may be sup- 
plied for any frequency from 20 to 
20,000 Hz. 

Model UA101C is a silicon -transis- 
tor amplifier designed for applications 
ranging from low -noise preamplifier to 
moderate -power line driver. Specifica- 
tions include: gain, 40 dB nominal 
(adjustable externally); frequency re- 
sponse, ±0.5 dB from 20 to 20,000 
Hz; distortion, less than 0.5% THD 
at any frequency from 20 to 20,000 
Hz at +10 dBm output. 

The PS301 series power supplies 
are silicon -solid-state, regulated, mod- 
ular power supplies designed to pro- 
vide the peak current requirements of 
class -B audio amplifiers. Ratings in- 
clude output voltage of 28 volts DC, 
factory set (adjustable by internal 
control from 24 to 30 volts), and out- 
put current of 0 to 2 amperes, con- 
tinuous rating. 

Model PS201 is a silicon -solid-state, 
plug-in power -supply regulator de- 
signed to furnish the necessary voltage 
and current for the Model UAIOIC 
and other Arbor Systems models. The 
PS201 accepts AC from an external 
transformer and delivers regulated 
DC. The output voltage is 24 volts 
DC, factory set (adjustable by internal 
control from 18 to 26 volts), and the 
output current range is 0 to 300 ma.A 
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Tape-Athon looks at 
the human factor in 
station automation 

In the final analysis, all that's required to start a Tape-Athon Model 5000 
Automatic Broadcasting System operating is a finger - to push the "ON" 
button. But, we realize the user must also get involved prior to start-up and 
have, therefore, designed the 5000 with his (or her) comfort in mind. 

Programming usually a complex endeavor, has been reduced to a 

menial task of simply setting a switch bank to correspond with the program 
format. Reel changing has been made foolproof by Tape-Athon's exclusive one - 
hand reel lock and quick threading system. Timing for daily or weekly opera- 
tion is set by merely punching a timer clock, which will start and stop the 
system automatically - so now you don't even need the finger any more. 

A NEW BROCHURE PROVIDING DETAILS AND SPECIFICATIONS ON THE 
5000 IS AVAILABLE ON REQUEST. 

Top-Afkon 523 S. Hindry, Inglewood, Calif. 90307 213-678-5445 
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One of a series of brief discussions 
by Electro -Voice engineers 

NOISE 

DOWN 

THE TUBE 
ROBERT F. HERROLD, Ill 
Microphone 
Protect Engineer 

Most dircctloual microphones are quite similar 
in their method of atttenuating unwanted 
sound. A path to the back of the diaphragm 
is provided that controls phase so that sound 
arriving from an unwanted direction is at- 
tenuated, while sound from the desired di- 
rection is relatively unaffected. 
This path is usually located quite close to 
the diaphragm for optimum affectiveness at 
high frequencies. However a single path can- 
not uniformly affect all frequencies. This 
results in decreasing attenuation of unwanted 
sound with decreasing frequency, plus the 
added problem of "proximity effect" that 
changes overall frequency response with vary- 
ing distance. 
To overcome these deficiencies, Electro -Voice 
created the Variable -D° microphone, utilizing 
several discrete openings at varying distances 
from the rear of the diaphragm. This combina- 
ation of multiple openings provided more 
uniform polar patterns at every frequency and 
vastly reduced proximity effect. 
Further study indicated a need for many 
more paths to the back of the diaphragm 
for greater polar uniformity and more uniform 
off -axis response. Out of this investigation came 
the Continuously Variable -D° microphones, 
hest typified by the new RE -1.S super cardioid 
model. 
Two attenuation systems are included in the 
RE -15. Frequencies above 1000 H, are can- 
celled by rear ports located quite close to the 
diaphragm (two are used to provide a sym- 
metrical polar pattern and uniform pressure 
on the diaphragm.) In addition a slotted tube 
leads from the center of the RE -15 diaphragm, 
through the magnet to the rear of the micro- 
phone. This tube is designed to vary in effec- 
tive acoustic length for optimum attenuation of 
unwanted sound below 1000Hz. 
The slot is covered with a tapered acoustic 
resistance that attenuates low frequencies 
entering the tube close to the diaphragm, but 
does not affect lows entering at the rear of 
the tube. In addition, the tube acts as an 
acoustic inductance for highs entering the tube 
near the back. Thus as frequency rises, the 
effective tube length becomes progressively 
shorter. 
This combination of tapered acoustic resistance 
and varying inductance provides a path length 
that is proportional to r/r where f = fre- 
quency. This path length is calculated to pro- 
vide optimum reduction of sound arriving 
from the rear while maintaining high sensitivity 
to sound arriving from the front. 
The result is an unusually uniform polar pat- 
tern at all frequencies combined with excellent 
off -axis frequency response and virtually no 
proximity effect. Current efforts are devoted 
to further exploring variations of this basic 
new method to achieve directionality. 
°Registered trade mark. Electro -Voice Vari- 
able -D and Continuously Variable -D micro- 
phones are covered under U.S. Patent Nos. 
3,095,484 and 3,115,207. 

For reprints of other discussions In this series, 
or technical data on any E -V product. write: 

ELECTRO -VOICE, INC.. Dept. 683V 
638 Cecil St.. Buchanan, Michigan 49107 

Jkcetercez 
A SUBSIDIARY OF GULTON INDUSTRIES, INC. 

PERSONALITIES IN THE INDUSTRY - ------- --------- - 
Andrew Corp. recently opened a 

district office in Seattle. The new 
sales engineering office will serve cus- 
tomers in Washington, Oregon, and 
Alaska. John Van has been appointed 
district manager in charge of the 
new office, located at 11520 Lake 
City Way, N.E., Seattle, Washington 
98125. 

Walter S. Brewer has been appoint- 
ed Southwestern Marketing Manager 
for Berkey-ColorTran, Inc. (A Divi- 
sion of Berkey Photo Inc.). Mr. 
Brewer formerly headed Graphics 
Unlimited. He will service ColorTran 
dealers and cover the motion -picture, 
television, and still -photography mar- 
kets in the southwest. He will make 
his headquarters at 1425 South Main, 
Suite 9, Tulsa, Oklahoma. The Tulsa 
office includes a display room which 
features the full line of ColorTran 
products. 

A series of appointments has been 
made in the Tape Division of the 
Photo Products Group of Bell & 
Howell Co. Bruce MacFarlane was 
appointed national sales manager for 
audio products. Named audio district 
managers were: James Truelsen, met- 
ropolitan Chicago; Sheldon Pines, Los 
Angeles and Southern California; An- 
thony Blazakis, metropolitan Phila- 
delphia; and Ed O'Rourke, New York 
City Area. 

Mr. MacFarlane joined Bell & 
Howell in 1959 as a marketing trainee; 
most recently, he served as regional 
sales manager -Atlantic region. 

Mr. Truelsen started with the com- 
pany in 1964 as a management 
trainee; since then he has served as 
a district manager for consumer photo 
products. 

Mr. Pines also has served as a dis- 
trict manager of consumer photo 
products and has been with the com- 
pany since 1963. 

Mr. O'Rourke joined Bell & Howell 
in 1960; his experience at the com- 
pany includes a variety of sales -re- 
lated positions, including several years 
as a district manager for consumer 
photo products. 

Mr. Blazakis, a newcomer to the 
company, has 7 years' experience in 
tape sales, both as a manufacturer's 
representative, and as the owner of his 
own retail appliance store. 

Appointment of Richard R. Peter- 
son as marketing manager for video- 
tape systems also has been announced 
by the Bell & Howell Tape Division. 

Robert E. Lynch has been appointed 
by Gravco Sales, Inc., to set up a 
sales office in the Northeastern region. 
As Northeastern regional sales man- 
ager, Mr. Lynch will be responsible 
for sales in New York, New Jersey, 
Pennsylvania, Delaware, the District 
of Columbia, and the New England 
states. Mr. Lynch formerly was New 
York regional sales manager for Riker 
Video Industries. 

Gravco Sales is the marketing sub- 
sidiary of The Grass Valley Group, 
Inc. 

Oral Evans, Harold Blakeslee, and 
George Foster have been named to 
top posts on the newly formed in- 
dustrial and educational products mar- 
keting staff of the Ampex Corp. 
consumer and educational products 
division. 

Mr. Evans will be national distribu- 
tion manager with responsibility for 
nationwide distribJtor sales of the 
division's closed-circuit video-tape re- 
corders, television cameras, and as- 
sociated equipment. He has been 
Midwest regional sales manager for 
Raytheon Learning Systems Co. 

Mr. Blakeslee will be field sales 
manager for closed-circuit video-tape 
recorders, television cameras, and as- 
sociated equipment. He joined Ampex 
in 1963 and most recently was central 
regional sales manager for video prod- 
ucts. 

Mr. Foster was named national ac- 
counts manager and will be responsi- 
ble for sales of closed-circuit video- 
tape recorders, television cameras, and 
associated equipment to original equip- 
ment manufacturers and other nation- 
al accounts. He joins Ampex from 
Raytheon Learning Systems Co. 

The new appointees will be located 
at the division marketing headquarters 
in Park Ridge, Illinois. 

Robert N. Vendeland has become 
general manager of Conrac Division 
of Conrac Corp. Mr. Vendeland pre- 
viously was assistant general manager, 
and prior to that was Conrac's general 
sales manager for four years. 

At the annual stockholder's meet- 
ing of Entron, Inc., the following 
directors were re-elected: George E. 
Akerson, president and publisher of 
the Boston Herald -Traveler Corp.; 
Harold E. Clancy, first vice-president 
of the Boston Herald -Traveler Corp.; 
Stephen Hartwell, executive vice- 
president of Steadman Security Corp.. 
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Washington, D. C.; John D. Hawke, 
Jr., partner, Arnold & Porter, Attor- 
neys, Washington, D.C.; William C. 
Koplovitz, partner in Dempsey & 
Koplovitz, attorneys, Washington, D. 
C.; Vincent Manno, newspaper con- 
sultant and broker, New York, New 
York; Roger P. Talmadge, treasurer 
of the Boston Herald -Traveler Corp.; 
and Edward P. Whitney, Entron presi- 
dent. William S. Broderick, assistant 
to the publisher, Boston Herald -Trav- 
eler Corp., was newly elected to serve 
on the Board of Directors. 

In the subsequent meeting of the 
Board of Directors, the following 
officers were re-elected: George E. 
Akerson, chairman of the board; 
Harold E. Clancy, chairman of the 
executive committee; Edward P. 
Whitney, president; Heinz E. Blum, 
senior vice-president-advanced engi- 
neering; O. D. Page, vice-president- 
product engineering; Anthony J. Ven- 
demia, vice-president-manufacturing; 
John G. Russell, vice-president-mar- 
keting; Kevin R. Doyle, secretary; 
Michael J. Weinstock, assistant secre- 
tary; and John D. Hawke, Jr., assis- 
tant secretary. In addition, Joseph T. 
Healy was elected to the position of 
treasurer; he has been acting treasurer 
since February. 

W. Frederick Corkran has been 
elected vice-president-foreign opera- 
tions by the directors of Preformed 
Line Products Co. Mr. Corkran will 
be responsible for foreign market de- 
velopment, licensee programs, and 
export sales. Formerly director of 
foreign operations, he joined Pre- 
formed in November 1966 from the 
firm's licensee company in Canada. 

Abram E. Patlove is the new vice- 
president in charge of systems opera- 
tions of Continental CATV, Inc., a 
wholly owned subsidiary of Vikoa, 
Inc. Mr. Patlove has served as systems 
development director since joining 
Continental in 1967. He will assume 
full responsibility for all Continental 
cable television systems which are 
now located in Pennsylvania, New 
Jersey, and Ohio. 

Charles T. Snyder has joined KTVA 
television, Anchorage, as producer - 
director. He leaves an engineering 
post at Bell Telephone in Seattle. Mr. 
Snyder directs KTVA's news pro- 
gramming and other live broadcasts, 
and also serves as a station engineer. 

Robert H. Jones has been appointed 
chief engineer of WBLG-TV, Lexing- 
ton, Kentucky. Mr. Jones previously 
had been director of engineering of 
the Bluegrass Broadcasting Group. He 
entered broadcasting in 1939 with 
radio station WLAP in Lexington, and 
after World War II, he helped con - 

DISCOVER ede SUPERIOR 

ALL SOLID STATE 
AM FREQUENCY MONITOR 

-free FROM WILKINSON 

* Triac Controlled Crystal Oven 
* Instantaneous Operation - No Warm-up Time 
* Requires only 51/4 inches of Rack Space 
* I. C. Regulated Solid State Power Supply 

L* Self Testing from Front Panel 

For complete details write: 

MODEL TAMF-1A 

-T n 1937 MacDADE BLVD. 

WOODLYN, PA. 19094 

ELECTRONICS, INC. PHONE (215) 874-5236 874-5237 
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DISCOVER SUPERIOR 
ALL SOLID STATE 

AM MODULATION MONITOR 

w ee FROM WILKINSON! 
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FCC Type Accepted 
Wideband 500 KHz to 26.1 MHz 

Uses Latest IC Innovations 
New as Tomorrow ... Reliable as Forever 

For complete details write: 

MODEL TAMM-1A 

1937 MacDADE BLVD. 

WOODLYN, PA. 19094 

ELECTRONICS, INC. PHONE (215) 874-5236 874-5237 
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"My neck 
might save 
your heart!" 

High blood pressure causes 
strokes and contributes to heart 
attack in man. But giraffes aren't 
hurt by the sky-high pressure 
pushing blood up their 10 feet of 
neck. Why? Medical scientists are 
searching for this and many other 
life-saving answers through re- 
search you make possible with 
your Heart Fund dollars. 

GIVE... 
so more will live 
HEART FUND 
Photo courtesy World Health Orxookorlon 

struct radio station WBLG (then 
WKLX), Lexington. An air date of 
June 2, 1968, has been announced 
for WBLG-TV (channel 62). 

Mr. Bentley 

Appointment of J. R. Bentley as a 
new vice-president of LTV Ling Altec, 
Inc., subsidiary of Ling-Temco- 
Vought, Inc., has been announced. 
Mr. Bentley, who has been with the 
company since 1962, will remain in 
Anaheim, Calif., where two of the 
company's major divisions - Ling 
Electronics and Altec Lansing-share 
facilities. Mr. Bentley has been secre- 
tary and controller of LTV Ling Altec 
since 1965. 

SPOTMASTER 
The all solid statd AD1A 

AUDIO 
DISTRIBUTION 
AMPLIFIER 

Meet the AD1A, a solid state audio dis- 
tribution amplifier specifically designed for 
AM, FM and TV broadcast stations and 
recording studios. The AD1A distributes 
audio signals via five separate output 
channels (up to 25 with the addition of 
AD1A-X extenders), and incorporates a 
front -panel VU meter and monitor jack to 
permit visual and aural monitoring of the 
incoming signal at the output of the line 
amplifier. Response is essentially flat from 
40 to 20,000 Hz, with low distortion and 
noise, 60 db channel isolation and 12 db 
peak factor. For further information, write 
or call today: 

BROADCAST ELECTRONICS, INC. 
8810 Brookville Road 

Silver Spring, Maryland 20910 
Area Code 301 588-4983 

Mr. Emil P. Vincent, 48, product 
manager -audio systems for Visual 
Electronics Corp., died suddenly at 
Pasadena, Calif., on April 25, 1968. 
A former governor and 1967 conven- 
tion chairman of the Audio Engineer- 
ing Society, he joined Visual earlier 
this year and had just relocated to 
Pasadena. Prior to his association 
with Visual, Mr. Vincent had been 
with the CBS and ABC television 
networks. 

Mr. Ratigan 

Frank D. Ratigan has been named 
manager of the Washington, D. C. 
office of Philips Broadcast Equipment 
Corp. As manager of the Washington 
office, Mr. Ratigan provides the com- 
pany's interface with the Department 
of Transportation, Department of 
Defense, Federal Communications 
Commission, and other governmental 
branches in the areas of electronics 
and communications. 

Robert B. Baker and James F. 
Somers have been elected vice-presi- 
dents of ITT Cannon Electric, a divi- 
sion of International Telephone and 
Telegraph Corp. Mr. Baker was ap- 
pointed comptroller in February 1967 
and will continue in this position. Mr. 
Somers will continue as director - 
administration, a position he has held 
since early 1967. 

Several appointments have been 
announced by Superior Continental 
Corp. Warner T. Smith has been 
named to the position of executive 
vice-president. In his new position, 
Mr. Smith will assume additional re- 
sponsibilities in general corporate 
administration and for a period of 
time will continue his duties as vice- 
president in charge of research and 
engineering. 

J. D. Sherrill has been named tech- 
nical manager of the Superior Cable 
Division Sherrill's Ford coaxial cable 
plant. In his new position. Mr. Sherrill 
will be responsible for all production 
engineering functions at the Sherrill's 

66 BROADCAST ENGINEERING 



Ford plant and for project coordina- 
tion with the research and engineering 
center in Hickory. 

Joseph P. Walters has been named 
product design and applications engi- 
neer. In his new position with Su- 
perior Continental, Mr. Walters will 
assume engineering responsibilities for 
the design, development, and applica- 
tion of cable pressurization equipment 
and products in support of the Sys- 
tems Equipment Division. 

Chester A. Hale, a native of the 
Tennessee Tri -Cities area, is a new 
project supervisor for Comm/Scope 
Corp. In his new position, Mr. Hale 
will be one of several project super- 
visors, each of whom is responsible 
for the successful completion of as- 
signed field construction operations. 

Roy A. Tester has joined 
Comm/Scope as a field technician. At 
Comm/Scope Mr. Tester will spe- 
cialize in electronic equipment appli- 
cations and operations and will carry 
out field assignments as an assistant 
to the project supervisor. 
Comm/Scope is a subsidiary of Su- 
perior Continental. 

Peter W. Smith has been appointed 
chief engineer of Central Dynamics 
Ltd. Mr. Smith is Australian and 
came to Canada in 1967 to join the 
company. He was formerly chief en- 
gineer of South Australian Telecasters 
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Model 700 -RP 

Solid state combination 
record -playback unit 

Broadcaster net price $450. 

For information write 
Box 662 Rockville, Maryland 20851 

or call 301-942-6666 
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Ltd. in Adelaide, and before that he 
was chief engineer for telephony and 
telegraphy with the Telecommunica- 
tions Co. of Australia. 

Ronald N. Kahill has been appoint- 
ed Product Manager, Wire and Cable, 
for Superior Continental Corp. In his 
new position, Mr. Kahill will be re- 
sponsible for the development of 
marketing and sales plans for all wire 
and cable products manufactured by 
Superior Cable Division of Superior 
Continental. 

Tom Moss has been named vice- 
president, general manager, of The 
Turner Co. Mr. Moss, who joined 
Turner in 1952, was formerly vice- 
president of operations and market- 
ing. In the newly created general - 
manager position, he will have com- 
plete responsibility for all phases of 
Turner's operations. 

General Electric Co. has named 
Robert L. Casselberry manager of 
marketing for its Communication 
Products Department with manage- 
ment responsibility for widening mar- 
keting programs for point-to-point 
communications equipment. In his 
new position, Mr. Casselberry will 
head all functions involved in the 
development of both new and existing 
markets for Information Network 
Systems, Data Communications, and 
Power Line Carrier Current equip- 
ment. 

411 
Mr. Palius Mr. Baruch 

Berkey-ColorTran, Inc., has an- 
nounced the appointment of Kenneth 

M. Palius as vice-president. Mr. Pal - 
ius will direct the marketing and 
development program for the com- 
pany. Before joining Berkey -Color - 
Tran, Mr. Palius had been with ABC 
Television (New York) for 19 years 
in various capacities. He also was a 
member of the ABC/CBS/NBC 
Committee that determined the net- 
works' color television lighting speci- 
fications for athletic stadiums and 
arenas. 

In another announcement, Gerald 
R. Baruch has been appointed adver- 
tising and sales promotion manager. 
Before joining Berkey-ColorTran in 
November of 1966, Mr. Baruch was 
advertising production manager for 
the Jewish Federation Council of 
Greater Los Angeles for 8 years. 

Mr. Weber Mr. Marshall 

Ampex Corp. has announced three 
administrative appointments for the 
Magnetic Tape Division. Paul J. 
Weber, formerly the corporate mar- 
keting services manager, has been 
named marketing manager. Mr. Weber 
joined Ampex in 1955 and has held 
various executive marketing positions 
prior to his current assignment. 

Mr. Weber succeeds John A. Bu- 
chanan, who has been appointed to 
the newly created post of division 
planning manager. Mr. Buchanan will 
direct long- and short-range product, 
market, and facilities planning. He 
has held various product marketing 
positions in the division since joining 
Ampex in 1959. 

ANNOUNCING . . 

POTOMAC INSTRUMENTS, inc. 
Complete Field Intensity 
Meter Recalibration Service 

Design and Manufacture 
of Antenna and Signal 
Measurement Equipment 

PI 

Specialists in Remote 
Measurement/Monitoring 
Instrumentation 

POTOMAC INSTRUMENTS, inc.- 
932 Philadelphia Ave. Silver Spring, Md. 20910 
Phone: (301) 589-3125 
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Named to succeed Mr. Weber as 
corporate marketing manager was 
Ronald A. Polster. He has served 
Ampex in marketing positions since 
1959. 

Nathaniel M. Marshall has been 
named vice-president of marketing, 
industrial, and educational products 
for the consumer and educational 
products division of Ampex Corp. 
Mr. Marshall is responsible for mar- 
keting closed-circuit video-tape re- 
corders; television cameras; and as- 
sociated equipment for educational, 
industrial, medical, military, and other 
uses. His office is at 205 West Touhy 
Avenue, Park Ridge, Illinois. 

Mr. Wickliffe Mr. Marten 

Stanley W. Wickliffe has been 
named to the newly established posi- 
tion of Marketing Supervisor for the 
Western Region of the General Elec- 
tric Co., Closed Circuit Television 
Business Section. In his new position, 
Mr. Wickliffe will be responsible for 
sales and service of closed-circuit 
television and video -tape-recording 

systems throughout 14 western states, 
Alaska, and Hawaii. He will be head- 
quartered at 116 North Robertson 
Boulevard, Los Angeles, California. 

In another announcement, George 
B. Marten was named advertising and 
sales promotion technical communica- 
tions specialist for the Communica- 
tions Products Department. In the 
newly established position, Mr. Marten 
will supervise the production of 
technical manuals, sales -promotion 
material, and broadcast -equipment 
catalogs. Mr. Marten previously was 
senior technical editor for the Ad- 
vertising and Sales Promotion Depart- 
ment. 

Dr. Zaffaroni Mr. Hale 

Dr. Alejandro Zaffaroni and Pren- 
tiss C. Hale have been elected to the 
Memorex Corp. Board of Directors. 
Dr. Zaffaroni is executive vice-presi- 
dent and a member of the Board of 
Directors of Syntex Corp., Palo Alto, 
California, maker of pharmaceuticals. 

He also serves as president of Syntex 
Research. Mr. Hale is chairman of the 
board for Broadway -Hale Stores, Inc., 
and Hale Bros. Associates, Inc. He 
also serves as director of Union Oil 
Company, Bank of America, Fore- 
most -McKesson, Inc., Santa Fe Rail- 
way, and a number of other promi- 
nent companies. 

Mr. Garshick Mr. Manchester 

Eli Manchester, Jr. has been named 
vice-president and general manager 
of Boston Insulated Wire and Cable 
Co. Mr. Manchester first joined the 
company in October 1963; he has 
served as vice-president in charge of 
manufacturing since September 1966. 

Also at Boston Insulated Wire and 
Cable, Alfred Garshick has been made 
chief engineer. Prior to joining the 
company, Mr. Garshick served with 
the Signal Corps Supply Agency of 
Philadelphia and Dictograph Products 
of New York. A 

THE GRASS VALLEY GROUP, INC. 
P.O. BO.X 11 14 Qa,RAS ;_4 ' '5 (91 6) 273-8421 

PROCESSING SYSTE 

COMPLETELY REPLACES SYNC., 

die PROVIDES INDEPENDENT 
CONTROL of CHROMA GAIN 

SET-UP & BURST 

BURST & SYNC. AMPLITUDES 
REMAIN CONSTANT 

AUTOMATIC GAIN 
CONTROL AVAILABLE 

COMPLETELY MODULAR 
ASSEMBLE AS REQUIRED 

WHITE STRETCH 
AVAILABLE 

BASIC SYSTEM CONSISTS OF:940 PROC. AMP, 950 SYNC. GEN., 962 CQLOR LOCK, 900 T/PS TRAY & POWER SUPPLY $1870.00 FOB GRASS VALLEY, CALIF. 

SOLD EXCLUSIVELY BY: GRAVCO SALES, INC. 

6515 SUNSET BLVD., LOS ANGELES, CALIF. 90028/ PHONE: (213) 462-6618 79 S. OYSTER BAY RD., SYOSSET, NEW YORK 11791 / PHONE. (516) 921-8652 
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ENGINEERS' TECH DATA ---- MIN - 
100. ALTEC LANSING -Bulletin AL1374 is a technical treatise on the 

use of microphones in sound -reinforcement systems. 

101. AMERICAN NUCLEONICS -Model 614A plug-in amplifier is the 
subject of a product data sheet. 

102. AMPEX CORP.-Bulletin G276 describes program automation at 
KTBT-FM. Other products and the bulletins describing them are: 
VR-120CA VTR, Bulletin V158; AG -600 mono/stereo recorder, 
Bulletin A199; AA -620 portable amplifier/speaker, Bulletin A200; 
AM -10 mono/stereo mixer, Bulletin A208; AA -80 80 -watt ampli- 
fier and accessories, Bulletins A171 and A183. 

103. ANDREW CORP. ITFS antennas [2.5 to 2.7 gHz] in offset and 
omn :directional patterns are the subject of Technical Bulletin 182. 

104. ANTENNA PRODUCTS CO. -Literature describing rotatable and 
fixed log -periodic antennas, broadcast towers, and VHF dipoles 
and corner reflectors is available. 

105. APPLIED ELECTRO MECHANICS -Model BUDR-1 balun amplifier 
for video distribution is described in a technical bulletin. 

106. ATLAS SOUND -Form PP -1840 describes microphone stands, 
microphone booms, and studio accessories. 

107. AUDIO DEVICES -A new technical data sheet for the Audio-pak 
Model A tape cartridge is offered. 

108. AUDIOSEARS CORP.-The 1968 catalog of headsets, handsets, 
microphones, components, and accessories is offered. 

109. BALL BROTHERS -Mark 81 video -signal multiplexer is described 
in a technical bulletin. 

110. B 6 K -A product -data sheet gives applications and specifica- 
tions for Model 123 1/2 -octave spectrum shaper and Model 
1612/S2L 1/2 -octave spectrum shaper and analyzer. 

I11. BARKER 6 WILLIAMSON-Specifications and descrip'ions of test 
equipment, coaxial switchers, dummy loads, RF filters, and RF 
components are included in an 8 -page catalog. 

112. BECKMAN INSTRUMENTS -Insulation test equipment, impedance 
bridges, high -voltage power supplies, and automatic testers are 
covered in a 40 -page catalog. 

113. BENRUS TECHNICAL. PRODUCTS -Catalog No. 802 gives descrip- 
tions and specifications for CRT -display units and interchangeable 
deflection amplifiers. 

119. BERKEY-COLORTRAN-Information sheet concerns nonjacketed 
2000 -watt and 5000 -watt single -ended tungsten -halogen lamps. 

115. CCA-Information concerning the FMA-6811 medium -power cir- 
cularly polarized FM antenna is offered. 

116. CLEVELAND ELECTRONICS -52 -page catalog gives information 
on vidicon, Plumbicon, and image-orthicon deflection components. 

117. CLEVELAND INSTITUTE OF ELECTRONICS -Pocket-size plastic 
"Electronics Data Guide" includes formulas and tables for fre- 
quency vs. wavelength, dB, length of antennas, and color code. 

118. CLEVITE CORP., PIEZOELECTRIC DIV.-Brochure includes spec- 
ifications on line of mono and stereo headphones. 

119. COHU-"The ABC's of ETV" is the title of Brochure 8-91. 

120. COLORADO VIDEO-SMPTE reprint "A New Method of Television 
Waveform Display" is offered. 

121. CONCORD ELECTRONICS -The VTR -700 remote -controlled VTR 
designed for continuous recording or playback is described in 
a 4 -page brochure. 

122. CROWN INTERNATIONAL -The CX700 series of full -track to 
eight -track reel-to-reel recorders is the subject of a specification 
and price sheet. 

123. DATAPULSE-Applications bulletin for Model 110B pulse genera- 
tor is entitled "A Sophisticated Pulse Generator to Simplify Your 
Testing Problems." 
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LDST THE AUDIO 
PoRnon of ME SHOW 

"ME VISUAL COULD 

BE IMPROVED Too! 

If you're 
keeping your 
AM, FM, and 
TV signals 
all to yourself... 
something's wrong! 
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When you need help, count on RCA Service Company, 
geared through experience to broadcasting's special 
needs for maintenance of complex station equipment. 
Getting the signal to your audience requires equip- 
ment in top condition. RCA Broadcast Service sees 
to that. With a background unmatched in the industry 
for this kind of work, RCA offers broadcasters protec- 
tion they can count on -on a contract or per call basis. 
Check some of the services available: 
Camera Chains 
Video Tape Recorder Service 
TV Camera and Transmitter 

Overhaul 
Installation Supervision 
Microphone and Pickup Repairs 
Transmitter Performance 

Measurements 

Antenna Inspection 
Measurements 

Console Repairs 
Microwave Service 
TV Projector Service 
Custom Fabrication 
Teletypewriter 

Maintenance 

To protect performance of your equipment, call either of 
our field offices: Chicago (312) WE 9-6117; Phila. (215) 
HO 7-3300. Or contact Broadcast Service, RCA Service 
Company, A Division of RCA, Technical Products Service, 
Bldg. CHIC -225, Camden, N.J. 08101. 
Phone: (609) 963-8000, ext. PH -311 
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the new EI 

uhr DAfi 

A M P R 

offers greater flexibility 
and lower cost! 
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The ZIG ZAG 
Television Antenna 
offers more pattern & gain 
per dollar than any other 
uhf antenna on the market 

Extremely high power gains 

are available with many 

computerized vertical patterns. 
Models with omnidirectional 
and cardioid patterns are 

available which will provide 

power gains from 8 to 56 and 

directional gains as high as 215! 

These ZIG ZAG antennas may 

be ordered with power 

capabilities of 30 or 60 KW. 

This low cost antenna contains 

a self supporting internal tower. 
Fiber glass radomes are 

available for all weather 
protection, which eliminates 

expensive electrical de-icing 
power bills. 

Write for complete catalog 
and price list. 

ANTENNA 
6939 POWER INN ROAD 

A DIVISION OF COMPUTER EQUIPMENT CORPORATION 

O 
COMPANY 
SACRAMENTO. CALIFORNIA 

124. DELHI-Twelve-page catalog concerns towers and masts for 
Citizens -band and similar applications. 

125. DELTA ELECTRONICS-Specification sheets and application 
bulletins give information about the OIB-1 operating -impedance 
bridge and CPB-1 and -lA common -point impedance bridges. 

126. DIALIGHT CORP.-Catalog L-208 provides data, drawings, and 
ordering information for 513 Series switches. 

127. DYNAIR ELECTRONICS-Bulletins M15A and M14A describe the 
Mini -Mop video -cable equalizer and the Mini -Sync TV -sync 
generator, respectively. 

128. EUPHONICS-Color brochure discusses disc recording and the 
Miniconic semiconductor playback cartridge. 

129. FAIRCHILD RECORDING-Model 1001 gain -shifter intercom sys- 
tem is the subject of preliminary -data release. 

130. FILTRON CO. -24 -page Catalog No. P-68 lists complete line of 

RFI/EMC filters. 

131. FT. WORTH TOWER-Literature dealing with towers, passive 
reflectors, and equipment buildings is offered. 

132. GATES-Solid Statesman peak -limiting amplifier is subject of 

brochure. 

133. GAUSS ELECTROPHYSICSBrochure describes Series 1200 high- 
speed tape -duplication system and Series 1260 endless -loop tape 
bin. 

134. HUGHEY & PHILLIPS --Bulletin HPS 168 describes line of ring -type 
tower -lighting isolation transformers. 

135. INTERNATIONAL ELECTRONIC RESEARCH CORP.-Bulletin 151 

gives information about IERC heat -dissipating devices for micro- 
circuit packages. 

136. INTERNATIONAL NUCLEAR-Model TPC2 burst -phase corrector 
is subject of literature. 

137. JOAPrices and data are given for new cartridges and cartridge - 
reconditioning service. 

138. RALART/VICTOR-Victor Models STV-18 and STV-TB 16 -mm 
projectors and Tele -Beam Model A912 large -screen television 
projection system are covered in three brochures. 

139. 3M CO.-Series of quarterly bulletins about video-tape recording 
is initiated. Called "Video Talk," the first bulletin has as its 

subject "Video Tape Speed." 

140. D. B. MILLIKEN-Model DBM-Rl video -film recording system is 

described in data sheets. 

141. MICRO COMMUNICATIONS - Catalog includes performance 
curves and engineering data on filters, diplexers, sideband 
filters, power combiners, and transmission lines. 

142. MOLE-RICHARDSON-Catalog K lists lighting, power generating, 
and special -effects equipment; light booms; dollies; and tech- 
nical book on lighting and photography. 

143. MOSELEY ASSOCIATES-Bulletin 22IA describes Model ADP -101 

digital, automatic transmitter logger. 

144. MOTOROLA-New two -way -radio control stations are described 
in brochure. 

145. OAK MANUFACTURING Literature describing switches, TV and 
FM tuners, and rotary solenoids is available. 

146. POMONA ELECTRONICS 1968 general catalog of electronic test 
accessories has 44 pages and lists 300 products. 

147. PREFORMED LINE PRODUCTS 26 -page brochure describes test- 

ing services; two -page brochure describes reducing splices; and 
a second two -page brochure describes dead ends for use on 

glass -fiber strand. 

148. PROSSER INDUSTRIES-Model 2511A, 2500 -watt, 60 -Hz alternator 
for under -the -hood installation is the subject of specification 
sheet F-2511-1. 
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149. RUSSELL INDUSTRIES-Availability of a new catalog listing 
shielding materials and devices is announced. 

150. NAGRA-Synchronous I/4 -inch tape recorders and accessories are 
subject of leaflet. 

151. SCANTLIN ELECTRONICS-Brochure describes Videotype elec- 
tronic titling unit. 

152. SEALECTRO CORP.-24-page applications handbook describes 
typical uses for programming devices. 

153. SHURE-Eight-page professional products catalog lists micro- 
phones, circuitry, cartridges, tone arms, and microphone 
accessories. 

154. SORENSEN-Short-Form Catalog No. 68A lists power supplies, 
AC -line regulators, and frequency changers. 

155. SPARTA-A catalog sheet covering tape -cartridge accessories, 
including storage racks, tape erasers, and head degaussers, 
is offered. 

156. STANCIL-HOFFMAN-Model R75 tape recorder/reproducer for 
mono or stereo is the subject of a specification sheet. 

157. STARTRONICS-"Design Notes," a series of engineering -design 
aids, is inaugurated. No. 1 gives coaxial -line parameters and 
formulas. 

158. SUPERSCOPE-31-page catalog, "All the Best From Sony," fea- 
tures Sony/Superscope tape recorders, magnetic tape, micro- 
phones, and accessories. Additional catalog gives technical 
specifications of consumer and professional microphones. 

159. SWITCHCRAiT-Catalog No. C502a lists latest audio connectors. 
Bulletin 174 describes multiple -station Series 65000 push-button 
switches. 

160. TAPECASTER-Series 700 tape -cartridge machines are subject of 
a brochure. 

161. TELEMATION-Data sheets for the following devices are offered: 
Model TMV-400 black -burst generator, Model TMV-650 video - 
control center, Model TMM-211 optical multiplexer, Model TMV- 
529 waveform sampler, Series TSG-1000 portable TV sync 
generators, and Series TSG-2000 TV sync generators. 

162. TELEVISION ZOOMAR-TVP pneumatic camera pedestals and 
Mark II Colorgard meter, used to balance color receivers on 
production lines, are described in product-informaticn sheets. 

163. TELEX-Descriptions of Viking Studio 96 and Magnecord Models 
1021 and 1022 tape recording and reproducing equipment are 
given in literature. 

164. TEX$CAN-68-page Catalog -68 lists product line of test equip- 
ment and accessories. 

165. TEXWIPE-Information and prices for tape -head cleaning kit 
and its individual components are offered. 

166. TRIPLETT-20-page Catalog No. D-68 gives mechanical details 
and electrical specifications of panel -mounted and portable 
instruments. 

167. TROMPETER-Catalogs T-7 and M-4, listing coax, twinax, and 
triax products for patching, switching, and matrixing, are offered. 

168. UNIVERSITY SOUND-New 28 -page catalog of commercial sound 
products lists over 100 products and includes sound -system 
design charts, formulas, and technical data. 

169. VITAL INDUSTRIES-Model VIX-108, new integrated -circuit, 
vertical -interval switching system, and Model VI -1000 video 
processing amplifier are subjects of literature. 

170. ZOOMAR, INC.-Information sheet tells how to attach the new 
Mark XX remote -control zoom lens and describes the Variospeed 
control box. 

"Want a Good Job 
in Broadcasting? 

You'll Need a 
First Class FCC License." 
Matt Stuczynski knows. He's the Senior Transmitter Operator of 
Radio Station WBOE. His story is typical of hundreds of men who 
have used Cleveland Institute Training as a springboard to success 
in Broadcasting. Here's what Matt says about Cleveland Institute: 

"I give Cleveland Institute credit for my First Class FCC License. 
Even though I had only 6 weeks of high school algebra, CIE's 
AUTO-PROGRAMMEDTM lessons really made electronics 
theory and fundamentals easy. After completing the CIE course, 
I took and passed the First Class Exam. I now have a good job 
in studio operation, transmitting, proof of performance, equip- 
ment servicing. Believe me, a Commercial FCC License is a 
`must' for a career in Broadcasting." 

If you want rapid advancement in broadcasting, the first step is a 
First Class FCC ticket with your name on it. And Cleveland Insti- 
tute Home Study is a fast, economical way to get one. What's more, 
CIE backs their licensing programs with this money -back warranty: 

"A CIE License Course will quickly prepare you for a First 
Class FCC License. If you complete the course but fail to pass 
the exam on your first attempt, CIE will refund all tuition." 

With Cleveland Institute you get your First Class FCC License or 
your money back! Send coupon today for FREE book or write to 
Cleveland Institute of Electronics, 1776 E. 17th St., Dept.BE-48 , 

Cleveland, Ohio 44114. 

ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under the new G.I. Bill. 
If you served on active duty since January 31, 1955, or 
are in service now, check box in coupon for G.I. Bill 
information. 

MAIL COUPON TODAY FOR FREE BOOK 

.F, 

CIE Cleveland Institute 
of Electronics 

1776 East 17th Street, Cleveland, Ohio 44114 

Please send me your FREE book, "How 
To Get A Commercial FCC License." 

Name 
(please print) 

Address 

City State lip 

Occupation Age 

Veterans check here for GI Bill information 
Accredited Member National Home Study Council 
A Leader in Electronics Training ... Since 1934 8E-48 
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NEW... 
LANG SOLID STATE 

PROGRAM EQUALIZER 

Unsurpassed in design, performance and 

versatility, the new LANG SOLID STATE PRO- 

GRAM EQUALIZER PEQ-2 incorporates the 
finest features found in quality equalizers, 

PLUS THESE EXCLUSIVE FEATURES... 

Eight low boost shelf frequencies Four 

low droop shelf frequencies Eight high boost 
peak frequencies Six high droop shelf fre- 
quencies Frequency select switches and 

equalization controls for all boost and droop 
functions All controls and switches may be 

used simultaneously Low frequency peak 
boost by use of boost and droop controls 
Equalization "on" lamp indicates when equal- 

ization is taking place Engraved stainless 
steel panel blends harmoniously with other 
equipment Plug-in transistor amplifier and 

power supply cards Compact size: 31/2"x19". 

For complete details and 
new Lang Catalog write: 

LANG ELECTRONICS INC. 
507 FIFTH AVE., N.Y. 17 

For oll your audio needs - Look to Lang! 
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Model 700-P 
Solid state playback unit 

Broadcaster net price $300. 

For information write 
Box 662 Rockville, Maryland 20851 

or call 301-942-6666 

TAF=, CASTE -F2 

How long should it take 
to time a 30 -minute tape? 

Just about a minute. 
If you use the new Lyrec Precision High 
Speed Tape Timer, that is. 

This unique time-saver makes stop- 

.,,'' watch timing a thing of the past. Simply 
Tom` apply the unit to your Ampex or Scully 

professional tape machine, and run it at 
high forward speed. The Tape Timer gives 
you a direct reading in minutes and sec- 
onds for all tapes recorded at 15 IPS. For 
a half-hour tape, it's accurate to within 
three seconds. And you can convert read- 
ings for other tape speeds quickly and 
easily. You'll wonder how you ever got 
along without it. 

The Lyrec Precision High Speed Tape 

Timer is available in two models: TIM -4a accommodates 1A" and 1/2" tape, 

and TIM -4b accommodates 1/2" and 1" tape. 

For detailed information, write QTHA1\4,0 1 

today. Don't waste 29 minutes. AUDIO CORPORATION 
2 WEST 46 STREET, NEW YORK, N.Y..10036. 212- CO 5.4111 
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Professional Services ..... 11M3 

VIR JAMES 
CONSULTING RADIO ENGINEERS 
Applications and Field Engineering 

345 Colorado Blvd. 
Phone: (Area Code 303) 333-5562 

DENVER, COLORADO 80206 
Member AFCCE 

TWX 910-931-0514 

JAMES C. McNARY 

Consulting Engineer 
National Press Bldg. 

Washington 4, D. C. 
Telephone District 7-1205 

Memler AFCCE 

CAMBRIDGE CRYSTALS 
PRECISION FREQUENCY 
MEASURING SERVICE 

SPECIALISTS FOR AM -FM -TV 
445 Concord Ave. Phone 876-2810 

Cambridge, Mau. 02138 

VIDEO TAPE RECORDER 
AUDIO HEAD ASSEMBLY SERVICE 

Precision relapping of all heads and sup- 
porting posts, including cleaning and 
testing. Ampex head assembly with "cue" 
tracks, $75.00 complete. RCA units also 
relapped. One to two day service. LIPPS, 
INC., 1630 Euclid St., Santa Monica, Calif. 
90404. 213 EX 3-0449. tf 

CRYSTAL AND MONITOR SERVICE - Fre- 
quency change and repair service for AM 

monitors including G.R., RCA, Gates, W.E., 
and Doolittle; also H -P 335B FM. AM moni- 
tors bought and sold. What have you, what 

do you need? New or regrinding of AM 

crystals for RCA, Gates, Bliley, W.E., and 
J -K oven holders, repairs. etc. Fastest serv- 
ice, reasonable prices. Over 25 years in 
this business. Eidson Electronic Co., Box 
96, Temple, Texas 76501, Phone 817 773-3901. 

2-67-tf 

ROSNER TELEVISION 

SYSTEMS 

ENGINEERS i CONTRACTORS 
120 E. 56 St. 
New York 
N. Y. 10022 

29 South Mall 
Plainview 
N. Y. 11803 

TAPE CARTRIDGE SERVICE 
Completely recondition your old tape car- 
tridges, all sizes of new tape cartridges 
in stock available for immediate shipment. 
Will supply complete price list on request. 

M.S.I. CARTRIDGE SERVICE 
279 W. Main Street 

Amsterdam, N. Y. 12010 
Phone (Area Code 518) 843-2242 

JOHN H. MULLANEY 
and ASSOCIATES 

Suite 71, 

1150 Connecticut Ave., N.W. 
Washington, D. C. 20036 

Phone 202-223-1180 
Member AFCCE 

FRANK A. ZOELLER 
TELEVISION SYSTEMS 

CONSULTANT 

20 Years Experience 

Box 366 San Carlos, Cal. 94 07 0 
(415) 593-1751 

GUARANTEED FIRST PHONE, 4-6 weeks. 
Broadcast Engineering Academy, 3700 
Lemay Ferry, St. Louis, Mo. 63125. 314/892- 
1155. 5-68-tf 

Put that old equipment back to work for 
you. We rebuild or repair radio transmit- 
ters and audio equipment such as consoles, 
limiters, recorders, etc. Reasonable rates. 
All work guaranteed. Contact Walter John- 
son at Tri-Tronics, West Ivey Street, Lill- 
ington N.C. 27546. Phone 919-893-4183. 

6 -68 -It 

Construction, modification, or design of audio 
and communication equipment to meet your 
specifications. Write: SW Communications, 
Box 3175, Scottsdale, Arizona. 6-68-1t 

Classified 

Advertising rates in the Classified 
Section are fifteen cents per word. 
Minimum charge is $2.00. Blind box 
number is 50 cents extra. 

Equipment for Sale 

EQUIPMENT FOR SALE 
Scully tape recorders as low as $13.55 
weekly. Three Spotmasters, one record/ 
playback, and two playbacks, all three, 
$38.25 monthly. Multiple units, Spot Five, 
847.25 monthly. Two QRK or Russco de- 
luxe turntables, $10.80 monthly. Lower 
payments with trade. Write for list. 
Purchase your cartridges from us, we 
ship freight prepaid. Audiovox, Box 
7067-55, Miami, Florida 33155. 4-68-tf 

Coils, Contactors, Switches, Complete ATU 
systems. Top Quality, Lowest Prices, Fast 
Delivery, No Duty. Write for catalogue: 
Geleco Electronics Ltd., 2 Thorncliffe Pk. 
Dr., Toronto 17, Ont. 416-421-5631. 11-67-12t 

CARTRIDGE TAPE EQUPIMENT 
Completely reconditioned and guaranteed. Spot. 
master Model 500 Record /Playbacks, $350.00. 
Model 505 Playbacks $250.00. 30 -day money - 
back guarantee on all equipment. 

BROADCAST PRODUCTS COMPANY 
18804 Woodway Drive, Derwood, Maryland, 

20855 
(301) 926-4600 3-67-tf 

Everything in used broadcast equipment. Write 
for complete listings. Broadcast Equipment 
and Supply Co., Box 3141, Bristol, Tennessee. 

11-64-tf 

"AUDIO EQUIPMENT 
needs, check us first. 
pex, Altec, AKG, EV, 
Langevin. Rek-O-Rut, 
for equipment list." 
Inc., 2342 S. Division 
Michigan 49507. 

- Whatever your 
New and used. Am - 
Fairchild, Neumann, 
Uher, Viking. Send 
Audio Distributors, 

Ave., Grand Rapids, 
6-66-tf 

Audio Equipment bought, sold, traded. 
Ampex, Fairchild, Crown, McIntosh, Viking 
F. T. C. Brewer Company, Town & Country 
Plaza, Pensacola, Florida. 3-64-tf 

Two RCA TRTIB's with Ampex Amtec and 
Colortec color system installed and two 
Ampex VR1002's with Amtec, Colortec, 
solid-state MDA's and processor. Please 
reply Box 205. Broadcast Engineering. 

5-68-2t 

BROADCAST EQUIPMENT REBUILDERS 
. . . The best in tape cartridge rewinding 
and reconditioning. List your used equip- 
ment with us for fast sale. Send for car- 
tridge price list. Route 8, Box 718, Fayette- 
ville, N. C. 28304. Telephone 425-7332. 

5-68-tf 

RCA TTUIB transmitter with spare parts, 
$15,500.00. Color corrected and presently 
tuned to channel 33. Good condition. Also 
RCA channel 33 filterplexer. Contact David 
Boyer, WICD, 17 E. University Ave., Cham- 
paign, Illinois. 5-68-21 

CO -AXIAL CABLE Heliax, Styroflex, Spiro - 
line, etc. Also rigid and RG types in stock. 
New material. Write for list. Sierra -Western 
Electric Co., Willow and 24th Streets, Oak- 
land, Calif. Phone 415 832-3537. 5-66-tf 

TOWERS, lights and accessories AM FM com- 
munication, CATV, sales, erection and complete 
service, world wide. Write Dixie Steeplejack 
Company, 2832 Riverview Blvd. West, Braden- 
ton, Florida. tf 

Towers, lights & accessories, sales, erection, 
& complete service. Financing available. 
Write to: DSC, 2832 Riverview Boulevard, 
West Bradenton, Florida 33505. 6-68-1t 

Bauer 707 Transmitter, 1000/250 watts. Was 
used only for standby. On the air less than 
5 full days. Full set spare tubes. Absolutely 
Mint. Condition. Available late June. Luther 
Crumbaugh, Ch. Eng. KGER, Long Beach, 
Calif. Phone 213-427-7907. 6-68-1t 

Used CCTV equipment: CPL. Sylvania, 
Packard Bell, Miratel, others. Bargain prices. 
Send for free list or tell us your requirements. 
Reply Box 208, Broadcast Engineering. 

6-68-1t 
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Now you can choose the type of tape wound 
in your cartridges from BROADCAST EQUIP- 
MENT REIBUILDERS!! You know what you 
prefer. if we don't stock it, we'll get it for 
you . . and, at our same low prices retard- 
less of the cost per reel to us! The most 
popular cartridge tape always in stock . 

S etch . . . Ampex . Audiotene. 'Ysnted: 
Used broadcast consoles for our listings. 
Broadcast Equipment Rebuilders, Rt 8, Box 
718. Fayetteville, N.C. 28304. Phone 919-425- 
7332. 6-68-1t 

Gates stereo Top Level amplifier, Isocoupler 
for 99.3 MHz, rated at 10 kw, Gates dual 
polarized FM antenna consisting of 3 hori- 
zontal elements and :3 vertical, for 99.:3 MHz. 
2711 ft. Andrews H7 -50A, 1-5 /8" unjacketed 
Relias, and 340 ft. Andrews HJ7-50A, 1-5/8" 
jacketed Heliax. Two Sparta 600P sereo 
cartridge playbacks, and one Sparta 600RP 
record/playback unit. All equipment in use 
about one year and in very good condition. 
Contact Ch=ef engineer, Radio Station WNAM, 
P.O. Box 707, Neenah, Wis., 54956, or phone 
414-722-6471. 6-68-1t 

Four TK -41 color cameras with sync gen- 
erators, color bar generator in air-conditioned 
truck less audio and switching. Reasonable. 
Reply Box 209, Broadcast Engineering 

6-68-2t 

Equipment Wanted 

We need used 250, 500, 51i á 10E \\'atts 
AM Transmitters. No Junk. Guarantee 
Radio Supply Corp., 1314 Iturbide St., 
Laredo. Texas 78040. 3-66-tf 

4 -channel mixer (Gates Consolette or similar) 
and 2 Magnccurd PT -6 tape recorders. Hogan - 
Rose & Co.. Att: JMR, 105 W 5th Ave., Knox- 
ville. Tennessee 37917. 6-68-2t 

"UHF STATION EQUIPMENT, including 
transmitter, recorders, color and b -w cameras 
and all other components; within the next 
six months. Reply Box 210 Broadcast Engi- 
neering." 6-68-2t 

Employment 

Job Headquarters for all Radio and Tele- 
vision Engineers. Immediate openings exist 
in 9 western states and elsewhere for qualified 
engineer and technical personnel. All cate- 
gories from trainees to experienced transmit- 
ter maintenance, chief, assistant chief, live 
cider video maintenance and technical oper- 
ations. Send us your complete resume now. 
'll:e AMPS Agency, 3924 Wilshire Blvd., Los 
Angeles, California 90005. Telephone DU 8-3116. 
By Broadcasters --For Broadcasters 11-66-tf 

I\UIEDI.\'fE i)l'I:NINGS Qualify for any 
of the following positions: Technicians for 
IiC.\ Closed Circuit Television cgttipncent. 
Camera 'technicians Video "('ape 'i'echni- 
ci.ut. Video Technicians-TV >I:tinten:utce 
men \Iain(tnnnce Supervisors-"l'\' Systems 
SuprrviseI'S Video Engineers --TV Opera- 
tions \tanagers -Sales Engineers. RCA Rep., 
I t1-08 91th Ave., .Jamaica, New York, or 
(2121 21,7-7311. 5-68-tf 

THE GRASS VALLEY GROUP 

is forming a SALES organization. 

BROADCAST TELEVISION ENGINEERS 

are needed for all areas. 

Sales experience helpful but not essential. 

GRAVCO SALES, INC. 

6311 Yucca St., 

Los Angeles, California 

Call or Write: 

(213) 462-6618 

\Ve have openings in all phases of the 
broadcast industry for men with electrical 
engineering degrees. Openings are with 
TV, Radio Stations, CATV Systems, Broad- 
cast Equipment Manufacturers and allied 
fields. Send resume to Nationwide Broad- 
cast Personnel Consultants, 645 N. Michigan 
Avenue, Chicago, Illinois 60611. No fee and 
confidential. 1-68-tf 

ENGINEER=I'F.ACHER-WRITER wanted for 
position in education department of ac- 
credited, nationally known. electronics cor- 
respondence school. Must he good in elec- 
tronics theory and mathematics, and be 
able to write well. Degree required. Send 
personal letter of application to Mr. Don 
Grantham, Grantham School of Electronics, 
1505 N. Western Ave., Hollywood, California 
90027. 5-68-2t 

Openings -1st phone engineers experienced 
in maintenance, audio. video tape. Send 
resume. Chief Engineer, \VGlILt-l'\', 125 
Western Avenue. liostttn. 5 -68 -St 

Tired of the snow and slush? \letliuni-size 
(;.\T\' company needs technician with at 
least second class license; experienced in 
rt:u:d:ud (A"l'\' equipment; also microwave; 
cameras, VTR, etc. Excellent location in 
southwest. Send lull resume together with 
salary requirements and availability to 
Box 211 Broadcast Engineering. 6 -68 -It 

CATV DESIGN ENGINEERS 
Leading CATV manufacturer has openings 
for RF circuit designers skilled in designing 
broadband, solid-state amplifiers, and other 
CATV active devices. Reply Box 213, Broad- 
cast Engineering. 6-68-1t 

ELECTRONICS - AUDIO 
San Francisco State College. Repair & 

Maintenance. Must be familiar with broad- 
cast type Ty audio equipment. 8676-9821. 
Ph. 415-469-1871. EQUAI. OPPORTUNITY 
EMPLOYER. 6-68-1t 

CCTV CHIEF ENGINEER 
CCTV Chief Engineer required for Closed - 
Circuit Television operations. The successful 
candidate will be thoroughly grounded in 
Systems, Studio Design, and Distribution Sys- 
tems. Duties will include the writing of speci- 
fications for equipment purchase and super- 
vision of Technical Staff. Preference will be 
given to applicants with a degree in Engi- 
neering. Interested applicants please apply 
in person or writing to: Personnel Office, 
University of Alberta, 89 Avenue and 114 

Street, Edmonton, Alberta, CANADA. 
6-68-1t 

GROUND FLOOR OPPORTUNITY. New sys- 
tem about to start in Southwest New Eng- 
land. Immediate openings for Chief Engineer 
and System Manager. Excellent growth for 
peen with some experience. Rush resume 
including salary requirements to Box 212 
Broadcast Engineering. 6 -68 -lt 

TELEVISION PRODUCER -DIRECTOR 

Exerienced Producer -Director to work with 
faculty members in production of television 
programs for broadcast as well as closed 
circuit. Capable of working with varied 
temperaments and interests and knowledgeable 
about educational principles. Capable of teach- 
ing course in television production. Masters 
degree preferred. Interested applicant, please 
apply in person or by writing to: Personnel 
Office, University of Alberta, 89 Avenue and 
114 Street, Edmonton, Alberta, CANADA. 

6-68-1t 

CATV FIELD ENGINEERS 

Challenging opportunities to be the technical 
representative of of one of the leading CATV 
manufacturers. Position requires individuals 
with technical communications background 
and ability to "get the job done" with mini- 
mum supervision. Extensive travel required. 
Reply Box 214 Broadcast Engineering. 6-68-1t 

Training 

To adaaee In electronics, knowledge and 
ability are required. Grantham offers cor- 
respondence and resident instruction, in 
depth, leading to the degree of Associate in 
Science in Electronics Engineering. G.I. Bill 
approved. Credit for previous training and 
experience allowed. Free Catalog. Write: 
Dept. E-2, Grantham School of Electronics, 
1505 N. Western Ave., Hollywood, California 
90027. 6-67-tf 

First phone through tape recorded lessons at 
home then one week personal instruction in 
Minneapolis, Atlanta, Washington. Detroit, 
Denver, Seattle, or Los Angeles. Sixteen years 
FCC license teaching experience. Proven 
results. 95/4 passing. Bob Johnson Radio Li- 
cense Preparation, 1060D Duncan, Manhattan 
Beach, Calif. 90266. Telephone 379-4461. 

4-68-tf 

Position Wanted 

Hardworking chief Engineer available. Con- 
struction, maintenance, proofs. AM and 
FM stereo. No junk or dishonest stations 
nerd reply. Fancily man. \\'ill consider 
maintenance engineering. Box 21(6, Broad- 
cast Engineering. 5-68-2t 

TV Development Engineer. Broadcast, CCTV, 
CATV and Film Systems, Cameras, Projectors, 
Color Transmitters and Receivers, Video Test 
Equipment. 25 years tube and solid-state exper- 
ience. Wm. P. Kruse, SMPTE, 324 Tyrone, El 
Cajon, California. 92020. 6-68-1t 
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ToBack 

International Nuclear's brand new TBG2 
Black Burst Generator allows you to go 
to black and back with perfection. 
The TBG2 has two outputs available for 
added versatility, and each have burst ' 

phase and burst amplitude adjustments so 

the two feeds can be matched under 
any condition. 
The TBG2 has the industry's only continu- 
ously rotatable phase control, and it's 

accurate to within one degree. All the controls 
a're on the front panel, and can be locked. 
The TBG2 Black Burst Generator is small, 
compact and lightweight. So is the price, 
$475.00. 
Write or wire or phone collect: 

Ray Weiland, President 
INTERNATIONAL NUCLEAR CORPORATION 
608 Norris Avenue 
Nashville, Tennessee 
(615) 254-3365 

"Transistorizing the 

Television Industry" 

INTERNATIONAL 

NUCLEAR CORP. 
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You'll want to 
put the finger 
on TELEMET. 

We'll turn you on with our new SS -140 Vertical Interval Switcher. 
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Write us today for full details. 

TELEMET COMPANY 
185 DIXON AVENUE / AMITYVILLE, NEW YORK 11701 , PHONE: (516) 541-3600 
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