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FOTO -VIDEO VIDICON CAMERA FOUND IDEAL 
for Commercials at HORN-TV, Mitchell, South Dakota 

for 
On the Spot 

News + 
and 

Sports 

Its Ideal* Says RAY V. EPPEL, president of the 
MITCHELL BROADCASTING ASSOCIATION'S STATION, 

who observed that the I+OTO-VIDEO V-515 
"is an excellent tool for news and sports shows" 

and "a handy adjunct to our studio operation." 
WHAT MORE COULD FOTO -VIDEO SAY? 

ib'. 4 Live 
Commercials 

A Complete Line of Television Terminal and Test Equipment 

Foto -Video Electronics, n . Cedar Grove, N.J. CEnter 9-6100 
West Coast Engineering and Sales Office 

1317 West 214 St., Torrance, California - Phone Spruce 5-1003 
(Write or Phone for Information) 
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THE ELECTRO -VOICE OMNIDIRECTIONAL 655C...a long established institution 

A crucial test of any precision instrument-whether it be a navigator's 
sextant or a broadcast microphone-is its ability to respond accurately 
and predictably to a given set of conditions. Judged by these standards 
alone, the Electro -Voice 655C has easily earned for itself such appella- 
tions as "old reliable" ... "dependable workhorse" ... "standard of 
the industry" and the many other tributes heaped upon it by grateful 
audio engineers in recording studios, independent stations, and radio 
and TV networks the world over. 
The reasons for these compliments are not hard to find. Among them 
are its- 

time -proven ruggedness-far beyond normal requirements. 
time -proven uniformity of response, from 40 to 20,000 cps., flat. 

time -proven diaphragm of Acoustalloy, a diaphragm material never 
successfully copiec or equaled. 
time -proven dust and moisture filter that eliminated these problems 
years agg and still leads the field. (lt will not corrode and has never 
been known to clog.) 

These features combine to give the 655Cthe widest range and smoothest 
response of any professional microphone in common use. 
Development of the 655C has never stopped. Whenever possible, 
improvements have been made to keep the 655C oriented to the needs 
of the times. This policy of upgrading a product, even after it is in 
production, means that you can depend on EV to have the answer first, 
to anticipate the need for new microphone types to fit changing demands. 

OTHER FEATURES: Output Level -57 db. 50, 150, and 250 ohm impedance. Impedance 
easily changed on internal connection. Acoustalloy diaphragm, shielded from dust and 
magnetic particles. High efficiency, non -welded magnetic circuit with Alnico V and 
Armco magnetic iron. Non-reflecting grey finish case. Has %"-27 thread; 20 -foot cable 
with UA -311 Cannon Connector. Size: 1%" dia. x 10%" length. Net weight: 7 oz., less 
cable, List Price $200.00 

Polar 
Pattern 

5'1er.rokz' 
Czmmercial Products Division 

ELECTRO -VOICE, INC. 
Dept. 12V Buchanan, Michigan 
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WIN \ I \G AMAZING ACCEPTANCE 

NEW MICROPHON E by ALTEC 

breakthrough design improves 

performance dramatically 

Ever since its introduction, Altec's new microphone line has 

been winning broad acceptance among professional circles, 
both for its impressive improvements in performance and 

its styling. Among many other features, this advanced 
design incorporates two important exclusives. Altec's rugged 
new "golden" diaphragm offers remarkably smooth, wider 
response and output. Coupled with this-Altec's famous 
sintered bronze filter for unmatched protection against 
moisture, contaminants and blast. Individual certified cali- 
bration curve chart is supplied with models 684A and 685A. 
Whatever your microphone needs, whatever price you have 
in mind, Altec offers you the year's best value in a profes- 
sional quality microphone-a value backed by Altec's reputa- 
tion as the leader in professional broadcast and recording 
studio equipment. 

684A OMNIDIRECTIONAL STUDIO MODEL. Uniform response over 
35-20,000 cycles. High output of -55 dbm/10 dynes/cm'. 
Slip-on adapter. Deluxe storage case. Calibration curve chart 
is supplied with this model. Price: $81.00 net. 

M30 CARDIOID CONDENSER SYSTEM. 

Frequency response 20-20,000 
cycles with directional cardioid 

pattern of outstanding discrimination. 
Balanced output of -53 dbm/10 dynes/cm'. 

First miniature directional microphone 
capable of translating the entire frequency 

and dynamic range. Price: $334.00 net. 

685A CARDIOID STUDIO MODEL. Offering flat frontal response, 
40-16,000 cycles with average front -to -back discrimination of 
18 db over entire frequency range. 3 impedances selectable 
from cable plug. Output level of -54 dbm/10 dynes/cm'. Slip- 
on adapter. Deluxe storage case. Calibration curve chart is 
supplied with this model. Price: $96.00 net. 

For more detailed technical information and specifications, write Dept. BE -4D. 

ALTEC LANSING CORPORATION 
A subs:á!ary of Ling-Temco Elecvontcs, Inc 

1515 S. Manchester, Anaheim, California 
161 Sixth Avenue, New York 13, N.Y. 

ALTEE 
o1960AItec Lansing Corporation 

686A DYNAMIC LAVALIER MODEL. 

Just 3'/2" long, weighing 3 ounces 
(not including cable and plug). 

Uniform response over 
70-20,000 cycles. 

2 impedances selectable 
at cable plug. Includes 24 feet of cable, neck cord with slip-on 
adapter and tie clip. Deluxe storage case. Price: $54.00 net. 

M20 "LIPSTICK" CONDENSER SYSTEM. Just 
31/8" x 5/8", this small versatile microphone 
is widely used in laboratory recording and 
broadcast studios because of its extreme 
sensitivity. Balanced output of -48 dbm/ 
10 dynes/cm'. Omnidirectional pick-up 
pattern. Price: $236.00 net. 

December, 1960 
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THE FOLDED UNIPOLE ANTENNA FOR AM 

By JOHN H. MULLANEY* 

THIS article will discuss a method for reducing the 
physical height of an antenna system without serious- 
ly impairing its electrical characteristics. This will be 
accomplished by use of folded-unipole antenna theory. 
Present day techniques dictate that in order to re- 
duce the physical size of an antenna system and still 
obtain a reasonable efficiency, inductive or capacitive 
loading be utilized in order to change the current: 
distribution of the array. It will be shown that by 
grounding a vertical structure and folding back one 
or more conductors parallel to the side of the struc- 
ture, it is possible to obtain a wide range of resonant 
radiation resistances by varying the ratio of the 
diameter of the folded back conductor in relation to 
the tower. It will also be shown that a top -loaded 
folded-unipole antenna can obtain a wide range of 
resonant radiation resistances and at the same time 
obtain a band -width many times greater than the 
same antenna without loading and use of the folded- 
unipole method of feed. 

Series -fed vertical antennas are commonly used 
in standard broadcast service today. Some stations 
use a shunt -fed antenna, but the great majority are 
series -fed. The folded-unipole antenna could be called 
a modification of the standard shunt -fed system. In- 
stead of having a slant wire leaving the tower at an 
angle of approximately 45° (as used for shunt -fed 

systems), the folded-unipole antenna has wires (one 
or more can be used) attached to the tower at a 
pre -determined height, supported by stand-off in- 
sulators, and run parallel to the sides of the tower 
to its base. The tower is grounded at its base-that 
is, no base insulator is used. These folds, or wires, are 
joined together at the base and driven at this point 
through an impedance matching network. Depend- 
ing upon the type of folded-unipole antenna used, 
the wires may be connected to the tower at the top 
and/or at pre -determined levels along the tower 
(shorting stubs) . 

The folded-unipole antenna has the advantage of 
not requiring a base insulator, lighting chokes, or 
isolation transformers. It provides better protection 
against lightning, due to the fact that the antenna is 
grounded. In addition, the folded-unipole antenna, 
on a comparison basis, will develop a somewhat high- 
er radiation efficiency, particularly for towers of the 
order of 45° to 60° high. The band -width for the 
folded-unipole antenna is also superior to that of a 
series or shunt -fed antenna system. The folded -uni - 
pole has an additional advantage over a series or a 
shunt -fed system in that it will operate with a much 
shorter ground system and still produce approxi- 
mately the same effective field. 

Basically speaking, a folded-unipole antenna can 

*Consulting Engineer, 2000 P St., N. W., Washington 6, D. C. 
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BROADCASTING 

The advantages of using a folded antenna for 
broadcast include the elimination of the base 

insulator, lightning choke, and isolation 
transformer, higher radiation efficiency, wide 

bandwidth, adjustable radiation resistance, and 

the use of a shorter ground system. These and 

other factors dealing with the design and 

construction of the folded unipole AM radiator 
are described in this article. 

be visualized as a half -wave folded -dipole perpen- 
dicular to the ground and cut in half. The following 
discussion will briefly treat the theory of and re- 
sults obtained from this type of antenna system. 

Theory of Folded -Unipole Antenna 
To readily understand the folded-unipole antenna 

and its use in feeding a grounded tower, let's take a 
quick look at some basic transmission line theory. 
We know that a transmission line which is less than 
90° in length and shorted at its far end will appear 
inductive at its input terminals. If this line is in- 
creased in length so that it equals a quarter wave, it 
will appear to be a parallel resonant circuit at its 
input. That is, it will appear to have very high im- 
pedance. 

Figure 1 illustrates a one fold, folded-unipole an- 
tenna. In order to determine its input impedance, let 
us assume a generator voltage (e) and then find the 
current (I) flowing in the lower end of element d1 
as illustrated in Figure 1. Roberts (Input Impe- 
dance of a Folded Dipole, R.C.A. Review, Volume 8, 
No. 2, June, 1947, W. Van B. Roberts) has out- 
lined a method for analysis of a folded-unipole an- 
tenna. 

Referring to Figure 2, it should be noted that 
Generator A is opposing Generator C, with respect 

Figure I . A one fold, 
folded unipole an- 
tenna. 

Figure 2. 

Figure 3. The folded unipole antenna with unequal size 
conductors. 
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2 FLAT WASHERS 

Figure 4. Top view of a uniform 

HOLE FOR 3/8" CLEVIS PIN 

I FLAT WASHER 

2 FLAT WASHERS 

I FLAT WASHER 

cross-section, guyed tower rigged for a six wirefolded-unipole antenna. 

to the lower end of element d2. Thus, element d2 is 

grounded so far as any voltage is concerned. 
Generators B and C impress a voltage, 2E, on the 

lower end of element di; therefore, Figure 2 is equiva- 
lent to Figure 1. Our reason for using three gen- 
erators is that it is fairly easy to determine the cur- 
rent developed by each generator and then by the 
principle of superposition, add these currents to ob- 
tain the actual current in the lower end of element 
d1. 

Let's go a little further and first assume that there 
is no voltage (for the moment) in the lower gen- 
erator. There is then only the voltage QE acting be- 
tween the lower ends of dl and d2. Inasmuch as 
elements d1 and d2 form a 90° transmission line, 
shorted at the far end, their impedance is very 
high; consequently, only a small current will flow 
into element dl. Next, assume there is voltage only 

in Generator C. Then, since the lower ends of d1 and 
d2 are shorted together (by the zero internal im- 
pedance of A and B) , the two elements act as a 
simple 90° radiator made up of two elements con- 
nected in parallel. If R is the radiation resistance of 
this radiator, Generator C will supply a total current 
equal to E/R to this composite antenna, but by 
symmetry, this current divides equally between d1 

and d2, so that the current entering element d1 is: 
1/2E 

(1) 
R 

Thus, if Generators A, B and C are all working at 
once, the voltage impressed on element d1 is 2E, 
while the current entering it is 1/2 E/R plus a very 
small amount produced by Generators A and B work- 
ing above. The input resistance of element d1, being 
the ratio of voltage impressed to resulting current 
flow, is therefore approximately 4R. If the two ele - 
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ments are close together, the value of resistance will 
be different from that of a single radiator, and the 
impedance multiplication due to folding is approxi- 
mately four. 

The impedance transformation can be expressed as follows: 
Z1 

The impedance transformation = _ (1 + n)2 (2) 
Zo 

Where: 
Zl = input impedance of the folded-unipole antenna. 
Zo = input impedance of a single antena. 

Iz 
n = current ratio -= 1 

Il 

Up to this point, we have discussed equal size con- 
ductors, that is the diameter of the tower and the 
fold is the same. However, with the introduction of 
the transformation ratio, as noted in (e), we are now 
prepared to discuss the operation of a folded-unipole 
antenna with unequal diameter conductors. Figure 3 

illustrates the folded-unipole antenna with unequal 
size conductors. 

Generators A and C are alike in order to put 
zero voltage on element d2, but Generator B must 
now be so chosen that no current will flow through 
Generator C when it is not producing voltage. The 
determination of this voltage (ei) is one of the two 
essentials to the solution of the problem. The other 
is to determine how the current produced by Gen- 
erator C, acting above, divides between elements d1 

and d2. This problem becomes extremely complex 
because of the non -symmetry of the elements and 
there are several methods which can be used to solve 
the problem. "Guertler" (Impedance Transformation 
in Folded -dipole, Proceedings of the IRE, September 
1950) demonstrates a method for determing this vol- 
tage. "Roberts" has also demonstrated methods for 
determining this voltage. We will use the electrostatic 
or capacitive method discussed by Roberts, since this 
method appears to offer the most promise for a sim- 
ple solution. Briefly, this theory states that the cur- 
rent will divide directly as the ratio of the capacities 
of the elements, while the voltage ratio will be the 
inverse of the capacity ratio. To solve our problem 
then, we must assign undefined capacities, ci and c2 

to elements d1 and d2. Then: 
e cl 

(3) 
el c, 

The current entering element dl is the total cur- 
rent produced by Generator C acting alone multiplied 
by: 

ci/(ci + c2) (4) 

Neglecting the very small current produced by 
Generators A and B acting alone, as already dis- 
cussed for equal elements, the total current due to 
Generator C alone is: 

e 
(5) 

R 
Where R = radiation resistance of the two elements connected 

in parallel. 
The driving point impedance of the antenna is: 

(e + ei) 
(6) 

the current entering d1 
Thus, it is readily proven that the driving point impedance is: 

R (1 + c2)2 

(7) 
cl 

The foregoing method of determination indicates 
that the impedance step up ratio depends upon the 
ratio of the elements' diameters, being inversely pro- 
portional to the diameter of the excited fold or ele- 
ment and directly proportional to the diameter of the 
grounded element. The spacing between the tower 
and fold is not extremely critical, but does determine, 
to some extent, the impedance transformation ratio. 
Although this type of antenna has good band -width, 
its band -width characteristics will be decreased if a 
transformation ratio of greater than approximately 
ten is attempted by means of the spacing ratio. It 
has been found that the best way to increase the 
band -width of the antenna is to increase the number 
of folds. 

The electrostatic or capacitive method outlined by 
Roberts is primarily a physicist's approach to a so- 
lution of the folded-unipole antenna. It can be shown 
that the impedance transformation ratio for a folded 
unipole antenna where unequal diameters are used 
is: 

Transformation ratio = (1 + Z1)2 

Z2 
(8) 

Where: 
Z1 = the characteristic impedance of a transmission line made up 

of the smaller of the two conductor diameters spaced the 
center to center distance of the two conductors in the an- 
tenna. 

Z2 = the characteristic impedance of a transmission line made up 
of two conductors the size of the larger of the two. 

The above equation assumes that the power will 
be fed to the smaller conductor (fold). That is, the 
feed line from the transmitter is connected in series 
with the fold (fold's diameter always assumed small- 
er than tower's) so that an impedance step-up of 
greater than four will be achieved. 

The magnitudes for Zl and Z2 of equation (8) for 
uniform cross-section conductors can be determined 
from standard transmission line formulas. 

During the past five years, numerous experimental 
measurements have been made on different types of 
folded-unipole antennas for broadcast use. Our ex - 

Figure 5. Details of 
the fold attachment 
at the tower's base. 
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1/4" 

3/8" HOLE 

133/4" 

3/4" HOLE 
3/g" HOLE^ I 

133/4" 

-4-41/2"+"- - 
J2" 

h HOLE 

2 REQUIRED 

3/4" HOLE 

J 

3/8" HOLE "r1J 

1 

NOTE: OVERALL LENGTH IS FOR TYPICAL GUYED TOWER. LENGTH MAY 

VARY DUE TO CROSS SECTION. HOLE SIZES ARE STANDARD. 

Figure 6. Detailed drawing of the crossarms. 

perience indicates that the average height of a non - 

directional broadcast antenna will vary somewhere 
between 150 and 300 ft. Inasmuch as the change in 
frequency from the low end to the high end of the 
broadcast band is approximtaely three to one and if 
we assume that the height of the broadcast antenna 
is not higher than 90° and six driven folds are used 
on the tower without any shorting stubs, the fol- 
lowing empirical expression may be used to obtain 
the impedance of a folded-unipole antenna: 

Zfu = 3.6 (Z11) (9) 
Where: 
Zfu = base impedance of the folded-unipole in ohms. 
Z = base self -impedance in ohms for the tower height under con- 

sideration. 
3.6 = empirical constant determined from measurements. 

Equation (9) assumes that the folded-unipole an- 
tenna is approximately 90° and has not been reso- 
nated by use of shorting stubs (that is, wires con- 
nected between each of the folds to the tower at 
predetermined levels, based on impedance measure- 
ments at the base of the tower) . 

In normal practice, it is desirable to resonate the 
folded-unipole antenna by means of shorting stubs. 
These stubs are actually short circuits connected be- 
tween each of the folds to the tower at some point 
below the top of the tower. The actual location for 
these shorting stubs must be determined experiment- 
ally. To do this, first measure the tower with the 
shorting stubs at the very top. Then have a tower 
rigger move the shorting stubs down until JO is 
measured at the base. It should be noted that a 
folded-unipole antenna will initially measure +j. Con- 
sequently, if the shorting stubs are moved down the 
tower too far, the measured reactance sign will change 
to a minus, indicating that the antenna has gone 

through resonance. Hence, this means that the short- 
ing stubs should be moved up until JO is obtained. 
This condition is theoretically referred to as first 
resonance. At resonance, Z = R; hence, the follow- 
ing empirical expression may be used for obtaining 
the resistance of a folded-unipole antenna at first 
resonance: 

Zfu = 7.3 (R) (10) 
Where: 
Zfu = base impedance or resistance for folded-unipole at first re- 

sonance (ohms). 
R11= self -base resistance of tower (ohms). 
7.3 = empirical constant determined from measurements. 

Practical Aspects of Folded -Unipole Antennas 
So far, we have discussed how to determine the 

impedance for a folded-unipole antenna, assuming it 
had six folds, but no information has been given 
with regard to the practical construction of this type 
of antenna. Equations (9) and (10) were developed 
from measurements of what we call our standard 
broadcast folded-unipole antenna. 

Figure 4 is a top view of a uniform cross-section, 
guyed tower rigged for a six wire folded-unipole an- 
tenna. 

Figure 5 is a drawing indicating the details of the 
fold attachment at the tower's base. 

Figure 6 is a detail drawing of the cross -arms or 
spider. 

Figure 7 is a bill of materials for a typical folded- 
unipole antenna installation on a uniform cross-sec- 
tion guyed tower. 

Figure 8 is a plot of impedance measurements ob- 
tained on a 200 ft. tower with six folds at 1570 KC. 
This tower is 0.319 wave lengths or approximately 
115° high and would be expected to have a self - 
impedance (Z31) of 155 j260; however, when it is 
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converted to a folded-unipole antenna and the folded- 
unipole shorting stubs have been adjusted to obtain 
j0 or resonance at the base, the resistance is multi- 
plied up to 1.170 ohms. This is a transformation ratio 
of 7.55. In order to transform this impedance to 50 
ohms j0 (transmission line impedance), an "L" or 
"T" type of network may be used. We prefer to use 
a modified version of an "L" network (See Figure 
10) and treat the transmission line resistance as a 
series resistance of a parallel network at resonance. 

The following formulas may be used to determine 
X1 and Xc for an "L" network: 

x, 
Zfu= - (11) 

R, 

R,' 
Xc = Xi - (12) 

X, 
X, _ V (R1 Zfu) - (R1)2 (13) 

The following data furnishes complete information 
for the construction of a typical standard broadcast 
folded-unipole antenna. 
Where: 
Zfu = measured base impedance of folded-unipole at resonance 

(ohms). 
R, = transmission line impedance (ohms). 
X, = reactance of series coil (ohms). 
Xc - reactance of shunt condenser (ohms). 

Using the foregoing formulas, a modified L net- 
work was used to match the impedance shown in Fig- 
ure 8. Figure 9 is a plot of coupling impedance ob- 
tained for this antenna system. 

In order to determine the current in the antenna, 
an ammeter may be placed in either the transmission 
line output (input to modified L network) or the 

output of the network (input to the folded-unipole) 
or at both locations for determining power. The 
F.C.C. will allow the meter to be placed at either 
location and to be used for direct measurement of 
power. Where a folded-unipole antenna is operated at 
first resonance, it is recommended that the antenna 
ammeter be placed in the input to the network so 
that a larger scale ammeter can be used. It should be 
noted that inasmuch as the antenna is adjusted to 
j0, line current is a true indication of power. 

Figure 11 is a plot of the measured resistance and 
reactance for a folded-unipole antenna (resonated) 
which is 70° in height at 800 KC. This antenna 
would be expected to have a base impedance (when 
measured without folded-unipole rigging) of 31 -1-j9. 
Examination of Figure 11 shows that this antenna 
(folded-unipole rigged and resonated) has a feed 
point impedance of 230 ±jO. An impedance match 
from 50 ohm line to this impedance can be readily ob- 
tained by use of an "L" or "T" coupling network. 

Current Distribution On A Folded -Unipole Antenna 
During the writer's experiments vitli folded-unipole 

antennas in 1949 and 1950 for the United States Air 
Force, it was determined by measurement that the 
current distribution on a folded-unipole antenna is 
the same as that of a base insulated antenna of iden- 
tical height. D. L. Waidelich has proven ("General 
Folded -dipole Antenna Design," Communications, 
April 1949) that the current distribution on a folded - 
dipole antenna is the same as that of a simple dipole 
antenna. Inasmuch as a folded-unipole is basically 1/2 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Bill of Materials for 
For Uniform 

6 pieces of angle iron (Figure 6) . 

2 each 3/4" x 13/4" bolts and 2 lock washers. 
12 each 3/s" x 11/2" bolts and 12 lock washers. 
12 flat washers 7/16" I.D. maximum O.D. 
12 each 3/8" Clevis Shackle. 
6 turnbuckles 1/2" bolts or larger. 
3 pieces of copper strap 6" wide (long 
to ground antenna at base) . 

24 wire clamps suitable to attach shorting 
straps to antenna (aluminum deadend clamps) . 

6 folds-No. 4 NCSR, stranded aluminum wire 
-total length equal to 6 times tower's height 
plus 25' additional. 
6 egg type strain insulators-to insulate 
at base of antenna 3" diameter or better. 
36 stand-off insulators (placed at 30' intervals 
on tower adjacent to folds) ( Jocelyn Cross Arm 
Pin and 15 KV Insulator) . 
1 variable vacuum capacitor 10/1000 uuF or 
equivalent 15 KV, 45 amperes (suggest Jen- 
nings type) . 

enough 

10. folds 

11. 

12. 

FIGURE 7 

Folded -Unipole Antenna Installation 
Cross -Section Guyed Tower 

13. 1 variable inductor 0/60 microhenries-appro- 
priate to handle 1 KW power (suggest Gates, 
Johnson, or Multronics type coil) . 

14. 6 springs 4"-6" long. 
15. 1 Weston or equivalent R.F. ammeter 0-6 amps 

(for 1 KW installations). 
16. 1 remote antenna ammeter unit. 
17. Tuning unit cabinet with bowl feed thru for 

output connection. 
18. Miscellaneous: 

Solder, brazing rod and torches, flux, poly- 
ethelene tape, hand tools, and small parts to 
mount inductor and variable capacitor. Also 
needed to facilitate the measurements, adequate 
extension lights and a rough support for the 
measuring equipment to provide access to the 
antenna tuner unit. 

Note: All hardware to be galvanized or painted 
with aluminum paint. Dissimilar metal 
clamps recommended for use between tower 
and aluminum wire. 

December, 1960 9 
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Figure 8. Impedance measurements obtained on a 200 ft. 
tower with six folds at 1570 KC. 
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of a folded -dipole antenna, it follows that the current 
distribution of a folded-unipole would be the same 
as that of a simple unipole. Further, Schelkunoff 
("Antennas Theory and Practice," Wiley) has shown 
that the current distribution for a folded -dipole is the 
same as that of a simple dipole of similar length. 

Numerous field intensity measurements have been 
made during the past five years on folded-unipole an- 
tennas to determine their current distribution and 
effective Erms. Measurements have been made on 
series -fed antennas before converting to folded-unipole 
and then comparison measurements made to demon- 
strate that the current distribution and effective 
fields are similar for both antennas. It can therefore 
be concluded that the current distribution of a 
folded-unipole type of antenna will be the same as 
that of a simple base insulated series -fed antenna. 

Band -Width Considerations 
The band -width of an antenna depends upon its 

base impedance and the rate with which its reactance 
changes with frequency. The band -width is consid- 
ered to be the frequency band within which the pow- 
er is equal to or greater than one-half the power at 
resonance. Expressed in equation form: 

2Ra 
= (14) 

dx 
df 

Where: 
¡if = band -width in kilocycles between half -power points. 

Ra = measured antenna resistance in ohms. 
dx -= slope of reactance curve at resonant frequency. 
df 
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Figure 9. Plot of coupling impedance. 
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The effective band -width will be doubled when the 
generator is matched to the antenna circuit. The Q 
of a folded-unipole antenna can be determined from 
the equation: 

f11 

Q = (15) 
of 

Where: 
fo = operating frequency in kilocycles. 

At = band -width of antenna in kilocycles. 

Our experiments indicate that a folded-unipole an- 
tenna has a much more desirable band -width char- 
acteristic than an equal height series -fed antenna. 

Top -Loaded Folded -Unipole Antennas 
For very short towers, advantage may be taken of 

top -loading to increase the effective height of a folded- 
unipole antenna. 

Our experience indicates that the simplest and most 
effective means for top -loading a folded-unipole an- 
tenna is to connect the top three guy wires to the 
tower, adjust them to a given physical length and 
then inter -connecting them at the lower end to 
simulate a pyramid. Experimental data indicates that 
the following expression can be used to compute the 
length of guy wires necessary to obtain a given 
amount of top -loading: 

G°eff = TL° G°n 

0.705 
(16) 

Where: 
G 

eff 
= desired electrical tower height in degrees. 

TL° = desired top -loading in degrees. 
Gxx = electrical height of tower without top -loading in degrees. 
0.705 = empirical constant. 

X 

Figure 10. Schematic of 11LI' type impedance transforming network. 
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What makes RCA 

FM Transmitters 

better... 

If you want the very best FM Transmitter available, 
you need not shop around. RCA FM Transmitters are 
the finest built for broadcasting. They are designed 
to the highest standards of quality in the industry. 

Examine our FM Exciter, for example. Note espe- 
cially its direct FM system. It is capable of producing 
a higher fidelity signal. Also, the RCA Exciter is 
easier to tune-and keep tuned-than exciters using 
other modulation systems. 

Why do RCA FM Transmitters cost more? Because 
of our aim at RCA to always build the very best. This 
superior quality often shows up in small but vital 
features. Take the use of circuit breakers in the 1 KW 
RCA FM Transmitter. Fuses could have been used, 
but we think of the lost air time when fuses fail .. . 

We include a harmonic filter of special design to 
assure the reduction of all harmonics to more than 
meet latest FCC requirements. 

Throughout the RCA FM Transmitter line you will 

I/ 

find that all tubes and components operate well 
below normal safety factors. This greatly reduces 
chance for component failure. It saves on maintenance 
costs and helps keep the station on air. 

Many more of these significant advantages add up 
to the kind of quality that proves itself in year after 
year of dependable operation. In addition, you'll 
find that RCA Transmitters usually have higher 
resale value .. . 

Experience for yourself the quality that makes RCA 
famous. There is a full line of RCA Transmitters 
to choose from: 1 KW, 5 KW, 10 KW, 20 KW, and 
on special order 25 KW or higher. Exciters and 
multiplex subcarrier generators are also available- 
along with a series of broadband antennas. Get the 
complete story before you buy. Call your nearest 
RCA Broadcast representative or write RCA Depart- 
ment 0-367, Building 15-1, Camden, New Jersey. 

RCA Broadcast and Television Equipment, Camden, New Jersey 

The Most Trusted Name in Radio 
RADIO CORPORATION OF AMERICA 

www.americanradiohistory.com
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Figure I I. Plot of the measured resistance and reactance 
for a folded-unipole antenna 70 degrees in height at 
800 KC. 

Figure 12 is a plot of the measured resistance and 
reactance for a folded-unipole antenna (resonated) 
which is 69.5° in height at 1000 KC and has been 
top -loaded an additional 15.5° to given an electrical 
height of 85°. This antenna would be expected to 
have a base impedance of 39 +j40 (when measured 
without folded-unipole rigging but with top -loading) . 

Figure 12 shows that this antenna (folded-unipole) 
rigged and resonated) has a feed point impedance of 
350 -ß-j0. An appropriate impedance transformer 
should be used to match this antenna impedance to 
a transmission line. 

Second Resonance for Folded -Unipole Antennas 
A folded-unipole antenna can obtain a wide range 

of resonant radiation resistance by varying the ratio 
of the diameters of the folded conductors to the 
diameter of the tower. The radiation resistance varies 
as the square of the height and if the transformation 
ratio is raised enough, the height of the antenna can 
be reduced, the limit being the point where ground 
losses consume a prohibitive percentage of the power. 

For practical operation a short antenna should 
have a resistance of at least 50 ohms. Unfortunately 
short series -fed antennas in the range of 45° to 60° 
do not approach this value; consequently, this type 
of antenna has excessive losses. In these ranges, the 
use of a top -loaded folded-unipole antenna is ex- 
tremely desirable, inasmuch as these antennas can be 
operated at first or second resonance. For second 
resonance, a top -loaded folded-unipole has a length 
of approximately one-half that of a folded-unipole 
at first resonance. This is the same as saying that if 
a folded-unipole antenna had a length of approxi- 
mately 90° (electrical) , we would expect second 
resonance to occur at approximately one-half this 
length or 45°. The base impedance for a top -loaded 
folded-unipole antenna at second resonance can be 
expressed as: 

R2r = 1580 

r h2r log 4S2/d1 d0 2 
L -X I (17) 

2r log 2S/d2 
Where: 
R2r = resistance of folded-unipole at second resonance (ohms). 
1i2r = height at second resonance. 
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Figure 12. Plot of resistance and reactance for a folded- 
unipole antenna which is 69.5 degrees in height at 1000 
KC and has been top -loaded an additional 15.5 degrees 
to simulate electrical height of 85 degrees. 

2r=wave length at second resonance (same units as 1i2r). 
S = spacing, center to center, of tower to fold. 
d1 = fold diameter. 
d2 = tower diameter. 
S, d1 and d2 should be expressed in the same units. 

It should be noted that "logto" or loge" can be used, 
inasmuch as a ratio is expressed in equation (17) . 

It should be noted that the operation of a folded- 
unipole at second resonance is similar to that at first 
resonance; however, the ratio of the diameter of the 
folds to the tower's diameter and the spacing is much 
more critical. 

Unattenuated Field Intensity 
It has been observed experimentally that a folded- 

unipole antenna will develop a higher unattenuated 
field intensity than the same equivalent height series - 
fed antenna system. The increase in field intensity 
varies between approximately two to ten per cent. 
The greatest increase in field intensity is experienced 
on short antennas in the range 45° to 75°. 

This paper was presented at the 14th Annual NAB Engineering 
Conference. 

Rooftop installation of folded-unipole antenna system at 
WAKE, Atlanta, Ga. 
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PS4000C 
Voltage Output: 260-300 Volts DC 
Load Current: 0-1.5 Amps 
Regulation: Better than 0.1% 

PS4006 
Outputs: 440 Volts at 300 ma unregulated. 

65-80 ma into focus coil. 1% 
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Multiplex Receiver Installation 

By DWIGHT HARKINS* 

THE PURPOSE of this article is con- 
vey to those involved in multiplex- 
ing the results of actual field ex- 
periences involving hundreds of re- 
ceiver installations in cities all over 
the United States. 

Most of the unsatisfactory multi- 
plex complaints have been traced to 
incorrect receiver installation pro- 
cedures. This has resulted largely 
from the common practice prevail- 
ing whereby the duties of installing 
multiplex receivers are outside of the 
realm of the station engineer re- 
sponsible for transmitting the signal. 
In a large number of cases, the users 
of the signal are leasers of the sub - 
carrier and not too inclined to have 
competent engineers in their em- 
ploy. 

When the subcarrier is used to 
provide a background music service, 
the receiver locations are not always 
ideal since they are determined by 
finding subscriber customers rather 
than by engineering survey. The 
fact that the location to be served 
is located behind a hill, screened by 
tall buildings, in the basement of 
a sky scraper, or a hundred miles 
from the transmitter doesn't seem to 

To obtain optimum reception of multiplex signals 

careful attention must be given to the installation 

details of the receiver. 

alter the requirement that a usable 
signal is expected. 

If the proposed location were sur- 
veyed before contracting to provide 
services, a great deal of expense 
could probably be saved. Since this 
is never done, however, we will dis- 
cuss the ways and means of pulling 
the acorn out of the fire and ob- 
taining satisfactory service in these 
"impossible" locations. 

The FM signals are in the VHF 
band along with TV and other serv- 
ices. Unlike the lower frequencies, 
such as the standard broadcast 
band, the use of built-in loop an- 
tennas does not work out properly. 
Some sort of an antenna must be 
used to create a voltage induced by 
the transmitted energy. It is a well 
known fact that the waves in the 
air are easily absorbed, reflected, 
diffracted, and reradiated by ob- 
jects that get in their path. Build- 
ings, trees, hills, power lines and 
moving vehicles all contribute to the 
degradation of the signal. Along 
with a degraded signal there are 
usually present lots of man-made 
electrical impulses that show up as 
static and noise caused by adding 

machines, elevators, light switches, 
fluorescent lights, neon transformers, 
automobile ignitions, electric razors, 
and others. 

It all boils down to the fact that 
the proper engineering of the re- 
ceiving antenna installation becomes 
the most important requisite. Some 
simple rules can be laid out that 
will be used for judging the re- 
quirements at each location. 

First we will look at the locations 
close in to the transmitter where the 
signal is plenty strong but the pop- 
ulation very dense and the area 
usually consisting of tall buildings 
and the like. Here the antenna needs 
to be located on top of a building 
that will probably be surrounded by 
other buildings still higher. If per- 
mission from the building superin- 
tendent (usually the janitor) is re- 
quested you might as well forget 
about it as they are usually against 
the idea. The best approach found 
out by practical experience is to pro- 
ceed right up to the top of the roof 
and get to work. About five trips 
by one man will usually supply all 
the equipment necessary to make the 
installation. (If the door leading to 

*Harkins Radio Co., Inc., 4444 East Washington, Phoenix, Ariz. 
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the roof has a self locking latch, 
make sure that the door is blocked 
from locking itself as it has proven 
very embarassing to be locked out 
on a roof top.) 

Until a small lightweight portable 
multiplex receiver is available to use 
as a signal strength meter it will be 
necessary to temporarily set up a 
regular receiver on the roof. This 
will save many hours of work in 
the long run. 

A five -element yagi antenna is 
now assembled and mounted on the 
pipe that is going to be used. Tem- 
porarily we will hook some twin 
lead about 30 or 40 ft. long from 
the antenna to the receiver which 
we now have plugged into an ex- 
tension cord. Before deciding which 
chimney, sewer vent, or ventilator 
to permanently mount the antenna 
near, we will walk the antenna 
around the roof space at the same 
time listening to the signal and not- 

ing variations in limiting voltage. 
By orienting the antenna array, sev- 
eral positions will be observed 
where the signal is without mush or 
distortion. Aim it in the direction 
where the limiting voltage is the 
highest with the least fluctuation. 
Do not use an orientation that pro- 
duces flutter of limiting voltage as 
this indicates too much multipath 
reception. 

Carefully note the antenna po- 
sition that gives the best results so 
that the permanent installation can 
be made identical. Now the twin lead 
can be removed and the transformer 
installed to match the antenna to 
co -axial cable. With certain types of 
antennas the matching transformer 
is not needed. At any rate the co -ax 
is connected and the antenna can be 
erected, the guy wires attached and 
the run of the co -ax lead down to 
the basement can now be started. 
RG59U lends itself nicely to winding 

down the sides of buildings, through 
elevator shafts, in electric wiring 
gutters or in conduit. 

The use of the popular "twin 
lead" TV transmission line is the 
worst mistake made in multiplex in- 
stallations. Although most efficient 
for residential TV installations, the 
twin lead cannot be mounted near 
metallic objects such as conduit, 
drain pipes, water pipes, etc. To do 
so effectively short-circuits the VHF 
signal we are attempting to pass 
along to the receiver. The twin lead 
also has another characteristic of 
easily becoming unbalanced by be- 
ing in the proximity of metallic ob- 
jects thus setting up standing waves 
as well as causing the pick-up of 
unwanted noise impulses. 

In a large number of cities I have 
run into the common practice of 
feeding TV twin -lead through con- 
duit on the way to the receiver. At 
the receiver it was found that con- 
necting the antenna terminals to the 
conduit gave as much signal as con- 
necting to the twin -lead that came 
through the conduit. The use of 
RG59U prevents all of these mis- 
haps and is only a bit more costly. 
Purchased in 1000 ft. rolls it can be 
obtained for $32.50 per thousand 
feet which is cheap in the long run 
for a good and permanent installa- 
tion that precludes expensive service 
calls. 

We now come to the actual re- 
ceiver location. This should be cho- 
sen through consultation with the 
management of the location with 
special precautions against heat and 
moisture. Avoid shelves that are 
convenient for stacking of other ob- 
jects as the set will soon become 
completely covered up. My worst ex- 
periences in this respect are places 
where the receiver can be exposed 
to spilled drinks and the like which 
often impairs operation very effec- 
tively. 

(Continued on page 22) 

Figure I. Double stacked Yagi anten- 
na as installed for weak signal pickup. 
Use of matching transformer to feed 
RG -59U cable insures proper imped- 
ance matching. 
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Push -Button Audio Switching 

By ROBERT F. TILTON* 

.AT FIRST thought, the idea of push- 
button audio switching may not 
hold much attraction for the aver- 
age station engineer. However, a 
system whereby the effective patch- 
ing of the input and output circuits 
of tape recorders, disc recorder and 
the like, without the actual handling 
of patch cords should appeal to the 
studio engineer, especially in those 
stations where so-called combination 
operation is practiced. It is the pur- 
pose of this article to describe such 
a system and the basic circuitry in- 
volved in its construction and op- 
eration. 

Referring to Figure 1, it will be 
seen that if a series of relays having 
their movable contacts paralleled 
are connected across a source of 
audio signal, a form of dividing net- 
work exists which will divide the 
signal into as many paths as we 
have relays. If this audio source is 
terminated in its characteristic im- 
pedance, good engineering practice 
dictates that we must provide a 

O 

A simple means of switching input and output 

circuits of recorders and other studio equipment without 

the use of patch cords is described. 

means of high -impedance bridging 
at each set of relay contacts con- 
necting to the source of audio sig- 
nal. Otherwise, placing an additional 
low -impedance load across an al- 
ready terminated line will not only 
result in an intolerable loss of power 
in the line, the frequency Jesponse 
of the entire circuit will be ad- 
versely affected. 

Figure 2 shows two accepted 
methods of providing a bridge across 
a terminated audio line. The trans- 
former in Circuit A should have a 
primary impedance of not less than 
7,500 ohms. The use of a plate -to - 
line unit is advocated here, a pri- 
mary impedance of 15,000 ohms 
being an optimum value. Circuit B 
employs a potentiometer which is 
connected in such a manner as to 
place the total resistance of the unit 
across the terminated line. One end 
of the resistance gives us one leg of 
the bridging circuit and the mov- 
able arm (which is rotated slightly 
so as to tap off a small portion of 

the voltage impressed across the 
potentiometer) the other. The varia- 
ble resistor should have a value of 
from 25,000 to 50,000 ohms. Care 
should be taken to see that the arm 
is not rotated too far around on the 
potentiometer. Otherwise, the bridg- 
ing effect is lost and the signal bus 
will become unduly loaded and mis- 
matched. 

Figure 3 shows the operational 
circuit of an audio switching panel. 
This is a portion of the push-button 
audio switching panel presently in 
use at Radio Station WDGY in 
Minneapolis, Minnesota. At this sta- 
tion, two consoles are used in the 
master control room. One, a modi- 
fied General Electric, is used pri- 
marily for the feeding of program 
to the transmitter line. The other 
console is an RCA type 76-B, lo- 
cated some distance from the pro- 
gram console and used mainly for 
recording operations. Either console 
can be placed on or off the air 
simply by depressing a momentary - 

Figure I - Relay -Operated Dividing Network 

O t- O 

SOURCE 

OUTPUT OUTPUT 
2 

*Technical Director, Storz Broadcasting Co., Omaha, Neb. 

OUTPUT 
3 

OUTPUT 
4 

I6 BROADCAST ENGINEERING 

www.americanradiohistory.com



Figure 2 - Two Audio Bridging Circuits 
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contact push-button switch on the 
audio switching panel. Consequently, 
in the event of failure of the General 
Electric console, the recording con- 
sole can be pressed into broadcast 
service almost instantaneously and 
with a minimum of "dead air" time. 

As shown in the operational cir- 
cuit, audio from the G -E console is 
imposed on the upper of the two 
program lines, while audio from the 
RCA console appears on the lower 
bus. Switching of the outputs of 
either console to the transmitter 
line is accomplished by relays K-1 
and K-10. In the off -air position, 
the consoles are terminated in their 
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characteristic impedances of 500/ 
600 ohms, the load being provided 
by the 560 ohm resistors shown on 
these relays. 

The feeding of one or both tape 
recorders in the control room is ac- 
complished by the energization of 
relays K-5 and K-6 for the G -E con- 
sole and by relays K-14 and K-15 
for the RCA console. The input of 
the disc recording amplifier, second 
house monitor amplifier and the 
feed to a jack in the jack field 
marked "auxiliary," are readily 
bridged across the G -E line by en- 
ergizing relays K-7, K-8 and K-9 
respectively. Similarly, feeds to 

Figure 3 - Operational Audio Switching System 
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these points from the RCA console 
are provided by relays K-16, K-17 
and K-18. 

Since the tape machines are occa- 
sionally used as a source of program 
at WDGY, it should be mentioned 
that relays K-5, K-6, K-14 and K-15 
have additional contacts that switch 
the outputs of the tape recorders 
into appropriate remote channels on 
both consoles for playback purposes. 
This is also a necessity for spot pro- 
duction work since echoes are util- 
ized for certain commercial record- 
ings and the tape recorders, operat- 
ing at either 7.5 or 15 inches -per - 
second, provide a good echo effect. 
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Figure 4 - Relay Control 
and Interlocking 

o 

"OFF" 

o - 
POWER 

Some alert observer is bound to 
raise his hand at this time and point 
out that the fact that the cross - 
feeding of signals from the outputs 
of the two consoles is possible 
within this unit. This would be so 
if, for example, relays K-5 and K-14 
were to be energized simultaneously. 
This factor was taken into consid- 
eration in the original design of the 
audio switcher and relays K-5 
through K-9 are electrically inter- 
locked with their counterparts, K-14 
through K-18, to prevent this from 
happening. Figure 4 shows the sim- 
ple method utilized to disable a 
relay when its corresponding mate 
is in the energized position. As can 
be seen, it is physically impossible 
for both relays to be operated at the 
same time. 

Figure 4 also shows the wiring of 
the on and off control switches 
which are mounted on the front 
panel of the audio switcher. Due to 
the interlocking system employed in 
the relay control circuitry, it is 
necessary to reset or release a relay 
in the upper channel, for example, 
before its mate in the lower channel 
can be energized. 

Indicator lights mounted on the 
front drop of the audio switcher 
panel inform the control room op- 
erators of channels in use and those 
available for use. 28 -volt lamps are 
used in a 12 -volt system. It has been 
found that the 28 -volt lamps pro- 
vide more than enough brilliance to 
show through the various -colored 
pilot light jewels, while operation of 
the lamps at half their rated volt- 
age more than doubles bulb life. 

Direct current relays were used in 
the audio switcher. While ac re- 
lays could undoubtedly be used, it 
was felt that using them might 
cause trouble due to sixty -cycle 
hum being introduced into the 

audio wiring within the unit. The 
use of do relays should not impose 
any hardship since most stations 
have an existing twelve -volt supply 
mounted in the equipment rack. If 
no such power supply is available, 
one can be constructed at a rela- 
tively small cost since the total cur- 
rent drain imposed on the power 
supply does not exceed a maximum 
of about three amperes. 

Not shown in the diagram are six 
additional relays denoted KA, K-3, 
K-4, K-11, K-12 and K-13. These 
relays switch the outputs of the 
sub -consoles in the studios to re- 
mote channels in the control room 
consoles. Since the type of opera- 
tion followed at Radio Station 
WDGY probably would not apply 
to most stations contemplating the 
construction of an audio switcher, it 
was felt that this portion of the cir- 
cuit should be deleted to avoid con- 
fusing the reader. 

Additional flexibility of the audio 
switching panel can be effected by 
making liberal use of jacks for con- 
nections to the unit. Figure 5 exem- 
plifies the general method followed 
at WDGY in making connections 
between control room equipment 
and the switcher panel. Wiring the 
normal springs of the associated 
jacks together, as shown in the dia- 
gram, allows picking up the inputs 
and outputs of this equipment as 
well as making entry into the 
switcher circuitry. An alternative 
method of wiring would be to bring 
the leads from the tape recorders, 
etc., to their respective jacks in the 
normal manner and normalling 
these jacks to the terminals on the 
audio switcher by connecting to the 
jack normal springs. If the jacks are 

available, the former method of con- 
nection is to be preferred. 

The audio switcher at WDGY is 
built in a 101/2 x 19 -inch Gates 
equipment enclosure with a drop - 
down, hinged front panel. The sys- 
tem has been in operation at this 
station for the past two and one- 
half years. Other versions of this 
unit are presently installed at Storz 
Stations in Kansas City, New Or- 
leans and Miami, Florida. Each of 
the units is designed specifically for 
the station in which it has been in- 
stalled. No two switchers are alike 
since switching requirements vary 
from station to station. 

The system of audio switching 
herein described does not entirely 
preclude the use of patch cords in 
the broadcast studios, nor was it de- 
signed to do so. The basic idea be- 
hind the system is to provide an 
easier means of making the day-to- 
day audio patches encountered in 
the normal operation of the radio 
station. It saves the time spent in 
locating a particular jack, inserting 
a plug and then looking again for 
some place to put the other end of 
the patch cord. The unit provides 
a simple and foolproof means of 
patching without patch cords. 

The stereo producing equipment 
for all systems was located at the 
transmitter. Measurements were 
made on the off -air transmissions 
from the station at three different 
input levels to the receiving equip- 
ment. 

General conclusions derived from 
the tests are that good stereo and 
compatible monophonic output was 
produced by all systems. Receivers 
for the system vary in complexity 
and cost. 

Figure 5 - Typical Wiring to Jack Panel 
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PRECISION MULTIPLEX EQUIPMENT 

by ELECTRO-PLEX 
for BACKGROUND MUSIC - STORECASTING - DRUGCASTING 

CREDITCASTING - MULTIPLEX RELAY 
AND ALL APPLICATIONS INVOLVING MULTIPLEX RECEPTION 

IN RECEIVERS . . . 

DMR MULTIPLEX RECEIVER 

CLOSE THE DOOR ON EXPERIMENTATION! 

Electro-Plex brings you the ultimate in multiplex receiver design. 
A design resulting from a careful study of the background music and 
allied fields, and an awareness of the problems which the operators 
have experienced in the past. The DMR is truly an advanced view 
in multiplex circuitry. A receiver which has been in development for 
18 months. 

Main Channel circuitry is more reliable because a pulse -counting 
type detector, utilizing a tube, is used in place of a discriminator- 
coil/diode combination. This circuitry is original and exclusive with 
Electro-Plex. Drift is a thing of the past and the receiver will stay 
on frequency from a cold start! 

In the sub -carrier section, heterodyne circuits have been avoided 
due to the several added adjustments required to keep them in 
alignment. 

The multiplex circuit is furnished on a separate mounting plate which may be easily removed. Other special 
intermediate and control circuitry may be supplied in this area when desired. 

OTHER MULTIPLEX AND FM RECEIVING EQUIPMENT: STORE CAST TUNERS, MULTIPLEX TUNERS, 
MLX-10 ECONOMY MULTIPLEX RECEIVER, TRC MULTIPLEX RECEIVER, MULTIPLEX ADAPTERS. 

ALL MULTIPLEX FUNCTIONS IN A SINGLE COMPACT INSTRUMENT! IN INSTRUMENTS . . . 

Putting a sub -carrier on the air is greatly facilitated with instruments to 
accurately check the performance of the transmitter. With the Electro-Plex 
8-A Modulation Monitor, injection level of the sub -carrier may be set in 
seconds as a matter of course. The main channel may be accurately indexed 
to the new maximum modulation level to avoid over -modulation and 
cross -talk. 

All of this is done by the flick of a switch! 

Simultaneous visual monitoring of both main and sub -channels provided 
by two identical, fast -acting VU meters. No switching necessary. Injection 
of sub -carrier constantly indicated on separate meter,. The VU meters are of 
new design, having special ballistics for this type of operation. 8-A MODULATION MONITOR 

Demodulator circuits for both main and sub -channels are included in the monitor whose output may be checked aurally through a 

separate amplifier and speaker system. 

Compact design: 51/4" x 19 engraved relay 
rack panel. Depth behind the panel 13". 

A MUST IN FM MULTIPLEXING! 

OTHER ELECTRO-PLEX INSTRUMENTS: 22-A SUB -CARRIER FREQUENCY MONITOR, FMC -1 RELAY 
RECEIVER, STUDIO MULTIPLEX DEMODULATOR. 

Write for free copy of "Multiplex Handbook" 
covering transmitter adjustment, antennas, multi- 
plex receivers and field installation, offered as a 

service to the broadcasters by Electro-Plex. 

WHEN YOU THINK OF MULTIPLEX, 
THINK OF ELECTRO-PLEX 

WRITE FOR 

LITERATURE 

AND PRICES 

ELECTRO-PLEX DIVISION 
Nuclear Electronics Corp. 
2925 NORTH BROAD STREET 

PHILADELPHIA, PENNSYLVANIA 

Manufacturers of 
MULTIPLEX EQUIPMENT 

for 
THE FM BROADCASTING 

INDUSTRY 
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LINDSEY RIDDLE, chief engineerc=WDSU NASH ROBERTS is the:ki^g cloned cincait 
TV inspecting stations rad it sihstalip;ion monitor while prepashe weather charts ississw,;" 'r` 
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the GEC 1326 is especially sensitive to CRTs frequently used in weather radar displays 

formula for public service: 

fib% + Nash Roberts +... = Hurricane Safety for New Orleans 

weather radar coverage of the 20 to 30 -mile area surrounding 

New Orleans was impossible with existing radar installations 

in the area ... until WDSU TV and Nash Roberts, international- 

ly known meteorologist, got together to solve the problem. 

In order to prevent unnecessary evacuation of the city during 

imminent storms, pinpointing exact locations within the city 

became the desired objective. The radar scanner was pointed 

at the best angle to cut ground clutter to a minimum and still be 

able to use pinpoint accuracy within a 20 -mile circumference. 

vidicon pickup posed the greatest challenge to Lindsey Riddle, 

Chief Engineer of WDSU TV. Being unable to get the quality 

pickup he demanded from other sources, he consulted GEC. 

GEC worked closely with WDSU TV and Mr. Riddle through the 

experimental stages by furnishing various types of tubes until 

a satisfactory result was gained in this unique application. 

GEC 1326 STORAGE vidicon did the trick. Two years after the 

where tube research beg%ns e.. 

first radar installation was made, and other make tubes failed, 

GEC's 1326 storage vidicon is giving the sharpest image possi- 

ble under CONTINUOUS 'round the clock operation. 

Daily live pickup from Nash Robert's meteorological offices 

five blocks from WDSU TV's studios is accomplished by means 

of a coaxial cable closed circuit hook-up of the weather radar. 

He telecasts from his chart room, referring to his monitor 

where a live camera picks up a clear image of radai weather 

conditions in the "close -in" area of New Orleans. 

do you nave a weather radar telecast problem? GEC has proved 

that under conditions where others fail, GEC Vidicons have 

been the dependable answer. GEC has vidicons for all broad- 

cast requirements ... live or film pickup in black and white or 

color, with or without provision for dynamic focus; scan 

conversion, image conversion, and display tubes. For full in- 

formation, contact General Electrodynamics Corporation. 

GENERAL ELECTRODYNAMICS CORPORATION 
4 4 3 O FOREST LANE G A R LAND , TE X AS 
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"In my broadcast experience of more than 
twenty years, I have never operated a more reli- 
able or better constructed piece of equipment" 

Mr. C. K. Chrismon, 
Chief Engineer, 
WHOO Radio, Inc., 
Orlando, Fla. 

IL FM 
MULTIPLEX 
SYSTEM 

Can Be Used with Any FM Transmitter 
in the 88 - 108 me Band 

GEL's is the oldest, field -proven, successful Multiplex Equipment in opera- 
tion. Typical of this proud family of fine instruments is the GEL Multiplex 
System, Series FMC - a frequency -division multiplex system providing 
for the integration of a main channel and' one or two sub -channels into an 
allocated FM channel. 

Wrote Mr. C. K. Chrismon of WHOO Radio, Inc.: "In operation the usual 
Multiplex difficulties have happily been of no consequence here. We some- 
times run three separate programs on our two subchannels and main 
channel. Some of our subchannel subscriber accounts are as far out as 
seventy miles. Cross -talk has been no problem with our GEL Exciter 
although our transmitter is twelve years old. First, the only maintenance 
necessary has been an occasional tube change. We have experienced no 
component failure whatever." 

The only external connections required for the FMC Multiplex System 
are those made to existing FM Transmitter, to the main and sub -channel 
audio input equipments, and to a 110 volt. 60 cps, single-phase primary 
power source. 

Ask any user in your area about the GEL Multiplex System. We will be 
happy to furnish names on request. 

GEL makes available a complete FM line of 15KW and 1KW Transmit- 
ters, and Exciters for 
Multiplexing use. 

J 

converting conventional FM Transmitters to 

Write to Broadcast Sales, Dept. -3, 

for GEL FM Technical Bulletins 

GENERAL ELECTRONIC 

LABORATOR/ES, /NC. 

18 AMES STREET, CAMBRIDGE 42, MASSACHUSETTS 

'I... makeshift installation 
will soon need repairs . . ." 

MULTIPLEX starts on page 14 

This illustration of a typical met- 
ropolitan installation is not exag- 
gerated in the least but describes 
typical conditions that must be 
reckoned with. There have been lo- 
cations where it was more economi- 
cal to locate the receiver near the 
antenna and then feed the audio to 
the customer on the lower floors. 
There have also been cases where 
the antenna is located on a neigh- 
boring building in order to capture 
a better signal. These are all con- 
ditions that must be individually 
solved through the use of judgment 
gained from knowledge of the exist- 
ing problems. 

Let's turn our attention now to 
the weaker signal zones. Usually the 
weak signal areas are not in the 
locations where high buildings exist. 
Along with the weak signal, the man- 
niade electrical impulses must now 
be dealt with. A typical location 
would be a bank in a nearby suburb. 
In the bank will be all kinds of elec- 
trical fixtures and devices that man- 
ufacture interference. In this case 
the location of the antenna as high 
as possible and the use of proper 
co -ax lead-in is imperative. Orienta- 
tion is not as critical in the absence 
of multi -path but nevertheless must 
be reasonably correct and the same 
procedures can be followed if war- 
ranted. 

One point must be borne in mind 
-a good installation need only be 
made once and will last for years 
but a makeshift installation soon re- 
quires service and repairs. At this 
time I strongly advise the reading of 
several TV antenna handbooks for 
information that applies equally well 
to the field of FM multiplexing. 
These handbooks are available at 
every wholesale parts distributor 
and should be a guide book for bet- 
ter antenna installations that result 
in satisfactory multiplex service. 

Probably the greatest obstacle to 
overcome in the case of fringe area 
weak signal conditions is the impulse 
noise reception caused by automo- 
bile ignition as well as electrical de- 
vices located near the receiver. 

There now comes to light a prob- 
lem that exists in the receiver func- 
tion. Those experienced in the mat - 
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ter will verify that the multiplex 
signal has always been more suscep- 
tible to impulse noise than the regu- 
lar main channel reception. The ex- 
planation lies in the fact that the re- 
ceiver itself causes the noise pulse to 
phase modulate the received sub - 
carrier. This noise modulation can 
not be removed by limiting action. 
It can, however, be remedied in 
many cases by using the antenna in- 
stallation procedures outlined in this 
article. 

The currently available receivers 
are much less noise susceptible than 
earlier models and continued im- 
provement can be expected as time 
goes by. Even though the receiver 
ideal could be realized, the necessity 
of good antenna installation along 
with good judgment in wiring and 
mounting of units will always exist. 

There are quite a few types of FM 
antennas now available which meet 
all the requirements. We have found 
the type similar to the TACO five 
element Yagi together with a 300/72 
ohm matching transformer to be the 
most advantageous for most instal- 
lations. In weak signal cases we stack 
two of these using the phasing bars 
provided by the manufacturer. This 
builds up the signal to override the 
noise. Other antennas are available 
with built-in baluns that permit di- 
rect connection of 72 ohm RG59U. 

In the ideal strong signal situation 
where a short piece of wire produces 
a good signal we still advise the use 
of an antenna even though it is 

nothing more than a folded dipole 
made of twin -lead. This is to prevent 
the effects of reflection and multi - 
path often encountered under these 
conditions. The criterion will be the 
obtaining of stable limiting voltage 
over a period of time. The use of 
power line pickup is also possible in 
many strong signal areas. This is 

usually accomplished by coupling 
the antenna lead to one side of the 
power line with a small condensor. 
Within a few miles of the transmitter 
this often gives excellent reception 
but must be used with reservations 
since many conditions can cause 
variations of signal strength over a 
period of 24 hours. 

In conclusion I wish to impress 
upon the multiplex user that the in- 
vestment in good antennas, co -ax 
lead-in, along with proper training 
of the installer will be the cheapest 
investment in the long run. 

NO BETTER SOURCE FOR SPECIALIZED 
TRANSFORMERS THAN THE EXPERTS AT 

PEERLESS 
Since 1935, Peerless has been the pioneer - designing and manufacturing 
transformers of the highest reliability to most -exacting specifications of the 
electrical and electronics industries. A policy of creative engineering, pre- 
cision construction and rigid quality control has given Peerless acknowledged 
leadership-particularly in the design of specialized units. Pioneering in 
miniaturization, Peerless has also established the industry standards for 
reliability in sealing and ruggedness of packaging. Products range from 
units 1/10 cubic inch to more than 20 cubic feet, from fractional voltages 
to 30,000; from less than 1 cycle to almost a half megacycle; in 1, 2 and 
3 -phase or phase -changing configurations. Constructions cover the range 
from open -frame to potted, hermetically -sealed and vacuum -impregnated 
units. Whatever your transformer needs, Peerless can design to your specifi- 
cation and deliver in quantity. In addition to the units shown here, Peerless 

has solved these special problems: 

IMiniature Inductance Unit, 4.85 henrys (±7%) at 150 ma, DC 

Miniature 400 -cycle Filament Power Transformer for airborne operation 
Miniature Power Transformer, 3 -phase, 400 cps to 1, 2 and 3 -phase 
Miniature Audio Input Transformer, low-level input 
Miniature Hermetically -Sealed Output Transformer, 400 cps, high level 

LOW VOLTAGE, HIGH CURRENT AUDIO 
OUTPUT TRANSFORMER 16595 

Single-phase, oil - immersed unit rated at 
power level of 26KVA. Frequency response 
of ±.5 db from 20 cps to 5 KC. Above reso- 
nant frequency, at 28 KC, attenuation slope 
and phase shift are smooth and without 
irregularity. Suited to such applications as 

driving high -power shaker tables. 

20-20 PLUS SHIELDED INPUT 
TRANSFORMER K -241-D 
Small size for such superb performance. Frequency 
response, 1 db: 10 to 25,000 cps. Primary bal- 
anced to attenuate longitudinal currents in excess 
of 50 db. Secondary may be used single -ended or 
in push-pull. Electrostatic shield between primary 
and secondary has 90 db electromagnetic shield- 
ing. Maximum operating level, +8 dbm. 

Whatever your transformer needs, Peerless engineers can design 
to any military or commercial specification and manufacture in 
any quantity. See REM for complete catalogue of standard units 
or write for information to Dept. BE -12. 

ALTE[ 

PEERLESS 
ELECTRICAL PRODUCTS 

A DIVISION OF ALTEC LANSING CORPORATION 

6920 McKinley Avenue, Los Angeles 1, California 
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THE WORLD'S FIRST 

THREE ANTENNA 

CANDELABRA 

Three Baltimore stations have combined 

their antenna facilities to cut costs of an- 

tenna systems and provide better service. 

By W. J. GROVES* 

Figure 1. The Candelabra System overlooks the entire city 
of Baltimore. Here the new structure is shown in compari- 
son to WJZ's old tower. The suburbs of Washington, D. C. 
can be seen from the platform on a clear day. 

Interesting Facts About the 3 -Antenna Candelabra System 
Total Height (exact) 729 ft. 21/2 in. 
Tower Height (exact) 622 ft. 
Platform Height 16 ft. 
Platform Face 105 ft. 
Tower Face 12 ft. 
Center -to -Center Spacing 

of Antennas 101 ft. 
Truss Length 140 ft. 
Guy Levels 158 ft., 308 ft., 458 ft., and 602 ft. 

(Bottom of platform) 
WBAL, 18,600 lbs. Type TWA -12A, Ch. 11 

Antenna Weights WJZ, 18,600 lbs. Type TWA -12A, Ch. 13 
WMAR, 25,000 lbs. Type TF-6AL (Special) 

JTower 70 lbs./sq. ft. 
Antennas 70 lbs./sq. ft. 

Wind Velocity Limit 165 mph 
Weight of Steel Used 500 tons 
Amount of Concrete Used 2250 tons 
Length of Guy Wires Used 2 3 miles 
Amount of Paint Used 3000 lbs. 

Wind Loading 

"Radio Corporation of America, Camden. N. J. 

ON AUG. 9, 1959, the first three - 
antenna candelabra tower began 
operation in Baltimore. WBAL, 
WJZ, and WMAR are operating at 
maximum power from this unusual 
tower to provide TV viewers in Bal- 
timore with improved pictures. Five 
years of careful planning have pro- 
duced this amazing structure which 
could be the pattern for future can- 
delabra arrangements. 
Initial Planning 

Shortly after completion of the 
first candelabra for KRLD and 
WFAA in Dallas, the stations in 
Baltimore began to consider this 
type of arrangement. A separate 
corporation, called Television Tower, 
Inc. (TTI) , was formed to investi- 
gate the possibilities of the cande- 
labra arrangement. Each station be- 
came an equal stockholder in TTI, 
and each has equal control of its 
operation. 

Shortly after hurricane "Hazel" 
scathed the east coast in 1955, the 
stations in Baltimore decided that 
stronger towers must be built. Each 
station needed a tower that would 
stand up under hurricane winds, 
thus any new tower built in Balti- 
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more, it was decided, must meet this 
requirement. When the candelabra 
antenna system was finally selected, 
it was designed to withstand winds 
greater than any that had been pre- 
viously recorded in the area. 

A second problem was height of 
a new tower. The FCC had set 1,000 
ft. as maximum for the area; how- 
ever, the Civil Aeronautics Com- 
mission would only permit a height 
of 730 ft. Here TTI compromised 
and erected a structure 730 ft. in 
height with built in provisions for 
raising the structure to a full 1,000 
ft. if approval for the additional 
height were obtained later. 

Where to erect it was the next 
question. WJZ's facilities offered the 
best point in Baltimore. The site 
selected for the structure is at an 
elevation of 300 ft. above sea level. 
This gives the tower a height of 
1,030 ft. above average terrain, yet 
it still meets CAA requirements. 
The WJZ site also offered ample 
room for guy anchor points within 
the property limits, and enough 
space for WBAL and WMAR to 
erect new transmitter buildings. 

Scale Model Tested 
Before building this radically dif- 

ferent type of tower, the stations 
decided to have RCA (the prime 
contractor) investigate the feasibil- 
ity of the three -antenna candelabra. 
Figure 3 shows an exact scale model 
constructed for this purpose. From 
this model several important facts 
were determined: (1) the exact cen- 
ter -to -center spacing of the anten- 
nas, (2) the width of the triangu- 
lar platform, (3) the effects of each 
antenna upon the other, and (4) 
the type of coverage to be obtained. 
At this time each station was con- 
sidering the superturnstile type of 
antenna; however, WBAL and WJZ 
later decided to use the Traveling 
Wave Antenna while WMAR se- 
lected a custom built superturnstile 
antenna. The accuracy of scale mod- 
el testing has been proven by the 
actual results of the candelabra in- 
stallation, since all data obtained 
from the model corresponded with 
the final structure. Scale model 
testing eliminated the chance for er- 
rors that could have proved very 
costly on the completed structure. 

Figure 2. Extensive testing proved the feasibility of this Can- 
delabra system. A scale model, shown here, was constructed by 
RCA to determine the exact spacing of the antennas and their 
effects upon each other. The accuracy of this small model has 
been proved in the performance of the completed structure. 

The Tower Proper 
Built by Jjresser-Ideco, the tower 

has three legs which are 12 -ft. apart 
at the base and, for the first 480 -ft. 
of the structure are solid steel, 7 

inches in diameter (see Fig. 4) . A 
special high nickel -chrome alloy steel 
having very strong corrosion resist- 
ant characteristics was used in the 
structure. If ordinary steel had been 
used, the legs would have to have 
been almost 12 -inches in diameter. 
Above the 480 -ft level the leg di- 
ameter reduces to 53/4 inches. Diag- 
onals are made of 13% inch solid steel 
alloy. 

Wind loading of the tower is 70 
pounds per -square foot, equivalent 
to peaks of 165 mph winds. Towers 
used in Baltimore before the Can- 
delabra were only 80 mph structures, 
thus hurricane dangers have been 
greatly minimized. 
Dual Guys 

Twelve sets of dual galvanized guy 
wires support the structure at four 
levels (see Fig. 5) . Size of the guy 
wires range from 1 5/16 to 178 -inch 
stranded bridge -type steel cable. 
Breaking strengths, from 212,000 to 

Figure 3. The solid steel legs of the tower are shown here. 
Extra strength is obtained from the elaborate cross bracing in 
the tower. Note that when this photograph was taken the plat- 
form erection was in progress. 
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432,000 pounds offer ample protec- 
tion. The dual guys afford extra re- 
liability and make it easier to re- 
place them without jeopardizing the 
structure. Figure 6 reveals the ex- 
traordinary size of the guy turn- 
buckles. A total of 14,700 ft. (2.8 
miles) of bridge cable was used in 
the guy wires. Two "Stockbridge" 
harmonic guy dampers are used in 

Figure 4. This shows the four guy levels, their size and material 
of construction, as well as overall tower dimensions. Note the 
microwave platform at the 318 -foot level. The exact overall 
height of the structure is 7291/2 -feet. 

Figure 6. This is the tower base which measures 15 feet on each 
face. The reinforced concrete used in this base was poured to a 

depth of 20 feet to compensate for conditions caused by a nearby 
quarry. 

each guy wire to eliminate harmonic 
vibration. 
Tower Base 

A 20 -ft. deep, hexagon -shaped re- 
inforced -concrete pier supports the 
weight of the tower (see Fig. 7) . 

This base is 15 ft. on each face, and 
it withstands a complex thrust of 
3,800,000 pounds, a bending mini- 
mum of 5,300,000 foot-pounds and a 

Figure 5. One of the guy turnbuckles is shown in comparison to 
a man. (A dual guy system is used, making it easier to replace 
guy wires without jeopardizing the entire structure). 

horizontal shear of 68,000,000 
pounds. The tower base, as well as 
the entire structure was designed to 
withstand earthquake conditions, 
because of blasting at a nearby 
quarry. A total of 2250 tons of con- 
crete were used for the base and 
the three anchor points. It took a 
line of concrete trucks spaced six 
minutes apart from 5 a.m. to 8 p.m. 

Figure 7. Three guy -anchor points, each identical to the one 
shown here, are used to support this tower. Extra anchor points 
were installed for future elevation of the structure. The anchors 
are 16 feet deep and 33 feet on a side, made of reinforced 
concrete. 
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to fill just one of these four excava- 
tions with concrete. 
Guy Anchors 

Each of the three anchors is in 
the form of a concrete polygon 
buried flush with the ground (see 
Fig. 8) . The 16 -ft. deep concrete 
anchors are 33 ft. on a side. The an- 
chor points are of molded concrete, 
and extra points were poured an- 
ticipating a future increase in tow- 
er height. The anchors were designed 
for an upward thrust of 3,320,000 
pounds and a horizontal shear of 
1,734,000 pounds. 

Figure 8. The platform, shown from the air, begins at the 625 - 
foot level. The two Traveling Wave and one Superturnstile an- 
tennas are mounted on the corners of the platform. In the 
center is the penthouse, connecting with each antenna by cat- 
walks. One of the microwave dishes and a standby two -bay 
superturnstile antenna can also be seen. 

Figure 9. This is a drawing of the platform showing location of 
catwalks, penthouse, and antennas. The platform measures 105 
feet, end to end, on a face. 

BURRED PLATE 
PLATFORM 

FLOOR KEY 

SKYWALII EXPANDED 
METAL MESH 

.. 

IDECO BURRED PLATE 
(PERFORATED PLATE) 

-- - PLAIN (SOLID) = STEEL PLATE 

O 

ANTENNA POLE 

The Platform 
The Candelabra platform was 

built 625 ft. above ground. Triangu- 
lar in shape, the platform is 105 ft. 
on a face and is 16 feet high, sup- 
porting over 60,000 pounds of an- 
tennas including auxiliaries and mi- 
crowave equipment (see Figs. 9 and 
10) . Knee braces support the plat- 
form at a point 140 ft. from the 
top of the tower (see Fig. fe) . Steel 
catwalks on the lower level of the 
platform permit maintenance on the 
antennas and microwave gear. At the 
platform Level a person has a view 

__--ANTENNA POLE 

LADDER UP TO GUIDE 
FLANGE LEVEL 

.3FT WIDE CATWALK 
FOR MICROWAVE 
ANTENNAS 

CATWALK 

ie'E:;::eei::'f.iefeee:ti.': 
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OF INTERIM ANTENNA 
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TRUSS -D 

Ó 

TRUSS -5 
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for 33 miles, almost to Washington, 
D. C., on a clear day. 
Antennas 

Each corner of the triangular plat- 
form supports one antenna. WBAL 
and WJZ are using Traveling Wave 
Antennas while WMAR is using a 
custom built special TF-6AL Super - 
turnstile antenna (see Figs. 11 and 
12). An emergency antenna for 
WBAL is mounted on the center of 
the platform face, consisting of two 
bays of a Superturnstile (see Fig. 
9) . WJZ plans to hang a separate 
aural antenna from the bottom of 

Figure 10. This is one of the Traveling Wave Antennas as seen Figure I I. WMAR's custom built Superturnstile antenna is shown 
looking up from the platform catwalk. on the ground just after final assembly. 
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the platform, and to use the Travel- 
ing Wave Antenna for visual only. 
In an emergency WJZ will be able to 
use either antenna for both aural 
and visual signals. The special 
WMAR Superturnstile has split feed 
provisions so that either the upper 
or lower six sections can be used 
separately. 

Preliminary tests made on these 
antennas indicate that all predicted 
performance data will be met. The 
emergency antenna arrangements of- 
fer the stations added reliability, 

and permit operation at reduced 
power in case of damage or for nor- 
m al maintenance. 
Transmission Lines 

WMAR is using two 61/8 -inch line 
for the main feeds. WBAL and WJZ, 

Figure 12. The transmission line of each station is run to the 
tower on a steel frame as shown here at the WBAL building. 
Small pipes have been mounted over the lines to prevent damage 
from falling ice. 

Those Who Participated In This Candelabra 
System 

1. The Engineering Committee of Television Tower, 
Inc. WBAL-TV, John Wilner (Chairman); WJZ- 
TV, Ben Wolfe; WMAR-TV, Carl Nopper. 

2. Television Tower, Inc. Board of Directors: WBAL. 
TV, Mr. Provost and Mr. Gunts; WJZ-TV, Mr. 
McClay and Mr. Wolfe; WMAR-TV, Mr. Jett 
and Mr. Schmick of the Sunpapers. 

3. Prime Contractor: Radio Corporation of America; 
Broadcast and Television Equipment Division. 

4. Tower Design and Fabrication: Dresser-Ideco, Inc., 
Columbus, Ohio. 

5. Foundation Contractor: Whiting -Turner Contract- 
ing Co., Baltimore. 

6. Tower Erector: J. F. Beasley Construction Co., 
Oklahoma City. 

7. Antennas and Transmission Lines: Radio Corpora- 
tion of America, Broadcast and Television Equip- 
ment Division. 

8. Mechanical Consultant: Dr. Robert Rowe, Duke 
University. 

9. Roadway Grading: Drummond and Co., Baltimore. 
10. Underground Power. Baltimore Gas and Electric 

Co. 
11. Underground Television Telephone Facilities: 

Chesapeake and Potomac Telephone Co. 

have installed 81/8 -inch auxiliary 
lines and 61/8 -inch main lines. 
WBAL's lines run approximately 
825 ft., WJZ runs 897 ft. and 
WMAR is the shortest with a 746 
ft. run. Transmission lines are run 

.. 
I o, ,I 

Figure 13. Transmitter building locations are shown in relation 
to the tower. The guys are shown with the longest running 
south, downhill. 

Figure 14. The Candelabra is shown in contrast to the sur- 
rounding terrain The overall height of the structure is approxi- 
mately 1000 feet above sea level; however, the physical height 
of the structure is 730 feet. 
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to the tower base on steel supporting 
braces (see Fig. 14) . Above the 
transmission lines the stations have 
placed a row of small pipes to pro- 
tect the transmission lines from 
falling ice. 
Tower Elevator 

A two -man radio -controlled eleva- 
tor has been installed within the 
tower for maintenance (in an emer- 
gency it could carry four men) . The 
elevator takes personnel to the floor 
level inside the penthouse at the 
top of the tower. Two-way com- 
munication is possible at all times 
from elevator to ground. The eleva- 
tor can be controlled from the 
ground or the penthouse on the plat- 
form, as well as from within the 
elevator itself. 
Microwave Facilities 

A 3 -ft. catwalk built around the 
tower at the 300 -ft. level is used for 
microwave antennas. The stations 
will use microwave at this level pri- 
marily for studio -transmitter links. 
WBAL and WMAR to move their 
remote microwave gear mounted on 
the upper portion of the platform. 
These three antennas have been 
placed close to the roof of the pent- 
house on the platform. WJZ does 
not require a STL link since its stu- 
dios are at the tower site. 
Station Facilities 

The Baltimore Candelabra tower 
was built on land recently pur- 
chased from WJZ, and this required 
WBAL and WMAR to move their 
transmitter plants to the new site. 
The new buildings erected by 
WBAL and WMAR are adjacent to 
the antenna base. WJZ has both 
studio and transmitter facilities at 
the site, eliminating microwave 
links. Figure 15 shows the tower and 
guy locations in relation to the var- 
ious buildings; transmission line runs 
are also indicated. 
Costs Equal for Each 

With each station absorbing one 
third of the total cost of this Can- 
delabra tower the cost per station 
obviously became lower. Now that 
this candelabra is operating the 
maintenance costs should be lower 
for each station. This type of an- 
tenna arrangement also benefits the 
TV viewer, by making it simpler to 
orient antennas. Baltimore's new 
Candelabra system is the only one 
of its type in the world, and it is 
a tribute to the stations coopera- 
tion. 

In planning the new control 
room for their famous Stage 6, 
Paramount Television specified 
only the best equipment manu- 
factured. Included in this choice, 
naturally, were Conrac video 
monitors. Why Conrac? "Be- 
cause of their unfailing ability 
to display all the information 
just as it is, without distortion, 
and do it dependably day after 
day after day," is the way John 
Silva put it. Whether you're 
building a new facility or ex- 
panding your present operation, 
it will pay you, too, to select 
Conrac - the finest in video 
monitoring equipment. 

JOHN SILVA, 
Chief Engineer 
Paramount 
Television 
Productions: 

"For our new 
control room, 
CON RAC 
MONITORS 
were the 
natural 
choice..." 

EVERY CONRAC MONITOR FROM 8" THROUGH 27" BROADCAST 
OR UTILITY includes these 

important features: 
* Video response flat to 10 megacycles 

* DC restorer - with "In -Out" switch 

* Provision for operation from external 
sync - with selector switch 

* Video line terminating resistor and 
switch 

Conrac Monitors Are Distributed by - RCA 

GENERAL ELECTRIC 
AMPEX and 

VISUAL ELECTRONICS C C7 INC. 
Makers of Fine Fleetwood Home Television Systems 

Dept. K, Glendora, California 

TELEPHONE: COVINA, CALIFORNIA, EDGEWOOD 5-0541 
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FOR COMPLETE DEMONSTRATION OF THE Induethy Nuvi 

Foto -Video Appoints 
Sales Manager 

ously served as 
representative in 
City -New Jersey 
ground includes five years as direc- 
tor of engineering for the Cornell 
University commercial broadcast 
station. He also held engineering 
posts with WNEW, New York, and 
Federal Telephone & Telegraph Co. 

Foto - Video 
Electronics, 30-36 
Commerce Road, 
Cedar Grove, N. 
J., has announced 
the appointment 
of Herbert P. 
Michels to the 
post of East 
Coast sales man- 
ager. He previ - 
engineering sales 
the New York 
area. His back- 

KSTP-TV Modernizes 
KSTP-TV in Minneapolis -St. Paul 

has launched a broad range mod- 
ernization program which will give 
them a full array of the latest tech- 
nical equipment housed in expanded 
quarters. The new equipment in- 
cludes a station break automation 
system, TV tape recorders, complete 
color facilities, transistorized switch- 
ing equipment and a mobile studio 
capable of handling both color or 
black -and -white remote programs. 

The KSTP-TV engineering staff 
was assisted by RCA engineers in 
drawing up plans for the integrated 
layout which features the central- 
ization of all equipment in one area. 
The KSTP-TV equipment central 
will be a 60 by 80 ft. room in a new 
addition to the present building. A 
new 40 by 60 ft. color studio will be 
in the addition. A studio which will 
allow closed circuit TV presenta- 
tions for audiences up to 300 per- 
sons is included. Strategically lo- 
cated monitors will bring each indi- 
vidual within easy viewing range. 

A station break automation sys- 
tem for handling up to a dozen 
events during the break period will 
be used. Three transistor switching 
systems are included for the two 
main studios and master control. 
The master control switcher can be 
controlled by the automation equip - 

PR -10 
SEE YOUR AMPEX PROFESSIONAL DEALER 
ALABAMA 
BIRMINGHAM 
Ack Radio Supply Co. 
3101 - 4th Avenue So. 

ARIZONA 
PHOENIX 
Bruce's World of Sound 
2711 E. Indian School Rd. 

CALIFORNIA 
EL MONTE 
Audio Supply 
543 So. Tyler Ave. 

FRESNO 
Tingey Co. 
847 Divisadero St. 

HOLLYWOOD 
Franklin Electronics 
1130 El Centro St. 
Ralke Co. 
849 No. Highland Ave. 

LONG BEACH 

Scott Audio Co. 
266 Alamitos St. 

LOS ALTOS 
Audio Center, Inc. 
293 State St. 

LOS ANGELES 
Arco Electronics Ill So. Vermont Ave. 
California Sound 
310 No. Hoover St. 
Craig Corporation 
3410 So. La Cienega Blvd. 
Kierulff Sound Corp. 
1015 So. Figueroa St. 
Magnetic Recorders Co. 
7120 Melrose Ave. 

PALO ALTO 

Mardix Co. 
2115 El Camino Real 

SACRAMENTO 
McCurry Co. 
8th & I St. 

SAN DIEGO 
Radio Parts Co. 
2060 India St. 

SAN FRANCISCO 
Magnetic Recorders Inc. 
1081 Mission St. 

SAUGUS 
Sylmar Electronics 
26000 Bouquet Canyon Rd. 

COLORADO 
DENVER 
Davis Audio Visual Inc. 
2149 So. Grape 
Electric Accessories 
1260 Blake 

CONNECTICUT 
NEW HAVEN 
Radio Shack Corporation 
230 Crown St. 

DISTRICT OF COLUMBIA 
WASHINGTON 
Shrader Sound, Inc. 
2803 M Street, N. W. 

Wilson Gill Inc. 
1 Thomas Circle, N. W. 

FLORIDA 
INDIALANTIC 
McHose Music 
145 Fifth Ave. 

JACKSONVILLE 
Fidelity Sound Inc. 
1427 Landon Ave. 
Southeast Audio Co. 
1125 Roselle St. 

MIAMI 
East Coast Radio of Miami 
1900 N. W. Miami Cl., N. W. 

Flagler Radio Co. 
1068 W. Flagler St. 

ORLANDO 
East Coast Radio of Orlando 
1012 Sligh Blvd., S. W. 

PENSACOLA 
Grice Electronics Inc. 
300 E. Wright St. 

TAMPA 
Burdett Sound 
3619 Henderson Blvd. 

GEORGIA 
ATLANTA 
Ack Radio Supply Co. 
331 Luckie St., N. W. 

Electronic Equipment Inc. 
526 Plaster Ave., N. E. 

HAWAII 
HONOLULU 
John J. Harding Co., Ltd. 
1514 Kona St. 
Precision Radio Co. 
1160 So. King St. 

ILLINOIS 
CHICAGO 
Allied Radio Company 
100 N. Western Ave. 
Fried's Incorporated 
3801 W. 26th St. 
Newark Electronics Corporation 
223 W. Madison St. 
OUINCY 
Gates Radio Company 
123 Hampshire 

INDIANA 
INDIANAPOLIS 
Radio Distributing Company 
814 N. Senate 
SOUTH REND 
Colfax Company, Incorporated 
747 S. Michigan 

IOWA 
CEDAR RAPIDS 
Collins Radio Company 
5200 C Avenue 

LOUISIANA 
BATON ROUGE 
Southern Radio Supply Co. 
1112 North Blvd. 
NEW ORLEANS 
South Radio Supply Co. 
1909 Tulane Ave. 

MARYLAND 
BALTIMORE 
High Fidelity House 
5127 Roland Ave. 

MASSACHUSETTS 
BOSTON 
De Mambro Radio Supply 
1095 Commonwealth Ave. 
Radio Shack Corporation 
730 Commonwealth Ave. 
CAMBRIDGE 
Hi Fi Lab 
1071 Massachusetts Ave. 
NEEDHAM HEIGHTS 
Industrial Electronic Supply 
150 A Street 
SPRINGFIELD 
Del Padre Supply Co. 
999 Worthington St. 

WELLESLEY 
Music Box 
58 Central Ave. 

WORCESTER 
De Mambro Radio Supply 
222 Summer St. 

MICHIGAN 
ANN ARBOR 
Wedemeyer Electronic Supply 
215 N. 4th Ave. 

DETROIT 
K -L -A Laboratories, Inc. 
7375 Woodward Ave. 

Pecar Electronics 
11201 Morang 
Reiss Public Address Systems 
7629 E. Jefferson 

GRAND RAPIDS 
Kaminga Electric Company 
1337 Judd Avenue S. W. 

MINNESOTA 
MINNEAPOLIS 
Lew Bonn Company 
1211 LaSalle Ave. 

MISSOURI 
KANSAS CITY 
B -A Hi Fidelity 
301 East 55th St. 
Burstein.Applebee Company 
1012 McGee St. 

NEBRASKA 
OMAHA 
House of Hi Fi 
4628 Dodge St. 

NEVADA 
LAS VEGAS 
Rugar Electronics 
517 Tumbleweed Lane 

NEW JERSEY 
CAMDEN 
Radio Electric Service Co. 
of New Jersey 
513 Cooper St. 

PATERSON 
Magnetic Recording Co. 
344 Main St. 

NEW MEXICO 
SANTA FE 

Sanders & Associates 
70 West Marcy St. 

NEW YORK 
BUFFALO 
Buffalo Audio Center 
161 Genesee St. 

NEW YORK CITY 
Camera Equipment Co. 
315 West 43rd St. 
Harvey Radio Co. 
103 West 43rd St. 

Lang Electronics 
507 Fifth Ave. 
Sonocraft Corp. 
115 West 45th St. 
Visual Electronics 
356 West 40th St. 

ROCHESTER 
Rochester Radio Supply 
600 East Main St. 

SYRACUSE 
W. G. Brown Sound 
521 East Washington St. 

TUCKUH0E 
Boynton Studio 
10 Pennsylvania Ave. 

NORTH CAROLINA 
WINSTON-SALEM 
Dalton -Hoge Incorporated 
938 Burke St. 

OHIO 
CINCINNATI 
Customcrafters Audio, Inc. 
2259 Gilbert Ave. 

COLUMBUS 
Electronic Supply Corporation 
134 E. Long St. 

DAYTON 
Custom Electronics Incorporated 
1918 S. Brown St. 
S repco, Incorporated 
314 Leo 

TOLEDO 
Warren Radio 
1002 Adams St. 

OKLAHOMA 
NORMAN 
Thomson Sound Systems 
315 W. Boyd 

AUDIO PRODUCTS DIVISION 

AMPEX PROFESSIONAL PRODUCTS COMPANY 
934 Charter Street Redwood City, California 

OREGON 
SALEM 
Cecil Farnes Co. 
440 Church N. E. 

PENNSYLVANIA 
PHILADELPHIA 
Austin Electronics Inc. 
1421 Walnut St. 
Radio Electric Service Co.. of Pa. 
7th and Arch Sts. 

ROSLYN 
Grove Enterprises 
1383 Easton Rd. 

RHODE ISLAND 
PROVIDENCE 
De Mambro Radio Supply 
1292 Westminister St. 

SOUTH CAROLINA 
COLUMBIA 
Dixie Radio Supply Co. 
1700 Laurel St. 

SOUTH DAKOTA 
SIOUX FALLS 
Warren Supply Co. of So. Dakota 
115 S. Indiana Ave. 

TENNESSEE 
MEMPHIS 
W & W Distributing Co. 
644 Madison Ave. 

NASHVILLE 
Nicholson's High Fidelity Center 
113 - 19th Avenue So. 

TEXAS 
ARLINGTON 
Audio Acoustic Equipment Co. 
130 Fairview Drive 

DALLAS 
Audio Acoustic Equipment Co. 
5645 N. Central Expressway 

EL PASO 

Sanders & Associates 
1225 East Yandall St. 

HOUSTON 
Busacker Electronic Systems Inc. 
1216 W. Clay St. 
Gates Radio Co. 
2700 Polk Ave. 

MIDLAND 
Midland Camera Co. 
317 N. Colorado St. 

SAN ANTONIO 
Modern Electronics Co. 
2000 Broadway 

UTAH 
SALT LAKE CITY 
Standard Supply Co. 
225 E. 6th Street South 

VIRGINIA 
NORFOLK- RICHMOND- ROANOKE 
Radio Supply Co. Inc. 

RICHMOND 
J. M. Stackhouse Co. 
5803 Patterson Ave. 

WASHINGTON 
SEATTLE 
Electricraft, Incorporated 
1408 - 6th Ave. 
Western Electronics Supply Co. 
717 Dexter St. 

SPOKANE 
20th Century Sales Inc. 
West 1621 First Ave. 

WISCONSIN 
MILWAUKEE 
Beacon Electronics Division 
715 N. Milwaukee St. 
Steffen Electro Art Company 
5101 W. Lisbon 

AMPEX 
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...FEATURES YOU NEED 
AND CAN AFFORD 

Here in an Ampex under $7000 are all the features broadcasters have requested- 

combined in a professional recorder so compact it fits just 74 inches of rack space. 

The Ampex PR -70 offers complete remote control, full monitoring facilities, two pro- 

fessional speeds, optional self -threading, all -electric pushbutton controls, and new 

frictionless clutch system for gentle tape handling. Alignment controls are all acces- 

sible from the front panel, permitting simple installation and adjustment. All parts 

have been thoroughly life -tested to give broadcasters assurance of studio quality 

performance and low maintenance over a long life of continuous daily operation. 

FEATURES AND ESSENTIAL DATA PR -10-1 Monophonic model ($845) available full track or half track- 
PR-10-2 Stereo/Monophonic model ($945) records and ploys stereophonic, monophonic, sound -on -sound, cue track, selective 
track and two -microphone sound Pushbutton controls of professional relay/solenoid type Full remote control provisions and 
accessory remote unit New automatic 2 -second threading accessory, optional All new compact electronics Professional 
monitoring includes A -B switches, VU meter-, and 600 ohm output circuits Separate erase, record and play heads on individual 
mounts Open fourth head position for optional 4 -track or other playback head Two speeds: 15 and T/, ips or 7'/, and 3'/, 
ips Hysteresis synchronous motor Proved electrodynamic clutch system for lowest flutter ever in a portable/compact recorder 

Plug-in modules for flexibility of equalization and input characteristics Portable or rack mount Dimensions for both 
models: 19" w by 14" h permitting easy -eplacement of many older rack recorders Associated equipment includes a four - 

position stereo/mono mixer (MX -10) and a new 40 watt speaker -amplifier system (SA -10). 

ASK YOUR AMPEX PROFESSIONAL DEALER FOR A DEMONSTRATION SOON. till 

Complete descriptive literature available from Ampex. Write dept. 8E-2 

AMPEX PROFESSIONAL PRODUCTS COMPANY 934 Charter St., Redwood City, Calif. Ampex of Canada, Ltd., Rexdale, Ontario. 
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Broadcast Engineers count 

on the peak performance of 

Raytheon / Machlett Tubes. 

These quality products at 

factory prices, plus complete 

technical data, are available 

from the Raytheon distributor 

nearest you ... 

RAYTHEON DISTRIBUTOR PRODUCTS DIVISION 411 PROVIDENCE TURNPIKE WESTWOOD, MASS. 

RAYTHEON COMPANY 
DISTRIBUTOR PRODUCTS D'VISION 

Raytheon Distributors 
Serving Key Markets 
Include: 
Alabama 
Birmingham 

Forbes Distributing Company 
AL 1-4104 
MG Electrical Equipment Company 
FAirfax 2-0449 

Mobile 
Forbes Electronic Distributors, Inc. 
HE 2-7661 

Arizona 
Phoenix 

Radio Specialties & Appl. Corp. 
AL 8-6121 

Tucson 
Standard Radio Parts, Inc. 
MA 3-4326 

California 
Burbank 

Valley Electronic Supply Co. 
Victoria 9-3944 

Glendale 
R. V. Weatherford Co. 
Victoria 9-2471 

Hollywood 
Hollywood Radio & Electronics, Inc. 
HO 4-8321 

Inglewood 
Newark Electronics Company 
ORchard 7-1127 

Los Angeles 
Federated Purchaser 
BRadshaw 2-8771 
Graybar Electric Company 
ANgelus 3-7282 
Kieruiff Electronics, Inc. 
Richmond 8-2444 

Oakland 
Brill Electronics 
TE 2-6100 
Elmar Electronics 
TEmplar 4-3311 

Palo Alto 
Zack Electronics 
DA 6-5432 

San Diego 
Radio Parts Company 
BE 9-9361 

San Francisco 
Fortune Electronics 
UN 1-2434 

Santa Ana 
Airtonic Sales, Inc. 
Kimberly 5-9441 

Santa Monica 
Santa Monica Radio Parts Corp. 
EXbrook 3-8231 

Colorado 
Denver 

Ward Terry Company 
AMherst 6-3181 

Connecticut 
East Haven 

J. V. Electronics 
HObart 9-1310 

District of Columbia 
Electronic Industrial Sales, Inc. 
HUdson 3-5200 

Florida 
Miami 

East Coast Radio & Television Co. 
FRanklin 1-4636 
Electronic Equipment Co., Inc. 
NEwton 5-0421 

West Palm Beach 
Goddard Distributors, Inc. 
TEmple 3-5701 

Illinois 
Chicago 

Allied Radio Corporation 
HAymarket 1-6800 
Newark Electronics Corp. 
STate 2-2944 

Indiana 
Indianapolis 

Graham Electronics Supply Inc. 
MElrose 4-8486 

Maryland 
Baltimore 

Wholesale Radio Parts Co., Inc. 
MUlberry 5-2134 

Massachusetts 
Boston 

Cramer Electronics, Inc. 
COpley 7-4700 
DeMambro Radio Supply Co., Inc. 
AL 4-9000 
Graybar Electric Co. 
HUbbard 2-9320 
Lafayette Radio Corp. of Mass. 
HUbbard 2.7850 

Michigan 
Ann Arbor 

Wedemeyer Electronic Supply Co. 
NOrmandy 2-4457 

Detroit 
Ferguson Electronics, Inc. 
UN 1-6700 
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Mississippi-Jackson 
Ellington Radio, Inc. 
FL 3-2769 

Missouri 
Kansas City 

Burstein-Applebee Company 
BAltimore 1-1155 

St. Louis 
Graybar Electric Company 
JEfferson 1-4700 

New Hampshire-Concord 
Evans Radio 
CApital 5-3358 

New Jersey 
Camden 

General Radio Supply Co. 
WO 4-8560 (in Phila.: WA 2-7037) 

New Mexico 
Alamogordo 

Radio Specialties Company, Inc. 
HEmlock 7-0307 

Albuquerque 
Radio Specialties Company, Inc. 
AM 8-3901 

New York 
Binghamton 

Stack Industrial Electronics, Inc, 
RA 3-6326 

Buffalo 
Genesee Radio & Parts Co., Inc. 
DElaware 9661 
Wehle Electronics Inc. 
TL 4.3270 

Elmira 
Stack Industrial Electronics, Inc. 
RE 3-6513 

Ithaca 
Stack Industrial Electronics, Inc. 
IThaca 2-3221 

Mineola, Long Island 
Arrow Electronics, Inc. 
Pioneer 6-8686 

New York City 
H. L. Dalis, Inc. 
EMpire 1-1100 
Milo Electronics Corporation 
BEekman 3-2980 
Sun Radio & Electronics Co., Inc. 
ORegon 5-8600 
Terminal Electronics, Inc. 
CHelsea 3-5200 

Ohio 
Cincinnati 

United Radio Inc. 
CHerry 1-6530 

Cleveland 
Main Line Cleveland, Inc. 
EXpress 1-4944 
Pioneer Electronic Supply Co. 
SUperior 1-9411 

Columbus 
Buckeye Electronic Distributors, Inc. 
CA 8-3265 

Dayton 
Srepco, Inc. 
BAldwin 4-3871 

Oklahoma-Tulsa 
S & S Radio Supply 
LU 2-7173 

Oregon-Portland 
Lou Johnson Company, Inc. 
CApital 2.9551 

Pennsylvania 
Philadelphia 

Almo Radio Company 
WAlnut 2.5918 
Radio Electric Service Co. 
WAlnut 5-5840 

Pittsburgh 
Marks Parts Company 
FAirfax 1-3700 

Reading 
The George D. Barbey Co., Inc. 
FR 6-7451 

Tennessee 
Knoxville 

Bondurant Brothers Company 
3-9144 

Texas 
Dallas 

Graybar Electric Company 
Riverside 2-6451 

Houston 
Busacker Electronic Equipment Co. 
JAckson 6-4661 
Harrison Equipment Company 
CApitol 4-9131 

Utah-Salt Lake City 
Standard Supply Company 
EL 5-2971 

Virginia-Norfolk 
Priest Electronics 
MA 7-4534 

Washington-Seattle 
Western Electronic Company 
AT 4.0200 

West Virginia -Bluefield 
Meyers Electronics, inc. 
DAvenport 5.9151 

ment. Two new RCA TK -41 cam- 
eras will be employed for live color 
broadcasts to complete the color 
facilities which include color 
equipped recorders. A special mobile 
unit accommodates four mono- 
chrome and two color cameras. 
Built-in microwave facilities will be 
used for the studio link. Mono- 
chrome cameras equipped with 41jß 

inch image orthicons will be used 
for higher quality. The moderniza- 
tion project will be completed with 
a new 25 kilowatt transmitter. RCA 
is furnishing the major equipment 
items. 

Norton Appointed at Ampex 
Charles E. Norton has been ap- 

pointed manager of Ampex Inter- 
national's Video Marketing Depart- 
ment, according to an announcement 
by Ralph E. Endersby, AI Market- 
ing Division Manager. In his new 
position Norton will be responsible 
to Endersby for supporting Video- 
tape television recording marketing 
activity by Ampex International 
outside the United States. 

Norton was formerly southern 
area manager for the Radio Corp. 

of America. Headquartered in Dal- 
las, he was in charge of engineering 
and sales of RCA communications 
equipment for the southern half of 
the United States. 

Before joining RCA in 1953, he 
was manager of his own company 
specializing in the installation of 
broadcast and antenna systems. 

New Translator Firm 
Electronics, Missiles & Commu- 

nications, Inc., has established head- 
quarters at 262 E. Third St., Mount 
Vernon, N. Y. The newly formed 
firm will produce translators and 
microwave relay equipment espe- 
cially adapted for handling televi- 
sion signals. The company's line in- 
cludes a one -watt VHF TV transla- 
tor built to broadcast standards. 
The firm also offers a control and 
identification which will be re- 
quired by many translators to meet 
new F.C.C. rulings. 

President of the firm is Dr. B. W. 
St. Clair who formerly was director 
of research development at Adler 
Electronics, Inc. Henry Shapiro and 
Robert F. Romero have joined the 
company as vice-presidents. 

OVER 475 
OrnumeTcoi-ja2FD-k 

USERS 

Over 475 AM, FM and TV stations throughout the world have - 
Increased normal effective voice power up to 2'h times. 
Improved overall limiter and AGC amplifier performance. 
Symmetrized non -symmetrical audio peak excursions. 

Symmetra-Peak is a special passive network and its function is not 
duplicated by limiters or AGC amplifiers. Thus, Symmetra-Peak gives up 
to 4 db additional boost in station coverage. Order today or get a first- 
hand report by writing for a list of Symmetra-Peak customers in your 
own area. 

ANOTHER FIRST BY THE DEVELOPER OF 

CSSB AND FULL RANGE AM STEREO 

Price: $295.00 FOB Freeport, New York. 

KAHN RESEARCH LABORATORIES, Inc. 
81 South Bergen Place, Freeport, New York, FReeport 9-8800 

World Wide Suppliers of Modern Communications Systems 
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1 Kw TRANSMITTER` 

From an Engineers' Viewpoint 
The"Bauer Kit"Model 707 is the only 
1000/250 watt AM transmitter with 
Silicon Rectifiers in all power sup- 
plies, a Variable Vacuum Capacitor 
and a Constant Voltage Transformer. 
Your assurance of maximum reli- 
ability and optimum performance. 
Note the simplicity of design with 
easy accessibility to all components, 
too. All components are standard 
items available at local sources. 
Assembly of the "Bauer Kit" is 
actually easier than many consumer 
audio kits - the wiring harness 
is furnished completely pre -fabri- 
cated and coded. And when you 
complete the transmitter it will be 
fully inspected, tested and guaran- 
teed by the Bauer Electronics Cor- 
poration. 
Bauer 1 Kw Transmitter 

(In Kit Form) $3495.00* 
Bauer 1 Kw Transmitter $4495.00* 

"FOB San Carlos, California 

WRITE FOR THE COMPLETE 
ENGINEERING STORY TODAY! Bauer BE -I 15 

ELECTRONICS CORPORATION 
1663 Industrial Rd. San Carlos, California 

Indu,IN Neune 

Good Results in 
Stereo Tests 

A. Prose Walker, manager of en- 
gineering for the NAB, reports that 
good results have been obtained with 
the five stereophonic broadcast sys- 
tems tested in the field trials at 
Uniontown, Pa. Any one of the five 
systems tested may be adopted, a 
composite of several, or a com- 
pletely different system may be 
chosen. The F.C.C. is expected to 
establish the FM stereo standards 
early next year. 

The field trials were conducted by 
the National Stereophonic Radio 
Committee to help the F.C.C. de- 
termine the future of FM stereo 
broadcasting. Mr. Walker was the 
chairman of the panel that actually 
conducted the tests. About 40 en- 
gineers, using the facilities of station 
KDKD-FM at Uniontown, Pa., put 
in 1,300 man-hours of work on the 
field trials. The systems tested are 

known as Crosby, Calbest, Halstead, 
Percival, General Electric and 
Zenith. 

Color TV Weekend 
More than 18 hours of network 

television programming was sched- 
uled over the weekend of Nov. 11-13 
by NBC. The purpose of the ex- 
panded color schedule was to give 
dealers an opportunity to demon- 
strate color television receivers over 
the weekend which included Vet- 
erans' Day on Friday. RCA pro- 
moted the color programming by 
advertising in 127 newspapers and 
local dealers and stations cooperated 
with promotion campaigns. 

New Marketing Manager 
For Sarkes Tarzian 

F. R. (Russ) Ide has been ap- 
pointed marketing manager for the 
Broadcast Equipment Division of 
Sarkes Tarzian, Inc. 

Russ Ide moves to Sarkes Tar- 
zian, Inc., from Ampex Professional 
Products Co., where he was assist - 

FOUND: The Missing Link 

in Broadcast Communications 

\** 

At both national political conventions, TELE - 
PATH Miniature 2 -way radio units provided 
completely wireless booth -to -floor, and floor -to - 
floor control. And, with TV cameramen using 
portable "creepie-peepie" units, TELEPATH was 
able to position the cameramen to cover the fast - 
breaking news, without them having to trail 
bulky cables. 

The TELEPATH is only one of many communications 
devices engineered by Seiscor for short-range communi- 
cations. Other products include "wireless" microphones, 
"wired" personal communications units, pocket-size 2 -way 
radios, pocket-size transmitters and pocket-size receivers, 
and supervisory control "base" stations. 

Seiscor manufactures or can develop a complete short- 
range communications system for your needs. WRITE 
TODAY for Communications Requirements Data Sheet. 

FV 

COMMUNICATIONS SECTION 
A DIVISION OF SEISMOGRAPH SERVICE CORPORATION 

P. O. Box 1590 Tulsa, Oklahoma 
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ant to the national sales manager. 
Before his employment with Ampex, 
Mr. Ide worked for Sarkes Tarzian, 
Inc., in the capacity of sales engi- 
neer covering the midwest, and as 
master control supervisor for Sta- 
tion WGN, Chicago. 

New Television 
Recording Firm 

McNally Television Recording 
Corp. has recently been organized 
by John P. McNally, long closely 
associated with kinescope operations 
in the television industry. Produc- 
tion of high fidelity kinescope re- 
cordings is now the principal busi- 
ness of the company, but McNally 
states he anticipates expanding into 
closely allied fields in the future. 
Offices of the company are at 205 
West 58th St., New York. 

Women Operate Videotape 
Recorders in Australia 

Amalgamated Television Services 
of Sydney, Australia, has trained fe- 
male operators for its television re- 

cording department. Skilled techni- 
cians concentrate on maintenance 
and technical alignment of the 
equipment. There is a greater than 
normal interest in the operation of 
the machines, according to the re- 
port from Australia. 

KOA Installs New 
50 KW Transmitter 

Denver Radio Station KOA has 
purchased a new General Electric 
50,000 -watt broadcast transmitter. 
It replaces a G -E 50,000 -watt trans- 
mitter that has been in continuous 
operation since 1933. The equipment 
is designed for future remote control 
operation from the station's new 
studio building. 

KOA, a National Broadcasting 
Co. affiliate, broadcasts at a fre- 
quency of 850 kc. The station, one 
of Denver's first, went on the air 
Dec. 15, 1924. Founded by G -E, 
the station became an NBC affiliate 

in 1928 and its operation was taken 
over by the network the following 
year. 

NBC purchased the KOA facili- 
ties from G -E in 1941 and retained 
ownership until June of 1952 when 
the Metropolitan Television Co. 
bought the station. Comedian Bob 
Hope was a member of the new 
owner's board of directors. The 
company's president is William 
Grant. 

KOA and KOA-TV last year oc- 
cupied their new 21/2 -story head- 
quarters at 1044 Lincoln St. 

Literature Available On 
Educational TV Rebroadcast 

A recent study by Adler Elec- 
tronics describes an economical 
method for extending the coverage 
of Florida's educational TV stations 
to all major communities in the 
state. Through the use of transla- 
tors most schools and hondies will be 
able to receive at least one educa- 
tional TV program service. This 11 - 

page study is available without 
charge from Adler Electronics, Inc., 
One LeFevre Lane, New Rochelle, 
New York. 

CECO offers you a 

variety of dependable 

equipment for 

IMAGE ORTHICON 

MICRO RELAY 

IMAGE ORTHICON 

TH -2 BALANCED TV HEAD 

MODEL C with adjustable cen- 
ter of gravity for Image Orth 
Cameras weighing up to 135 

lbs. $425.00 

MICRO RELAY 

TH -3 MICRO RELAY 
TILT HEAD for mount- 
ing Parabola Beam Re- 

flectors. 
$285.00 

TR -16 PROFESSION- 
AL TYPE TRIPOD with 
wooden tripod legs for 
BALANCED TV Head 
and LARGE VIDICON 
HEAD. 3150.00 

TRIPODS 

TA -3 METAL TRI- 
POD for mounting 
MICRO RELAY TILT 
HEAD, LARGE VIDI- 
CON and BALANCED 
TV HEAD. $260.00 

D-3 PROFESSIONAL 
SENIOR DOLLY for 
PRO JR., METAL and 
Professional Type 
Tripods. 

$150.00 

CAMERA ESUIPmEHT 
'Dept. BE. 315 West 43rd St.. New York 36. N. Y., JUdson 6-1420 

VIDICON 

X-140 REMOTE CONTROL 
PAN & TILT HEAD with "Dial- 
astop" for remotely panning 
and tilting Vidicon Cameras 
weighing up to 20 lbs. $400.00 

X-141 CONTROL Box for RE- 

MOTE HEAD $40.00 

TR -6 PRO JR. SPRING BAL- 
ANCED PAN & TILT HEAD for 
Vidicon Cameras weighing up 
to 35 lbs. (With Tripod) 

$200.00 

TH -3-V LARGE VIDICON 
SPRING BALANCED PAN & TILT 
HEAD for Vidicon Cameras 
weighing up to 100 lbs. 

$310.00 

*Dealer and quantity price 
inquiries invited. 

Write today for information 
on the equipment you need 

December, 1960 35 

www.americanradiohistory.com



THE REMARKABLE 
SONY RADIO 

WIRELESS 
MICROPHONE 

The convenience and variety of uses for 
this remarkable instrument are almost 
beyond the imagination. The Sony CR -4 
mike and radio transmitter can be 
slipped into a coat pocket for completely 
wireless on -the -street interviewing, 
studio audience interviewing or on -the - 
spot broadcasting from awkward places. 
It gives complete freedom to active 
singers, dancers, comedians, performers 
with electric instruments and actors, 
eliminating the need for cumbersome 
mike booms and entangling wires. 

Microphone, transmitter, receiver and 
carrying case, $250. For information or 
literature, write: Superscope, Inc., Dept. 
E, Sun Valley, California. 

S UPEIPSCOPE The Tapewcay to Stereo 

MODULAR VIDEO AMPLIFIERS 
The Daven Co., Livingston, N. J., a sub- 

sidiary of General Mills, Inc., has devel- 
oped an integrated line of plug-in and rack - 
mounted video distribution amplifiers. 

A featured member of this line is the 
Type VA -P-101, a plug-in video distribution 
amplifier for systems requiring a simple one 
input, one output unity gain limit. 

Eight of these amplifiers plug into a shelf 
83/4 inches high which mounts in a standard 
relay rack. Filament and bias voltage is pro- 
vided by the shelf and the only other power 
which must be supplied is 117V ac and regu- 
lated 285V dc. The amplifiers may be used 
individually, or any number of units up to 
eight may be "multed" together so as to 
provide a maximum of eight outputs from one 
input. Inductors are permanently built into 
the shelf to prevent the accumulation of shunt 
capacity from causing termination difficulties 
when several inputs are "multed." When 
sync -adding is required the Type VA -P-102 
Sync Adding Amplifier plugs into one of the 
positions, allowing the addition of sync to 
one or any number of the remaining seven 
VA -P-101 video amplifiers. 

Your Ideas Are Worth MONEY! 
Five dollars will be paid for all 

suggestions published in "Technical Hints" 

Send lo[n_c today to 

BROADCAST ENGINEERING 
1014 Wyandotte St. Kansas City 5, Mo. 

Mc r 
FOR MULTIPLEXING! 
If you are looking for the multiplex receiver that provides 
the greatest sensitivity ... is the most dependable ... look 
to McMartin,the standard of the industry. 

Continental's advanced engineering ... rigid quality 
control ... special manufacturing techniques assure re- 
ceiving equipment that will deliver the finest in sound 
over the greatest distances. What's more, McMartin 
guarantees your satisfaction. Send back any unit that 
does not function properly (at McMartin's expense) and 
it will be repaired or replaced free of charge. 

Paul Taft and Multiplex Unit 
Says Paul Taft, Houston's No. 1 FM broadcaster and 
background music operator, "We are well pleased with 
our McMartin Multiplex Receivers ... our results have 
been excellent." 

CONTINENTAL MANUFACTURING, INC. 
1612 Çalifprnia Street Omaha, Nebr. 
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NEW DYNAMIC MIKE 

A new model in the Collins line of dy- 
namic microphones has been designed to 
meet professional audio requirements in ra- 
dio broadcasting, television, recording stu- 
dios and quality public address systems. 

The Collins M-30, a pressure operated dy- 
namic with a frequency response from 50 to 
15,000 cps, assures a high fidelity reproduc- 
tion of voice and music. 

It is essentially omnidirectional which 
makes it ideal for a variety of speaking sit- 
uations such as panel discussions, conven- 
tions and school programs, in addition to 
broadcast use. 

With a selection of either 50 ohm or 200 
ohm impedance, the M-30 may be used with 
any amplifiers having a 35-80 ohm or 150- 
250 ohm input. The output level at 50 ohms 
or 200 ohms is -150 db, with reference to 
RETMA sensitivity rating. 

The microphone body is made of aluminum 
and has a non-reflecting, blue -gray baked 
enamel finish. 

NewTransMagnemite 
Professional Transistorized 

Battery -Operated Spring -Motor 

PORTABLE FIELD RECORDER 

Check These Unusual Features: 
tow noise input stage (0.25 microvolts) 
Overall Gain 110 db. 

No Microphonics or motor noises. 
Uses Dry Rechargeable batteries. 
Batteries last 125 hours. 
Modular plug-in construction. 
Exceeds NARTB Broadcast standards. 
Size: 11 x10 x7 inches-Weight: 15 lbs. 
Full unconditional Two Year guarantee. 

Write for complete information and direct 
factory prices to Dept. BE: 

AMPLIFIER CORP. of AMERICA 
398 Broadway, N. Y. 13, N. Y. 

NOW AVAILABLE! 

The New Gates ^Irdrii1J-1p9 
Cartridge Tape System 

Your Answer to Quick, Dependable 
and Flexible Programming. 

Developed and manufactured exclusively by Gates, E nnIniluTo 
consists of a tape transport and playback unit that is the heart of an 
entirely new tape cartridge system. Matching the quality of the 
finest professional tape equipment, Eich nilT is suited for all types 
of programming duties. 

Outstanding features: 
Compatible with other systems 
Will program anything up to 
45 minutes in length 
Self -cueing 
Instant start -stop 
Universal 19" or 15" 
mounting 
Can be remote controlled 
Minimum motor wear 
Saves mounting space 

The "twin" of the basic [cuunaup.2.. system is the Recording Amplifier. 
This converts IQ, to a recorder unit without external 
switching. 

For more complex operations you can select either Dual, Trio or 
Deluxe models in which two, three and four Cartritapes are 
rack mounted with a recording amplifier, a switcher and if desired 
a remote unit, Storage cabinet for tape cartridges is optional. 

For further information write for the new nnlniIC4 o brochure 
... yours for the asking! 

GATES GATES RADIO COMPANY 
Subsidiary of Harris-lntertype Corporation 

QUINCY, ILLINOIS 
Offices in: HOUSTON, WASHINGTON, D.C. In Canada: CANADIAN MARCONI COMPANY 

Export Soles: ROCKE INTERNATIONAL CO., 13 EAST 40th STREET, NEW YORK CITY 

MARRIS 

December, 1960 37 

www.americanradiohistory.com



THE MODEL 191 
FULL TRACK 

(OR HALF TRACK) 

TAPE RECORDER 
This fine instrument is a prime favorite 
with professional people in radio and 
television. The Roberts is a sturdy, com- 
pact professional machine now in daily 
use by more than 400 stations in the 
United States. 

$ Half0Track Model 2 89 $27.50) 

CHECK THESE FEATURES! 
SPEEDS: 15 I.P.S. (with optional kit); 71/2 I.P.S. 

& 33/4 I.P.S. 

FREQUENCY RESPONSE: 4o to 15 KCPS at 
71/, -i- 2 db; 40 to 9.5 KCPS at 33/4 ± 3 db. 

SN RATIO: 55 db below "O" level. 

WOW AND FLUTTER: 18% RMS or less. 

HEADS: Shielded F / T record / playback and 
F / T erase. 

MOTOR AND DRIVE: Precision balanced hys- 
teresis -synchronous motor, belt coupled 
to speed stabilized flywheel/capstan tape 
drive. 

REEL SIZE: 7" maximum (up to 2400' of tape). 

DIMENSIONS AND WEIGHT: 153/4" x 141/2" 
x 91/4" overall: 28 lbs. 

WANT MORE INFORMATION? 
Just fill out and mail this coupon. 

ROBERTS ELECTRONICS, INC., Dept. BE 
829 N. Highland Avenue 
Los Angeles 38, California 
Please send me: 

More information on Roberts Model 191 
Name of my nearest distributor. 

Name 

Address 

City State 

Call Letters 

NEW DYNAMIC PROBE MICROPHONE 
New Shure Model 545 Unidyne III micro- 

phone is a unidirectional dynamic micro- 
phone with probe styling which enables it 
to be used as a stand -mounted or hand-held 
microphone. Frequency range is 50 to 15,000 
c.p.s. Dual -impedance microphone is finished 
in brushed satin chrome and high -impact 
black plastic. Unit weighs 0.6 pounds and is 
6 inches long. 

1- 
44.4 w 

dr, - 
Ali 

NEW AUDIO MIXER 

UltrAudio Products, 7471 Melrose Ave., 
Los Angeles 46, Calif., has developed a new 
line of mixer amplifiers for use by recording 
studios, broadcasters and audiophiles. The 
units are known as CustoMixers because of 
the user's ability to purchase only those plug- 
in shock -mounted preamplifiers and input 
transformers he needs. A feature of both the 
5 -position single channel CustoMixer and the 
4 -position 2 -channel stereophonic version is 

AVOID 
TOWER LIGHTING 

ISOLATION 
TRANSFORMER TROUBLES 

INSTALL MODERN DESIGN 
. by HUGHEY & PHILLIPS. Inc. 

... your most dependable source of Obstruc- 
tion Lighting Equipment 

... the widest selection of Control and Alarm 
Apparatus in the Industry 

F EATURING: 
. HIGHER 

EFFICIENCY 

IMPROVED 
REGULATION 

. ADDITIONAL 
TAPS 

. FIBER GLASS 
INSULATION 

EPDXY 
ENCASED 

VERSATILE 
MOUNTING 

30- 

I1 

THREE SIZES ... 750, 1750, 3500 WATTS 

Essential wherever 60 cycle power must be 
transferred efficiently across two points with 
very low capacitance or at very high voltages. 

REQUEST DESCRIPTIVE BULLETIN 
HPS-152 

HUGHEY & PHILLIPS, INC. 
MANUFACTURERS OF 

300MM Beacons, Obstruction Lights, Photo - 
Electric Controls, Beacon Flashers, Special 
Junction Boxes, Microwave Tower Light Con- 
trol and Alarm Systems, Tower Isolation Trans- 
formers, and Complete Kits for: Tower 
Lighting, Sleetmelter Power and Control. 

3200 N. San Fernando Blvd. Burbank, Calif. 

the Line -Aten straight-line volume control. 
Input and output impedances are from 50 
to 600 ohms plus hi -z. An illuminated VU 
meter is on each output line, with further pro- 
vision for stereo headphone monitoring and 
feed to external power amplifiers and public 
address systems. 

NEW PLUG DESIGN 

Cannon Electric Co., 3208 Humbolt St., Los 
Angeles 31, Calif., is now marketing its new- 
est development, the Morpho series of Can- 
non Plugs. 

The Morpho, series MH, represents a new 
concept in plug design and development. 
It features hermaphrodite contacts and in- 
sulators which fit both plugs and receptacles. 

The extraordinary design of these plugs 
makes them easily adaptable to many con- 
figurations and a variety of layouts is pos- 
sible within each shell style. Snap -in crimp - 
type contacts cut assembly time and facili- 
tate maintenance. 

The Morpho is said to be a high quality 
plug especially suited to commercial appli- 
cations such as business machines, compu- 
ters, communications equipment, and the like. 
The versatility of these low cost plugs will 
make them useful in many other military 
and civilian applications. 

THE FINEST OF ITS KIND 

SINGLE FREQUENCY AND BROAD- 

BAND FM RECEIVING ANTENNAE 

HIGH GAIN YAGI, CUT TO YOUR FRE- 

QUENCY FOR LONG DISTANCE PICKUP. 

HEAVY DUTY DESIGN FEATURING ALL 
STAINLESS STEEL HARDWARE. 

Literature on request. 
Send 30¢ for booklet 
on FM Antennae and 
FM Reception. 100 

APPARATUS DEVELOPMENT CO. 
WETHERSFIELD 9, CONN 

38 BROADCAST ENGINEERING 

www.americanradiohistory.com



35 KILOWATT TV AMPLIFIER 
The Communications Products Department 

of the General Electric Co. Lynchburg, Va. 
has announced the development of a new 
35,000 -watt amplifier with a driving power 
of less than 5,000 watts. G. E. states that 
the amplifier will make it feasible for more 
stations to increase their effective radiated 
power to 316,000 watts. The air-cooled am- 
plifier, designated type TF -14-A, includes 
such features as dc filaments, built-in elec- 
tronic r -f sweep generator, a double -stub 
loading control, and a unique triplex cavity 
with three parallel tubes. A semiconductor 
bias power supply is used which is filtered 
for the reduction of the 360 -cycle component. 
The aural and visual amplifiers use a com- 
mon power supply. The amplifier is con- 
tained in three cubicles for the visual am- 
plifier, aural amplifier, and rectifier control 
equipments. 

Off -Me -Shelf Delivery! 
IMAGE-ORTHICON, 

VIDICON 

LENSES 

Rent or Buy J 
Image Orthicon Lenses 

L, -ion* World s Greatest Selection ... 
choose front 28mm focal length to 
40" . , delivered right " Off-The- 
Shelt" at B & J World's Lens Head- 
quarters! 
Here, iou'll find the lens you need 
For *radically ALL T.V. Cameras, 
R.C.A. (TK -41, TK -11); G. E. Black 
and white or color; Du Mont, etc.! 
Rely on the Industry's Prime Op- 
tics -Source . . . Pioneers in T.V. 
Opti:s Since 1936 and currently 
serving stch stations as WGN, 
WNW., ETC. 

Our Instrument Shops and "Know- 
how' offer you Special Mountings, 
Calibration and Custom Fittings! 
(Also Cine' & Slide Equipment for 
your News Dept.!) 

Wrñe fcr New T.V. Optics Catalog. 

BURKE & JAMES, INC. 
321 !. Wabash, Chicago 4.111. 

MORE FLEXIBILITY... BETTER PERFORMANCE... HI QUALITY PICTURES with 

The NEW 

TÌ 
SARKES TARZIAN 

880 
STUDIO CAMERA 

Even inexperienced operators are getting excellent results 

with the new 880. Handles like a big camera; weighs 60 pounds. 

Designed and built by broadcasters for broadcast 

application. Especially suitable for newscasts ... weather 

shows ... product commercials and the like. Unusually 
low operating costs, as well as low original investment. 

\T/SARKES TARZIAN INC 
east hillside drive bloomington, indiana 

edison 2-7251 

Write for complete 
technical information 
Broadcast Equipment 
Division 

NEMS-CLARKE, a division of Vitro Cor- 
poration of America, has produced the 
finest in precision electronics for indus- 
try and defense since 1909. Now, this 
equipment will be produced and 
marketed by Vitro Electronics under the 
Nems-Clarke brand name. In broadcast- 
ing, remember Vitro Electronics, 
producers of Nems-Clarke equipment. 

year 
cmucs 

For Free Catalog, Write Dept. M. 

!7/ fPOELECTRON/CS 
A DIVISION OF VITRO CORPORATION OF AMERICA 

PRODUCERS OF 1%1EMS-CLARKE EQUIPMENT 

919 JESUP-BLAIR DRIVE, SILVER SPRING, MARYLAND 2301 PONTIUS AVENUE, LOS ANGELES, CALIFORNIA 
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Adarectiaen,e' Index 
Altec Lansing Corp. 3 

Ampex Professional Products 
Co., Audio Div. 31 

Amplifier Corp. of America 37 

Apparatus Development Co., Inc 38 

Bauer Electronics Corp. 34 

Burke & James, Inc. 39 

Camera Equipment Co., Inc. 35 

Conrac, Inc. 29 

Continental Mfg. Co. 36 

Electro-Plex Div. 19 

Electro -Voice, Inc. 1 

Ford, Paul Dean 40 

Foto -Video Electronics, Inc. IFC 

Gates Radio Co. 37 

General Electrodynamics Corp. .20-21 
General Electronic 

Laboratories, Inc. 22 

Hughey & Phillips, Inc. 

James, Vir N. 

Advertising rates in the Classified Section 
are ten cents per word. Minimum charge is 
$2.00. Blind box number is 50 cents extra. 
Check or money order must be enclosed 
with ad. 

EQUIPMENT FOR SALE 

Western Electric 18" Electro -Dynamic woof- 
ers, drivers, horns, baffles. Altee 604C and 
Jim -Lansing 150-4 15" woofers. Reasonable. 
Otto Fichtman, 600 Timpson Place, Bronx, 
New York 55, N. Y. 12-60 lt 
AMPEX 400 TAPE RECORDER. Single case 
portable. Manual controls. $400. Jon Mon - 
sen, 1350 N. Harding, Pasadena, Calif. 

12-60 2t 

Commercial Crystals and new or replace- 
ment crystals for RCA, Gates, W. E. Bliley 
and J -K holders; regrinding, repair, etc. 
BC -604 crystals. Also A.M. monitor service. 
Nation-wide unsolicited testimonials praise 
our products and fast service. Eidson Elec- 
tronic Company, Box 31, Temple, Texas. 

12-60 tf 

Surplus F -129B Tubes, 7.5KW dissipation 
water-cooled triodes, unused and guaran- 
teed perfect, still in original crates packed 
by Federal-IT&T in 1959. Presently offered 
by maker at $385 each. we offer six for 
$385, or $75 each, while they last. Get your 
name on our mailing list for unusual bar - 

38 gains. Specify your requirements in used 
test equipment, microwave materials-large 
variety in stock. Engineering Associates, 
434 Patterson Road, Dayton 19, Ohio. 

12-60 It 40 

Jampro Antenna Co. 40 

Kahn Research Laboratories 33 

Peerless Electrical Products Div. 23 

Power Sources, Inc. 13 

Radio Corp. of America 11, IBC 
Raytheon Co. 32-33 
Roberts Electronics, Inc. 38 

Sarkes Tarzian, Inc. 39 

Seicor Div. 34 
Sonocraft Corp. 40 

Superscope, Inc. 36 

Telechrome Mfg. Co. BC 

Visual Electronics Corp. 40 
Vitro Electronics 39 

BUY, SELL OR TRADE 

Will buy or trade used tape and disc re- 
cording equipment - Ampex, Concertone, 
Magnecord, Presto, etc. Audio equipment 
for sale. Boynton Studio, 10 -BE Pennsyl- 
vania, Tuckahoe, N. Y. 11-60 4t 

SERVICES 

Cambridge Crystals Precision Frequency 
Measuring Service. Specialists for AM -FM - 
TV. 445 Concord Ave., Cambridge 38, Mass 
Phone: TRowbridge 6-2810. 3-60 12t 

phabee.ei.onalf, SeAufi.eee 

PAUL DEAN FORD 
Broadcast Engineering Consultant 

4341 South 8th Street Wabash 2643 

TERRE HAUTE, INDIANA 

VIR N. JAMES 
Specialty 

Directional Antennas 

232 S. JASMINE DExter 3-5562 

DENVER 22, COLORADO 

In Cartridge Tape Equipment 
SEE THE NEW SPOTMASTER 500 

A complete Tape Cartridge Self -cuing, 
Record Playback Combo Unit. 

For Details or Demonstration, Write 

VISUAL ELECTRONICS CORP. 

350\\ tathSt., New York IS, N. I'. 

ACI) Il 

Broadcast Engineering Magazine welcomes editorial contributions 

from its readers. Articles on everyday operational methods, studio 

or transmitter layouts, construction projects, and other topics on the 

technical aspects of broadcasting will be paid for on acceptance. 

Write us concerning rates and other information. Broadcast Engi- 

neering, 1014 Wyandotte Street, Kansas City 5, Missouri. 

JAMPRO ANTENNA COMPANY 

FM and TV ANTENNAS 

Sold in Canada 

by 

CANADIAN MARCONI COMPANY 
2442 Trenton Ave. Montreal, Quebec. 

Larg 
354 STEREO RECORDER MX 35 MIXER 

COURTEOUS CONSULTATION ENGINEERING SERVICE 
PARTS SUPPLY ACCESSORIES 

S C> N O C R A F T THEMOST 

COMPLETE 

PROFESSIONAL OiRADEiURCE 

OR 

AMPEX 

Now AvailableMal w tl 

NEW PR -10 SERIES 
PROFESSIONAL STEREO 
or MONOPHONIC RECORDER 

Portable or to fit rack, TRADE-INS 19" wide by 14" high (ACCEPTED 
e Stock 

PULTEC 
Professional 

PROGRAM EQUALIZERS 

SOUND EFFECTS FILTERS 

it NEW FAIRCHILD 
Professional 

CONAC STEREO 602 
LIMITER 670 

MONITOR AMPLIFIER 680 
TRANSCRIPTION TABLES 

COMPLETE 

SONOCRAFT CORP Ils h:d New S/ NlUdwn z 1730 .r 
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with Scer a Illumination 

of 40 Foctcandles 

to Broad Daylight 

New RCA -4401 
Image Orthicon 

High sensitivity and high signal output of RCA -4401 
make possible quality color pictures at black -and - 
white light levels. 

Now every TV studio can be made into a color 
studio. RCA -4401 eliminates the need for extra light- 
ing and air conditioning. It produces high-gbality 
color pictures with a scene illumination of 150 foot- 
candles. Satisfactory color pictures can be obtained 
with a lens opening of f/5.6 at scene illumination as 
low as 40 footcandles. 

A single color camera equipped with RCA -4401's 
can put you in business. It can be used in the studio 
or taken to remote locations and operated as light 
levels change from daylight through dusk to artificial 

elAl 
) 

The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 

lighting. These versatile tubes have been successfully 
used to colorcast night sports events at light levels 
once adequate for black -and -white pickup only. 

Designed to fit color cameras using 3 -inch image 
orthicons, the 4401 is unilaterally interchangeable 
with RCA types 6474 or 7513. RCA -4401's are pro- 
vided in factory -matched sets of three, including one 
tube preselected for the blue channel. Availability is 
no problem; the RCA -4401 is in full production. 

Get in touch with your RCA Broadcast Tube Dis- 
tributor today for more details on how RCA -4401 
can broaden your colorcasting capability-and cut 
costs at the same time. RCA Electron Tube Division, 
Harrison, N. J. 
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