
This is PICK-UPS' biggest is- 
sue due mostly to 20 full 
page reproductions of archi- 
tectural renderings submit- 
ted in the competition con- 
ducted by the Beaux-Arts 
Institute of Design and West- 
ern Electric for the design of 
a 1000 watt broadcast trans- 
mitter station. 

This competition, con- 
ceived by PICK-UPS with the 
hope that new interest would 
be aroused in the design of 
transmitter stations, proved 
to be one of the most success- 
ful ever held by the Beaux- 
Arts. The final count showed 
92 designs submitted by 116 
students from 19 American 
colleges. Renderings ranged 
all the way from pen and ink 
drawings to the most elabo- 
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rate scale models. 
It is unfortunate that PICK-UPS cannot re- 

produce every one of these renderings, but it 
is felt that a detailed study of those reproduced 
on pages 29 to 50 will unearth many new ideas 
in station design. 

Those attending the convention of the Na- 
tional Association of Broadcasters will have an 
opportunity of seeing many of these designs 
which will be displayed by the Association. 

* * * 

The American public has 
a peculiar fondness for al- 
phabetical combinations. It 
also loves its radio. Thus, the 
symbol FM has become fam- 
iliar to almost everyone. The 
public, because of FM's tre- 
mendous build-up, is expect- 
ing great things of it and FM 
will have to go some to live 
up to this ballyhoo. 

Our old Friend Bill Do- 
herty, known to all PICK - 
Ups' readers for his many 
fine technical articles, has the 
lead story in this issue in 
which he describes Western 

Electric's first frequency 
modulated transmitter. West- 
ern Electric's contribution to 
FM, synchronized frequency 
modulation, is discussed at 
length by Mr. Doherty. 

* * * 

J. E. Tarr, another friend 
of PICK-UPS' readers, de- 
scribes how Western Elec- 
tric's standard amplifiers, 
rectifiers and other circuit 
components may be arranged 
in any number of custom built 
combinations to meet the 
particular speech input re- 
quirements of broadcasters. 
This equipment is both of 
high quality and high fidelity 
and is of particular interest 
to stations going on the air 
with FM transmitters. 

* * * 

The West has contributed much that is fine 
in radio. Today many of our most interesting 
and valuable programs originate there. What 
then could be more fitting than to have this 
year's convention of the National Association 
of Broadcasters in San Francisco? The West, 
always known for its hospitality, will do every- 
thing to entertain its eastern friends. With the 
added attraction of a World's Fair, this con- 
vention should be one of the most enjoyable as 

well as the most successful 
ever held. 
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* * * 

Just how much of a boon 
to mankind the men of radio 
are has been forcefully and 
personally brought home to 
us. We are dictating this in a 
hospital room where we have 
been laid low for the last 
two weeks. Yet, through 
the magic of a little box at 
our arm's length, we have 
kept abreast of all that is 
happening in this fast mov- 
ing old world of ours. 



YNHHHNLEH fU 
Western Electric Introduces Unique System 

Featuring Outstanding Carrier Stability 
By W. H. DOHERTY 

Commercial Products Development, Bell Telephone Laboratories 

Important new developments in communication, as 

in other sciences, are often retarded in their commer- 
cial application by the lack of apparatus and techniques 
that are suitable for actual use in the field, where ex- 

acting standards of performance have to be met over 
long periods of time with complete reliability. Wide 
band frequency modulation presents its share of these 
practical problems, but through the coordination of a 

number of new and distinct laboratory developments, 
the approaching expansion in FM broadcasting finds 
equipment ready for use that meets the most rigorous 
requirements. These new developments are embodied 
in Synchronized Frequency Modulation, which makes 
its appearance for the first time in the 1000 watt West- 
ern Electric 503A-1 Radio Transmitting Equipment. 

Probably foremost among the practical 
problems is that of frequency stability -a term which 
in FM must of course have a new meaning, since it can 

refer only to the average frequency. In amplitude mod- 
ulation systems the crystal oscillator has provided all 
that could be desired in the way of frequency stability; 
but in a mode of transmission employing deliberate 
variation of frequency over a wide range, the direct use 
of the crystal as the source of the oscillations would 
necessarily give rise to a conflict between the factors 
which stabilize the frequency and those which are to 
produce the desired variation. Yet the mean frequency 
in FM transmission is subject to the same strict regula- 
tion prevailing for the carrier frequency in amplitude 
modulation, requiring that in some manner the virtues 
of the crystal oscillator be made use of. 

Now the mean frequency in a frequency 
modulated signal may be defined as the total number 
of cycles occurring in a second, whatever their distribu- 
tion in time over this interval may be; so that a logical 
and direct procedure in maintaining the mean fre- 
quency at the assigned carrier value, would be to count 
continuously the number of cycles per second, compar- 
ing this with the number generated by a precise fixed - 
frequency standard, and adjusting the source of the 
oscillations to keep the two always exactly the same. 
This is in effect what is accomplished in Synchronized 
Frequency Modulation. The procedure has a close par- 
allel in electric power system practice, where cycle 

counting by means of synchronous motor clocks per- 
mits accurate control of the average frequency. 

It is not necessary, however, to count 
millions of cycles each second, for the frequency may 
be reduced to any desired degree through the new 
technique of frequency division, whereby a low fre- 
quency is obtained which is an exact submultiple de- 
rived directly from the original frequency and having 
its variations reduced in proportion. The frequency 
divider, a tool of considerable promise in the communi- 
cation field, consists basically of a modulator (M. 
Fig. 1) and a vacuum tube amplifier. The frequency 
f., appearing in the output of the modulator is the dif- 
ference between the frequency fed back from the out- 
put, which is f., itself, and the frequency f1 applied 
to the device; that is, f0-f1-f2. This requires that 

Fig. I-Schematic of a 2 -to -I frequency divider. 

f2-í1/2, so that we have an exact halving of the fre- 
quency; and the output wave, although produced by 

a regenerative action, is under complete control of the 
input by virtue of the modulation process through 
which it originates. 

Using a modulator of the copper oxide 
type, which recent refinements have rendered suitable 
for use at frequencies of several megacycles, the fre- 
quency divider becomes a very compact and simple 
device. By cascading a series of such dividers, we ob- 
tain for synchronizing purposes a frequency as low as 

desired, in exact submultiple relationship to the carrier 
frequency. In Synchronized Frequency Modulation the 
dividing process ends up with a frequency of about 
5000 cycles, or 1/8000 of the carrier frequency. 

Referring now to the block diagram of 
the system, Fig. 2, the role of the frequency divider 
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Western Electric 1 KW Synchronized FM Transmitter 

Rear view of unit with full length door open 

Front of transmitter with cabinet removed 

Side view of transmitter with cabinet removed 
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Fig. 2-Block diagram of the frequency modulation transmitter. 

becomes apparent. The divider is energized from the 
output of a frequency modulated oscillator operating 
at about five megacycles, and its function as a part of 
the synchronizing system is to insure the constancy of 
the mean frequency of this oscillator, and hence of the 
final output frequency (42 to 50 megacycles) to be 
obtained by doublers following the oscillator. 

There has been in use for some years a 

method of synchronizing two frequencies wherein the 
frequencies are combined in a modulator to produce 
a rotating magnetic field whose speed and direction of 
rotation correspond to the amount and sense of the 
frequency difference. As a small armature, geared to 
the tuning condenser of one oscillating source, brings 
the frequency back toward synchronism, the speed of 
rotation of the field decreases and the armature slows 
down, coming to rest when exact synchronism is at- 
tained. 

At first thought, one would not expect 
such a device to be applicable in an ultra -high frequen- 
cy system because the departures in frequency are so 
great as to be beyond the capacity of a mechanical sys- 

tem to follow; but when the frequency is reduced by 

our dividing process to the order of 5000 cycles, or 
1/8000th of the output frequency, we find that varia- 
tions of hundreds of kilocycles in the output frequency 
are represented by variations of only tens of cycles, so 
that with a low -frequency crystal oscillator as the com- 
parison standard we obtain a rotating magnetic field 
readily followed by the armature. So effective and im- 
mediate is the control that if the output frequency 
through some cause were to depart suddenly by as 

much as four hundred kilocycles from its assigned value, 
it would be returned to exact synchronism in two to 
three seconds; while gradual changes in frequency of 
as much as several megacycles will also be corrected 
because the change is followed continuously. 

It is well known in frequency modula- 
tion theory that the phase deviations are directly pro- 
portional to the frequency swing and inversely pro- 
portional to the audio rate at which the swing is pro- 
duced. The frequency swings employed in wide band 
frequency modulation are so great as to entail phase 
deviations of thousands of degrees; that is, the fre- 
quency modulated wave is alternately advanced and 

retarded by many complete cycles with respect to an 
unmodulated comparison wave. When a high order 
of frequency division is introduced, however, the fre- 
quency swing becomes small while the audio rate is 
unchanged, so that the phase departures due to modu- 
lation are then only a few degrees. 

The magnetic field in the control device 
therefore oscillates only slightly at audio frequencies 
about its mean position, and the oscillation is not fol- 
lowed by the motor because of its inertia; the slightest 
change in mean frequency, however, produces a con- 
tinuous rotation of the field and is corrected at once. 
The frequency divider, then, serves two important 
purposes: to reduce the whole phenomenon to a time 
scale suited to electromechanical operations, and to 
obscure the effects of modulation so that only changes 
in the mean frequency, or total number of cycles per 
second, can influence the frequency control mechanism. 

Not long ago 50 kilocycles was regarded 
as an extremely low frequency for quartz crystals. The 
appearance of a 5 -kilocycle crystal oscillator in the block 
diagram of Fig. 2 is a reminder that advances in the 
frequency range of radio equipment are not being con- 
fined to the high -frequency end of the spectrum. This 
is a low temperature co -efficient crystal oscillator giving 
the same per cent stability as obtained in the best 
broadcast crystals. The stability is well under one part 
in a million per degree centigrade, making temperature 
control entirely unnecessary. 

The system of frequency control de- 
scribed above is so unique in a number of important 
characteristics as to bring to light immediately certain 
limitations of other methods that might not otherwise 
be obvious. For one thing, the stability is identically that 
of a single crystal oscillator, unaffected by any beating 
process with other oscillators, or by changes in gain or 
frequency characteristics of associated circuits. There 
are no temperature -controlled networks for convert- 
ing frequency changes into amplitude changes, opening 
the door to errors due to gain fluctuations; everything 
in the control system is kept in terms of frequency. In 
the second place, the actual control exercised on the 
oscillator to maintain its mean frequency is mechanical, 
involving a variable condenser; and being mechanical, 
when the oscillator is brought to the correct frequency 
it is left there, without the necessity of any sustaining 
voltage such as must be supplied when slope -circuit 
control is used, and therefore without the danger of a 

sudden wide departure in the frequency should the 
control voltage fail. 

Mechanical control, moreover, com- 
pletely relieves the frequency modulating elements of 
any connection with the stabilization of the mean fre- 
quency, so that these elements may always be operated 
at the optimum point for linear modulation and the 
frequency swing obtainable is not limited by the neces- 
sity for correcting frequency drifts in the oscillator. 
Finally, the entire synchronizing system, including the 

(Continued on page 28) 
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These 157 Broadcast Sfa+ions Serve 
a Million Square Miles 

ARIZONA 10 IDAHO 7 NEW MEXICO.8 WASNINGTON25 
CALIFORNIA53 MONTANA 8 OREGON 19 WYOMING 3 
COLORADO I5 NEVADA I UTAH 8 

Number and Location of stations 



THE FH]HLHHS E1 
Pick -Ups Presents a Broadcasting View of it 

San Francisco being the rendezvous for NAB asso- 
ciates this summer, PICK-UPS prepared for the big 
gathering by ferreting our some facts and figures con- 
cerning broadcasting in the West and the extent and 
type of territory it serves there. The 11 states compris- 
ing the Mountain and Pacific groups were roped off as 
the area to be surveyed. Here broadcasting has erected 
157 stations dotted throughout a vast stretch of country 
famous for its mountain peaks, forests, dams, canyons, 
caverns, primeval wilderness, crystal lakes and rushing 
rivers. 

Populated by 12,500,000 people the 
West covers 1,187,140 square miles of territory - 39 
per cent of the country's total area. It is so huge that 
only by comparisons can one actually gain a true per- 
spective of the size. For instance, these 11 states cover 
196,915 more square miles than the combined areas of 
the British Isles, France, Holland, Belgium, Norway, 
Sweden, Denmark, Germany and Italy. 

California, listing 6,000,000 inhabi- 
tants, or nearly half of the entire population of the 
West, naturally leads the two groups of states in num- 
ber of radio stations, with a total of 53. Washington 
has 25; Oregon 19; Colorado 15; Arizona 10; Mon- 
tana, New Mexico and Utah have 8 each; Idaho 7; 
Wyoming 3; and Nevada 1. Of the big fellows - the 
50,000 watters - three are located in California, one 
in Colorado and one in Utah. According to "Broad- 
casting's" 1940 Year Book, 41 stations installed in the 
West are equipped with Western Electric transmitters - more than any other standard make. All in all, 
550,600 watts of power are shooting out over the ether 
supplying the West with its broadcasting fare. 

What a job of sculpturing and painting 
Nature turned out when she fashioned this section of 
the country. If the natives go wild over their spectacular 
landscape, thousands of tourists from all parts of the 
United States, who travel westward each year, echo 

` these sentiments with unstinted praise. You can't beat 
it for scenic beauty seems to be the popular verdict. 

No wonder the West goes in for super- 
latives when it can trot out such masterpieces as the 
Grand Canyon, Glacier National Park, Yellowstone, 
Carlsbad Caverns, Gypsum Cave, Crater Lake, Sho- 
shone Falls, Great Salt Lake, Mt. Rainier, and Grand 
Coulee, Boulder, Roosevelt and Bonneville dams. 

Crisscrossing, like shiny white ribbons, 

By M. M. BEARD 

through these wonder spots are 50,088 miles of high- 
way traveled each year by some millions of tourists. 
The United States Travel Bureau gives as a conservative 
figure 2,000,000 traveling west annually from east of 
the Mississippi. 

Fabulous wealth is buried here, for the 
land fairly oozes gold, silver, copper, lead, zinc, petro- 
leum, asbestos, manganese, tungsten. Even helium, 
platinum and the rare and priceless radium are packed 
away in its treasure chests. 

Grains, vegetables and fruits grow in 
abundance, for large tracts of arid land have been 
transformed into fruitful acres by the great dam proj- 
ects and irrigating systems. On plains and mountain 
sides huge herds of cattle and sheep graze - meat 
packing is a leading industry and the wool clip ranks 
high. Salmon packing likewise boosts the West's rev- 
enue considerably, since fisheries, centering at the 
mouth of the mighty Columbia, are among the largest 
in the world. Here, too, is located the largest lumber 
market in the country - Washington and Oregon lead- 
ing all states with their prolific output. 

Last, but not least, the West has Holly- 
wood, the largest film production center in the world. 
From an entertainment angle, Hollywood holds a dom- 
inant place in American broadcasting. The program 
which has topped all others in popularity for more than 
two years running originates at the movie capital - its 
star, that winning, wheedling, bad boy Charlie. This 
fantastic land of make-believe might be termed the 
melting pot for movie and microphone stars, with 
broadcasting drawing on the screen for many of its 
headliners and vice versa. 

Compared to other sections of the coun- 
try, the West ranks far above the average in buying 
power. Today, the Pacific Coast leads in retail sales as 
the nation's No. 1 per capita market. In 1938 retail 
sales in California, Nevada and Wyoming hit the high 
mark of $400 per capita, the only other state to reach 
this sales level being New York. The 11 states averaged 
$333 per capita - $55 per capita greater than the 
average for the entire country. Total retail sales for 
these states amounted to $4,634,430,000 - 13 per cent 
of the country's total retail sales figure. 

Getting down to station net sales which 
come closer to broadcasters hearts - or should one say 

(Continued on page 25) 
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Fort Lauderdale, Florida 

By FRANCIS G. CARROL, 
Chief Engineer 

Eight months ago, on December 3, 1939, WFTL, 
Fort Lauderdale, Florida, went on the air. One month 
before that, the spot on which the station's beautiful 
building now stands was an empty plot of ground. In 
that one month WFTL grew from a set of blueprints to 
a radio station complete in every detail with the finest 
in broadcasting equipment installed in a modern, beau- 
tiful building. 

The construction of a station that is new 
in every respect permits the builder to follow an ideal 
plan much more closely than would be possible if he 
were merely remodeling an existing structure or install- 
ing a station in a building already standing. This was 
exemplified at WFTL in the laying of the ground sys- 
tem under the building, which is located a distance of 
only 15 per cent of the tower height from the nearest 
tower leg. First the foundation footings for the build- 
ing were poured. Building construction was then sus- 
pended while that portion of the ground system which 
would be under the finished building was laid. The 
ends of the radials across the footings were anchored 
to the footing forms and six feet of wire were buried 
at each anchor point. 

On the footing for the tower, 22 feet 
square and 2 feet thick, rest the four supporting piers 
which rise about seven feet to a point six inches above 
the average ground level. Around the tower base, as an 
anchor for the tower end of the radials, there is a four - 

Topping the panel of photographs is WFTL's new home located 
25 miles from Miami. Next in line is the reception room-the 
doors opening into sound lock studio A which is shown below. 
Left: Control room housing Western Electric 3108 transmitter. 



inch strip of copper, grounded to each tower leg and to 
the eight -foot copper -clad steel ground rods, two of 
which were driven under each leg before the concrete 
was poured. To this strip are welded 120 quarter -wave 
radials, each of which has an eight -foot ground rod at 
its far end. Interspersed with these are another 120 
radials ending at a distance of 15 per cent of the tower 
height from the tower base. Circling the tower at this 
point there is another copper strip to which are soldered 
all of the long radials as well as ends of the short ones. 
Altogether about 24,000 feet of No. 10 copper wire are 
in this ground system, buried six inches in the ground. 

In the building, which was designed to 
provide a setting for all of the facilities necessary for 
the operation of a broadcasting station, are transmitter - 
control room, studios, reception room and offices. No 
expense was spared to provide the maximum of operat- 
ing convenience, efficiency, comfort and beauty. 

In the control room, the operator's desk 
directly faces the Western Electric 310B transmitter 
which, with two racks of speech input and auxiliary 
equipment, appears to be mounted in the wall. Actu- 
ally, this wall is made up of the equipment, two re- 
movable plywood panels and two doors. This method 
of mounting not only provides the maximum of acces- 
sibility to the rear of the equipment, but also provides 
space for a workshop in the rear as well as a neat, 
pleasing appearance in the front. 

The rack to the left of the transmitter 
mounts the 110A program amplifier and two 94D 
monitoring amplifiers. One of the 94D's is for "air pro- 
gram" amplification for six 750A loudspeakers in the 
control room, reception room, audition room and of- 
fices. The other drives the same loudspeakers for 
auditions. 

The air program monitor amplifier is 
driven from the audio output of the 310B transmitting 
equipment which is padded for proper level into the 
94D. The audition amplifier is driven from a 117A 

Robert M. Tigert, general manager, directs the activities 
of WFTL from this attractive office with glass brick wall. 
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Tom M. Bryan, owner and operator of the station, is one of 
the oldest settlers of Fort Lauderdale. Francis G. Carrol, chief 
engineer, spent several years at WJNO, West Palm Beach. 

amplifier with three channel mixing for auditions. 
Two -position keys installed at the input of all three 
input circuits to the audition amplifier permit six in- 
puts to be handled on audition. 

The cabinet at the right of the transmit- 
ter houses the frequency monitor, deviation meter and 
modulation monitor. 

Mounted on the control desk are a 23B 
speech input console, two small desk type cabinets and 
two 300A turntable assemblies, complete with 9A re- 
producers. A small 78 r.p.m. turntable for sound ef- 
fects records is also on the desk directly behind one of 
the 300A reproducer panels. The pick-up on the 78 
turntable has an output high enough to be run per- 
manently into one of the line inputs. The 300A 
turntables mount flush with the desk top, one on either 
side of the operator. They are turned so that the oper- 
ator does not have to reach across either pick-up to cue 
transcriptions. Since this position places the motor 
switches of the 300A's out of easy reach, separate mer- 
cury contact switches are installed on the sides of the 
desk on either side of the operator. 

The 23B console is wired with mixers 1 

and 2 controlling microphones in the two studios. 
Auxiliary microphone channels installed in each studio 
and in the audition room and terminated at the jack 
panel, provide for extra microphones in the studios and 
allow the audition room to be used as an auxiliary stu- 
dio. Mixers 3 and 4 are connected to the 300A turn- 
tables. The other sides of 3 and 4 are open for any 
other input. 

In the cabinet on the left of the 23B the 
jack -strip mounts 96 jacks which handle all remote 
lines as well as all microphone and transcription cir- 
cuits. All but the remote lines are wired through back- 
to-back, closed-circuit jacks so that, with a straight stu- 
dio set-up, there are no patch cords on the panel. How- 
ever, any signal source may be patched to any input on 
the 23B or the 117A audition amplifier for a special 
set-up. 

Under the jack -strip is mounted a 279 A 

(Continued on page 17) 
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WOR Installs Custom -Built High -Quality 
Speech Input System Designed for FM 

By J. E. TARR 
Commercial Products Development, Bell Telephone Laboratories 

Theuse of wide -band frequency modulation in ultra- 
high frequency broadcasting promises a new order of 

system performance through substantial improvements 
in frequency range, signal-to-noise ratio and freedom 
from distortion in the "radio link" between the speech 
input terminals of the transmitter and the detector out- 

put in the receiver. Commercialization of these poten- 
tial improvements will make possible realization of the 
full range performance capabilities of other system 
elements. 

The first Western Electric synchronized 
frequency modulation broadcasting transmitter installa- 
tion at Station WOR, which is expected to play an im- 

portant part in demonstrating the capabilities of the new 

modulation system, was therefore felt to warrant the 
provision of speech input equipment giving perform- 
ance superior to that of any heretofore used com- 

mercially. This equipment was shown as part of the 

synchronized frequency modulation demonstration 
equipment at Bell Telephone Laboratories in June, and 

while it was inspected there by many readers of "Pick - 

Ups" it is felt that a more complete discussion of its 

design and construction will be of general interest to 
the field. 

This equipment was custom-built. The 
choice of facilities provided, the arrangement of con- 
trols and several of the new circuit features are largely 
the work of E. J. Content of Station WOR who co- 
operated with the Laboratories in its design and testing. 
The flexibility inherent in the basic design not only ful- 
fills practically any set of requirements which may be 
met in present-day broadcasting practice but also any 
which seem likely to arise through the application of 
frequency modulation. 

Apart from the special features required 
to meet specific requirements at WOR the fundamen- 
tal design of this equipment was aimed at the follow- 
ing broad objectives: 

1. Wide Frequency Range - from 30 to 
well beyond 15,000 cycles 

2. Adequate Net Gain - ample margin 
over normal requirements to promote 
ease and flexibility of operation 

3. Improved Signal -to -Noise Ratio - a 
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close approach to theoretical limits 
throughout the normal range of control 
adjustments, and better than 60 db at 
normal gain 

4. Adequate Overload Margins - ability 
to deliver normal program level over a 
wide range of control adjustments and 
with uniformly low harmonic distortion 

5. Simplicity of Control-maximum com- 
patible with full operating flexibility of 
a complex system 

6. Maximum Reliability - ability to de- 
liver program even during partial equip- 
ment failure 

7. Advanced Mechanical Design - com- 
pactness without sacrifice of accessibility 
for servicing; clean-cut, modern appear- 
ance and flexibility to permit assembly 
of equipment in various ways to meet 
various operating requirements 

8. Use of Standard Components - the 
desk assembly is composed of standard 
apparatus available from the Western 
Electric Company 

9. New Basic Structure-harmonizing with 
modern steel studio furniture design, 
with the probability that structural units 
of this type will be standardized 
The basic system design is conventional, 

although certain departures were made in order to meet 
the specific requirements of Station WOR. An eight - 
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channel parallel mixer is used to accommodate six 
studio microphones, electrical transcription and incom- 
ing program line respectively. The microphone and 
transcription circuits are equipped with two -stage pre- 
mixing amplifiers (120A Amplifiers) while the line 
position has a variable equalizer, repeating coil and 
pad and a key for selecting either of two lines. A single 
key controls all microphone positions as a group and 
controls the studio speaker relay as well. 

The mixer is followed by regular and 
emergency main amplifier channels in duplicate; each 
of these channels includes a two -stage low-level ampli- 
fier (120A) and two -stage high-level amplifier (121A 
with two -stage connection) with a master gain control 
between them, and the "Regular -Emergency" keys, 
yoked together so as to operate as one key, permit shift- 
ing instantly from one main channel to the other in 
case an emergency should develop during a program. 
The low-level amplifier and master gain control of the 
emergency channel are also used in the talk -back cir- 
cuit described below, being made available automati- 
cally for this use when the "Regular -Emergency" key 
is in the "Regular" position. 

The output from either main channel 
feeds a resistance bridge network which divides the 
output power in predetermined proportions among the 
volume indicator, a monitoring output and the program 
bus, the latter output being under control of the three - 
position output key whose auxiliary functions are de- 
scribed below. The function of the bridge design in 
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