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RECENT IMPROVEMENTS IN MASTER ANTENNA SYSTEMS

J. G. Aceves*

Presented before the Club on January 11, 1940

In previous papers the theory and practice of modern
antenna systems have been outlined. On these occasions
the operationof individual receivers rather thanmultiple-
unit operation was analyzed in greater detail. In the
present paper, however, the latter aspect of the subject
is considered, but without losing sight of the fundamental
principles.

As the funct ion of an antenna system is to deliver sig-
nal energy with a minimum of interference, it should not
.be rated solely by the microwatts which it can supply to
a radio receiver. The important matter is the ratio of

the signal strength delivered to the strength of the in- \

terference picked up. Only in the most quiet locations
is the actual strength of the signals per se of prime
importance. Radio receivers are so sensitive that the

pickup of a small loop within the cabinet is sufficient,

at least for local reception. Therefore, unless an an-
tenna system can give abetter signal-to-noise ratio than
that from a loop, or indoor antenna, it is not particu-
larly useful.

Multiple-Unit Operation of Radio Receivers

Multiple-unit, or "master® antenna systems may be con-
sidered as consisting of four parts, namely:

A. A collector of electromagnetic radiation;

B. Means of coupling the collector to a line;

C. Transmission or distribution lines; and

D. A plurality of couplers from the 1ines to the in-
dividual receivers,

The most general problem to be solved may be stated as
requiring:
1. Maximum signal transfer toagiven number of radio
receivers;
2. Minimum extraneous interference inthe system; and
3. Minimum interaction between the radio receivers.

*Engineer, Amy, Aceves & King, Inc. -1 -

It is obvious that the three requirements are conflict-
ing, and, therefore, the solution isa matter of compromise
according to local specified conditions. The solution of
any particular case demands good engineering judgment
rather than conclusions fromdeductive reasoning a priori.

In designing a master antenna system, we have to con-
tend with these additional considerations:

a. Various types of radio receivers of different in-

put impedances;

b. The limits of signal strength delivered;

c. Safety from electrical hazards;

d. Restrictions from an esthetic or architectural

viewpoint; and

e. Simplicity of installation and low maintenance and

installation costs.

The wave Collector

of the several forms of antennas which can be chosen
for all-wave multiple unit operation, the doublet with a
suitable coupler is the most desirable because itsdipole
action furnishes the highest signal-to-noise ratio over
the higher-frequency bands, whilewhen acting asa Marconi
antenna inconjunction with a local ground and a suitable
coupler, it is hard tosurpass for quiet reception in the
0.5-1.6 Mc. standard broadcast band.

When the upper-frequency bands are of less importance,
the doublet may be replaced by a half doublet, Zepplin or
Marconi antenna. When short-wave reception is less im—
portant, it is better to have the single-arm antenna
oriented vertically rather than horizontally = because
standard broadcast signals aremostly vertically polarizd.
The characteristics of some commercial forms of such masts
as compared tohorizontal inverted L or T antennas at fre-
quencies between 550 and 1700 kc. are illustrated by
some examples given below.

In Fig. 1, note that the average signal-leveldifference
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in the standard broadcast band is. about 3 db lower using
a'vertical 2u-foot pole over a 30x30-foot doublet acting
as a Marconi antenna. The antenna transformers were the
best for the particular constants of each structure over
the frequency bands considered. In the short-wave broad-
cast band, 6 to 20 Mc., there is about 2,5 db in favor of
the doublet. o '
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Fig. | - Comparisons between horizontal and vertical
antennas. .

F'ig. 2 shows the relative levels of signals in the broad-
cast band using poles 12, 18 and 2y feet high. The same
transformer was used in all cases. From Fig. 2, the av-
erage gain from a 12 to 2y—foot pole .is about gdb, while
from 18 to 24, it isy db. Hence, the height increase does
not bring in a proportionately higher signal level. There
appears, however, a gain of 4 db for every ¢ feet. The
signal levels were measured at the end of a 100-ohm line.

The vertical masts give somewhat less signal strength
than horizontal inverted-L antennas, (Fig. 1). But due
to the fact that themast inherently is farther away from:

1 5.W. Seeley, R. C. A. Review, April, 1938

noise sources and can be installed at the highest point

-~over the roof, the interference picked up will be found

smaller thanthe amount collected byan average Tor Ltype.
The signal-to-noise ratio is greater with the mast than
with an average Marconi antenna, if the distribution sys—
tem connected thereto is free from-noise pickup.
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Fig. 2 - Effect of length of vertical antenna on signal
strength.

For u-h-f reception, and particularly for visual sig-
nals, these types of antennas are not suitable. A very

directive antenna structure, fairly resonant to the nar-
row band tobe received, is necessary; for example, simple

dipoles or double dipoles with or without one or more
reflectors. Reflectorsarea great help in avoiding re-
ception from more than one path to eliminate ghosts, and

. are almost indispensable in metropolitanareaswhere high

buildings prevail.l

Diamordand V antennas are better when there is suffi-
cient space available to make the arms severalwavelengths
long, on account of their directivity and strong pickup.
They may be the best formof television antenna for store-
demonstration purposes insuburban towns assuming that they
are properly directed and terminated to become uni-direct-
ional. :

Revival of 1oop-operated radio sets has caused quest ions
concerning the possible obsolence of antenna systems. There
should be no fear on this account, particularly in large
metropolitan centers. Apartment houses contain not only
a steel frame but a multitude of other conductors suchas
piping, wiring, copings, etc., which would render the op-
erat ion of 1oop sets inadequate except inthe complete ab-
sence of interference. Measurements on typical loop and
antenna structures areshown in Fig. 3. Inspection of the
graphs, shows the much greater signal delivered by the tuned

and aperiodic antennas. The loop was located about 3 feet

from the nearest window on the 13th floor of a 15 story

building.
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Fig. 3 -Comparative signal strength induced in an aperi-
odic antenna, a tuned antenna, and a loop.

Antenna Couplers

Antenna couplers may be classified into two types:

1. The passive type; and

2. The active type provided with amplifiers.

Passive antenna couplers transfer the energy from the
collector to the line without added energy. To do so ef-
ficiently, they must act as an impedance-matching device
at all frequencies, and must also change the operation of
the antenna from one type to another, such as froma
doublet toaMarconi or inverted L, according to the fre-
quency of the signal. There is an additional function
which is very important, that is, to isolate the signal-
pickup circuit from the paths of man-made interference.

The theory and design of antenna couplers for single-
receiver operation has been previously outlined.!  For
multiple-unit operation, and so long as the transformers
contained in the antenna cbupler are to match the same
type of transmission line as used for a single set, it
does not matter whether there is only one radio receiver
connected to the line or any number. It is the receiver
coupler that has to be modified to accommodate various
numbers of receivers.

Fig. 4 shows how the ratio of transformation of an ideal
transformer tocouple a Marconi antenna, having a capacity
of 159 mmf to a 100 ohm transmission line, has to be de-
termined for optimumenergy -transfer and good distribution
within the band selected. The ordinates represent power
supplied tothe line when1volt is induced inthe antenna.

In the graph, zero db corresponds to 1 milliwatt. The
solid lines refer to the case where an inductance of 159
1 Proceedings of The Radio Club of America,

May, 1938, Vol. 15 No. 4
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Fig. 4 - Examples of antenna-transformer design permit-
ting choice of best transformation ratio. Solid
curves withseries inductor, dotted curves without

mlcrohenrys is placed inseries-with the antenna tobalance
out its reactance at mid-frequency. The dotted curves show
the same but without the inductance, that is, an untuned
antenna. In designing the transformer, the leakage react-
ance may be used for tuning purposes. By inspection, it
appears that, using the neutralizing —inductapce design,
the best ratio of transformation in about 3:1 for good
energy transfer and uniform distribution.

For all-wave and television reception, the antenna
coupler must change from dipole operation to elevated-
capacity operation at given frequency limits. Fig. 5 il-
lustrates a triple-transformer coupler that transfers
energy at about 50 Mc. from a television-type dipole to
the line. At 0.5 to 20 Mc., however, the structure acts
as an elevated capacity over a local ground, but again
induces circulating currents in‘the transmission 1ine.

In thisexample, the u-h-f transformer T1 has condensers
of 25 tosq mmf in series with the secondary winding which
tune .it very broadly to about 35 Mc., thereby making it
possible to get optimum energy transfer on frequency-
modulated as well as television signals. A second trans—
former T, serves totransfer the energy of signals in the
6-20 Mc. band, using theantenna structure as an elevated

capacity. A thrid transformer T. converts the structure
toamMarconi antenna, using itas aanelevated capacity over

a local ground G on the roof and inducing a signal volt—
age across the transmission linewith the-excellent signai—
to-noise ratio. This coupler issuitable for operation in
conjunction with short dipoles (about 7 feet for each arm)
designed specially for yo to 60 Mc.

-3_
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Fig. 5 - Antenna coupler covering u-h-f, short-wave and
standard broadcast bands.

In planning a system for mult iple operation, the position
of the receivers will decide the method of connection to
be used. The ideal way is to have the antenna coupler at
the junction of the antenna and line, and the receiver
couplers at various intervals along one single line, with-
out branch lines. This is shown in Fig. 6a. The most
practical form has the outlets in a single vertical or
horizontal line. If, however, there are two or more ver—
tical lines, for example when a four-story building re-
quires sixteen outlets, then there are several ways of
connecting the outlets: First, the "up-and-down® waywhich
is equivalent toa straight line. This method is probably
the best for systems to carry television signals with a
minimum of reflections, (Fig. 6b).

Second, by a number of parallel lines fed from one an-
tenna transformer by suitable redesign of the secondary
windings (Fig. 6c). Here it is important to note that
each individual line must come directly tothe transformer
and not from a remote junction through another piece of
tine as, for example, in Fig. 6e, because this method
would introduce both reflections and mismatching of im-
pedances at the junctions. It is unsuitable forgood tele-
vision service without specially ‘designed distribution
transformers. tn Fig. 7, this effect is illustrated by
measuring the received signal strength with two risers in
parallel joined directly at the antenna transformer or at
a point separated therefrom by aso-foot line of the same
kind as used in the risers.

Third, by means of auxiliary distribution transformers
having the closest coupling between windings and a very
broad frequency response. (Fig. 6d). The antenna-trans-
former ratios are the same as for a single line. The
distribution transformers are more easily designed and
built for a 2-to-1 step-down ratio which would be best

oty
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Fig. 6 - Block diagrams of methods of distributing sig-
nal energy to a plurality of outlets.
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used to feed four lines effectively in parallel. This
last system requires more complicated distribution trans—
former units with suitable filters toprevent reflections
in u-h-f operation, and to separate properly the flow of
signals of the various frequency bands.

When the number of radio receivers is so large that
the attenuation of the line or lines is excessive, am—
plifiers areassociated with transformers between the an-
tenna and the lines. 0Of these, there are two general
types:

(a) Broadly tuned; and
(b) Aperiodic, but with band-pass frequency-limiting
filters.

Both types may have frequency equalizers and inverse feed-
back to overcome cross—-modulation from one' or more strong
statdons.

Amplifying systems of the first kind contain a number
of band-pass amplifying tubes overlapping each other.
They are somet imes made tocover only a portion of a given
band. For example in one form! there are three channels
within the standard broadcast band, and a number of channels
in the higher-frequency bands up to about 20 Mc. other
forms cover the spectrum from 150 kc. to 15 Mc. inonly two
channels, using high-transconductance tubes?, Thissystem
may also be considered as belonging to the second class
because the amplifers are almost aperiodic.

The second type usually contains a band-pass input—
filter covering about 500 to 2500 kc. with sharp cutoff
against 455 kc. (which is the i.f. used in most superhet
recéivers). There is inverse feedback from a push—-pull

hair of power.tubes to another pair of amplifying tubes
that reduces cross-modulation. A number of rejectors for
the purpose of equalizing toacertain degree the various
local-station signals precede the amplifier tubes. High-
pass filters are placed so that frequencies above 2500.kc.
are bypassed around the amplifier and fed directly from
the antenna structuretothe line so that short waves may
be received, but without added gain. At the same time,
feedback for broadcast frequencies around the amplifier
"is prevented by the high-pass filter.

Transmission Lines

The transmission line by itself presents relatively
simple problems and its attenuationand terminal impedance
can be measured or calculated without serious difficul-
ties3. In general, for frequencies below 20 Mc. the line
attenuation perse is negligiblewhen it is less than about
500 feet long.

However, it isthe effective attenuation of lines with
a number of outlet boxes, containing set couplers of va-

1 v.D. Landon, I.R.E. Proceedings, March, 1932
R.C.A. Review, January, 1937

Dr. D.J. Fruin, £lectronics, November, 1939

Stuart Ballantine, Measurements of H-F.Lines
Electronics, April, 1938.
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Fig. 8 - Attenuation of typical transmission lines -

(1) 16/30 twisted pair, 1/32 inch, 30% rubber
wall, Zo - 110 ohms. Sample exposed to
outdoor weather conditions.

(2) Same as (1) but not previously exposed.

(3) Coaxial low-loss rubber dielectric. Z, -
64 ohms.

(4) Type 9882 two No. 12 solid conductors,
paraffin braid. Zo - 100 ohms.

(5) Coaxial, spun-glass dielectric. Zo - 71
ohms. -

rious descriptions, that isof practical importance, This
applies to signal attenuation and reflection.

When the outlets are spaced at less than one-eighth
wavelength or so, they may be considered as lumped con-
ductances from which anadditional equivalent distributed
conductance per unit length may be computed. By adding
this tothe conductance per unit length of the linealone,
the attenuation of a line with couplers may be calculated
with a fair degree of approximation, as follows:

The attenuation of atransmission line isapproximately

R
a =434 ( — + GZ)
'z

where the result is in db per unit length, R and G.being_
the resistance and conductance per unit length respective-
1y and Z the surge impedance in ohms.

When couplers are shunted across the tine, anadditional
loss is introduced, which can be expressed in terms of an
effective conductance g. |If there are n couplers having
an effective resistance p , shunted across the line of
length L, the conductance due to.the couplers will be:

g = n/pl
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Substituting in (1), we get a new attenuation
L2

B
a'=4.34(-z+GZ+gZ)=a+4~34 z

pl
The total attenuation of the line wiH be:
L
A=2dl =a + 434 — Z
P

If the couplers consist of transformers having a trans—
formation ratio = (secondary-to-primary), the reflected

resistance into the line will be: _ " where r is
the input resistance of the radio ' — # receiver.
Hence:
S
A=ual 4+ 434 — Z
T

If we consider the total attenuation from the head of
the linetothe terminals of the radio receiver, then this
attenuation A’ will be:

A = A — 20 log 7

Therefore:

nrt
A =al + 434 — Z — 20 log T
Example: r

Let a line 200 feet long, having anattenuation of 0.5
~ db per 100 feet, supply m radio receivers of 5000-ohm in-
put resistance by means of ideal transformers having a
secondary-to-primary turns ratio = . Form =35, 10 and
20, the values of A’ have been calculated for various
values of = . By plotting them with as abscissas and
A’ as ordinates, the curves of Fig. 9 were obtained. From
these graphs the two-to-one ratio seems to be satisfac-
tory for most- conditions. ’

In practice, the effective conductance of an outlet
varieswith frequency, withthe impedance of the radio re-
ceiver, with the length of line from the receiver to the
coupler, and with other less important factors. The out-
let should contain such a circuit that the variation of
output impedance (input looking intothe 1line), may be held
within reasonable 1imits. Decoupling means suchas resist—
ance or reactance or mutual inductance will be shown in
connection with the design of receiver couplers. Various
compromises have t o be reached betweenconflicting require—
ments such as the following:

1. Minimum effective shunt conductance, so that the
line attenuation will not be excessive;

2. Maximum energy transfer from the 1line to all the
radio receivers;

3. Minimum variations in admittance due to changes in
ad justments of radio receivers; and

4. Energy transfer to be a maximum for signals and a
minimum for any other radio-frequency currents of
steady or transient nature.

200’ LENGTH, 0.5 DB/I00] ATTENUATION
OI@}--«.---Q--Q- 100.0
)y Wl G
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ATIO OF TRANSFORMATION T A
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Fig. 9 - Signal attenuation in a line feeding a given
number of outlets containing transformers of
different ratios. Optimum ratio for a given
number of outlets is shown by the curves.

A1l these requirements cannot be fulfilled, but which
takes precedence over the other isdetermined by the con-
ditions specified inany given application of the antenna
system. Here a good deal of experience and sound en-
gineering judgment are necessary. The design of a good
coupler is the result of economic as well as technical
considerations.

Receiver Couplers

There are three important types of receiver couplers:
1. Conductive; 2. Inductive; and 3. Composite of the
first two.

The conductive coupler comprises a simple series im-
pedance which may or may not vary with frequency, the ob-
ject being to minimize the load-impedance variations as
the receiver is adjusted. In the second type no direct
metallic connection exists between the line and the re-
ceiver. The coupler acts as an isolation unit. Ia the
third class there is a common circuit for the load and the
line, at least at some frequencies, while at others the
main energy transfer takes place by induction. From the
standpoint of noise elimination, thesecond type furnishes
the best solution, but it is the most expensive, par-
ticularly when several frequenc':")';:—selecting transformers
are required for efficient operatioh. Fig. 10 represents
an inductive coupler suitable for reception between 0.5
and 20 Mc.

In designing inductive couplers there isan additional
difficulty encountered inthe sudden impedance variations
of aradio set when the band-changing switch is operated.

_6_
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Fig. 10 - Inductive-type receiver coupler for all-wave
Reception.

As the receiver isseldom placed very close tothe out—
let, it follows that if there is a twisted pair between
them this short line is practically equivalent to a con-
denser of about 25 mmf per foot for frequencies in the
standard broadcast band. For example, 12 feet will be 300
mnf, and at 1,550 Mc. its impedance is 342 ohms, but at
0.55 Mc. it is o6y ohms. As these impedances are lower
than that of the receiver, they should be considered as
part of the load in designing the transformer and they
shculd fix the leakage reactance between windings as well
as the primary inductance.

The induct ive type of receiver coupler has an additional
advantage over the conductive coupler: it prevents trans—
ients and low-frequency power currents from entering the
transmission line via the receiver coupler itself. Cur-
rents from the power-supply line pass through the radio
receiver and may be propagated via the transmission line
intotheentire distribution system unless blocked by in-
ductive couplers. In an actual case, the noise reduction
effected by the replacement of conductive couplers with
inductive couplers has surpassed 15 db in a system with
only 5 couplers.

Composite couplers are sometimes designed to be less
expensive than inductive couplers. They may contain only
one transformer, having very efficient transfer between
0.5 and 1.7 Mc. throughclose coupling secured by a ferro—
magnet ic core and careful winding design. It may be de-
signed with a high distributed capacity between the two
high-side ends of the windings, so that frequencies above
6 Mc. aretransmitted mostly through thisdistributed cap-
acity. This type does not possess the efficiency of the
two-transformer type for shortwave operation, but it is
less expensive.

The conductive type of coupler is in reality a nde-

coupler®. |t minimizes reactions between setsand between
sets and the tine as a whole. A simple series condenser
alone is not good enough for ali-wave operation because
its reactance decreases to- a detrimentally low value at
high frequencies. :

Resistance alone is not satisfactory because it con-
sumes signal energy and also because with defective orbad
connections in the radio sets itallows power currents to
pass and very often is burned out as a result. A satis-
factory compromise consists of a blocking condenser of 200
mmf which stops power currents and decouples the receiver
from the line to a limited extent at 0.5 to 1.7 Mc. In
series with this condenser is an inductance of 20 micro-
henrys with a resistance of 200 to 500 ohms in parallel.
The resistance serves to decouple the receivers at fre-
quencies above the broadcast band, while the low induc-
tance by-passes broadcast frequencies around the resist-
ance.

Couplers for all-wave and television use are of the
composite type. Fig. 11 shows a form of coupler contain-
ing all the elements of the all-wave coupler of Fig. 10.
and in additiontwocondensers, C,C! of sommf to transmit
the u-h-f signals while substantially blocking signals of
the lower bands. Two chokes L,L! (or preferably anti-
resonant traps) inseries with the inductive-coupler ele-
ments for these lower-frequency bands substantiallyblock
u-h-f from the two 10wer-frequency transformers, which
act like capacities for u-h-f currents and, therefore,
would not only bypass some of the signal energy, but what
is worse, would introduce reflections into the line. In
using Fig. 11, connect the television set directly toC,C/
or through twisted pair having asurge impedance equal to
that of the set itself, toprevent reflection. The all-wave
part or an entirely separate receiver, may be connected to
the terminals marked "A" and "G by a twisted pair, pre-
ferably not longer than 12 feet.

Inanexperiment using the type of receiver coupler de-
scribed, six television input circuits, ohe of them part

I
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Fig. Il - Composite-type receiver coupler for all-wave
and ultra-high frequency (television) reception
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of anactual televisionreceiver, were operated with as good
a picture as when the television receiver alone was con—
nected to the line. At the same time, six all-wave input
circuits, including two actual all-wave receivers, were
also operated. The artenna supplyingall thesignal energy
was adoublet with a noise-reducing antenna coupler of the
type of Fig. 5. ‘ -

All-Wave and U-H-F Distribution.Methods

There are three main methods of distributing ultra-
high frequencies, together with the regular broadcasting
channels from about 0.5 to 20 Mc. Figs. 12, 13 and 14
illustrate the manner inwhich signal energy fromadoublet
antenna, preferably with reflector and with a coupling
unit such as shown in Fig. 5, is distributed to a number
of outlets containing 1ow- (below 22 Mc.) and high-fre-
quency terminals.
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Radio receivers having two chassis are considered as
separate sets, one for high and one for low frequencies,
because many television models on the market are really
made of two separate chassis.

In Fig. 12,a distribution transformer is used for the
high-frequency outlets with separate feeders toeach set.
The low-frequency channel has the standard all-wave

couplers bridged across the line inthe convent ional manner.

In Fig. 13, the low-frequency channel is the same as
in Fig. 12. The high-frequency distributionis not carried
out with separate feeders to each set, however, but with
decoupling capacities toeach set bridged across the line.
These capacities can be followed by individual high-
frequency transformers if the extra expense iswarranted.

In Fig. 14, the same line handles both high and low
frequenc ies but-each coupler is provided with added filter
elements to prevent shunting effects.

In connectionwiththis general problem, it is needless
to point out the fact that the local superheterodyne os-
cillations of one set may raise havoc with the reception
of some other set. This difficulty is not limited to
master antenna systems, because some receivers can radi-
ate enough energy (even without any antenna or wires at-
tached totheir input terminals) to ruin the reception of
a channel upon which the frequency of the oscillator is
located.

Noise Reduction

The same principles in the Proceedings of The Radio
Club, may 1938 apply tomultiple-unit operation as to the
individual-receiver case. There, however, we are con-
fronted with other sources of interference not present in
the single-unit operation. In the first place, one radio
receiver can act as a source of interference for other
receivers, not only because it may introduce power-line
noises intothesystem but on account of r—f oscillations.

The installation of a multiple-unit system does not in-

clude connections from the radio receiver to the outlet,
and this isalikely place to pick up all kinds of strays
unless instructions are followed never to use long ex-
posed leads in the vicinity of sources of transient vol-
tages. Another problem is that of the proper grounding
of the receiver, particularly in the case of ac-dc re-
ceivers having no ground terminal. The chassis must be
returned tothe ground terminal of the outlet by a series
condenser. Otherwise there would be a loss of signal in
case of the inductive coupler and a consequent increase
of line noise.

Another difficulty introduced in the design of a mul-
tiple-unit system, not encountered in individual reception
is as follows. In the latter case the coupler is usually
attached byvery short leads tothe chassis and the trans—
mission line directly tothe coupler, while in the multi-
ple-unit systemthe coupler is in an outlet box sometimes
quite far from the radio set, and of necessity an addi-
tional line must gofrom the coupler tothe set. Such line
can be considered as a condenser for the broadcast-band
frequencies because the impedance of most radio receivers
in this band is high in comparison with the capacity re-
actance of a short piece of twisted pair. Therefore,
the coupler may be considered as furnishing leading cur-
rent to a condenser of about 25 mmf per foot of line.
It is upon this basis that the coupler for the broadcast
band should be designed. However, if the band switch
of any radio receiver is turned to a higher-frequency
band, the 1ine may act asasmall inductance or resistance
even for broadcast frequencies and the leakage reactance
of the coupler transformer for this band should be such
that a dead short may be avoided under these conditions.
otherwise a decoupling series element should be incor-
porated in the unit. '

For the higher—-frequency bands, the short twisted pair
may be considered more like a transmission line, often

‘termirated at impedances several times greater or smaller

than its surge impedance. It is quite impossible to pre-
determine or even guess at the transmission properties of
this line.

Conclusion

From the foregoing considerations we see that by judi-
ciously compromising someconflicting requirements, asys-
tem of radio-wave collectionanddistribution formultiple-
unit operation can be devised for a very wide frequency
range, namely, from 0.5 to 80 Mc.

The necessity of a substantial noise reduction in the
system cannot be emphasized too much. The real ruison
d’etre of such a system is an improved signal-to-noise
ratio over the values obtainable by indiwidual pickups of
the indoor type, or of any kind, whenever the number of
receivers in the building is of the order found in an
average metropolitan apartment house. This holds true
now more than ever with the advent of television.

if we have made these points clear, and have indicated
the way to solve the problems, the purpose of this paper
will be fulfilled. |If so, it will be due to the invalu-
able assistance from Messrs. E. V. Amy, Frank King, and
Edward Sieminski.
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