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PROBLEMS
OF ALL-WAVE
NOISE-REDUCING-ANTENNA DESIGN
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JULIUS G. ACEVES®

Delivered before the Radio Club of America
November 14, 1935

The radio antenna is the gateway through which
come the signals to the radio receiver. When
radio was in its infancy, problems of antenna

designwere given detailed consideration; early"

text books were replete with the mathematics of
the theory of antennas; much experimentation
was done in the determination of their charac-
teristics. Then came, in rapid succession, a
series of inventions of apparatus and circuits
culminating in radio receivers of almost unbe-
lievable sensitivity, while at the same time,
however, the antenna itself both figuratively
and literally was relegated to the attic. Mean-
while, other electrical apparatus performing
their usual function, continue also in thelr
production of high frequency energy radilated
through space or conducted along power lines.

This has resulted ina veritable bedlamof noise
whenever stations other than the most powerful
locals were to be received and interference re-
duction has become a necessity. As most radio
receivers possess more amplification than can
be used without undue noise, it follows that
noise reduction, evenat the expense of a little
signal strength, is essential to the operation
of the receiver at full capacity.

Antenna design underwent another radical change
with the advent of popular shortwave broadcast-
ing, especially from foreign countries. Where-
as, a simple Marconi Type antenna was sufficient
for the 500-1500 K.C. band, 1t is inadequate for
the 6-20 M.C. band particularly fromthe inter-
ference standpoint, and the Hertz type dipole
or doublet largely superseded the simple Marconi
antenna for short waves.

TYPES OF INTERFERENCE:

The purpose of this paper is to present some
facts concerning the nature of interference,
the remedies available, and some suggestions
concerning the antenna and transmission line
for best performance, not frompurely theoretical
considerationbut also from the practical view-
point,

*Engineer, Amy, Aceves & King, Inc., N. V., C.

It is a common experience with radio engineers
and service men that what is good in one place
for interference elimination is bad in another.
Many engineers have found certain schemes that
promised unqualified success in the laboratory,
but as soon as they are put in practice they
fail miserably. In fact, most of us have to
confess failure at some time or other in the
development of anti-noise circuits and appara-
tus. This has been due mainly to the fact that
interference has been assumed to be just one
sort of an animal tobe hunted down and annihil-
ated while, in reality, there 1s whole species
to be exterminatede.

The most deceiving circumstance is the multip-
licity of ways throughwhich interference enters
the radio receiver. Accordingly, it may come
in - (1) By the antenna; (2) by the downlead;
(3) by the power line; (4) by the ground con-
nection or by a combination of all these.

(1) The only rewedy 1is to place the antenna as
far above the roof as possible and some times

- at right angles from the source of the strong-
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est interference. Obviously, the most suitable
type of antenna for the wave lengths to be re-
ceived should be selected, and experience has
shown that a horizontal wire about 60 or 70 feet
long with a gap in the middle so that it may
constitute a doublet, as well as T antenna in
conjunction with a transmission line downlead,
is the most practical form of all-wave antenna
from the standpoint of simplicity and facility
of erection. Improvements upon this may be se-
cured by the use of "X" or "V" doublets, multiple
doublets, and other various forms of dipoles
well known to the radio art.

(2) The downlead is subject to electromagnetic
induction just the same as an antenna. There
are two ways of preventing its effects = by
shielding it and by substituting for the down-
lead a balanced transmission line. For prac-
tical reasons the second expedient is tobe pre-
ferred for short wave reception.

The electrostatic coupling is by far the strong-
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est of the two components. Schematically, the
clrcuits for signal and interference may be
represented as in Fig. 1, in which we substit-
uted the open downlead by a balanced transmis-
sion line, with two transformers at each end.
We may represent the circuit of the interfer-
ence by two equal capacities from the source G
to the two wires of a twisted pair transmission
line, Following the circuit from G through C,
C' to the lines TL, TL', and entering at oppo-
site ends of the center tapped coil 6, 7, 8,
the current will go to earth from the center 7,
to E and return to the generator G.

If we make coil 6, 7, 8 so that there is unity
coupling between the two halves 6-7 and 7-8,
and that their mutual inductance to the second-
ary coil 9, 10 absolutely equal, no E.M.F., will
be induced therein by the passage of currents
through the circuit G,C and C', L and L', 6~7
and 8~7 to E, while the signaling current from
the antenna A through primary 1-2 will induce a
secondary E.M.F, across the transmission line
TL-TL' which will produce a current flowing down
one wire and up in the other at the same time,
and which we shall call "circulating current",
It will enter the primary at 6 and leave at 8,
inducing an E.M.F. across 9-10 which feeds the
radio set terminals a-g.

If nothing else happened, there wouldbe a com-
plete elimination of the interference from cap-
acity coupling to the downlead. Unfortunately,
current fromthe generator G through capacities
C~C' will not only flow to earth but will also
flow upwards towards the antenna. In so doing
it will traverse the primary 2-1 which will
thereby induce an E.M.F. across the transmission
line L-L' and force circulating currents just
in the same manner ass the signal in going to
earth through the primary 1-2. This explains
why the interference isnot totally eliminated,
unless the antenna impedance was infinite. It
is fortunate, however, that the impedance of
the branch from C-C' to earth is much smaller
than the reflected impedance of the antenna, and
this explains the success of the devices in the
market based upon this principle of operation.

For a more complete reduction of interference,
the complete severance of the metallic connec-
tions between the transmission line and the an-

40

A
/ 3
8 2€ s
re() 7

o @

/"'/9. 2

tenna coupling transformer is necessary. In
Fig. 2, the signal voltage is derived from the
difference of potential between two wires of a
different effective height, that is, between an
antenna A and a counterpoise B. The latter may
be substituted in some cases by a ground con-
nection, if such is available, or from a large
metallic surface so that it will act as an
effective ground rather than the surface of the
earth. It must be free from other currents
traveling downwards towards earth,

In the event that the wave length of the signal
to be received is not much longer than twice
the length of the horizontal wire, the upper
coupling unit may be dispensed with, and the
two wires of the transmission line connected to
the center of the wire where a gap is opened,
thereby converting it into a Hertz doublet. In
this case all the considerations concerning the
paths of signal and interference currents Jjust
discussed for long waves will still hold true,
except that currents traveling upwards from the
capacity coupled interference source cannot
bring back circulating currents. A method of
combining in one horizontal wire (with a gap)
the Marconi or "T" antenna and the Hertz or
doublet and a transmission line will be described
later.

(3) Interference introduced by the power supply
line. ©Next to the lead-in pickup, the power
line brings in the greatest amount of interfer-
énce. To understand the modus operandi, let us
consider the circuit of Fig. 3 which shows
schematically a source of radio frequency volt-
age G' across the impedance Z' of the line to
earth., Measurements show that this impedance
is extremely low at 60 cycles but at broadcast
frequencies it is one or more hundreds of ohms
depending upon frequency, distance to earth,
etc. The impedance of the ground return of the
radio receiver is not negligibly small either;
let it be represented by Z in Fig. 3. It is
obvious that the electromotive force of the
source G' will send a current through the radio
receiver (directly like in A.C.-D.C. sets, or
indirectly by capacity coupling in other sets) .
and return to earth through the impedance of

the ground connection Z which is common to the
antenna pickup circuit made of the antenna prop-
eér, A, the effective capacity of thc aerial to
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ground, C, and earth, E. This constitutes two
circuits with a common impedance, Z. If the
distance fromthe radio set to earth is not very
small, return currents to earth from some other
sources of radio frequency disturbance such as
G will also introduce an Interference in the
antenna pickup circuit. The existence of volt-
ages in the ground return clrcuits, such as
steam or water pipes, fire escapes and other
conductors can be demonstrated by the common
practice in many apartment houses to connect
the antenna post of the radio receiver to such
conductors leaving the ground post free, and
obtaining sufficient radio frequency voltage to
receive local as well as moderately distant
stationse.

The interference elimination circuit of Fig. 1
will be found ineffective in totally reducing
this kind of interference. In Fige. 4 we can
see how the interference currents will follow
an upward path to the sntenna. It will be ap-
parent at once that the source G will force a
current upwards which eventually will pass
through coil 1-2 and into the antenna. Circu-
lating currents will be immediately sent up and
down the transmission line and the interference
will appear as voltage across a-g. Hence, this
system will not eliminate altogether Interfer-
ence of this type. We say altogether because
the impedence mgtching of the source of inter-
ference is not as good as that of the antenna
to the system, and hence there will be discrim-
ination in favor of the signal. There is, how-
ever, a very simple way of stopping the passage
of interference currents upwards into the an-
tenna, and it is the insertion of an "isolation"
transformer, as shown by windings 11, 12, 13,
14, in Fig. 5. It is of 1/1 ratio designed for
about 100 ohms input and output impedances, or
for some other value of the line impedance.
The windings should have as nearly 100% coup-
ling as is possible so as to avoid appreciable
insertion losses, while the capacity between
windings should be kept very lowto prevent sub-
stantial flow of current from the source G up
the transmission line and into the antenna.

Another way of producing the same results would
be to break the ground connection between the
primary center tap and the chassis, that is,
between 7 and 10 in Figs. 1, 2 and 4, and elim-
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Fig. 4 G{

inate the capacity couplingby means of a Fara-
day screen or other form of shielding. Unfor-
tunately, shielded transformers are not very
efficient because the presence of the shield
introduces magnetic leakage and distributed
capacity. Another serious trouble arises from
unequal distributed capacity between the shield
and the two ends of the primary winding which
would result in an unbalanced flux for parallel
currents. This effect 1is best illustrated by
the schematic diagram of Fig. 6, where the dis-
tributed capacity of the primary 6-8 to the
shield S is represented by condensers C, C'.
Assuming that C and C' are unequal, it will be
noted that more current flows in the first turms
of the winding 6-8 to ground through C than
through C' (if C is larger than C'), and hence
there will be more esmpere-turns in one direc-
tion than in the opposite, and therefore, there

‘'will be a resultant field inducing voltage in

the secondary 9-10.
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The recent progress in the development of ferro=
magnetic substances sultable for cores of R.F.
transformers is going to simplify R.F. trans-
former design by providing a higher mutual in-
ductance witha minimum of turns eand distributed
capacity, and it is possible that a good 1sola-
tion transformer may be built with a shield be-
tween windings that will introduce a small at-
tenuation for signalling currents.

Another expedient to prevent the passage of
currents from the ground connections upwards
consist in isolating the set from ground as far
as possible, and to effectively do so it 1s nec-
essary to introduce R.F. chokes in the power
line leads and nc¢t to connect the chassis to
earth. After all, the only voltage that eventu-
ally produces an appreciable sound in the loud
speaker is only the difference of potential be-
tween antenna and ground terminals of the radio
receiver, and the chassis of the set may be
considered as ground as far as reception is con-
cerned. In practice, it is very hard to predict
which is the best way to operate a radio receiv-
er; groundsd or not grounded, and if so, to
what metallic bodles. It has been found that
connection of the chassis to the "B.X." that
encloses the power lines in one instance was the
only remedy to stop severe interference from a
neon sign in the same building, while in some
other cases complete isolation was best. When
an antenna is not in a completely "dead" field
for interference, it has been possible to bal-
ance out induced interference in the antenna
by allowing the downlead to pickup interference
but in opposite polarity. At any given frequency
it has been possible in the Laboratory to bal-
ance out the interference as completely as it
is done In making measurements in a Wheatstone
Bridge. In Fige.7 1s shown an arrangement where-
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by the E.M.F. across the a-g posts of the set
is made of the vectorial sum of the induced
secondary voltage across 9-10 and the drop across
the impedance l-r-c made of three variable units
so that the magnitude as well as the phase is
under control. In order to make it possible to
balance out any E.M.F. from the transmission
line wires TL, TL', a reversal of these lines
may be necessary so that the secondary voltage
always may be opposed by the drop across l-r-c.
In practice, a very satisfactory partisl balance
may be secured by the use of resistance only in
lieu of the l-r-c combination, and there are
coupling units in the market made with this
arrangement.

PERFORMANCE ON SHORT WAVES:

When the antenna has such length that 1t 1is
possible touse the horizontal wire as a dipole,
the problem is considerably simplified. The
signal voltage 1s obtained by virtue of a dif=-
ference in phase of the electromagnetic wave at
the various points in the wire which tends to
send a circulating current into the transmission
line without the necessity of introducing trans-
formers such as those shown in Figs. 1 to 5.
Interference traveling upwards along the trans-
missien line cannot bring back circulating cur-
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rents, and a simple transformer such as shown
in Fig. 8 will be found quite satisfactory.
Connection between 7 and 10 is necessary to
provide neutralization of capacitative coypling
between the primary winding and the "live" end
of the secondary. The connection from 7 to
elther 10 or the g post of the radio set must
be very short, as at high frequencies the in-
ductance of the wire will introduce a consider-
able reactance between these points, the drop
across which will produce a voltage in seriles
with the Induced secondary voltage across the
secondary 9-10 and interference will thusly be
reintroduced into the radio set. If the con-
nection 7-10 is broken, a shield should be in-
terposed between windings as in Fig. 6, but
with some extra attenuation to signal currents
for the reasons discussed above in connection
with broadcast frequency reception.

COUPLING UNITS FOR ALL-WAVE RECEPTION:

If it was possible to designa transformer that
would cover the whole frequency spectrum, the
lower coupling unit would be nothing else than
a single center-tapped transformer 1like in
Fig. 1.
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The antenna coupler, however, has to be mnore
complicated because it 1s necessary to produce
circulating currents at low frequencies and at
the same time transfer the energy from the di-
pole at high frequencies without interference
from each other's operation.

In Fig. 9 it 1s shown a magnetically coupled
R.F. unit consisting of the primary 1-2-3 be-
tween the two branches of the dipole, and a
split secondary 4-5, 6-7 across the transmission
line TL, TL'. It includes a condenser C that
has low reactance for high frequencies but high
for low ones. The low frequency transformer is
similar to the one shown in Fig. 3 and the pri-
mary winding starts from the center of the prim-
ary winding of the H.F. unit and terminates in
the mid~tap of the secondary of the low frequency
unit, this latter windingbeing connected across
the transmission line.

In Fig. 10 is shown capacitative coupling be-
tween the dipole and the transmission line. The
frequency selection is accomplished by suitable
choice of the electrical constants of the cir-
cuits.

At frequencies bordering the low and high fre-
quency bands both transformers will act to some
extent and the transition is very gradual, and
care must be taken so that they nevermay act in
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opposition to each other by using the correct
polarities. Anti-resonant circuits may be in-
serted in series with the two transformers tuned
to frequencies in the border line, so as tomake
the change-over more definite and avoid losses
due to phase opposition when both transformers
are operating at lowefficiency on some frequency

near the limit.

The set coupler may be made of a number of trans-
formers with condensers in series of multiple,
as for example in the diagram of Fig. 1l. In
practice, however, only two units are found to
be required for ordinary sall-wave reception.
Fige. 12 shows a unit consisting of a low fre-
quency transformer with its primary center tapped
at 7 and grounded to the chassis of the radio
set g, the secondary grounded at 10. The high
frequency transformer has condensers, C and C'
inserted in series with the primesry winding 11-
12~13. The secondary 14-15 is connected in ser-
ies witha small coridenser and in parallel with
the other secondary; both of them feed the input
circuit a-g of the set.

INTERFERENCE ELIMINATION TESTS:

There are many coupling units in the market in-
tended to be noise reducing outfits. What cri-
terion and by what means can we ascertain their
merits?
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At present there is great diversity of require-
ments and methods of measurement of interference
in the various countries, as was well pointed
out at the I.R.E. convention last year in Roch-
ester, N.,Y. Various committees are working with
the object of submitting a set of standards of
performance as well as methods of testing noise
reducing devices and alsoradio receivers them=-
selves., Until we have something to go by, it
seems that the following method can give fairly
satisfactory guidance in measuring the compara-
tive ability to pick up interference of two sys-
tems, one of which usually is an open downlead
and the other-is a combination of coupling units
and their transmission line, connecting the same
length of horizontal antenna wire in both in-
stances, to a calibrated radio receiver.

The method which has been used in the development
of noise reducing antenna systems will be de-
scribed below. It involves the use of a sinusoi-~
dal, single frequency interference, instead of
some artificial source of damped oscillations
produced by sparking apparatus. The assumption
is made that any pulsating current may be decome
posed into an infinite number of frequencies
very close together, according to Fourrier's
integral, It 1s also assumed that the receiver
is substantially unaffected by disturbances the
frequencies of which are outside the narrow
band intended to be passed through the various
tuned circuits. Cases of shock excitation may
be saild to form an exception, but, even then,
the frequency that causes any response in the
speaker 1s within the band admitted by the
tuners. Consequently, if we can eliminate an
interfering sinusoidal oscillation (modulated
at some convenient audlo frequency so as to
make it audible), it may be safely assumed that
all other forms of interference within reason-
able magnitude will also be eliminated to the
same extent.

A microvolter is used as source of interference
and it is connected to the system in the var-
ious forms shown in Figures 1 to 8., In order
to esteblish a direct comparison between an
open downlead without coupling units and a sys-
tem consisting of the same length of horizontal
antenna conductor with a switching arrangement
that will permit the same total length of wire

to act in both as an ordinary "T" antenna and
open doiwnlead and as a noise reducing system.
Fig. 13 shows the circuit schematically. When
S and S' are thrown up, the antenna and trans-
mission line act as a "T" antenna directly con-
nected to the antenna post, a, of the set, and
with S and S' down, the units U and U' are
thrown into the circuit in the manner called
for by the system.

When making measurements with actual signals,
the output level should be observed first with
the system on, and immedlately with the "T" an-
tenna, using the same station, and noting the
signal strength difference, preferably in D.B.
A graph should be plotted with frequency as
abscisae and D.B. differences as ordinates.

Then the source of interference i1s connected
in the manner to be selected; by means of two
small and equal capacities from the microvolter
to the lines of the twisted transmission line
as in Fige. 2, or in serles with the ground lead
across a low resistance as in Fig. 4, and read-
ings of the output meter and attenuator taken
to determine the D.B, difference in output and
a second graph plotted as previously, this will
show how much interference reduction is there
and then the difference between the two graphs
will show the effective interference elimina-
tion properties of the system in D.B.

The details of the receiver are interesting.
The actual model used in the Laboratory is a
superhetrodyne with band pass filter input cir-
cuit of the inductively coupled antenna type.
In Fige 14 only the essential parts of the cir-
cuit are shown. The terminals a-g constitute
the input. Across it there 1s a resistance R}
which represents the input impedance of the re-
ceiver and can be made of any value desired. A
potentiometer of much higher total resistance
serves as attenuator. In lieu of this potentio=-
meter a better form of calibrated attenuator
should be used when very accurate measurements
are required. Resistance Ro 1s large compared
to the effective impedance of the primary of
the first R.F. transformer T, so that the po-
tentiometer setting may be almost independent
of its load and also that the band pass filter
of the set (not shown in Fig. 14) may not be-
come inoperative. Vg is an R.F. or I.F. ampli=-
fier, and there are a number of such tubes in
the actual receiver. The I.F. stage immediately
preceding the detector tube 1s provided with
means for the modulation of the carrier of the
station being received by means of 60 cycles.
A low tension transformer such as bell ringing
transformer with its secondary in series with
the cathode of the last amplifier tube Vg will
modulate the R.F. or I.F. which, after it 1is
amplified, will be fed to the detector Vsz of
the linear diode type so that the output shall
be proportional to input voltage as fdr as pos-
sible. In the output stage Vg, an output trans-
former tuned to 60 cycles feeds a copper oxide
rectifier DR and a current indicator, M.A. The
advantage of modulating the I.F., is very great,
as the output current in the mili-ammeter will
be independent of the modulations in the pro-
gramof the station and will be proportional to
the carrier which is modulated in the tube Vs.

The tuned output transformer reinforces the 60
cycle modulation and reduces the modulations
from the signal., In this manner the signal
strength 1s easily measured by means of a com-
mercial type radio receiver equipped with little
extra apparatus and controls. It must be thor-
oughly shielded and isolated from the power
line connections by means of chokes, The A.V.C.
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must be rendered inoperative by using fixea
biases or otherwise.

By means of this method, the antenna and trans=-
mission line characteristics may be studied
experimentally.

ANTENNA DESIGN:

We shall not attempt to cover this broad subject
from theoretical or statistical considerations;
this is obviously impossible,

From a commercial standpoint, an antenna should
be -

8.
be.
Ce

Easy to erect

Inconspicuous -

Capable of picking up signals throughout
the all-wave bend

v a

/4

Starting with the last requirement, a dipole of
some form is necessary which will have no anti-
resonant frequencies within the specified short
wave band. Straight doublets are preferred for
the fulfilment of (a) and (b) but, if these re-
quirements are not very stringent, multiple
doublets, "X" doublets or cage doublets are
preferable. The "X" doublet of Fig. 15 has the
advantage over the straight doublet of the same
length, in that its impedance is more uniform
and can be used more efficiently at the longer
wave band of 49 meters. Characteristic resist-
ance, impedance and power factor curves for this
type of antenna are also shown in Fig. 15 (by
courtesy of the Hazeltine Corporation%.

Double doublets act much the same as double
transformers tuned to two frequencies near the
ends of the band to be covered. The well known
phase reversal of a tuned circuilt when the fre-

d. Particularly efficient at the regular quency passes from below to above the resonance
broadcast band, 15, 19, 25, 31 and 49 value, makes 1t necessary to reverse the doub-
meter bands. lets with respect to each other to avoid anti-
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nodes at some frequency between the two natural
periods of the doublets.

If we now use only one of the branches of each
of the two doublets, we have an assymmetric
doublet. It is used to some extent on account
of its simplicity and diversity factor, but as
a noise reducer it cannot be as good as a per-
fectly symmetrical doublet because when inter-
ference currents travel upwards on the trans-
mission line, the currents in the two wires are
unequal and thelr difference may be considered
as a circulating current which will enter the
set coupler just the same as a signsl current,
as we have already shown in our discussion of
interference elimination.

Any of the preceding doublets will act as a
flat-top antenna for the broadcast band by means
of any of the couplers previously discussed. A
pointer in design of these couplers: the leakage
reactance of the low frequency transformer, such
as 8-9-10-12 of Fig. 9, when the secondary is
attached to the line, should tune the capacity
reaction of the flat-top antenna at about the
middle of the broadc-~st band, or at a point where
desirable signals come in weak.

TRANSMISSION LINES:

The most common forms of transmission line are:
a twisted pair cable and a parallel transposed
line. The latter has much lower insertion
losses, especially in damp weather, but it is
much less practical and more difficult to in-
stall. With modern receivers of enormous sen-
sitivities, a loss of 4 or 5 db., such as may
occur in the cable type line is not seriouse.
The greatest of the losses is ordinarily the
dielectric lods between conductors, but, at the
very low potentials used, is always small.

The surge impedance of a transmission line is

g = Jja)L-l-R

where L, R, Cand G are respectively the induc-
tance, resistance, capacity and conductance per
unit length. Lines used as downleads attenuate
so little that R and G are very small compared
tow L and WC and therefore .

and 7 has unit power factor. This property en-
ables us to measure Z very easily by means of

Transmsssion Line
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a Wheatstone bridge, as shown in Fig. 16, con-
sisting of a shielded transformer with an ac-
curately center tapped bifilarly wound second-
ary, a non-reactive resistance R, the value of
which may be measured by an ohm meter after the
bridge is balanced, and the transmission line
terminated by a resistance R', also of the same
type as R. When the bridge is balanced, R and
R' will be equal and R will be equal to«,_L_.
C

When LG = CR, Z is likewise a pure resistance,
but in other cases Z will not be a pure resis-
tance; then an approximate balance instead of
a dead zero will be obtained, but it is close
enough for the determination of Z within a few
percent.

Once Z 1is known, the attenuation of the line
may be measured by means of a linear radio re-
ceiver (one without AVC and linear detection)
and an output DB meter connected as in Fig. 17.

It is interesting to know that transmission
1ines of the twisted pair type shows a rather
low attenuation even at 15 M.C.

The following table shows insertion losses 1in
D.B. per hundred feet of twisted pairs having
seven strands of #32 copper wire with 1/32"
rubber insulation and cotton braid serving over
both conductors.

Frequency in M.C.: 05 1.5 5 15
DeB. per 100 ft.: 0.5 0.5 0.5 5.5

Moisture seems to have very little effect. With
some of the ordinary twisted pairs there is an
increase of 3 D.B. only at about 10 M.C. and
UP e

The use of the transmission line is not limited
to operation of a single receiver. In apartment
houses where as many as twenty radio sets must
be fed from one antenna, a system of multiple
operation has been developed to couple radio
sets to the line and kmown as the DOUBLET MULTI-
COUPLER SYSTEM. Fige 18 illustrates a typical
arrangement. . The only difference in design is
two=-fold: The ratio of transformation of the
couplers must be such that the reflected imped-
ance of the twenty units may not be too low
that will nearly short circuit the line, or in=-
troduce abrupt changes in the continuity of the
line constants, thereby originating nodes or
loops by the formation of quasi-stationary waves
along the line. The other feature is the in-
sertion of a decoupling resistance in each coup=-
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ler to 1limit impedance variations due to the
tuning of the receivers to various frequencies.
A decoupling reactance 1s not as satisfactory
because there is always the danger that some
radio set may be adjusted soas to give an equal
and opposite input reactance and a short circuit
will occur at 'a certain frequency across the
transmission line.

CONCLUSION:

The problem of radio interference is very com-
plex. A segregation of the various components
is necessary for its complete analysis. Prac-
tical conditions 1limit the extent to which the
existing and proposed remedies may be applied.
The design of commercial units has to take all
these elements into consideration. The condi-
tions are so variable that experiments, even
though very elementary, should be performed in
each case to ascertain the choice of grounds.
The choice of antenna, its place of erection,

3 N and the apparatus should be governed by the

NN | relative importance of the various requirements.
D _

=045 /(Z In conclusion, the writer wishes to ackmowledge

his sincere appreciation for valuable advice and
cooperation to Mr. E. V. Amy, and for experi-
. mental work and assistance in the preparation
. of this paper to our assistant, Mr. Edward
‘?W&"":f“m:\:""' Sieminski.
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TWENTY-FIFTH ANNIVER.
SARY YEAR BOOK OF THE
RADIO CLUB OF AMERICA.

A group of schoolboys drawn to-
gether by their common interest in
the then new art of radio formed
the Junior Wireless Club Limited on
January 2, .1909. Out of that first
meeting has grown the Radio Club
of America comprising in its mem-
bership every radio experimenter,
technician and engineer of impor-
tance in the industry today. In
celebration of the first quarter cen-
tury of its activities the club has
published this year book which
contains photographs of early ap-
paratus, members who were instru-
mental in promoting the club and
a complete history of the develop-
ment of the organization. An ex-
amination of the proceedings of the
club from its inception discloses
that the majerity of the radio in-
ventions which form the hulwark
of the modern radio receiver were
first. divulged to the members. The
Anniversary Year Book containg a
complete Who's Who of the voster
which now includes 320 members.

N.Y.Sun 3/2/36

A few copies still available

Of interest to all in radio.

To Members— $1.00

25™ ANNIVERSARY

YEAR BOOK

A complete pictorial history of the Club and Radio.

RADIO CLUB OF AMERICA

11 West 42nd Street,
New York City

Essential to all Libraries.

To Non-Members — $1.50




