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Short Antennas for the Lower Frequencies

In Two Parts

Part I~ Loading and the Use of Traps

BY YARDLEY BEERS, PH.D., WilI

(“‘ HEATER INTEREST i the use of fower

trequuencies @ Tikely to result from the advent
af the Uive-Band DXCC Sward and the imminegot
decline of the sunspot number in the yeurs shead.
Linfortunately, few amateurs luve space fo put up
halt-wave  antennas for  these  jower-frequency
baruds, and practical considerations requare them o
restreet their antenna lengths to whatever space i
available, Then, sane tform of loading must be
nclided to compensate for the tact that the
antenna ks not self-resonant. One of the purposes
of this article is to review the types of Inading that
ray be used and to discuss how the loading shouid
be adjusted.

[he problem s complicated by the fact that
modern cguipment provides foy rapid bund switeh-
ing, and this fuature cunnat be exploited to the
fullest advantage unless anfennas are designed for
multiband operation. [n modern antenna design,
this requirement is satisfied by the use of “teaps,”
which consist of parallel-tuned circaits connected
in series with the anfenna at sppropriate places.
T'hese are widely used in the three-hand commer-
cially-buile Yagi antennas used on 14, 21, und 28
MHz With these. the user bas litile oveasion to
delve into the details of the fraps. No doubt, muny
amateurs consider trape as black boxes that work
by magic. Actually, traps are easy to understand
and 1o adfust, and can be canveniently incorpora-
ted in wire antennas which might be used at lower
frequencies,

For simplicity, most of the present discussion is
hased on vertical (grounded monopolet anfennas,
since the oumber of traps und different wire
lengths is only one-halt that pertaining to 2 dipole
atitenna in @ corresponding situntion. It shouid be
remembered, however, that the properties of a
vertical antenna mounted on a perfectly-conduc-
ting earth ure very closely related to those of 2

¥ ('hief, Hadio Standards Physics Diiv,.. NBS, 740
Witlawbraok Hd., Boulder, CO 80302,

With the [ower-frequency bands com-
ing into greater prominence, this arti-
cle is particularly timely. Part 1 reviews
the characteristics of short untenrnas
and discusses means for tuning them
to resonance, including the applica-
tions of parallel 1.C circuits or “traps,”
on a generalized basis,
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dipole of twive the eggh i free space, The input
wistanee aidd reactance of the wertiea) wre just
une=fwll thase of the dipole, and the radiation
pattern of e vertical is similar to one-hait that of
the Jdipale, but rotated ninety deprees. By use of
this correspomdence, uny statements made bere tor
vertical anfennass can be adapted to horizontal
dipoles; conversely, same of the referepee maferizl
used by the author was presented originglly in
terms of horizantal dipales,

Sene Preliminary Remarks on Traps

A wertical antenna with a trap is shown in Vig. .
In the design procedure commonly cmployed for
two-hand  operation, the length of the lewer
sechion, Ha. s made onexquarter wavelength at the
higher frequency of operation, f2, and the parallel-
resonant frequency of the trap L i disconnected
from the untenmi, is made to he ut fg. At this
frequency, the trap impedance idealty is infimte —
arg, i pricthee, is g very high pure resistance - su
that the performance of the jower section is )ittle
uttected by the presence of the outer section Hy,
At the lower frequency, £, ideally the trap is so
far off resonunce as to act a8 a shost circurd, and if
this were so the tatal lenpth, B, could be made
one-quarer wavelength at £y, and the unfenna
would act a5 @ quarter-wavelength one at both £y
alld*fg. Mare reatistically, the impedance of the
trap st £ vaenot be completely neglected. Since it
uffers inducteve reaciance at £y, it is necessary to
votpensate by reductng the length of the upper
section 139 such thay fhe fotal length H s sone-
what Tess than o yuarter wavelepgth at fp. The
reduction in fength depends upon the LU ratio of
the frap. In practical cases H may he ten ot fifteen
percent less than a guarter wavelength at fy. Also.
tis be completely realistic, 1t must be recognized
that avtually at fo a small cursent dogs flow in the
upper partion Hy afthough it way be difficult to
detect its effect esperimentally.

‘I'he common procedure of making the Tower
sevtion Hg one-quarter wuvelength at the upper
freqquency is 2 matter of convertence. This situa-
tion is easy to analyze theoretically, and the £y and
fa resunanees can he adjusted vearly indepen-
dentlv, tundamentally, other values of Ha van be
used, but the situation where Hao has other values
has not heen studied fullv. (i is concetvable that
some other value of Hg might give better perfor-
ninee, but it is [ikely that with other values of He
the adjustment procedure might be more tedious
since any change is likely to attect both reson-
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Fig. 1 — Vertical antenna with trap.

ances, In some cases the upper portion, Hy, cun be
expected to have appreciable current flowing in it
at fg, lLater i the acticle an untenna will be
described with which Hy is only (.15 wavelength
at fa.

The type of trap which has been referred fo in
the previous two paragraphs we shall call a “high-
frequency trap” sinee its resopant frequency more
or less coincides with the higher frequensy of
operation, There exists another type of teap,!
which logically we shull cull a “low-frequency
trap" since its resonant frequency is made very
close o the Jower frequency fy. Crudely, its
operation may be described as follows: At the
upper frequency fa. the trap presents 1 very low
impedance, thpstly a capacitive reactunce, sa that if
the fotal length H is mude slightly longer than a
quarter wavelength at the upper frequency fg the
antenna behaves very nearly like @ quarter-wave
antenna ut fo. At f1 the antenna is very highly
teactive, but because of the rupid varistion of the
Teactance of the trap near its resonance there exists
an adjustment whereby it can be mude ta just tune
out the reactance of the antenna at fy and bring it
into resonance at this frequeney.

With the low-frequency trap there may also be a
wide-variation in the fength of the lower section
Hp. In fect, in the author's antenna Hn is made
¢qual to zero, This may or may not be optimum
electrically, but mechanically it is very advan-
tageous since heavy {rap vomponents may be
located directly on the graound,

In this discussion the presence of only ane trap
hus been assumed. In principle any number of
traps, including a mixture of high- and low-
frequency traps, may be employed,

1 gince preparing this manuscript the author has
become aware of the scheme developed at the B, ®,
Johnson Company for two-band operation of
mobile antennas (See ARKRL Antenna Rook, 4th
ed,, B, 303, The luw-frequency trap might be
copsidered as a special case I the Johnson system
in which the length of the antenna is tade
adjustable while the inductor in series with the
capacitor 1s made zero,
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Before these ideas sre explained in greater detail
it s necessary to review how the input impedance
of 4 vertical antenna varies with length and how
the impedunve and reactance of 4 purallel-tuned
circuit vary with freguency, Then the two sets of
ideas muy be arerged in a detailed discussion of
how a trap warks,
input Impedance of a Monopole Antenna

The radiation resistance and series reactance of a
monopole antenna mouated on perfectiy-conduc-
ting eurth are plotted? ws 2 runction of length in
Fig. 2, This figure is given here mainly to show the
generyl trends, rather than to provide precise data.
Actually, both guantities depend upon the dia-
meter of the conductor, The data of Fig, 2 pertain
to the case where the length-to-diameter ratio is
held constant at 320, The effect of varving the
diameter 18 niost conspicuous when H is near 1/2
wavelength, whea bath the resistance und react-
anece are lowered by increasing the diameter,

It is to be noted that us the leagth is lncreased
fram zero, the resistunce increases approximately
in praportion to the sguare of the length, while the
reactance starts with a large capacitive value and
decreases to zero near a length of 1/4 waveleagth,
For further increases in length the resistance
incredses, reaching a maximurm of more than L0000

2 See, for example, 5. A, Schelkunoff and H, T.
Frils, dntennas Theorv and Practice John Wiley
and Saons, Ine,, New Ydrk, L8952, Chapter 13,
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Fig. 2 ~ Radiation resistance and reactance of a
base-fed vertical antenna over perfectly-conducting
ground, These curves are for length-to-diameter
radio of 320. {The curves have been adapted from
Figs. 13,21 and 13.22 of Reference No, | for K, =
800 by dividing the velues given there by 2.)
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Fig. 3 — Matching networks tor single-band opera-
tion of base-fed vertical antennas,

ohms near 1/2 wavelength, while the reactance
becomes inductive, reaches s maximum close to
112 wavelength, and then suddenly goes to zero,
For further increases, the resistance goes through
minima whenever the length is close to un odd
guarter wavelength, maxima when close to an
integral number of half wavelengihs, Succeeding
minima arc larger and larger while succeeding
maxima are smaller and smabler, With each bhalf
wavelength variation in [ength the reactance curve
repeats, approximately, The fact that reactunce
zeroes do not accur ab exietly itegral oumbers of
halt wavelengths s due to end effects,

Radiation Patterns

To digress from the main theme for & momeat,
it 45 useful to note that it @ vertical antenna s
mounted on perfectly-conducting varth, the radia-
tion pattern has a single maximum at zero degrees
with respect to the horizontal until the length
hecomes slightly more than 1/2 wavelength, As the
Jength is increased the lobe becomes sharper,
corresponding to inereased gain in the horizontal
direction. When the length becomes more than
about 5/8 wavelength, the major lobe starts to rise
in angle, and minor lobes start to appear at lower
elevations, bor the greatest low-angle pain 4 length
of 5/8 wavelenpth represents the optimum. This
fength vorresponds to a center-ted horizontal an-
tenna 1 174 wavelengths long -~ the so-valled
“extended double Zepp.™

The effect of an imperfectly-conducting earth
to vause the single masimuin of short verticaks fo
oveur somewhat above zero degrees, and as the
Tength is increased this maximum is pulled down 1o
lower angles until & length of 5/8 wavelength is
reached.® Again, a length of 5/ wavelength is

3 Another important effect of increasing the
height is that the radiation efficiency ~- which may
be less than 25 percent with short (less than 1/4
wavelenpth) antennas having mediocre grounding
svstems — is improved. See ARKRL ntenna ook,
s_lm:tu;im v prounded antennas, Chapter 2, for
details.
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aptimum for producing low-angle radiation. bor
further details upon this matter and many others
concerning verfteal antennas, see the recent series
of articles by Lee.t

Incidentally, in the author’s experience, 2
5{8-wavelength vertical is a spectacular improve-
ment over the more familiar gyuarter-wavelength
one.? Indeed, at times it scems to almost rival his
three-clement Yagi — which, however, is ot very
high abave the ground.

Single-Bawnd Operation

Now that we have reviewed the properties of
vertical antennas, we are ready to discuss the
simplest case, single-band operation. [t is assumed
that the antenna will be fed at the ground with
S0-0hm coaxial cable, ln general, it is necessary to
tne out the reactance and to fransform the
tesistance of the anteana to 50 ohms. For the
woment, we shall suppose that the components
necessary to do this are all located at the hase, OF
course, it the antenna is about 1/4 wavelength long
the reactance van be made zero and the resistance
will he a fuir match ta 30 ohms without any
network,

in most prictical situations, for vertical antennas
of fess than about 0.3 wavelength and dipole
anfennas for lengths up to abont N.55 wavelength,
it i usually ooly oecessary to tune cut the
teactance, Lo wsual circurmstances, line losses are
unimportantt with standing-wave rafios up to 3 to
1, although with some modern transmitters it may

t Lee, “Verticad Antennas,” (', in 12 parts,
June 1968 through May 1969, See expecially Part
1 in Jupe 1964 asmee, p, 16, and Parl 3 in the duly
1968 issue, p, 25,

% This can be exﬁlained by the marked increase
in etficiency at hewghts of ihe order ot 12
wavelength together with the sharper lohe pattern
{see Faotnote 3,

® peers, “Maich or Not To Match,” ST,
September 195K, p. 14,
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Fig. 4 — Oversize vertical antenna with distributed
capacitive |pading,
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2 IMPEDANCE ] Fig. 5 — Total impedance ar‘td
G reactance of a parallel LCR
5078 — circuit as a function of fre-
g guency. The impedance and
S reactance are given refative to
d the shunt impedance at res-
2050 : .
5 7 ra onance, The frequency is mea
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FREQUENCY SHIFT FROM RESONANCE IN 3dh BANDWIDTHS

he necessary to hold the SWR down to 2 to | fo
bring it within range of adjustment of the trans
mitter's output network. SWRs within these limits
usually can be achieved by merely tuning out the
reactance, For verticals under 1/4 wavelungth, it is
only necessary to connect in a single inductance as
supgested by Fig, 3A: those beiween 0,25 and D3
wavelength can be resunated by a single capacitor
as suppested by Fig, 30.

For longer lengths it is necessary to step down
the antenna resistance. The simplest of many
possible methods is shown in Fig 3D, which is
adjusted to pive 2 net capacitive reactance for
lengths between 1/4 and 1/2 wavelength. For
lengths slightly greater than 12 wavelength (inchu-
ding 5/8 wavelength) the capacitor may be omitted
as suggested by Fig. 3E, since the reactance of the
antenna is capacitive, Networks 30 and 3E may be
used with shorter lengths by those who wish to
match the resistance as well as the reactanee, Also,
these networks provide a low impedance for de and
low trequencies, which may aid in lightning pro-
tection and in suppressing spurious respaonses,

Location of the Loading

Fig. 3 has suggested that the loading is to be
located 1t the base. By no means is this the only
possible location. One other poussibitity is to place
it in the middle of the antenna what s
commaonty called “center foading,” but which will
be called “body loading” here since with the
related dipole antennas the carresponding positions
do not fall in the middie but intermediate between
the center and the ends,

With antennas shorter than 1/4 wavelength body
loading has some advantage since it causes a mote
favorable current distribution and higher radiation
resistance and efficiency. Not all of the theoretical
#ain in efficiency is realized, since a bigger loading
coil is needed, and this has a larger loss resistunce,
With such antennas, the portion between the
loading and the end acts like a cupacitance which,
of course, is smaller than that of the whole
antenna. The portion between the loading coil and
the base acts like on inductance. For antennas
between §/4 and 5/8 wavelength it is likely that
greater efficiency is obtained with base loading,
since the current loop is located higher, where it is
further from absorbing material.
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MNor is it necessary to Tocate the loading all in
one place. As 15 well known, resonant antennas
with physical lengths fess than 1/4 wavelength may
be made by winding & helix on an insulating rod,
thus distributing the loading over the entire fength.

An interesting version of antennas with distr-
buted loading has been described by “Dud™ Char-
man, G6CI7 (His article Jdescribes dipole antennas,
but for uniformity of style here his tesults are
expressed in terms of the associated vertical mono-
poles.) The total physical length is considerably
more than a quarter wavelength, and the antenna is
broken into small sections connected in series with
capacitors as indicated in Fig. 4. With proper
adjusiment, the electrical length s vne-gnarter
wavelength in the sense that there is only ope
current node (at the upper end) and only one
voltage node (at the lower end). The advantages of
this over a conventional quarter-wive antenna ure
greater gain and greater bandwidth. The input
tmpedance is higher than with a conventional
antenna. One example he gives is of a 14-MHz
antenna 50 feet long (as compared to the conven-
tional 16.5 feet) broken up into sections 5 feet &
inches long joined by 50-pF capacitors. This is said
to have a gain of 2.1 dB over the conventional
antenna and a radiation resistance of 100 chms
instead of 35,

Properties of a Pavallel-Tuned Circuit

The total impedance and the reactance vs.
frequency of a vireuit consisting of an inductor and
a vapacitor in parallel are shown in Fig. 3, These
araphs are plotted as ““universal™ curves thaf can be
used with any such circuit whose reactance and
resomant frequency, f and @ are known., The
teactance and impedance are given on a relative
seale; the shunt impedance 8 considered unity
exactly at resonance, at which point # is purely
resistive and equal to the reactance of either the
capacitor or the inductor multiplied by the ¢, The
horizontal scale is in terms of frequency shift from
resonance measured in 3-dB8 bandwidths, The 3-dB
bandwidth is found by dividing the resonant
frequency [ by Q. (In calculating the numbers for
Fig. § the assumption was made that  is large
compared to unity, an approximation which is

7 Charman, “I.oaded Wire Aerials,” RSCE Buil.
efin, July 1961, p. 10,
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valid under conditions which are usually encoun-
fered.)

There are several important features to be noted
in Fig. 5, The maximum inductive and capacitive
actances ovenr at frequencies that are respec-
tively below and above the resonant frequency f,
by only one-half the 3-dB bandwidth, These are
the frequencies at which the total umpedance has
dropped to (1,7 of the maximum value, and where,
of cuurse, the response s 3 4B down from
maximum, Within this range of frequency it is
possible to obtain, somewhere or uther, any value
of reactance which is obtainable at all with the
particular tuned circuit, Fach value of reactance,
except the maxima, also is obtainable at a second
frequeney outside this range. Far from resonance
the teuctance is small,

The maximum teactance magnitudes are one-
half the impedance at resanance which, for a fixed
capacitance and 7, is proportional to  the ¢} of the
tuned circuit. If the cizcuit is of verv low ¢ and is
to be ased 4s an antenna trap, the reactance may
itever rise to a sufficiently high value to tune the
antenna to resonance at ane of its frequencies. On
the other hand, if the (J is wery high, the
bardwidth of both the trap and the antenna a» a
whale becomes very small. Also. with a high ¢ the
adjustment of the trap is very critical,

It should be said for emphasis, but st the
sxpense of repetition, that the majar variation in
teastance oceurs in g very small frequency range.
For example, at 14 MHz with 2 modest value of
HOD for the (J, ¢ complete variation in reactance is
ahtained within a band of 140 MHz wurrounding
resonance, amd with higher < the range of
frequency becomes propertionately smatler. How-
ever, we are speaking here of the bundwidth ot the
irap itself and not of the antenna as a whole. The
bandwidth of the antenna under favarable cirewm-
stances may be considerably wider than that of the
isolated trap <ince the radiation resistance lowery
the overall Q.

The Principle of Operation of a Trap

Now that we have reviewed the various hits of
background material, we shall bring them together
in a generalized discussion of the upetation of a
trap. Using z different design approach from that
described earlier, assume that the trap position is
arbitrarily vhosen, and that the tota! length H is
selected to be close to self-resonance on one of the
two bands on which the antenna is to be used. On
this band the reactance required to produce exact
myonance s very small. It is obtainable by having
the trap far off resonance for this band, and
operation does not depend very critically upon the
adjustment of the trap. However, on the second
bund the antenna is far from self-resonance, and a
large magnitude of reactance is required in the trap
t? Dbring the antenna into resonance. From what
has just been said in the previous paragraphs, it
shoutd be evident that this condition is obtained
when the wsunant frequency of the trap is close
ta, but not exactly at, the desired frequency of
uperation,

in the case of u high-frequency trap, the total
length H is cloxe to the self-resonant length for the
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lower frequency f3. The antenna is much too long
to he self-resonant at the higher frequency fa, and
resonance there can be obtained by having the trap
produce a significant amount of capacitive react-
ance. Then fram the point of view of Fig, § /2 is
ust slightly to the night ol #,, {f, slightly less than
£a),  while ¢ is far off scate to the left. Strictly
speaking, at fy the trap produces a stnall amount of
inductive reactanve; therefore, to produce exact
resomance at fy the length H should be slightiv
shorter than the self-resonant length, The detailed
explanation of a low-frequency trap s eatirely
dhalagous, except that every siatement must be
reversed. For example, {1 i§ slightly to the left of
fo In Fig. 5, while fp is ot scale to the right.

As 15 to be expected, the performance of 4
trapped antenna on either band is inferior to that
obtained when the same antenna is Ioaded for
single-band operation only, Either the efficiency,
the bandwidth, ur hoth, is poorer.8 However, if the
setf-resonant frequency is not toa far from lowest
uperating frequency, 48 is usually the case with
antennas with high-frequency traps, the deteriora-
tion of performance is guite small and can he
tolerated as the price of muitiband operation.

In other cases, expecially with antennas having
low-frequency traps, the deterioration in perfor-
mnance may be significant, and the user must make
 decision as to what is the best compromise tor tus
purposes, Largely by changing the £/C ratio of the
frap, he can make the performance on wne hand
nearly up to that abtained with monaoband loading
while huving marginal pezformancs, allowing at
least local operation, on the other band; or he can
make the performance equal on both bands but on
each somewhat less than with monohand loading.
Furtunately, with vertical anfennas with low—
frequency traps the principal loading can be
located at the base. and often being conveniently
accessible, can he made plug-in. Traps with dif-
ferent L/C ratios or monaband loads wun be
plugged in with changing needs.

The effect of the £/C ratio may be illustrated by
teference to the antenna with the high-trequency
trap. At one extreme, wheze the capacitance is left
aut entirely, resonance can be obfained only by
wdjusting the inductance for resonance at the lower
frequency f7 (it is ussumed that the length i is
slightly shorter than the self-resonant length), and
the antenna becomes totally ineffective dt fp. At
the other extreme, in which the inductor s left
out, resomance ¢ant be obtained only at f3 by
adjusting the capavitor, #nd the antenna becomes
ineffective at 77, Thus decreasing the L/C ratio
tends to ke performance at fa improve and that
at fy decrease,

I¥ practicai considerations make it impossible to
make the jength H reasonably close to self-reson-
ance at one of the frequencies, the adjustment of
the trap is lkely to become very erttical, and in
most cases it {5 necessary to bring the antenna close

{Continued on page 55)

% As compared, with tmonoband loading, using a
single vceactance the reduction in efficiency i
almost entirely the result of extra power iasses
caused by the circulation of current in the traps;
the loss can he reduced by using high-¢/ compo-
nents, but at the possible expense of reducing the
bandwidth of the antenna,
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Transcontinental Corps May tepotts,

frer-af-Net
Area Functionsd Successiul Traffic Traffic
Eastern .14 LA 1e54 LR
Central Ik Gxs tuss 4494
Pacific . . . . . i24 5.7 1724 912
Summary . . M] 98,4 4746 2oy

The 1'C4 Roster: Fastern Area {WIEMIL, [Hr)) — Wiz BIG
EJ NIM, KTESG, WATITM, W2s FR GKZ Pt QU, KIKIR,
Wa2s CAL HMO LUWA, WikML, K3y HHK MV, Was NLC
SO0 ULy, KAKNE, WRIM, KBKMQ, WABY VR, Centeal Area
{WOLCX, Dit.} — W4OLG, Kds AT DPO, WEMI, Wes CXY
DND VAY, WAus RAK ¥ZM, Wos Hi INH ECX NICE ZHN,

KUAEM, WA BOU (AW BVR. Pacific Area (WoYNQ, Dir)
—~ WSRE, Was HGEF BNK EOT IFW MLF VNQ VIZT,
KDY X, WAaes BRG LA ROV, Ws DZX EM GHT KZ,
WATCLY, RGISP,

Independent Net Reports,

Net L. ... .. . Seasinfs Heok-tns Trarric
Cieating Howxe . . . . . . 16 ECLS M2
ey Clratfic .o . . . L 53 1491 1972
ROTEN . . L. 0. n 2 35
AR Servier . . . . . . . . L5 T3 44
MNarth American 888 . . . 26 Gl LN
Northeast Iratfic . . . . . 3 4as 420
Hit & Bouscs P 1 § 169 14y
FASN . . . ..« . - *5 127 5t

VE/W CONTEST ANNOUNCEMENT

{Continued from page 649)

7) Reporting: Follow the sample tog shown.
Check sheets (or ARRL Op. Aid 6) are required for
every entry consisting of 200 or more OS0s. ANY
L.OG OMITTING CROSS-CHECK SHEETS OR A
SUMMARY SHEET WILL NOT BE CON-
SIDERED FOR COMPETITIVE QST LISTING
OR AWARDS, Such logs will he counted as check
logs and processed avcordingly, Entries must be
postinarked no later than October 31. All entries
become the property of the commitfee and none
can be returned, Participants are encouraged to
submit station photos and comments,

Log sheeis will be available from the address
shown, upon receipt of self addressed legal size
envelopes and [RCs, or Canadian stamps.

R) Awards: Certificates will be awarded to the
highest scoring ow and phone entry in each section.
A minimum  seore of 25 Q8Os is reguired.
Certificates for fhe high scoring multioperator
entries will be issued only when there are at least
three entries per section. Phone and cw scores will
he listed separately. A trophy will be issued to the
high scaring Capudian and to the high scaring U8
eniry.

9) Maiting: Please make sure that your call and
section are on each page. and especially or the top
left-band corner of your envelope. Mail logs to:
VEIW Committes (VE2IZ and VEDOWY, 2672
Brazhrook Avenue, Pointe C'laire, Quebec, Clanada,

August 1970

SHORT ANTENNAS

(Continued from 314
to resonance at this {requency by the use of
auxiliary loading in the form of a second inductor
or capacitor ouiside the frap. in such cases, the
£/C ratin is very critical. Althouph there is some
interlocking of the adjustments of the trap and the
auxiliary ioading, to the first approsimation one of
the resonant frequencies of the antenna is deter-
mined by the adjustments of one, while the other
frequency is determined by the adjustments of the
other.

This discussion has assumed for simplicity a
two-band antenna with a single trap. In principle,
wperation on aty mumber of bands can be obtained
by installing the appropriate number of traps. In
the first approximation, wcach trap is designed as
though the others were not present although, of
coutse, there is baund to be some influence of one
upon ancuther, Correction for this intemraction is
made by trial and error, L]

SWITCH
TO SAFETY!




