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IN TH E· tflITED STATI:S PATENT AND .TRADEMARK OFFICE 

In re Divj s i on] Application of 
CH/1. RLC M. D SANTI S ct al 2 ~ 
S ial No: lilot aeri,ietftee :323,~..;;) 
Fi led: Net iHi&i.9Aed 2~1VW~I 
For: LOSSY MATCHING FOR BROADBANOJNG 

LOW PROFILE SMALL ANTENNAS 
Docket: 25 79 

GROUP ART UNIT 256 
EXAMINER: Eli Lieberman 

PRELIMINARY AMENDMENT 

Honorable Commissioner of Patents and Trademarks 

Washington, DC 20231 

Sir: 

• 

Please amend the above identified application as fol-

lows: 

In the title: 

Change "Small Broadband Ant~~na~ Using Lossy Hatching 

Networks" to "Lossy Hatching For Broadt>anding Low Profile Small 

Antennas". / 

In the specification: 

On page 1, line 6, change "operation'' to "use". Delete 

lines 23-25 and replace with: 

"This application is a divisional of applicaticn Seri~ 

No, 1~2,917 filed April 23, 1980 for Small Broadband Antennas 

Usini Losey Hatching Networks by Charles H. Desantis et al. 

The invention described herein may be manufactured, 

~sed and licensed by or for the Government for Governmental pur­

pose~ without the payment to me of any royalties thereon." 

On page 2, delete lines 20-23. 

On page 3, line 7, insert the seri l number "129,969" 

~nd filing date "Hare~ 13, 1980". 

'• 
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On paae 6 1' line~. delete by the Army, the AS-172r~. t 

~ On 10, line 9, delete period •fter "required", page 
l 
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In lines 2 7-2 ~, d 1 t " by ~P.nern 1 Dynamics Co. 11 and "by Cincin­

natt i Electric Corporation ''. 

On page 11, line 30, change "Consider" to "In". In 

line 31, change "The" to "the". In line 32, change "the circled 

element of the" to "a serie input". 

On page 12, line 1, de lete "shown at the top of the 

Figure". In line 16, chanRe "gread" to "great". 

On•page 15, line 28, delete!Army" and "AS-2731/GRC"; 

and delete the comma after "antenna". 

In the claims: 

Cancel claims 1-7, 10 and 11 without prejudice. 

Amend claims 8, 9 as follows: 

In claims 8, 9 in line 1, change "3" to "12, 13 or 1~". 

Add claims 12-27 as follows" 

12. Apparatus for increasing the radiation power and 

range of an HF to VHF capacitive disc top load small antenna, 

while broadbanding the operational bandwidth'of the antenna, 

comprising a matchinp, circuit in series with the feedline to 

the antenna which circuit comprises resistance as well as react­

ive elements, the reactive portion of the cicuit select~d speci­

fically so that ·the antenna's decreasing negative reactive crea1-

ing positive reactive losses over the applicable operational 

bandwidth of the antenna the uncance-lled resistance effectively 

m~tching the radiational resistance of the antenna. 

13. The apparatus of claim 12 wherein the antenna is 

against a ground plane and is base fed, the matching circuit be­

ing located beneath the ground plane, electrically in series with 

f~e signal feed line and its output co~nected to the base of the 

antenna mast, the feed line cable being electr!cally grounded t9 

ihe ground plane. 

l~. The apparatus of claim 12 wherein the antenna 11 

•i•inat a ground plane and is top-fed, ~h• • • tchin1 circuit be-

2 I 



ing locat d at t h i un c tion of the capacitive top disc and anten­

na mast, electrically in series with the signal feed line whi ch 

i s positioned inside th ma st , said line carrying a feed signal 

up to the said junction from a loca ion beneath the ground plane, 

the feed line cable be i n~ electrically groun~ed to the ground 

plane , the outp~t of said matching circuit connected at a point 

on the capacitive dis c 1 the top-feeding serving to raise the 

dipole moment of the antenna. 

15. The apparatus of cla im 14 wherein the said ?oint 

on the disc is selected to optimize ·the said range of the anten­

na by trial determination of the optimal point, 

16. The apparatus of claims 12, 13, 14 or 15 wherein 

the matching cir9u~! Js made from a parallel R-L network, the 

parameters of which are selected so that reactance losses will 

effectively cancel those of the antenna over the applicable fre-· 

q~ency range and so that resistance will be effectively matched 

with radiational resistance of the antenna with frequency. 

17. The ap?aratus of claims 12, 13, 14 or 15 wherein 

the matching circuit ie made from a series R-C network, the para­

meters of which are selected so that reactance losses w'111 effect­

ively cancel -those of the antenna over the applicable frequency 

rapge and so that resi~tance will be effectively matched with 

."radiational resist"not. - ·of the anteryna with frequency. 

18. The app~ratus of claims 1'2, 13, 14 or 15 wllerein 

the matching circuit ia made form a combinatorial R-L-C network, 

.. 

the parameters of which are selected so that reactance losses 
• ._• . • I ' • '" ., 

'w1 .ll effectively 0c111ce..~· tho e of the antenna over the appl.icable ' 
• I I • ,.. .. 

,. , 1 l ' f , 

•fi'equen~y ranse -'q~ . .'~~ fhat resistance will be effectively mete"- , . . . 
, ·•4 w~t~ r4diation~t i·•~tatance of ·the antenna with freq"4ency, '·': 

l9, T~• 4rP~r•tua of claims 12, 13, 1~, 16 wh•~•in • 
• ' 

•l•n4er whip ex,•n•t~n•t, attach•~ to i~• c•p-oitive top ~o-d 
• 

·• 

.. 
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disc and extend i ng ther above , th r from, for incr ea s inr. the 

radiationa l power and r an g of sa id ant enna wh i le having only 

negligible effect upon the input imp dance of the said antenna 

so extended. 

20. The apparatus of claim 16 wherein the said anten 

na is a small looped or f olded antenna. 

21. The apparatus . of c laim 17 wherein the said anten­

na is a small looped or fold ed antenna. 

22. The apparatus of claim 18 wherein the said anten­

na is a sma ll looped or folded antenna. 

23. The apparatus of claim 19 wherein the said anten­

na is a small looped or folded antenna. _ 

2'+. The apparatus of claim 13 wherein a slender whip 

extension is attached atop the antenna mast for increasing the 

radiational power and range of said antenna while having only a 

negligible effect upon the input impedance of the said antenna 

so extended, and wherein the capacitive disc is replaced by a 

capacitor electrically connected between the junction of the top 

of the antenna mast at the bottom of the whip and a point along 
\ 

the height of the whip which location is adjusted so as to better 

improve the range of t~e antenna. 

25. The app·aratus of claim 2'+ wherein the said point· -

along the whip is selected by trial to optimize the radiated 

power and range of said antenna. 

26. The apparatus of claim 24 where~n the feed signal 

cable line is helically wound as (a cable choke about a rod of 

aagnetic material at ft location between where the llne is or!­

ainally fed and the beginning of where the matching circuit is 

aerie■ aonnecte~o the feed line. 

27.~ - A aethod of increasing the radiation power and 

range of an HF to ·vHF capacitive di1c top load 1aall antenna, 

.. 



while broadbanding th op rution 1 bandwidth of the ant nna , 

comprising the introduction of am tching circuit in ~~ries with 

the feed line to the antenna which circuit introduces resistive 

as well as reactiv los D , the reactive portion of the circuit 

selected specifically so hat the antenna decreasing negative 

reactive loss i ess ntially cane lled by the matching circ it's 

decreasing positive reactive loss over the ~pplicahle operation­

al bandwidth of th antenna, the uncancelled resistive effective­

ly cancelling the radiational resistance of the antenna. 

REMARKS 

The Examiner should be informed that there are allow­

able linking claims 12, 27 present which cover all embodiments 

herein, nameiy Figures 6, 10, 11, 12, .13, 14 and 15; no further 

restriction requirement is warranted. ~11 the artennae shownartf 

united by the concept of capacitive top-loading as a claim limi-
• ~ I 

tation and the claimed addition of series matching circuits con-

taining resistors, as well as reactive Land/or C elements. 

Such matching circuit is a novel, ingenious development which 
\ 

allows the broadbanding of the antenna, What t~is means is that 

~ band switching is needed in the matching circuits over a 3:1 

frequency range in the HF to VHF frequency band, which is quite 

4n achievment, and most desirable for these military applica­

tions. Resistance as an element in matching cJrcuits has typi­

cally been dreaded and avoided by circuit designers because it 

cuts the radiated power down drastically, Only Applicants have 

thought of offsetting the effective resistance of the matching 

petwork, which losses might devour the power to the antenna, by 

carefully designing a reactive matching networ~ whose reactive 

component would be offset by the antenna'• oppoaing reactance, 

,nd where the reactancea have about the••• frequency reapon1e 

10 ai to continue cancelling en• another .over• 3al ran1~• 



All h n nn, " r ·h • m 11 Hf-VHf vp , having 

c p c i • v di c op l oad . , w i h cxc i on of figur 13 which 

althouRh not as sm 11 as h oh r s , · s s t'll smaller than a 

"lar ." typ , m aninP, small r han a half w v len~ h dipole. 

Figure 13 still bc1onr, s wi h th se other antennae even according 

to s ize and c r ainly accordin~ to concepts of capacitive top 

loadin (by cap ci or) an d (r active) matching networks according 

to Applicants' discov ri s . 

The whip fe tur of figure 12 (and Fi ure 13), is 

claimed as a depend n claim in 19, e,R , , and 2~, 25. Applicants 

have di coverd tha the wh p, when added to small antennae such 

a s in any of th~ embodiment shown in these drawing~ would double 

the transmission power and ran~e (by about 3db) without intro­

duc'ng noticable radiational resistance lossesas mi~ht have been 

expected! This discovery is linked to all the other embodiments 

in this invention in that it too is another improvement which 

Applicants have discovered to increase the radiated power and 

range of these type small antennae, while broadenin~ (or not de­

grading) the bandwidth at the same time, and still main~aining 

a small sjzed low profile antenna whicn ts ba41Y needed \n these 

military type oper tions. All the embodiments are certainly 

unit d conceptually,and in a patent perspec ive are united by 

•n allowable inking claim, 12 and/or 27, e.g. No further re­

striction requirements are therefore expected or even necessary. 

Applicants attempt ~o avoid unnecessary expense to the govern­

ment where possible, in not filing of a multitude of divisional 
. 

c4aes, The Examiner's cooperation is requested in avoidin~mini-

aizing restriction require~ents when,where ever po~sible in 

th••• caaes. 

Figures 6, 10, 13, and lit are united in the aense that 

they all are base fed, having Applicants new matching circuit be­

lot1 ground plane, in li~• with the ba■e feedina, and are co·,ered 

therefore by claim 13. Fi1ure1 11, 12 and 15 on the other hand 



I ,, 

V 

ar 1n the s nse tha th var )1 top fed, and as such 

are ~Qver d by claim 14. In still anoth r sense, Figures 12 and 

13 are united in that they both exemplify a whip extension fea­

ture, though not cov rd by a sinp,le c laim. Except for Figure 

14, all th match'ng n tworks employed in these embodiments are 

of the R-L as op s d to R-C type, and are therefore covered 

in claim 16, e.g. However, all thT embodiments, whatever the . 

variations shown,are covered by linkin~ claims 12 or 27, which 

are allowable claims. 

That l~nking claims 12, 27 are allowable over the 

~nown art, may be seen by considering the many limitations in 

these claims. Applicants have considered the art cited by this 
I 

txaminer in parent case S.N. 142,917 when drafting the within 

claims. The Examiner will note the within claims are limited to 

small antennae, with capacitive disc top loads in most cases, 

' and with a very special type of matchini, The antennae shown in 

t~e art in the parent case do not even relate to the modern 

■mall top loaded antennae in the higher VHF frequency ranges, 

\ 
In view of the a~ove remarks, claims B, 9, 12-27 •~e 

allowable and such early favorable action is respectfully re-

queste4, 

I t 
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Respect fully, 

MICHAEL c. SACHS 
Attorney for Applicant 

. Regi1tration No, 29 1 262 . 
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ABSTRA CT 

A low-profile surv j vable 1ntenna suitable for military 

use is described. Despite fts small si~e. which might be one 

I tenth of a wavelength, the antenna has reasonable transmission 

range for these appli ations. Very little operator attention is 

needed in orP.rfttion, since a special matching circuit within the 

antenna network enables effe~t1ve impedance matching, over a 3:1 

frequency range. without necessity of switching to different match 

fng circuits over different frequency bands. By including resls• 

tive components along with other passive inductive or capacitive 

elements, the reactance of the single matching circuit fs made to 

effectively compensate the antenna's impedance over the entire 

frequency range. The impedance of the circuit has a decreasing 

positive reactance which compensates for the decreasing negative 

reacta~ce, with frequency, of he antenna. Although the transmis­

sion eificiency of the ~~tched antenna network is somewhat dimfn• 

fshed by resistive losses, ft fs still satisfactory, and band 

switching wfth this matching circuit is completely eliminated. By 
.• 

fncluding a slender whip screwed fnto the top, the ran~e can be 
-

20 doubled with no further changes. The 11atchfng ~echniques to be-

25 

.. . 
described ··are 11ost 11s1ly realized tn the HF through VHF range 

(1-200 MHz). 

The invention described herein may be aanufictured and 

used by or for the Governoent for governmental purposes wtthout 

tht payatnt of any royalties thereon or therefor. 

BACKGROUND OF THE HI\' ENT I 011 

This nvtntton relates to , nttnn11 wtth sp1ct1l 1ppltc1-

tton to saa11, top-loaded 1nttnn11 used tn tht ■tlttary for 

\_ 
' 
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' example, for tanks, jeeps, trucks, vans, tactical co~mand centers, 
,j 

helicopters and various aircraft. A serious problem extsts for 

impedance matching these antennas over• wide frequency range. At 

some frequencies the antenna exhibits a complex impedance wt th ,,~~•· 

pos tt i ve !magi nary par t.1', wh 11 e at oth_or frequenc1 u it behaves as i~i: 
a negative imaginary comronent. To cancel out the imagfnary-going l(""-f,j 

. ·<e-,,'I 
portions of the complex impedance, it has been possible to constru \\¥" 

. ~I 
compensating circuits to be ndtched on for use with the antenna. ,;,1,r,e 

However, thes e compensators arc useful only over a narrow rangP. of 

frequencies, and a large number of different compens t ors ts neede , 

each for a particular frequency band. It ts noted th, : the swf tch 

ing array might have as many as io positions and need ~ consfderabl 

attention to adjust for whatever freq~ency happens to be fn use. 

Thfs invention poses a solution to the desire for a 

single compensation circuit which would have the correct cancella­

tfon properties at any frequency over a very wfde frequency 

range, 3:1, e.g. The invention .makes use of I novel combination 

of passive circuit elements which will have the correct theoretfc1 

characteristics for these frequencies. 

It is expected that, in the near future,• lo•profflt, 

survivable antenna will be required to be provided on armored 

vehicles as a back-up to the standard VHF antennas (AS~li29 and 

AS-2731) presently being used. 

The major factors to be considered in the selection nf 

the design approach to be followed are communication range and 

physical size of the antenna. At the prpsent time, a hetght no 

greater than 24• and I range of at least 6 km wfth an RF input 

power level of 2w, appear to be the destgn goals. The discovery 

of th• d1strabl1 t ■pedanc• proptrttes of some 11 ■p11, two-ele■ent 

p111tv1 networks, should be useful for a wtde c1111 of 1nt1nn11, 

2 
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j from low-profile to ha f-wavelength dipoles. Due to its broao 

bandwidth. the antenna 1s well suited for spread spectrum. FFH. 

and SNAP applications. 

Reference is made to the following related application: 

•compact Monopole Antenna With Structured Top Load• by Donn V. 

Campbell, John R. Wills. and Ch1rles H. OeSantts, Serial Humber 

_____ ,filed ___ _ 

SUM11ARY OF THE ItlVENTIOtl 

The invention makes use of R. Lan~ C elements arranged 

in numerous -embodiments such as the series Rand C circuit used in 

ptrallel with the antenna . or the parallel Rend L circuit used as 

a series element with the antenn1. Other combinations of resistor 
' with passive Land C elements are envisioned but only those circu1 s 

whose imaginary component of immitance 1s a constant or a decreas­

ing function of frequency, however, are useful, since they have 

the needed theoretical characteristics to match the antenna over 

the proposed wi de band of frequencies. Various physical arrange­

ments are shown varying the location of the matching circuit and 

20 driving source. In one embodiment for instance. the antenna 1s 

25 

30 

• 
top-loaded with driven base while In another it 1s grounded-base 

and top driven. The addition of a breakaway whip device to the tc1i 

of the antenna ~nd its effect of approximately doubling the trans­

mission range is noted. The matching needed for various antennas 

is shown such as for the small folded type a"tenna, the dipole 

1nttnn1 ~1th bas, isolation, and the v1rtou1 Monopole •nttnna 

conf1gurat1ons. 

OBJECTS OF THE INVEHTIOH 

Accordingly, ft ts ont obJtct of thts tnventton to 

provide a 1tnglt ctrcutt for ■atchtng an antenna over a broad band 

3 
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of frequen ci es. wit hou t nec essity of band switch i ng. 

It i s a further obj~ct of this invention to improve the 
I 

tr1nsmission range of a small antenna device by providing a slende 

whip extension to its length ~ 

A still further objective of this invention 1s to provtd 

a match i ng circuit for a small antenna device which may be con­

structed from ordinary passive elements and yet which is c1p1ble 

of matth1ng the antenna over I broad, 3: 1 frequency range. 

The foregoing and other objects ind advantages of the 

in~ention will appear from the following description. In the des­

cription reference 1s made to the 1ccomp1nying dr1wings which form 

a part hereof, and 1n which there is shown by way of illustr1tion 

and not of 1im1t1tion I preferred embodiment. Such description 

does not represent the full scope of the invention, but r1ther 

the invention may be employed in different arrange•ents. 

-
DESCRIPTION OF THE FIGURES 

Figure 1A illustrates a parallel resistor-inductor 

circuit embodiment used . to m1tch the antenn1 device over a broad 

r1nge of frequencies, • 
Figure 18 shows a series resistor-capacitor circuit 

embodiment used to match the antenna devfce over a broJd range of ' 

frequencies, 

Figure 2 shows, as I function of frequency, the resistiv 

or conductive portion of the complex tmpedance or admittance of 

the ctrcuft of either Figure 1A or 1B, 

Figure 3 shows, 1s a function of frequency, the re1ctanc 

or suscept1nce portion of the complex i•ped1nce or admittance of 

the circuit of either Figure 1A or 11, 

Figure 4 111ustratts a ~che■attc of a 1roundtd-ba11, 

top-loaded antenna, 

4 
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F gur 5 i l lustrates I schematic of a top-loaded base­

driven antenna; 

Figure 6 illustrates I b1se-drtven small 1ntenn1 ·wtth 

wtd1-b1nd Matching circutt; 

figure 7 illustrates the input impedance of the matched 

antenna 1s 1 ~ nction of frequency on the VHF bend; 

figure 8 illustrates the required impedance v1rt1tton of 

the ftrst element of an "L" matching c1rcu1t as I function of 

frequency for broadband operation 1s well 1s the r 1liz1ble v1ri1-

tton for I simple passive ele ent; 

Figure 9 illustrates the complex impedance of• p1r111t1 

reststor-inductor ••tchfng ctrcutt 1s I function of frtquency; 

Figure 10 lllustr1 es• top-loaded b1st•ftd 1nttnn1 

with p1r1llel reststor-tnductor atchtng ctrcutt; 

Ftgurt 11 shows I top-ftd grounded-b111 1nttnn1 wtth 

p1r111t1 resistor-inductor a1tchtng ctrcuit; 

Fig~r• 12 fllustr1tes a top-loaded low-prof11e 1urvtv-

1bl1 ant1nn1 with bre1k1w1y whtp; 
. 

Ft urt 13 illustrates a dtpolt 1ntenn1 wtth base 11011-

tton end having a p1r111t1 rts1stor-tnductor ~•tchtng ci~cu1t; 

Figure 14 shows I top-lo1dtd, folded antenna with 11rt11 

r11t1tor- c1p1cttor 1tchtng clrcutt; 

Ftgurt 15 shows• t~p-101dtd, folded antenna, wtth 

p1r111t1 reststor-tnductor aatchtng ctrcutt; and 

Ftgurt 16 111ustratts tht tr1n1at11ton 1fftcttnc111 • 

functton of fr1qu1nc1. pr111nc1 or 1b11nc1 of br11k1w11 whtp, and 

1Rttnn1 ~tic 1tz1. 

DETAILED D[SCRI,TION OF TH[ JNY[NTION 

J ■pedenct ■1tchtn1 of• 1■111 dtpo11 or ■onopo11 antenna 

I 
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j over e broad frequency range (e.g . 3:1), is ordinarily done 

through fflultiple matching c rcu1ts, each for a different band of 

freque nci es . 

In one VHF antenna 1n use by the Army, thP. A;, -177~. 1n 

bends ~• re needed to cover the 30-76 •1Hz rang~, end a multi-posit1o 

sw1tct, is employe~ to connect the appropriate circuit to the 

antenna for the desired frequency sub-bend. The complexity of the 

circuitry, th! switch, and the need tn most cases for remote con-

trol make the design very costly and difficult to adjust and 

10 ffl a1nta1n and vulnerable to damage. However, there does not see• 

15 

to be an alternative ff ••xtmum efficiency ts the primary goal, 

because an antenna that ts< NZ at all operating frequencies wfll 

have an impedance varfatton which cannot be fflatched (ustng L-C 

ctrcufts only) over a 2:1 or 3:1 frequency range tn a stngle band. 

One other characterfstfc of the antenna involves the 

current distribution along . the radiat i ng element. If the antenna 

is(A/2, the current distribution wtll tend to be ltnear. The 

shorter the antenna, the smaller the maximum amplitude of this 

current becomes for I gfven drtvtng voltage. The effect of this 

20 · on the impedance ts a reduction tn the real part and 1n increase 

tn the negative tm1gfn1ry part, and, hence, the antenna SP.comes 

1 poorer radtatfng element. 

I 

1-

• I 

If• capactttve disc ts added at the ends of the short 

antenna, the current dfstrtbutfon tends to improve, to become ■ore 

ZS constant over the length of the antenna, as the frequency ts 

varted. This effect ts very beneffctal 1n reducing the range of 

vartatton with frequency of the input impedance. In addition, 

the radtatton efffctency of the antenna wt11 t ■prov1 substanttally 

The t ■pedance v1rt1tton, how1v1r, ts sttll too . large to accoapltsh 

JO stnglt b1nd·cov1r111 u1tng L•n1twork1 only. 

' 
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Note that everything which hes been said about the 

di pole epplies equally to the monopole entenna (half of a dipole) 

fed or driven against a ground plane. Some of the configurat•ons 

to be described ere monopole ent,nnas. 

To sum up, what is needed for broadband operation of an 

antenna, particularly a short antenna, is e network which com­

pensates, over a broad frequency range, for the antenna reactance 

and trensforms the antenna resistance to that of the generator or 

load (receiver) connected to the antenna. In most c ses, the 

compensating reectance (or suscept1nce) aust decrease with 

frequency, a variation oppo~1te to thet produced with• simple 

capacitor or inductor. 

The input or feedpofnt impedance of I smell monopole 

antenna fs charecterfzed by a large negative reactance and a very 

small resistance. To reso~ate the antenna, the oppos1tely-s1gned 1 

equel-magnftude, reactance is needed . . Over a broad frequency 

rage, this compensating reectance must decrease with frequency. 

Provided thet resistive loss "ts-· 111owed in the metchfng network., 

it hes been found thet the simple networks shown, for example 

tn Figures 11 and lb possess very des1reble reactance ,susc1pt1nc1 

ch1r1ct1r1stics for ~atchfng and loading small antennas. 

In lrticul1r, the impedance of the R/L c1rc11tt tra ~-
. 

Z • R. ( 1 ) + JL. lw oc. a. ) 
I + "'- 2. \ I "°-"- c. 

where 

R • resistance tn oh11s. 

L • fnduct1nc1 tn henries, 

W • 2 Trf, where f • frequency tn Hertz, and 
A 

-<, • R/ ._., L. 

Plots of the ter■s t n pa renthe1e1 tn the t ■ped1nc1 

7 . 
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• 
/ equation as a function of frequency ~re shown in Figures 2 and 3 

wfth the ratio R/L as the parameter. The maximum change 

(decrease) fn the reactive component occurs for the parameter 

range from ZSii to 35~. In this range, the real component is a 

slowly 1ncr~asfng functi ~ with frequency. In a short ~~nopole 
I 

antenna, the R/L circuit at low frequencies compensates for some 

of the reactance of the antenn! .~~~le adding a small resistance 

to aid in matching. At the hfgh frequency end of the band, the 

inductive reactance of the R/l circuit ts minimized, which 1s 

de s i r a b 1 e , s 1 n c e t he e 1 e c t r i c_ ~ _ ~ _ s_ f z e o f the a n t e n n a i s 1 n c re Is 1 n g 

wfth frequency and the req uired reactive compensation is 

decreasing. Although the resistive component has increased, the 

radiation resistance of the antenna fs also tncre1s1ng wfth 

frequency, so that the radiation efftcfency 1s not seve ,ly 

degraded, 1.e., ft ts nearly matched. 

For the R-C ctrcu1t shown fn Figure lb, the SIMI con• 

s1der1t1ons 1pply tn a dtscusston of the c1rcufts' ad•1tt1nc1 
I 

v1r1atfon, f.t., 

Y • G. ~) + JC, P¥~~1 
whtrt 

G • conductance fn •hos 

C • cap1ctt1nce tn f1r1ds, and 

f ~ G/WC. 

• 

The R-C cfrcutt would te especially useful in small 

1ntenn1s, such as loop 1ntenn1s and SM111 folded antennas. The 

curves of Figures 2 and 3 are stfll applicable. (Nott that•t'' 

nu•trtcal ly.) 

Figures 4 and 5 fllustratt conceptually a grounded-base 

top-driven top-loaded antenna and a b111•drfv1n, top-loaded anttnn. 

As an ··••Pl• of th• UII of the R/L network to load I 

I 
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small antenna. reference is made to the antenna shown in Fi9ure 

6. The •~tenna is only 18" tall; ft is fed at the base of the 

vertica1 element, and has a 14" diameter, metal top disc. Figure 

7 shows input impedance of the matched antenna 1n Figure 6 as a 

function of frequency 1n the VHF band. As part of the matching 

to I VSWR within 3:1 over the 30 to BB MHz band, a section of htgh 

impedance coaxial line and a single element parallel l network 

were also added. Only one band was needed, and the radfatfon 

efficiEncy of th, antenna was not completely sacrificed for th, 

sake of bandwidth . If ft 1s possible to include a switch, whfch 

requires operator 1nterv~ntion of course, 1 two or four band 

antenna could be designed with the networks opt1ni1zed for each 

band. However, the gain in efficfency is I very slowly increasing 

function with the number of bands, and so the added complexity, 

manufacturing costs, and align•ent difficulties associated with 

bandswitched ant nnas might -be too un1ttr1ctfve when compared to 

the tmprovement -•~hieved. 

The baste antenna is I top~loaded, vertical monopole. 

The top loading is provided by I disc, and the RF drive can be 

applied either at the base of the vertical tl!ment or, • . 

alternatively, at the junction of the vertical element arid the 

top disc. 

Th~ top load structure of this tnventfon comprises• 

disc~ HP ~•de in one embodiment of aluminum. The top load ts 

typic1111 ·11a• thick, though other thicknesses, of armour plating, 

mfght bt chosen to withstand b• ttl e conditions. The vertical 

element ts typically a hollow stttl tube, though other types 

be used. The dielectric ••tertal ••Y be fiberglass, teflon, 

lucolux, or KEVLAR ■1ttri1ls, for 1x1Mple. The htfght of the 

.30 antenna ■ tght bt 11 low as 1/20)iof • wavelength). It ts not•• 

: worthy how 10 short an antenna (p1rh1p1 11•) ••1 replace what for 

I 

tOS 
~~~;~ 
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T I this frequency range and required transmission r•nge, fs bofng 

accomplished by• large, 6 to 10 foot antenna, being both bulky 

and vulnerable to damage. The antenna's height ~ay further be 

reduced by broadening the diameter of the vertical element. The 

effective impedance of the antenna, being understood as change in 

displacement current with respect to ground, is thereby increased. 

The height might be shortened without inr.reasing the diameter of 

the vertical el~ment, but •ore stringent matching circuits would 

the~ be required . and transmission range would ~e sacrificf.d. One 

10 way to shorten the antenna for these frequencies hPs been shown; 

that is by provision of the top load structure and base plane. A . 
further improvement in range for the same sized antenna ts achieve 

by feeding the antenna a t the Junction of the top loaded structure 

and vertical element or better by feeding the antenna on the 

- -- 15 extremities of the top load element itself. The feed line 1s 

coaxial cable which might ~e st~ndard RG-58, flexible or r1g1d, 

which in one embo iment is fed through the hollow vertical member 

to reach the top load. The matching circuit and associated 

elements are typically mounted 1n a grounded metal case into whfch 

20 1 an input connector is installed. The input signal which must be 
• 

accommodated typically has an f1npedance of son. The matching - ~vs 
'-

c 1 rcu 1 t of-tt11s invention, also to be especially noted~ needs no .';~ 

tuning over the entire 3:1 approximate band. This 1s quite bene-~ 

ficial for the ~eeds of military personnel. Two types of co•••r-A!.;~ 

21 I c1a11y known -small broadband antennas come to 111ind, but ft ts to 

be noted that each depends on some tunfng. Hoted are a 

Continuously-Tuned Capacitive Top-Loaded Monopole A tenna by 

Ctncinn1tt Electric Corporation and a Continuously-Tuned Inductive 

Fol ed Monopole by G~neral Dyna•tcs Co. Although th111 d1vfc11 

30 ■ tght not d1p1nd on op1r1tor tnt1rvtntton for tuntng purpo1t1 

• 

10 
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l as wi th th i s invention, the dev1c s nevertheless depend upon 1n 

intricate automatic adjustment done internally. The input 

impedance of the antenna is continuously monitored over 

frequency 1nd other changes, and matching 1s tuned automatically 

for errors. The involved 1utom1tic correction subsystems ire 

completely elfmfn1ted by thfs invention which i nexpensive by 

comp1r1son, requires only simple resistors, capacitors, ind/or 

inductors. The simple m~tching network avoids ~11 the monitoring 

ind correctional circuitry ind is hence more reliable, s mple 

ind tnexpensfve of m1fnten1nce ind construction. 1 . 
:wdl, kfJ, liJpeS o(ftdt/ J..11~ ~t'n 

Models of~antenn•s,.~ constructed wtth the 

fng phystc11 dfmensions: 

. . 

• Height • 1a• 

Dfsc Diameter• 14• or 16• 

Diameter of Vertical Ele~ent 

In matching, the R-C ctrcuft is equally useful t~ a wide class 

of 1ntenn1s, particularly loops ind short folded antennas. It 

emphasized that the reverse slope reactance and susceptance 

characteristics are producible fn I wide variety of circuits con 

sistfng of R, l's, and C's 1n combination. The two element net-
• works discussed 1n this disclosure seem to have the most usef11l 

variations for small 1ntennas; but the other circuits m1y have 

greatest ut111ty for larger 1ntenna where the fmagtnary part of 

the impedance changes stgn once (or several times) over the destre 

frequency r1nge. However, attention is only focused on those 

R-L-C circuits which do display either I decre1stn9 pos1t1ve 

re1ctance with frequency and/or decreasing pos1t1ve suscept1nce 

wfth frequency. 

AagJving RLC circuits cont11ninq Besistors to Antennas 

Ftgure 1, 

Constdtr the re1ct1nc1 vs. frequency curves shown 1n 

The curves a1rk1d R • 3~ · 1~ or 0.33 r1pr111nt the 
, - ' 

' 
r1qutr1d r11ct1nc1 v1rt1tton of the ctrc11d 111a1nt of the ,L•netwo k 

11 



mono po 1 e In tenna to w I thin a V SWR • 3: 1 over the 30-80 r1HZ f r r. ­

quency range . The curve marked "series L" is the variation in 

r ~actance to be expected from a practical coil. It is easily seen 

that the instantaneous bandwidth achievable using this practical 

coil is extremely small, being Just that resultin g from the inter­

section of the two sets of curves. (The second element of th~ L­

nttwork does not restrict the achievable band-width.) 

Figure 9 shows the vartatfon with the frequency of an R/ 

circuit consisting of six 560~t, 2W carbon resistors (in parallel) 

and on 1ir-core coil of,-,0.34~h inductance, carefully measured on 

a Wayne-kerr Admittance bridg . . It is es ~ent1i11y 1s predicted by 

the curves fn figures 2 and 3. Thts ts the R/L network that was 

used fn the antenna shown in Figure 6. It ts worth noting, once 

more, that this simple R/L circuit possesses I decreasing 1nduct1v 

re1ct1nce with frequency, and that thts feature ts I gr~•• aid fn 

matching the antenna with frequency. 

Referring again to Ftgure 9, tt will be seen that the 

re1ct1nce variation shown fn Fi~ure 8 more closely approaches the 

required vartatton. In practice, the comp1rfson ts even better 

because the resistance added by the P./L networ~ {as seen•tn Figure 

g) tends to •flatten• the requfr~d r11ctar.ce v1rt1tfon. (This 

I •t11ttentng• ts caused by a reduced demand on the L•net~ork for 

large tr1nsform1tion-r1tios). The l-Network, of course, ts on ly 

one w1y in whtch to exploit the desfr1ble features of the R/l •~d 

R•C networks. 

Practical, Broa ~band Antennas of Reduced Sfzt 

A posstblt and r1111zable antenna ts shown tn Ftgurt 10, 

1 top loaded •onopole 1nttnn1 ftd at tts bast. A version of thts 

antenna was constructed wtth the fo11owtn1 dt ■enston1 and co■ponen 

values: 



D • 14" 

H • 18" 

~ . 
~ 

0. 2 .\ It 70 MHz 

z,,. 75 ohms 

5 Ll• 0. 34f'- h 

Rl• 100 .I'c.. 

L2• 0.29).t h 

Cl• (v1r11ble pf. for final adj.) 

From the measured impedance of this 1ntenn1, it was observed that 

10 the 1ntenn1 1s matched to w1thtn 1 3:1 VSWR over the 30-88 MHz 

range tn ill. band. A second version of th1s 1ntenn1 ts shown 1n 

Ftgure 11. In this c~se, th, feedpotnt is raised to the junction 

between the disc ind vert1c1l post. Thts 1rr1ngem1nt provtdes 1 

me1sure of mech1ntc1l tntegrtty tn • hostile 1nvtrona1nt. In a 

11 1tngl1 band tmped1nc1 ■atchtng ts achteved for an antenna wtth the 

followtng p1ramet1rs and co■pon1nt1. 

D • 16• 

H • 1a• 

)· 0.25 ~~ 70 MHz 

20 2;· 75 oh11s 
• 

Ll• 0. 34p h 

Rl• 96./L 

L2• 0. 18/J. h 

Cl• 47p f. (v1rtable·· 10-r ftn1l 1dJ.) 

II An tnttresttng ind untque f11tur1 of thest 1nt1nn1s ts that by 

adding• 4.5' to 6 1 whtp sectton to the top of tht antenna, the 

useful communtc1tton r1ng1 c1n be doubled wtth no ch1n9ts regutred 

tn tht m1tchtn9 ctrcyttrx. A prototype of such an antenna (whtch 

was range tested) ts shown tn ftgurt 12. Thts parttcu1ar ■odt1 

JO has only a 14• dtac top load and fs tuned tn oee band. It 11 
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designed for ruggednes s. The break-away whip feature insures 

continuous co~mun cation s , i.e., if the whip is destroyed, the 

antenna continues to operate as a low-profile antenna. To return 

the extended range performance, a new whip ts simply screwed in. 

The antennas discussed so far have been small compared 

to I wavelength, 1.e. 0.1 A or less · tn the operating frequency 

ranoe. The R-L a"d R-C as well as other networks with the reverse 

impedance characteristic are also useful for somewhat larger 

antennas of he type shown in Figure 13. This antenna is essen-

10 tially a dipole antenna with a device called I cabl choke at fts 

base. The cable choke serves to isolate the antenna from its 

mounting platform so that radiation patterns of the antenna will 

be independent of mounting. The design procedure for thesP. chokes 

is known in the literature. Note, however, that the core material 

15 of the choke is ferrite. Usually, 1 Q2 ferrite core material ts 

used tn the VHF r&nge, but .a successful choke for the VHF range 

has also been made ustng Ql aaterfal. A particular set of dtm1n­

stons yielding a one·-band VHF antenna are 11 follows: 

20 

ZI 

Hl • 42" 

H2 • 28" • 
Cl• 10 pf (Thts capacttor ••Y be re■oved 1f the 1nt1nn 

··- --
upper section ts lengthened. · 

ll • 0.34}-' h 

Rl • 30 ohms 

.,?., • 25 ohms 

J_ " o.12~wJ JO flHz 

l,l • 75 oh11s 

Core Matertal • "Ql" 

- .. I ... 

Other 1rr1ng1ments of the network 1lea1nt1 are possible, of course 

30 The l/L network could be placed at the feed potnt or 1oadtng at 

I 

I 
I 

I 
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I 
I 

I 

I 

I I 

I 
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other points al on g th e antenna using these reverse characteristic 

networks. The antennas j ust described are only some of the possib1e 
I 

configurations which benefit from using the reverse characteristic 

networks. For example, con~tder the configuration of Figure 14. 

This ts a small folded ant~nna with a top load matched over a 

broad bsnd of frequencies using an R-C elemen t and a simple C. 

Another possible folded antenna conf1gurat ,on ts shown 
. 

in Figure 15. In this design, the R/L network 1s connected betweer 

the two vertical elements of the folded antenna. These vertical 

elements are, in turn, terminated 1n ~op discs (or sections of top 

discs). The put~ose of the R/L network, in this case, ts to 

provide the proper reactance, ~ver a broad frequency range, to 

insure that the currents in the vertical elements remain in phase 

with one another (or nearly so). The added resistance simpliftes 

the match ing requirements. The top discs aid i n reducing · the 

required compens1t1ng reactance. 

The above few exemplary embodiments have been presented ­

to show the-vttltty of the R/l and R•C networks for loadtng and/or 

matchtng -1mi11 antennas to sources or stnks over a broad frequency 

range. 

The efficiency ,of these antennas (tn the VHF r•nge) 

should be gtven very accurately by the followtng equation: 

N (I) ,'?A • x ·100 • 7<,. .. I?~ 
where RA• radiation resistance of the baste antenna, and RL 

tncludes the loss of the added resistance element tn the R/L net­

work, and the losses tn the cotls, capacitors, transmtssfon ltnes, 

and conductors. In Figure 16 the efftctency ts compared. at three 

frequencte~, to I standard Army VHF antenna, the AS 2731/GRC. Rani• 

a1a1ur1■1nts are shown below the 1fftct1ncy curves, wtth and wtth• 

30 out ~h• breakaway whtp section. 
_, 
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