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FOREWORD 

Born in the South American jungle three decades ago, surrounded by a 
savage civilization thousands of years old the Cubical Quad antenna has 
caught the interest of amateurs the world over, and in a few short years 
has taken its place alongside the more sophisticated antenna arrays con
ceived in the electronic laboratories of the world. 

The concept of the famous "Quad" was a stroke of original thought, 
conceived by an amateur in one of the little known areas of the world in 
an attempt to solve a problem that could not be solved! The success of the 
Cubical Quad-the brainchild of W9LZX- in overcoming the myriad diffi
culties of an tenna design for a tropical shortwave broadcasting station is 
worthy inspiration for any amateur, as the story of the Quad spells the 
true radio ham spirit of "make-do" and inspiration when confronted with 
"the problem that cannot be solved." 

This, then, is the story of the Quad antenna; its humble beginning, what 
it does, how it works, and its spectacular success in the world of amateur 
radio. 

The second edition of this Handbook provides updated information on the 
Quad antenna derived through additional on-the-air tests and recent field 
strength measurements made on model test ranges. Gain of the Quad loop has 
been reevaluated in light of these tests and new gain figures derived for various 
Quad configurations, confirming independent measurements made by other 
experimenters. Grateful thanks are extended to those many amateurs for their 
help and assistance in the preparation of this Handbook. 

In recent years, the term "cycles per second" used in conjunction with radio 
waves has been supplanted by " Hertz" in honor of the 19th century Austrian 
physicist, Heinrich Hertz, who conducted early experiments with radio waves. 
Thus cycles per second become Hertz, kilocycles become kilohertz and mega
cycles become megahertz. However, in this book, the older and more common 
terms, cycles, kilocycles and megacycles are used. 



CHAPTER I 

The Story of the Cubical Quad Antenna 

The Cubical Quad is an unusual antenna, and it has a unique and inter
esting history. The development and growth of the ordinary amateur antenna 
follows a rather stereotyped story. The theory of the antenna usually makes 
its first bow in some technical publication, such as the Proceedings of the 
l.E.E.E. Next, the antenna is used and tested by some radio engineer who is 
also an ardent amateur. Soon, by word-of.mouth, the story of the antenna 
spreads and eventually it is publicized in some amateur journal. During the 
growth and development of the antenna, the story is embellished with tales 
of fantastic gain, unbelievable front-to-back ratio, and other magical attri 
butes possessed by this antenna which no other antenna can lay claim to. 
Over a period of years after the hue and cry has dimmed a bit, the antenna 
either falls into limbo and is forgotten, or it takes its rightful place in the 
great group of popular amateur equipment. Meanwhile, some other new 
development has probably surpassed the antenna in the interest of the 
amateur. 

An exception to this story is the Cubical Quad antenna. Springing full
grown, as it were, into popularity with no formal engineering ancestry, the 
Quad has been simultaneously hailed as the greatest antenna development of 
the age, and damned as the greatest hoax of the century. Naturally, the 
truth lies somewhere between these two violent extremes. 

In order to arr ive at an unbiased opinion of the antenna, it is necessary 
to examine its past history, determine the method of operation, and arrive 
at a proper method of feeding the array. 
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EARLY HISTORY OF THE QUAD 

In the year 1939 a group of radio engineers from the United States 
traveled to Lhe South American republic of Ecuador to install and maintain 
the Missionary Radio Station HCJB, at Quito, high in the Andes mountains. 
Designed to operate in Lhe 25 meter shortwave broadcast band with a carrier 
power of 10,000 modulated walts, the mission of HCJB was to transmit the 
Gospel to the Northern Hemisphere, and to tell of the missionary work in 
the wilds of Ecuador. To insure the best possible reception of HCJB in the 
United States a gigantic four element parasitic beam was designed, built, 
and erected with great effort and centered upo.1 the heartland of North 
America. 

The enthusiasm of the engineers that greeted the first transm1ss10n of 
Radio HCJ B was dampened after a few days of operation of the station 
when it became apparent that the four element beam was slowly being 
destroyed by an unusual combination of circumstances that were not under 
the control of the worried sLafI of the station. It was true that the big beam 
imparted a real "punch" to the signal of HCJB and that listener reports in 
the path of Lhe beam were high in praise of the signal from Quito. This 
result had been expected. Totally unexpected, however, was the effect of 
operating the high-Q beam antenna in the thin evening air of Quito. Situ
ated at 10,000 feet alLitude in the Andes, the beam antenna reacted in a 
strange way to the mountain almosphere. Gigantic corona discharges sprang 
full-blown from the tips of Lhe driven element and directors, standing out 
in mid-air and burning wi th a wicked hiss and crackle. The heavy industrial 
a luminum tubing used for the elements of the doomed beam glowed with 
the heat of the arc and turned incandescent at the tips. Large molten chunks 
of aluminum dropped to the ground as the inexorable fire slowly consumed\ 
the antenna. 

The corona discharges were so loud and so intense that they could be 
seen and heard singing and burning a quarter-mile away from the station. 
Th·e music and programs of HCJB could be clearly heard through the quiet 
night air of the city as the r-f energy gave fuel to the crowns of fire clinging 
to the tips of the antenna elements. The joyful tones of studio music were 
transformed into a dirge of doom fo r the station unless an immediate solu
ti on to the problem could be found. 

It fell to the lot of Clarence C. Moore, W9LZX, one of the engineers of 
HCJB to tackle this problem. It was obvious to him that the easily ionized 
air at the two mile eleva Lion of Quito could not withstand the high voltage 
poten tials developed at the tips of the beam elements. The awe-inspiring (to 
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The studios of HCJB. located in Quito, Ecuador, the birthplace of the Cubical 
Quad antenna. The simple Quad was used for many years when the trans
mitters of HCJB were located in the city. Recently the transmitters have been 
m oved lo a 45 acre s ite al Pifo about 15 miles east of Quito. Programs originating 
in the studio buildings (above) a re sent via fre quency modulation link to the 
transmitting site. The old Quad antenna has been replaced with a steel tower 
that supports the FM antenna. 

the natives) corona discharges would probabl~ disappear if it were possible 
to operate HCJB at a sea level location. This, however, was impossible. The 
die was cast, and HCJB was permanently settled in Quito. 

What to do? Moore a ttacked the problem with his usual energy. He 
achieved a partial solution by placing six-inch diameter copper balls ob
tained from sewage flush tanks on the tips of each element. An immediate 
reduction in corona trouble was noted, but the copper orbs detuned the 
beam, and still permitted a nasty corona to spring forth on the element tips 
in damp weather. Clearly the solution to the problem lay in some new, dif
feren t approach to the antenna installation. The whole future of HCJB and 
the Evangelistic effort seemed to hinge upon the solution of the antenna 
problem. The station could not be moved, and the use of a high-gain beam 
an tenna to battle the interference in the crowded 25 meter international 
shortwave broadcast barid was mandatory. It was distressingly apparent to 
Moore that the crux of the matter was at hand. 
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THE BIRTH OF THE QUAD 

In the words 'of W9LZX, the idea of the Quad antenna slowly unfolded 
to him, almost as a Divine inspiration. " We took about one hundred pounds 
of engineering reference books with us on our short vacation to Posoraja, 
Ecuador during the summer of 1942, determined that with the help of God 
we could solve our problem. There on the floor of our bamboo cottage we 
spread open all the reference books we had brought with us and worked for 
hours on basic antenna design. Our prayers must have been answered, for 
gradually as we worked the vision of a quad-shaped antenna gradually grew 
from the idea of a pulled-open folded dipole. We returned to Quito, afire 
with the new concept of a loop antenna having no ends to the elements, and 
combining relatively high transmitting impedance and high gain." 

A Quad antenna with reflector was hastily built and erected at HCJB in 
the place of the charred four element beam. Warily, the crew of tired 
builders watched the new antenna through the long operating hours of the 
station. The vigil continued during the evening hours as the jungle exhaled 
its moisture collected during the hot daylight hours. The tension of the 
onlookers grew as a film of dew collected on the antenna wires and struc
ture, but not once did the new Quad antenna flash over or break into a 
deadly corona flame, even with the full modulated power of the Missionary 
station applied to the wires. The problem of corona discharge seemed to 
be solved for all time. 

The new Quad antenna distinguished itself in a short time with the 
listeners of HCJB. Reports flooded the station, attesting to the efficiency of 
the simple antenna and the strength of the signal. In his spare time, Moore 
built a second Quad antenna, th is one to be used in the 20 meter band at 
his ham station, HClJB, in Quito. 

* * * * \" 
At a later date, after Moore had returned to the United States, he applied 

for a patent covering the new antenna. The fact that the Quad-type antenna 
radiated perpendicular to the plane of the loop was deemed by the Patent 
Office to be of sufficient importance to permit the issuance of a patent to 
Clarence C. Moore covering the so-called Cubical Quad antenna. 

Other shortwave broadcasting stations in the Central American area soon 
heard of this new, high gain, corona-proof antenna, and Moore built several 
Quads on order, including a large rotating giant for 49 meter shortwave 
broadcast work at station TGNA in Guatemala City, Guatemala. This an
tenna is still being used with success at an altitude of 5,000 feet. 

The outstanding signal of HCUB in the 20 meter amateur. band quickly 
flooded Moore with inquiries about his new antenna. Soon, Quad antennas 
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The new transmitters of HCJB are 
localed al Pifo, Ecuador. The arrays 
range from six lo twenty-four ele
ments, depending upon the desired 
beamwidth and direction of trans
mission. Herb Jacobson, HClHJ, 
transmitter engineer of HCJB pays 
tribute to the Quad. saying. "We 
found the Quad antenna a very 
useful antenna for locations with 
limited space and ii served us well 
for many years. Some hams · al 
HCJB are building three band 
Quads for 10, 15 and 20 meters." 
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were being used by amateurs on both the 10 and 20 meter band, and the 
amazing success story of the Quad came into being. 

How successful is the Quad antenna? Just ask W9LZX ! 
"Well, we love the little antenna! In addition to solving the corona prob

lem at HCJB and other tropical broadcast stations, the antenna has other 
co1:imendable allributes. It is very quiet for reception, and gives little 
trouble from rain static whkh often plagues three element parasitic beams. 
The Quad fits into a smaller space than the conventional three element beam, 
and exhibits a power gain that surely is comparable to a parasi tic array of 
equal or greater size. In addition, the Quad can be matched to a coaxial 
transmission line, or it may be directly fed with an open wire line. Finally, 
it is extremely inexpensive to build and simple to assemble. You know, it 
is not easy to obtain aluminum tubing in many parts of the United States, 
and practically impossible in some areas of the world. For the amateur with 
little money or no source of supply of aluminum tubing for a parasitic 
array, I can't see how he can beat the Qvad antenna. It's a honey! We've 
used it for over a decade, and we know !" 

* * * * * 
That is the story of the birth of the Quad antenna and its spectacular 

rise from the wilds of Ecuador to use in radio stations throughout the world. 
The fame of this unusual antenna has literally spread by word of mouth 
until it is "topic number one" wherever amateurs discuss antennas and DX. 



CHAPTER II 

The Quad: HowDoesltWork? 

Many hard questions remain to be answered concerning the Quad antenna, 
as countless amateurs view it with a degree of skepticism. How does the 
Quad work? Why does it work? Is it better than a three element beam- its 
chief rival? Does it really provide ten or twelve decibels of gain as some of 
its enthusiastic boosters claim? How does one go about building a Quad? 
These and many other questions will be answered in the following chapters 
of this Handbook. 

PARASITIC AND DRIVEN ARRAYS 

The great majority of beam antennas belong to one of two families. That 
is, they are either described as parasitic arrays or driven arrays. The dif
ference between the two groups is the method by which the directive ele
ments are excited. A parasitic array is one wherein the directive elements 
are inductively coupled to the radiator. The popular " three element beam" 
is an array of this type. A driven array is one that has all the elements 
directly excited by the r-f source. A "Lazy-H," or the well-known "W8JK" 
beam are examples of driven arrays. In addition, an array of arrays may be 
built combining the features of these two families in which some elements 
are driven directly, and others are parasitically excited. The Cubical Quad 
antenna falls into this latter categor y as it employs elements of both types. 
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Fig . 1 The ancestor of the Quad loop is the s imp le folded dip ole. This a ntenna 
has the sam e field pattern as the single wire dipole. b u t p resents a much higher 
value of radiation resista n ce to the transmission line. The actual value of 
radiation resistan ce is a func tion of the square of the n u mber of con ductors in 
th e dipole. multiplied by the r a dia tion resistan ce of the single wire dipole. 
Thus. in the case of the two wire dipo le. the radiation resistan ce is lour times 
72 ohms, or 208 ohms . This antenna may b e directly fed w ith a non-resonant 
line made of " 300 ohm" TV-type ribbon. 

THE DRIVEN ELEMEN T OF THE Q UAD 

For purposes of this discussion, let us examine the driven element of the 
Quad, forgetting about the parasitic reflector for a moment. I t is convenient 
to borrow the description of the Quad element given by W9LZX - "a 
pulled.open folded dipole." This is a good starting point for investigation. 
A simple folded dipole is shown in figure 1. This antenna consists of two 
or more closely spaced half-wave d ipoles connected in parallel at their ex
tremities. One of the dipoles is broken at the center to permit attachment 
of a balanced transmission line. 

The radiation resistance at the center of a single dipole is approximately 
72 ohms at the frequency of resonance when the dipole is placed one-half 
wavelength above a conducting surface. As additional dipoles are brought 
in close proximity with the original one and are connected in parallel at 
the extremities, the radiation resistance at the center of the split dipole wm 
rise sharply. A two wire folded dipole has a radiation resistance of four 
times the value of a single element, or about 288 ohms. A three wire dipole 
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Fig. 2 A plot of the reactance and r -f voltage at various points on an antenna. 
Th e points where the reactance curves of figure A cross the zero axis indicate 
the resonant lengths of the antenna. Because of the end-effects and capacity to 
ground th~ half-wave antenna is shorter than the free-space half-wavelength. 
This foreshortening is increased in the case of the folded dipole as the effective 
diamete r of th e antenna is greater. In addition the average impedance values 
of the antenna are lower, as shown by the curve. R-f voltage at the tips of the 
element is proportional to the impedance at this point, the folded dipole h aving 
a lower voltage for a given power, as compared to the single wire dipole. 
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has a r adiation resistance fi gure close to nine times the impedance of a 
single wire dipole, or about 648 ohms. l t can therefore be said that the 
r adiation resistance of a multi-conductor dipole is N2 times the radiation 
resistance of a single dipole, where N is the number of separate dipoles. 

I t is in teresting to note that the radiation pattern of the folded dipole 
agrees in all respects with that of the single wire dipole. The angle of 
radiation and radiated power for the two an tennas are equal, providing 
external forces and fields are equal. An interesting side effect is apparent 
when the multi-wire dipole is compared to the single wire version. The 
bandwidth of the single dipole is qu ite narrow compared to the bandwidth 
of the folded dipole. That is, the circuit "Q" of the folded dipole is low in 
comparison to the "Q" of the single dipole. The folded dipole may be 
thought of as a broad band, low "Q" system as compared to the character
istics of the normal dipole. This means that the impedance at the tips of 
the folded dipole is much lower than that value noted at the tips of the 
single wire dipole (figure 2) . 

This fact is an important consideration when the antenna is used in con
j unction with a high powered transmitter. Generally speaking, for a given 
amount of impressed power, higher values of r-f voltage exist at the high 
impedance points in any antenna that at the low impedance points, and the 
amount of r-f voltage a t any point is proportional to the an tenna impedance 
at that point. The voltage distribution curves typical of these two types of 
antennas are shown in figure 28. The folded dipole has a measurably 
lower value of r -f voltage at the extremities, and is less susceptible to corona 
discharge and other undersirable high voltage phenomena. 

The "Open" Dipole 

The simple folded dipole antenna may be "pulled open" as shown in 
figure 3A to produce a diamond-shaped loop fed at the bottom point. A 
four wire dipole may be opened in a like manner, as shown in figure 3B. 
The radiation patterns of the two diamond configurations will be identical, 
although the radiation resistance of the double loop will be much higher 
than that of the single loop. We will therefore confine the discussion to the 
single turn loop for the time being. 

If we continue to stretch the folded dipole past the a·r rangement of fig
ure 3A the antenna will ultimately become a two wire transmission line 
one-half wave long, sho rted at the far end. The input radiation resistance 
of the folded dipole is about 283 ohms, and the input resistance of the 
shorted transmission li ne is zero ohms. It would seem to be reasonable to 
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Fig. 3 For purposes of illustration. the two wire folded dipole may be "pulled 
open" to form a diamond-shaped loop fed at the bottom point. If this dis tortion 
of the loop is continued the antenna will become a shorted transmission line. 
Corresponding points on the dipole are marked in the loop and transmission 
line cases. The same analogy may be applied lo the four wire dipole. which 
produces a two turn diamond-shape loop when ii is elongated. This loop pro
duces the same field pattern as that of the single turn loop. although the radia
tion resistance is quite a bit higher . The line of maximum field strength of the 
loop is al right angles lo the plane of the loop. W h en the loop is fed al the 
bottom the field is horizontally polarized. 
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Fig. 4 The folded dipole may be formed into a square loop having two parallel 
elements, one above the other. The pattern of this loop is horizontally polarized 
with two small vertically polarized " ears" at right angles to the main lobes. 
This loop produces a power gain of about 1.4 decibel over the field of the dipole 
antenna (3.5 decibel gain over isotropic) . Loop impedance is about 125 ohms. 

assume that the radiation resistance of the "pulled open" dipole to be some 
intermediate value in the neighborhood of 144 ohms. Measurements made 
on model antennas indicate this figure is very nearly correct. 

This diamond shaped antenna exhibits the radiation pattern of the simple 
dipole antenna. It has a " figure-8" pattern and has a power gain of about 1.4 
decibels over a dipole ( 3 .5 decibels gain over isot ropic) . 

It is possible to distort the shape of the folded dipole in another manner, 
as shown in figure 4. A loop antenna is formed having two parallel elements, 
one above the other. The square thus formed is fed by a balanced trans
mission line at the center of the lower element. Each side of the square is 
approximately one-quarter wavelength long, and the high impedance points 
of the loop fall at the mid-poin t of the vertical sides. It is important to note 
that a loop of this configuration exhibits almost 1.4 decibels power gain, 
equal to that gain provided by the diamond shaped loop of figure 3A. 

The radiation pattern of the square, horizontal loop is similar to that of a 
horizontal dipole except for a slightly narrower lobe perpendicular to the 
plane of the loop, and slightly reduced radiation in the directions of a line 
passing through the center of the upper and lower conductors. In addition, 
a small vertically polarized lobe appears at r ight angles to the main lobe, 
caused by a small amount of radiation from the vertical wires of the loop. 
The radiation resistance of this type of loop is approximately 125 ohms, as 
measured at a height of 0.65 wavelength to the center of the loop. 
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Fig . 5 The power gain of two half-wave elements operating in a vertical stack 
is shown in graph A. At a separation of one-quarte r wavelength. the power gain 
is 1.5 d ecib el. A fraction of this gain is lost when the ends of the elements are 
folded towards each other as shown a t C. Since there is no current flowing at the 
element tips, they may be connected together to form a closed loop. The loop may 
be s quare or diamond shaped and is broken at the bottom for feeding. 

PowER GAIN OF THE SQUARE Loop 

The square loop is an interesting antenna, since it also provides about 
1.4 decibels power gain - equal to that gain provided by the diamond 
shape. This useful power gain obviously results from the coupled directivity 
provided by the upper and lower sections of the antenna which are operating 
in-phase. The power gain of two half-wave elements operating in phase in 
a vertical stack, expressed in terms of the vertical spacing is illustrated in 
figure 5. In this instance, the separation between the upper portion of the 
loop and the lower portion is 0.25 wavelength. Two half-wave elements 
spaced this amount would provide a broadside gain of about 1.5 decibel. A 
small fraction of gain may be lost because the ends of the half-wave elements 
are bent towards each other to form a closed loop. The single square 
loop may therefore be thought of as a pair of vertically stacked, hori
zontally polarized elements spaced 0.25 wavelength, with their extremities 
connected for feeding purposes. The loop is excited at the center of the lower 
section at the point of maximum current. 

Variations of the Driven Loop 

The simple driven loop antenna appears in various forms in the technical 
literature, although sometimes in clever disguises. A popular European form 
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of driven loop is the so-called "slot antenna" shown in figure 6A. Thought 
by many to be some form of slot-excited affair, this stacked beam employs 
two dipoles that are connected at their tips. In order to obtain greater stack
ing gain the separation between the upper and lower sections is increased 
at the expense of the radiating section of the two driven elements. Another 
version of the quarter wavelength loop is the " Bruce antenna," composed 
of quarter-wave loops connected together , as shown in figure 6B. 

The sides of the loop may be increased to one-half wavelength. Many 
forms of antennas can be constructed from loops of comparable size, and 
among them are the Lazy-H an tenna and the Sterba curtain. All of these 
exotic antennas, however, are cousins under the skin to the simple square 
loop of the Cubical Quad antenna. 

ADDING A p ARASITIC ELEMENT TO THE Q UAD L OOP 

It is possible to add a second Quad element functioning as a parasitically 
excited reflector or director in front of the Quad loop, as shown in figure 7. 

PArTCRN I S 6 10/RECrlONAL, 
OlJT OF P ACE. POLARIZATION 
/ $ HOIUJ'ONTA L. 

BRUCE ANTENNA 

® 

Fig. 6 Variations of the quarter-wave loop are shown above. At A is the so
called slot antenna which is basically a Quad loop having single element para
sitic reflectors and directors. The lips of the driven element are folded towards 
each other and connected al the ir lips. In order lo obtain greater slacking gain 
the separation between the uppe r and lower sections is increased a l the expense 
of the radiating sections of the driven elements. At B is shown the Bruce antenna. 
This beam is made of sections of quarter-wave loops arranged in line and fed al 
the center. The vertical sections are out of phase, and the vertical radiation is 
largely cancelled. Gain of the Bruce beam is low considering its length. 
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PAR AS ITIC. RADIATOR 
ELEMENT 

LIN E OFMA X FEEOLIME{] 
RADIATION 

SHORT~D 
STUB FEEDLINE 

HORIZONTALLY POLAR I Z.EO, TWO 
ELEMENT QUAD ANTENNA 

VERTI CALLY POLARIZED 
QUAD LOOP 

® 

Fig. 7 The Quad antenna is formed from two horizontal loops placed as shown 
in illustration A. Maximum radiation is in a line perpendicular to the plane of 
the loops. The loop serving as the parasitic element usually has a shorted stub 
in place of the feedllne. The stub length may be varied to tune the array for 
maximum gain at the operating frequency. If the driven loop la fed at one aide, 
as shown at B the field of radiation is vertically polarized. This type of loop ls 
often used at 2 and 6 meters. The size of the parasitic element may be suitably 
altered so that the shorted stub shown above is not required. 

When a parasitic element is added to a simple dipole, the achievable power 
gain is a function of the spacing and tuning of the parasite, and also a 
function of the "Q" or inherent selectivity of the parasite. The effectiveness 
of the parasitic element is proportional to the coefficient of the coupling 
between the element and the radiator. In general, the higher the "Q" of the 
parasitic element, the greater the coupling and the greater the power gain 
of the array. A low-Q reflector, such as a "billboard" -type screen provides 
a power gain of about 3 decibels, while a high-Q parasitic reflector, such 
as a thin wire can provide a power gain close to 6 decibels. In all experi
mental cases it has been found impossible to secure as high a forward gain 
figure with low-Q parasitic elements as with high-Q elements. In the case of 
long parasitic arrays having many directors, this means that antenna gain 
will be the highest when employing the thinnest possible parasitic elements, 
until the point is reached where the surface conductivity becomes poor 
enough to materially affect the Q of the elements. 

By its configuration, the square loop has a rather high value of radia
tion resistance and its Q is somewhat lower than that of an equivalent dipole. 
Even so, the addition of a parasitic loop to ·the Quad element raises the 
overall gain figure by nearly 6 decibels. The maximum power gain of the 
two element Quad antenna is therefore the sum of the loop gain and the 
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parasitic gain, or 1.4. + 5.9 = 7.3 decibels, as compared to a dipole. This 
is approximately equal to the power gain of a "three element" Yagi-type 
parasitic beam. The actual power gain of a typical Quad antenna may be some· 
what lower than the maximum theoretical gain due to r-f losses in the cou· 
piing network (if any) and in the wires of the array. Also, gain is dependent 
somewhat upon the tuning technique. Element spacing also plays a minor 
part in gain determination, as covered in the next chapter. In any event, the 
two element Quad turns out to be stiff competition for the three element Yagi. 
A tri-band Quad, moreover, usually outperforms a tri-band " trapped" Yagi 
because of the lower r-f losses of the former antenna. 

Wave Polarization 

When the Quad loop is fed at the bottom the points of maximum current 
occur in the two horizontal wires. The current flowing in the vertical wires 
is considered to be out of phase, and the radiated field is correspondingly 
small. Even so, a small vertically polarized field exists around these wires. 
If the Quad loop is rotated through 90 degrees in its plane, the feed point 
will be in the middle of one side, and the wires that formerly were in the 
vertical plane are now in the horizontal plane. The main field of the loop 
is now vertically polarized, with a small field of horizontal radiation about 
the horizontal wires, as shown in figure 78. 

Since the polarization of the radio wave is obscured after reflection from 
the ionosphere, either a vertically or horizontally polarized Quad may be 
used with good results on the high frequency bands. The vertically polarized 
antenna, however, will be more receptive to man-made interference (auto· 
mobile ignition noise, for example) since such radiations are usually ver· 
tically polar ized. 

The Closed Quad Loop 

The total loop length of a typical Quad element may be adjusted so that the 
tuning stub shown in figure 7 A is not required. Stub tuning a Quad element 
is a good way to make preliminary adjustments, to be sure, but for lowest 
wind resistance and best current distribution in the element it is a good idea 
to dispense with the tuning stub and to make the loop slightly larger to com· 
pensate for the missing stub. Dimensional data for both methods of construe· 
tion are given in various tables in this Handbook. 



CHAPTER III 

Characteristics of the Quad Antenna 

Any antenna serves as a coupling device to convert electronic energy 
supplied by the transmitter to electrostatic and electromagnetic waves which 
are propagated through space. At the receiving station a similar antenna 
converts the received energy back to electronic energy which can be de
tected and demodulated by the receiving equipment. 

The overall efficiency and operating parameters of the antenna may be 
expressed in terms of radiation resistance, directivity, power gain, and 
effective aperture of the antenna. 

ANTENNA TERMINOLOGY 

Certain terms and characteristics peculiar to antenna systems in general 
should be defined, and the problems and hazards of determining antenna 
operating characteristics should be covered before definite gain figures and 
dimensions are given for the Quad antenna. 

Radiation Resistance 

The radiation resistance of an antenna may be defined as that value of 
resistance which, when substituted for the antenna, will dissipate the same 
amount of power as is radiated by the antenna. The actual value of radiation 
resistance of any antenna is determined by the configuration and size of 
the antenna, and the proximity and character of nearby objects. The value 
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of radiation resistance bears no relation to the efficiency or power gain of 
the antenna, and the fact tha t one antenna has a different value of radiation 
resistance than that of another antenna does not necessarily mean that the 
first antenna is better or more efficient than the second, or vice-versa. It is 
important to know the magnitude of the radiation resistance in order to 
match it to the nominal impedance value of the transmission line. 

Antenna "Q" and Resonance 

If a load is connected to an antenna that is energized by a passing radio 
wave a certain amount of power may be extracted from the wave and will 
be dissipated in the load. The current flowing in the load may be thought 
of as the sum of many individual currents flowing in the antenna, induced 
by the radio wave acting along the length of the antenna. When all the 
individual induced currents are in phase at the load the maximum amount 
of power may be extracted from the radio wave. The condition of proper 
phasing is called resonance. Resonance may be established by cutting the 
length of the antenna to some physical relationship with the size of the 
intercepted wave. In a simple antenna a resonant condition is usually fou"nd 
at multiples of one-quarter wavelength (1,4, 1/z, % wavelength, etc. ) . When 
the antenna is opera ted in an off-resonant condition the sum of the indi· 
vidual induced currents is reduced from the maximum value and the antenna 
exhibits reactance at its load terminals. The ratio of the reactance of the 
an tenna to the radia tion resistance is termed the Q of the an tenna. When 
the Q of the antenna is low the reactance is small and varies slowly as the 
frequency of operation is varied from the resonant frequency of the an
tenna. An antenna having a high value of Q will tend to be frequency 
selective and its operating efficiency and energy transfer will tend to be 
poor when the operating frequency is far r emoved from the resonant fre
quency. The antenna Q, therefore, is a measure of response of the an tenna 
in terms of being "sharp" or " broad". In general, the lower Q antenna is 
more tolerant of adjustment and is easier to place in operation with a 
minimum of fuss than the higher Q antenna. Either antenna is capable of 
operation over the relatively narrow segments of the amateur hands. 

Operating Bandwidth 

The operating bandwidth of the antenna is the frequency span over which 
the an tenna performs in an efficient manner. This vague concept must take 
into account the loss in power gain when the antenna is operated off-fre
quency, and the increase in SWR (standing wave ratio) on the transmission 
line under such conditions. The operating bandwidth can therefore mean 
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exactly what the designer wishes it to, having little concept with actual 
antenna operation. 

Many amateur transmitters perform poorly when the SWR on the trans
mission line approaches a value of 2/ 1. In some instances, damage to the 
equipment may happen when allempting operation into antenna systems 
exhibi ting this value of SWR on coaxial transmission lines. For this reason, 
the operating bandwidth of the an tennas described in this Handbook has 
arbitrarily been established as that frequency excursion that produces a 
SWR value of 1.75/ 1 on a coaxial transmission line. The actual operating 
range of the antenna is usually greater than these arbitrarily defined limits, 
but the confining factor in most cases is the matching system employed to 
couple the anten na Lo the transmission line. It has been the experience of 
the author that at SWR values greater than 2/ 1 the front-to-back ratio of 
the an tenna is usually poor and loading difficulties are often encountered. 
Operation of the antenna system at high values of SWR are therefore not 
encouraged. 

DIRECTIVITY AND APERTURE 

Directivity 

In the case of a transmitting anten na, directivity is defined as the ability 
of the antenna to concentrate radiation in a particular direction: All prac
tical antennas exhibit some degree of directivity. A completely nondirectional 
antenna (one which radiates equally well in all directions) is known as an 
isotropic radiator, and only exists as a mathematical concept. Such a radiator 
if placed at the center of an imaginary sphere would " illuminate" the inner 
surface of the sphere uniformly. 

Power Gain 

Power gain is a te rm used to express the power increase in the radiated 
field of one antenna over a standard comparison antenna. The comparison 
antenna is usually a half-wave dipole having the same polarizat ion as the 
an tenna under consideration. Power gain is measured in the optimum direc
tion of r adiation from the antenna. 

Effective Aperture 

Effective aperture is closely associated with directivity and power gain. 
In a simplified analogy it may be thought of as the frontal area over which 
the r eceiving antenna will extract signal power from the r adio wave. Some
times this concept is referred to as capture area. Most high Q arrays, such 
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The hard work starts at ground 
levell WBQQ cracks the soil in 
his backyard in Columbus, Ohio 
as first step in tower erection for 
the new Quad antenna array. 
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as the parasitic beam and the Quad have an effective aperture considerably 
larger than the physical size of the antenna. 

Front-To-Back Ratio 

The power gain of an antenna may be thought of as being obtained by 
taking power radiated from unwanted directions and squirting it out the 
" front" of the array. Of great interest to the user of a beam antenna is the 
amount of power that still escapes from the back and sides of the array. 
This power is wasted, and should be minimized as it contributes nothing 
to signal gain. The ratio of the power radiated in the forward direction of 
the antenna as compared to that amount radiated in the opposite direction 
is termed the front-to-back ratio (F / B ratio). Ratios of the order of 5 db 
to 25 db may be obtained from simple beam antennas, such as the Quad
type. Front-to-back ratio measurements on (Lmateur antennas will vary 
widely from these figures as a result of complex wave reflections from the 
ground and nearby objects. 

The Decibel 

Power gain and F / B ratio of beam antennas are usually expressed in 
terms of decibels. The decibel is not a unit of power, but a ratio of power 
levels. In antenna work the decibel may be used as an absolute unit by 
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Fig. 1 Power gain and front-to-back ratio of beam anten nas are expressed in 
terms of decibels. Relationship b etween decibel and voltage or power ratio is 
sh own in th is chart. Most receiver $ -meters have scale that is calibrated in 
decibels b u t which bears no relation to true measuremen t. 

fixing an arbitrary level of reference. If this reference level is taken as the 
power figure of a dipole antenna, another an tenna may be said to have a 
gain figure expressed in decibels relative to the dipole. This is the reference 
level used in this Handbook. One decibel unit equals ten times the common 
logarithm of the power gain over a dipole antenna, as shown in the accom
panying illustration (figure 1) . 

A NTENNA GAIN M EASUREMENTS 

It has been proven on multi-million dollar experimental antenna ranges 
that data collected at low frequencies (below 100 me) pertaining to gain, 
front-to-back ratio, and bandwidth of antennas are decidedly unreliable. 
Factors such as ground reflection, and the proximity of near~y objects 
obliterate reference factors and reduce the results to meaningless figures. 

Accurate and reproducible fi gures pertaining to antenna arrays are only 
determined under exacting conditions. Measurements can be made in the 
VHF region with model antennas carefully placed so that ground effects 
and proximity effects of nearby objects are either absent, or are known and 
computable. The standing wave ratio, bandwidth, and the impedance match 
of such antennas are carefull y controlled, and laboratory equipment is used 
by trained engineers to obtain results which are then carefully evaluated 
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against the environmental conditions prevailing during the test. Sad to 
state, the performance figures of antennas tested in this fashion tend to be 
lower than the figures given by aggressive antenna manufacturers and 
accepted by hopeful amateurs. 

A Reliable Test Procedure 

The gain information, dimensional figures, and SWR curves to follow 
are based upon measurements made in the 144 me. amateur hand. It has 
been common practice for antenna adjustments and gain figures to be taken 
with the aid of a field strength meter located at some remote point. Such an 
arrangement can prove quite helpful when used properly, but any attempts 
to measure antenna gain or to compare two antennas by measuring field 
strength along a ground path are subject to extreme inaccuracies. Factors 
such as ground reflection and the proximity effects of nearby objects oblit
erate reference points and reduce the results to meaningless figures. Unless 
the test antenna and field strength meter are located many wavelengths above 
ground the effect of ground reflection will throw doubt on every measure
ment. This condition cannot be emphasized too strongly. Many published 
measurements have been in error due to what is apparently a lack of under
standing of the pitfalls produced by ground reflection. 

A reliable system of measuring antenna parameters has been developed by 
the military and industry which utilizes scale models of the antenna under 
test operating in the very high frequency range. This technique involves 
plotting the radiation pattern of the antenna and determining the antenna 
gain from inspection of the pattern. This is done by rotating the antenna 
under test through 360 degrees and recording the change in relative field 
strength at a point 10 or more wavelengths away. By running this test in both 
the E and H planes of the antenna, it is possible to obtain a three dimensional 
view of the radiation pattern of the antenna which includes the spurious 
lobes and back radiation. Using this data the actual power gain may he 
calculated with the aid of formulas (5) and (6), figure 2. 

The relationships between power gain, effective aperture, and beam widths 
may be .expressed in a simple nomograph, as shown in figure 3. Antenna 
gain and aperture figures may be derived from the E and H plane beam 
widths. The graph assumes that all spurious antenna lobes are reduced 10 
decibels or more below the strength of the main lobe. Only the half-power 
beam widths in the E and H planes are required for this measurement. 

It is important that a calibrated field strength meter be used, since an 
accurate indication of the half-power points of the beam pattern must be 
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ments can be made with 
accuracy a t 144 me. Test 
antenna is aimed upwards 
at a distant field s trength 
meter to reduce the effects 
of ground reflection . Pat
tern and g a in figures a re 
plotted. 

made. A good signal generator with an accurate attenuator can be used 
for calibrating the field strength meter. A typical set-up for measurements 
of this type is shown in figu re 4. The field strength meter is placed atop 
a fifty foot TV-type "crank up" tower, and the antenna under test is placed 
a few feet above ground and pointed upwards towards the field strength 
meter. Ground reflections are thereby reduced to a minimum. The accuracy 
of readings may be verified by moving the test antenna a few feet and 
repeating a set of known readings. Any variations jn the two test runs indi
cates that environmental factors are exerting undue influence upon the 
results and the validity of the tests are open to question. By a trial and 
error process the optimum placement of the test antenna can be found and 
a test sequence established that will produce repeatable results regardless 
of the positioning of the antenna under test. The field strength meter may 
be passed through the main lobe of the antenna by changing the elevation 
of the tower. 

I t was possible for the au thor to have some of these tests verified on a 
commercial antenna range in the Los Angeles area, and the results obtained 
agreed closely with the information furnished in this Handbook, proving 
the validity of this method of testing. 

C UBICAL QUAD A NTENNA PARAMETERS 

A conventional Quad antenna is the basis of the following data. The con
figuration of this test antenna is shown in Figure 5. The driven loop is 
split at the center of the lower segment to provide horizontal polarization. 
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Fig. 5 Typical Quad antenna is 
composed of two vertical loops 
spaced a fraction of wavelength. 
One loop is split al center of the 
lower segment and is excited 
with a balanced feed system. 
Other loop bas adjustable short
ing bar to permit tuning to the 
correct parasitic frequency. The 
sides of loop approximate a free 
space quarter-wavelength. 

ADJUSTABLE 
SHORTINC BAR 

ANCL! OF RADIATI O N 
OF MAIN LOBE 

~ AXIS 
/~\. 0 .,.OF 

// /\l"ARRAY 
/ . 

;,,./ DRIVEN 
./' ELEMENT 

HEll;Hi ABOVE 
CROUNO TO 
CENTER OF 
ARRAY 

The spacing between the two loop elements is adjustable, and the support
ing framework is made of wood to eliminate spurious resonance effects in 
the structure. The parasitic element is broken in the same manner as the 
driven element permitting adjustment by means of a variable shorting bar. 
Field strength readings are taken at an extreme distance from the array 
and the height above ground of the field strength meter is adjustable. 

Power Gain and Element Spacing 

The overall power gain obtainable with a single parasitic reflector placed 
behind the driven loop is shown in figure 6. At a spacing of approximately 
1/s wavelength the parasitic element provides an array gain of about 7.3 
decibels when adjusted for maximum gain figure. The gain curve is fairly 
constant for element spacings from 0.1 wavelength to 0.2 wavelength, with 
the peak of the curve falling near 0.12 wavelength spacing. The reduction 
of gain at spacings less than 0.1 wavelength is partially due to the loss 
resistance of the wires in the array. In this particular case the d.c. resistance 
value was less than 0.1 ohms. At each test point on the curve the parasitic 
element was tuned for maximum indicated field strength with the result 
that this curve represents maximum obtainable gain for various element 
spacings. 

Radiation Resistance 

The radiation resistance at the center feed-point of the driven element 
was measured at various spacings and the results p lotted in figure 7. A 
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Fig. 6 The gain of a two element Quad array is constant within one decibel for 
element spacings of 0.08 wavelength to 0.22 wavelength. Maximum gain figure of 
about 7.4 decibels occurs near the 0.12 wavelength spacing. As the Q of the Quad 
element is low, the spacing is not a critical factor in the design of the array. 

spacing of 0.12 wavelength results in a radiation resistance of about 65 
ohms, with the figure rising gradually in value until a r adiation resistance 
of about 140 ohms is reached at 0.25 wavelength. These values can be 
shifted over a small r ange by detuning the parasitic element from the point 
of optimum gain. 

As in the case of the simple parasitic beam or other similar antenna, the 
radiation resistance of the Quad varies with the height above ground. 
Values plus or minus 15 percent of the curve of figure 7 may be found at 
different heights above a n0minal half-wavelength elevation. Below this 
elevation figure, the radiation resistance drops to about one half of normal 
value a t a height of one quarter wavelength. Thus, impedance measurements 
made in a given location for one Quad antenna might not apply to a second 
antenna situated in a different environment. It would seem, therefore, that 
impedance measurements might well have to be made on each installation 
to determine a close value of radiation resistance. 

The degree of variation of radiation resistance of the Quad as compared 
to a typical three element parasitic beam is shown in figure 8. Both the 
value of radiation resistance and the variation of the radiation resistance 
are larger for the Quad than for the parasitic beam. 

Angle of Radiation 

The vertical angle above the horizon of the main lobe of the Quad an
tenna for various heights above ground is shown in figure 9. It can be 
seen that (as in the case of the parasitic beam) the angle above the horizon 
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Fig. 7 The radiation resis tance of a two element Quad varies between 40 
ohms and 140 ohms a s element spacing increases from 0.07 wavelength to 
0.25 wavele ngth . Radiation resistance of Quad may be a djusted to 52 ohms by 
making spacing 0.08 wavelength, or 72 ohms w ith 0.13 wavelength s pacing. 

of the lobe of maximum radiation is a function of the height of the array 
above the ground. No adjustments made to the antenna (other than chang
ing the height above ground) will influence the angle of radiation of the 
main lobe. 

A BSENCE OF HIGH ANGLE RADIATION 

The term angle of radiation of any antenna may be taken to mean the 
angle above the horizon subtended by the axis of the main lobe of radiation. 
With practical amateur antennas the radiation lobe is not a knife-edge of 
energy, nor is it even as sharp as the light beam from an automobile head-

Fig. 8 Radiation res istance of 
Q uad a rray varies as th e height 
above the groun d changes. Meas
u remen ts a re made on Quad hav
in g e lement spacing of 0.15 
w a velength . Parasitic a rray ex
h ibits the same effec t but in a 
much milder form. 
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Fig. 9 The vertical radiation pattern for a two element Quad antenna varies 
in much the same manner as patterns of parasitic beam as the height above 
ground of the array is changed. Plot A: Al a height of one-quarter wavelength 
angle of maximum radiation of main lobe is 40 degrees compared lo 90 degrees 
for a dipole. As the height of Quad is raised lo three-eighths wavelength. the 
angle of radiation lowers lo 32 degrees. as compared lo angle of 42 degrees 
for a dipole. Plot C: Angle of radiation of Quad is 26 degrees al height of about 
one-half wavelength, four degrees lower than pattern of dipole. Plot D: At 
height of five-eighths wavelength angle of radiation of Quad is approximately 
same as that of dipole, but the large vertical lobe of Iha dipole pattern is 
suppressed into minor lobe of Quad shown al angle of 75 degrees. Plot E: All 
lobes of Quad array exhibit lower radiation angle al height of three-quarltlrs 
wavelength, but the minor lobe grows in size, splitting into two lobes al height 
of seven-eighths wavelength (Plot Fl. A parasitic beam has almost the same 
field patterns as those of Quad array. The actual reflection patterns of practical 
antennas vary somewhat from these graphs because the earth is not a perfect 
conductor or reflector, and is never smooth and uniform. Reflection from nearby 
metallic objects (utility wires, gutter pipes. TV antennas. etc.) tend to distort 
patterns of a1;1y antenna. Even so. these plots emphasize importance of height 
for desirable low angle of radiation. 
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Fig. 10 Angle of radiation of 
main lobe of Quad array is func
tion of the a n tenna height as 
measured to lower element. For 
best DX results Qua d should b e 
mounted at least one-ha lf wave
length above surface of ground. 
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lamp. Rather it is a bulbous lobe, occupying a large area in front of the 
antenna array. 

If the antenna were to be suspended in free space the main lobe of radia
tion would be directly in line with the aperture of the antenna. When the 
antenna is located close to the surface of the earth a conflict takes place 
between the direct wave from the antenna and the wave that is r eflected 
from the surface of the ground. A phase difference occurs between these 
two waves causing cancellation or reinforcement at various angles above 
the horizontal. The degree of cancellation or reinforcement is dependent 
upon the difference in path length between the direct and reflected signals 
and upon the phase difference caused by the reflection. 

Shown in figure 9 are the vertical radiation patterns of a two element 
Quad antenna for various heights above ground. It can be seen that these 
patterns bear a resemblance to those of the dipole, except that the high 
angle radiation present in the case of the dipole is absent in the Quad 
antenna pattern. This absence of high angle radiation is probably caused 
by cancellation in the vertical plane by the action of the upper and lower 
sections of the Quad loop. It is interesting to note that the Quad antenna 
exhibits approximately the same angle of radiation of the main lobe as the 
dipole except at the lower heights. At a height of 0.5 wavelength, for ex
ample, the angle of radiation of the main lobe of the Quad antenna is about 
four degrees below that of the dipole. At an elevation of.% wavelength the 
angle of radiation of the Quad is almost ten degrees below that of the dipole. 
At a height of one-quarter wavelength the dipole is almost useless as a 
shortwave transmitting antenna since most of the radiation is directed up
wards. The Quad antenna, however, maintains its main lobe at an angle of 
40 degrees above the horizon at the same height elevation. This points up 
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the fact that the Quad will still give satisfactory performance under circum
stances where the antenna cannot be elevated well in the air. The same effect 
is noted with a parasitic beam. The angle of radiation for various heights 
is shown in figure 10. 

Generally speaking, the angle of radiation of the main lobe of the dipole, 
the parasitic array, and the Quad antenna are identical for all heights above 
one half wavelength. This belies the claim that the Quad has a lower angle 
of radiation than other types of antenna arrays. 

THE HORIZONTAL P ATTERN OF THE QUAD 

The horizontal radiation patterns of the Quad antenna measured at the 
vertical angles which produce maximum field strength are shown in F ig
ure 11. The shape of the pattern is relatively independent of the height 
above ground of the array except for variations in the front-to-back ratio 
which occur because of changes in induced reflector current. The horizontal 
pattern provided by the two element Quad antenna has a half-power beam 
width of approximately 62 degrees which is comparable to the beam width 
of a two element parasitic beam. 

It is interesting to note that the Quad has a small amount of vertically 
polarized energy at right angles to the main lobe of the array. This field 
is a result of incomplete cancellation of r adiation from the two vertical 
wires of the loop. 

PARAMETER VARIATIONS OF THE QUAD 

Experience with simple parasitic beams has shown that beam performance 
quickly deteriorates when the operating frequency of the antenna approaches 
the resonant frequency of the parasitic element. In the case of the two ele
ment beam, the power gain of the array falls off sharply as the operating 
frequency approaches that of the parasitic element, yet it drops off quite 
slowly as the operating frequency is shifted away from that of the parasitic. 
The shape of the gain curve, therefore, will vary depending upon whether 
the parasitic is a reflector or director (figure 12). This relationship also 
holds true with the Quad. With an antenna using a reflector element, the 
power gain of the array drops off quite shar ply on the low frequency side 
of resonance, and drops off comparatively slowly on the h igh frequency 
side of the operating frequency. As a result, greater operating bandwidth 
may be achieved by tuning the Quad reflector for operation at a lower than 
normal frequency. This process will increase the bandwidth at the expense 
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Fig. 11 Shown above is the horizontal field pattern measured at the vertical 
angles which produce maximum field strength. In this case, the plots were taken 
at one-quarter, one-half, three-quarters, and one wavelength elevation. Shape 
of pattern Is relatively independent of elevation except for variations in front
to·back ratio which occur because of changes in the induced reflector current. 
Front-to-back ratio can be optimized at each elevation if the reflector is retuned 
in each case. The horizontal pattern of a typical 2 element Quad antenna is about 
60 degrees wide at half-power points, which is comparable to the pattern of a 
3 element parasitic (Yagi) beam. The sharpest pattern is obtained by omitting 
adjustment stub in the parasitic element and cutting the element to proper size 
so that no stub is required. Current distribution is thus improved in the parasitic 
element, and overall operation of the Quad is enhanced, resulting in slightly 
better gain and front-to-back ratio. 
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Fig. 12 As operating frequency 
of parasitic array is varied the 
power gain over dipole drops 
rapidly as the parasitic element 
becomes resonant. The shape of 
the gain curve thus depends 
whether parasitic is a reflector 
or a director. 

of the maximum power gain. The gain-vs.-frequency characteristic of a 
typical Quad antenna is shown in figure 13. 

F / B Ratio of the Quad 

The front-to-back ratio of a properly adjusted Quad reaches a maximum 
figure at the design frequency and decreases sharply as the operating fre
quency approaches the self-resonant frequency of the parasitic element. The 
decrease in F / B ratio is much less severe as the operating frequency is 
removed from the self-resonant frequency of the parasitic. Maximum F / B 
ratio at the design frequency is about 25 decibels, dropping to less than 10 

decibels when the operating frequency is lowered 3 percent. At 3 per-
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Fig. 13 When Quad employs parasitic reflector greatest operational bandwidth 
occurs on high frequency s ide of resonant point. Quad may operate efficiently 
plus or minus 3 % of design frequency as shown above If the reflector element 
Is re tune d for off-frequeney operation of the array. 
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Fig. 14 Front-to-back ratio drops rapid ly as th e Q uad antenna ' is operated 
off-frequency. Even so, Quad qualifies as " broad band" antenna, as it retains 
good F / B ratio over span of approximately 6 % of design frequency. 

cent higher than the design frequency the F / B ratio is better, being in the 
neighborhood of 15 decibels. The F / B ratio of a typical Quad antenna 
designed for 21 megacycles is shown in figure 14. 

During this series of tests it was noted that adjustments made to the 
r eflector stub changed the resonant frequency of the driven element of the 
antenna. In fact, it was possible to tune the array by merely changing the 
length of the reflector stub. Experiments were conducted to determine the 
effect upon power gain and F / B ratio of variations in stub tuning. Measure· 
men ts tended to show that the F / B ratio was critical as to stub tuning and 
that changing the stub length a small amount would deteriorate the F / B 
ratio. 

The VHF measurements indicated that the power gain and the F / B ratio 
are dependent upon the length of the reflector stub- at least as much as 
in the case of the simple parasitic beam. It was also found that unless the 
reflector stub was of proper length the frequency of maximum F / B ratio 
was not coincident with the frequency of maximum gain, nor was it the 
same as the frequency of minimum standing wave ratio on the transmission 
line. This deviation was most apparent when the reflector stub was too short. 
In this case (figure 15) the frequency of maximum F / B ratio and mini
mum SWR are so far apart that the F / B ratio at the frequency of maximum 
gain is only 10 decibels ! 

These results emphasize the fact that the maximum F / B ratio of the Quad 
antenna and the gain of the array can be determined by the length of the 
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Fig. 15 Frequency of best front-to-back ratio, maximum gain. and the best SWR 
are not the same unless side length and stub length are adjusted to optlmum 
proportions. Proper side dimensions ensure that optimum F / B ratio, gain, and 
minlmum SWR can be obtained by proper adjustment of the reflector atub. 
Improper side dlmensions produce Inferior results. as does the maladjustment 
of stub. Experimental data proves that proper side dimension of the Quad ia 
very nearly equal to electrical quarter-wavelength In space (Figure 16). 
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reflector stub if the dimensions of the sides of the array are properly chosen. 
The resonant frequency of the array, however, should he determined by 
loop dimensions. If the array is the correct size to begin with, it is possible 
to reach the condition of maximum gain by tuning the stub for array res
onance at the operating frequency, or for the best F / B ratio. 

If the side dimensions of the Quad are incorrect, tuning the stub for 
maximum F / B ratio or for array resonance will result in a gain figure less 
than optimum. The important parameter, therefore, is the physical length 
of the sides of the Quad antenna. Once the correct dimensions have been 
determined, the antenna will perform in a satisfactory manner with only 
simple preliminary adjustments. 

Q UAD ANTENNA DIMENSIONS 

The physical length of a half-wave dipole antenna is somewhat less than 
the length of an electrical half-wave in free space. This length reduction is 
caused by the so-called "end effects" of the antenna, and also because the 
antenna is not infinitely thin. A dipole element made of aluminum tubing 
having a diameter of 1/ 300 of a half wavelength is reduced in length by 
a factor of about 0.95. The Quad antenna, on the other hand, may be 
composed of wire having a very small diameter compared to the wavelength 
{about 1/ 2500) . In addition, there is no "end" to the wire as the elements 
of the Quad form a continuous loop. As a result, both of these shortening 
effects are absent. A lengthening effect is actually present, since the action 
of bending the wires into a square produces exactly the opposite effect, and 
the sides of the Quad antenna turn out to be slightly longer than a free 
space quarter wavelength. In actual practice the optimum side length of the 
Quad is very close to 0.257 electrical wavelength. A table of dimensions for 
the Quad antenna is given in figure 16. 

THE QUAD ANTENNA W ITH PARASITIC DIRECTORS 

Quad antennas have been built with one or more director elements, much 
as in the manner of Yagi an tennas. The director elements have sides averaging 
5% to 7% smaller than the driven loop, depending upon whether or not tuning 
stubs are used. Gain figures appreciably higher than Yagi antennas having 
an equivalent number of elements may be achieved because of the vertical 
stacking gain of the Quad. Typically, a 3 elt>ment Quad will provide a gain 
of about 9.3 decibels, a 4 element Quad a gain of about 10.2 decibels and 
a 5 element Quad a gain of about 11.0 decibels {see Figure 6, Chap. IV) . 
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FIGURE 16 

DIMENS ION CHART FOR SINGLE BAND QUAD 
USING REFLECTOR STUB. 

GAIN= 7 . 3 DB OVER DIPOL E 

F/B RATIO ~ 25 DB 

RA DIATION RESISTANCE= 70 n. 

SIDE DIMENSION S PA CI N G 
BAND 

L=~ s=_,_1•_ 
i' (M C) f" (MC) 

4 0 34'10" 17' 0" 

20 17' 6" 8' 5" 

, 5 11'7" 5 ' 7" 

10 8 ' 7" 4 ' 2" 

DIM ENSION CHART FOR SINGLE BAND QUAD 
USING CLOSED LOOP REFL ECTOR. 

GAI N, FIB RAT I O, SPACI NG !Sl, ANO 

RA DIA TI ON RES I STANCE SAME AS ABOVE 

A REFL£CTOA CL E MENT 

s 

~~--+-~D~R~IV~E~H;,,..., T [L£M [HT 

l ~-
~ T sruBsPACt N• 

0 1 RECTI YITY FEED IS J INCHES 

AP PROX IMAT E 
STU B LENGTH IXl 

IN INC.HES 

6 6 - 77 

34 - 38 

19-22 

IS-17 

A AEf'lEC.TOR £L[MENT 

T
{_S DRIVEN J. 

ELEMENT ""' 

LI l 
l 

DIREC.TIYITY FEED 

SI DE DIMENSION SIDE DIMENSION S PACI NG 
BAND 

LI = 2•0 L2=~ s =-·- ·-· -
-r1 .. c1 -f' (/olC) i'"IMCI 

40 35' 2" 36' 4 " 1 7'011 

20 17' 8" 18' 2" 8' 5" 

, 5 11' 8" 12' 3" !>' 7 " 

10 8' 8 " 9' 1" 4' 2." 



CHAPTER IV 

Multi-element and Concentric 
Quad Antennas 

It is possible to employ multiple Quad loops to form three element Quad 
antennas, or to construct an array of concentric Quad antennas capable of 
operation at several unrelated frequencies. Quad-type arrays may also be 
formed having " legs" a half-wave in length instead of the usual quarter
wave configuration. The case of the three element Quad antenna will be 
discussed first. 

THE THREE ELEMENT QUAD ANTENNA 

The physical configuration of a three element Quad antenna is shown in 
figure 1. An additional loop is tuned so as to act as a director, and is placed 
on the opposite side of the driven element from the reflector. Both reflector 
and director are parasitically excited. Provisions are made for tuning the 
reflector to a frequency somewhat below the operating frequency by means 
of a closed stub and for tuning the director to a frequency above the 
operating frequency by means of an open stub. The open stub is shorter 
than a quarter-wavelength and exhibits capacitive reactance at points A-B 
on the director loop. Alternatively, the director loop may be tuned with a 
capacitor at points A-B or it might be made smaller in size than the other 
elements and tuned for optimum gain by means of a shorted stub. 

PARAMETERS AND PATTER.~S FOR THE THREE ELEMENT Q UAD 

Test data were derived from a scale model three element Quad antenna 
operating at a design frequency of 144 me. Provisions were made for tuning 
the f.'arasit ic loops and for varying the spacing between the elements of the 
array. Measurements were conducted as described in Chapter 3. 
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ADJUSTABLE 
SHORTIN<: BAR 

I 
H[ICHT ABOVE 
GROUND TO 
CE NTER OF 
ARR AV 

DIRECTOR 
ELE ~ENT 

Power Gain and Element Spacing 

Fiq. 1 Three element Quad makes 
use of open director stub to provide 
capacitive reactance (see Fiq. 9E). 
However. director may b e self-reso
nant. or undersized with closed stub. 
See Fiq. 6 for typical dimensional 
data. 

Spacing between the parasitic elements and the driven element of the 
three element Quad antenna is not critical. The gain-vs.-spacing curve is 
relatively flat from 0.1- 0.25 wavelength, with a slight peak in gain occur
ing at spacings of about 0.15 wavelength. Employing this spacing, the 
maximum power gain curve relative to operating frequency is shown in 
figure 2. At the design frequency a power gain of about 9.3 decibels is 
obtained . Shown also are the response curves for a two element Quad and 
a three element Yagi. It can be seen from the curves that the addition of 
the director element to the two element Quad provides a boost of 2.0 db of 
power gain at the design frequency. In the case of the simple parasitic "two 
element beam," the addition of a tuned director to form a "three element 
beam" produces a boost in power gain of about 2.7 decibels. It is therefore 
interesting to note that adding an extra parasitic element to the two element 
Quad provides less additional power gain than adding an extra element to 
the usual " two element beam." The reason the per formance of the extra 
Quad element is less than optimum is obscure, but it may be due to the 
fact that the loop-type parasitic element by virtue of its configuration is a 
low Q design, and it has been demonstrated that high Q parasitic elements 
are mandatory for maximum signal gain. 

Careful antenna gain measurements have shown that the two element Quad 
closely approaches the power gain of the three element Yagi and the three 
element Quad surpasses the gain of the three element Yagi by about 1.2 
decibels. A check was made of these gain figures on a commercial antenna 
range and the results agreed closely with experimental data gathered as dis
cussed in chapter III . 
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Fig. 2 Three element Quad shows power gain of about 9.3 decibels at element 
spacing of 0.15 wavelength. Gain is fairly constant for spacings of 0.13 to 0.22 
wavelength and averages about 2 decibels b etter than 2 element Quad. 

An additional advantage accruing to the Quad antenna is that it is cheaper 
to build than an equivalent Yagi, mes no aluminum tubing, has less "wing 
span" and less wind resistance. It also may be internally stacked to form 
multi-band arrays. In many countries where aluminum tubing is hard to get 
or unobtainable, the Quad antenna is the only practical high gain array for 
most amateurs. 

A chart of antenna power gain is shown in figure 3, placing the Yagi and 
Quad beams in position according to power gain over a dipole antenna. The 
old rule, "the higher the gain, the louder the signal" still applies to antennas 
today, and the chart tells the story. 

Bandwidth and F /B Ratio 

The operating bandwidth of a three element Quad antenna adjusted for 
maximum power gain is quite limited. The reflector and director are in a 
near resonant condition and slight frequency excursions will upset the 
balance of the antenna. The curve of figure 4 shows the bandwidth of this 
type of array at the 1.75/ 1 points of SWR is about 300 kilocycles at an 
operating frequency of 21 me. The bandwidth figure expressed in percent 
of the operating frequency is 1.43% . This means that the SWR will remain 
less than 1.75/ l over a frequency region less than 1.43% as wide as the 
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Fig. 3 Gain "ladder" shows the 
relative power gain in decibels 
of popular antennas. Two element 
Quad provides almost as much 
gain as three element Yagi. The 
four element Quad is "king of the 
band" . Gain is compared against 
dipole antenna (0.decibel). 

operating frequency. This figure encompasses a 200 kc span at 14 me, a 
300 kc span at 21 me and a 400 kc span at 28 me. The SWR curve is not 
symmetrical, being sleeper as the operating frequency approaches the res
onant frequency of Lhe parasitic director . 

The F / B ratio of the three element Quad antenna is better than 30 deci
bels at a frequency slightly higher than the design frequency, as shown in 
figure 5. The F / B ratio drops off sharply as the frequency of operation is 
removed from the design frequency, but stays better than 20 decibels over 
the operating bandwidth of the array, as defined by the standing wave ratio 
on the transmission line. 
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Fig. 4 Three element Quad array exhibits a narrow bandwidth when elem ents 
are tuned for maximum gain and optimum front-to-back ratio. Experimental 
21 me. Quad showe d 300 kilocy cle bandwidth over which SWR on tran~mission 
line remained b elow 1.75/ 1. SWR increases rapidly on high fre quency side 
of resonant frequency as the paras itic director nears a resonant condition . 
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" Broad-banding" the Three Element Quad 

Greater operational bandwidth may be achieved at a sacrifice in maximum 
forward gain by employing parasitic elements that are detuned from the 
lengths of optimum operation. For best broadbanding effect at 10 meters, the 
reflector stub is lengthened until forward gain drops about one-half decibel 
and the director stub is lengthened until the gain drops an additional 
decibel. The power gain under these conditions is approximately 5.5 
decibels over a bandwidth of 6% , centered on the design frequency. This 
bandwidth is sufficient to completely cover the 28 me band, or the lower 
three megacycles of the 50 me band. The maximum excursion of SWR on 
the transmission line at the extremities of bandwidth is slightly under 2.5/ l. 

The power gain of the broadband Quad compares with that of the two 
element Quad, but the advantage of the former is that it has a considerably 
greater operational bandwidth. 

P OLAR PLOTS OF THE THREE ELEMENT Qu.o\D A NTENNA 

Measurements of a three element Quad antenna tuned for maximum 
forward gain were made on a scale model operating at a design frequency 
of 144 me. The polar plots for this antenna are shown in figure 7. An 
open wire stub was used for the director element, and a closed stub for 
the reflector. Pattern A indicates that the array is operating at a fre
quency very close to the resonant frequency of the parasitic reflector, as 
the F / B ratio is very poor. The SWR on the transmission line is also very 
high. In pattern B effective reflector action starts to take place and the 
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REFLECTOR DRIVEN ELEMENT DIRECTOR# 1 DIRECTOR#2 
(/FI/SEO) 
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DIMENS IONS 

REFLECTOR DRIVEN DIRECTOR 
BAND LOOP LOOP LOOP 

LENGTH LEN~TH LENGTH 
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Fig. 7 Polar plots of :I-element Quad show good F / B ratio at design frequency. 

rear lobe of the pattern diminishes in size. The SWR at this frequency is 
approximately 3/1 and the array cannot truly be said to be operating 
within its operating bandwidth. At the design frequency of 144 me (pat
tern C) the SWR is 1/ 1 and the beam provides a good pattern, having 
somewhat better F / B ratio and gain than exhibited by the two element 
Quad antenna. 

As the test frequency is raised, rear lobe splitting takes place and the 
SWR begins to rise rapidly. The F / B ratio is maximum in figure B (the 
frequency at which the rear lobe begins to divide) reaching a maximum 
figure of some 30 decibels. As the frequency of operation is further raised, 
the SWR climbs rapidly and the rear lobe of the pattern grows in size as 
the resonant frequency of the director is approached. As shown in pattern D 
the director begins to act somewhat as a reflector, and a large, distorted 
radiation lobe appears off the rear of the antenna, accompanied by a large 
degree of radiation in the plane of the loops. 
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MULTI-ELEMENT QUAD ANTENNAS 

A second director element may be added to the three element Quad to form 
a four element antenna array. The addition of the second director results in 
an array gain of about 10.2 decibels as compared to a dipole. This represents 
a power gain of about 1 decibel or so over the three element Quad and a 
gain of about 3 decibels over the simple two element Quad. The bandwidth 
and F / B ratio of the four e!ement array compares favorably with the three 
element array, the curves being essentially the same. 

A five element Quad (three directors, driven element and reflector ) was 
tested at 50 me. A power gain of approximately 11 decibels was measured, 
with an apparent F /B ratio of 30 db. The SWR curve was slightly sharper 
than that of the four element Quad antenna. A six element test Quad, on the 
other hand, only provided a power gain 0.5 db better than the five element 
antenna. The law of diminishing returns seemed to be working at this point. 

It can be noted from these figures that the power gain of the Quad 
array increases slowly as additional director elements are added to the 
basic two element array. However, because of the relatively low Q of the 
parasitic loop elements the gain contributed by each loop is less than the 
value provided by a high Q parasitic element such as found in the normal 
"parasitic beam." Whereas parasitic beams having twenty or thirty parasitic 
directors are efficient, high gain antennas, it would seem from these obser
vations that the maximum practical number of parasitic loop elements for 
the Quad array is limited to four or five. Additional experimental work at 
a later date might tend to modify this assumption. 

Tilt-over tower allows operator to put the finishing touches on 4 e lement Quad 
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CONCENTRIC QUAD ANTENNAS 

A popular form of Quad antenna is one wherein various Quad loops for 
different amateur bands are strung on one framework, as illustrated in fig
ure 8. The most common arrangement is for use on the 20, 15, and 10 
meter bands employing three concentric Quads, one for each band. Alterna
tively, two Quads may be interlaced for two of these bands. In general, 
results obtained from the concentric Quads compare closely with the opera
tion of widely separated individual arrays, although interlocking symptoms 
may be observed between the concentric antennas. That is to say, adjust
ments made to one antenna will tend to alter the characteristics of the 
adjacent antennas. With careful design the results of this unwanted symptom 
may be reduced to a minimum. 

The Two Band Quad 

Interaction between the antennas of a two band Quad is quite low. No 
observable alteration in power gain has been noted when the antennas are 
interlaced as opposed to isolated operation. The F / B ratio of the inner 
Quad, however, drops a bit as compared to an isolated Quad. F / B ratios 
of 20 db. or so have been measured on the inner array of a two band Quad, 
while the outer array held closely to the optimum F / B ratio of 25 db., 
or better. 

A second interlocking effect has been noted concerning the feed system 
of the antennas. Separate feed systems were used for each Quad under test, 
consisting of 52 ohm coaxial lines, balancing transformers, and matching 
networks. The feed systems were adjusted until a 1/ 1 SWR was obtained 

Fig. 8 The concentric or "multi
hand" Quad Is popular antenna for 
20. 15. and I 0 meters. When proper 
dimensions are used, little interac
tion Is noted between the individual 
Quads. F / B ratio of the middle Quad 
is lower than that of inner and 
outer antennas. Balanced feed sys
tems a re used with these Quads. 
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on each Quad antenna at its particular design frequency. Tests were then 
run for each Quad, plotting the measured value of SWR against the operat
ing frequency of the transmitter. The curves coincided in all respects with 
those obtained for separate single band antennas. Experiments showed, 
nevertheless, that the shape and slope of each curve could be varied merely 
by changing the length of the coaxial line on the unused Quad array. 
Additional tests indicated that the radiati•)n resistance figure of one Quad 
was also affected by manipulation of the transmission line of the other array. 

The effects of interaction were reduced to a minimum by cutting each 
transmission line to an odd multiple of an electrical quarter-wavelength, 
the "open" end of the line thereby reflecting a very low terminating im
pedance across the input terminals of the unused antenna. This, in effect, 
placed a short circuit across the unused antenna element. Suitable feed 
systems for Quad antennas which tend to reduce the effects of interlocking 
to a minimum are discussed in a later chapter. 

The Three Band Quad 

Interaction between the antennas of a three band Quad may also be 
observed with adverse effects falling upon the second of the three antennas. 
In the case of the 20-15-10 meter Quad, this means that the 15 meter 
section will exhibit inferior F / B ratio when compared to the other two 
antennas. Effects of interaction upon the transmission lines may be mini
mized by properly cutting the lines to odd multiples of an electrical quarter
wavelength. The F / B ratio of the second Quad, however, will not be much 
better than 15 db. in any case and some pickup from the sides of the Quad 
will also be noted on the 21 me band. Gain of the second Quad seems 
to be comparable to that of the larger and smaller arrays, the deterioration 
in F / B ratio and growth of side lobes being the only prices that must be 
paid for the convenience of three band operation with a single structure. 

Radiation Resistance of Concentric Quad Antennas 

Three Quad antennas for operation on 20-15-10 meters may be inter
laced on a single framework having an eight foot boom. Element 
spacing of the three antennas is such that gain figures for each antenna 
fall near the peak of the gain curve of figure 6, chapter III. Element spacing 
is relatively uncritical and may be chosen for a matter of convenience. 
Eight foot spacing is equivalent to 0.125 wavelength for 20 meters, 0.187 
wavelength for 15 meters, and 0.25 wavelength for 10 meters. 

Radiation resistance of each separate Quad antenna is a function of the 
tuning of the reflector stub and can vary over a wide range, depending 
upon stub adjustment. In general, the value of radiation resistance for a 
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properly tuned Quad is proportional to the element spacing, being highest 
in the case of the 10 meter section (0.25 wavelength spacing), and lowest 
in the case of the 20 meter section, with the 15 meter antenna exhibiting 
a radiation resistance value in between the other two. When tuned for 
maximum signal gain (coincident with maximum F / B ratio when the 
proper element dimensions are employed) the radiation resistance of the 
20 meter section is about 75 ohms, the radiation resistance of the 15 meter 
section is about 100 ohms, and that of the 10 meter section is about 120 
ohms. Front-to.back ratio drops slowly from optimum value as the element 
spacing between the front and back sections of the Quad is increased. 

Action of the Parasitic Stubs 

The parasitic reflector of the Quad array is self-resonant at a frequency 
lower than the operating frequency of the antenna. Conversely, the parasitic 
director is self-resonant at a frequency higher than the operating frequency. 
For optimum resul ts, the parasitic loop should be trimmed to the exact size 
which determines the correct self-resonant frequency. This may be done with 
a grid-dip meter. The simpler adjustment technique is to cut the parasitic ele
ments to the same physical size as that of the driven element and then to 
alter their self-resonant frequency by means of a tuning stub (figure 9). 

The reflector element may employ a shorted stub (A) to lower the self-

® 

ADJUSTABLE 
SHOATINC STUB 

@ 

D 
SELF-RESONANT 

LOOP 

® 

~ 
FIXED STUB ANO 

TUN ING CAPACITOR 

® 

0 
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© 

D 
ADJUSTABLE 
TUNI N<; C.OIL 

® 

D 
ADJUSTABLE 
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Fig. 9 Parasitic element of Quad may be resonated by shorting stub (A} and 
(B}, or by adjustable coil (C}. Optimum adjustment is achieved by making the 
parasitic e lement self-resonant (D}. Adjustable open stub (E} or series tuning 
capacitor (F) are sometimes used for stub adj ustment. 
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resonant frequency. Adjustment is made by sliding the shorting bar back 
and forth along the stub. A fixed stub may be used (B} wherein the elec
trical length is varied by means of a small capacitor mounted at the top 
of the stub. The shorted stub may be replaced with a tapped coil (C) which 
is adjusted turn by turn to reach the correct self-resonant frequency, or a 
self-resonant loop may be used as shown at D. The self-resonant parasitic 
element provides slightly higher gain than other configurations, but must be 
cut to exact size. Typical dimensions for self-resonant reflector loops are given 
in figure 10, with data for director loops in figure 6. 

A director stub is required to electrically shorten the parasitic element, 
thus raising the self-resonant frequency. An open stub (E) may be em· 
ployed, or a variable capacitor placed in series with the loop as shown at 
(F ) can be used. In most installations, stubs are to be preferred over coils 
and capacitors because of the saving in weight and wind resistance. 

CONCENTRIC QUAD DIMENSIONS 

A summary of the electrical parameters and physical dimensions for a 
three band Quad designed for 20-15-10 meter operation is given in figure 
10., as well as data for a Quad covering the 15-10-6 meter amateur bands. 
Any one of the three concentric Quad loop antennas may be removed from 
the configuration if desired, leaving a two band Quad which will perform 
in a comparable manner to the original three band design. 

FIGURE 10 
OIMENS ION CHART FOR MULTl- BANO QUAD ARRAYS 

SIDE OF 
RADIAT ION 

APPROX. STUB {X } S I DE OF 
FIB DRIVEN WHEN DIM ENSION RE FL ECTOR T YPE 

BAN D ELEMENT RES ISTANCE · IL) USED FOR IF STUB IS RATIO OF 
( L) { Z,) INOHM S REFLECTOR NOT USED (OB) ARRAY 

2 0 17' 7" ,, 34'!... 3 5 " 18' 2" 25 

15 11 ' 6 " 100 1 g._zz: 12' 3" 20 2.0-• 5 -10 

10 8 ' 7" 120 15._ 17• 9• 1• 2 5 

15 11 ' 8 " ,, 19~ 22· 12' 3" 25 

10 e• 1" 100 1s'"-11· 9' I" 2 0 15-10 - e 

6 4 • 10• 120 e"- 10"' 5' 2• 25 

I TWO ELE MENT INTERLACED 11 NOT E 
QUAD tlAS CONFI GURATIOH BOOM L E N GTH OF 20-1 .5 - 10 METER A R RA Y IS 8 ' 5 " 
SHOWN IN FIGURE 8 BOOM LENGTH OF 15-10- 6 ME TER ARRA Y IS$' 1 " 



CHAPTER V 

The Expanded Quad (X-Q) Antenna 

As mentioned earlier in this Handbook, Quad-type arrays may be made 
up having sides a half-wave in length instead of the usual quarter-wave 
configuration. A simple example of an antenna of this type is the " Lazy-H" 
array shown in figure lA. The gain of this array is about 5.5 db. and is 
the sum of the gain figures for both horizontal and vertical stacking. The 
array is fed with a quarter-wave stub coupled to a half-wave phasing section 
which is transposed for proper phase relationships between the upper and 
lower bays of the array. 

Like the simple Quad, the element tips of the " Lazy-H'' array may be 
bent back upon themselves for feeding purposes and for size reduction 
(figure lB) . A high degree of field cancellation takes place around the 
vertical wires and the radiation from these folded portions of the upper 
and lower sections is thereby diminished. This cancellation effect reduces 
the gain of the loop from the 5.5 decibel figure of the "Lazy-H'' antenna 
to approximately 5 decibels. This gain is still an impressive figure when 
compared with the 1.4, decibel gain figure of the quarter wavelength loop 
employed in the standard Quad antenna. 

I t is possible to remove the half-wave phasing section from the center 
of the loop of figure lB, driving the upper section of the array by con
necting the outer tips of the upper and lower sections together as shown 
in figure lC. The center of the upper section is left open since the two top 
wires of the array are out of phase with each other at this point. Addition 
of a reflector to this expanded half-wave loop produces an Expanded Quad 
(X.Q) array (figure lD) having an overall gain of about 9.5 decibels as 
compared against a simple dipole antenna. 
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Fig. I Expanded Quad (X-Q) a ntenna is derived from Lazy-H array (A). Ends 
of "H" are folded back (Bl and cross-over feed system is e liminated (C). The 
X-Q loop provides a power gain of about 5 decibels over a reference dipole. Two 
element X-Q array provides power gain of 9.5 decibels over a dipole. 

D ESIGN OF THE X-Q A NTENNA ARRAY 

The points of maximum current in the X-Q driven element are shown 
in figure lC. For ease of feeding, the antenna wire may be broken at one 
of these points and driven with a balanced transmission line of the proper 
impedance. Unfortunately, none of these points fall at the center of the 
lower section of the array which is a handy place to attach a transmission 
line. It is possible, however, to connect a quarter-wave transformer (Q
section) at the high potential, low current point at the center of the lower 
portion of the bottom section to provide a convenient low impedance feed 
point at the base of the transformer. By proper adjustment of this Q-section 
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the X-Q array may be matched to a balanced transmission line having a 
characteristic impedance in the range of 75-600 ohms. 

The X-Q Reflector Element 

The reflector loop of the X-Q array is identical to the driven element 
except that a shorted stub somewhat longer than a quarter-wavelength is 
used to tune the parasitic element for optimum forward gain (maximum 
F / B ratio). Because of the use of a tuning stub, it is possible to tune the 
parasitic element as a director by merely decreasing the length of the stub 
until it is shorter than a quarter-wavelength. Array gain and F / B ratio are 
approximately equal for either case. 

Maximum array gain occurs with an element spacing of 0.125 wave
length with the gain curve holding to a variation of less than 0.5 decibel 
for spacings over the range of 0.1-0.25 wavelength. Front-to-back ratios 
tend to be slightly higher at the closer values of element spacing. A F / B 
ratio of greater than 22 decibels is obtainable at the element spacing of 
0.125 wavelength, which is comparable to the smaller Quad, but the for
ward radiation lobe is much sharper being approximately 45 degrees wide 
at the half-power points. As in the case of the simple Quad or the parasitic 
beam the angle of radiation of the X-Q array above the horizontal is 
primarily a function of the height of the center of the array above the 
surface of the ground. 

Advantages of the X-Q Array 

The X-Q array is easy to ·construct, requires no expensive aluminum 
tubing, and provides a power gain figure equal to or slightly greater than 
a three element parasitic array of normal dimensions. A 10 meter X-Q 
array is no larger than a simple 20 meter Quad, and the construction of 
a 15 meter or 20 meter X-Q antenna is not out of the question. Addition 
of an extra director element to the X-Q array to form a three element 
expanded Quad has not been tried, but it is not unreasonable to expect a 
power gain figure of approximately 10 decibels for an array of this type. 

Matching the X-Q Array to the Feedline 

The impedance at the center of the bottom horizontal section of the 
X-Q driven element is very high, falling in the range of 2,000-4,500 ohms, 
the exact value depending upon the size of wire in the array and the 
physical construction and electrical alignment of the system. A balanced 
load impedance of this magnitude may be matched to a balanced low 
impedance transmission line by the use of a quarter-wave transformer 
(Q-section) whose characteristic impedance is the geometric mean between 
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ORIVEN ELEMENT 
OF X-Q ARRAY 

$00 OHM Q - SECTION 

RANDOM LENG.TH 
7~ OHM TWO WIRE 
l.IN E TO X MTR 
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TUNING UNIT 

AT XMTR 

Fig. 2 Low impedance points of the 
X-Q array are located at the corners 
of the loop making feeding problem 
more difficult than in the case of the 
simple Quad. A simple and effective 
solution is to feed X-Q loop at the 
center of the lower section (high im· 
pedance point) with a quarter-wave 
matching transformer. This permits 
a balanced. low impedance trans· 
mission line to be coupled to the 
antenna. Balun or tuning unit is 
used at transmitter (unbalanced) for 
pi-network output circuits. 

the two impedances that are to be matched. If the Q-section has an im
pedance of Z Q ohms and is terminated by a load of Z L ohms, the 
impedance reflected to the opposite end of the Q-section is Z :t ohms and 
is defined by this equation: 

Z.t=~ 
Z.L 

As a practical example, a 75 ohm balanced transmission line (Z.:r.) may 
be matched to an antenna (Z LJ whose impedance is 3,300 ohms by using 
a Q-section having a characteristic impedance of: 

Z l = 1~ OHMS 

ZL = 3.300 OHMS 

Z.c=? 

Za= -v 247. ~oo 

Zo = •ge OHMS 

At the resonant frequency of this antenna a 500 ohm Q-section will pro· 
vide almost a perfect 1/ 1 standing wave ratio on a balanced two wire 
75 ohm transmission line (figure 2). Adjustments to the impedance of the 
Q-section will permit balanced lines of any reasonable impedance to be 
used with the X-Q array. Data for designing Q-sections capable of use 
with the X-Q can be found in the "Radio Handbook", distributed by Editors 
& Engineers, New Augusta, Indiana 46268, and available at large radio dis
tribution houses and libraries. 
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Fig. 3 X-Q array may be matched 
lo low impedance, balanced line by 
means of a quarter-wave stub tuned 
lo the operating frequency of the 
antenna. Stub is resonated by use of 
grid-dip oscillator. Random length 
transmission line is tapped onto the 
stub at 300 ohm point, found with 
aid of grid-dip meter or SWR meter. 
Shorting bar may require minor ad
justment after line is attached to stub. 
For best results, a balun should be 
used to match balanced stub to an 
unbalanced coaxial line, if used. 

Matching Stub System 
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A second matching system making use of a quarter-wave matching stub 
may be used with the X-Q array (figure 3). The array and stub are 
resonated to the operating frequency by sliding the shorting bar up and 
down the stub. A grid-dip oscillator is coupled to the stub to provide a 
convenient indication of the resonant frequency of the array. Once the 
correct adjustment has been found the shorting bar is soldered in place. 
The next step is to determine which point on the stub will match the 300 
ohm impedance of the transmission line. Low impedance points will be 
found close to the shorting bar and higher impedance points are found 
a corresponding distance up the tuned stub. A grid-dip oscillator and An
tennascope may be employed to find the desired impedance point on the 
stub. Construction and operating information for the Antennascope may 
be found in the previously mentioned "Radio Handbook." 

Coaxial Feed Systems for the X-Q Array 

Coaxial feed systems may be employed with the X-Q array as shown in 
figure 4. A half-wave balun transformer can be used to provide a balanced 
termination point of 208 ohms (A-B, figure 4). A Q-section having a 
characteristic impedance of approximately 800 ohms will provide a good 
match between the balun and the X-Q array. On the other hand, the balun 
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ORIVEN ELEMENT 
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Fig. 4 Q-section, half-wave balun 
and coaxial line provide unbalanced 
feed system for pi-network transmit· 
ters. Balun provides 208 ohm termi
nation point for 72 ohm line, and 
adjustable Q-section steps impe
dance up to several thousand ohms, 
suitable for high impedance feed 
point of X-Q. 

may be attached to the 208 ohm point on a tuned stub in the same manner 
as the balanced two wire transmission line. 

The X-Q Array Adjustment Procedure 

A drawing of the X-Q array giving all important dimensions is shown 
in figure 5. This antenna is adjusted in much the same manner as the 
smaller Quad. The rela tionship between F / B ratio and power gain are set 

by employing the correct side dimensions and element spacing during con
struction. The ·remaining corrections necessary after the X-Q array is 
erected are resonating adjustr.lents to be made to the parasitic reflector 
and driven element. The first step is to attach a 75 ohm balanced line and 
500 ohm Q-section to the driven loop of the X-Q array and run the line 
to your receiver. The X-Q array is placed in operating position and the 
reflector (back of the array) is aimed at a nearby transmitter that has a 
horizontally polarized antenna. The reflector stub of the X-Q array is now 
adjusted for minimum signal pickup as read on the S-meter of the receiver . 
This adjustment should be repeated with several local signals. Once the 
correct point has been found for the shorting bar on the reflector stub it 
should be soldered in position. 
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The next step is to adjust the Q-section of the drivEin element. The 75 
ohm feedline is removed and replaced with a shorting bar. The grid-dip 
oscillator is coupled to the bar which is moved up and down the stub an 
inch or so at a time until the resonant frequency of the driven element 
falls at the chosen design frequency of the array. During this operation it 
may be possible to observe a secondary indication of resonance occuring 
somewhat lower in frequency than that of the driven element. This is the 
resonant frequency of the parasitic element and should be approximately 
3% to 5% lower in frequency than the resonant frequency of the driven 
element. When the driven element has been set to the proper operating 
frequency the shorting bar may be: 1) soldered in position to form a 
matching stub, or: 2) removed and replaced with a low impedance trans
mission line, thus changing the matching stub into a Q-section. 

F IGURE 5 
TABLE OF DI MENS IONS FOR X-Q ANTENNA 
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CHAPTER VI 

Feed Systems for Quad Antennas 

A transmission line is required to transmit or guide electrical energy 
from the transmitter to any antenna, or from the antenna to the receiver. 
In most cases, some sort of matching system must be placed between the 
transmission line and the antenna to provide an efficient transfer of energy. 
The reader is referred to the " Beam Antenna Handbook," published by 
Radio Publications, Inc., Wilton, Conn., for a full discussion of transmission 
lines and antenna matching techniques. The specific case of matching bal
anced and unbalanced transmission lines to various forms of Quad an
tennas will be discussed in this chapter. 

THE B ALANCED QUAD ANTENNA 

The simple Quad driven element is a quarter-wave loop, open at the 
center of the bottom section for feeding purposes. The loop is symmetrical 
and the current distr ibution on the wire is also symmetrical, as shown in 
figure IA. The current is a minimum value at the centers of the vertical 
sides and reaches a maximum figure at the centers of the horizontal sec
tions. If the Quad loop is broken at point X and straightened out into two 
horizontal wires the current distribution in these wires would appear as 
shown in figure lB. The current distribution in the lower wire resembles 
that of the simple dipole antenna, being a maximum at the center and 
minimum at the ends of the wire. This wire may be fed at the center with 
a balanced two wire transmission line connected to poin t A-B. The ampli
tude of the r-f current in one leg of the line will be equal to the amplitude 
of the current in the other leg, and 180° out of phase with it. Equal, 
out-of-phase currents in the wires of the balanced transmission line are of 
pr ime importance because the Quad element is a closed loop (unlike the 
simple dipole) and the current flowing at point A has to equal the current 
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Fig. l Current distribution is symmetrical in Quad antenna as ii forms a closed 
system !Al. Unequal and improperly phased currents may fiow in a dipole 
antenna !Cl as no electrical connection exists betwee1;1 dipole halves. 

flowing at point B as these two points are electrically connected together by 
the wire of the loop. On the other hand, unequal and improperly phased 
currents may flow in the simple dipole (figure lC) as there is no electrical 
connection between the halves of the antenna. A situation such as this 
arises when the balanced dipole is fed with an unbalanced (coaxial ) trans
mission line. 

Transmission Line Radiation 

When an unbalanced transmission line is employed to transfer power 
to a balanced antenna a certain proportion of the line current flows on 
the outer surface of the coaxial shield. Under proper operating conditions, 
no electric or magnetic fields extend outside of the outer conductor of the 
line. All fields exist in the space between the center conductor and the 
shield. Thus the coaxial cable is a perfectly shielded line. When current 
flows on the outer surface of the shield the shielding function of the line 
is lost, as this current is not balanced with respect to the current flowing 
on the inner conductor of the line. As a result considerable power may be 
radiated directly from the line. This power does not reach the antenna and 
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is lost for all practical purposes. The field of radiation of the line bears no 
relationship to the antenna field and usually results in a deterioration of the 
front-to-back ratio and power gain of the antenna. Complaints that the 
Quad antenna exhibits no F / B ratio can usually be traced to an unbalanced 
feed system in which the transmission line is coupled to the antenna in some 
manner so as to alter the radiation pattern of the antenna. The use of some 
form of coupling transformer (balun} between the feed line and the antenna 
or the use of a balanced line are two solutions to this. 

In most amateur antenna installations the transmission line drops down
ward from the antenna and under conditions of line radiation may be 
compared to a long vertical antenna having a high angle of radiation. 
Since low angle radiation is required for effective antenna performance 
the field about the transmission line serves no useful purpose at all and 
only wastes power that otherwise might make the signal stronger and 
more readable at some distant point of reception. 

The first rule, therefore, for the design of an efficient feed system for a 
balanced antenna such as the Quad is: 

I-The transmission line system must deliver balanced, out-of-phase 
power to the balanced feed points of the driven element of tlie array. 

BALANCED FEED SYSTEMS 

A balanC'ed 75 ohm two-wire line may be u:-:ed to feed the Quad antenna. 
As the radiation rl'si~tanrl' of th<· Quad and the impi>dan<·e of the line an· not 
too far apart in ah>'olule rnlue. the slandin:r wm·e ratio 011 the line will h~ 
rea~onably low. If the line> is rt-' mo\·ed from the immediate Yicinity of m!'tal 
objects and the ground, if it doe~ not run parallel to the an tenna elements, and 
when a proper coupling circuit i~ used at t.he ~ta lion , tht' Jin<· eurrents will hP 
balanced and radiation from the line will be at a minimum. The balanced 
line may be connected to the transmitter by a simple antenna coupler. such a~ 
shown in Figure 2. Heavy duty transmitting type twin-lead is recommended for 
power levels up to the maximum lt'gal limit. 

When the balanced line is cut to multiples of an elect rical half-wal'elength 
the line will re~emhle a series of transfornwr sections <'a('h having a 1-to·l 
transformation ratio, refiel'ling the antenna terminating impedance to the 
input end of the line. An antenna couplt'r can then transform th is value to a 
nominal value of 50 ohms. su itable for an unbalanced coaxial output srtem 
such as used in the majority of modnn transmitter~. Antenna coupler tap~ and 
tuning are adjusted for l owe~t rn lue of SWH on the 50 ohm line lo the trans
mitter. AltPring the length of the twin li nr to the antenna a foot or so may 
help if dilTicully is encountered in loading the transmitter properly while main
taining a low valut' of SWH on the coaxial line. 
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Fig. 2 Antenna coupler for use 
with balanced line. The coil is 
2%" diameter, 8 turns per inch 
of #14 wire. End sections are 
shorted at 4 turns for 80 meters, 
16 turns for 40 meters, 28 turns 
for 20 meters, 29 turns for 15 
meters and 30 turns for 10 
m eters. See "Radio Handbook" 
for more data. 

QUAD LOOP 

RANDOM LENCTH BALANCED 
75 OHM TWIN LI N ! 

•-SE C.Tl ON C.Oll Lt. L& 
L2A LIA LIB L~B 

~HUI All iii jhllA 
1-----1.---. fihtt\ fli'1 (ft) ptth\ 
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THE CoNCENTRrc TRI-BAND QuAo 

A balanced feed system may be used with a tri-band Quad element as shown 
in figure 3. The loops are constructed lo the dimensions given in Chapter IV, 
figure 10. The feed points of the loops are then connected in parallel. Using 
standard dimensions and reflector spacing, the impedance range presented at 
the feed point of the loops lies between 75 ohms and 140 ohms. The loops not res
onant at the operating frequen cy present a rather high impedance across the loop 

Fig. 3 Tri-band Quad loops may 
be connected in parallel and fed 
with random length 75 ohm ribbon 
line to a ntenna tuner. If a relative
ly high value of SWR is accepted, 
and line radiation not a problem, 
parallel loops may be fed directly 
with 50 ohm coaxial transmission 
line. 

TAl - 8ANO 
QUAD LOOP.$ 

ftANOO M LIENCTH BALANCED 
75 OHM T WI N LINE 

'--y--J 
TO A NTEN NA TUNeR 
(sec F1'URE z) 
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in use and el,lch loop exerts a measureable detuning effect upon its companions. 
As a result, the SWR on the twin-line system at the resonant frequency of the 
antenna on each band is somewhat higher than in the case of the single band 
array shown in figure 2. Typically, the SWR on the twin-line feeder of the 
tri-band Quad will run less than 2-to-l at resonance. The use of the antenna 
tuner, however, will drop the SWR on the coaxial line to the station equipment 
to unity. This simple system is very effective and when used with an antenna 
tuner will provide good results with a tri-band Quad antenna. 

UNBALANCED (COAXIAL) FEED SYSTEMS FOR THE QUAD ANTENNA 

In many instances it is convenient or necessary to feed the balanced Quad 
antenna with a coaxial line having a single conductor which is unbalanced 
to ground. The line should not be directly connected to the driven element 
of the Quad, or a severe discontinuity will occur in the electrical character
istic of the transmission system~ This will create a high value of SWR on 

.SI NG.LE OR MVL TIPLI!: QUAD LOOP 

3-TURH 
COAX GOi l 

FERRITE CORE BALUN 

StN!;LE OR MULTtPLE QUAD l.OOP 

@ 

TRIFILAR 
BAUM 

® 

C.OAXIAL LI NE. 

LUMPED BALUN 

@ 

Fig. 4 Quad loop is fed from coaxial line and balun. Ferrite core (A) is India na 
General CF-123 (Q-1 material). 2.4" outside diameter. Information may b e obtained 
from Indiana General Corp .. Crow Mills Rd .. Keasby. NJ 08832. Trifilar air core. 
coil balun (B) is shown in Figure S. 
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the line and a loss of considerable energy by radiation will take place as 
a result of unbalanced line currents. No amount of adjustment to the 
antenna can completely remove the SWR on the transmission line created 
by this type of discontinuity. In addition, the current flowing on the outer 
surface of the coaxial shield will lead to erroneous SWR measurements 
when a simple SWR directional coupler is employed to examine the con· 
dition of the transmission line. In order to effect an efficient junction 
between the unbalanced transmission line and the balanced antenna system 
a line-balance converter (balun) must be used (figure 6). The outer surface 
of the shield of a coaxial line is normally at ground potential, whereas the 
inner conductor is well above ground potential. Both conductors of the 
Quad driven element display the same potential to ground under ideal 
conditions. The object of the line-balance converter is to produce a high 
impedance to ground between the outer surface of the outer conductor of 
the coaxial line at the point where it connects to one terminal of the 
balanced antenna, thereby converting the end of the coaxial line to a 
balanced condition. 

Two PRACTICAL BALUNS FOR y OUR QUAD 

Two practical baluns that will do lhe job are shown in figures 4 and 5. 
Drawing A shows a r-f choke balun made of three turns of your coaxial trans
mission line wound about a small ferri te core. The choke is located about a 
quarter-wavelength down the line from the antenna and the portion of the line 
between the choke and the antenna forms a simple balun. The outer shield of 
the line from the choke to the antenna has r-f energy on it and this portion of 
the line should be brought away at right angles to the antenna wires. Placement 
of the choke coil along the transmission line is not critical. 

The line is wound through the ferrite core which is taped into position. The 
coil must be fairly large as coaxial line should not be bent around too sharp 
a radius. A coil diameter of not less than 7 inches is suggested for RG-8A/U 
coaxial line, and not less than 4 inches for RG.58/U line. 

A lumped constant balun may also be used (figure 4B). Two suitable de
signs are shown in figure 5. At the left is an air core balun having an average 
power capability of better than 1000 watts over the range of 7 me to 30 me. 
The balun has a 1-to-l ratio and provides good balance to either a 50 or 70 ohm 
transmission line. The unit consists of three coils of # 14 Formvar insulated 
wire, ten turns to each coil. Formvar (polyvinyl formal-phenolic resin) is 
superior to enamel insulation because of its greater dielectric breakdown 
strength. The windings are placed on a 4-inch long piece of 1-1/ 16 inch out· 
side diameter gray polyvinyl-chloride (PVC) plastic tubing, commonly used 
in many areas for water pipe. 
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Fig. 5 Air core balun at left is good for 1000 watts PEP power level. Jumpers 
connect windings in proper sequence. Coil termination (A) is at lower right with 
termination (B) at lower left. Ferrite core balun is at right. 

Three pieces of wire about 4 feet long are needed. The wires are placed 
parallel to one another and the far ends held in a vise. The near ends are 
scraped clean of insulation and wrapped around three 4 .. 4,0 bolts placed in the 
PVC form as anchor points. The three wires are then wound side by side on the 
form as one, until ten trifilar turns are on the form. Wind under tension so 
that the coils adhere tightly to the form. The other ends of the windings are 
now scraped clean and attached to the respective anchor bolts, as shown in the 
photograph. 

The last step is to interconnect the center, or balancing, winding. The coil is 
cross-connected across the outer coils at the ends by means of two short straps, 
the terminals reversed in physical position from one end of the coil to the other. 

The input terminals of the balun are non-symmetrical. Point A must be taken 
as ground and is connected to the shield of the coaxial line. Point B is con· 
nected to the inner conductor of the line. At the output end of the balun, the 
terminals are symmetrical and balanced to ground. 

A compact ferrite core balun is shown at the right of figure 5. It is useable 
over the range of 3.5 me to 30 me. The average power capacity is 700 watts 
up to 14 me and 400 watts at 30 me. With intermittent voice SSB operation, 
the power capacity probably can be doubled with safety. The balun is wound on 
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a %-inch diameter, Q-1 material fer rite rod having a permeability of 125 at 
1 me. A suitable rod is the Indiana General CF-503, which is 71/z inches long. 
Information about this material can be obtained from Indiana General Corp., 
Crow Mills Rd. , Keasby, NJ 08832. The inexpensive ferrite rod can be easily 
nicked with a file around the circumference at the desired length and broken 
with a sharp blow. 

The balun winding consists of six turns of # 14 Formvar wire closewound on 
the rod as described for the air core balun. When wound, the leads to the coils 
may be wrapped with string and the ends given a coat of epoxy resin. Keep the 
coil itself free of resin or other material, as the distributed capacitance of the 
winding must be held to a minimum for proper operation. 

WEATHERPROOFING THE BALUN 

Either type of balun must be protected from the weather without upsetting 
the electrical characteristics of the device. The balun may be placed in a 
cylindrical case made from a section of a polyethylene "squeeze bottle" such 
as holds hair shampoo. The ends of the bottle are cut off and plywood discs 
are substituted, held in place with very small wood screws through the bottle 
wall. The balun is suspended inside the bottle section by its leads which are 
connected to brass bolts passed through the plywood discs. When completed, 
the end discs are given a coat of epoxy resin to waterproof the joints. 

AN I NEXP ENSIVE LINEAR BALUN 

The purpose of a balun is to decouple the outside shield of the transmission 
line from the effects of the antenna. An inexpensive linear balun may be used. 

The balun is made of flexible, metallic braided sleeving which is cut to 
length and slipped over the jacket of the coaxial line. The "top" (or 
antenna) end of the braid is terminated about an inch below the end of the 
coaxial line and is firmly taped in place. No connection is made between the 
balun and the coaxial line at this point. The braid is now smoothed down 
along the line and trimmed to the correct length. To hold it in position 
it is necessary to wrap it with a few turns of vinyl tape ever y six inches 
or so. The "bottom" end of the balun is tinned with a soldering iron and 
a short length of wire is soldered to the bottom of the braid before the 
end is taped. 

The last step is to remove the vinyl jacket from the coaxial line about 
lf2-inch below the balun, exposing about %-inch of the flexible outer 
shield of the line. The wire from the balun is trimmed short and soldered 
to the shield of the line. The connection is wrapped with vinyl tape to 
prevent moisture from entering the line. Construction and installation of 
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this simple and effective balun is covered in great detail in the handbook 
S-9 Signals! published by Radw Publications Inc., Wilton, Conn., and 
available at the larger radio distributors. 

Pi-Network Operation 

Generally speaking, almost all pi-network circuits employed in modern 
transmitters will operate into nonreactive loads within the range of 50 to 
150 ohms. The nature of the pi-network is such that as the external load 
impedance is lowered additional output capacity must be added to the net
work output section. A practical limit is reached in the neighborhood of 
20 ohms or so, below which the value of output capacitance required to 
establish an impedance match between the amplifier tubes of the trans
mitter and the external load becomes inordinately large. The reverse is 
true, however, when the pi-network is called upon to match the trans
mitter to transmission line impedances greater than 50 ohms. In this case 
a smaller than normal value of output capacitance in the network is 
required. 

In any case, Quad antennas fed with balanced transmission lines may 
be coupled to pi-network circuits by the use of an auxiliary tuning unit 
and SWR meter. The Johnson "Matchbox" tuning units are particularly 
well suited for this type of service. 

QUAD LOOP Z = 7~ A 

~BAI.UN 

l 

BALUN SLEEVE 

Fig. 6 Unbalanced coaxial line 
may b e attache d directly to Quad 
loop with aid of balun sleeve 
placed at top end of line. Sleeve 
and outer conductor of line form a 
quarter-wavelengt h transformer 
having a high impedance across 
the open end (top). Both terminals 
of the coaxial line are isolated from 
ground. 
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Fig. 7 Popular gamma match may easily b e employe d with Quad a n tenna. 
Gamma is us ed lo m a tch unbalanced coaxial line to b a lanced a ntenna sy s tem 
(A). Same configuration is used w ith Quad, excep t gamma is made of wire . and 
spacin g b e tween g a mma w ire a nd Qua d loop is quite small. Gamma dimen sions 
for a ll b a nds are given in cha rt C . Gamma ca pa citor setting w ill be approxi
m a te ly 90 % of value show n. For power up to one kilowatt. small wide-spaced 
rece iving type capacitors may be employed. 
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THE GAMMA MATCH 

The Gamma Match is a linear transformer capable of matching a low im
pedance unbalanced transmission line to a high impedance point along a dipole 
or other driven element. The reactance of the transformer is tuned out by 
means of a series capacitor. The gamma matching system is a high-Q network 
and should be adjusted at the resonant frequency of the antenna for best oper
ation. A similar transformer for a balanced feed system is termed a T-match. 

The Gamma Match system has proven to be very effective when employed 
with parasitic arrays constructed of aluminum tubing (figure 7 A) . It is used 
to match unbalanced coaxial lines to either a balanced or unbalanced driven 
element. The gamma match consists of a single gamma rod running par
allel to the driven element and connected to it a short distance from a 
current loop on the element. A variable capacitor is used to resonate the 
gamma rod to the operating frequency of the antenna. The matching system 
may be compared to an auto-transformer having a series tuned input circuit. 

The gamma match is constructed of aluminum tubing or heavy wire 
when used with a parasitic array having tubing elements. The length of 
the gamma rod, spacing, and size of the series capacitor are a function of 
the impedance transformation ratio and of the physical diameters of the 
driven element and the gamma rod. 

The gamma match may be applied to the Quad antenna if the dimen
sions are adjusted to compensate for the thin wire elements of the Quad 
and the particular value of radiation resistance and operating Q of the 
array (figure 7B) . In this case, the gamma section is made of relatively 
thin wire instead of tubing. As the wire diameter is small, the spacing of 
the gamma must be reduced to a few inches in order to provide a proper 
impedance transformation. The matching system may be used to match 
any Quad antenna to a coaxial line having an impedance value between 52 
and 95 ohms, regardless of the actual r adiation resistance of the antenna 
Since the impedance transformation is continuously variable within these 
limits the complicated matching stubs, Q-sections, and high impedance 
transmission lines are no longer required to do the job. By merely adjust
ing Lhe length of the gamma wire and the setting of the gamma capacitor a 
close match may be accomplished between the low impedance coaxial trans
mission line and the driven loop of the Quad antenna. Proper dimensions 
for gamma matching systems for various Quad antennas are given in 
figure 7C. These dimensions apply to all forms of Quads, regardless of the 
number of parasi tic elements in the antenna. Generally speaking, higher 
impedance transmission lines require longer gamma wires than do lower 
impedance lines. In any case, it is important to keep the gamma wire
antenna spacing to two inches or less for optimum results. 
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Adjusting the Gamma Match 

There are several methods of adj usting the gamma match for proper op
eration. The purpose of these adjustments is a lways the same-Lo resonate 
the gamma system to the frequency of the antenna and to provide the proper 
impedance transfer to achieve a 1.0/ 1 standing wave ratio on the trans
mission line at the frequency of resonance. Gamma resonance is determined 
by the length and spacing of the gamma wire and by the setting of the 
variable capacitor. Proper impedance transformation is determined only 
by the length and spacing of the gamma wire. Since these two adjustments 
involve the gamma wire, they tend to be interlocking. Unless the experi
menter starts with the system in a near-adjusted state he is apt to go around 
in circles, compensating for one state of misadjustment by varying the 
parameters tha t control the other variable. Before any adjustments are 
made to the matching system, all dimensions should be set to those given 
in figure 7C. 

Shown in figure 8A is a simple adjustment setup that requires a minimum 
of equipment. Your transmitter serves as a signal generator and a SWR 
meter (sometimes called a "reflected power meter", SWR "bridge", or 
"monimatch") is placed in the coaxial line leading lo the antenna under 
test. As it is necessary to make the tuning adjustments at the antenna, the 
SWR meter should be placed at the antenna end of the transmission line 
so that the reading of the instrument can be easily observed by the operator 
making the tuning adjustments. 

The transmitter is tuned lo the resonant frequency of the antenna (usually 
near the center of the amateur band) and is run at Feduced power. A SWR 
reading for this frequency is made and noted on a piece of paper. The 

UP IT GOES! The tower is installed 
and the Qua d is complete( WBQQ 
and his crew are ready to raise the 
14 me antenna to the top of the 
towe r. In a few minutes they will 
try the first "CQ" to see if the new 
beam works! 
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Fig. 8 Your transmitte r and SWR meter are only tools required for adjustment 
of gamma m a tch. Length of gamma a nd capacitor selling are varie d to p roduce 
low est v a lue o f SWR a t resonant frequency of antenna . Firs t lest run (curve # 1 
of sketch B) shows sys tem is out of adjus tment as · minimum value of SWR is 
high and b a ndw idth is n a rrow. Subsequent adjus tments result in curve # 2 which 
is near optimum. Additional "touch -up" of gamma s y s tem produces curve # 3 
a s final result. SWR is n ow al minimum v alue and bandwidth is excellent. 
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gamma capacitor is now varied a few degrees at a time and the new value 
of SWR read on the meter is noted for each setting of the gamma capacitor. 
The capacitor should finally be reset to that particular value giving the 
lowest SWR reading. The gamma wire should now be varied an inch or 
two in length while notations are made of the change in SWR reading. 
The length of the wire should be noted for each measurement. When these 
two series of measurements are completed, the capacitor and wire length 
are set to provide the minimum SWR readings noted during the tests. 

The next step is to leave these adjustments alone for a moment and log 
SWR readings as the transmitter is tuned back and forth across the amateur 
band. Readings should be taken every 100 kilocycles, and the results can be 
plotted into a SWR curve as shown in figure 8B. If a minimum SWR figure 
of 1.0/ l is not obtained, or if the resonant frequency of the system is not 
near the center of the band, a second series of tests should be run. 

The transmitter is now tuned to the frequency giving the lowest value 
of SWR found in the previous test. In the example shown in figure 8B, 
this frequency is 14,105 kilocycles. The minimum SWR at this frequency 
is 1.4/l. It is desired to obtain a minimum SWR at a frequency of 14,200 
kc. Now, with the transmitter tuned to 14,105 kc the gamma capacitor and 
gamma wire are again readjusted for minimum SWR, which now turns out 
to be 1.2/ l. Varying the transmitter back and forth across the band shows 
the minimum SWR to be 1.1/ l at 14,160 kc. The transmitter is now left 
tuned to the latter frequency and the gamma adjustments are repeated 
once again. The SWR value drops slightly to 1.08/ 1, and the new resonant 
frequency of the system is found to be 14,180 kc with a SWR reading of 
less than 1.05/ l. Since this is reasonably close to the design frequency and 
the SWR reading is very low, the tests are concluded. 

A Quick and Rapid Test 

In actual practice, this series of tests can be telescoped into a single test 
wherein the capacitor, gamma wire, and transmitter frequency are all varied 
by small degrees while the SWR meter is observed for minimum reading. 
An increase in SWR indicated that the adjustment being made at the 
moment is heading in the wrong direction, and a decrease in SWR means 
the particular adjustment is in the proper direction. With practice (and an 
assistant on the ground to var y the frequency of the transmitter) the whole 
series of adjustments may be made in a matter of a few minutes with a 
minimum of effort and confusion. 

It must be remembered that while a SWR reading of 1.0/ 1 at the resonant 
frequency is a comforting state of affairs, the time spent to achieve this 
must be weighed against the operating advantages gained by a low SWR 
factor for the antenna system. If the minimum SWR reading turns out to 
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Base of tower shown on page 48 is hinged to facilitate antenna experiments. 
Tower base is bolted to a heavy plate hinged to two wood blocks mounted to the 
wall of the house. Block and tackle permits the tower to be raised easily. 

be (for example) 1.3/ 1 al some frequency within the amateur band it is 
problematical if the work involved to drop this reading to 1.0/ 1 is worth 
the effort. On the other hand, if the system is badly out of adjustment and 
yields readings of the order of 2.0/ 1 or so, time taken to readjust the 
matching system will be decidedly worth while from the standpoints of 
system efficiency and ease of operation. 

A HIGH I MPEDANCE F EED SYST E M 

Quad antennas exhibit terminating impedances as high as 150 ohms or so. A 
high impedance Quad may he matched with a high impedance coaxial line and 
a balun. 125 ohm cable exists (RG-79/U and RG-63/ U), as well as 150 ohm 
cable (RG-125/U). Unfo rtunately, these special cables are not carried in stock 
in all radio stores, and they are expensive, too, when found . Comparable re· 
suits may be obtained by the use of a 50 ohm transmission line and a quarter
wave linear transformer made out of 72 ohm line (RG-11/ U). This combina
tion will provide a terminal point of about 130 ohms, which can be used wi th 
high impedance Quads with good results. 



CHAPTER VII 

The Tri-Gamma 
M ultiband Quad Antenna 

A multiband Quad is a simple, lightweight, and inexpensive antenna well 
suited for operation on 14, 21, and 28 me. The concentric Quads require 
no loading coils or traps or other " gadgets" associated with three band 
parasitic arrays. Best of all a three band Quad has little wind resistance 
and weighs but a fraction more than a single band antenna. 

One of the drawbacks of a multiband Quad has been that three separate 
feedlines were required, one for each band, unless the driven loops are tied in 
parallel and fed from a single line as discussed in Chapter VI. This system is 
simple to build but it requires the use of an antenna tuner and does not permit 
the impedance adjustments necessary for a low value of SWR on the line. 

THE TRI-GAMMA MATCH 

The modification and adaptation of the popular gamma match device 
to the Quad antenna offers a solution to the problem of a common feed 
system that will function with a multiband antenna of this type. The use 
of separate gamma matching devices (one for each Quad) allows a relative 
degree of isolation to be achieved between the antennas while permitting 
them to be excited from a single transmission line. The best method of 
interconnecting the gamma devices could only be determined by experiment 
so considerable time was spent trying various feed systems in order to 
determine which one provided the greatest degree of flexibility, yet intro
duced a minimum of undesirable interaction between the antennas. 

The first experimental matching system employed three gamma assem
blies connected to each other and to the transmission line by short lengths 
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of coaxial cable. It was possible to feed the system at any one of the three 
gamma devices. This configuration showed promise, but the amount of 
undesired reactance coupled into the feed point by the presence of the 
two unused antennas made the tuning procedure of the other antenna a 
complicated and time consuming task. 

Removing the unused antennas did not seem to improve matters as 
the interconnecting lengths of coaxial line seemed to be causing most of 
the trouble. Accordingly. the feed system was scrapped and a new one 
was built using an open wi re connecting line. In addition, a reactance capaci
tor was found to be neces;:ary at the terminating point oJ the 20 meter loop. 

Building the Tri-Gamma Matching System 

The' assembly of the Tri-Gamma matching system is shown in figure l. The 
heart of the device is a ;:hort length of open wi re transmission line seen 
running between the center points of the three driven loops of the multi
band Quad. The loops a re not broken a t the centers of the lower section 
but are closed, form ing a resonant circuit. One wire of the transmission 
line connects the center points of the loops to each other and to the outer 

2 1 M C. 
Q UAD 

14. MC, 
OUAO 

LOWER PORTION OF TRI-GAMMA QUAD 

SEE rExr FOR GAMMA DIM ENSION S 

2.& MC . CEN T ER OF 
QUAD LOOPS 

~ 

REACTANCE 
CAPACITOR 

Fig. l Tri-Gamma feed system is well suited to 20-15-10 meter Quad. The 
gamma wires are adjusted to reduce interaction as well as lo provide a proper 
impedance transformation. The gamma capacitors are used lo resonate system. 
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shield of the coaxial transmission line. The other wire ~f the line connects 
the terminating points of the three gamma devices together, and to the 
center conductor of the coaxial line. While the coaxial transmission line 
may be attached to any point on the open wire line, the least amount of 
interaction is present when the "coax" is attached to the system at the point 
of termination of the gamma device of the middle-sized Quad. 

The short section of open wire line should not be thought of as an exten
sion of the coaxial line, rather it is part of the Tri-Gamma system. The 
point of termination of the Tri-Gamma is the junction between the open 
wire line and the coaxial transmission line. 

The individual gamma devices are made of #12 solid copper wire and 
a small variable capacitor. The wire length and spacing to the Quad loop 
are set to the preliminary dimensions given in figure 7 of chapter 6. 
The open wire line may be made of two #12 copper wires spaced %" 
apart. Small spacers made of plastic or other insulating material may be 
employed to hold the wires parallel to each other at the desired spacing. For 
low power, open wire " TV ladder-line" may be used. 

For powers up to 100 watts or so small receiving type variable capacitors 
may be used in the gamma assemblies. Higher power levels require capaci
tors having a greater air gap. The capacitors must be protected from the 
weather or they will quickly rust and become inoperative. An inexpensive 
covering may be made from a small plastic refrigerator jar or plastic cup. 
Seal the lid of the jar with vinyl tape to make it waterproof and coat the 
gamma wires with roofing compound at the points they leave the enclosure 
to pre"ent water from seeping down the wires into the jar. The capacitors 
should be mounted in such a way that they can be adjusted before the 
lid is placed on the jar. Once the adjustments have been completed the 
jar may be sealed and forgotten. 

Interlocking Effects 

The adjustments of the Tri-Gamma tend to be interlocking, as is true 
of any multiband matching ·system. If the capacitors and gamma wires 
are set to the approximate data given in figure 7, chapter 6 before adjust
ments are made the alignment procedure will be greatly simplified. In 
general, the gamma capacitor is used to tune the individual Quad system 
to resonance and the length of the gamma wire determines the impedance 
transformation required for proper operation. It is to be noted, however, 
that the use of multiple matching systems introduces unwanted reactances 
and it will be found that some compensation must be made on each band 
for the detuning action of the unused gammas. That is, the 14 and 21 me 
gammas tend to upset the 28 me adjustment; the 21 and 28 me gammas 
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upset the 14 me adjustment; and so on. Fortunately, the reactance capacitor 
at the 20 meter loop position is used to counteract the effects of detuning intro
duced by the multiple gamma devices. 

The approximate capacitance of the reactance capacitor is 200 pF {200 
uufd ) and the value is not especially critical. Before tuning begins, a broad
cast-type tuning capacitor of 350 pF may be used. Once the correct value of 
capacitance is determined by adjustment, the capacitor may be removed, 
measured on a bridge, and a fixed capacitor of the correct value substituted in 
its place. Individual gamma adjustments will be made easier if the reactance 
capacitor is set to about 200 pF before tuning begins. By a series of adjustments 
it is possible, then, to arrive at gamma settings that will deliver a SWR value 
of 1.0/ 1 on the transmission line at the resonant frequency of each Quad 
antenna. If gammas and capacitors are pre-set to the approximate values, the 
whole tuning procedure should be rapid and painless. 

The Test Set-up 

In order to evaluate and adjust the Tri-Gamma device it is necessary 
that the individual gammas be easily reached and that the test instruments 
be mounted near the center of the Quad array. At the same time the array 
should be reasonably in the clear and high enough so that ground effects 
are at a minimum. In addition, if it is possible to raise the antenna to its 
final height during and after the tests it is simple to determine the results 
of small changes made to the system. 

The following adjustments were performed on a three band Quad mounted 
on a fifty-five foot heavy duty "crank-up" tower. When the tower was 
retracted the Quad rested with the center of the assembly about twenty 
feet above ground. Fully ·extended, the tower raised the Quad completely 
clear of surrounding obj ects. By climbing atop the roof of the house and 
standing on a small platform it was possible to make adjustments to the 
matching devices mounted on the antenna. This set-up proved satisfactory 
in every respect for the investigation, and little difference in measurements 
was noted when the array was raised to the full height of the tower. 

ADJUSTING THE TRI-GAMMA MATCH 

A suggested test set-up for Tri-Gamma adjustment is shown in figure 2. A 
low power exciter and a SWR meter in the transmission line to the Quad are 
required. Alternatively, a grid-dip oscillator and Antennascope may be used 
for adjustment. Full details for construction of an Antennascope are given in 
the Radio Handbook, publi"shed by Editors & Engineers, New Augusta, Indi
ana 4-6268. It is recommended, however, that the set-up shown in figure 1 be 
followed as it provides a quick and easy means of determining transmission 
line SWR. 
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Fig. 2 SWR meter and exciter are 
used to adjust Tri-Gamma match. Re
actance capacitor is pre-set. then 
gamma capacitors and rod lengths are 
varie d for lowest SWR. "Touch-up'" is 
done with reactance capacitor. Reac
tance matching system was devised 
by W6CHE. 

' ' ' . -ro TRANSMITTER 

2.6 MC. QUAD 

Adjustments for the Tri-Gamma Quad are carried out as follows: 
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I-The Tri-Gamma system is pre-set to the approximate dimensions and 
values given in figure 1 and in figure 7, Chapter VI. The feedline is 
attached to the matching system, with a SWR meter placed in the line 
near the antenna where it may be easily observed, as shown in figure 
2. Make sure the shield of the coaxial line goes to point A of the Tri
Gamma system and the inner conductor is connected to point B. 

2-A small amount of power is applied to the system from the exciter at 10 
meters. The 10 meter gamma capacitor and gamma length are adjusted 
for minimum SWR indication. The exciter is moved about in frequency 
until the lowest SWR is indicated. then the gamm·a capacitor and length 
are again readjusted until the SWR is at the lowest possible value. 

3-The exciter is switched to 15 meters and the 15 meter matching section 
is adjusted for minimum SWR on this band, in the manner described 
above. 

4-The exciter is swi tched to 20 meters and the 20 meter matching section 
is adjusted for minimum SWR on this band. The reactance capacitor 
is now adjusted to enhance the SWR null. 

5-The 15 and 10 meter bands are now rechecked for minimum SWR, 
which may have risen after adjustment of the reactance capacitor. 

It will be noticed that the 20 meter gamma section has the greatest detuning 
effect upon the assembly. Exact adjustment of the 10 meter and 15 meter 
gammas may be carried out with little interaction as long as the 20 meter 
gamma capacitor is set a minimum capacitance. As soon as the 20 meter 
gamma capacitor is brought into play, however, an intolerable detuning action 
is noticed on the 10 and 15 meter sections unless the reactance capacitor is 
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used to compensate for the ill effects of the 20 meter gamma section. The ex
perimenter can easily tell if the adjustments are getting out of line, as it seems 
that the SWR improves as the gamma lengths are shortened. If the gamma 
lengths are much less than noted in figure 7, Chapter VI, it is a good indication 
that the reactance capacitor setting is incorrect. 

Once the adjustments have been completed, the SWR response of the array 
should resemble the curves shown in figure 4, Chapter IX. It may be noticed 
that the SWR will tend to rise more rapidly on the high frequency side of the 
resonant frequency, as compared to the rise on the low frequency side of 
resonance. This is normal and is due to the fact that the frequency of operation 
is approaching the self-resonant frequency of the director elements. 

The experiments conducted in this chapter were performed, in part, by 
W6CHE on his four element, tri-band Quad antenna shown in Chapter X. 
The author's thanks are extended to W6CHE for permission to describe the 
unique reactance tuning adjustment perfected on the antenna illustrated. 

80 meter Quad dwarfs 115 foot 
"Christmas Tree" antenna sys
tem of K3JH. Two diamond
shaped loops are used, about 
50 feet on a side, plus 18 foot 
adjustable stubs on each ele
ment. Element spacing is 36 
feet. K3JH reports good DX re· 
suits with giant beam. See 
Chapter X for additional details 
and May. 1970 issue of QST 
magazine for full story of Quad 
by Joe Hertzberg, K3JH. 



CHAPTER VIII 

Build Your Own Quad Antenna 

The use of light, thin wire elements in lieu of heavy aluminum tubing 
greatly simplifies the task of building a beam antenna. The weight of a full 
size two or three element parasitic array is approximately 60 pounds, of 
which 25 pounds is the weight of the elements and 35 pounds is the weight 
of the boom, supports, and brackets. The 20 meter Quad on the other hand 
requires less than three pounds of copper wire elements and the weight of 
the supporting framework may be held to less than 25 pounds. The Quad 
therefore enjoys a two to one weight advantage over a comparable parasitic 
array. The wind resistance of the Quad antenna is also measureably lower 
than that of the parasitic array. 

With the addition of extra wire loops on the framework the Quad is 
easily converted to a three band antenna, exhibiting little extra weight or 
wind resistance over the single band Quad, and requiring no trap circuits 
or loading coils of questionable efficiency. The Quad is truly a remarkable 
antenna for the weight, cost of materials, and assembly time! 

THE WOOD AND BAMBOO FRAME 

The simplest and least expensive Quad assembly is constructed of bamboo 
"arms" and a wooden supporting structure as shown in Figure 1. Four 
bamboo poles are required for each Quad loop. bolted to a wooden center 
p late by means of galvanized U-bolts. The center plates in turn are bolted 
to opposite ends of a wooden beam that is attached to the support and ro
tating structure. 

The bamboo poles chosen for the element arms should be clean, straight, 
and free of splits and cracks between the rings. Extra-length poles should be 
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Fig. l Inexpensive Quad a ssembly is made of b a mboo elements. wood center 
plate and 2" x 2" wood boom. Bamboo poles are wrapped with vinyl tape 
between the joints to strengthen them and are given two coats of shellac for 
protection against the w eather. Wood center plate is given two good coats of 
house paint to seal edges of p lyw ood. All hardware is galva nized to minimize 
rust and corrosion. Antenna should be laid out on ground and wire stretched 
around the framework b efore the wire holes " D" are drilled in the bamboo poles. 



BUILD YOUR OWN QUAD ANTENNA 

Fig. 2 Commercial aluminum spider 
is designed for use with bamboo or 
fibreglass arms. Aluminum boom is 
used in this antenna. The ends of 
the boom are plugged with wooden 
inserts for added strength. Arms are 
locked to spider with hose clamps. 
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purchased so that the small tips may be cut off and discarded. The poles 
can be purchased at bamboo distributors in large cities, at some rug stores 
in similar towns, or perhaps at garden nurseries or through large mail order 
houses. The poles should be wrapped firmly with electrical vinyl tape be
hveen the joints to retard splitting and are then given two coats of outdoor 
varnish or shellac to protect them from the weather. 

Plywood is ideal material to use for the center plates of the Quad frame
work. The plates measure about one foot long on a side and are cut from 
5/ 8-inch stock. It is necessary to seal the edges of the plywood against 
moisture to prevent the plate from cracking or splitting. Two liberal coats 
of good ouldoor house paint will do the job. The plates are drilled to 
pass U-bolts which clamp the bamboo poles along the diagonal axis of the 
plate as shown in the drawing. Plated or galvanized U-bolts, washers, and 
nuts are used in the assembly to retard rust and corrosion. The butt ends 
of the poles are wrapped with vinyl tape for added strength at the points the 
U-bolts contact the bamboo. Two bolts are required for each pole and the 
poles are positioned so that there is a gap of about llh-inches between the 
butt ends. Washers are placed under all nuts to prevent them from digging 
into the soft surface of the plywood. Be certain all hardware is rust-proof, 
or you will have an unhappy time when you attempt any repair work, or 
when you try to dismantle the beam. 

The boom should be a section of dry 2"x 2" lumber , well painted to 
protect it from moisture in the air. "Green" lumber will tend to warp as 
it gradually dries out, imparting a nasty twist to the symmetrical Quad 
design! Sanding the boom before painting it is a wise measure as this 
action will protect you from slivers and splinters during the assembly 
process. 
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The center plates are attached to the ends of the wooden boom by means 
of four plated steel angle brackets as shown in the drawing. The brackets 
are mounted slightly off-center on the boom so that the retaining bolts 
will not interfere with each other passing through the boom. Satisfactory 
brackets can usually be found in a hardware store. 

Waterproof Your Bamboo Arms with Fibreglass 

The bamboo arms, even when coated with shellac and wrapped with 
vinyl tape, have a short life. Wind, rain, and sun tend to shrivel and split 
the soft bamboo, and sooner or later the arms will warp out of shape or 
permit the Quad wires to sag. 

You can give the bamboo a protective coat of Fibreglass compound that 
will ruggedize them and extend their life indefinitely. The treatment costs 
very little and takes only a few minutes. This is how you do it : 

Materials for Fibreglass treatment can be obtained at Marine hardware 
stores, large building supply establishments, and some mail order houses. 
You will need a roll of three inch Fibreglass cloth, and a can of Fibreglass 
liquid cement. One name for this liquid is "Boat Resin." When you buy the 
liquid you will also get a smaller can of solvent to mix with the resin. 

The first step is to lay the bamboo poles out between two boxes or other 
supports so that the bamboo is clear of the ground. Clean the poles with 
a damp cloth to remove dust and dirt, and spirally wrap each pole with 
the Fibreglass cloth until it is completely covered. You can hold the cloth 
in place with rubber bands or narrow strips of paper "masking tape." The 
cloth windings should overlap about an inch as you wind the material 
about the pole. The last step is to mix the solvent with the resin according 
to the instructions, and give each cloth covered pole a liberal coating of 
the resin. Use an old paint brush and work smoothly and rapidly from 
one end of the pole to the other. Let the poles dry over night, then give 
them a second coat of resin. When the liquid dries, it forms a firm, hard 
intermixture with the Fibreglass cloth. The treated bamboo pole is now 
exceedingly strong and you need never worry about the pole cracking or 
splitting. 

Assembling the Antenna 

You will find that the wood and bamboo framework is a flimsy and 
unwieldy structure, having as much structural strength as a jellyfish. How
ever, once the antenna wires are strung in position the assembly will magic· 
ally become neat and strong and amazingly rigid. Your next job is to 
string the antenna wires on the framework. Remove the end framework 
from the boom during the following steps and lay them on the ground. 
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Since the Quad loops are of a predetermined size you cannot take up 
slack in the wires by tightening the loops. Rather, the slack in the wires (if 
any) must be absorbed by expanding the bamboo framework until the wires 
are under tension. Drilling data for the holes in the bamboo poles to ac
commodate the antenna wires is given in figure 1. Final wire tension may 
be adjusted by spreading the poles apart at the center plate before the 
U-bolts are tightened. Begin by cutting the Quad wires to the dimensions 
given in figure 16 chapter 3, or figure 5 chapter 5. Allow enough extra 
wire on each loop to make the end connections. If you are making a 3-band 
Quad construct the outside (largest) loop first. Clean the ends of the wire 
and thread it through the holes drilled in the tips of the bamboo poles. The 
ends of the wire should meet at the center of the bottom side of the loop. 
Temporarily attach the wires to the center insulator so that you can adjust 
the tension, making sure that the insulator remains in the center of the 
side of the square. Remeasure the sides of the loop. When everything is 
"ship-shape" wire each bamboo pole to the loop. Scrape the enamel cover
ing from the Quad wire for an inch on each side of the poles and pass a 
short wire jumper over the pole, wrap it around and solder to the antenna 
wire on each side of the pole. This safety wire will prevent the loop from 
shifting about on the framework. 

You can now string the remaining wires for the other bands on the 
framework. It is not necessary to use jumpers on these loops The configura
tion of the assembly, however, has been fixed by the large loop and you 
cannot adjust the tension of the inner wires by adjusting the poles within 
the U-bolt clamps. Tension is not particularly critical on these wires and if 
they are cut to the proper dimensions they will fall into place. If adjust
ment is desired it is permissible to drill a new mounting hole in one arm 
above or below the old hole and adjust the tension by passing the loop wire 
through the new hole. Make sure that the three center insulators fall one 
above the other and that the loops are completely symmetrical. 

The second loop assembly may be made by laying the components atop 
the first one and making a "Chinese copy". When it is completed, reflector 
stubs should be attached to one of the loop assemblies. The last step is to 
solder all joints using a hot iron and rosin core solder. A bad joint in the 
assembly would certainly cause havoc to proper beam operation. 

The final operation is to mount the end frameworks to the center boom. 
A little thought should be given to this operation because once the Quad 
is assembled it becomes an unwieldy object. A 28 me Quad may be handled 
with ease by one person. It takes two to manipulate a 21 me Quad, and a 
14 me Quad is quite a handful for three men. In this respect the Quad re
sembles a porcupine: there is no "handle" to grab it. You cannot lift it by 
the bamboo poles as this will tend to warp the assembly, and the boom of 
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WOOD AND ME TAL QUA D ELEMENT 

5'/ 8 • WOODEN 
DOWEL ROD 

CLOSE UP, BOOM J OI NT 

CENTER PLAT E 

~---U- SOL TS 
(2 REQ' D ) 

QUA D 
WIRE LOOP 

SI DE VI EW. BOOM JOINT 

Fig. 3 Sturdy Quad is made of aluminum tubing and wood dowel rod. Each arm 
of array is made of sections of tubing and rod. Arms are then attached to a 12" x 
12" aluminum center plate with U-bolts. One arm is placed on e ach side of the 
plate. The assembly is held to the 2" a luminum boom by means of double angle 
brack ets and U-bolts. Assembly is pinn ed to the boom by bolts running through 
the bracket, boom and wood p lug. 
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the 14 me Quad is too high in the air to grasp easily. The Quad should 
therefore be assembled in a clear space near your tower, and a short section 
of wood or pipe can be mounted vertically beneath the center boom to 
facilitate moving the Quad about. 

THE ALUMINUM FRAME 

While the bamboo and wood framework provides a satisfactory assembly 
a stronger, more rugged, and longer lasting one may be built of metal. Align· 
ment of the metal framework is permanent and there is no danger of crack
ing or splitting poles which is always possible with the wooden framework. 
A suitable metal Quad is shown in figure 3. The assembly comprises a boom 
made of a section of two inch aluminum electrical conduit or irrigation pipe, 
center plates made of 3/ 16" sheet aluminum, and arms made of aluminum 
tubing or electrician's EMT steel tubing, with wooden dowel extension tips. 

All parts of this metal framework are at ground potential with respect to 
the antenna and care must be taken to make sure the metal arms are not 
self-resonant at the operating frequency of the array. To achieve this, the 
arms must not come within close proximity to the Quad wires. It is necessary 
therefore to employ insulated tips at the extremities of the arms to act as 
insulators and separators. Inexpensive wood dowel rod (well varnished) 
may be used. Lengths of phenolic tubing will work as well. 

It is possible to obtain electrical metal conduit (EMT ) for the diagonal 
arms. EMT tubing is available in 10 foot lengths, so two pieces spliced at the 
center are required for a 20 meter Quad. Dowel tubing, %-inch in diameter 
will just fit within the so-called "%-inch" diameter EMT tubing, which actually 
is somewhat over % -inch inside diameter. Arm assembly is shown in figure 3. 

The completed assemblies are bolted to opposite sides of the center plate 
as shown in the drawing. The dowel extensions are drilled for the Quad 
wires, and the loop is installed and safety-wired into position at each pole 
as previously described in this chapter. The next job is to attach the frame
works to the boom. The simplest and best arrangement is to clamp the center 
plate to the boom with the aid of an aluminum bracket and large U-bolts. 
To prevent the clamps from crushing the boom it is necessary to plug the 

end of the boom with a block of wood. A piece of dry 2"x 4" lumber about 
six inches long shaved to a circular contour will do nicely. Make two plugs, 
one for each end of the boom. The center plate is bolted to two 12" lengths 
of 2"x 2"x %" aluminum angle stock placed back to back on each side 
of the plate. The angles are firmly fastened to the boom by two U-bolts. 
One U-bolt is on each side of the center plate, imparting longitudinal rigidity 
to the framework. The U-Bolts by themselves are not sufficient to prevent 
the assemblies from being rotated about the boom under heavy gusts of 
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wind. It is therefore necessary to drill the angle plate, boom, and wooden 
plug to pass a ~-inch bolt which acts as a pin holding everything in 
position. 

THE MINI-QUAD "SPIDER" SUPPORT 

A two element Quad having optimum element spacing on each band may be 
built on a "Spider" structure such as shown in figure 4. Built of iron pipe, this 
simple, welded framework will accommodate bamboo or fibreglas arms of 
proper length for a 20, 15 or 10 meter Quad, or an interlaced tri-band version . 
The "spider" is made in two parts so that the elements may be assembled on the 
ground and carried to the top of the tower for final assembly. Boom length is 
only two feet so the entire antenna can be easily carried by a single man. 
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Fig. 4 Metal support for two element Quad reduces boom length to two feet. Struc
ture is made in two parts so that Quad elements may be assembled on the ground 
and carried to top of tower for final assembly. Made of w elded pipe, the Quad 
"spider" should be g iven two coats of paint b efore use. 



CHAPTER IX 

Quad Tuning and Adjustment 

Dimensional data given in this Handbook will enable the Quad builder 
to assemble and install his antenna with the assurance that it is tuned and 
adjusted for near-optimum results when located well in the clear at an 
elevation of forty feet or better. The only tuning adjustment that can be 
made once the dimensions of the antenna are fixed is placement of the 
reflector stub, or adjustment of the director element (if used). Stub ad
justment does little to vary the forward gain of the array, a mis-adjustment 
of several inches on the stub shorting bar will lower the gain of the array 
less than 0.1 decibel. On the other hand, the front to back ratio of the array 
is quite critical as to stub placement. 

The F / B ratio is a function of stub adjustment, as well as of antenna 
placement and character and proximity of nearby objects. This is the reason 
why two identical Quad antennas will exhibit different F / B ratios in differ
ent locations and at different heights above the ground. The F / B ratio is 
also affected by the angle of arrival above the horizon of the incoming 
signal. High angle signals arriving at the rear of the array, or vertically 
polarized signals produce less F / B ratio than do low angle horizontally 
polarized signals. 

If optimum front to back ratio is desired it is necessary to adj ust the 
stub of the parasitic element after the Quad antenna has been placed in the 
approximate position of operation. If you can climb your tower and adjust 
the reflector stub while the antenna is in the operating position, well and 
good. You can achieve optimum results. In many cases it is impossible or 
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Fig. 1 Quad antenna may be adjusted for maximum front-to-back ratio with 
this test set-up. making use of your receiver and the transmitter of nearby 
ham. The distant test antenna should be horizontal for optimum results. 

risky to attempt this tuning task, so the next best procedure must be used. 
Very good results can be achieved with the Quad positioned with the lower 
wires r esting about fifteen or twenty feet above the ground. If you use a 
telescoping tower, the adjustments may be made with the tower retracted, 
or the Quad can be temporar ily placed on a short wooden mast mounted 
atop a garage or building. Raising the Quad into the final operating position 
will alter the tuning adjustment somewhat, but the deterioration in the F / B 
ratio will not be excessive. 

Antenna Adjustment 

A typical test set-up for measuring F / B ratio on a Quad antenna is 
shown in figure 1. A shorting bar made of two alligator clips mounted 
back to back is placed on the reflector stub wires and the driven element of 
the Quad is attached to the station receiver by means of a length of 72 ohm 
" TV-type" twin lead. The S-meter of the receiver is temporarily discon
nected and a substitute meter is placed at the adjustment position connected 
to the receiver by a length of two wire lamp cord. The signal strength 
reading of any signal tuned in on the receiver can thus be measured while 
adj ustments are made to the r eflector stub. 

The assistance of a nearby amateur is now required to supply a steady 
signal for adjustment purposes. The antenna used by your friend should be 
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Three band Quad of DX'er W9FKC 
has proven ability in DX contests! 
Quad is mounted atop wooden low
er. 21 and 28 me interlaced sections 
allow operation on three bands. 
Main band of operation is 14 me. 
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horizontally polarized- using a signal source having a vertical radiated 
field pattern will lead to confusing results. The back of the array is now 
aimed at the signal source. Receiver gain is adjusted to produce a S-9 
meter reading and the shorting bar is then moved up and down the stub until 
minimum S-meter reading is obtained. The point of minimum response may 
be very broad or very sharp, depending upon the mode of arrival of the 
test signal. If several nearby amateurs can be urged into serving as signal 
sources, it might be found that a different stub adjustment is required for 
each source. Multi-path propagation and signal reflection from nearby 
objects is responsible for this seemingly confused situation. An average 
of the various stub settings can be chosen, or a signal several thousand 
miles away can be used for a final check. If your receiver is tuned to the 
edge of the phone band (and you have earphones with a long extension 
cord) you can easily null the reflector stub on a distant signal for optimum 
F /B ratio. 

ANTENNA I NSTALLATION 

You should mount the Quad antenna at least thirty feet in the air (as 
measured to the bottom wire) for best results. Unlike other antennas, the 
Quad will still provide a reasonably low angle of radiation at lower eleva
tions, but every effort should be made to provide the best possible antenna 
site. Optimum results will be obtained when the antenna is forty to fifty 
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The 14 me single band Quad antenna mounted atop a flat roof for experiments. 

feet above the ground and there are no nearby telephone or utility lines. 
The heavy duty " TV-type" crank-up towers are relatively inexpensive and 
rugged and are recommended for use with the Quad antenna. When guy 
wires are used to steady the antenna tower they should be broken into six 
foot sections by strain insulators to prevent r esonance effects in the wires 
that might interfere with proper antenna opera~ion. 

ANTENNA EVALUATION 

" How does it perform?" That is the universal question to be asked once 
the antenna is placed in operating position and the first few contacts are 
made. The haphazard method of comparing signal reports wi th nearby 
amateurs at a distant point may provide some comfort to the beam owner, 
but will provide little in the way of knowledge as to the efficiency of his 
antenna system as a whole. However, if the antenna user can "hold his own" 
against similar arrays in the neighborhood driven by transmitters of like 
power he can at least be reassured that some of the r-f supplied to the 
antenna is doing a bit of good ! 

A standing wave ratio meter placed in the transmission line will give a 
good picture of general antenna operation. The SWR readings should be 
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The four element Quad is ready lo go up in the air. This 15 meter array employs 
a 22-foot boom with top and side guys. Power gain of the antenna is better than 
9.4 decibels. with a front -to-back ratio of about 20 decibels. 

taken at 100 kilocycle points across the band of operation, and a curve 
plotted, showing the SWR readings as a function of the operating frequency. 
Typical SWR curves for 10, 15, and 20 meter two element Quad antennas 
are shown in figure 4. The curves bear the same general shape as the SWR 
curves for the two and three element parasitic arrays but have greater 
bandwidth (as defined by the points of 1.75/ l SWR ). In the case of the 
20, 15, and 10 meter Quads, the operating bandwidth is appreciably greater 
than the width of the amateur band. The frequency of resonance of each 
antenna is indicated on the SWR graph, and is controlled by the dimensions 
of the Quad loop. In each case the resonant .frequency falls near the center 
of the amateur band. Making the Quad loops slightly larger will lower the 
resonant frequency, conversely making the loops a bit smaller will r aise 
the resonant frequency. 

If a perfect impedance match is achieved between the antenna and the 
transmission line a SWR of 1.0 to 1 will be achieved at the resonant fre
quency. Unless a variable impedance matching device {such as the Gamma 
match) is employed the minimum SWR usually will not drop to 1.0 unless a 
lucky combination of circumstances are encountered. Size of wire, slight 
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physical differences in construction, and variations in transm1ss1on line 
impedance between various manufacturers will all combine to make the 
perfect theoretical match somewhat less than perfect. Resonant SWR read
ings of up to 1.5/ 1 will usually be encountered and are perfectly acceptable. 
The only penalty that must be paid for a high value of SWR on the trans
mission line are the even higher SWR values that must be accepted at the 
edges of the band. In some instances odd lengths of transmission line must 
be employed to permit the pi-network transmitter to load into a coaxial line 
having a relatively high value of SWR. 
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Fig. 4 Properly adjusted Quad antenna shows 1.0/ l SWR at resonant frequency 
of driven element, with SWR curve rising smoothly and gradually each side of 
resonan ce point. Bandwidth of Quad is ample for complete coverage of 14. 21. 
or 28 me band. Three band Quad exhibits similar curves. Use of gamma match 
with Quad antenna p ermits quick and easy adjustments. 



QUAD TUNING AND ADJUSTMENT 

Three element Quad antenna. The 
boom is supported at ends by a top 
guy. Antenna gives performance com
parable to four element Yagi beam at 
fraction of the cost of the all-metal 
antenna. 

ANTENNA MAINTENANCE 
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As a droll wit once said, "Getting the antenna up in the air is easy! 
Getting it down is the hard job!" This is true of any antenna, and the 
Quad is no exception. Moisture in the atmosphere and the effects of sun, 

wind, and rain are at work to corrode metal and rot wood. 'An antenna 
exposed to the elements will quickly deteriorate unless important steps are 
taken to protect the array against the weather. Follow these simple, effective 
rules and you will have little trouble with your Quad. When the day comes 
to take it down, you can accomplish this feat with a minimum of trouble! 

I - Never, never use unplated hardware at any point in your antenna 
system! Use stainless steel. Next best is cadmium or galvanized plated 
steel, although this will rust eventually. Unplated parts are worthless 
and almost impossible to remove, once rusted. 

2- Paint all exposed wood surfaces with two heavy coats of outdoor 
housepaint. Carefully paint the edges of plywood to prevent moisture 
from seeping between the layers of the wood. A dull, blue color is 
suggested, as it blends nicely with sky and clouds. 

3-Aluminum components (the boom and end plates of the all-metal 
Quad, for example) should be thoroughly cleaned with sand paper 
and given a thin coat of Zinc Chromate primer. This green metal 
priming paint is now available in Aerosol spray dispensers for easy 
application. Caution! Do not breathe the Zinc Chromate fumes. They 
are toxic and prolonged inhalation will make you ill. An antidote to 
the fumes is a glass of milk. 

When the primer coat is dry, the aluminum may be given a coat 
of aluminum paint, or dull blue housepaint. 

4-Coaxial lines (RG-8/ U and RG-57/ U, for example) should be sealed 
against excessive moisture. The black vinyl jacket of the line is rela
tively waterproof, but moisture will seep into the line at the end joints 



96 QUAD ANTENNAS 

Experimental three band concentric 
Quad uses close-spaced reflector for 
28 and 21 me and wide-spaced re· 
flector for 14 me. Average impe
dance of all three beams is close to 
7 5 ohms and low impedance coaxial 
transmission line is used as feed 
system for antennas. 

where the jacket has been cut. Seal each joint and coaxial plug with 
a wrapping of vinyl tape and your line will last a long time. 

5-An ounce of prevention is worth a pound of cure. Keep an observant 
eye on your antenna. When it shows sign of weathering, take it dowr 
for an overhaul job. Make sure your guy wires are in good shape 
and replace them if they start to show rust marks. 

FINAL ASSEMBLY OF THE QUAD ANTENNA 

You will find that a 3-band Quad or a 14 me Quad is a light but bulky 
affair that has a tendency to tangle with the guy wires of the tower. If you 
have a guy-less tower or a telephone pole you are in luck, as you can hoist 
the Quad to the tower top with little effort. A guyed tower, or a backyard 
full of telephone and utility wires is a different problem. In this situation 
it might be wiser to erect the Quad in three pieces; the boom first, then one 
Quad element, followed by the other. If you do this it is mandatory that the 
boom of the antenna be capable of sliding back and forth in its retaining 
mount atop the tower in order for the assembler to be able to reach the 
ends of the boom. A good safety belt is a necessary piece of equipment for 
this undertaking. If the Quad has been preassembled on the ground the 
man atop the tower can be reasonably sure the affair will go together when 
it is in the air. The unfortunate assembler at the top of the tower is usually 
at a disadvantage in that he requires one hand to hang onto the tower! 
Assembling the Quad framework with one hand is not easy, but it can be 
done if the parts are hoisted to the top of the tower by a ground-based 
assistant. A stout rope tied about the center plate of the Quad will prevent 
it from getting away from the control of the assembler. 



CHAPTER X 

The Quad Round-Up 

The versati l ily of lhe Quad loop has provided many interesting in
novations in t he basic design . Some of the more popular variations are 
discussed in this chapter, along with information on 4 - and 5-ele ment 
" Monster Quads " for 20, 1!1 and 10 me ters. Finally, an evaluation 
between the Quad and the Yagi antenna is given . 

T he Quad E lement 

o law rcstricls the Quad e lement to a square or a diamond s hape. 
While these f"orms arc the e asiest to assemble , Quad antennas have 
been built with c ircular c lements and wit h tr iangular s haped ele ments . 
The high effic iency of these vari ous s hapes leads to the conclusion 
that the phys ical arrangement of the Quad element is re lative ly un
important, the ga in be ing highest when the wire element extends around 
the greatest area f"or a given e lement length. Since the circle is the 
configuration whieh meets this requirement, it may well be that a c ir
cu lar Quad would have s 1 ightly higher gain than any other s hape, but 
the difficulty of bui lding such e lements has prevented any meaningful 
data from being accumulated. 

The equilateral, tri angular-s haped Quad e lement shows prnmise, as 
it may be arranged for mounting from an apex point in a simple fashion, 
or may be used as a fixed inverted e le ment s lung between two supports , 
as suggested in figure 1. Two or more triangular Quad e lements may be 
combined to form a De lta Quad beam antenna. 
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Fig. 1 The Quad e lement may be arranged in tri angular fashion to form the 
Delta Quad. The antenna element may be suspended from its apex (A) or sup· 
ported from two poles (B). Either shape may be used in a beam configuration 
supported from a center boom. Fed as shown, polarization is horizontal . Power 
gain of the tri angular Quad loop is about 1.4 decibel over a dipole. Radiation 
is at right angles to the loop (into and out of the page). Impedance of s ingle 
loop is about 120 ohms. Impedance of 2-element Delta Quad is about 80 ohms. 

The Quad element by itself, moreover, may be used as a simple 
beam antenna, having about 1.4 decibel gain over a dipole with a 
figure-8 rad iation pattern at right angles to the plane of the c leme nt. 
It can be s upported from a s ingle pole and is a recommended antenna. 
where s pace is restricted and good radiation efficiency is desired. 

The Expanded Quad <X-Q) Beam 

A single Expanded Quad element (often referred to as a Bi-Square 
array) provides a bidirectional, figlli'e-8 pattern having a worthwh ile 
power gain of about 5 decibe ls <Figure 2). As separate w.ire arrays of 
thi s type can be suspended at r ight angles from a s ingle pole without 
interaction be tween them, this offers a solution to the proble m of erect
ing beam antennas in a restricted space. 

The Bi-Square beam is fed with a quarter-wave transformer section, 
a balun and a 50 ohm coaxial line. The impedance of the transformer 
section is varied by c hanging the spacing between the conductors. or 
the conductor diameter, until a good match is achieved to the transmis
sion line . 

The shape of the Bi-Square may be altered to fit the available space. 
It may be rectangular, triangular, square , diamond or circular as the 
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Fig. 2 The expanded Quad (Bi -Square) e lement provides a power gain of 
ab.out 5 decibe ls over a dipole and makes 'a good bidirec tional beam in itself . 
Two arrays (for the same or different bands) may be mounted on a single sup
port and switched to p rovide near- complete coverage. Array is horizontal ly 
pol arized. Additional information on the X- Q array is given in Chapter V . 
Two element array wi l l provide near l y 9.5 decibels gain over a dipole, and 
3-element array will provide about 12 decibe ls gain . Ten meter X- Q beam is no 
larger in "wingspread" than 20 meter normal-s ized Quad antenna, X- 0 array 
w i l l work on harmonic and half-frequency if t uned feeder system i s employed. 

occasion de mands. If tuned feeders and an antenna tmrnr are used with 
this array, it may be operated at half the design frequency. A 10 meter 
Bi-Square, in fact, will provide good results on the 15 and 20 meter 
bands , as we ll as on 6 meters when used with a tuner. 

The Triangular Loop (Delta Quad) Beam Antenn a 

As discussed e arlier in Chapter II, the Quad antenna originated 
from the idea of a " pulled open" folded dipole . Early Quad configma
tions made use of a diamond or square loop. Recent tests have been 
conducted with a triangular shaped loop having a circumference of one 
wave length. This antenna shape has often been called the Delta Quad. 
It may be used with the apex of the triangle oriented either down or up 
<Figure 1). The triangular shaped element seems to exhibit the same 
amount of gain over a dipole as does the square or diamond shape , and 
th~ radiation res is tance is about the same as the other vers ions. 

The De lta Quad e lements may be mounted above the antenna boom, 
thus providing a bit more effective height to the array for a given tower 
height. The s ides of the delta may be made of aluminum tubing, leading 
to a very rugged installation that can withs tand high winds and bad 
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Fi g, 3 Delta Quad i s formed of triangul ar e lements i nverted and supported 
at the apex. The w ings may be made of a luminum tubing and are about 1/ 3 
wave length tong. The top portion of the loop, or triang le, i s made of w ire. 
Base angl e of the delta e lement i s 75 degrees and both wings may be gr ounded 
to the metal boom. Off-center, samma match f eed i s suggest ed, using the 
gamma di mensions and spacings given in Fig. 7, C hap ter V I as a starting point. 

weather. An illustration of a typical De lta Quad is s hown in Figure 3. 
The angle at the base of the Delta Quad is about 75°. The lateral 

wing e lements are made of aluminum and are attached directly to the 
metal boom, thus providing good lightning protection. The top portion 
of the loop can be made of wire and adjusted so as to place tension on 
the wing sections. The wings are about 1/3 wavele ngth long e ach and 
the top wi re is s lightly s horter. For this model of the De lta Quad, 
e lement spacing is about 0.15 wave le ngth, and gain is estimated to be 
nearly 7 decibels . F eedpoint impedance (if the driven element is split) 
is about 70 ohms. 

The gamma match described in Chapter VI is also suggested for use 
with t he De lta Quad beam. This system is easy to adjus t and permits 
both halves of the driven e leme nt to be mounted securely to the boom, 
without the need of insulating the wing e lement s from the boom. 

Building the Delta Quad 

The Delta Quad may be constructed in the usual manner, utilizing 
a center boom with tlu-ee aluminum arms , or it may be made of tubing 
and wire supported from a boom at the apex, as with the design de
scribed in this section. Overall dimensions for the De lta Quad are given 
in Figure 3. 
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The angle between the wings of the Delta Quad is 75° and the boom 
must be drilled properly to maintain the s ame angle in the reflector 
element as in the driven e lement. A template or jig may be made of 
plywood to form a collar fit with the boom, including the 75° angle, as 
s hown in the illustration. A center line is carefully marked along the 
boom and the template used to align the element holes. A chassis 
punch of the proper size is suggested for cutting clean holes in the 
boom. A set of holes for one pair of driven e lement and reflector wings 
is drilled and the elements temporari ly inserted in the holes . The tem
plate may then be used to check the remaining two holes before they 
are drilled. 

The e lement wings are passed through the boom and locked in posi
tion. The tops of each e lement are drilled to take a 10-32 rust-proof 
bolt and the top wires are pos itioned before the gamma rod is installed. 
The gamma rod is made of a section of 3/ 8-inch diameter aluminum 
tubing flattened at one end and drilled for 10-32 hardware. The flattened 
end is bent at right angles to fi t over the connecting bolt on the gamma 
capacitor housing, whi ch is made from a plastic box. 

The Swiss Quad 

First used in Europe , the unusual Swiss Quad is illustrated in 
Figure 4 . The horizontal elements of the Swiss Quad are made of alumi-

DIMENSIONS 

L1 L 2 L3 (!) 1 S 

20M 2o• e· 19'&" 1a•1• 1.5 1 e • 7•0• 

15 M 13• e • 13'0"' 12•e• 10' 3 " 4 •9•1 

10 M 10'3" 9'9"' 9 • 3• 7•9• 3' &" 

Fig. 4 The Swiss Quad is an a l l-driven array hav ing a unidirect ion a l fi e ld 
pattern simi lar to the regular Quad. The e lemen ts may be grounded to the 
supporti ng mast at the top and bottom. A T-match feed system i s used. The 
Swi ss Quad may be fed with an open wire (TV-ribbon) line and antenna tuner 
o r a balun and coax ial line. T-match is adjusted for lowest SWR. 
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Fig. 5 The G4ZU Birdcage Quad 
uses two Quad loops folded 
back at the center so that the 
top sections act as supports 
for the vertical wires. Reflector 
and driven element loops are 
individually insulated from the 
supporting mast. The reflector 
loop uses a stub , or may be 
made oversize. Driven element 
is fed from a balun and coaxial 
transmission I ine. 

num tubing and the vertical elements of wire. Both loops are fed by 
means of a T-match (double gamma matc h) and the antenna bears a 
physical resemblence to two stacked WSJK beams, connected together 
at their element tips . 

While no gain me asurements are available, on-the-air tests seem to 
indicate that the Swiss Quad has a gain figure comparable to that of 
the more common 2-element Quad us ing a parasitic reflector. The pat
tern of the Swiss Quad exhibits a deep null off the back, common to 
arrays of this type where all elements are driven, directivity being 
obtained by the use of a smaller-th an-resonant director eleme nt. 

The crossover points of each element are grounded to the supporting 
structure , and it is suggested that the balanced T-match be fed with 
a balun from an unbalanced coaxial trans mission line. Length and 
s pacing of the T-match is adj usted for lowest SWR on the coaxial line . 
While the original Swiss Quad design did not show resonating capaci
tors in the T-match bars, it is suggested that they be inc luded . Capaci
tance values and rod dimens ions shown in Figure 7, Chapter VI, arc 
recommended as a s tarting point. 

The Birdcage Quad 

An early variation of the Quad des ign is the Birdcage Quad of G4ZU 
in England. This compact antenna is electrically equivalent to a 2-
element Quad having a simplified assembly that solves some of the 
difficult mechanical problems associated with the standard Quad con-
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Fig. 6 Mini-Quad loop, suitable for use on the l ow frequency bands, is made 
of smaller-than-usual Quad, with excess wire folded into a balanced trans
mission I ine. Total wire length is equal to that of a full size Quad el ement. 
Bandwidth of Mini-Quad is suffici ent for 40 meter band and for 200 kc portion 
of the 80 meter band. Stub may be adjusted to change resonant frequency. 

figuration. The Birdcage uses two full-size Quad loops, the upper and 
lower portions made of aluminum tubing formed into a supporting cross 
(Figure 5). These sections are the supporting frame for the vertical 
portions of the loops, which are made of wire. The Birdcage may be 
slung from a single pole, without the need of a special supporting 
structure. 

No gain figure is available for the Birdcage Quad, however it is 
surmised that the power gain is lower than that of a standard Quad as 
the spacing between the Birdcage elements is reduced by virtue of the 
elements being folded against each other. In any event, the Birdcage 
is a populm· antenna in England and many overseas stations use it 
with great success . The birdcage can be fed with a balun and coaxial 
line, or a balanced 70 ohm TV-type "ribbon" line and associated an
tenna tuner may be used. 

Miniatme Quads 

For those amateurs living in an apartment, a trailer or restricted 
quarters, the standard Quad may be too large for convenience. Attempts 
have been made to " s hrink" the Quad elements by the use of loading 
coils placed in the loops; the results have been inconclus ive, and little 
specific comparative data has been found on the performance of a 
loaded Quad antenna. A coil-loaded mini-loop element was tried at 
WSSAI for a period of time to determine if it was competitive with a 
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half-wave dipole mounted at the approximate mid-height of the element. 
After a period of tests, jt was concluded that the loaded loop compared 
poorly with the dipole as far as s ignal strength reports were concerned 
and furthermore, the bandwidth of the loaded loop was quite restrictive 
compared to that of the reference dipole. 

Further tests revealed that a mini-loop having about 753 the cir
cumference of a standard quarter-wave Quad element could be stub 
loaded at the base , and would provide noticeable gain over the com
parative dipole antenna. It was concluded that a Quad antenna designed 
about such an element would provide good power gain in a smaller
than-normal configuration. While a complete mini-Quad beam was never 
built, the dimensional information provided in Figure 6 may be of in
terest to an experimenter wishing to build a Quad that occupies a 
minimum of space. 

Low Frequency Mini-Quads 

The principle of stub loading may be advantageously applied to low 
frequency Quads, which otherwise become quite heroic in size when 
built for the 40 or 80 meter band. Using the data given in Figure 6, a 
Quad element for 40 meters is reduced to about 25 feet on a side , while 
an element for the 80 meter band is about 46 feet on a side --not par
ticularly small, to be sure but much more compact than a quarter-wave
length Quad whic h would run about 67 feet on a side! 

Stub-loaded Quad elements may be adjusted with the aid of a grid
dip oscillator. The stub of the driven element is shorted at the feed
point to complete the circuit and the stub length is varied to resonate 
the element at the design frequency. The length of the stub in the 
parasitic element is adjusted so as to tune the reflector about 5 percent 
lower in frequency (5 percent higher in frequency if the parasitic is ti. 
director) than the c hosen design frequencY.· 

The loading stub should be brought away from the element at right 
angles and may e ither drop beneath the loop or be brought back towards 
the supporting structure of the Quad. 

As with any Quad, care must be taken if metal support arms are 
used to insure that the arms are not resonant near the operating fre
quency of the antenna. Long support arms should be broken ·at the mid
point with an insulator to prevent s purious resonance from occuring. 

The low frequency Quad should be mounted with the center of the 
elements at least one-quarter wavelength above ground, or gain and 
front-to-back discrimination will suffer. 
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Fig. 7 Expanded Quad uses 
loops 1-1/2 wavelength on a 
side. The larger size provides 
greater power gai n than stand
ard Quad. Loops are brok1in at 
top for proper current distri
but ion. Dr iven element has low 
impedance balanced f eedpoint. 
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DIMENS IONS 

BAND LI L>. Ll 

20 2.6' 3 " 2!>' 2." 2.4' 2.• 

15 I 7' 0 .. I 1• 0 • re• 1• 

10 l l' I "' 12• e• 12'0*' 

6 7 ' 6'"' 7 ' 2 " e• tO'"' 

The 1-l/2 Wavelength Quad Loop 

The regular Quad employs a closed element one wavelength in cir
cumference. The X-Q array, on the other hand, uses an element two 
wave lengths in circumference. In oodition to these two sizes, it is pos
sible to employ a 1-1 /2 wavelength loop in a Quad design, as illus
trated in Figure 7 . This mini-X-Q antenna configuration wiH have more 
gain than a standard equivalent Quad and somewhat less gain than the 
larger and more bulky X-Q array. A 15 meter mini-X-Q, for example, is 
about the same size as a 20 meter Quad of normal dimensions. 

The "Monster Quad" 

A few amateurs have experimented with five and six element Quad 
antennas on 14 me. This entails an array having a boom length of 40 to 
65 feet with 10 to 13 foot spacing between the Quad loops. Such a 
Monster Quad, when checked out on a model antenna range, provided a 
power gain up to 11.5 decibels over a reference dipole, or 13.5 decibels 
over isotropic. This represents a power gain of about 14, which makes 
a kilowatt transmitter sound like a 14 kilowatt block-buster. 

Normal element dimensions and spac ings apply to an antenna of this 
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s ize; the formidable problem is purely a mechanical one, that of as
sembling, erecting and keeping in the air (!) an array of such heroic 
proportions. 

For a four element Quad, a 20 to 30 foot boom is often used (Figure 
8). The boom may be made of two or three twelve foot sections of 
2-1/2" o.d. x .065 wall, 6061-T6 (61-ST6) aluminum tubing. The sec
tions are joined together by a 2-foot long section of tubing machined to 
slip-fit within the boom sections . The joints are pinned with J /4-20 
galvanized (or stainless steel) machine bolts and lock nuts. Various 
commercial Quad clamps and hardware are available to fit this size of 
boom tubing. The assembly should be strengthened by a top guy wire 
running between the boom ends and over a vertical support placed at 
the center of the boom. 

Element dimensions are itemized on page 46. When assembled, the 
Quad may be placed atop a tall step ladder or other support and the 
elements checked for resonance with a grid-dip meter. The Tri-Gamma 
feed system disc ussed in Chapter VII is recommended for use with the 
Monster Quad. 

The Quad arms may be made of fiberglas poles or aluminum tubing. 
If fiberglas is used , hollow poles should be filled with fiberglas plugs 
and epoxy cement to strengthen the arms at the point where they are 
held by the center clamp. Aluminum arms made of 1-J /8" and l" alum
inum tubing should be broken by an insulator at the mid-point of each 
arm to arrest spurious electrical resonances in the arms. The insulator 
may be made of a short hardwood or phenolic dowel machined to fit the 
inside diameter of the tubes. 

The feedpoint impedance of a four-element Quad of this type may be 
adjusted to 50 ohms to provide a good match to a 50 ohm coaxial line. 

Quad Versus Yagi -- Is There A Difference ? 

A direct comparison between the effectiveness of a Quad and that 
of a Yagi is difficult to make and the results of on-the-air checks be
tween the two types of antennas are often inaccurate and confusing. 
Laboratory field strength measurement of the power gain over a dipole 
of e ither type of beam antenna may lead to results that are controver
sial and open to various forms of interpretation. Unless such tests are 
run with extreme care on a well calibrated antenna range, the difference 
in power gain between two antennas of approximately similar s ize will 
be lost in the inherent measurement error of the test set-up. Antenna 
tests repeatable to an accuracy of a decibel or better are difficult to 
manage even under the best of circumstances. 
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Fig. 8 Tri-band four element Quad of W6CHE. Boom length is 30 feet. Element 
dimensions are given in Figure 7. page 46. The Tri-Gamma matching system 
(shown in Figure 1. page 76) is used. Typical SWR curves for this antenna are 
shown in Figure 4. page 94. An auxil iary brace hangs from the boom at the 
driven element to support the gamma matching sections and the various cap
acitors. Element arms are fibreglass poles mounted t o aluminum · ·spiders". 
Boom is 2" diameter heavy wall aluminum tubing. The Quad exhibits good 
front-to-back ratio on 20. 15 and 10 meters and I ow SWR on a l I bands. Antenna 
is supported by 60 foot unguyed st eel tower. 
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Fig. 9 A comparison between 
the Yagi and the Quad antenna. 
For an equivalent number of 
elements, the Quad exhibits a 
power advantage over the Yagi 
of about 1.7 decibel. Expres -
sed in terms of boom length, 
the Quad may have about two
thi rds the boom length of a 
Yagi for equal power gain. 

Extensive tests over the years imply that the Quad exhibits a power 
advantage over the Yagi (having an equal number of elements) of about 
1.7 decibel. This advantage drops to about one decibel for large arrays, 
as shown in Figure 9. Thus a 2-element Quad is about equal to a 3-
element Yagi, a 3-element Quad is equal to a 4-element Yagi, and so on. 

OK - - But Is It Worth It? 

Is this advantage of 1.7 decibel or so in power gain that the Quad 
shows over an equivalent Yagi worth the effort of building the Quad, 
which some frustrated builders classify as a mechanical monster? After 
all, a Quad is a three dimensional object having length, width and 
height. The Yagi, on the other hand, is a two dimensional object having 
only length and width. Addition of the third dimension (height) to a 
building project immensely increases assembly and erection problems 
and also increases the wind resistance of the array. The Quad is a 
bulky, unruly, hard-to-handle assembly, usually of fragile construction. 
The Yagi antenna, on the other hand, is simple to assemble, rugged, 
and eas ily moved about on the ground and atop the tower. 

The author has used both the Yagi and the Quad over the years and 
has good friends using both types of beams with whom he has compared 
signals, both receiving and transmitting, under all types of radio con
ditions. In addition, he has had the opportunity of operating in various 
DX locations, listening to the signals emitted by Yagis and Quads - -
with the added advantage of knowing the antennas and operators of 
many of the station s worked. 
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The Monster Quad Wins! 

The conclusion drawn from both objective and subjective tests over 
the years is that the Quad antenna has a definite advantage in terms of 
signal strength over the Yagi antenna, as suggested by Figure 9, 
Chapter X. The extra decibel or so does make a di ff ere nee over the 
long run. Under conditions of difficult propagation, the Quad seems to 
outi:erform the Yagi, element for element, most of the time in a manner 
that is not readily explained by a mere comparison of antenna gain. 
Sometimes the Yagi seems to be better than the Quad, but the reverse 
seems to be true under more circumstances and over a longer s pan of 
observation. Generally speaking, the Quad antenna seems to "open the 
band" somewhat earlier than the Yagi, and "keeps the band open" a 
little longer than the Yagi. While a 5-element Quad may seem to exhibit 
only 3 decibels more power gain than a 3-element Yagi, the effective
ness of the Quad on the air, compared to the Yagi is truly formidable , 
and the results obtained with such a Quad often belie the apparently 
modest boost in power gain. 

On the other hand, to take down a 3-element Yagi and go to a 3-
element Quad, in the author's opinion, could be a waste of time, as the 
small advantage gained may not be worth the money and effort spent 
in making the change. To go from a 3-element Yagi to a 4- or 5-element 
Quad, however, would truly open up a new world of DX performance. 

The W6SAI Theory of Antenna Gain 

We ll, what is the secret of the Monster Quad? The W6SAI Theory of 
Antenna Gain seems to sum it all up: The DX-ability and overall ef
fectiveness of any beam antenna is directly proportional to the time and 
money spent on the antenna, the difficulty of erecting it, and the over
all s ize and weight of the array. 

Surely, the Quad beam wins hands down on all of these points. What 
is true with automobiles evidently is also true of antennas - - horse
power counts-- and horsepower costs money! 

The owner of the 3-element or 2-element Yagi , however, is not 
swept aside by the Monster Quad, no matter what the size and power 
gain of this impressive beam antenna. The ionosphere is no respector 
of antennas, and often the Yagi will beat out a Quad when impartial 
observers would guess otherwise . W6SAI, with his small 3-element beam, 
has no trouble in DX competition even though he may be bruised in a 
pile-up on occasion. That's what makes a horserace ! 
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OTHER BOOKS FOR THE RADIO AMATEUR 

SHORTWAVE LISTENER, CB OPERATOR, 

AND EXPERIMENTER 

BEAM ANTENNA HANDBOOK, 4th edition, William Orr, W6SAI, 200 
pages. 

This revised 4th edition of W6SAI's popular handbook contains cor
rect dimensions for 6, 10, 15, 20 & 40 meter beams in feet & inches; 
data on triband and compact beams; how to tell if your beam is 
working properly; the truth about beam height; SWR curves for popu
lar beams, 6 thru 40 meters; how to save money by building your own 
beam and balun; the truth about T-match, Gamma match, direct feed; 
test instruments and how to use them; 25-year bibliography of key 
beam article~. A "must" for the serious DXer whether he buys or 
builds his beam. "This Handbook is my bible" --Gus Browning, 
editor, DXers Magazine; "Vital for DXers who want results" -
"Robbie" Robson, 5Z4ERR; "A great book" --Vic Clark, W4KFC. 

SIMPLE, LOW-COST WIRE ANTENNAS FOR RADIO AMATEURS, 
William Orr, W6SAI, 190 pages. 

Packed with practical information which shows you how to build ef
ficient, inexpensive antennas for the ham bands. Save money, enjoy 
maximum performance! Exclusive: "Invisible" antennas for amateurs 
in apartment houses and other locations where antennas are ''pro
hibited". How to build 2, 3, 4 and 5-band trap dipoles. 3-band Novice 
dipole for 80, 40 and 15 meters; ground plane antennas fer VHF and 
HF bands; the truth about baluns and how to build an inexpensive 
and e fficient balun. The "folded Marconi" antenna for 40, 80 or 160 
meters. Plus --radial wire ground systems ; lightning i:rotection; wood 
masts; the easy way to use coaxial connectors--and much more! 
"A truly practical antenna handbook. This interesting book gives 
you no-nonsense dope on antennas" --Carl Lindemann, Jr., WlMLM, 
Vice President, NBC. 

THE TRlITH ABOUT CB ANTENNAS, by William Orr, W6SA1/KCK 3201 
and Stuart Cowan, W2LX/KCZ 1102; 240 pages. 

Everything the CBer needs to know to buy or build, install and adjust 
efficient CB antennas for strong, reliable signals. Unique "Truth 
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Table" shows dB gain for 10 most popular CB antenna types. The 
antenna is the key to gooo CB communication but most CB antennas 
do not work near peak efficiency. Now, for the first time, this new 
CB antenna handbook gives clear, inf<X"mative instructions on antenna 
adjustment, exposes false claims about inferior antennas and helps 
you to make your antenna work! Exel us ive ! All about the "Monster 
Quad" beam, the "King" of CB antennas ! "A great CB Antenna 
Handbook" --George R. Wood, KBI 3274/WlSR, Transistor Marketing, 
RCA. 

VHF HANDBOOK FOR RADIO AMATEURS, 1st edition, by Herbert 
Brier, W9EGQ and William Orr, W6SAI; 336 pages. 

This new handbook discusses every major VHF subject in clear 
language for newcomer and old-timer alike: FM theory, design, equip
ment, antennas, repeaters; FM/VHF test equipment; deviation meter; 
SWR bridge; dummy load; noise generator; power attenuator. Newest 
solid-state circuits. VHF antenna design and construction, 50-450 
MHz: baluns; long Yagi and Log-periodic Yagi beams; Quads ; col
linear arrays; comer reflector beams. Beams for satellite work: 14-
element circularly polarized Yagi; 7-turn helical. VHF DX and IJ'<r
pagation modes. Satellite and moonbounce communication: paths, 
techniques; best antennas. How to build: low-noise conve rters; 
solid-state 2 meter transceiver; lroadband exciter; all-purpose 500 
watt amplifier for 50-450 MHz •.• "This is impcrtant information for 
all radio amateurs. It answers many questions that have been in my 
mind" . •• Barry Goldwater, K7UGA, U.S. Senatcr from Arizona. 

CARE AND FEEDING OF POWER GRID TUBES, by Robert Sutherland, 
W6PO and Laboratory Staff ofETh1AC: 158 pages. 

i'his 00.vanced, clear handbook analyzes operation of power grid 
tubes from audio to VHF. Gives design and application data f<X" long 
life, maximum circuit stability and peak efficiency. All about con
stant current curves and their application to circuit design. Includes 
a plastic Tube Performance Computer. Ideal for oclvanced amateurs 
and communication engineers. 

BETTER SHORTWAVE RECEPTION, 4th edition, by William Orr, W6SAI 
and Stuart Cowan, W2LX; 156 pages . 

Enjoy the hobby of shortwave listening--this clear, interesting book 
tells you how. Listen to news from Moscow, Peking, London and 

-
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other capitols . Eavesdrop on aircraft, astronaut c irc uits, amateurs, 
police and more . How to get the bes t receiver "buy" , how to put up 
an e fficie nt antenna. Where and how to listen. "Triples the pleasure 
of s hortwave listene r" -- Bill Lcomu-d, Vice Pre s ident, CBS News . 

BOOK PRICES : 

Beam Antenna Handbook 
Simple, Low-Cost Wire Antennas .. .... . . .... ................ . 
VHF Handbook for Radio Amateurs ......................... . 
The Tru th About CB Antennas ................ . ............. .. 
Care and Feeding of Power Grid Tubes .. ...... .. .. .... ... . 
Better Short Wave Recepti on 

$4.95 
4. 95 
5 .95 
5 .95 
.1. 05 
4.95 

HOW TO BUY TH ESE BOOKS : Lead ing e lectronic dist ributors and 
deale rs se ll these books -- order from the one nearest you , or direct from 
the pub lis her. On orders to the publishe r, please se nd chec k or money 
order for price of book , plus 35q: per book for postage and handling. 
Connecticut reside nts please add sa les tax. 

Radio Publ ications, Inc. 
Box 149 

Wilton, Conn. 06897 





WHAT THIS NEW EDITION CONTAINS: 
NEV'/- revised gain figures for Quads 

NEW-analysis of Quad vs. Yagi - which is best? 

NEW - Monster Quads (4 & 5 elements) - power gains up to 14! 

NEW- Miniature Quad construction and performance 

NEW - Delta Quad, Swiss Quad, Birdcage Quad 

NEW - improved Tri-Gamma 'match feeds triband Quad 
efficiently with one line 

NEW - charts w ith correct dimensions (feet & inc hes) for single 
band and multiband Quads, 6 thru 80 meters 

How 'to feectyour Quad for maximum gain, minimum S W R 

The X-Q Quad with 3 db. gain over regular design 

Clear, detailed matching procedure ; use of Baluns; SWR curves 

How to adjust your Quad ~or strongest signals 

Hints for sturdy, inexpensive Quad construction 

Quad installatio n , adjustment, evaluation, maintenance 

Quad facts: a ngle o f radiation; directivity; power gain; 
front-to-back ratio 

WHAT FAMOUS DX OPERATORS SAY: 

"This revised edition is a storehouse of valuable new information. 
W6SAI Quads land that Sunday punch in a pile-up." 

Katashi Nose, KH61J 

"A tremendous help to new hams and old timers alike. Packed with 
useful, accurate data." 

Don Wallace, W6AM 

"This new edition is a must for every D X -minded ham! Makes Quad 
building and adjustment easy." 

Luk Yui Kwong, VS6AZ 

RADIO PUBLICATIONS, INC. 
83-125 
$4.75 ($5.75 in Canada) · l .. Printed in U.S.A . 
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