Long-Wire Directive Antennas
Design Methods for “V"’s and Rhombics

By Robert C. Graham,* W8LUQ

amateur operation involves a multiplicity

of reflectors, directors, phasing elements,
radiators, ete., so arranged as to obtain the ut-
most power gain in a given direction. For obvious
reasons these arrays are almost entirely confined
to frequencies of 7 Me. and higher. Moreover,
such systems are rarely designed to permit multi-
band operation and yet maintain the original
directivity pattern with reasonable power gain.

r I \HE more common type of directive arrayin

THE LONG SINGLE WIRE
The simplest solution to this problem is a long
horizontal single-wire antenna that may be
harmonically operated. For this case, however,
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F1G. 1—A) SIMPLE FORM OF DIRECTIVE AN-
TENNA, USING A LONG WIRE TERMINATED IN
ITS CHARACTERISTIC IMPEDANCE; (B) FREE-
SPACE DIRECTIONAL CHARACTERISTIC (MAIN
LOBE ONLY) OF THE ANTENNA AT (A)

there still remain the shortcomings of a slight
shift in directivity with frequency change, to-
gether with a power gain that isnot all that might
be obtained by other methods. For example, let
us assume a wire 6 wavelengths long for 20
meters (396 ft.). To further simplify the explana-
tion let us terminate the far end of this antenna
in its characteristic impedance such ag a 145-ohm
non-inductive resistor (Fig. 1-A). This gives us a
non-resonant type radiator and effectively re-
duces the rear radiation, resulting in a pattern
similar to Fig. 1-B. (This diagram represents the
theoretical free-space characteristic of the major
lobes only.) The resulting directivity and power
gain for hurmonic operation of thisg antenna is then
in accordance with the table in second column.

THE INVERTED “v”’

In 1930 Bell Laboratory experimenters ! found
that by a suitable arrangement of tilting onc of
* Engineer, General Cable Corp., Rome, N. Y.

Angle 8 Power Gain
{Divectivity) {over L4 wave Herlz)
RO meters. c....oo.... 46 .5° 1.25
40 meters. .. ......... 30.5° 1.7
20 meters. ... ... 21.0° 3.10
10 meters. .. ...o.oovusn 15.0° 7.20

these long wires an additional increase in directiv-
ity and power gain was obtained (Fig. 2-A). By
proper control of the length (L) and tilt angle (¢)
an optimum relationship between these quantities
was found to exist (Fig. 2-B) that gave maximum
directivity and power gain. This arrangersent is
vertically polarized and possesses the advantage
that only one mast, or supporting structure, is
required.

THE HORIZONTAL *“v”

In the same year RCA investigators? found
that a greater power gain was obtainable along
the bisector line of the acute angle made by two
tilted wires than along the line perpendicular to
the bisector as in the method just described, and
that good results were obtained when this system
wag installed in a horizontal plane (horizontal
polarization). This arrangement forms the basis
for the well-known horizontal “ V" (or “Vee” as
it is sometimes called). This radiator {Fig. 3-A)
when several wavelengths long may be harmoni-
cally operated without any appreciable directivity
shift and with much greater power gains than
can be obtained with the single wire. Moreover,
the resulting power gain is greater than ean be
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2.A~—TILTED-WIRE ANTENNA OR
VERTED V”

FIG. “IN.

produced by the usual reflector-director methods
involving 2 or 3 elements.

The open-ended “V?’ ag shown is bi-direetional
-------- that is, its major directive pattern is to the
front and rear along the bisecting axis. Tilting the
whole horizontal plane of the “V’’ will tend to
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increase the low-angle radiation off the low end
and decrease it off the high end.

Fig. 3-B shows the dimensions that should be
followed for an optimum design to obtain maxi-
mum power gain for different-sized “*V’’ antennas.
The longer-type systems give good performance
on multi-band operation. Angle « is approxi-
mately equal to twice the angle of maximum
radiation for a single wire equal in length to one
side of the “V”.

The “V” ¢an be made unidirectional through
eliminating the rear pattern by either of the fol-
lowing two methods:

{1) .'The use of another “V” 1{ wave to the rear
to act aga reflector.

{2) The termination of the far end of each leg
in its characteristic impedance (Fig. 3-C3).

The first method is quite cumbersome for ama-
teur practice and restricts correct operation to a
single frequency band.

The second method is preferable hecause the
system becomes non-resonant (no standing
waves) and ig therefore more readily adaptable
to multi-band use. However, a serious drawback
to this method is. the fact that varying ground
resistance causes a variation in the terminating
resistance. This eondition causes reflected losses
that may become severe and thereby change the
entire action of the gystem—particularly with
harmonic operation.

Should unidirectional properties be the para-
mount desire it is recommended that an alternate
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system be used. This brings us to the arrangement
of two “V”’s placed end-to-end, the system being
terminated in its characteristic impedance; in
other words, the terminated rhombie.

THE RHOMBIC ANTENNA

The “Rolls-Royce” of unidirectional antenna
systems, either for transmitting or receiving, is
the terminated rhombie, or diamond as it i some-

R= characteristic impedance
(ron-faductive resistor)

{©)

FIG. 3—(A) THE “V” ANTENNA; (C) “V” AN-

TENNA TERMINATED TO ABSORB BACK RADIA-

TION AND THUS PRODUCE A UNIDIRECTIONAL
PATTERN

times called. The unterminated rhombic, which is
bidirectional and resonant, will be described later.
For the present discussion all reference to the
rhombic is in its terminated form. This discussion
will also pertain to a rhombie installed in a hori-
zontal plane above ground so as to provide hori-
zontal polarization. (Note: This system also may
be construeted in the vertieal plane to obtain
vertical polarization, which might be of some
praciical advantage in ultra-high frequency
applications.)

It has only been in the past few years that the
amateur has made any really practical use of the
rhombic ¥ and in nearly every case the increase
in radiating performance has more than justified
the ingtallation. The system was perfected by the
Bell Laboratories in the latter part of 1930 chiefly
as an improved receiving antenna, and has been
in - more or less continual use by commercial
interests for high-frequency transoceanic service
ginee that time. The rhombie is a direct descend-
ant of the previously-described inverted “V’’ and
represents » radical improverwent over that
gystem in operation and performance,

'The advantages of the rhombic are so numer-
ous that we can conservatively summarize the
matter by saying that it is among the begt of all
known directive systems—that is, by proper
design, greater power gain and directivity may be
realized for the rhombic than any other ordinary
single or multi-wire radiator. The installation is
not. complicated—-certainly a great deal simpler
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than the “curtain’ arrays. By no means the least
of its features (probably a major advantage with
the amateur) is an inherenily broad frequency
characteristic.

a section of terrain as possible, because any tilt
in the horizontal plane of the rhombic will lead to
distorted effects upon the wave angle. If the
ground is sloping it is good practice to construct

the rhombic so that its whole horizontal

o, ' l
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plane is also sloping parallel to the ground.

DESIGN CHART

Of course, any inconsequential short sloping

FOR HORIZONTAL *V*

sections of the earth may be neglected for all
practical purposes.

(for masimum output)

Next, the rhombic dimensions are

worked out from a given set of conditions for

2

which there exists a single optimum design
Sor mazimum output.

@

/

‘To obtain maximum output for an “ideal”

condition the only given design factor

.
n,

is the wave angle (or angle of radia-

3

tion) from which is determined optimum
height, length, and angle of tilt (Fig. 4).

2

This so-called “ideal” design may be

classified into either of two alternative

ENCLOSED ANGLE [(©Q) -DEGREES
€

2

arrangements:
(1) The Maximum Outpué Method, in

>
v

which the greatest possible amplitude for

]
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the wave angle is obtained but not with its
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FIG. 3-B—DESIGN CHART FOR HORIZONTAL “v**

ANTENNAS
Enclosed angle between wires versus length of sides.

Excellent efficiency is obtained over a 2 to 1
frequency range, and on some of the larger sys-
tems g 4 to 1 range may be obtained with fair
performance. On this basis it is advisable from the
standpoint of multi-band operation to design the
rhombic for a fundamental of 20 meters, which
will then permit operation on 10 and 40
meters and in some cases satisfactory
performance over the entire group of
amateur bands.

Line
REOMEBIC DESIGN

Most of the design data thus far
given in various amateur publications
have been rather vague and, in some
cases, & trifle misleading.

As a remedy for this situation it is
intended to offer design information in
as “digestible’’ manner as possible. The
general theory of the rhombic * will be
omitted, but in so doing please do not
get the idea that it is just another one of
thogse lucky hit-or-miss systems that
“just happened”’ to work. Some good
gound engineering and mathematical
principles are involved in the develop-
ment of the rhombic for which the ae-
tual measured results bear out the calculated
“theoretical” results to a startlingly eclose
agreement.

First of all, in deciding on a “good location”
for the rhombie it is advisable to select as flat

For height (H) o one kolf warelength

B =AMELE OF TILT (DEGREES)
A=

FIG. 4—THE HORIZONTAL RHOMBIC OR DIAMOND AN-

8¢+  maximum radius at the line indicating the
given wave direction of the directive pat-
tern (Fig. 5-A).

(‘)) The Alignment Method, in which the
major lobe of the directive pattern is sym-
mefrical with the wave angle (¥ig. 5-B).

The former permits the greatest possible out-
put whereas the latter, at only a slight sacrifice in
output, has the features of a better signal-to-
noise ratio for reception purposes together with
the requirement of less overall space for the
installation.
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L= LENGTH OF ONE SIDE (WAYELENGTHS)
H= HEIGHT (WAVELENGTHS)

WAVE ANGLE (DEGREES)

TENNA, TERMINATE

The design procedure for either condition is
shown in Fig. 6, together with several examples of
how this chart may be applied. Wave angles from
10° to 30° are shown in the design charts since
it is considered that this is the most useful range
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for practical use. Something I l l
in the range of 12° to 25°is  15)Qso 8o
probably the best to strive A Yo (5;‘5”"22’5,12 55;2%%*92: 1
for to obtain overall DX per- ) | maximum output ﬁ;f; 6
formance. Higher frequency- ’ (@) jdeal method,
band operation of a rhombic 12 % &) alignment method “
produces a lower wave angle Qu e 12E
than the fundamental fre- § Lo
. K 4o

quency-band, and vice-versa § 10 ' Q
for lower frequency-band ¥09~9¢ rme t 81
application. The chartshown o4l—808-] rcihed) \ d ‘ 2 '%
. o s | ) X(max.out ~ Ny
in Fig. 6 is computed from [ | .= for ldeal caze L ‘ S
the following formulas: 3’05 (ol NN e : | R

A N e S
(1) H= T ‘Eas[sx)% N ¢ : i m—

i
(2) sing = cos A Sl 403 N % H
3 03 3‘05 \\ 1; w |
@ = ga s i e g 5 e
(for maximum output 7 “ L Y
method) oz % i6 B a0 22 24 26 28 o
(4) [ = B71 A WAVE ANGLE (4)— DEGREES
3 T g
(for al'gnn’im ¢ A thod) FIG. 6—RHOMBIC ANTENNA DESIGN CHART
ignment metho

(1) Given: Desired wave angle (A) =18°,
To Find: H, L, ®.
Method:
Draw vertical line thru point “a’’ (18° wave angle-
abscissa).
Read intersection of this line on each curve on its
corresponding scale.
3 =angle of tilt (d).

¢ =length (L) for ideal case.
b =length (L) for alignment case.
Result:
& =72°,
H =.81 wavelengths.
L (ideal)=5.25 wavelengths ) either, may be
L (alignment) =3.87 wavelengths | used (see text).

The use of the Chanrt is illustrated by the following examples:

(3) Given: Length for I side (ideal case) L =3.0 wave-

lengths.

To Find: H, $, A.
Method:

Draw vertical line thru point “m”’ (3.0 wavelengths
on curve L— ideal case).

Read intersection of this line on each curve on its
corresponding scale.

n =angle of tilt (®).

o =height (H)

p =wave angle (A).

Result:

& = 66°
H =.618 wavelengths.
A=24°

(4) Given: Length for 1 side (alignment method) L =2.0

(2) Given: Available and effective height (H)=.7 wave- wavelengths.
lengths. To Find: H, &, A.
To Find: H, L, ¢, A. Method:

Method:
Draw vertical line thru point “f? (.7 wavelengths
on curve H).
Read intersection of this line
on each curve on its cor-
responding scale.

Draw vertical line thru point “‘v”” (2.0 wavelengths
on curve L—-alignment case).

Read intersection of this line on each curve on its
corresponding scale.

s =angle of tilt (¥).

t =height (H).

"

=angle of tilt (®). w2 =wave angle (A).
ﬁ =lengfh (L; for ideal case. '}nﬁ.“ Re,.‘sult: e
j =length (L) for alignment P = 64.5%
case. H =.581 wavelengths.
k =wave angle (A). A =25.5%
Result: z
b =69°, B
L (ideall) =3i3 ah MAXIMUM OUTPUT METHOD requirements for some reason
L ‘(‘;‘l’;’gjlf;‘gt) et .‘i;'é‘&ie (A) or (?t,her (i.e., lacl§ of longi-
=2.9 wave- | text). tudinal space, height, ste.)
Al__‘f';ff,f" _ - there are, fortunately, two
‘%’ﬁ compromise design methods
where A = wavelengths ' ! that allow operation at only
A = wave angle (degrees) a slight gain reduction over
¢ = angle of tilt (degrees) ALIGNMENT METHOD the “ideal” cases just de-
! = length of one leg (wave- seribed.
lengthS) X (Major lobes anly are showrn) The first compromise
H = effective height (wave- method is based on an original
jengths) FIG. 5—TYPICAL VERTICAL CHAR. given premise of length and
In the event that the situa~  ACTERISTICS FOR THE RHOMBIC

tion arises wherein it is im-~
possible to meet these design

Antenna Obtained by the Maximum Qut.
&tg Method (A), and the Alignment Method

height from which is deter-
mined the proper angle of tilt
and corresponding wave angle
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Trith anvranal avamanlacn A8

9 5 ‘ FIG. 72—COMPROMISE METH.-
150 80 OD DESIGN CHART FOR
COMPROMISE RHOMBICANTENNASWITH
o \ DESIGN i FIXED HEIGHT (ONE-HALF
WAVELENGTH)
130 These curves based yy ,oor 6 i
W e-half 2 The following example illus-
120 ‘X\ Lofone hal 74 trates the use of the Chart:
ty
)\ Q Given: Height =14 wavelength.
1o \ 72%’ Available length of one leg
100 £ | 108 = 3,5 waielengths
S N\ & To Fin
90 68! Angle of Tilt (-b).
& N | < Warve Angle (A).
Y | > Method:
4 \ i 4 5 Place straight edge on curve
10 6aR “L* at 3.5 wavelengths
| \\ | S (point_ vy and draw line
~$0 f 62, XYZ. Read angle ¢ from
A \ 1 @ intersection ot point X
&80 ] 0 (right hand ordinate) and
) \ ) angle A at point Z {inter-
40 iy section of abscissa).
“3 " Remlt1 . -
: T H =% wavelengt
R i \\‘ I, =35 wavelcngths i given.
2 T Tilt angle
10 iz b =69 degrees ] from
10% [F] 4 16 18 20 22 24 26 28 30 Wave angleA=| curves.

WAVE ANGLE (4) — DEGREES

for maximum output. Fig. 7 illustrates the pro-
cedure to be followed for ihis set of conditions.
This chart is based upon an effective height of
L4 wavelength, which represents a practieal value
for most amateurs to deal with, For any different
height other than the one

21 degrees

to be followed for this condition. Curves for values
of length of 2, 3 and 4 wavelengths are shown,
and additional curves for any length may be
similarly plotted from the relationship:

(Continued on page T2)

shown the curve may bhe

. . 4
plotted from the_expression: g E l Vi 52
S S N COMPROMISE Vi -
tan (2rHsin4) AN DESIGN L /
13 (Gven Land eftberdord 4, by 18
~ 2 & tind other dimentions) / ! ¢
A - P 1
S ) L e
w sin & g N e P I y
IpinA 510 N ] ¢ 1z§
s ——— g / / b
tan L’Llﬂ sin% A) 4o L // | 10
© A §.8/ — ~ lI ™
{(Note: the solution of this 7 ; Ly Haerengths| 7 ~g .~ S
equation for [ in ferms of 3 - ~ =1 N
wavelength (A) may be ob- “é - 3 - S 4o
tained by the trial and error % 5 Lo 3 Wavelengih el W— 23
method.) 8, e~ ] 3
The second compromise -t i
design method is based upon 3 e 58
a premise of a given length 2 122 Warelengths 5
{(somewhat reduced over the L 4 £
ideal case) and wave angle to 10 2 14 16 18 20 22 24 26 28 30

determine the remaining op-
timum dimensions for best
operation. Fig. & represents
the design chart and method

(1) (xwen Length (L) =2 wavelengths.
esired wave angle (A) =20°.
To Find: H, &.
Method:

Draw vertical line thru point “a’”’ (L =2 wave-
lengths) and point “b’ on abscissa (A =20°).
Read anglc of tilt (9) for point “a’’ and hetght

H) from intersection of line ub at point **¢” on
curve
Result:
o= 60.5°%
H =.73 wavelengths.

I

WAYE ANGLE (4)-DEGREES

FIG. 8—~COMPROMISE METHOD DESIGN CHART FOR VARIOUS LEG
LENGTHS AND WAVE ANGLES

‘The following examples illustrate the use of the Chart:

(2) Given:
Length (L) =3 wavelengths
Angle of tilt (b)) =78
To Find: H, A.
Method:

Draw vertical line from point ““d”’ on curve L=3
awavelengths at b =78°, Read intersection of this
line on Curve H (point ““e’”) and intersection at.
pnmt S on the ubsctssa for A.

ruavelengths
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EFFICIENCY

IS MORE IMPORTANT
THAN POWER INPUT

100% FLEXIBLE

Bassett Concentric Feeder

is rapidly replacing less efficient trans-
mission systems all over the world
in low, high, and ultra high frequency
applications.

BCF-50

A complete, sealed system for use on
any frequency.

' $9.75
Other types available

BASSETT RESEARCH CORPORATION

1436 Maccabees Building
Detroit

MIMS RADIO COMPANY
Texarkana, Ark.
RADIOLAB
Kansas City, Mo.

Or your local dealer

which calls for a single master switch or a “press-
to-talk” button.

It will be noted from the photographs that
wherever leads are taken through a metal parti-
tion & rubber grommet is used. Such practice,
while not necessarily essential, in the end in-
variably pays for itself in the elimination of insu-
lation breakdown at a time when repairs are
difficult and inconvenient. Such a grommet is also
used in the chassis hole through which passes the
flexible drive to the crystal holder.

The standard G.R. jack-top output terminal
posts are used, rather than conventional binding
postg, so that should this exciter at any time be
used with more than one final amplifier for opera-
tion on different bands, much awkward work
behind the relay rack in shifting leads is reduced
to the simple operation of changing plugs.

Long-Wire Antennas
{Continued from page 46)

sin ¢ = ?..:-..“.:f'z_._l )\.

Regardless of which design method is followed
the pertinent fact remains that there is an op-
timum set of dimenstons for the rhombic to obtain
maxtmum results under a spectfic given condition.

Briefly summarizing, with all other dimensions
being correct any increase in length causes an
increase in power gain and a slight reduction in
wave angle. An increase in height also causes a
reduction in wave angle and an increase in power
gain but not to the same extent as a proportionate
increase in length.

TERMINATING THE RHOMBIC

The rhombic, when terminated in its charac-
teristic impedance, becomes unidirectional and
non-resonant and should be operated as such to
realize the best overall results, either for trans-
mission or reception.

Experiments have shown that a value of 800
ohms is correct for the terminating resistor for
any properly constructed rhombic and that the
system behaves as a pure resistive load under this
condition, Higher or lower values of resistance
cause the rhombic to act as a reactive load,
thereby considerably reducing the efficiency of
the broad frequency characteristic.

This terminating resistor must be capable of
safely dissipating 14 the power output (to elimi-
nate the rear pattern) and be absolutely non-
inductive. Such a resistor may be made up from
a carbon or graphite rod or from a long 800-0hm
transmission line. If the carbon rod or a similar
form of lumped resistance is used the device should :
be suitably protected from weather effects, i.e.,
covered with good asphaltic compound and
sealed in a small light~weight box or fibre tube.

The 800-ohm value of terminating resistance
may be substantially lowered by running an
equal and parallel-connected wire under each leg
of the rhombie. For instance, a distance of about
12 inches separation between two such parallel
connected wires for each leg will permit the use
of & 600-ohm terminating resistor. This is of

Bay You Saw It in QST -— It Identifies You and Helps QST




A professional os-
cillograph, with
all the important
features, in com-

TRANSCO Engineers proudly
present this new, sensational,
precision instrument

YNEW ¥

pact kit form,

FREE

Diagrams — Literature
The something new and ad-

vanced in the field is TRANSCO’s
913-CR Cathode Ray Oscillograph
giving a range of performance never
before achieved in an instrument at
anywhere near this pricel Just con-
sider the features incorporated in
this new, unuaually stable instru-
ment: Built-in Oscillator; Linear
Sweep with 5 position switch for
selection of sweep frequencies;
Vertical Beam Centering Control;
Vertical Amplifier with provision
for cutting amphﬁer in or out;
Linear Sweep Amplitude Control;
Fine Frequency Control;

Lockmg Synchromzatxon Cu:cult
which keeps image locked at any
frequency.

o m -/ LI ATIS NEW?”--:---
Plenty! Lots of ‘ham’

cluding NEW TELEVISION
being prepared. Kee
developments, write for FREE in-
formation, techanical data, etc.

Dept. CR, 69-71 Wooster St,,

Pleage send me complete kxt
CATHODE RAY OSCILLO!

%av b
Q. D. orders.)

Address
City

COMPLETE
KIT
OF PARTS

Cathode Ray
Oscillograph as
assembled by
TRANSCO Engi-
neers reaches vou
complete, all ready to
assemble at a saving

of approximatel

| 4()‘7 Kit consists of:

Etched Metal
Control Panel

All Sockets, Trans-
formers, Gon-
densers, etc. (Ev-
erything but tubesl)

Complete, Simpli-
fied Instructions
with numerous dia-
grams, pictures,

te.
Le2m about this—
TODAY! Use the

convenient coupon
below.

abreaat of

SENT FREE

TRANSFORMER CORP. OF AMEI({‘ICA

of Barts for vour 913-CR
H with complete in-
structions, diagrams, pictures, etc 1 enclose
alance plus postage when it reaches me. (3 deposit on

$...... and will

particular advantage where 600-ohm connecting
lines and coupling equipment are available or
more practical to use.

A terminated rhombic aiso requires an im-
pedance match at the input end to prevent re-
flection losses or standing waves. The transmis-
sion line in this case is untuned and may be any
length. To accomplish this, the 800-ohm ter-
minated rhombic should be fed with an 800-ohm
trangmission line and a 600-ohm rhombic by a
600-ohm transmission line,

An 800-ohm line may be constructed from No.
16 A.W.G. wire spaced 20 inches or from No. 18
A.W.G. wire spaced 16 inches. The 600-ohum line,
which is the common form for most Zepp feeders,
is constructed from No. 12 A'W.G. wire spaced
6 inches. v

The 800-ohm line is somewhat ungainly fo
install. It may be replaced by low-impedance
lines of the concentric or twisted pair variety by
the incorporation of a coupling network between
the 800-ohm and low-impedance line connection.
Such a coupling unit might be installed in a box
at the base of the first pole or supporting struc-
ture. If such an arrangement is used it will be
necessary to change the network constants for
each different band of operation.,

The coupling methods for the transmission
line of a terminated rhombic to the final amplifier
are straightforward. Either link, direct capacity,
or impedance network types of coupling are the
preferred methods to use.

THE UNTERMINATED (OPEN ENDED:) RHOMBIC

The unterminated rhombic is & bi-directional
and resonant system and closely resembles the
open “V” in operation and performance. The
same design details apply to the unterminated
rhombic ag for the terminated type. Ordinary
600-ohm ¢{uned feeders are preferable to use for
the unterminated rhombic and “V” and may be
coupled to the transmitter by the usual parallel-
or series-tuned resonant circuits. Matched-
impedance lines may be used on these resonant
systems by the use of the well-known matching
sections or “stubs” but such procedure is not
readily adaptable to multi-band work.

If bi-directional properties are desired an open
“V” of the same overall length is preferable to the
unterminated rhombie. For example, a “V’’ of
5 wavelengths on a side hag a greater power gain
than an unferminated rhombic with legs 214
wavelengths long (5 wavelengths total for one
complete gide of the rhombic). On the other hand
8 “V” of only 214 wavelengths on a side has less
power gain than an undetermined diamond 234
wavelengths on a leg.

The only instance where an unterminated
rhombie should be used in place of the open “V”
is where it would be impossible to install a “V”
of the same overall length due to insufficient
dimensions of available space.

To realize the full benefits from & rhombic or
“V”’ some provision should be made to permit the
use of the array as a receiving antenna by the
incorporation of suitable relay or switching

I. w For Cathode Ray diagrams, plctures, .lc., CHECK HERE ] wa
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CONDENSERS FOR EVERY
AMATEUR REQUIREMENT

| WORLD'S LARGEST EXCLUSIVE MANUFACTURERS
OF CONDENSERS FOR MORE THAN 27 YEARS

O

1002 HAMILTON BOULEVARD

WIDE RANGE
HIGH OUTPUT
% HUMLESS MICROPHONE

Nt just anather Wike!

Based on an exclusive Bruno construction
feature, the rugéed Velotron embodies the
high fidelity characteristics of the velocity,
surpasses the output of tha_dmphragm
type crystal and is ss low priced as the
best carbon. The Velotron is & true ve-
focity microphone utilizing a static, instead
of the customary magnetic field.

Check these outstanding characteristics
ound oxly is the

BRUNO VELOTRON

¢ Highly directional v Low feedback
level % z'lrinb.le Frequency response (30
to 14,000 cycies) ﬁ Qutput level — 50 db,
(Zero level 6 milliwatts) s» Absolutely
humless %7 Thoroughly shielded ¥7 Not
affected by varying temperatures or chang.
ing atmospheric conditions.

Complete with shock absorber

axd ball swivel, Cable connec-
iy By Tl
oniy o s2. Mode also
available for portable use. $1 9-50
Get your jobber to demonstrate the New Velotron LIST
to you! . .. write direct for complete descrip-

tive catalef.
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Long-Wire Antennas
{Continued from page 74)

methods in the line. The directivity effects and
power gain are readily noticed when used for
reception. The signal-to-noise ratio is also greatly
improved along the major horizontal directive
lobe. Many cases have been known where re-
ceived signals on the usual doublet were so far
below the noise level that it was practically
impossible to determine that the signal was
actually there—but by the use of the “V” or
rhombic the same signal was brought up to a
good QSA5 level.

Forrhombics 2 wavelengths on a leg or greater,
and for “V”g 4 wavelengths on a side or greater,
power gains of 18 to 30 over a single half-wave
Hertz are obtainable for the same transmitter
power, which makes these systems a veritable
“power plant” for low-power transmitters.

A few final hints should not be amiss at this
point: '

(1) In figuring harmonic lengths for the proper
length of each side, etc., the following formula
will give the result with reasonable accuracy:

. . 492 (2K —.05)
length in feet freq, (in Mo.)
K = number of wavelengths

(2) Before this length is correctly determined
and cut it is advisable to play safe by using hard
drawn or some other forms of “stretchless” wire
to maintain the original dimensions.

(3) In figuring directions be sure to use a great
circle map—the usual straight maps will throw
you a long way off on your beam calculations.

Moral: “Be the ham who owns one!”

BIBLIOGRAPHY

! Bruce, “Developments in Short Wave Dircetive
Antennas,” Proc. I.R.E. August, 1931.

% Carter, Hansell and Lindenblad, “Development
of Directive Transmitting Antennas by RCA
Communications, Ine.” Proc. I.R.E. October,
1931.

Carter, “Circuit Relations in Radiating Sys-
tems,”” Proc. {.R.E., June, 1932.

4 Hull and Rodimon, “Plain Talk about Rhombic
Antennas,” QST, November, 1936.

Moore and Johnson, “Directed Vertical Ra-
diation with Diamond Antennas,” ST, April,
1937.

4 Bruce, Beck and Lowry, “Horizontal Rhombic
Antennas,” Proc. 1.E.E. Jan., 1935.

AR.R.L. Amateur Handbook (Antenna Chap-
ter). ’

How Would You Do It?

(Continued from page £8)

between them. The link coils on the tank coils
may be the usual two or three turns wound be-
tween the turns of the tank coil windings at the
coldest point and permanently connected to
plugs on the form in the usual manner. The vari-
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