ANTENNA BASICS
FOR BEGINNERS

PART 1 —-VERTICAL ANTENNAS

INTRODUCTION

VERTICALS

MULTIBAND VERTICALS



VERTICALS

Basic Vertical (Monopole) Radiation Pattern

They say that verticals radiate equally poor in all directions

= Viewer (F9) [ 10m mininec gnd.out ]

Not so fast.... Maybe so
on 20 through 10 meters

But for DXing,

160 through 40 meters
a vertical can do a good
job compared to a low
dipole -since it's more
difficult to get a dipole
up at a good height.

Let’s analyze this




HOW DO ANTENNAS WORK?

An Antenna Is A Basic Transducer

For transmitting, you generate an electrical RF signal on a conductor.
As a result:

-Electric (E) fields arise from a voltage rapidly changing

-Magnetic (M) fields arise from a current rapidly changing

For receiving, the same resonance issues apply. It's just that
when receiving, the currents induced on the antenna by the
passing EM field cause a terminal voltage at the feedpoint of the
antenna, which generates a propagating signal down the coax to
the receiver's input amplifier circuit.

Generally people don't think of radio-frequency radiation in terms
of discrete particles (oscillating electrons and photons)

-they typically use the Wave Model instead, as it's much easier
to use.



VERTICAL and HORIZONTAL POLARIZATION

The Electric field or E-plane determines
the polarization or orientation of the radio

wave.

For a vertically-polarized antenna, the E-
plane usually coincides with the vertical/

elevation plane.

For a horizontally-polarized antenna, the
E-plane usually coincides with the
horizontal/azimuth plane.

The Magnetizing field or H-plane lies at a
right angle to the E-plane.

For a vertically polarized antenna, the H-
plane usually coincides with the horizontal/
azimuth plane.

For a horizontally-polarized antenna,
the H-plane usually coincides with the
vertical/elevation plane.

ELECTRIC
FIELD (E)

E-Plane

H-Plane

MAGNETIC

FIELD (M) MAGNETIC

FIELD (M)
/

H-Flane
PN
- Y
/.

5

E-Plang

ELECTRIC
FIELD (E)



VERTICAL POLARIZATION

A Vertically polarized EM wave

_ |s produced
A vertical’s electrons are

excited by the RF signal and Aenplitucs
E and H fields arise \ ﬁ

A transmitter produces
an RF signal of voltage
and current

7

H-Fisid

The electrical RF signal is connected
to the antenna via coax



Antenna Length is usually
described as wavelength (WL)

in

ANTENNA LENGTH IN METERS

or degrees:

Frequency Wavelength

(MHz) (
1.8
3.75
5.36
7.15
10.125
14.175
18.1
21.225
24.9
28.5
52

) (Feet)
160 510
80/75 252
60 175
40 131
30 92.4
20 66
17 51.2
15 44
12 37.6
10 33
6 18

1 WL ( ) = F%: Lambda (1)
[\
40 Meters /\
3 k_}
20 Meters V\V[\V[\V/\V/\
[ A >
80 Meters




ANTENNA LENGTH IN DEGREES

360 deg
)

M4 90deg —| 180 deg M2
Frequency Wavelength
(MHz) (Meters) (Feet) Example: 50 ft vertical used on 160 m
1.8 160 510
3.75 80/75 252
5.36 60 175 360 degrees = Freq WL (ft)
7.15 40 131 degrees Ant Length (ft)
10.125 30 92.4
14175 20 66
18.1 17 51.2 360deg = 510ft
21.225 15 44 deg 50 ft
24.9 12 37.6
28.5 10 33 360 X 50 /510 = 34.6 degrees

52 6 18



VERTICALS

Basic Vertical (Monopole) Radiation Resistance

70

Radiation Resistance (Rrad) is that
portion of the antenna input resistance
that radiates power.

60 —

40 —

Rrad (Chms)

20 —

0 ! PR L 1 I
0 80 180|270 360 450 540

Monopole Length (Degrees)

Radiation Resistance =

\\\\l||||||||l\]|||\\\\|

® g l20 40 60 80[100 120140160 | 200 220 240 260 Power radiated / input current Squared
20 180
HemepsieLangth [saresd) The other portions are ground loss and
antenna structure loss that dissipate
Feedpoint Radiation Resistance vs Degrees power as heat.

(Double for Dipole)

Example: 160 m 50 ft vertical = 34.6 deg = 6 Ohms Rrad



VERTICALS

Ground Losses (Rgnd) and Current Flow

10m mininec gad out xsm:  10e further up the element the less
T current flows
1.62
1.652 ‘s
142 Thus, for less I2R ground losses (Rgnd), it's
jjﬁ Important have more return paths near the
112 feedeint
1.02
0492
n.az2 .
072 Feedpoint
0.62 \
052 X \\\
042 T \
0.33 . \\
023 Transceiver \
R N
Theta : 80 Axis: 5 ft Phi : 90 %I_

North Texas soil conductivity is 30 mS/m

Poor soil conductivity is 10 mS / meter Soil — Ground Rod - Radials

Sea water conductivity is 5000 mS / meter
S = Siemens (MHOs outdated term)



VERTICAL FEEDPOINT RESISTANCE and EFFICIENCY

Feedpoint Resistance (Rin) =  Rrad + Rgnd + (RL+Rs)
(at resonance) AND
Rrad Rrad
ici _ 1% oR
AT (B e = Rin Rrad + Rgnd + (RL + Rs)

Rrad — Radiation resistance
Rin — Feedpoint resistance at resonance Rgnd — Ground resistance

RL — Loading resistance
Rs — Structural resistance

Xc=XL or jX=0

Examples: 50 ft 160 m vertical with 4/8/16 radials

£ = 6 Ohms _ 6 Ohms
6 +20 + 4 Ohms 30 Ohms = 20%
6 +15+ 4 Ohms 25 Ohms = 24%

6 + 10 + 4 Ohms 20 Ohms = 30%

10



VERTICAL MATCHING -SWR

(Standing Wave Reflection)

Examples: 50 ft 160 m vertical with 4/8/16 radials

Feedpoint Resistance (Rin) = 30 Ohms = 20%
(At Resonance) 25 Ohms = 24%

20 Ohms = 30%

SWR = i or % (use the larger number on top)
Coax Z Rin
swR = 20-0hm Coax:_ SWR _ 50-Ohm Coax _ , ¢

25 Ohms Rin 20 Ohms Rin
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VERTICALS

Antenna RESONANCE occurs when XL =Xc or jX=0

Capacitive : Inductive
o Xesxe D Xes Xe
3.75 MHz Ao | -
E } N AL
= Inductive and Capacitive
I= Reactances are equal here
2
i
K -Xg pemmmmm—u
Above Resonant Below
60 ft 64 ft 70 ft
X=-X Xc = XL X =4+X
or iX=0 or g (1) Mrequency, f
(Add Xv) (Add Xc) y

Series Resonance

12



VERTICALS

Feedpoint IMPEDANCE (Z) is the mathematical combination of R and X or; 7z = \jRﬂ +(X, -X.)

LI 755WR - AntScope

File Edit View Configurs Measurement Help

== & T e ®

250R ‘2

200R Impedance Z ReS|Stance R 1
/

150R /

100R
— 34
5

/ Fq = 3.825 MHz

Xc SWR = 1.22

Retrn Ioss = 20.01 B

7 =40.9 + j0.5 Ohm

|z| =40.9 Chm

Phase = 0.7 2

100R L =21rH

Zpar = 40.9 Ohm

Lpar = 135350 nH

Cable: Length(1/4) = 42.43 ft, Length(1/2) = 84.96 ft

XL

50—

Reactance jX

365MHz 3.80°fiHz 3.95 MHz

Actual HyGain 18HT Vertical Impedance Data



VERTICALS
160 m Vertical with two 90 ft radials
Comparison between poor ground and good ground

Yer-gain [dBi] nz Yertical plane
1.8Vert-2R-30ft out 1.84 MHz Norm-2ll: 1.5 dBi 155

1.84 MHz

3.7dB

et
(For living in 'I/ " 5
Dallas) 5]
N

The unit of antenna gain is dBi. dBi means
F "Isotropic”, a perfect POINT SOURCE, i
which radiates in a spherical manner. It is a
relative measurement

-_— ' = TIT T30
X ! N,
1.8 ert-2R-30f outy 5y 150 997 < dBi< 1B
1.8ert-2R-30f poar.out 997 < dBi < -2.1

Theta - 80 Axis - 50 ft Phi - 280 Phi= 272 185 4g0 1% Max gain The:70

] W ' ] a
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VERTICALS
160 m Vertical with four 90 ft radials

Comparison between poor ground and good ground

_8Vert-4R-90f out 1.84 MHz Tot-gan [l e 0Z Vertical plane
-2.1 to -1.9 dBi l ‘
(.2 dB) ; /, ‘\ .
Z 1.6(2 21 .g)dBi . "iiiili \ﬂ#, %‘::%%.’4!"
.1 “\\Wﬁ‘sﬁ" 1
S

Theta : B0 Axiz - 50 it Phi : 280

1.2 ert-4R-300 poor.ou
1.8V ert-4R-90ft out
Phi= 360 ABS ggg  TED

50 997 < dBi< 1.3
957 < dBi < 1.79

15



VERTICALS

160 m Vertical with thirty-two radials

Comparison between 50 ft and 90 ft radials (Good Ground)

1.8Vent-32R-50ft_out 1.84 MH=z

Theta : 80

-.24 dB
(loss for short
Radials)

——_——

Axis : 50 Rt Phi - 280

Tot-gain [dBi]
Morm-all - 1.91 dii 15
1.84 MHz

1.8Wert-32R-300. autg
1.8 ent-32R 50k, out
Phi= 360

150 397 < dBi < 1.91
997 < dBi < 1.67
Max gain The:70

16



1.8Vent-32R-50t-coax. out

Coll electrically
lengthens antenna
(loads)

Theta : 80

Axis : 100 it

VERTICALS

50 ft Shortened 160 m Verticals with 32 Radials
Comparison between Inductively (coil) baseloaded and centerloaded

1.84 MHz

/@::aléx

Phi: 280

Yer-gain [dBi] 0z Yertical plane
Marm-all - 0.59 dBi 15 _f 15
1.84 MHz
riat. 75
a0 a0
=Y
10 ‘ ' ' 105

1.8V ert-32R-500-coax, ou
A0t ert-F adials. out
Phi= 360 B qgp 18D

{50 -998 < dBi < 058
995 < dBi < 1.5

17



VERTICALS

50 ft Shortened 160 m Verticals with 32 Radials
Capacitive (Top Hat) Loaded

Capacitive loading

. Tot-gain [dBi] Yertuical plane
Electrically lengthens Mol 15 gL 15
1.8Vert-32R-Top Loaded.out 1.84 MHz
-7a il

-a0 a0
xr

10 105

X
RN a0
1.8 ert-32R-Top Luaded.nql] 998 < dRi < 1.06

165

Phi= 236 -180 Max gain The:68

Theta : 80 Axis : b0 ft Phi : 280



VERTICALS

Summary Between 50 ft Shortened 160 m Verticals
and Full-Size Vertical with 32 radials

Yer-gain [dBi] 0z Vertical plane Rad Eff Gain Load|ng
Narmaall - 4.92 dBi - 15
1.84 MHz

Base .
Londeq 233% -1.50Bi 40.7W

Center 3730, 058dBi 24W

\1~ \ Loaded
\ \75  Top 41.8% 1.06 dBi

[,
; ‘ Loaded

=0 % Full o .
X e 45.6% 1.67 dBi
S10R 105
‘ FSSea  951% 4.92 dBi
Water

120 . ' ’ 120
1.8 ert-32R -5 ea Water. out .-' 174 < dBi< 4.92
1 Bert-32R-T est oute .-' 994 ¢ dBi < 1.91
1.8ent-32A Top Laadedout | [ | 394 < dBi < 1.05
1.8 ert-32R -B0f-coaw.out. _ 150 -934 < dBi < 0.58
1.8V ert-32R-50f B aze Ln:uan:l_n?ng.:nlzuu -394 ¢ dBi< 1.3

Phi= 360 -180 Max gain The:-82



Near Field is the area

where the ultimate pattern is
not fully formed, and E-H

induction fields have a

VERTICALS

Radiation Pattern

noticeable effect on forces 7N

we measure.

Simple verticals have the
Frensel zone extending
out a few wavelengths.
Physically large arrays
almost always have a

Signal reflection at an in-phase point 1arge Frensel zone.

(Augmentation)

Frensel Zone is the area

where the pattern is still

being formed. It may or may \_/m\ /C‘\
not include E-H induction j ,

field areas.

Far Field is the area
where any change in
distance results in no
noticeable change in
pattern or impedance.

Signal reflection at an out-of-phase point

(Cancellation)

20



PSEUDO-BREWSTER ANGLE

Pseudo-Brewster Angle
(PBA): varies with the
ground conductivity and
dielectric constant.

The vertically-polarized
reflected wave (from a flat
earth or water surface) is
90 degrees out of phase
and minimum amplitude
with respect to the direct
wave.

Above this angle, the
reflected signal is in-phase
with the direct signal and
augments it.

-an

Below this angle, the
reflected wave is between
90 to 180 degrees out-of -
phase with the direct wave
and reduces it.

PBA is that angle at which
the direct wave reduces it.

Tot-gain [dBi] oz Yertical plane
Marmeall: .29 dBi 158

1.84 MHz

BLSSECESE: NE=t o swd
EEE Iy

Pseudo-Brewster Angle is typically
at the -4 dB point from “perfect”
ground

-Courtesy of Tom McDermott -N5SEG

21



Vertical Efficiency

Charles Michaels ~-W7XC E
QST March 1990 S

mitins » ) V7R wice
15" e
7
- g= .
1 f‘
1 (H) ANT
(R 40" § (H) L{H)
ANT cow ANT ANT
Iy Zos, iy 'e
Antenna no. 1) 2 3) (+)
R, 36.6 224 7.96 7.96
Rg 15 s 1s 15
Re - 2.3 - -
Rp s1.86 19.54 22.96 22.96
100 W 1y 1.39 2.26 z.09 2.09
Pr ar Ragg 71 19 1.5 34.7 34.7
. B 11.5%
A A A A
E il 7L Vel
1 % 1 ol 7 5
1 7 1 o 1 §7 1
I > i 3 7 1
’ i ’ [ i ’ t
’ t ’ i } / '
/ i ’ 1 ’ i ’ 1 ,
7 1 R 7 t 7 ’ Il 5' whip and
7 ;. 48 disc or 7 1 7 15.5° whi / | ©° spider or
i | lerge spider ; ' 20" wire ’ 4 . crossbars
COoIL COolL [ezall cow
L(H) t(H) L(H) 1R
ANT ANT ANT ANT
o ‘b ‘e s
Antenna no. L £S) J {8) {7
R, 7.96 a2z2 7.96
Rg 1s 1s 15
Re 4.6 4.8 4.6
Ry 27.56 27.82 27.56
100 W1y, 1.90 1.90 1.90
- 0,
Pr of Reee 28.9 S 29.5% -




40 m Vs W

20 m Trap

20m Ya W

15 m Trap

15mlaW

10m v W

VERTICALS

><v\

Capacity Loading (top hat)
in -Electrically lengthens element
T3

Add-on trap kits

Fixed coil with sliding rod
é Patent No. 4 496 953 (Butternut)

—H

[ 2+—10m Trap

T -An L-C resonant
circuit that acts as a
Hi-Z pointto 10 m

Adds inductive loading
to the next bands

L-C Trapped Multiband

Electrically
Similar

23



C

VERTICALS

Patent No. 2 535 298 -W

a W Decoupling Stub Multiband

J Lattin (1950)

<« A'awavelength trans-

mission line X velocity

factor is a resonant
circuit which create

>

Sa

phase shift at which the

open end decouple

S

that frequency from the

main element

A different connection

is possible -that is A to C.
This results in an insulator
action or decoupling

C..
10m
Decoupling
Stub —_
A

10m'vaW

Capacity Loading

(top hat)

>§/
40 m Loading

coil

~—— «— 20m Y4 W

with top hat
15 m Decoupling
Stub
B
15mvaW

24



VERTICALS

Electrical Ground Independent Multiband Antennas
Equivalent

40m
%< Vertically Polarized 0m
. < 15m

Loaded Dipole Capacity Hats

K}V 6m ™S 1om
Remember Hustler HF Mobile antennas?
o . . o Center T~ 2m
This is basically what this design is Fed \/‘v
-only mechanically mounted on a mast
) Insulated
ﬁ tubing
Just put to two of them back-to-back
and use three resonators and there \
you have it
¥§( Balun/\ \
. K
-Narrow bandwidth on 20 and 40 m Choke 40m

/<> Loading Caoil
>% Coax
Mast

25



80m Top feed vert.out

Theta

L

80m
model of
top fed
vertical

f

15ftto =
base

l Y
Axis - 10 R

- 80

Tot-gain [dBi]
Mormall: 0,32 dBi 15 5
38MHz

43ft 32 radials-Matched. out
80m Top feed vert.out 168
Phi= 360 : -180

ity b
B e iall I
90 ‘|“l“‘l"%ﬂ"~
s:&'# !

- \VERTICALS
Top Fed Antennas -No Radials

43 ft Vertical
Vs
Top Fed

SURPRISE!

T5n 999 < dBi < 06
999 ¢ dBi < 0.32

— e ——— N
Coax MatChing
Network

10m

12m

15m 17m

20 m
40 m %
7%0 m
80m Distance Above
Ground

_

Coax wrapped A 20 ft
around 20 m ]
element to base

Counterpoise

26



INVERTED-Ls and LONG WIRES

Similar to a Vertical —Has good efficiency due to long length
-Requires similar matching —a remote tuner can be used

37 ft high X 90 ft long Full-size vertical Vs Inv-L comparison
40 m Pattern

160-L-R adials. out 1.84 MHz Tot-gain [dBi]
Morm-&ll : 1.67 dBi

160-L-Radialz.out 55
1.8%ert-32R-50f. out

Theta : 80 Axis - 50 ft Phi= 360

150 -997 < dBi< 0.72
997 < dBi< 167

65
[pagrini =]
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VERTICALS

THE END

K5QY



