


No Antenna Theory, Just Results

What does it take to work DX?

— Where you place the antenna matters because signals vary
with height

« We want to know how well different ham antenna
systems perform
— Yagis / Quads on Towers
— Mobiles and Verticals
— Indoor Antennas and Wire Simple Antennas

 About RF Exposure and Antenna Safety

 Antenna Modeling
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Why Signal Strength
Varies with Antenna Height

e Ground reflections cause vertical STANDING WAVE
PATTERN, or variation in “height gain”

T T— Multi-path Pio‘?aga'uon gliding wave! f’
ionization e o S —
//////// RN ey .
N N NS Arrival angle
A/W.// : L :’ = >_‘r .. z P2
bnoshedc A A N N » I A7

e\ vertical
o\ dimension

u e, » i exaggerated
% 1T e— e ‘ %
| 1/ ' — s

\

Earth surface

Reflection point

 Vertical Standing Wave means there is an Optimum
Height for Antennas

Stay tuned: Propagation will be covered in Session #5
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Vertical Polarization: “The
Reflection Point Is Sea Water”

* Vertical polarization: over |  meer Deep nulls
. 50 paf———
sea water like (VP6DX)

e Optimum is at sea level 40

Optimum peak

at sea level \

H/V=9, roughness=2 m

“0 dB” reference is free space (no
ground reflection)

R g

Source: VP6DX Ducie Antennas: http://www.youtube.com/watch?v=rwtZBtHJTew
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Horizontal Polarization:

“The

Reflection i1s from Land

Horizontal polarization:
over earth or sea water:

There is an optimum
height that depends on:
e frequency, and

o arrival angle

We want to place the
antenna where the
signal is strongest

meters

or Sea”

Deep nulls

50

40

30

20

Hant’ m

10

2009 August 31

Peaks

elevated
-6 -4 -2 0 2 4 6
Gain, dB 6 deg; H/V=9,

roughness=2 m

“0 dB” reference is free space (no
ground reflection)
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Unique Vertical Standing Waves
for each Arrival Angle, Frequency

dB relative to a free space path e FOI’ |OWESt arl’lva|
2omband  gnQgles (1 — 5 deg),

10 [ .

i 7 higher antenna best

0

5  But, higher arrival

-10

angles (>5 deg) exhibit
“nulls” at lower heights

—

-15 8 deg” ™

5de . :
3deg > Signal angle of arrival

1 deg e Need to know what
-300 10 20 30 40 50 60 70 80 90 100 angles are Important

Antenna height, m

-20

-25
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So, what arrival angles are

Probability Density of Arrival Angles Probability Density of Arrival Angles
15 | I | 15 I I |
To World /From To World /From
Southern Florida Eastern Massachusetts
%) 0 |
S 10 f \ 1 S 10 ﬁ\‘
9 N A g’ \
% TV " \
© © \
S 5 . S 5 -
0 y 0
0 10 20 30 40 0 10 20 30 40

Signal Arrival Angle Signal Arrival Angle

Angles averaged over 80m — 10m to all regions of the world

1 — 7 deg most important for DX

5— 27 deg prevalent for shorter
distances (within USA)

50% of elevation angles < 6 deg
90% are less than 16 deg

99% are less than 27 deg
Source: http://www.arrl.org/notes/antbook/yt-files.html
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Antenna Gain and Beam Width
Important to Arrival Angle

—_

Arrival angle -3dB

(25 deg shown) 28 de

............................................................ NS
~ Groun_d
N ~ Reflection
\\-\ Point
~ - L
~ x, - /
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Antenna Azimuth Patterns
Important for S/I

 Directivity improves
desired signal,
reduces off axis noise

150

G = 15 dBi

and QRM from pile- F/B = 20 dB

ups

180
e Sometimes better to

place a null on QRM
rather than peak the

G =10dBi
F/B =20dB

210

gain on the DX
G =2 dBi
F/B=0dB

 Peak the desired S/I

270
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A Quick Recap ...

e Direct ray + ground ray produces
a vertical standing wave

Arrival angleN | o
N ’,
N 7
N

7
Reflec?tion point
» Standing wave peaks and nulls \WWMGS
depend on frequency and arrival /
angle "
e CONCLUSION: There is an ;
optimum antenna height :
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Which Frequencies and Arrival

Angles are Important for You?

dB // 20m band
10 J :
20 m 37m Standing Waves |

~o
-~
=<
-

-10

~N -~
-~
-~
~ o
-~

-15

5 deg

4 deg

-20 3deg | f1SIgnal angle of arrival

2 deg
~~1deg Y

-25

-30

0O 10 20 30 40 50 60 70 80 90 100

Antenna height, m

e There Is an optimum height:
— for each band
— for arrival angle

« Complex story, but:

— Optimum height for HF is
around 55 — 95 ft

— Lower antennas less
effective for lowest angles

— Higher antennas less
effective for medium and
higher angles
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How Can We Measure Antenna
System Performance?

CO-DX-Marathon provides a Unlimited Class: Any antenna, any
uniform measure of achievement legal power level

Rules: Work as many DX entities Formula Class Option 1:

as possible inone year, Jan1 - 10 watts, antennas on single tower,
Dec 31 height under 65 feet

Everyone has the same goal and  Formula Class Option 2:
same time frame

100 watts with either simple verticals
less than 33 ft above ground, or wire

Two classes, so we can track antennas less than 60 ft above
performance based on antennas ground and lacking significant gain;
and power no arrays, yagis, or quads

CQ Magazine also sponsors the WPX and WAZ Awards

Source: http://dxmarathon.com/Contestrules/index.htm
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If you Use a Top of the Line
Station, and Use 1t Well ...

300
275
250 -
225

Number of DX entities vs. day of the year

200
175 A
150 -

DX entities

125
100 -
75

/
Vs

WAON

* 95 ft tower

» 10dBI antenna
* kilowatt

<=

95 ft tower
10 dBi antenna

i

50
25 *‘

CW 40%
SSB 55%
RTTY 5%

0
0

31 61 92 122 153 183 214 244 275 305 336 366

A top operator at a
top station can
work ~270 DX
entities in a year

2009 August 31
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If you Use a Top of the Line
Station, and Use 1t Well ...

300

275 -
250 -
225 -

200

175 -

DX entities

125

75

50
25 -

0

Number of DX entities vs. day of the year

150 -

100 - /

A

N4ll at WAMOT

CW 72%
SSB 17%
RTTY 10%

0 31 61 92 122 153 183 214 244 275 305 336 366

e 85 ft tower
10 dBI antenna
e kilowatt

| 85 ft tower

10 dBi antenna
A top operator at a
top station can

WOTK =270 DX

entities in a year

KE4PT photo

2009 August 31
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With a Moderate Height
Station, and Favoring Voice

300

275 -
250 -
225 -
200 A
175 -

150 -

DX entities

125 -
100 -
75
50

Number of DX entities vs. day of the year

’___I-

2009 f

2008

—

WADTA
e 55 ft tower

2 element quad
then StepplIR
antenna

25 -

—

CW 19%
SSB 75%
RTTY 6%

55 ft tower
10 dBi antenna

0
0

31 61 92 122 153 183 214 244 275 305 336 366

Typical station can
work over 100 DX
entities in a year

2009 August 31
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Mobile Station, Low Power
but Favoring CW

300
275
250
225

200 &

175
150

DX entities

125

100 -

75

50 A

25
0

JA7OXR/M

.{_

Source: http://www.qrz.com/db/ja?oxr

JA7/OXR

2008/,}
2007 CW  72%
| SSB 17%
DX entities vs. day of the year | RTTY 10%
O 31 61 92 122 153 183 214 244 275 305 336 366

2009 August 31

 All mobile effort

e 50 watts

e can pick a quiet
location

Vertical
mobile
antenna

A mobile station
can work ~150 DX
entities in a year
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Indoor Antenna Station,
Mostly CW

KE4PT

2 m band J-pole ry
300 1 146 m i] |
275 AC mains e
Sl
250 . EA 6.6m |l
n = Antenna tuner
225 i E - - E Coax cable
- 43m
H l Transceiver
200 - d, 3
Elevation view 2.5 m long ground rod —
175
2 150 -
8 — | 2009
125 - /
100
""" 2008
75 -
>0 CW  97%
25 - 1 SSB 3%
DX entities vs. day of the year | RTTY 0%
0 T T 1 T T 1 T T T T T
O 31 61 92 122 153 183 214 244 275 305 336 366

2009 August 31

e [Indoor antenna
e ~0 dBi
e 100 watts

Indoor
antenna

Modest station with
“no visible means
of antenna” can
work ~130 DX
entities in a year
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Summary:. CQ-DX Marathon 2008

350

50

0

DX Entities Worked in One Year

In one calendar year, even
with few sun spots ...

Unlimited Class stations can

300 95 ft Antenna
'\‘

250 . | Unlimited
(7] ) S
3:q5': 200 \"\ 55 ft anten
5 \\
= 150 %

\_\
100 =

97%

11 21 31 41 51 61 71 81 91 101 111 121

Placement

2009 August 31

work almost 300 DX entities in a
year: up to 30 dB advantage over
modest station:

— 10 dB in height gain
— 10 dB in antenna gain
— 10 dB in power

97% of “Unlimited Stations”
worked more than 100 DX
entities in one yeatr,

CAN USE ANY MODE
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Summary:. CQ-DX Marathon 2008

DX Entities Worked in One Year
In one calendar year, even

7 with few sun spots ...
300
67% of “Modest Stations”
250 _ worked more than 100 DX
S 200 LMD entities in one year:
E \ | || Indoor BEST RESULTS with CW
n 150 3
N, 10w Modest stations 100 watts or
100 Y less and with no significant
67% W antenna gain can work over 200
50 y—{ 2 W DX entities in a year
Formula}}
0 : : ‘ .
1 11 21 31 41 s1 61 71 81 o1 101 111 121 | QRP station (<10 watts) can

aspire to 100 DX entities!

Placement
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Not Really an Antenna Issue,
but ... CW/digital vs. SSB

With 100 watt PEP
transmitter, CW average
power is 44 watts, with
SSB it is only 22 watts

3 dB advantage for CW

A receiver CW filter noise BW
Is 350 Hz compared with
2,700 Hz for SSB

9 dB advantage for CW

CW operators, especially
experienced DX operators,
listen more intently to CW

4 dB advantage for CW

There Iis a net CW advantage Total: 16 dB advantage for
equivalent to 3 S-units! CW over SSB

Similar advantage can be claimed for the narrow band digital modes
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Summary:. CQ-DX Marathon 2008

DX Entities Worked in One Year

350

In one calendar year, even
with few sun spots ...

Unlimited Class stations can

300 95 ft Antenna
\\-L
250 S~ —
— | Unlimited
3 Mobile ~—~
%200 \\ ‘ \"\ 55 ft antenna
(0 Indoor \\
PY \ 4 v
n 150 3
M| 10W '\
100 /4\ A
67% 97% \
50 \ 5wW
Formula}} \
0

1 11 21 31 41 51 61 71 81 91 101 111 121
Placement

work almost 300 DX entities in a
year: up to 30 dB advantage over
modest station

Modest stations 100 watts or
less and with no significant
antenna gain can work over 200
DX entities in a year

ORP station (<10 watts) can
aspire to 100 DX entities!
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Antennas: the “take away”

« DXCC possible using 10 — 100 watts and simple
antennas within one year (67% probability)

 No Surprise: the probabllity increases to 97/% for
Yagis on optimum height towers, kilowatt, good
operator: flexible with operating modes

o Optimum antenna height is 55 — 95 feet for
Horizontal Polarization

e Surprise: Mobiles, Verticals, Indoor Antennas can
yield very good results: favor CW/Digital modes
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What About RF Safety?
Certify your Station

Several ways to go ...

 Tables and charts (Easy to use)
e Calculations (Simple calculator best)
« Measurements (Rarely a good idea)
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“"READ CAREFULLY BEFORE
SIGNING”™

When you obtain or renew your ham license you
use FCC form 605.

By signing the form you agree to the following
fine-print text:

“| certify that: ... | have read and WILL COMPLY
with Section 97.13(c) of the Commission’s Rules
regarding RADIOFREQUENCY (RF) RADIATION
SAFETY and the amateur service section of
OST/OET Bulletin Number 65.”
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Without Exception:
All Stations Must Be CERTIFIED

e Basis of RF exposure standards in the
regulations
— 8§ 97.13(c) starts the process for Hams
— 8§ 1.1310 “Radiofrequency radiation exposure
limits”
— § 2.1093 “Radiofrequency radiation exposure
evaluation: portable devices” (20 cm separation)

e Some stations are exempted from evaluation
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Easiest: (Free) MPE Calculator

Enter Antenna and Operating Data

Antenna Type Half-wave Dipole Antenna Gain, dBi 2.15

Transmission Line Type Hardline Emeissien LIz N

Length. Feet

Transmitter Power

(Max. PEP), Watts 1500 Include Ground Effects? Yes
FPower at Antenna. PEFP 1500
Frequency. MHZ 239 Minus Line Loss, Waltts

) ) . . Controlled Uncontrolled
E stimated distances from transmitting antenna [in feet]

necesszary to meet FCC power density limits for Maximum
Permizsible Exposure [MPE]:

SSB w/o processon [20% duty cycle]: 10 225

CW and SS5B w/processon [40% duty cycle]: 142 31.8
FMAFSK/BTTY ZAFSKASSTY (1002 duty cycle]: 225 h0.2
WORST CASE [100% duty cycle:w/o transmission 29 § LD 2

line attenuation; w/ground reflection effectzs]:

Antenna and Operating Data can be changed by clicking on the data
boxes. Press 'ENTER' after data entry for new results to be displayed.

Source: http://lwww.qgsl.net/wOjec/index.html



Actual Fields are “Messy”, MPE Calculator
and OET65 Tables are Easy to Use!

_ Maximum of electric or magnetic _ _
height, m  field relative to MPE limit, dB /-Dlpole: end view, 1500 W

151 | ol
1 I
1 I <0 <0, I
\ I/
\ \ /
. \ I/
10\, M
\ /
\ \ 50.2 feet: MPE calculator // /
\ 47.6 feet: OET65 Table 7 o> S/
5 ///
0 //
<0 0 dB g
\ N 0 l/)/ <O
0 = R -6'__ _—_’_‘3\, |
-15 -10 -5 5 10 15

distance along ground, m

Source: RF Exposure and You, ARRL, 1995
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Certify Your Station!

Maximum Permissible

F or mo St cases. Exposure (MPE) Calculalor

by Jon £, Crisman. HEHG

- U Se M P E Cal Cu I ato rS Following the procedures recommended in FCC OET Bulletin

No. 6b, Supplement B. this program utilizes your frequency of
operation. operating mode. transmitter power. transmission line

— U Se FCC O ET B u I I e‘tl n 65 losses, antgnn_a gain. ar_ld ground reflection effects to cal_culate
power density in the main lobe of your antenna and the distance
from the antenna that must be maintained to meet the Maximum
Permissible Exposure limits in both controlled and uncontrolled

—_— AVOid meterS! environments.

Copyright 1998, Jon E. Crisman. All Rights Reserved

Exit |

For stubborn cases: y——

Orfice of Engineanng & Technology

— Use calculations from NEC Evslusing Compince vith ECC

Guidelines for Human Exposure to
Radiofrequency Electromagnetic Fields

AN

Help available: i
— ARRL RF Safety Committee (!
— ARRL Technical Advisors

Supplement B
(Edision $7-01)
I

e e Source: H{tp:‘ WWw .narda-sts.us/
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Antenna Modeling



What the equations mean ...

_0dD __0B
VRS Bl VXE= -5t
H and E fields wrap (curl) around each other ...
B=pH D=¢E

V-J:-g‘t’ VeD=p VeB=0

subject to physical constants, and sources ...
B=VxA E=-VO - joA

V2A + K°A = -ud + V(VeA + joued)
and after much mathemagical manipulation ...

7& e-jkr
A - 4 Al

Z ... currents radiate!
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What the equations mean ...

_0dD _ OB
VxH= P +J VXE = po
A magnetic field H * An electric field E will
will ‘curl” around a ‘curl’ around a time
time-varying electric varying magnetic flux B

displacement D, and
around a surface
current J

D=¢,E /'
NS

L
L
L
LJ
LA
L ]

dipole
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What the equations mean

These can be w1 D
dangerous ~~._::.:{::'_" — _
high voltage ‘} g B=1yH/ dipole
points! :
dipole /
_9p '\ B
Vel=-70 -#-..VeD=p V+B=0
e Diverging current » Electric displacement
densities J are fleld D originates at
related to moving charge densities p

charge densities p  « Magnetic flux lines
don’t terminate at
points or surfaces
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What the equations mean ...

* Finally, we can e Solve the wave
perform lots of equation to give an
complex vector math expanding wave front
to write a “wave e’ r due to the
equation” antenna current |

B=VXxA E=-VO-joA

V2A + KA = -ud + V(VeA + joued)

Ho o €0
4o 1417,

A - Z
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How we use the equations ...

« Hams “solve” these equations inside

applications like “4nec2”, EZNEC,
“MININEC”,“NEC-2,3,4", “NEC-WIinPro”...

A

150 mm | original 2m
*(122mm]  element
162 mm

*170 mm]{ “hair-pin”

\ 2 de-coupler

162 mm
*(160 mm)

magnetic
base

50 ohm coax
*(optimized with NEC)

Geometry

¥l Patten  (F4) (=[] EiPattem (F4) - [E]x]
Show Farfield Mearfield Compare Plot Show Farfeld Mearfield Compare Plot
E tot in [ ¥/m] 3.2 ¥/mfor X=-0.1, ¥=0.22, 7=0.39 H tot in [ Afm] X=-0_1 mtr
146 MHz 7 146 MHz
962 *4 28 0.4
908 o 2E5
2 25 03
o
G0  amsw 235
746 03¢ 22 U3
652 }’ 2.0
g 0% 1g |o&
584
0z 0.2
531
s amii | [BE
423 1.3
3B/ 1 - .
kil
261 005 < .84 |0.05
207 o
153 Bedp n54 163
1 1 1 1 1 1 Il 1 1 1 1 1 1 1 1 1 1 1
S 1] 005 01 018 02 025 03 035 04 Y 0.33 1] 00s 01 015 02 025 03 03 04 Y
H=-0.1 mtr 182 ¢ [W/m] < 962 | | #=-0.1 mbr 0.39 < [&/m] < 2.81
dual-band-mono-r1_out Max: ¥=0:7=03 dual-band-mono-r1_out Max: ¥=0: 7=0
S [S0 ohm) Aual-bard morsn-r 1 oot
m
B
: VSWR, RL
3
! 135 137 133 141 143 145 147 143 151 1535 155 MH=
Fetl coef [dB] [ 50 akbm)
=

14
1
12

=0

=
10
RE

135 137 133

Source: 4nec2 by Arie Voors: http://wireless.ictp.it/school_2005/download/nec2/
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141 143 145 147 143

151

155

155 kiHz

Tot-gain [dBi]

445 MHz

Vertical plane

16/
DUAL-BAND-MONO-RT.0ut
Phi= 0

0
-3 < dBi<57
Max gain The:-30
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The Antenna in Two Bands ...

$iPattem (F4)
Show Farfield Mearfield Compare Plot

E tot in [ ¥/m] 313.2 ¥/m for X=-0.1.¥=0.22, 7=0.39

- O]

EiPattem (F4) _[O]=
Show Farfield Mearfield Compare Plot
H tot in [ A/m] X=-0.1 mtr

SWR [ 5D ohm) dual-band-mono-r1. out
n

B
4EMHz R § VSWR, RL
962 5
W 2 m band |
e %, 2m
85&.9,35: 25 03 3
80g wnn® 235 2 M
745 03¢ 2z |03
92 }’ 2.0
025 025 1
2 -9 195 1% 18 41 143 M5 47 43 151 153 1%MHe
54 02 02 Fefl coef [dH] [ 50 akm)
531 :
E
7 s <”‘” 015
423 1.3 k-
el == I R A0
35 1é
261 008 < 084 005 14
207 _
153 Bed- 054 16831 16
1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1E
S i 005 01 015 02 025 03 035 04 y| 033 i 005 01 015 02 025 03 035 04 Y|
ol < 362 fj =01 mt 280 7935 47 1™ 14 143 M5 147 149 19 193 1G9MHe
dual-band-mono-r1.out . . F=0.3 dual-band-mono-r1_o . . Z=0
———— Electric fields - Magnetic fields |-
] =1 K| ey DUAL EAND-MOND A1 out
Show Farfield Mearfield Compare Plot Show Farfield Mearfield Compae  Plob 1 N
E tot in [ ¥/m] H tot in [ A/m] 0.429 A/m for X=-0.1, Y=0.35, Z=0.39 B
445 MHz 44 bl
zZ =
526 3 VSWR, RL
= " cm band | ’
w RISy ; 70cm
435 .
454 Z
434
1
:23 440 442 444 446 440 40 452 454 455 470 460 1Hz
T Fefl caf [6E] [ D atnl
w2, N
i A0
2&'.:?‘ 15
2t il
@m W b
190 ‘D.DS ......... a0
160 SR
129 Gedf < 40
1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 4[
kL i 005 01 015 02 025 03 035 04 Y 0 005 01 DIE 02 0% 03 0% 04 Y|
=01 mir 142 ¢ [Vim] <536 | | %=01 mir 04 < [Adm]< 201[]
dual-band-mono-r1.out Max: ¥=0: Z=0.1 dual-band-mono-r1.out Max: ¥=0: Z=0 ; H 2 444 448 i 40 40 45 4% 48 460 Mz
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