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Boring!

Watching someone teach a course
on antenna modeling and
propagation prediction would be
boring! To make sure | don’t put
you to sleep, this presentation will
show how propagation and
antenna-modeling software can be
used to make decisions about
which antennas to use under what
circumstances?




Q: Which antenna is best for DX on 40 meters? A half-
wave dipole up 40 feet or a vertical with 4 radials?

Show of hands!
Lore vs science

ITS HF BC software to predict
propagation

EZNEC antenna modeling software to
show antenna performance

Will use ITSHF to predict propagation
angles

Will use EZNEC to see what each
antenna does at the predicted angles
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B | ICEPAC Point-to-Point data input - Version 16,1207W
Eile Run View Saveto: Help

Method 30 = Short/Long smoothing (7-10000 km) - Recommended
Year 1995 Coefficients |UHS|aa{Austra|ian}
Time 01to24 by 1hours UT
. Groups i monch.Day=  €.00
SSN = 100
Dindex = 0.000
Transmitter |35 30N 590W TANGIER, Morocco Swap Tx-Rx
Receiver 44 90 2050E BELGRADE
Path Short Distances: 2441lkm 1318nmi 1517mi Azimmth: 57.4deg
Freq(MHz) 6.075 7.200 9©.700 11.850 13.700 15.350 17.725 21.650 25.885
System Hoise Min Angle Reg.Rel. Reqg SNRE  Multi Tol Multi Del
145 (-dBw) 0.1l0deg 50% 73dB 3.00dB 0.10msec Normal
Eprob 1.00%foE 1.00%foF1 1.00%foF2 0.70%*foEs
Tx Antenna # Min Max Design DirectoryhFilename.sfx Model MainBeam Power kW
1 2 30 0.000 DEFAULT \CONST17.VOAR 2-D Table 0.0 500.0000
BxAntenna | prrauLT \SWWHIP.VOR 0.0deg  0.00dB

Input Help: Change Month/S5MN/Qindex parameters
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Change MONTH.DAY/55MN/Clindex parameters

Cancel January | Seasons |AIIMDNTH5|
Months SSNs SetQs | EFSSN |
1 |am 100 0
2 | 0.00 0 0
3 | 000 0 0
4 | 0.00 0 0
> | 0.00 0 0
b | 0.00 0 0
7 | 0.00 0 0
5 | 000 0 0
9 | 0.00 0 0
10 | 000 0 0

Input Help: Enter MONTH.DAY values to calculate







18" Change TRANSMITTER parameters 4
1 TRANSMIT.???  CIRCUITS.?7?

..Accept | Cance by City byNation | byState | «
Active TRANSMIT.??? = TRANSMIT.DEF
Active CIRCUITS.??? = CIRCUITS.DEF

Latitude | 35 80N
Longitude: | 590w
Mame |TANGIER. Morocco

O = M =]

Input Help: Selectfrom US STATE files sorted by CITY name
















Method

B | ICEPAC Point-to-Point data input - Version 16,1207W — O
Eile Run View Saveto: Help

30 = Short/Long smoothing (710000 km) - Recommended

Year

1995 Cosfiicients | R 83 (Australian)

Time

0to24 by 1hours UT

Month.Day= &.00

SSN = 100
Dindex = 0.000
Transmitter |35 30N 590W TANGIER, Morocco Swap Tx-Rx
Receiver 44 90 2050E BELGRADE
Path Short Distances: 2441lkm 1318nmi 1517mi Azimmth: 57.4deg
Freq(MHz) 6.075 7.200 9©.700 11.850 13.700 15.350 17.725 21.650 25.885
System Hoise Min Angle Reg.Rel. Reqg SNRE Multi Tol Multi Del Absorp
145 (-dBw) 0.1l0deg 50% 73dB 3.00dB 0.10msec Normal
Eprob 1.00%foE 1.00*foF1 1.00%£0F2 0.70%foEs
Tx Antenna # Min Max Design DirectoryhFilename.sfx Model MainBeam Power kW
1 2 30 0.000 DEFAULT \CONST17.VOAR 2-D Table 0.0 500.0000
BxAntenna | prrauLT \SWWHIP.VOR 0.0deg  0.00dB

Input Help: Change Month/S5MN/Qindex parameters
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Change FREQUENCY complement

Accept Cancel Zero All SetDef2 SetDef3

Change the FREQUEMNCY complement.
Frequencies will be sorted leastto greatest.
Zeroes will be pushed to the end.
Duplicates will be removed.

Default=" | §.075 7.200 9.700 11.850 13.700 15.350 17.725 21.650 25.885 0.000 0.000
Default2= | 4 000 6.000 7.000 9.000 11.000 13.000 15.000 17.000 19.000 21.000 26.000
Default3= | 2 600 4.300 6.400 8.600 10.500 12.900 15.000 17.100 19.500 22.500 25.600

Freq(MHz) =|6.075 7.2 97 11.85 137 15.35
FreqMHz)=|17.725  |2165 25885 |0 0
Input Help:
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B | ICEPAC Point-to-Point data input - Version 16,1207W — O
Eile Run View Saveto: Help
Method 30 = Short/Long smoothing (7-10000 km) - Recommended
Year 1995 Coefficients |UHS|aa{Austra|ian}
Time 01to24 by 1hours UT
| Month.Day= 6.00
SSH = 100
Qindex = 0.000
Transmitier |3580N 590W TANGIER, Morocco Swap Tx-Rx
Receiver  |4490N 20.50E BELGRADE
Path Short Distances: 2441lkm 1318nmi 1517mi Azimmth: 57.4deg
Freq(MHz) £.075 7.200 ©.700 11.850 13.700 15.350 17.725 21.650 25.885
System Hoise Min Angle Reg.Rel. Reqg SNRE Multi Tol Multi Del Absorp
145 (—dBw) 0.1l0deg 90% 73dB 3.00d8 0.10msec Normal
Eprob 1.00%foE 1.00%foF1 1.00%foF2 0.70%foEs
Tx Antenna # Min Max Design DirectoryhFilename.sfx Model MainBeam Power kW
1 2 30 0.000 DEFAULT \CONSTL7.VOR 2-D Table 0.0 500.0000
BxAntenna | prrauLT \SWWHIP.VOR 0.0deg  0.00dB

Input Help: Change Month/S5MN/Qindex parameters
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Change TRANSMIT antenna parameters for ICEPAC

Accept | Cancel

kW

Min Max Design MainBeam TxPower
02 0 -] [0 I deg atRx |0
T¥Ant= | DEFAULT\CONST17.VOA (2-D Table)

Select DIRECTORY for TRANSMIT antenna file selection

U
default
samples
nused IN‘r‘E" j |ﬁ ||ﬁ |deg ST B[] |kw
Txhnt=
Unused [nja | [0 0 deg at Rx |{]| kW
o TxAnt=
Input Help:

m

B o @

wa
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Select TRAMSMIT AMTEMMA file from AAMNTEMMAS samples >

Accept Cancel 43 valid antenna files found
Filename Type Description
i i 0l ] 21T
SAHPIE.DI ( 1) HR 4/4/1 Sample t?pe Dl Hultlhand Aperlndlc Reflectnr Array
SAMPLE .02 [ 2) HR 27273 ‘Samnple type 2 Dual-Band Center-Fed Half-Wawe Dipole Arrawv
SAMPLE .03 ([ 3) HE 4-4- .5 ‘Samnple type 03 D[Dual-Band End-Fed Half-Wawve Dipole Arravy
SAMPLE . 04 {4y TR 2-1-.5 Sample type 04 Tropical Arrav
SAMPLE . 05 ( 5y LPH 29..8-31.1-67 . 1-7-21 . 60450 :Samnple tyvpe 05 Horiz Log-Periodic
SAMPLE . 06 [ 6) LPV 12-4-25-06-2-14-450  :Sample type 06 Vertical Lop-Periodic
SAMPLE . 07 [ 7) EH155.-40 . 3768 ‘Samnple type 07 Horizontal Rhombic
SAMPLE . 08 { 8) Omni 4dB [HQ 1-.3] Sample type 08 Cuadrant Antenna
SAMPLE . 09 {9y HX .3 ‘Sample type 09 Crossed-Dipole Antenna
SAMPLE . 10 10y VM 8-8-120-3 ‘Sample tyvpe 10 Vertical Honopole
SAMPLE 11 {11y SWWhip for RECE33 :Sample tvpe 11 Gain Table wersus Elevation Angle
SAMPLE 12 {12y HR 4471 ‘Sample tvype 12 Curtain Array HTIA Feport 87-21G6
SAMPLE 13 (13) HE 4-4-.5 ‘Samnple type 13 360 degree gain tahble
SAMPLE 14 (14) REH155.-40. 368 ‘Sample type 14 Point—-to-Point gain @ 30 fregs
SAMPLE 21 (21) REHa7.-88-17 ‘Samnple type 21 ITSA-1 Terminated Horizontal Ehombic
SAMPLE 22 (221 VM- 25 ‘Samnple type 22 ITSA-1 Vertical Monopole
SAMPLE . 23 (23 HD- .5+ 25 ‘Samnple type 23 ITSA-1 Horizontal Dipole
SAMPLE . 24 (243 HY~- 5 25 ‘Sanple type 24 ITSA-1 Horizontal Yagil
SAMPLE . 25 (25) VLP~. 252 ‘Samnple type 25 ITSA-1 Vertical Log-Periodic
SAMPLE . 26 (26 H- 274 ‘Sample type 26 ITSA-1 Curtain
SAMPLE . 27 (27 W23-,122-15-1.8  :Sample tyvpe 27 ITSA-1 Sloping Vees
SAMPLE . 28 {28y L-o21-10 ‘Sample type 28 ITSA-1 Inwverted L
SAMPLE . 29 (29) SR-23-88-17-8 ‘Samnple type 29 ITSA-1 Sloping Fhombic
SAMPLE . 30 (30 IR-A70-114-20-4  Sample tvpe 30 ITSA-1 Interlaced Rhombic
SAMPLE . 31 (31 EHe7.-88-17 ‘Samnple type 31 ITS5-Y8 Terminated Horizontal Ehombic
SAMPLE . 32 (32) VM- 25 ‘Samnple type 32 ITS5-78 Vertical Monopole
SAMPLE . 34 34y HY~ .5+ .25 ‘Samnple type 34 ITS-V8 Horizontal Yagi
SAMPLE . 35 (35) VD . 5+ 25 ‘Samnple type 35 ITS-Y8 Vertical Dipole
SAMPLE . 36 (36) Hr24 ‘Samnple type 36 ITS-YE8 Curtain
SAMPLE . 37 (37 V23-.122-.15-1.8 Sanple tyvpe 37 ITS-78 Terminated Sloping Ves
SAMPLE . 38 38y L-o21-10 ‘Sample type 238 ITS-78 Inwverted L
SAMPLE . 39 [39) SRE-23-88-17.-8 ‘Sample type 39 ITS-V8 Terminated Sloping Ehombic hd










B Select PARAMETER to plot from: Group #1 201 100ssn 0.00C

Exit

Group # 1 5.01 100ssn 0O.000Q

Parameter [Minimum-Mazimum]
AMGELE = Radiation angle (degress) [ 0.50- Z5.00]
AHNGLER= Receiver Radiation angle [(degrses) [ 0.50- Z8.00]
DELAY = Time delay (milliseconds) [ 26.90r 3J2.80]
VHITE = Wirtual height (km) [ 70.00- 598.00]
MFdaw= % of dayvs-month skv-wave propagation expected at MUF][ 0.00- 100.00]
LO3E = Median syvstem loss (dB) [ 150.00- 366.00]
DELI = Median field strength at receive location (dBu) [-411.007 8.00]
SDEW = Median signal power at receiwver (JdBW) [-536.00--120.00]
HWDEW = Median noise power at receiver [(dBW) [-177.00--136.00]
SHE = Median signal-to-noise ratio (dB) [-392.00~ 51.00]
EPWRF = REequired power & antenna gain to achieve reliahbh (dB)[ 39.00- 473.00]
REL = Time availakility., % time SHE exceeds required SHE 0.oo0- 3.00]
MPEOE = Probability additional mode in multipath tolerances | 0,00~ 0.00]
SPEE = Service probability, reguired reliabkilty will be met] 0.oo0- §.00]
SI3LW = Lower decile signal pwr (field strength & loss) (dB)[ 0.70-  Z5.00]
SIGUP = Upper decile signal pwr (field strength & loss) (dB) [ 0.50- 25.00]
SHELW = Lower decile SHNE increment (dB) [ 7.00-  ZB.30]
SHEUP = Upper decile SHE increment (dB) [ 5.400 0 Z25.70]
TEAIN = Transmitter Antenna Gain (dB) [ o.00s 0.00]
RGAIN = Feceilwer Antenna Gain (dB) [ -17.00~ 0.00]
SHExz = Signal-to-Noise ratioc (dB) at Eeg. Eel. [-405.00- 34.00]
DEM = Median signal power at receiver (dbm) [-506.00- -90.00]
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Frequency (MHz)

12

10

AUG,01 1995 (Daily) SSN
T

= 100.

OKYO

Qeff=

47.67 N 117.40 W - 35.67 N 139.77 E

0.0 dBi[samples\SAMPLE.0O

-145.0 DBW

MULTIPATH POWER TOLERANCE =

RCVR 2-30 2-D Table [DEFAULT\SWWHIP.VOA

REQ. REL = .
3.0 DB

0.0 Minimum Angle 0.10 deg

AZIMUTHS N. MT. KM

303.59 43.67 4320.5 8000.8
] Az= 0.0 OFFaz=303.6 1.000kw
] Az= 0.0 OFFaz= 43.7

90 REQ. SNR = 73.0 DB

MULTIPATH DELAY TOLERANCE = 0.100 MS

Version 161207W

ICEPAC

[dB]
L_]>=
50> ] >=
45> [ >=
40> >=
35> ] >=
30> [

LUF

\/
10 . 14 16
T1 uT)

Signal-to-Noise
Median Decile

MUF

Minimum Maximum
-392.00 51.00

URSI coefficients

LUF dashed means

Reg Rel not met.
18 20 22

NTIA/ITS

T—TT

T Ty
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B Select PARAMETER to plot from: Group #1 201 100ssn 0.00C
Exit

Group # 1 §.01 100ssn 0.000Q

Parameter [Minimum-Maximum]
AEGELE = Hadiation angle [(degress) [ 0.50- 28.00]
AHMGLER= Receiver Radiation angle (degrees) [ 0.50- 28.00]
DELAY = Time delay (milliseconds) [ 2b.90s 32.860]
VHITE = Wirtual height (km) [ 70.00~ 598.00]
MlFday= % of davs-month skyv-wave propagation ezpected at MUF|[ 0.00- 100.00]
LOosE = Median system loss (dB) [ 150.00- SeB.00]
DB = Median field strength at receive location (dBu) [-411.00~ o.00]
~DBW = Median signal power at receiver [(dBW) [-53b.00--120.00]
HDBEW = Median nolise power at recelver (dBW) [-177.00--136.00]
SR = Median signal-to-nolise ratio (dB) [-392.00 51.00]
EPWEREG = REequired power & antenna gain to achieve reliah (dB)[ 39.00- 475.00]
REL = Time availability, ¥ time SHR exceeds required ZHE | 0.o00- 3.00]
MPROE = Probability additional mode in multipath tolerances [ 0.oors 0.00]
“PRE = Bervice probability, required reliabilty will he met] 0.00s o.00]
SIGLW = Lower decile signal pwr (field strength & loss) (dB)[ 0.70- 25.00]
=IGUP = Upper decile signal pwr (field strength & loss) (dB) [ 0.50 25.00]
SHELW = Lower decile SHE increment (dB) [ 7.00  Z26.860]
SHEUP = Upper decile SHE increment (dB) [ 5.40- 25.70]
TEAIN = Transmitter Antenna Gain (dB) [ 0.00s 0.00]
RGAIN = Eecelwver Antenna Gain (dB) [ -17.00- 0.00]
oiRxz = Bignal-to-Nolse ratio (dB) at Reg. Rel. [-405.00 34.00]
DEM = Median signal power at recelver (dbm) [-506.00- -90.00]
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Frequency

AUG,01 1995 (Daily) SSN = 100. Qeff= 0.0 Minimum Angle 0.10 deg

SPOKANE TOKYO AZIMUTHS N. MI. KM

47.67 N 117.40 W - 35.67 N 139.77 E 303.59 43.67 4320.5 8000.8

XMTR 2-30 + 0.0 dBi[samples\SAMPLE.00 ] Az= 0.0 OFFaz=303.6 1.000kw
RCVR 2-30 2-D Table [DEFAULT\SWWHIP.VOA ] Az= 0.0 OFFaz= 43.7

3 MHZ NOISE = -145.0 DBW REQ. REL = .90 REQ. SNR = 73.0 DB

MULTIPATH POWER TOLERANCE = 3.0 DB MULTIPATH DELAY TOLERANCE = 0.100 MS

Version 161207W

Radiation Angle
[degrees]
1> 25
25> | >= 20
20> >= 15
15>l >= 10
10> >= 5
5>
LUF MUF
FOT

Minimum Maximum
0.50 28.00

URSI coefficients

LUF dashed means
Reg Rel not met.

NTIA/ITS

=

23



24



25



























B8 EZNEC Pro/d+ v. ATD

File Edit Options Outputs 5Setups View Utilities Help

> Dual Small Loop
Open File: LAST EZ
Save g » | Frequency ¥ MHz
Ant Notes Wwiavelength 14051 it
Cas » | wWires 1 wire, 11 zegments
T CicDat | > | Sources 1 Source
“Load Dat | > | Loads 0 Loads
T FFTab | > | Trans Lines 0 Tranzmizzion Lines
TMFTab | ¥ | Transformers 0 Tranzsfarmers
T owR | » | L Networks 0L Metworks
e Ant | » | Y Param Networks 0% Param Metworks
I * | Ground Type Feal/High Accuracy
> | Ground Descrip 1 Medium [0.005, 13]
> | wire Loss Copper
MEC-4D > | Units Feet
FF Plat I > | Plat Type Elewation
» | Azimuth Angle 90 Deq.
» | Step Size 2 Deq.
» | Ref Level 0 dei
> | Alt SWR Z0 5,569 ahms
> | Desc Options
> | Gnd Wawve Dist OFF
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We have time, so let’s look at a few other configurations

* 120 radials

* Better ground

* Elevated radials

 What about other propagation angles



Questions: Also known as “Stump the Speaker”

Ed Hare, W1RFI

ARRL Laboratory Manager
225 Main St

Newington, CT 06111
WI1RFI@arrl.org
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