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Welcome

Welcome to EZNEC® version 4.0!

This manual has been written to cover all EZNEC program types, both
standard and professional. Sections which don’t apply to all program types
are identified; otherwise, all references in the manual to EZNEC apply equally
to EZNEC+ and EZNEC pro programs EZNEC-M and EZNEC/4.

It's assumed that you know basic Windows operation, such as clicking,
dragging, and selecting, and references will occasionally be made to common
Windows tools such as Notepad or the Windows Explorer. Please consult
your Windows documentation if you're not familiar with basic Windows
techniques.

Comments about this manual are always welcome and will be read, although
a prompt personal reply might not always be practical. Please send comments
and suggestions to w7el@eznec.com.

Manual updates are included in the EZNEC maintenance releases which are
available as they're developed. Please see Updates for detalils.

EZNEC® is a registered trademark of Roy W. Lewallen. All rights are reserved.
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Introduction

Acknowledgements

| want to give very special thanks to four people who, for a period of over a
year, tested and commented on over 30 alpha program revisions as features
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EZNEC 4.0's better features; | take full responsibility for its shortcomings.
Although I've listed a call sign beside most of the testers’ names, several of
them are also professionals actively involved in antenna design. Speaking of
which. . .

This manual will be read by both professional and amateur users, so I'll like to
emphasize one point. Although amateur radio callsigns are listed for most of
the fine people acknowledged below, many — in fact most — of them are highly
experienced and regarded professionals in addition to being licensed
amateurs. Please take a look at “Amateur or Professional?” for a little more
about this topic.

Version 4.0 began as 3.0, and four people patiently reviewed the more than
30 “alpha” versions of EZNEC v. 3.0 as features were activated and
debugged. They are:

Gary Breed, K9AY

L.B. Cebik, WARNL

Ed Farmer, P.E., AA6ZM

Roger Steyaert, KTRXV

These gentlemen continued on to provide help and encouragement during the
extended beta testing phase, and were joined by the following people:

John Devoldere, ON4UN; Linley Gumm, P.E., K7THFD; Rus Healy, K2UA;
Prof. Dr. Gerd Janzen, DF6SJ; Dick Kiefer, P.E., KODK; Dean Straw, N6BV;
and C.H. “Buck” Walter.

Many others offered to help test the program, and | thank them, but | was
regrettably unable to constructively process the input from a larger group.
Valuable help in discovering and tracking down bugs after product release
has been provided by Leland Scott, KC8LDO. Thanks also to others who
have reported bugs, provided important information, and when necessary
have downloaded and run diagnostic programs to help me find and fix them.
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The fundamental computation portion of this program is that of NEC-2 and/or
NEC-4. Many people have contributed to the development of these codes, but
in recent years the major contributors have been G.J. Burke and A.J. Poggio
of Lawrence Livermore National Laboratory. Without their monumental effort
this program would not be possible.

EZNEC v. 4.0 has evolved from earlier versions and from its predecessor
ELNEC, and the extensive help from the testers of earlier versions is
instrumental in its success. These include:

Dr. Dick Adler, K3CXZ; Dr. Jack Belrose, VE2CV; Gary Breed, KOAY; Jim
Bromley, W5GYJ; John Brosnahan, WOUN; Paul Carr, P.E., N4PC; Dr. L.B.
Cebik, WARNL; Dr. Al Christman, K3LC; Bill Clarke, WA4BLC; Tony DeBiasi,
K2SG; Ed Farmer, P.E., AA6ZM; Dick Gardner, N1AYW; Ernie Guerri,
W6MGI; Linley Gumm, P.E., K7HFD; Jerry Hall, K1TD; Ed Hanlon; Bob
Haviland, W4MB; Wes Hayward, W7ZOI; Dick Kiefer, P.E., KODK; Doug
McGarrett, WA2SAY; Bob Rullman, K7TMSH; Jim Sanford, WB4GCS; Roger
Steyaert, K7TRXV; C.H. "Buck" Walter; and Dean Straw, N6BV.

| want to give special thanks to L.B. Cebik, WARNL, who has consistently
provided a tremendous amount of help during the development and testing of
this and several previous versions.

Thanks to all the EZNEC users who took the time to send in their suggestions, and those who have patiently
waited for this version. Finally, but foremost, thanks to my family for being understanding and supportive during
the many, many hours I've spent away from them working on this program.

Acknowledgement and Special Thanks: Jordan Russell and Inno
Setup

All variations of EZNEC version 4.0.31 and later use the open source Inno
Setup installer, created by Jordan Russell. This is a tremendously rich and
powerful but easy to use installer. I'm very grateful to the author and any other
contributors who have obviously put in a tremendous amount of effort in
developing this fine application and have made it available to be freely used at
no charge. It wasn't chosen for EZNEC because it's free — it was chosen
because it's simply the best installer available, at any cost, for the job.

Acknowledgement: vbAcellerator Software

This  product includes software developed by  vbAccelerator
(http://vbaccelerator.com/). | thank vbAccelerator for generously making this
high quality software available at no charge. The full license statement and
disclaimer is in the Legal Notices section of this manual, Third Party Software
Legal Notices.

A Few Words About Copy Protection

Standard EZNEC:

A friend of mine made the observation that a conscience is kind of like a little
wheel with sharp teeth that spins and digs into you. But each time it does, he
said, the teeth wear down a little so the next time it's not quite as sharp.
Eventually, if you use it enough, there aren't any teeth left. If the teeth on your
wheel are worn all the way down, what I'm about to say won't reach you
anyway so you may as well skip the rest of this section.
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Copy protection is a big nuisance to both the user and the software developer.
It also can necessitate an increase in price. That's a lousy deal -- more
nuisance for a higher price. That's why this software is not copy protected. Yet
copying it is easier than ripping off a Walkman from K-Mart, with zero chance
of getting caught (although it's just as illegal and dishonest). So it's pretty risky
to put the product out without copy protection. I'm well aware that sellers of
similar programs have had to copy- protect their programs to prevent such
theft. Theft? You bet! Over a year of virtually full-time work have gone into
developing just this version of this program and refining it to make it useful
and easy for you to use, and over two years for the first Windows version.
(Other expenses, like advertising, aren't cheap either!) So please, when
someone asks you for a copy of the program, realize that he or she is asking
you to steal. Politely say no, but tell them where they can order a copy
(http://eznec.com). It's a bargain at the price, it'll save future users more
nuisance and a higher price, and it'll save the wear on your conscience wheel.
Thanks.

EZNEC pro:

This software is protected by a hardware key. Every effort has been made to
make the protection system as reliable and easily usable as possible. It not
only protects the developer from theft of software which has taken literally
thousands of hours to develop, but also protects you, the user, from having to
compete with those who might otherwise use the same tools without having
paid for them.

All comments about this copy protection method, both positive and negative,
are solicited and welcome.

Guarantee

If you're not completely satisfied with EZNEC, I'll promptly refund the full
purchase price. There is no time limit to this guarantee for the standard and
plus programs, and it's good for 90 days after the purchase of EZNEC pro.
This is my only guarantee, but | honor it rigorously. Please refer to the Legal
Disclaimer for specifics.

Amateur or Professional?

Past versions of EZNEC and EZNEC pro have had separate manuals.
Besides the obvious difference of EZNEC pro’s additional features, the
manuals were written with a bit different orientation, with an eye toward the
most likely level of technical expertise of their respective users. With this
version the manuals have been combined. Because maintaining two separate
manuals involves a great deal of extra time, combining them frees that time to
be put to use in improving the program itself.

Even the standard EZNEC program has an extremely diverse user base. It's
purchased and used by amateurs who have very little technical background in
electrical fundamentals, let alone electromagnetics or antenna design. It's
also used by the U.S. and foreign military services, aerospace companies,
defense contractors, international broadcasters, universities, and so forth. Add
to that the EZNEC pro users, and you have an idea of the enormous range of
background knowledge represented by the readers of this manual.
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So please, for those of you who are more knowledgeable, don’t be insulted if
some concepts are explained more simply than you're accustomed to. And for
those with less experience, don’t think for a minute that an effort is being
made to snow you. The sole objective here is to communicate, and give you
the information you need to get the most from EZNEC, whichever program
type you’re using.

The only relevant question is whether you get from this manual the
information you need. If | fail to communicate, the fault is mine, and I'd like
very much to hear where | failed. With today’s tools it's not difficult to modify
the manual, and your input will help improve it and make it more useful to
others. So please let me know when you run across problems with the
manual. | apologize in advance for not always being able to respond
personally and promptly. But your comments will be read, and they will be
acted upon. Please send your comments to w7el@eznec.com

I’'m sometimes asked if there are any restrictions on professional use of the
standard program. No, there are none at all, and in fact it's widely used for a
wide variety of professional purposes. The distinction between program types
is only in price and features, not in how they’re used. The other side of that
coin is that people wanting to use the professional version for strictly amateur
purposes pay the same price for the professional version as everyone else.
The only use restriction on any program is that only one person can use the
program at one time unless corresponding additional copies are purchased.
Like many, many EZNEC and EZNEC pro users, | also wear two hats, so
welcome to both amateur and professional customers. I’'m one of you both.
73,

Roy Lewallen, P.E., W7EL

Notes For International Users

It is my intent to make EZNEC work correctly on computers set for the
standards of other countries. This means that if a comma (,) is set as the
decimal separator by the Windows Control Panel Regional Settings, all
numbers should be displayed with that convention, and all numerical inputs
are designed to accept that convention. (The decimal separator is
automatically chosen according to your language preference. However, it can
be changed to another character via the Regional Settings if desired.) You
must use this separator when entering numbers into EZNEC. (There are a few
exceptions to this, detailed below.) Dates should be displayed according to
your standard. All outputs should print correctly on A4 as well as U.S. sized
paper, and the program should otherwise operate normally in all respects. If
you encounter any operation, at any time, which requires you to enter or view
data in a format other than the standard convention for your country, please

let me know. Of course, all details you provide will be helpful.
Exceptions
EZNEC is unable to correctly format numbers when run on some operating

systems if the both the decimal and thousands separators are set to
characters which aren’t standard for the region of operation. If the setting
causes a problem, EZNEC will detect it and show an error message when the
program starts.

A period (.) is used as the decimal separator in all comma-delimited output
files such as Lastz.txt. Comma-delimited output files are intended to be used
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for importing data into spreadsheets and other such programs. In this format,
fields are separated with commas, so the period must be used for decimals.
EZNEC pro only: NEC-format files read and written by EZNEC-M and
EZNEC/4 use the U.S. standard, because | believe that most compiled
versions of NEC-2 and NEC-4 expect and produce files using this convention.
Please let me know if you have any information to the contrary, or if you see
any indication that EZNEC is not producing or interpreting these files with U.S.
conventions.

Thousands separators are not used in EZNEC. However, certain settings of
this option can cause a problem. See the first paragraph in the Exceptions
section.
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What's New in v. 4.0

This topic describes the differences between v. 4.0 and the previous Windows
version, 3.0. If you've just upgraded from ELNEC or a DOS version of
EZNEC, please read instead the What's New Since DOS chapter in the
Upgrading from DOS EZNEC or EZNEC pro section.

Undo/Redo
EZNEC v. 4.0 has unlimited undo/redo capability.

Control Center Menus

The Plot menu no longer exists. Its functions have been moved to the Desc
Options line in the Control Center Information Window. The Information
Window now contains all the choices which are saved with the description file,
except for the near field and frequency sweep setups, which remain in the
Control Center Setups menu.

Segments

The new EZNEC+ program type permits 1500 segments. The EZNEC pro
program types (EZNEC-M and EZNEC/4) now allow 20,000. Note, however,
that files as large as 6 GB can be written for the largest possible pro models
at double precision, and calculation times can run to more than a day with 2
GHz machines.

Segmentation Check (formerly Guideline Check)

The EZNEC 3.0 " Guideline Check" has been renamed "Segmentation Check"
to reduce confusion with the new Geometry Check (below). As before, the
Segmentation Check is only run when opening a file and under a few other
conditions, and its results won't inhibit calculations. It now takes into account
the velocity factor when evaluating buried wires (EZNEC/4 only), which can
result in warnings in descriptions which didn't formerly generate any.

Geometry Check

EZNEC v. 3.0 has a Guideline Check feature to check the model against
modeling guidelines for segment length. In EZNEC v. 4.0, this has been
renamed Segmentation Check and a new Geometry Check feature has been
added. This powerful feature, run automatically before each calculation,
checks the model for errors such as wires crossing at other than a wire end or
segment junction, wires occupying the same space or overlapping, or wires
coming too close to each other.

Wires Window Features

There are a number of new, powerful features in the Wires Window Wire
menu: Rotate Wires, Move Wires XYZ, Stack, Copy Wires (which allows
making offset copies), and Change Loop Size. These can be used with a
group of selected wires, or with a sequential group of wires selected after
choosing the action to perform. There’s a new Create menu, with the familiar
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Create Radials and, for EZNEC pro users, Create Wire Grid. Check out the
two new additions, Create Helix and Create Loop. Create Loop and Change
Loop Size should be of particular interest to quad designers, although they’re
useful for many other applications.

The new "Rotate Wires" feature shouldn’'t be confused with the Elevation
Rotate End and Azimuth Rotate End features accessed by right-clicking a
wire end cell — present in both v. 3.0 and 4.0. The new feature allows rotating
any group of wires around any axis, around the end or center of any wire, or
around any point in space, while the right-click feature rotates a single wire
around one of its ends.

View Antenna Display

The display can now be moved by dragging while holding down the right
mouse button, and zoomed by dragging while holding down both buttons. See
Using The View Antenna Display. Because of the new use of the right mouse
button, the Wire Information popup window appears when you pause the
cursor over a wire. This behavior can be changed via the WirelnfoDist Special

Option.

Circular Polarization (plus and pro only)

There are several new 2D and 3D plot, and Far Field Table display options:
right and left circular polarization, and linear component along the major and
minor axis of an elliptically polarized field. These are selected via the new
Desc Options line in the main Control Center window. Click Desc Options,
then select the Plot tab, then the Fields tab. Note that the selection affects the
2D and 3D plots and the FF Table.

Plot Displays

Major enhancements have been made to the 2D plot display. When displaying
multiple fields (e.g., Total, Vertical, and Horizontal), you can click on the field
name in the list at the left of the display, and the cursor will move to that field.
The data in the data window will reflect the values for that field. When you add
saved traces to the display, you can view only one field at a time, selected via
the Mult Trc FId choice in the 2D plot window View menu. There, you can
choose among the fields selected in the main window Desc Options dialog
box for the normal 2D display. If you add traces to the display, clicking on the
name of any added trace file at the left of the display will move the cursor to
that trace, and the data in the data window will reflect the value for that trace.
Also, an extra line will appear in the right column of the data window, giving
the field strength of the selected trace relative to the primary trace at the
cursor angle.

The minimum step size for the 3D plot is now 1 degree instead of 2.

Calculating Engines

There's now a fully double-precision NEC-2 engine choice (plus and pro only),
selected via the Control Center Options menu. All calculating engines are
faster than before, most notably in the calculation of currents. The amount of
speed improvement depends on which engine you've selected, what portion
of the total calculation time is needed for the calculation of currents, and the
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type of CPU you have. But it can be quite spectacular with the NEC-2
engines, in particular. In program types allowing a choice of more than one
calculating engine, the choice is shown just above the FF Plot button in the
Control Center.

Wire Insulation

EZNEC v. 4.0 has the capability of including the effect of wire insulation. See
the new Wire Insulation topic for more information.

Improved Printing

If you chose other than the default printer in EZNEC 3.0, your choice would
become the system default printer. Also, many printer property choices were
ignored by EZNEC 3.0. These deficiencies have been corrected.

Easy Import of Wire Coordinates from NEC Files (EZNEC+, EZNEC
pro only)

An additional format is allowed for importing wire coordinates from an ASCII
file: the NEC GW “card” format. See the Wire Coordinate File topic for more
information. This is the “second format” discussed in that topic.

Multiple Instances (EZNEC pro only)

Multiple instances are permitted in the pro programs, including doing
simultaneous calculations. The instance number is identified by a number in
parentheses in the title bar of each window. (EZNEC/4 only): An external
NEC-4 program can be run only from the first instance.

Other

Multiple Instances -- EZNEC 3.0 permitted multiple instances to be operating
at the same time, provided that calculations weren’t run. Because of the way
certain new features were implemented, the v. 4.0 standard and plus program
types don't allow more than one copy to run at once.

Ground -- The Real, Fast (reflection coefficient) ground type is no longer
available. With today's machines, the saving in calculation time over the High-
Accuracy (Sommerfeld) ground isn't significant, and the Fast option is limited
in accuracy with low antennas. Description files with Fast ground specified are
converted to High Accuracy when opening, and will be saved with High
Accuracy ground.

Loads -- When you convert from R + jX to RLC type loads (either directly or
due to combining descriptions with different load types), you now have the
option of conversion to a parallel RL or RC equivalent.

Wire Connections -- Wire end coordinates will always be modified to be
identical if the wire ends are deemed connected (same coordinates within
about 1/1000 segment length), because NEC always does this. It was
formerly an option (Options menu Auto Coord Match), but no longer is.
LastZ.txt — (EZNEC pro only): LastZ.txt files for instances beyond the first will
persist in the EZW program directory as LastZ_N.txt, where N is the instance
number. The file for the first instance will still be simply LastZ.txt.
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Messages -- The tooltips can now be turned off, as well as the new message
warning you if the description has changed before opening a new description,
via Messages On/Off in the Options menu.

Crash Recovery -- A feature that | hope won’'t see much use. . . if you should
ever encounter a program crash (please report it!), the next time you start the
program you’ll get a prompt giving you the opportunity to recover to the model
as it was just before the crash.

Ground Wave Analysis -- (EZNEC pro only): Ground wave analysis can
produce somewhat different phase angles for the polarization components
than earlier versions, particularly when the observation point is many
wavelengths from the origin. The cause is some slight changes in internal
constants. The calculation of the phase at many wavelengths is sensitive to
very small changes in these values. However, the important thing is the
relative phases of the components, which remain very close to the same as in
previous versions.

NEC Format Files -- (EZNEC pro only): EZNEC pro v. 4.0 can read GH
(helix) and IS (wire insulation) “cards”. EZNEC pro will accept a file if it
contains at least one GW, GH, or GA “card” in addition to a source. New
Special Option choice LD5Translation = First will cause EZNEC pro to apply
the wire loss parameters of the first LD5 “card” read as global Wire Loss, and
ignore additional LD5 “cards”.

If You Downloaded EZNEC

If you downloaded EZNEC, it came in the form of one file. Please back this
up. Major changes to your computer system might necessitate a reinstallation
of the program, and you’ll need this file to do it. And a virus or hard drive
crash can corrupt or delete the file. If you aren’'t able to back up the file,
please contact me to purchase the CD-ROM. The cost is nominal for people
who have purchased the download. Updates (maintenance releases) will be
available from time to time, and you should also keep the most recently
downloaded update. See Updates for detalils.

Getting Acquainted with EZNEC

The fastest way to get acquainted with EZNEC is to take the Test Drive. This
leads you through some of the basic operations. After the Test Drive, you'll be
ready to model simple antennas. Then as you progress and want to learn
more, begin reading the Building The Model chapter. For detailed information
about a window or menu, look in the Reference chapter. And, as you use
EZNEC, press the F1 key when you have a question about a particular menu,
control, or display. It's not possible to cover all menus, controls, and displays,
but many of the important ones or ones particularly needing explanation do
have links. If a link isn’'t present, the manual will open to an introductory
section.

The EZNEC manual might seem long and complex. This isn't because
EZNEC is hard to use or learn, but because it has a rich set of features, and
every effort has been made to explain them as thoroughly as possible.

I’'m sure you'll find EZNEC to be a valuable and educational tool.
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Making a Desktop Shortcut

When you install EZNEC on your machine, you'll get the option of creating a
desktop shortcut. If you decline, you can still make one manually at any later
time.

Here’'s how to make a shortcut to EZNEC on your desktop. The precise
wording might vary slightly from one operating system to the other.

Right-click the Start button at the lower left of your Windows desktop. From
the menu, chose “Explore” to open Windows Explorer. Navigate to the
EZNEC program file directory (folder). If you selected the default directory
during installation, this will be C:\Program Files\EZW. Otherwise, it will be
whatever you specified at installation time.

In the EZNEC program file directory, locate the file EZW.exe (standard or plus
program), EZWpro.exe (pro programs), or EZWDemo40.exe (demo program).
(You might not see the .exe part, depending on how you have Windows set
up.)

Right-click the appropriate .exe file and select “Send To” from the menu. From
the next menu, select “Desktop (create shortcut)”. You'll probably see a
message telling you that, sure enough, Windows is going to do what you
asked it to. When you click “Ok”, the shortcut will be placed on your desktop.
You can rename it if you like. Double-clicking it will start EZNEC.

The program will open with a description file of your choice if you put its name
on the command line in the shortcut properties, or when starting EZNEC from
Windows Start/Run. Note that the path\EZW.exe combination or the file name
has to be enclosed with quotation marks if either contains a space.

You can also start EZNEC by dragging an EZNEC description (.EZ) file to the
shortcut and dropping it.

EZNEC Pro Users

If you're acquainted with using NEC-2 or NEC-4, please review the EZNEC
Pro And NEC section, which outlines some of the differences between these
programs. You'll find other EZNEC pro-specific information in the EZNEC pro
Information chapter of the Reference section under Additional Information.

Printing The Manual

Nearly all Windows software currently being sold uses a help system for a
manual, as EZNEC does. | personally disliked help systems for some time,
but after getting used to using them, have come to greatly prefer them to
printed manuals. Among the advantages are the hyperlinks, or jumps,
allowing instant movement between topics, and extensive indexing.

However, many requests have been received from EZNEC users for a printed
or printable manual. So a printable manual has been made available for those
who want one. If you purchased EZNEC 4.0 on a CD, you'll find the printable
manual in the Printable Manual directory of the CD. The Readme.txt file in
that directory contains information and instructions. If you don’t have a CD,
you can download the printable manual from
http://eznec.com/ez40manual.htm. Please respect the copyright. The manual
is for use only by EZNEC customers and EZNEC demo users.

The printed manual is generated from the help file by the software used to
develop the help file. The conversion process may have some imperfections,

11
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so the resulting format isn’t flawless. However, because the on-line help
system is intended to be the primary manual for EZNEC, and any formatting
changes would have to be repeated each time the manual is updated,
comprehensive editing and correction of minor formatting flaws in the
printable manual won't be undertaken. The user can make any changes
deemed necessary to the Microsoft Word version.

12
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Test Drive Introduction

The best way to get familiar with EZNEC is to take it for a spin. Let's analyze a
20-meter dipole hung 30 feet up in the back yard. If you've started EZNEC,
you should see the Control Center. The file Dipolel.ez is included with the
program and should be installed at the proper location, so we'll start with that
antenna and modify it as necessary.

Notes: <Enter> means the Enter key, <ESC> is the Escape key. You can
type any entry in uppercase, lowercase, or any combination. When text to be
typed is surrounded by single or double quotation marks, don't type the
guotation marks themselves.

The Test Drive begins with Along The Straightaway.

Along The Straightaway

This exercise leads you through the creation of a simple dipole, and illustrates
some of the basic steps in creating an EZNEC model. Most of the steps could
be done in any order. The order of steps in this exercise is pretty much
arbitrary. If you'd like to take a break before finishing the tutorial, you can
simply end EZNEC by selecting Exit from the Control Center File menu, and
the next time you start EZNEC, it will resume where you left off. Or you can
save the description by selecting Save Description As from the File menu, or
by clicking the Save As action button, and giving the file a name. Then you
can open the description by selecting Open from the File menu, or clicking the
Open action button, and specifying the name you used for saving.
In the Control Center, locate the Open action button and click it. This will open
a file selection dialog box. Select Dipolel.ez, or enter ‘dipolel’ in the “File
name” text box and click Open. Click here if you have trouble.
The bar at the top of the Control Center information window should now read
"Dipole in free space" -- this is the title of the antenna description stored in file
Dipolel. Let's enter a title for our back yard dipole.
Click anywhere on the information window title bar (where the text
“Dipole in free space” is), and a dialog box will open for you to enter the
new name. Enter ‘Back yard dipole’, then click Ok or press the <Enter>
key. Notice that the information window title bar now shows the new
description name.
Now let's change the frequency to 14 MHz --
Click anywhere on the Frequency information window line, or on the
selection button to its left. Enter ‘14’ in the dialog text box, and click Ok
or press <Enter>.
Let's choose feet for a convenient unit of measure. (This isn't the most
convenient for international users, but please select feet for this example.)
Click on the Units line or the selection button to its left, then select
Feet, and Ok.
The ground type for model Dipolel is Free Space, and we’ll want to model
this antenna over ground. This will be taken care of after we define the wires
and sources.

13
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Next we'll describe the antenna itself. EZNEC gives you the ability to see the
modifications you’re making as you make them. To take advantage of this
powerful feature,
open the View Antenna window by clicking the View Ant action button
in the Control Center.

In the View Antenna Window,
click to open the View menu. If a checkmark appears next to Show
Controls, click Show Controls to turn the control box off. Repeat for
Show Data if it's also checked.

This turns off the control and data boxes, which aren’t needed now. Next,
open the Wires Window by clicking on the Control Center “Wires” line,
or the selection button to its left. Position the Wires and View Antenna
Windows for convenient viewing. You can resize the View Antenna
Window if desired by dragging a side or corner. It's ok to cover all or
part of the Control Center for the time being.

The Wires Window is where the wires of the antenna are actually defined. The

position of each wire in space is specified by giving its X, y, and z coordinates.

These coordinates represent distances from the origin. For example, look at

the numbers in the Wires Window for Dipolel. It consists of one wire which

extends along the y axis. The y coordinate of End 1 is about —0.82 feet, and
the y coordinate of End 2 is about +0.82 feet, so the wire is about 1.64 feet
long. You can confirm this by moving the mouse cursor to the y-axis line in the

View Antenna display (where the wire is — it might be a little hard to see at the

moment) and leaving it still for a moment to open the Wire Information

window. Alternatively, you can move put the mouse cursor over the selection
button at the very left of Wire 1 in the Wires Window and right-click it.

Dipolel is a half wavelength long at about 300 MHz, so it's much too short for

our 20 meter dipole. Let’'s make the wire the length we want.

Assuming our back yard dipole was designed using 468/f(MHz) to determine

the length, the length is 33.43 feet. EZNEC doesn't require any symmetry, and

we're free to choose where in space we put the origin (except that it has to be
at z = 0 if a ground is used) so for convenience we'll put one end of the wire at

x,y = 0, 0 and the other at x,y = 0, 33.43. Placing it along the y axis makes the

maximum lobes in the direction of the x axis. Ground is always defined as

being at z = 0 (for the innermost medium). Since the antenna is horizontal and
up 30 feet, the z coordinate of both ends is 30. To enter the coordinates,
Click on the Wires Window cell for Wire No. 1, End 1, Y (where the
current value is —0.82...), and change the value to 0.

Notice that the mark on the button at the left has changed to a pencil. This

indicates that the row (wire) has been edited. Note also that the number

you've entered is shown in red. This indicates an edited value. The edited
value won'’t be accepted by EZNEC until you click on another row of the grid,
move the insertion point off the row with the <Tab> or arrow keys, or press
<Enter>. You can undo an edited value, but only before it has been accepted,
by pressing <Esc>. Pressing <Esc> again will undo all edited values in the
row.

Move to the next cell (End 1 Z) with the mouse or <Tab> key and enter

30.
The coordinates of End 1 are now 0, 0, 30.

Similarly, modify the End 2 coordinates to be 0, 33.43, 30.
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Finally, define the wire diameter. We’'ll assume the antenna will be made from
12 gauge (AWG) wire.

In the “Diameter” column, enter ‘#12’. (EZNEC will also accept the

diameter in inches, or other appropriate units depending on the Control

Center Units selection.)
The last column is to define the number of segments for the wire. 11 is a
reasonable number for pattern analysis of a half-wave antenna, so we don't
need to change it. (We do need an odd number of segments so we can put
our source in the middle of the wire.)
Then

press <Enter> so EZNEC will accept the values.
Notice that the View Antenna display has changed to show what the new
antenna looks like. You should see a horizontal wire parallel to, but above, the
y axis. If you don't, go back to the Wires Window and correct the coordinates.
End 1 coordinates should be x, y, z =0, 0, 30, and End 2 coordinates should
be 0, 33.43, 30.

Move the mouse cursor to the wire in the View Antenna display, and

leave it still for a moment to open the Wire Information window. The

length of the wire should be 33.43 feet. If it isn’t, correct the coordinates

in the Wires Window.
The next step is to define the source. This is connected at the point where the
power is applied to the real antenna, in this case the center of the wire.

Close the Wires Window by clicking the close button in the upper right

corner (the small box with the “X” mark).

Open the Sources Window by clicking on the Sources line in the

Control Center information window, or on the selection button to its left.
In the Sources Window grid, you can see that there’s one source (source no.
1), which is placed on wire #1, 50% from end 1. This is where we want the
source to be. However, this is a good time to practice a little with the Sources
Window.

In the Sources Window, locate the cell in the % From E1 column in the

Specified Pos. group. Change the value from 50 to 25 and press

<Enter>.
This change had several effects. First, the value shown in the % From E1
column in the Actual Pos. group changed from 50 to 22.7273. When you
specify a source (or load or transmission line) position, EZNEC attempts to
place it as close as it can to the specified position. But it's restricted to placing
the source in the center of a segment. (In reality, the source excitation is
spread over the whole segment, but it's easier to visualize as being at a single
point.) So EZNEC tells you, in the Actual Pos. group, where the source is
actually placed. So the Actual Pos. group columns show that the source is
22.7+ percent from end 1 of the wire, and it's on the third segment from end 1.
You can see this placement in the View Antenna display. (You can maximize
the display by clicking the maximize button -- the one with a square -- near the
upper right corner, for better viewing, then return it to normal size by clicking
the same button again. Segment junctions are shown as dots on the wire.)
The benefit to specifying source, load, and transmission line positions in terms
of percent from the wire end is that the wire length or number of segments
can be changed without affecting the relative position of the source (except as
necessary to place it at a segment center).
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The source type, shown in the Type column, is a current source. The Sources

Window also show the source amplitude and phase, in this case one ampere

at zero degrees. When a model contains only a single source, the magnitude,

phase, or type have no effect on the pattern or source impedance. So we’ll
leave these as they are for now.

Now restore the source to the correct position in the middle of the wire.
Change the value in the % From End 1 column of the Specified Pos.
group from 25 to 50, then pressing <Enter>.

The source should now appear in the middle of the wire in the View Antenna

display, and the Actual Pos. should now show as 50 percent, on segment 6.

The source could have been connected through a transmission line. However,

this will affect only the impedance seen by the source. It will have no effect on

the antenna gain, pattern, or other characteristics. No transmission line will be
used in this example.
Close the Sources Window by clicking the close button in the upper
right corner.

Now it's time to deal with the ground. Presuming you don't have a perfect

ground plane in your back yard (and for many wavelengths in all directions),

you'll want to do the analysis over "real" ground.
Click on the Ground Type line, and select Real.

The height of the antenna will determine which ground model we use. If you

have a fast computer, you can always choose High Accuracy analysis unless

you need to make a connection to ground. Let's choose MININEC type ground

for now. That model is good with horizontal wires which are at least 0.2

wavelength high, and it's fast.

Choose MININEC, then Ok.

Finally, we need to specify the ground characteristics.

Click on the Ground Descrip line. This opens the Media Window.

Note that the Ground Descrip selection isn’t visible unless Ground Type is

Real. The Media Window is where specification of Real ground is done. One

or two ground media can be specified, but we’ll only need one for this model.

When we changed the ground type to Real, one ground medium was created.

The conductivity and dielectric constant of newly-created grounds can be set

for your local ground conditions by means of the Control Center Options menu

Default Ground Const selection. The values initially used by EZNEC are those

of “average” or “good” ground (conductivity of 0.005 S/m, dielectric constant of

13). These are the values you should see in the Media Window at this point,

unless you’ve changed the default ground constants.

For this exercise, let’s suppose your back yard has the characteristics of “very

good” ground.

Move the mouse cursor to either the Cond. or Diel. Const. cell in the
Medium No. 1 row, and click the right mouse button. Note: Make sure
the mouse cursor, not just the text insertion point, is in the designated
cell when you right-click.

This will open the Ground Characteristics dialog box.

Select the Very Good option, then click Ok.

The Media Window should show 0.0303 for the conductivity, and 20 for the

dielectric constant.

Close the Media Window by clicking the close box in the upper right
hand corner.
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This completes creation of the model itself. We can now choose what to
calculate and display. Note that all the information in the Control Center
information window is saved with the description when the description is
saved to a file. In addition, frequency sweep and near field analysis setups,
and the selections in the Control Center Plot menu, are saved in this file.
We know that the dipole's maximum lobe will be at zero degrees, but at what
angle above the horizon will it be maximum? We'll run an elevation plot to find
out. (3D plotting is covered in "On The Race Course", in the last section of the
Test Drive.)

Click on the Plot Type row in the Control Center.
This opens the Plot Type dialog box.

Select Elevation, then Ok.
The azimuth angle for the plot is zero degrees (broadside to the antenna),
which is where we'd like to look, and all the other parameters look fine. To plot
the pattern,

Click the EF Plot action button.
This tells EZNEC to compute and display the 2D far field pattern. You'll briefly
see the Calculation Progress Window while the calculation is running. When
it's finished, you should see the plot and some text below it with information
about the pattern.

If you don’t see the text below the plot, open the 2D Plot Window View

menu, and select Show Data.
The plot represents an elevation “slice” of the antenna pattern. From the text
in the data box, you can see that the pattern is maximum at 34 degrees above
the horizon, and other information about the pattern. You can see the antenna
gain (second row in the data box, on the right) at any elevation angle by
moving the cursor. This can be done by simply clicking on the 2D plot. The
cursor will move to a point on the plot which is on an imaginary line from the
plot center to the mouse cursor location. Note that the mouse cursor must be
in the plot window when the button is initially pressed, although it can be
moved outside the window while being held down. You can also press and
hold the left mouse button and drag the cursor to the desired angle. The
cursor can also be moved with the arrow keys (for fine steps) or the <Page
Up> and <Page Down> keys (for coarser steps). Before using the arrow keys,
you should click on the 2D plot window. Otherwise, they might adjust some
other program parameter or control.

Click the Src Dat action button in the Control Center.
This gives you information about the source. The fact that the impedance of
79.16 - j 45.11 ohms has a negative reactive part indicates that the antenna is
operating below resonance and needs to be lengthened if resonance is
important. The formula of 468/f (MHz) feet is an approximation, and the exact
resonant length depends on the wire diameter and height above ground. The
Source Data display also shows that if a 50 ohm transmission line were
connected to this antenna, the SWR on the line would be about 2.3:1. If a 75
ohm line is used, the SWR on the feedline would be about 1.8:1.

Close the Source Data display by clicking the close box.
In the View Antenna display, an additional line has appeared, above the
antenna wire. This indicates, by the distance of the line from the wire, the
magnitude of the current along the wire. You can see that the current is
maximum at the antenna center and tapers to zero at the ends. The current
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indication appears only after calculations have been done, and it can be
removed from the display if desired.
In the 2D Plot Window, open the File menu and select Save Trace As.
Enter the name “Back Yard Dipole”, and click Save.
This saves the 2D plot (trace) in a file named Back Yard Dipole.pf. We'll use it
in the next exercise.
Save the antenna description by clicking the Save As action button,
entering the name ‘Back Yard Dipole’, then clicking Save.
This concludes the drive down the straightaway. If you'd like to try your hand
at a little more complex maneuvering, try taking EZNEC Through The Curves.
You can continue directly from here, or you can exit EZNEC and do the next
exercise later.

Through The Curves

If you haven't yet done so, take EZNEC “along the straightaway”. In this
section you'll begin with the plot generated by the “straightaway” drive and get
introduced to a few of EZNEC’s more advanced features. Ready to go? Let’s
see how an inverted vee compares with our back yard dipole.
If you've shut down EZNEC since doing the “along the straightaway” exercise,
you'll have to open the back yard dipole description after starting EZNEC.
This is done by clicking the Control Center Open action button, entering the
name ‘Back Yard Dipole’, and clicking Open. You should also open the View
Antenna window by clicking the View Ant action button.

Open the Wires Window by clicking on the Wires line of the Control

Center information window.
We’ll make the inverted vee by beginning with a dipole, then use one of
EZNEC’s powerful editing features to convert it into an inverted vee without
having to calculate any additional wire end coordinates.
An inverted vee can’'t be made from just one wire since it's bent in the middle
and all wires must be straight. So we’ll have to add another wire and use each
of the two wires for half of the inverted vee. Let’s put the center of the antenna
atx,y, z=0, 0, 30 (30 feet straight up from the origin). Note that end 1 of wire
1 is already at this point, but we’ll need to modify its length to be suitable for
the new antenna. To make the new inverted vee the same length as the
original dipole, each of the two wires should be 16.715 feet long. So first we’ll
modify the existing wire to be this length. Watch the View Antenna display
when you press <Enter> in the following step.

Change the End 2 Y coordinate to 16.715 and press <Enter> to make

EZNEC accept the new value.
If you watched the View Antenna display when you pressed <Enter>, you saw
that the wire appeared to change both its length and height above ground.
The height, however, didn’t really change. The reason for the apparent
change is that EZNEC rescales the View Antenna display each time you
change a wire, making it as large as possible without going beyond the
window boundaries. Although the relative dimensions of everything on the
display are correct, you can't determine absolute values from this display.
Notice that in the display, the height of the wire is a little less than twice its
length, which is the correct proportion.
The coordinates of Wire 1 should now be 0, 0, 30 (end 1) and 0, 16.715, 30
(end 2). If not, manually correct them and press <Enter>.
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Now we’ll add the second wire. A wire can be added at least two ways. The
simplest way to add a single wire is to simply type its coordinates and other
parameters on the add row, identified by the asterisk (*) on the button to its
left. In this step, you'll also learn how to use one of EZNEC’s powerful editing
shortcuts.

Position the mouse cursor over any of the cells of End 1 of the add row

and click the right mouse button.
This opens the list of shortcuts.

Select Connect End to. In the dialog box, enter the value 1 in each of

the two boxes.
This tells EZNEC that you want to connect this end (end 1) of the current wire
(the new wire) to end 1 of wire 1.

Click Ok or press <Enter>.
There should now be two wires shown in the grid, numbered 1 and 2. The
coordinates of end 1 of wire 2 are the same as the coordinates of end 1 of
wire 1, as a result of the last step. Take a look at the column labeled Conn.
(Connections) in the End 1 group. This shows which wire and end is
connected to an end. In the wire 1, end 1 Connections column, you should
see “W2E1". This tells you that wire 1, end 1 is connected to wire 2, end 1.
Likewise, the entry in the wire 2, end 1 column shows the connection to wire
1, end 1 as “WI1E1". In this example, the connection is pretty obvious, since
the coordinates of the two ends are right above and below each other. But
you'll find this feature handy with more complex antennas. If more than one
wire is connected to an end, only one connection will be shown in the
Connections column, but by following the connections you can identify all the
wires connected together.
There are a couple of other things to point out about the new wire (wire 2).
Notice that it's the same diameter as wire 1, and has the same number of
segments. By default, EZNEC gives a new wire the same diameter and
number of segments as the preceding wire. It will, of course, use other values
you specify if you do specify them.
In the View Antenna display, you can see the new wire you've created,
although it might not be too obvious. It extends from one end of the horizontal
wire (wire 1) to the origin, right along the z axis. If you don’t see the numbers
beside the wires, select Objects from the View Antenna display View menu,
and check the Wire Numbers box, then OKk.
End 2 of the new wire is at the default coordinates of 0, 0, 0. When a ground
is specified (as it is here), a z coordinate of zero automatically means a
connection to ground. This shows in the Wires Window Wire 2 End 2
Connection column as “Ground”. Now it’s time to fix end 2 of wire 2.

Change the wire 2, end 2 coordinates to 0, -16.715, 30, and press

<Enter>.
Notice in the View Antenna display the effect this change has on the antenna.
Wire 2 now looks like an extension to wire 1.
We could have reversed the ends of wire 2 with no effect on the overall result.
The choice of which end to call end 1 and which to call end 2 is pretty much
arbitrary. One thing to keep in mind, however, is that reversing the ends
causes a reversal in the direction of current which EZNEC reports. So when
multiple sources are used, or where the currents are of interest, it's wise to be
systematic in assigning the end numbers. For example, in an array of phased
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vertical antennas, you should face all end 1s the same way, so all element

currents will be defined as flowing in the same direction. For this antenna,

though, the choice of end 1 makes no practical difference.

Our new antenna has twice as many segments as the back yard dipole. This

is fine unless you're using the EZNEC demo program, which is limited to 20

segments. If you are using the demo, change the number of segments on

both wires to 10 before proceeding.
Close the Wires Window.

You can see in the View Antenna display that the source (represented by the

circle) is still on wire 1. To make a dipole or inverted vee from the two wires,

the source has to be at the junction of the two wires. However, the NEC

calculating engine used by EZNEC spreads the source excitation over a

whole segment (or, conceptually, places it at a segment center). We don’t

have a segment center at the center of the antenna, so what should we do?

One solution to this problem is to insert a third wire between the two and put

the source on it. However, this can be trickier than it seems, because of

NEC'’s general fussiness about source placement. The best solution is to

make use of EZNEC's split sources, which can be placed at a wire junction.

Please click the link for more information about them.

Open the Sources Window by clicking the Sources line in the Control
Center information window. Click the cell in the Source 1 Type column.

As soon as you click the cell, a small button with an arrow appears in the cell.

This indicates that several distinct choices are available. Clicking on the

button opens a pull-down list of choices.
Select ‘SI". Then move to the % From E1 column in the Specified Pos.
group and change the value from 50 to 0.

This will put a split current source at end 1 of wire 1.
Press the <Enter> key.

On the View Antenna display, you should now see two source circles, one on

each side of the wire 1 — wire 2 junction. You can rotate the display for better

viewing by pressing the left mouse button while the cursor is in the display
window, then moving the mouse while holding the button down. You can also
resize the display by dragging any of the sides of the window.

At this point, we have a dipole again, but made from two wires instead of one.
Click the FF Plot action button to generate a 2D plot. In the 2D Plot
window, open the File menu and select Add Trace. If you saved the
trace from the “Along the Straightaway” exercise, you should see a file
named “Back Yard Dipole”. Click it, then click Open.

This overlays the back yard dipole plot with the plot from the new dipole. It

should overlay exactly, showing that the new dipole, made with two wires and

a split source, and centered with respect to the x axis, has the same pattern

as the single wire, offset dipole with a standard source. This illustrates that

you have a great deal of flexibility in modeling your antenna.
Click the Src Dat Control Center action button.

The indicated impedance is slightly different than it was for the original dipole.

Most of the difference is due to the fact that the new dipole has twice the

number of segments. But small differences in reported impedance are to be

expected whenever a model is changed, however slightly. The differences are
insignificant for any practical purpose. If you'd like to experiment a little, open
the Wires Window and change the number of segments on the wires, keeping
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the number the same for both. Then click Src Dat again to see the effect of
this change on the source impedance. Repeat for several different numbers of
segments. Close the Wires Window when you're finished to get it out of the
way.
Close the Source Data display.
Now we’ll make the dipole into an inverted vee. At this point, most other
modeling programs would require you to do some trigonometry or carefully
draw the inverted vee on graph paper to determine the coordinates of the wire
ends. But not with EZNEC. We'll use EZNEC's Rotate feature to make it into
an inverted vee with an included angle of 90 degrees.
Before proceeding, it's a good idea to save the description. This way, an easy
recovery can be made if an error is made.
Click the Control Center Save As action button. Furnish a name, such
as “Temp” (don’t use “Last” — it's used by EZNEC for the description
present when the program ends), then click Save.
Open the Wires Window by clicking on the Wires line in the Control
Center information window.
With the mouse cursor over the X, Y, or Z coordinate cell of Wire 1,
End 2, click the right mouse button. (Remember, the mouse cursor has
to be over the right cell, regardless of where the text insertion point is.)
This opens the shortcut list.
Select Elevation Rotate End. Enter the value -45, and click Ok.
This rotates end 2 of wire 1 downward 45 degrees, without changing end 1. In
the View Antenna display, you should now see wire 1 drooping downward 45
degrees. Rotate the View Antenna display if desired by clicking in the display
window and dragging with the mouse. If you don’t see this, you should return
to the dipole by either re-entering the wire end coordinates or by reopening
the file you saved a moment ago by clicking the Open action button and
selecting the file. Then try the rotation feature again.
The 2D plot disappeared as soon as you modified the antenna wire. This is
intended operation. EZNEC removes any displays that are no longer valid. As
soon as you modified the wire, the display no longer represented the pattern
of the current antenna, so it was closed.
Now repeat the rotation for the second wire.
With the mouse cursor over the X, Y, or Z coordinate cell of Wire 2,
End 2, click the right mouse button. Select Elevation Rotate End. Enter
the value —45, and click Ok.
You should see the completed inverted vee in the View Antenna display.
If the inverted vee looks ok, close the Wires Window.
Click the FF Plot action button to generate a 2D plot.
The plot should resemble the dipole plot. To see how the pattern compares to
the dipole’s,
Open the 2D Plot display File menu and select Add Trace. Locate the
Back Yard Dipole file you saved at the end of the “Along The
Straightaway” exercise and click Open.
Note that when automatic outer ring scaling is selected, it's scaled for the
largest of all the plots being displayed. It can be shown that the center of
current for a sinusoidal distribution is 1/3 of the way from the current loop.
This means that the effective radiation strength from the inner 1/3 of the
inverted vee equals that from the outer 2/3 (since the current is heavier
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toward the center). If we raise the inverted vee by 3.94 feet, it will place this
current center at 30 feet, which was the height of the dipole's center of
current. Let's try it and see what happens:
Open the Wires Window. Open the Wire menu and select Change
Height by. Enter 3.94 in the bottom text box and click Ok or press
<Enter>.
Again the 2D plot is closed as soon as the model is changed.
Close the Wires Window if desired, then click the FF Plot action button.
Add the Back Yard Dipole trace to the 2D display as you did before.
The higher inverted vee is closer to the dipole pattern but still has slightly
lower maximum gain. This shouldn't be surprising if you investigate the
patterns in more detail. The inverted vee has more radiation off the end,
reducing the gain from the side. But as you can see, the gain difference
between the dipole and inverted vee is less than one dB (providing the
centers of current are at the same height).
This concludes the “Through The Curves” exercise. If you'd like to learn some
additional techniques, try taking EZNEC_On The Race Course. You can
continue directly from here, or you can exit EZNEC and do it later.

On The Race Course

This section takes you through some of EZNEC’s more advanced features.
Open the back yard dipole model included with EZNEC:
Click the Control Center Open action button, and select and open the
example file BYDipole.ez.
Let's look at the full 3D pattern.
Click the Plot Type line in the Control Center information window.
Select 3 Dimensional, then OKk.
You'll see a notice that EZNEC is reducing the plot resolution to 5 degrees
per step. The minimum step size for 3D plots is 2 degrees, although this is
too dense for general use. One degree resolution is a good choice for 2D
plotting, and the example file was set to this value.
Click Ok to close the message box.
Click the EE Plot action button to start the calculation.
When the calculation finishes, you'll see a full three-dimensional (3D) display
of the dipole pattern. You'll note that it doesn't look much like the textbook
pictures you may have seen. This is because the textbook pictures usually
show a dipole in free space or, at most, over a perfect ground. This, on the
other hand, is the model of a dipole over real ground.
You can move the 3D display around to view it from different angles. Position
the mouse cursor anywhere on the 3D plot window. Press and hold the left
mouse button down as you move the mouse. The mouse cursor has to be in
the 3D plot window when the button is initially pressed. However, once the
button is down the mouse cursor can be moved anywhere on screen. You can
also do fine positioning with the arrow keys, as long as you first click
anywhere in the 3D plot window.
One of EZNEC'’s powerful features is the ability to view individual 2D “slices”
of the 3D display. To use this feature, the 3D display control box must be
activated. If you see some controls to the left of the plot, the control box is on.
If not, you need to turn it on at this point by opening the 3D display View menu
and selecting Show Controls.
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In the control box Highlight section, choose Elevation Slice.
The 3D plot will dim, and an elevation “slice” will appear in a distinctive color.
(You can modify these colors via the 3D display Options menu Colors
selection.) The two control box scroll bars are now active, and can be used to
change the slice and to move the cursor.
Most of the scroll bars in EZNEC can be adjusted in several different ways.
You can click on the arrow boxes at the ends to move the control a single
step. Holding the left mouse button down when on an end box moves the
control rapidly. If you click in the area between the adjustment bar and the
end box, the control will move in larger steps. Or you can simply drag the
adjustment bar to the desired position. Finally, the keyboard arrow keys will
move the control if it has focus (that is, if it's the currently active control).
Now click the Show 2D Plot box at the bottom of the 3D display control
box.
This turns on the 2D display, where the currently highlighted “slice” of the 3D
plot is shown. Notice that as you change the 3D “slice” and the cursor
position, the 2D plot changes accordingly. Turn on the 2D display control and
data boxes as follows.
On the 2D plot, open the View menu. If Show Controls isn’t checked,
select it. Repeat for Show Data if it isn’t checked.
The 2D display controls track the corresponding controls on the 3D display.
So once a 3D plot has been calculated, various “slices” can be selected
directly from the 2D display if desired.
When the Plot Type is 3D, the only way to open the 2D display is from the 3D
display (either by checking the Show 2D Plot box in the control box, or by
selecting Show 2D Plot in the 3D display View menu). If you close the 3D
display and want to reopen it, click the EE_Plot action button in the Control
Center.
Experiment with the 2D and 3D controls, selecting different “slices” and
“slice” types, and moving the cursor.
You can move the cursor in the 2D display by clicking in the 2D plot window.
After clicking in the 2D plot window, the cursor can also be moved with the
arrow keys and <Page Up> and <Page Down> keys. And, when the 2D
control box is being shown, you can move the cursor with the appropriate
scroll bar.
Various information about the 2D pattern is shown in the 2D display data box
(under the plot). One entry, on the right side, is the gain given as “dBmax”.
This is the gain relative to the maximum value anywhere in the 3D pattern.
Open the View Antenna display by clicking the Control Center View Ant
action button. In the View Antenna display, open the View menu and
select Objects. Check the 2D Pattern box and click Ok.
The 2D “slice” now appears on the View Antenna display. This shows how the
“slice” is oriented relative to the antenna. Notice that as you change the
selected “slice” with either the 2D or 3D controls, the View Antenna display
changes accordingly. Also notice that as you rotate either the 3D or View
Antenna display, the other changes position to match. (They don’t track
moment to moment, but synchronize when the mouse or keyboard key is
released.)
One last point to mention before leaving the 3D display. You can save a 3D
plot from this display (File/Save 3D Plot), but you can't open one from the 3D
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display or superimpose 3D plots. You can specify any azimuth or elevation
“slice” of a saved 3D plot to add to the 2D display. Or, you can recall and view
the entire 3D plot with TraceView.
Close all the windows except the Control Center.
Now let's run an SWR plot of the antenna.
Click the SWR action button. Enter 14, 14.4, and .1 in the Start
Frequency, Stop Frequency, and Frequency Step boxes respectively.
Then click Run.
This will run an SWR sweep, with the results being shown when the sweep is
finished.
Turn on the control and data boxes via the SWR display View menu, if
they’re not already on.
You can move the cursor on the SWR graph to any position by clicking on
the graph near the point where you want the cursor to go, or by dragging the
cursor. You can also move the cursor with the arrow keys after first clicking
anywhere on the SWR graph. As the cursor moves, you can see the SWR
for that frequency in the data box below the graph.
The graph clearly shows that the antenna is too short, if lowest SWR on 20
meters is a goal. This is indicated by the fact that the SWR decreases clear
across the band.
Let's make the antenna resonant at 14.1 MHz. One way would be to adjust
the lengths of the wires and find resonance by trial and error. But we’ll use
another method. First we find out just where the antenna is currently resonant.
We know it's at or above 14.4 MHz, so
Click the SWR action button. Click No in the message box which
appears. Enter 14.3 and 14.8 in the Start and Stop frequency boxes,
and click Run.
From the graph, the SWR looks lowest at around 14.42 MHz or so. What we’'ll
do is change the frequency to 14.42, about where it's resonant. Then we have
a resonant antenna but at the wrong frequency. We’'ll then rescale that
resonant antenna to the right frequency.
In the Control Center information window, click the Frequency line.
Enter the value 14.42, then Ok. Click the Frequency line again. Enter
the value 14.1. But this time, check the Rescale box before clicking Ok.
Open the View Antenna display by clicking the View Ant action button. Right-
click on the wire in the View Antenna display. You can see that EZNEC has
lengthened the wire to about 34.2 feet. (It was originally 33.43 feet.)
Close the View Antenna display. Click the Control Center Src Data
action button.
The source impedance still has a slight negative reactance (about -4 ohms),
indicating that the antenna is still a little short. The SWR/rescaling process
could be repeated, or the antenna length changed in the Wires Window to fine
tune it. Let’'s run another SWR sweep to see how close we got to the target of
14.1 MHz.
Close the Source Data display. Click the SWR action button. Enter 13.9
and 14.4 for the Start and Stop Frequencies, then click Run.
From the result, you can see that we got pretty close to 14.1.
There are a couple of reasons we didn’t hit it exactly. One is that we guessed
at the initial resonant frequency. Another SWR sweep with a finer step would
have been more precise. The second reason is that when an antenna is
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scaled, the wire diameter isn’t changed if it's specified as an AWG gauge. The
diameter of our antenna wire is specified as #12, so it wasn’t changed with the
scaling. Exact scaling requires changing the wire diameter in the same
proportion as the antenna length. EZNEC doesn’t do this when wire diameter
is specified as a gauge, because it would usually result in a diameter which
doesn’t correspond to any standard wire size. Ground conductivity also
doesn’t scale linearly with frequency. This will generally make a noticeable
difference only with the patterns of vertically polarized antennas, however.
You might want to feed the antenna with 75 ohm line instead of 50 ohm line.
An alternate Z0 is available for analysis. It's set in the Control Center
information window, as Alt SWR Z0. Since we didn't change it, its value is 75
ohms, which was the value in the DIPOLEL description we started with. To
see what the SWR would be on a 75 ohm feedline,

Select the Alt option in the SWR display control box Z0 section.
75 ohm feedline feeding this antenna would have a lower SWR than 50 ohm
line. (However, the SWR is low enough that it's unlikely to make any
difference in performance unless the feedline is exceptionally long or lossy.) If
analyzing an antenna with more than one source (such as the example
antenna 4Square), you can select which source to view using the up-down
control in the SWR display control box.
This concludes On The Race Course, and the Test Drive.
Now you've taken EZNEC for a good run. The Building The Model chapter
gives tips for creating models and interpreting results. The Reference chapter
contains complete information about each menu and its features.
The Stacked Yagis section contains an additional step-by-step tutorial that
illustrates additional EZNEC features. You might want to go through it now or
at a later time.
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Upgrading from DOS EZNEC or EZNEC pro

Compatibility

All plot (trace) and description (.EZ or .EN) files created by ELNEC or earlier
versions of EZNEC are directly usable by EZNEC v. 4.0.

Description files written by EZNEC v. 4.0 can be used with earlier EZNEC
versions. ELNEC can read EZNEC v. 4.0 description files, but source and
load placement might require modification. Plot (trace) and ground data files
written by EZNEC v. 4.0 are usable by EZNEC and EZNEC pro v. 2.0 or later
versions, but not by earlier versions.

Although description files are compatible among all versions, files created with
EZNEC v. 4.0 contain additional information. If a description file is opened
with an older version of EZNEC, then saved with the original name by the
older version, some of the additional information will be changed or lost. For
example, if a description file created by EZNEC v. 4.0 is opened with EZNEC
v. 3.0 or earlier, saved with the older program under the same name, then
reopened with EZNEC v. 4.0, the frequency sweep setup information will be
gone. Antenna notes files, which are separate from the description files, won’t
be affected; they’re simply ignored by older versions.

There should be no conflicts between EZNEC v. 4.0 and DOS versions
installed on the same machine. The same directories for description files,
ground files, etc., and even program files, can be used. Even when installed in
the same directory, EZNEC v. 4.0 won't overwrite DOS versions.
(Maintenance updates and other revisions of EZNEC v. 4.0 will, however,
generally overwrite earlier revisions of v. 4.0.)

What's New Since DOS

The Big Difference

From an operational standpoint, the main difference between EZNEC v. 4.0
and its DOS predecessors is the abilty to view multiple windows
simultaneously. On the surface this may seem like a trivial difference, but it
enhances EZNEC's usability tremendously. Just a few minutes of working
with EZNEC v. 4.0 will easily convince you. For example, with the Wires and
View Antenna Windows open at the same time, you immediately see changes
as you make them. You can select wires in either window, and they’ll be
selected in the other. The wire or wires selected in the Wires Window are
highlighted in the View Antenna display. Or, view the 3D pattern plot and View
Antenna display at the same time. Both rotate together, so the orientation of
the antenna with respect to the pattern is easily apparent. With the 2D and 3D
pattern plots open at the same time, the position of the 2D “slice” in the 3D
display is always apparent.

Of course you also have all the advantages of the Windows interface, with
mouse operation, menus, printer compatibility, and all the other advantages it
offers.

Best advantage can be taken of EZNEC v. 4.0’s capabilities with a 17 inch (43
cm diagonal) or larger monitor with 1024 X 768 pixel or higher resolution.
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However, you'll still benefit greatly even with a notebook computer and VGA
display.

Antenna Notes

The Windows environment has made it practical to include detailed notes for
each antenna. Antenna notes are created and edited via a selection in the
Control Center File menu. Antenna notes are saved in plain ASCII text files
which have the same base name as the antenna description, but the file
extension “.txt". They're kept in the same directory as the antenna description
files. See Antenna Notes in the Reference chapter for more information.
Antenna notes files can be edited with any text editor, and otherwise treated
like any other text file.

(EZNEC pro only): Antenna notes are handled differently for NEC-format
description files. In NEC files, antenna notes are integrated into the
description file as CM “cards”. When you choose to edit the antenna notes
with EZNEC, the CM “cards” are converted to plain text and put into a
temporary file, which is then opened with EZNEC’s editor. When this file is
“saved”, the text is put back into the NEC file as CM “cards”. The CM “cards”
can be edited with another text editor if desired.

RLC Load Type

A new RLC load type has been added to the existing R + j X and Laplace
types. This in turn includes three RLC configurations, with the ability to make
the R frequency variable to simulate conductor or dielectric loss.

Other New Features

The frequency sweep setup is now saved with the description file.

EZNEC now supports winSMITH by Noble Publishing, as well as ARRL'’s
MicroSmith.

Average gain is a powerful new feature to detect source placement problems
and to determine ground and wire loss

Faster calculation — EZNEC's NEC-2 engine is 20% faster than previous
versions. (The EZNEC/4 NEC-4 engines are about the same speed as
previous versions.)

The View Antenna Display now shows wire numbers. You can center them,
offset them, or turn them off.

The View Antenna Display now indicates end 1 of highlighted wires with a
distinctive color.

Context sensitive help — When running EZNEC v. 4.0, press F1 to display
information about the currently active window, menu, or control.

Nomenclature

Names and operations have been changed to reflect current Windows usage.
The following list isn’t complete, but gives examples of changes:

DOS EZNEC v. 4.0

EZNEC

Main Menu Control Center

Wires, Wires, Sources, etc.
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Sources, Windows (Input Grid
etc. Menus  Windows)

Quit Exit

Exit Exit without saving

Recall (file)  Open
Browse (file) View

Selected Operational Differences

As much as possible, the best features of using DOS EZNEC have been
retained, while at the same time creating a true Windows interface. It is hoped
that the location and use of most features will be intuitive and self-
explanatory. However, a few changes bear pointing out to ease the transition
from earlier EZNEC versions.

2D, 3D, and View Antenna display positioning

To rotate the 3D or View Antenna display, press the left mouse button while
the mouse cursor is in the display window. Holding the button down, move the
mouse to rotate the display. To move the cursor in the 2D display, click the
left mouse button anywhere in the display window and the plot cursor will
move to the nearest possible point which is on a line from the plot center to
the mouse cursor location. The cursor can be dragged with the mouse if
desired. Other positioning is done via the Controls box to the left of the display
window. This box is turned on and off from the 2D, 3D, or View Antenna
display View menu.

Data and Control Boxes

The 2D plot and SWR displays include a Data display which can be turned on
or off via the form’s Options menu. These contain the former 2D Analyze data,
and the data which appeared to the left of the SWR plot. The 2D, 3D, SWR,
and View Antenna Displays all have a Controls box which also can be turned
on or off via the form’s Options menu. All the Data and Controls displays
should be turned on when you first run the program. From then on, their
states will be remembered and restored the next time you open the particular
display.

Shortcuts and Right-Clicking

All of the shortcuts such as rotating wires and wire end connections (formerly
in the Wires Menu) have been retained. In most cases, you can enter the
same combinations of letters and numbers as before. For example, you can
enter ‘RA45’ in any X, Y, or Z column in the Wires Window to rotate the wire
45 degrees in azimuth, or enter ‘W1E2’ to connect the end to End 2 of Wire 1.
But you can also access these features, and others, by right-clicking on the
cell. Generally this is the method of accessing alternate methods of entering
data. For instance, right-clicking a cell in the Transmission Lines Window Z0
column opens a dialog box allowing you to specify a type of transmission line
or to specify the line in terms of wire spacing and diameter.
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Drop-Down Lists

Drop-down lists are sometimes incorporated in the Input Grid Windows. For
example, in the Sources Window, clicking on the Type column will make a
drop-down list arrow visible. Clicking the arrow activates a drop-down list
containing the available choices.

Uninstalling DOS EZNEC

Procedure

It's not necessary to uninstall DOS EZNEC to maintain compatibility with
EZNEC v. 4.0. However, you may want to uninstall it to recover some disk
space. All of the files listed below can be deleted without affecting your saved
antenna descriptions, traces, or ground data files. Some may not be present,
depending on the version you have. All are located in the EZNEC program
directory. Deleting these files will uninstall DOS EZNEC (EZNEC v. 1.0 or
2.0).

Files which can be deleted
ANTNOTES.TXT

CALC4.EXE

DOSXMSF.EXE

ELNEC.CFG

ERRTEXT

EZCALC.EXE

EZCALC4.EXE

EZCALCAD.EXE

EZMAIN.EXE

EZNEC.BAT

EZSETUP.EXE

INTERACT.INI

KEYFILE

KEYFILE.### (### is a three-digit number)
LAST.### (### is a three-digit number)
LF90.EER

OPENPF.TXT

SIGNON
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Introduction to Modeling

Modeling is the technique of evaluating the performance of one object or
system by evaluating the performance of a substitute called a model. Models
can be physical objects, like a reduced size scale model antenna sometimes
used for evaluating HF antennas. Models can also be purely mathematical,
like the equations you use in circuit analysis. The accuracy of the results are
never better than the accuracy with which the model matches the real object.
For example, a model of a circuit consisting of a battery and resistor will do a
poor job of predicting the current if the battery is old and the model doesn’t
include internal resistance. Likewise, a model for analyzing UHF circuits which
doesn’'t include accurate inductive and capacitive effects won’t produce
accurate results. So it's imperative that you learn the limitations of your
modeling tools. This manual will help you in that endeavor.

Skillfully used within its limitations, EZNEC can do a remarkably accurate job
of predicting antenna performance. But remember, it's analyzing a model of
an antenna, not an actual antenna. So its accuracy is always limited by the
accuracy of the representation of the real antenna and its environment by the
model. In some cases, the tools simply are not available to make an accurate
representation, so approximate results are the best that can be obtained. For
example, a parabolic reflector can be approximately modeled as a wire grid,
but the representation will not accurately predict low-level lobes or
characteristics sensitive to dish smoothness. But for many antennas under a
wide range of circumstances, EZNEC will give you startlingly accurate results.
And for most antennas, the results will be close enough for nearly any
practical use.

Building a good model and interpreting the results requires considerable skill.
This manual is intended to help you acquire the skills necessary to get
consistently good results.

You may want to take the Test Drive before or during the reading of this
chapter.

Modeling With EZNEC

All antenna models are made from EZNEC components — wires, sources,
loads, transmission lines, and ground media. The accuracy of the model
depends on how accurately the actual antenna and its environment can be
represented by the model made from these components. Some physical
objects, like a physical wire or metallic tube, are easily modeled with high
accuracy. Some, like a round loop or small flat metal plate, must be
approximated. And some, like a helically wound dipole antenna, can’t be
modeled accurately at all with the available components. But a very wide
variety of objects can be successfully modeled with EZNEC.

All EZNEC operations are accessed via the Control Center. This is the form
which opens when you start EZNEC, and stays open while EZNEC is running.
The following sections will lead you through the steps of building a model. You
can get additional information by clicking on the links.
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Opening The Description File

EZNEC doesn't have a provision for starting with a blank description; it always
begins with the last antenna you've analyzed. So it's helpful to accumulate a
collection of template antennas which are similar to the types you commonly
model. These make fast and easy starting points for developing your new
model.

A description file is opened by clicking the Control Center Open action button,
or clicking the Open selection in the Control Center File menu.

EZNEC pro only: To open an NEC-format file, follow the above procedure,
but include the extension .NEC when you enter the file name. Likewise, to
save a file in NEC format, include the .NEC extension.

Modeling The Antenna Structure: Wires

About Wires

When modeling an antenna, you'll generally spend most of your time working
on the physical structure made up of the antenna’s conductors. That's the
subject of this chapter.

It's important to realize that EZNEC doesn’t know, or care, what you consider
to be the “antenna” and what other conductors in the model might represent. If
you've included conductors to represent towers, rain gutters, fences, or other
antennas, they’re just as much a part of the model and the calculation as the
part of the model you consider to be the “antenna”. The whole model is a
single coupled system to EZNEC just as it is in the real world. (I've often
commented to amateurs seeing strange results from multiple antennas in a
small area that they don’'t have several antennas — they have one antenna
with several feedpoints. And this is just how EZNEC looks at it.)

All antennas in an EZNEC model are made from “wires”. In this manual the
term “wires” refers to the EZNEC component of that name. Real, physical
wires are called “physical wires”. The distinction is important because EZNEC
wires are idealized models of the real thing, much like a resistance is an
idealized model of a resistor. EZNEC wires are also used to model other
physical objects such as tubing. Connected as a grid, or screen, they can also
be used to model flat conductive surfaces.

EZNEC models every antenna as a collection of straight wires. Straight
should be emphasized; a round loop, for example, must be modeled as a
polygon of straight wires. The diameter of each wire can be freely chosen,
and the program will give accurate results with diameters from arbitrarily small
up to at least 0.02 wavelength. With some imagination, nearly any type of
conducting structure can be modeled as wires (although not always practically
or with great accuracy). For example, a metal wall can be modeled as a grid
of wires with a mesh on the order of 0.1 wavelength or less.

You tell EZNEC where the wires are placed in space by giving their X, y, and z
coordinates relative to a universal origin, or 0,0,0 point. You're free to decide
where the origin is, except that ground is always assumed to be at the height
of the origin (z = 0). (There are also some additional considerations involving
the origin choice when two ground media are included in the model.

EZNEC has several features to make entry within the coordinate system as
easy as possible; they're described in the Wire Coordinate Shortcuts section.
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Wires are connected whenever an end of both have the same coordinates
(actually, if the ends are within about 0.001 segment length of each other).
Wires can be connected only at their ends. EZNEC automatically connects
wire ends which have very nearly identical coordinates. The actual criterion
used by EZNEC is that wire ends have to be within about 1/1000 of a
segment length to be connected. When the Auto Coordinate Match option is
on (the default), the coordinates of any wire ends which are close enough to
be considered connected will be modified as necessary by EZNEC to make
them identical. If a ground is used, a wire is connected to ground if its z
coordinate is within about 1/1000 segment length of zero. When Auto
Coordinate Match is on, the z coordinates of ground-connected wires are
modified by EZNEC to be exactly zero. (NOTE: For High Accuracy ground,
the connection will be quite lossy (resistive). See Real Ground Types.

Serious errors will occur if wires cross or occupy the same space. Because
wires can be connected only at their ends, simply crossing wires won't
connect them, and will cause severe calculation errors. (The calculating
engine won't object to wires crossing at segment junctions, and will consider
them connected. However, these connections won't be recognized by the
interface portion of EZNEC, so errors can easily be made. Also, any change
in wire length, orientation, or number of segments will break the connections.
Therefore, attempting to make connections at segment junctions other than
wire ends is strongly discouraged.) As an example, modeling an "X" - shaped
structure with the recommended restrictions requires four wires if the cross
members are connected at the center of the "X”.

Modeling the following wire grid

24 23] 2
2 9 6
o
e 5 2

18| A7| 76
|7 4 1

15 14 13

o
I

)

requires 24 wires. Each side of each square is a separate wire.

A common problem involves wire spacing. When wires are to be close but not
connected, users frequently space them very close, sometimes a fraction of
an inch or centimeter when the wavelength is tens of meters. This isn't good
practice, and can lead to numerical problems. (It's difficult for any program to
deal with wires which are 40 meters long but spaced .0001 meter apart.)
Always use realistic spacing. If you're analyzing a 3 MHz antenna, you
probably can space wires six inches (15 cm) without materially affecting the
antenna operation. If you can, do so. If you can't, make sure the results aren't
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unduly sensitive to the spacing or number of segments. If they are, numerical
problems might be occurring. More information about closely spaced wires
and wires intersecting at an acute angle is given in the sections below.

Wires are divided into segments for computational purposes, and good
segmentation is essential to accurate results. See the Segmentation section
for more information about this important topic.

Several NEC guidelines are checked by the automatic Segmentation Check. It
runs automatically when you open a file or change the wire description, or you
can run it manually at any time. There are two sets of guidelines: conservative
and minimum recommended. In general, the conservative guidelines will
result in more segments and better accuracy than the minimum
recommended. It's impossible to place an accuracy figure on either set of
guidelines, because the effect of small errors in current amplitude or
distribution can vary greatly, depending on the type of antenna and the role
the wire plays. As a general rule, you should use more conservative
guidelines when modeling antennas which have a narrow bandwidth or use
parasitic elements, such as a Yagi. See Segmentation for more information.
Bear in mind that the Segmentation Check doesn't report all possible errors,
so care and knowledge on the part of the user is still required.

The Some Special Cases section describes special considerations which
need to be taken when modeling several common configurations. Additional
and more detailed information about the Wires Window and View Antenna
display can be found in the Reference section.

Segmentation

Each wire is divided into segments for analysis purposes. The NEC
calculating engine assumes that the current has an essentially sinusoidal
shape over the length of a segment, and that the currents of adjacent
segments match at their junctions. This makes the problem one of finding a
finite number of impedances, currents, and field strength contributions. Some
of the skill in modeling is in choosing the number of segments. EZNEC will
choose for you (with its automatic segmentation feature) if you wish, but its
choice will often not be best. Although accuracy generally improves when
more segments are specified, computation time increases approximately as
the square of the number of segments. A useful rule of thumb is 10 segments
per half wavelength for pattern/gain analysis, and perhaps twice that number
if really accurate impedance values are required. Wires joining at very acute
angles may require more segments (see Acute Angles). If in doubt, a
straightforward way of telling whether you've specified enough is to increase
the number and see how much the results change. You should also develop
the habit of looking at the currents on the wires. Abrupt current changes might
indicate an insufficient number of segments (but note that apparently abrupt
phase reversals at wire end connections may be due to internal conventions
of assigning current direction — see Interpreting The Results). One place more
segments aren't better is if wires of different diameters are connected in a
configuration which EZNEC can't correct with its stepped diameter correction.
(This isn't a problem with the NEC-4 engine in EZNEC/4.) See Stepped
Diameter. Determining a reasonable number of segments isn't as hard as it
sounds. You'll soon get a good feel for about how many you need to get the
shape of a pattern or a feedpoint impedance with the accuracy you need.
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In looking at models created by EZNEC users, it's apparent that many people
use more segments than necessary. This is no disadvantage in small models,
but it unnecessarily increases calculation time, and often is the source of a
perception that not enough segments are available. One important thing to
keep in mind is that if a wire carries little current, it contributes little to the
overall field, since the field is proportional to the current. Consequently, wires
that carry little current can often be given fewer segments than the “minimum
recommended” number, or even removed from the model altogether. The
exception to this is situations where deep nulls or high front-back ratios have
to be determined. In those cases, even the small fields from wires with little
current can modify the results and should be undersegmented or removed
with care. When studying the effect of an undriven nearby antenna, the model
of the nearby antenna can frequently be undersegmented or simplified a great
deal. For example, the elements of a 20 meter beam are far from being
resonant on 15 meters, so constant diameter, somewhat undersegmented
elements could be used for the 20 meter beam when analyzing its effect at 21
MHz. The tip in the Log Periodic Antennas section for segmenting that type of
antenna might give you some ideas for others.

See Some Special Cases in “Modeling The Antenna Structure” for some
examples where the number of segments or segment length requires special
consideration. Also see the index under “Segments” or “Segmentation” for
additional references.

EZNEC permits a total of 500 segments. EZNEC pro programs EZNEC-M
and EZNEC/4 permit 10,000.

Using The Wires Window

Other than the Control Center, the Wires Window is probably the part of the
program you’ll interact with most. This is the place where the basic structure
of the antenna is defined. The antenna is made from straight wires. The
location, diameter, and interconnection of these wires are all defined in the
Wires Window.

The Wires Window is opened by clicking on the Wires line in the Control
Center Information Window.

Open the Wires Window by clicking on the Control Center Wires line or the
button to its left.

Wires are defined by specifying their end coordinates in the appropriate grid
cells. Menus and selections in the following paragraphs refer to the Wires
Window. Unless otherwise noted, a sequence like Wire/Add refers to first the
menu, then the selection(s). For example, Wire/Add means the Add selection
in the Wires menu (in the Wires Window).

Adding Wires

To add any number of wires, select Wire/Add. Enter the number of wires in
the upper box. If the lower box is left unchanged, the new wire(s) will be
added below the existing wires. If desired, you can specify other locations for
the new wire(s) by entering the position in the lower box.

To add a single wire, you can also simply type the coordinates, diameter, and
number of segments in the add row, then press <Enter> or click on another
row of the grid. Any cells left blank will be filled with duplicates of the values
for the last wire.

Entering End Coordinates
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