
linSmithJohn CoppensON6JC/LW3HAZjohn<at>j
oppens.
om11th July 20061 Introdu
tion1.1 HistoryThe Smith 
hart is one of the most useful tools to respresent transmission line problems and adaptationin general. As useful as the tool is, at least as frustrating is trying to use it in do
umentation.Of 
ourse it is possible to use existing tools like general-purpose drawing programs, and, even better,some ve
tor-based drawing programs (like Sken
il and others). But trying to get a more or less 
ompli-
ated Smith 
hart problem to look ni
e is a nightmare. All these programs are thought out for a Cartesianaxis system, and trying to do something not even really polar is - at least - very time-
onsuming.I needed a tool like this for my 
lasses at the University, and started the proje
t while still in my'Windows period' in 1997, as �rst steps in graphi
s programming using Delphi (version 1!).At about the same time, due to a few very spe
ta
ular 
omputer 
rashes and data losses, and myrelu
tan
e to base my 
lass material on a mixture of 
ommer
ial pa
kages I 
ouldn't really a�ord, Iswit
hed to Linux. Never looked ba
k.Then �nally, a few months ago, the Smith 
hart do
umentation problem re-appeared and I de
ided to
onvert the (very basi
) Delphi version into Linux. A large undertaking, 
onsidering I didn't have thatmu
h graphi
s experien
e using GTK.linsmith 
ontinues to be developed, and regularly new ideas appear that make it more useful.1.2 ToolsI had GTK+ 2 installed, together with Glade2, so I based everything on that. I didn't use any spe
ialgraph libraries - maybe that's an error, but I didn't think the program's (la
k of) 
omplexity justi�ed it.Most, if not all, glyphs and graphi
s were done with the GIMP.The gnome-print library solved many of the problems for Posts
ript output in a fairly simple way. Itwould be ni
e to have an option there to output En
apsulated Posts
ript dire
tly - in fa
t that wouldonly involve redu
ing the gnome-print output.2 Li
enseThis program is (
) 1997- John Coppens. It has been released under the General Publi
 Li
ense.Here's the o�
ial GPL introdu
tion (The 
omplete text is distributed with this pa
kage):This program is free software; you 
an redistribute it and/or modify it under the terms of theGNU General Publi
 Li
ense as published by the Free Software Foundation; either version 2of the Li
ense, or (at your option) any later version.This program is distributed in the hope that it will be useful, but WITHOUT ANY WAR-RANTY; without even the implied warranty of MERCHANTABILITY or FITNESS FOR APARTICULAR PURPOSE. See the GNU Library General Publi
 Li
ense for more details.You should have re
eived a 
opy of the GNU General Publi
 Li
ense along with this program;if not, write to the Free Software Foundation, In
., 675 Mass Ave, Cambridge, MA 02139,USA.
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3 Starting linSmithPlease read the installation instru
tions in the INSTALL �le in the distribution - there are no spe
ial tri
ksto perform.On
e installed, you 
an start the program simply with linsmith. The �rst s
reen that appears is themain window with a splash s
reen instead of the 
hart:

Figure 1: Initial linSmith s
reenWhen the 
ursor is moved over the 
hart window at the left, the splash image disappears and theregular 
hart is drawn. (This also happens when either a load �le or an element �le is loaded)Then, the s
reen looks like this:
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Figure 2: linSmith in operating mode4 Setting up linSmithWhen re
ently installed, linSmith will use the preferen
es shipped with the program. Of 
ourse those aremine, and tastes di�er. There are so many 
ustomizable parameters in linSmith, you might get lost...(I did - in more than one o

asion). You 
an always use the values of the s
reenshots below to return toa workable situation.There are two 
lients for the graphi
al part: the s
reen, and Posts
ript output. As these are quitedi�erent media, with distin
t requirements, I've made most parameters separately 
on�gurable. In fa
t,the 
on�guration part may well be the most 
ompli
ated se
tion of the program.A typi
al example of di�erent requirements: on paper 
olors are generally mu
h darker than on thes
reen, so normally, one would sele
t lighter 
olors to make them easier to distinguish.S
reen hardware makes it di�
ult to represent half-pixels, so the linewidth requirements are di�erenttoo (even the 'units' are di�erent).Note that many of the parameters are not instantaneous - it may be ne
essary to restart the program(this is not ne
essary for printing - printing parameters will be a
tive immediately).As usual with GTK programs, a 
on�guration �le will be generated (in this 
ase in your homedire
tory) as '~/.gnome-2/linsmith'. If you wish, you 
an 
opy this �le to other users.4.1 The 'General' parameter pageHere, you 
an 
ontrol the showing of the SWR 
ir
le, and its diameter. Also, it's possible to enable anauxiliary 
ir
le whi
h represents the image of the R=1 
ir
le. This is a mainly dida
ti
 tool.
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Figure 3: General parametersIf you prefer to use another letter for the imaginary part of 
omplex numbers, 
hange 'Complex su�x'.Normally you will not want to 
hange the �les se
tion, whi
h represents the paths to the lastly loadedloads and elements �les, and the last output �le.Show 
ir
le at SWR: Show a n SWR-
ir
le in the 
enter, with the indi
ated radiusShow g1 
ir
le: I like to use the image of the R=1 
ir
le for adapting.Always show impedan
e: This for
es the Results page to always use impedan
e for the 
ir
uit values.If un
he
ked, values will be impedan
e or admittan
e, a

ording to the Z/Y 
onversion blo
ks insertedin the elements.Complex su�x : Some prefer 'i' instead of 'j'.Use bitmap 
hart : For the moment, this is the only option, but I plan to generate a ve
tor based
hart in a future version, for better on-s
reen s
aling. This has no in�uen
e on the Posts
ript output.Pre
ision: Determines the number of digits of pre
ision for frequen
y, impedan
e and admittan
e onthe Results page and the results export.S
reen fonts : 'Cursor values' modi�es the font of the values under the 
hart, 'Results page' modi�esthe font on the Results page.4.2 S
reen parametersOn the s
reen, a bitmapped or a ve
tor-based ba
kground image is used, a

ording to the sele
tion onthe 'General' tab. On this page, it's possible to 
hange the parameters of the ba
kground image. Pleasenote that 
hanges only take e�e
t after a program restart.

Figure 4: S
reen parametersFor the Bitmap 
hart:Image �le spe
i�es a bitmap to be used as ba
kground. Most image formats are supported. An imagesize of about 200-300 pixels on ea
h side is best.To adapt the program to a new ba
kground image, it is ne
essary to spe
ify a few parameters:4



Figure 5: Adjusting a new 
hart image

The ba
kground 
hart is installed in the defaultpixmaps dire
tory, the lo
ation of whi
h may vary onyour ma
hine. To avoid an ex
essively large ar
hive,I've in
luded only one (smallish) 
hart. If thereis interest, I have a few larger 
harts, or, you 
aneven generate your own, printing a blank 
hart withlinsmith, and then 
onverting it to a bitmap (usingeg. 
onvert or Gimp).
Field Des
ription Unit ExampleRadius Distan
e from R = 0.0 to R = ∞ pixels 341.0X o�set Distan
e from the left border of the image to R = 0.0 pixels 5.0Y o�set O�set from the 
enter of the image to the X = 0.0 line pixels 0.0For the ve
tor 
hart:To improve the aspe
t of the 
hart, you will probably want to edit the default 
olors of the s
reen 
hartin 'Preferen
es'. Though I'm sure this is a matter of personal taste, these are the 
olors I've used for thes
reen shots and the manual (on the 'S
reen' tab of Preferen
es):Hue Saturation ValueR-lines and X-lines 'Normal' 30 30 100'Bold' 30 45 100Ba
kground 
olor 58 13 100The initial size of the ve
tor 
hart 
an be set on the same Preferen
es page. 200 pixels will almost �llthe spa
e of the startup s
reen.Note: The font de�nition is not used yet!
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4.3 Printing

Figure 6: Printing setupThese are parameters spe
i�
ally related to the Posts
ript output of the program:Field Des
ription Unit ExamplePaper size Sele
table A4Chart diameter Output size of the Smith 
hart mm 160.0Margin left Moves the 
hart to the right mm 1.0Margin bottom Moves the 
hart up mm 1.0Notes:
• The paper size is not a
tually used, but must be sent to the generating routines.
• Margin left and bottom should probably be set small, so that a later 
onversion to EPS (En-
apsulated Posts
ript) doesn't 
ause problems. Some 
onverters leave lots of white spa
e, or get
ompletely lost trying to determine the 'Bounding box' that 
ontains the 
hart.I had good results with '
onvert' (whi
h is probably on all Unix ma
hines anyway):
onvert my
hart.ps EPS:my
hart.epsWith the 
hart properties list, it is possible to determine the 
olors of the ba
kground 
hart. Note thatinkjet printers do not 
ope very well with non-primary 
olors (primary 
olors are Cyan/Magenta/Yellow/Bla
k)and very narrow lines, as they have to be simulated using dithering.4.4 Impedan
esHere, the 
olors of the 'dots' 
an be sele
ted. On the s
reen, the dots will have solid 
olors if they aremobile (
an be dragged with the mouse). And they will have a bla
k border if they are �xed (undragable).Note: This is (still) a feature on the TO-DO list.

Figure 7: Impedan
e plotting6



On the Posts
ript output, both border and �ll 
olor 
an be de�ned, as well as the diameter, andborder linewidth. Using a darker version of the same 
olor as border gives a ni
e tou
h to the graph.4.5 Conne
tionsIn a similar way, this page permits setting up the 
olor for the 
onne
ting ar
s and lines, and for theSWR and g=1 
ir
les.

Figure 8: Conne
tionsI'm ambivalent about showing a 
onne
ting line for the transformer... Haven't done so yet.4.6 RemoteThe remote tab permits de�ning some parameters of the remote instrument interfa
e. This is work inprogress, and may 
hange (
ompletely) over the 
oming versions if the a
tual approa
h doesn't seemappropiate.For the moment, I've planned 
ommuni
ations using pipes or using the serial port.4.6.1 Pipes

Figure 9: The Remote 
ontrol tab for pipesInput pipe and Output pipe are two �les that should exist only during the run of linsmith. If theprogram is exited 
orre
tly, those �les will be deleted at the end of the exe
ution. 'Input' and 'Output'are as seen from linsmith. An instrument should write to 'Input' and read from 'Output'.Typi
al names for these �les are /tmp/linsmith.in and /tmp/linsmith.out.When 'Peripheral 
an 
ontrol linsmith' is enabled, linsmith will a

ept the load values from theinstrument with prompting, and some extra 
ommands to 
ontrol the load list.For more information on remote 
ontrol, 
he
k se
tion 6 on page 13.7



4.6.2 Serial 
ommuni
ations

Figure 10: The Remote 
ontrol tab for serial 
ommuni
ationsThis is a somewhat simpler interfa
e, but needs 
on�guration of parameters su
h as baudrate, number ofbits, port, et
.4.7 Noise bridgeMany variations of noise bridges are in use. Not only 
hange the parameters (
omponents used for
onstru
tion), but there are quite a few di�erent 
on�gurations too. The one I 
onstru
ted a long timeago, was the 
ir
uit from the Feb 1977 issue of Ham Radio, by W8BXI. It uses a parallel 
ombination ofa potentiometer and 
apa
itor, instead of the more traditional series 
on�guration.

Figure 11: The Noise bridge setup tabThe values to be 
on�gured are the o�set 
apa
itor (the 
apa
itor in parallel with the unknownimpedan
e), and, if needed the value of the resistor used in the extender.If there is interest in other 
on�gurations, please e-mail me.4.8 FilesThis is more of an 'informational' tab: it shows the names of the most re
ently used �les.
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Figure 12: The Files tab5 Using the program5.1 Inputting the LoadsInputting the load impedan
es is logi
ally the �rst step to do.Loads 
an be entered as R + jX impedan
es, or as R/C pairs from a noise bridge.5.1.1 R+jX impedan
esTo add a new load, simply enter the values - frequen
y (in MHz), R and X in Ohms. Cli
k on New buttonwill transfer the value to the load list.

Figure 13: Entering loads as R + jX valuesAfter sele
ting a line in the load list, it's possible to 
li
k on the trash 
an to delete that load fromthe list, or to edit its value and the 
li
k on Update to update the list's value. The 
lear button underthe trash 
an empties the list 
ompletely.
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5.1.2 R/C measurements

Figure 14: Entering loads noise bridge R/C pairsUsing a noise bridge, we obtain readings from the bridge's potentiometer and variable 
apa
itors. Forthe moment, the only bridge type supported by linsmith is the 
ir
uit published by W8BXI, in the Feb1977 issue of Ham Radio. But even then, I'm sure there are variations between the bridges in use, so,using the 'noise bridge' tab in 'preferen
es', it's possible to 
on�gure the parti
ular values for your bridge.When using noise bridge R/C pairs, the values in the table will still be impedan
es (R+jX), butsele
ting a line in the table will show the original R/C values for editing.The R/C pairs will be saved together with the R+jX values.Note: It's even possible to swit
h to R+jX during entry, but on
e there, the R/C values will not beupdated!5.1.3 Remote dataThis input method is not working (well) for the moment. The 
ode is a
tively being updated, so look forthe next versions.5.2 Entering the 
ir
uit elementsThis is a little more involved. For most 
omponents, it is ne
essary to sele
t how the 
omponent will be
onne
ted in the 
ir
uit. Some are ex
eptions: a serial line se
tion 
an hardly be 
onne
ted in parallel!To enter a value, sele
t the entry box, and modify its 
ontents to the new value.
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Figure 15: ElementsThese are the possible 
ir
uit elements (between [℄'s, I've marked the possible 
onne
tions):5.2.1 Dis
rete 
apa
itor [P/S℄5.2.2 Dis
rete indu
tor [P/S℄5.2.3 Parallel 
apa
itor/indu
tor 
ombination [P/S℄5.2.4 Series 
apa
itor/indu
tor 
ombination [P/S℄Dis
rete 
omponents are �rst de�ned as 
apa
itors and/or indu
tors, then their value 
an be entered aspF and nH. A s
rollbar under the 
omponent value will permit 'experimenting' with the 
omponent valuemore easily. From version 0.8.1 on, the e�e
t of the s
rollbars is visible immediately.5.2.5 Stubs [P/S℄Both open and 
losed stubs 
an be added to the 
ir
uit. Their 
on�guration is de�ned by the stub length,the 
hara
teristi
 impedan
e, and the velo
ity fa
torThough loss fa
tors 
an be programmed, they are not taken into a

ount yet.S
rollbars under the length and 
hara
teristi
 impedan
e fa
ilitate experimenting. Again, from version0.8.1 on, the e�e
t of the s
rollbars is visible immediately.5.2.6 Line se
tions [S℄Se
tions of transmission lines 
an be 
onne
ted in series.5.2.7 Transformer [S℄A simple (ideal) transformer 
an be simulated too. No model is used - just simple impedan
e transfor-mation.5.2.8 Z/Y transform [n/a℄The Z/Y transform is really a pseudo-
omponent, whi
h swit
hes between impedan
e and admittan
e
harts. This was in
lude prin
ipally as a dida
ti
 tool to help students 
omprehend the e�e
t of paralleland series 
ir
uits. Internally all 
al
ulations pro
eed with impedan
es.The Log list is not 
hanged by this. 11



5.3 The Log page

Figure 16: Numeri
al resultsThe Log page shows the intermediate and �nal results in table form. Of ea
h element, its value value isshown, and then the 
ombined 
ir
uit impedan
e with the 
omponent in
luded.The Z/Y 
olumn shows the kind of result (impedan
e or admittan
e). This depends on two fa
tors:
• It is possible to for
e the use of impedan
es in all 
ases by setting 'Always use impedan
es' inPreferen
es,
• or the value will be shown a

ording to the number of Z/Y blo
ks inserted in the 
ir
uit.5.4 Using the value s
rollbarsThe behaviour of the s
rollbars has been modi�ed in the 0.9.x series of linSmith.Using the value s
rollbars is really a 
onvenient form to experiment with values (value in dis
rete
omponents, length and Z0 in transmission lines, and transformer ratio).From version 0.9.0 on, the s
rollbar will re-
enter itself 1 se
ond after the s
rollbar button has beenreleased. This is mu
h more intuitive, and permits experimenting with improved pre
ision (the s
rollbaris a
tually logarithmi
 - more pre
ision in the 
enter).The s
rollbar now modi�es the asso
iated edit-box only. The 
omponent list remains the same.Cli
king on the 
omponent list will restore the original element value (before s
rollbar modi�
ations).Cli
king on the Update button will update the list to the new value. Both the Update button and thes
rollbar are disabled if the value in the edit-box is not valid.The s
rollbar permits 
hanging between 0.5 and 2 times the a
tual value, to maintain a reasonableresolution.5.5 PrintingTo output a plot, 
li
k on the 'Export as Posts
ript...' option in the 'File' menu. A dialog willappear, permitting to enter a �lename for the Posts
ript output �le. If the �le exists, a warning willappear.
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6 Remote instrumentsOn pressing the Update from instrument button on the loads page, linsmith will open a small dialog,asking for the limits, and send 
ommands to the output pipe to interrogate the instrument:getload <freq>linsmith then waits for a reply from the instrument in the form of:load <freq> <real> <imaginary>This pro
ess will repeat until the range spe
i�ed in the dialog box is 
ompletely 
overed.Note: <freq>, <real> and <imaginary> should be de
imal values, and frequen
y expressed in kHz.If 'Peripheral 
an 
ontrol linsmith' is enabled, linsmith will additionally re
ognise theload 
lear
ommand from the peripheral, indi
ating elimitating all the previously de�ned loads. More 
ommandsmay be added later...Also note that you 
an a
tually test this without any external program. In one terminal window do(while linsmith is running, of 
ourse):
at < /tmp/linsmith.outand, in another terminal, you 
an enter the values manually (after seeing the prompt in the other window):e
ho �load 14305.2 0.45 0.23� > /tmp/linsmith.inIf you'd like to input an entire �le with values, enable the 'Peripheral 
an 
ontrol linsmith' option,and do
at loadfile > /tmp/linsmith.in7 InternationalizationFrom version 0.7.6 on, linSmith 
an be translated to other languages, and, in fa
t re
eived translationsto Chinese, Spanish and German.I you would like to translate the program, here are the steps to follow:
• Unpa
k the tar.gz sour
e pa
kage as usual.
• Go to the po/ dire
tory
• Copy linsmith.pot to a �le 
onsisting of the desired language and .po, eg.: nl.po for Dut
h.
• Edit this �le with an editor 
apable of editing your language using Uni
ode - UTF-8 (This is notas obvious as it sounds. See the note below.) For ea
h translatable term, the .po �le 
ontains a
omment, and two lines. Eg:#: sr
/interfa
e.
:91msgid "Cir
uit"msgstr ""Translate the term after msgid, and insert the translation between the quotes after msgstr. Doleave all lines in the destination �le - they are needed to make the translation, and to automati
allyupdate the �les when a new version 
omes along.
• To test, do a 'make install' and run linsmith again. If the language 
orresponds to the one ofyour system, the program should now start in your language! If you want to test linsmith in one ofthe other languages, you 
an do this:LANG=zh_CN linsmithOf 
ourse, you need to have a font installed, 
apable of representing the language, to see the result.
• Note: if you test other languages with the above method, remember that your window manager wasprobably started in your language, so the title of the main window may not be translated 
orre
tly!13



• And a last note: If you would like to 
ontribute the translation to the pa
kage, please do so. Iwould appre
iate it very mu
h. If you would like to know more about the �elds to be 
ompletedat the top of the .po-�le, or other details about the internationalization pro
ess, please 
onsulthttp://www.gnu.org/software/gettext/manual/, the o�
ial do
umentation for the gnu gettextproje
t.NOTE on UTF-8 editors: Most simple editors re
ognize only 7 bit ASCII. Others are 
ompatible withUTF-8 and UTF-16, but for the GTK+ texts UTF must be the expli
itly the 8-bit variant.Editors JOE (a simple Borland IDE-like editor) just this year re
eived full UTF-8 support. To enableit press ^T U and enter UTF8, or modify joer
.Note that not all terminal emulators are UTF8 
apable, and even if they are, some must be expli
itlyenable in their 
on�g �le or the 
ommand line. So don't ne
essarily blame the editor!Yudit is a very 
apable multi-
hara
ter-set-able editor - the GUI is not entirely of my liking, butthat's personal.I understand AbiWord is also UTF-8 
apable.8 ThanksMy sin
ere thanks to many people... In parti
ular for the patien
e of the gnome-print people whom Ifalsely a

used of bugs.Thanks to Georg Baum for en
ouraging me to publish the program, and for all the patient help inpreparing and testing this pa
kage. Mind - any error in the pa
kaging is mine - don't blame Georg!To Sour
eForge for hosting linsmith - and so many other proje
ts!And a heartfelt to the entire Linux so
iety for all the ex
ellent programs available. I hope this program
ounts as a (minor) retribution.Please 
he
k the Changelog for the list of people who reported bugs or suggested improvements.9 Bugs, feature requests, pat
hes and su
hI'm quite sure there is a lot to be improved and I wouldn't be surprised to hear about bugs. Please usethe forum at http://sour
eforge.net/proje
ts/linsmith for 
omments and su
h.I'd like your feedba
k, but be understanding - I am neither a professional programmer, nor do Ihave that mu
h time on hand. If you need to 
onta
t me personally, use the address at the top of thisdo
ument, or the mailform on my site: http://www.j
oppens.
om/mis
/mail.en.php.Have fun,John10 Referen
es

14


