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Secrets of
Transmission Lines

Part 7: Impedance matching.

Number 23 0 11 YOl.Ir FHd~c/( card

III the previous chupter, we saw lba l a misme tched line call be corrected by placing a
stub at the approp riate point on a transtnission line. III Ibis, the last cheptcr or the
series, we will be looking at some techniques [or impedance m atching.

Table I. YIZ inversion program in G IVHASIC.

10 '%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
20 Y/Z INVERSION
30 SY JAC K KEUCKEN
40 0~1&95

50 '%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
60 CLS
70 INPUT "IS INPUT DATA Z OR Y?~;AS

80 IF AS = "Y" GOTO 300
81 IF AS = Y GOTO 300
90 INPUT "ENTER R";R
100 INPUT ~ENTER X·;X
110 DEN = ((R'R)+l X"X»
120 G = R/DEN
130 S = - X/DEN
140 PRINT "ADMITTANCE IS";G;"+J";B;" "
150 INPUT "PRESS ANY KEY TO CONTINUE";S$
160 GOTO 60
290 '%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%
291 Y TO Z TRANSFORMATION
300 INPUT "ENTER CONDUCTANCE IN MHOS";G
31 0 INPUT"ENTER SUSCEPTANCE IN MHOS";S
320 DENY = ((G' G)+(S"S))
330 R = GlDENY
340 X = -BlDENY
360 PRINT ~ IMPEDANCE IS~;R ;"+J~;X ; " ~

370 INPUT "PRESS ANY KEY TO CONTlNUE";SS

T
he use of stubs for matching is
generally confined to UHF a nd
microwave frequenc ies. At 2

MH J:. a quarter-wave stub is 123 Ieet
long in air dielectric line. and 80 feet
long in polyethylene insulated line . A
lumped parameter circuit. coils and ca­
pacitors, would he more convenient and
probably cheaper at these frequencies.

We also saw that it is frequently con­
venicm 10 usc admittance parameters ,
as well as the usc of the Smith Chart,
in transformi ng impedance to admit­
tance and vice versa . The program in
Ta ble I . written in BASIC, is a qui ck
way to perfo rm the inversion . Note
tha t the two c ircuits ma y he equivalent.
hut they can have ve ry different values.
Let us assu me a freque ncy of 4 M Hz.
Suppose that we measure an impcd­
ancc of 40 + j60 ohms. This is a 40
ohm resistor in se ries with a 23.9 ~H

inducto r, Transforming thi s to admi t­
tancc. " 'C obtain 7.69 - j 11.5 mmho.
which is a 130 ohm resistor in parall el
with a 34.6 JlH inductor. Note that both
the resistor and inductor values have
changed significantly. While the compo­
nent values have changed significantly.
both circuits have the same power facto r
and phase angle , If concea led inside a

box with on ly the two termi nal s
brought OUi. it would he impossible to
distinguish the c irc uits if measure­
mcnts were made only at ...J M HI.. Of
course . measuremen ts a t other Ire­
quc ncies would permit di stinc tion .

T he transmission line eq ua lions

With the wide avai lability of per­
sonal compute rs. the most common
means of sol ving the transmission line
equa tion is by compute r ra ther tha n
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140 REM··· · · ····· ••• •..•• ••• •• •••••••• •••• •• .

270 REM' " H ** **• • ** 'H'" •••••••••••••••••• •• **.**• ••••

100 REM·..• •••• ••.. ••••• •• ••••••••••••• •• ••••••••••••••••• .

Tab le 2. Transntissiun line equations program ill GWRASIC.
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Vp in the manufacturer 's data or a

handbook.
For another example . let us consider

in Ta ble 3 the results for a uunsmis­
sion line with an e lectrica l length of
2.5 meters at a variety of frequencies
terminated in a 10 oh m resistor.

The Smith Chart illustn..uicn in Fig. 1
shows thi s datu and te lls us why the
Smith C hart has hung on in popularity.
I doubt that the re arc more tha n three
people in the world who cou ld look at

these data columns a nd rea lize by in­
spection that they represen t a 5: I
VS\VR circle . O n the other hand. it is
pretty obvious from the Smi th Chart
figure that the data path is concentric
about the center of the chart .

Notice that the electrica l le ngths
listed arc a ll pos itive and go toward the
generator. If you enter allYof the R and
X values a long with the nega tive of the
e lectrica l le ngth. you will ge l bad to
the 10 + jO with some small truncation
errors.

The fact that the cha rt spi ra ls clock­
wise with increasing frequency is not
to be neglected either. If your data ever
shows a counterclockwise spiral with
increasing frequency over any signifi ­
cant span. there is some thing dread­
fully wrong with your measu rements.
For this 10 happen. we would have to
have inductors whose reactan ce de­
creases with increasing freque ncy, and
capaci tors whose reac tance increases
with incrca... ing freque ncy .

Note that a term inating load that is
pure ly resisti ve will ha ve a constant
VSWR w-ith changing frequency: how­
ever. a termination with a reactive pan
will have a VS\VR that varies with fre ­
quency. For example. a termi nation
with a series inductor that measured 10
+ j I0 ohms at 10 M Hz wo uld look like
10 + j20 at 20 MHz and 10 + j30 at
30 MH , . Obviouslythe VS WR is in ­
c reasing wi th increasing freq uency.
By a similar token, a termina tion
with a series capaci tor wou ld have a
VS\VR that decreased with decreasing
frequency

You will frequently use negative line
lengths wi th this program. since the
more common case is that you ha ve
the impedance bridge a nd signal gcn­
crator on the ground and the antenna

A = 300/F meters
eqn (7-1)

where
A = wave length
F = frequency in ~1Hz

For example. let us assume that we
have a Teflon-insul ated cable that is
2.5 meters (X.2 feet) long. (To convert
meters to feel. multip ly by 3.2X.) At 10
Ml lz, A = 300 /10 =30 meters. The
cable electrica l le ngth is 2.51(30*.65)
= 0.128 wave leng ths. Tenon cable has
a Vp of .65. You can look up the cable

TRANSMISSION LIN E EOUATIONS
BY JACK KEUCKEN

09/12197

110 REM
120 REM
130 REM

150 CLS
160 PI = 3.14 159265#
170 INPUT "ENTER LINE ZO";ZO
171 IF ZO = 0 THEN ZO = 50
180 INPUT uENTER REAL PART OF LOADw;ZR
190 INPUT uENTER IMAGINARY PART OF LOADu;ZI
200 IF ZR = 0 THEN ZR = .000001
210 IF ZI = 0 THEN ZI = .000001
220 INPUT "ENTER LINE LENGTH IN WAVELENGTHS";BL
230 PRINT "A LINE OF";ZO;"OHMS WITH AN ELECTRICAL LENGTH OF";BL;
"WAVELENGTHSU

240 IF ZI<O THEN J$ ="-J" ELSE J$ ="+J"
250 PRINT "TERMINATED IN A LOAD OF";ZR;JS;ABS(ZI) ;"OHMS"
260 BL = 2"PI"BL: REM CONVERT TO RADIANS

280 REM THE CALCULATION
290 AN = TAN(BL)
300 ZI2 = ZO"AN
3 10 IMN = ZI+ZI2
320 NUM = SQR((ZR"ZR)+(IMWIMN))
330 RED = ZQ-{ZI"AN)
340 IMD = ZR"AN
350 DEN = SQR((RED"RED)+(IMD"IMD))
360 PHNUM = ATN(ZRJIMN)
370 PHDEN = ATN(REDIIMD)
380 MAG = NUMJDEN
390 ZS1 = ZO"MAG
400 PH = -(PHNUM-PHDEN)
410 RZS = ZS' "CO S(PH )
420 IZS = ZS ' "SIN(PH )
490 IF 128<1 THEN J$ = <J" ELSE J$ '" "s-J"
500 PRINT "THE INPUT IMPEDANCE IS";RZS;J$;ABS(IZS);"OHMS"
510 V1 = Zo-ZR
520 V2 = SQR((V '"Vl )+(ZI"ZI))
530 V3 = ZO+ZR
540 V4 = SOR«V3"V3)+(ZI"ZI ))
550 V5 = V2/V4
560 PRINT "THIS CORRESPONDS TO A VSWR OF";((1+V5V(1-V5))
570 STOP

2200 RUN

graphically on the Smith Chart . The pro­
gram in Table 2. also writ ten in BASIC.
is a means of so lving the transmission
line equations. Lines 200 and 210 are
included to preve nt division-by-zero
errors. The program asks for the line
Zo and defaults to 50 ohms if none is
ente red. The line electrica l length is
called for in waveleng ths. This permits
one to work in ei the r feet or meters .
Conve ntiona lly. wave leng ths arc give n
in meters: however. you may wo rk
wavele ng ths in fee t if you choose .
The length mu st be correc ted for the
velocity of propagation on the line .
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We can begin by considering point 2
above. Let us presume that we have
1,000 watts and that we have a lossless
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cuit. On a matched 50 ohm termina­
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tra nsmission line equations with real
lossy transmission line is another order
of magnitude more sophisticated and
will not be tack led here. However,
from some simpler considerations we
can begin to make an estimate.

o
ICOM

f (MHz) Len.el. R x

10 0.0833 13.2 -i 27.3

20 0.167 35.9 -l 74.5

30 0.25 250 +j 0

40 0.33 35.9 -j 74.5

50 0.417 13.1 - i 27.2

60 0.5 9.98 - j O

Table 3. Data/or a transmission line with
an electrical length 0/ 2.5 meters.

will be in the air at the other end of a
transmission line. You insert a negative
line length to rotate the impedance
hack to the antenna so that you can see
what it takes to match the antenna.

Sometimes you have the situation
where you have an impedance mea­
surement and you would like to know
the VSWR. Thi s can be done graphi­
cally on the Smith Chart, or you can
use the computer program with a very
small line length - like oo1סס0.0

wavelength.

The right place for matching

Serving
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THE POWER ST~ ION
The POWER STATION is a 12v 7Amp/Hr gel-cell

battery. It comes complete with a built in voltmeter,
a wall charger and a cord for charging via
automobiles. It powers most hand held radios at 5
watts for 2-4 weeks (depending upon how long
winded one is), It will also run a VHF. UHF, QRP or "",----,.,-,.,-.,.,..,..,.,.,...--,.,-,::;-;,..,-1
HF mobile radio, such as the room 706 at 100 watts. There are no hidden costs. All that
is required is a mobi le power cord or a HT cigarette lighter adapter.

The POWER STATION provides 12V from a cigarette lighter outlet and has two recessed
terminals for hardwiring. A mini-phone jack with 3V. 6V, or 9V output can be used
separately for CD player. Walkman, etc. The POWER STATION can be charged in an
automobile in only 3 hours, or in the home in 8 hours. The charger will automatically
shut off when the battery is completely charged. Therefore, The POWER STATION may
be charged even when it has only been slightly discharged (unlike Ni-Cads that have
memory). The charging circuit uses voltage sensing circuitry, Other brands are timed
chargers. which always charge a battery a full cycle. If all that is needed is a partial
charge, this damages a battery and shortens the life. The POWER STATION has a
voltmeter that indicates the state of charge of the battery, not worthless idiot lights that
declare "YOUR BATTERY IS NOW DEAD". The voltmeter can even be used to
measure vollages of other sources.
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The very best place for impedance
matching is always right at the discon­
tinuity. There are three reasons for
this:

1. The longer the transmi ssion line,
the more the data are smeared out by
the transmission line effect. If the im­
pedance is matched right at the discon­
tinuity, it will nearly always have the
maximum matched bandwidth.

2. High VSWRs de-rate the cable.
3. Line loss effects are multi plied on

the mismatched line .
Let us address ourselves to the latter

two effects. The actual solutions to the

Fig. 1. This Smith Chart shows a 5: 1

VSWR circle.
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GEN
MATCHING TERM

-+
VSWR =NElWORK W

39:1
lOOW lOOW 1000W

~ ~... ...
OW 900W

1,000 watts a nd the backward powe r
900 waus.

The lossless matching network must
tum the backward power around and
add it in phase to the incoming 100

watts from the generator. Th is is a
techniq ue that is fre quently used to te st
com pone nts for pO\I/er hand ling when
one docs not have a sou rce of RF equal
to the power rating for w hich the
component m ust be tested .

Fig. 1. Voltage multiplication by standing IHn'es.
Losses

1.000 watts = (V·V)/50 - 223.6 1
VRMS = 316.23 V peak

We saw that a 5: I VSWR wi ll give a
peak resistance of 250 ohms. Then:

1.000 watts = (V*V)/250 = 500
VRMS = 707 V peak

T he voltage and current arc both in­
creased by the square root of the
VSWR. A t 1.000 watts input. the CUf­
rent is increased from ".47 amperes to
10 amperes by the 5: I VSWR.

The peak voltage is of interest since
this is what causes arc ing. Conversely.
the current-induced breakdown is
caused hy thermal e ffe cts. so the RMS
values are of interest.

In a case that ca n eas ily arise. a
ccntcrfcd hal f-wave d ipole cut for HO
meters becomes a ccntcrfcd fu ll-wave
dipole on 40 meters. This is actually a
very effective antenna because it acts
as two half-waves in phase. and has
significantly higher gain than a half-

wave. The impedance at the center of
this antenna on 40 meters is typi cally
about 2.<XX> o hms. This is a VSWR of
40 : I ; the peak voltage for a kilowatt is
m ultiplied up to 2.000 V peak. and the
c urre nt to 28.27 amperes RMS . The
VS W R has multiplied the voltage and
c urre nt from le vel s that arc easily
hand led o n RG·58U cable a nd BNe
connectors to va lues that w ill a lmost
certai nly destroy them. An ope n .....'ire
or ludderlinc of 300 or 400 ohms im­
pedance cou ld he used here . The
VSWR and the losses are both lower.

To drive this point home a bit more.
let us exami ne a case similar to the 801
40 meter di pole . In Fig. 2 we sec a
generator, a directional wattm eter. a
losslcss matching network and anothe r
d irec tional wattmeter, and a termina­
t ion with a 39: I YS W R. For a 39: I
YSW R. the refl ection coeffici ent is
95%, which says that the fo rward
power to back ward power is in a 10:9
ratio. In order for the load to d issipate
100 watts. the forward power must be

Considering a si milar setup, let us
assume that the transmission line has a
loss of I dB for the length a nd fre­
quency in usc. A I dB loss means that
o nly 79Cff of the power leaving the
matchi ng network reaches the load .
Wi th a 39: I VSWR. 90% of that is re­
fl eeted . and only 79% of the reflected
power gets back to the matc hi ng net­
work. That would amount to 0.79*0.9*
0.79 = 0. 56. Instead of <I VSWR of
39: I, the matchi ng net would view a
VSWR of 7: I . Without belaboring the
point too much. it is easy to see that
the YSWR also multiplies the losses in
the line. For a realistic eva luation of
the power loss, we wo uld have to co n­
sider the losse s in the match ing net­
work that will not be zero. If the line

loss is 3 dB and the line is terminated
in an ope n or a short circ uit, voltage
reflec tion coefficie nt at the line input
is 0 .5 a nd the VSWR is only 3: I. Fig .
19-5 in the Radio Amateur !j Hand­
hook, 1999 ed itio n, gives additiona l
line losses as a function of VSWR.

( a. ) At HF frequencies. it is q ui te co m­
mon to usc lumped eleme nts - that is.
resistors. capac itors. ami transformers
- to matc h impedances.

Re ferri ng to Fig. 3(a), wc see a rudi ­
mentary S mith Chart in impeda nce co­
ordi nates. We can always add a Yo
circle to a Smith Chart with a co m­
pass. Thc circle passe s through the Zo
point and the Z = 0 point. In the figure .
the antenna is designated by a large
surveyor's mark. It is si tuated in a
po int o f lo wer than 50 ohms resis tance
and a rather large capaci tive reactance .
The situatio n is similar to the impedance

Lumped element matching

,

z.,
(bJ

,._

z.

Z " 0 1

z·.

-jZo

Fig. J. Lumped part/meter marching .
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Fig. 4. Some matching circuits,

CtRCLE 10 ON READER SERVICE CARD

• Eight progra mmable,
selectable messages

• Fully field programmable
l'ia lncluoed keypad

• Meets allFCC
dentncauon requi rements

• F~II~ enctcsed ness
encoder

• All 32 EIAteres rron
670 to 203.S Hz incluaed

• Perlect for mobil e I
base apojcatrcns

T£-32
5.2S" x3.3· xl ,r

TE·32 Multi ·Tone ClCSS Encoder $49.95

Fig. 4(c) shows a forbidden region
on the inductive side because the an­
tenna is already too inductive. The in­
verse of this arrangement is in Fig, 4(d).
It is noteworthy that the forbidden

' 51 CTCSSTones
• 106 DCS Codes
• Supports 157 RIP!'aler Subscribe rs

~
g~~~~~~~~' .On·Line Dcmputer Help• Repeater CW ID

· AirTi me Looding & Analysis Gra phs
• Signalling formats: CTCSS
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• Miniature in slze
• 37 £IA tones. 27 non-standa rd

to nes from33 0 to 2541 Hi inclu ded
• Reverse Bursf bui ~·in

• Eas~ 3 wtre hookup

SS·64 CTCSS Encoder
,66" 1.08' , .21'

88·64 DIP SWitch Ptogrammable CTCSS Encoder $28.95
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our Web site for complete = _426 WEST TAfT AVENUE ' ORANG~. CA 92/36!)·429!5
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http://www.com-speC.com h tlp J l www.COm-spec .com

of a shunt capacitor permits the swing
of inductive data at the right (induc­
tive) side over to the left (capacitive)
side, where the two-inductor circuit of
Fig. 3 could do the job.

of an electrically small mobile whip­
for example, a 12-foot whip at 7 MHz.

If we add a series inductance to the
whip, the impedance point moves
along a constant resistance line in the
direction ofIess and less capacitive re­
actance. We keep adding inductive re­
actance in series until we reach the Yo
line (probably 20 mmho, if the chart is
Zo = 50 ohms). At this point, we add
shunt inductance until the point im­
pedance reaches the Yo (and 20) poin t
and the antenna is matched.

In Fig. 3(b), we add more series in­
ductance until the antenna crosses the
zero reactance line and meets the Yo
curve on the inductive side d. In this
case, shunt capacitance will bring the
point in to a match.

Fig. 4 shows some matching cir­
cuits, including the areas on the Smith
Chart where they cannot be used. For
example, the circuit at Fig. 4(a) cannot
be used in any of the shaded areas be­
cause the antenna is already inductive
or the resistance cannot be moved to a
matching line. In Fig. 4(b), the addition
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regions fonn the "yin" and "yang" fig­
ures found in Chinese philosophy and
literature.

Fig. .J(e) is useful for match ing elec­
trically small antennas; however. it
may not handle an antenna that goes
through the quarter-wave resonance at
37 + jO ohms. which lies within the
forb idden zone. This prob lem is cor­
rected in Fig. 4(0 by the addition of a
4 : I impedance transformer, In this
case . we match the antenna to 12.5 ohms
and then step up to 50 ohms with an
autotransformer.

The circuit of Fig. 4(g) IS useful
mainly for matching inductive antennas.
such as loops.

Harking back to the circuit in Fig.
4(0 . this is a very useful circuit that I
have employed many times for match­
ing mobile. marine. and aeronautical
antennas. With the proper range o f
components. it wi11 handle these an­
tennas from 1.8 to 30 MH z. Fig. 4(h)
shows the path. The shunt inductor
takes the antenna over to the 12.5 ohm
line on the inductive side. whereupon
the series capacitor carries it up to the
12.5 + jO point to he transformed to

50 ohms by the 2: 1 ratio transformer.
The limitation in matching range due
28 73 Amateur Radio Today • March 2000

to finite capacitance is shown in (f).

and the effect of a finite Q in the in­
ductor is shown in (h). With electri­
ca lly small antennas. the effect of the
losses In the elements must he m­
c1uded in the design.

There arc , of course, many other
possible tuni ng networks. including
"Tee" and "Pi" types . that can be
solved using the Smith Chart tech­
niques. In general , the lowest loss and
broadest bandwidth networks will be
those that move the load toward the
match point most directly - that is. in
the direction of decreasing VSWR.

Line transformers

One of the techniques used for im­
pedance matching IS the line trans­
former. We earlier observed that the
resistance values on a mismatched line
went from Zo/VSWR to Zo* VSWR.
On the 50 ohm line. the 10 ohm resis­
tor produced 10 ohms , and a quarter­
wave away, 250 ohms. This can be
used to transform impedances. If we
have a 10 ohm load and wish to trans­
form it to 50 ohms, a line 1/4 wave
long with a Zo equal to the geometric
mean between the two will do the
trick:

Zo = -J<50*10) = 22.36 ohms

This technique is very frequently used
for microwave stripline and waveguide
circuits, but it is used a t HF only for
the rare occasion when a line of the
correct Zo happens to he available.

The m icro tuner

With the previous di scussion, we
have show n a number of networks us­
ing variable c lements to match various
loads. In general. all of the e lements
must he of the proper value in order for
an impedance match to he obtained. It
can he time consuming and irritati ng
to others to emit a carrier while search­
ing for a tuned condition. My answer
to this is what I refer to as a micro
tuner, which reduces the emitted car­
rier to a few milliwatts. thereby mini ­
mizing the interference to others. It
also serves as a protective devi ce that
prevents the transmitter from seeing
any ex treme mismatches which might
damage it.

Fig. 5 shows the general arrange­
ment. The transmitter feeds into a
double pole double throw switch. For
the 160 throu gh 10 meter range I ha ve
used a small relay for this function.
something with a rating of 120 V and a
few amperes. T he re lay functions as a
tunc/operate switch.

In the tune position. the rc lay goe s to
the 50 ohm dummy load constructed in
the first chapte r. This load absorbs
most of the power during tunc- up and
presents a stable load to the transmitter.
preventing any damage .

The resistor labeled R taps off a few
milliwatts for the bridge and the power
sample. It should be selected based upon
the power your transmitter produces
during tuning.

The bridge resistors arc quarter-watt
carbon film types such as Tech
America 900-01 87; the 300 ohm res is­
tor is a hal f-watt T.E.900-0366 or
equivalent. The diodes are preferably
germanium RF or switching types such
as IN3666; however. silicon IN914 or
1r\4146 types will also work. The ger­
manium types have a lower forward
drop and are more sensitive .

COni irlUed on page 60
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interesting QSL cards with your local club
newsletter (indicating when and where the
next ham classes arc scheduled . of course),
you're in business.

Think of your portable rig as a power­
ful "show and tell" tool. It should be as
important as a sampte case is to a sa les­
man or a Bible is to a missionary. Now,
go fi re up your own mobile or portab le
rig out there and get somebody excited
abou t ham radio! PI

With the tracking chart in thi s issue of
73. your HT. long whip antenna. speaker/
mike, and earphone or carbud headphones.
you' re ready to make AO~27 contacts. Lis­
ten for the satellite. When it sounds good,
try tmnsmuung. Don ' t transmit unless you
have good reception. Try weekdays first.
The satellite is very crowded on weekends.
While the satell ite "regulars" try to give the
portable and mobile stations pri ority, week­
ends arc a problem. Imagine a repeater with
a coverage area of NorthAmerica! It' s quite
an expe rience just to hear the activity on
AO-27. Try it!

J wi ll be try ing out the new MFJ whips
during March on my 5 W HT. Listen for me
on the listed passes. Next time. we'll look
at other antenna options and another great
FM satellite, SO-35. PI

Get on t he ai r!

HAMSA TS
continuedJrom page 43

Another concern is Doppler shift. Satel­
lites in Low Earth Orbit (li keAO-27) travel
fa st enough to cause apparent frequency
shift for an observer on the ground at VHF,
and especially UHF frequencies. At the be­
ginning of the pass. (he satellite downlink
will "appear" to be as much as 10 kHz above
436.7Y7 MHz. Se tthe HT to 436.81 () MHz.
When the satelli te is at Te A, the frequency
should be set to 436 .800 Mll z. As the satel­
lite progresses to the south. tunc down to
keep received signals dear.

For the uplink, little or no frequency ad­
ju stment is required . Doppler shift on two
meters is one third that on 70cOl . While the
downlink will seem 10 move as much as 20
kHz during the course of the pass, the up­
link "drift" is only about fJ kHz. The FM
receiver in the satellite will keep up with
this much frequency shirt.

Tunin g during t he pass

APR 1

MAA 26

WATERFORD, CT Th e Ra dio Am ateu r
Society of Norwich will hold their Ham Aadio
Auction althe Waterlord Senior Center on RI.
85 . From Hartford , take At. 2 Sou th to At 11 to
AI 85 South. From the Shoreline, take RI. 95
to Rt. 85 North. Talk-in on 146.730{-). Bring
your gear to sell (1 0~'O commission to RASON).
Free admission , free parking. Contact Tony
AA 1JN at (860) 859-0162, or see the RASON
Web page at {www.rason.orgj. fa

CALENoAA EUENTS
continued f rom page 3 8

orders must be received by March 1st. Please
send an SASE.

MADISON,OH The Lake County ARA will hold
its 22nd annual Hamfest/Compute rfest, 8
a.m.- 2 p.m. at Madison High School on North
A idge Rd. in Mad ison OH. New and used
amateur radio , computer and various other
types of electronic equipment will be featured.
Th e hamfes t wi ll also fe atu re c ra ft
demonstrations and VE exams. Admission $5 1- _
atme door. 6 fl. tables $8 , 8 ft. tables $10. To
make table reservations call Roxanne at (440)
257-0024 .

Secrets of Transm ission Lines
contmuedjtom page 28

The transformer T I is a bifilar­
wound toroi d . It is not critica l. It only
needs to present an open circuit reac­
tance o f abou t +j500 ohms at the lo w­
est freq uency you intend to use . I have
used a Ferronics l l-220-K core Q1 = 125)
about 3/8-inch in di ameter and 3/32­
inch thick with 40 bifil ar tu rns of #30
60 73 Amateur Radio Today . March 2000

so that the current is still about 1- 2
percent of the rated battery current.
W hat we are doing is setting the trick le
charge curre nt to the internal resistance
of a fu lly charged battery or pack.

To test the circ uit , attac h any kind of
small load to the battery for j ust a f ew
seconds. Now turn on the charger
again and watch the current. You
should see the current go up. to some­
th ing less than the maximum of the
power transformer and the regu lator. It
wi ll slowly taper back down to the saf e
1 to 2 perce nt of the rated battery ca­
pacity. The transformer, regulator, and
proper setting of R2 will resu lt in an
automatic charger that will give you
some fast charge in the begi nning and
a safe trickle charge that you can
maintain connected fore ver. fa

The Care and Feeding
of NiCds
coounuea from page 22

Co nclusion

I fo und the TVNCR receiver project
to he interesting and very challenging .
O nly those challenges have been di s­
cussed that specifically enable you to
get started o n an educational journey
of discovery. There are an abundance
of challenges waiting ahead . Ge t on
the experimenter 's bandwagon, sa l­
vage a VCR, and get mo ving ! fa

or more channels occur sim ulta­
neously. The reason for interference is
that the 4.5 MHz IF passband is about
130 kHz in support of TV audio. and
the wide channel allows adjacent chan­
nels to pass through to the detector.

enameled wire. It measured abou t 74 u.H
per side at I to 4 MHz.

The bridge is a fi xed Wheatstone
type that has the antenna as o ne leg .
When the antenna looks like SO + jO
ohms, the bridge output vo ltage as
measured at B fall s to zero. For all
VS WRs below abo ut 2: l , the voltage
at B is lower than the forward vo ltage
sample at A. The meter for reading
voltage s A and B sho uld ha ve a n im­
pedance no higher than 10k. A vo ltage
comparator and an LED can com pare
the vo ltages A and B and ligh t when­
ever the VSWR is less than 2: I .

In operation , the relay is flipped into
the "tunc" posit ion and the transmitter
keyed. With only a few mi lli watts radi ­

- - - - - - - - - - - - - ---1 ating, the tuner is tuned until the vo lt-
age at B is nulled . The transmitter is
unkeyed and the re lay swi tched LO
"run." Your fe llow hams will thank
you for the micro power tune-up.

Please fee l free to use the two
GWBASIC programs pro vided in thi s
art icle . Due LO the ir short length they are
easy to key in if you are interested. fa
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interesting QSL cards with your local club
newsletter (indicating when and where the
next ham classes arc scheduled . of course),
you're in business.
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