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RESISTANCE, REACTANCE, AND IMPEDAN

RESISTANCE Energy conversion to heat.
REACTANCE

Capacitance: Energy storage in electric field.

E

Inductance: Energy storage in magnetic field.

IMPEDANCE RESISTANCE + REACTANCE
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POLAR PLOT OF REFLECTION COEFFICIENT

ReflCoeff.
= 0.6 magnitude,
angle 45 degrees.

2040608 1

Imaginary

7

Voltage Waves: forward and reflected relative to a fixed
reference point (e.g. SWR meter in the shack).

Reflection Coefficient = (refl. voltage) / (fwd. voltage)
[n.a.]

Voltages have amplitude [V] and phase angle [degrees].
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OVERLAY IMPEDANCE COORDINATES

ReflCoeff.
= 0.6 magnitude,
angle 45 degrees.

i
Ry 75 117 200 450

Equation relates impedance to reflection coefficient.
Z = Zref*((1 + ReflCoeff.)/(1-ReflCoeff.)) [Ohm]

Reference impedance, Zref is typically 50 ohms.
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RESISTANCE & REACTANCE CIRCLES

Reactance constant
along these circles (arcs).

Resistance constant
along these circles.

i
Ry 75 117 200 450

Upper half of impedance map: inductive reactance
and resistance.

Lower half of impedance map: capacitive reactance
and resistance.
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NOTICE THAT

IMPEDANCE

IMPEDANCE

IS
NORMALIZED.
50 >>> 1

FROM
EXAMPLE

IN ARRL
ANTENNA
BOOK
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COMPUTER TOOL ALTERNATIVE TO COMPASS
AND STRAIGHTEDGE

Free open-source cross-platform software: Quite Universal Circuit
Simulator "QUCS”

* http://qucs.sourceforge.net/

* DC circuit analysis

* AC circuit analysis

* RF circuit analysis (S-parameter simulation)

Longmont Amateur Radio Club


http://qucs.sourceforge.net/

EXAMPLE CIRCUIT “A”

Example from ARRL Antenna Book, Chapter 28.

Antenna impedance is given as 25 + j 25 Ohm at some frequency.
The reactive portion +j25 Ohm indicates an inductive reactance.
Assume the frequency is 144.200 MHz.

What is the impedance at the radio end of a 0.3 wavelength long low-
loss cable?

Assume the cable has a characteristic impedance (resistance) of 50
Ohms.

Simulate the circuit using the computer tool, and plot the result on the
Smith Chart.
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PC SIMULATION: CALCULATIONS AND
DEFINITIONS

'|Ec':|uati|:|n'

Egni

" carrier_frequency_kHz=144 7

wavelength_air_meters=speed._of light/{carrier_ frequenn:y- kA zZ®1EB)

. speed_of. light=3ES. .

Cinductance_given_reactances= reactancel Dhmf(E p| carrier frequenn::y |"-.-'1HZ ‘IEEj S
line_physical_length_meters= IIIS wavelength air_| meters _—
" reactancel_ohm=Z3
- swr_calc=roswris[3,3])
Cimpedance_S11=roz(5[1 1]
impedance_52Z=rtoz({5[2,2])

3 parameter Parameter -
| simulation oo seep
T
- Twpe=const- - - - - - - - - - Sim=GP1T
o Malues=[144.2 WHz) . . . . . . . . . . . Types=lin

Faram=phases
" Start=0 '
© Stop=180
. Points=46
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P

IMULATION:

HEMATIC

A,

F1 - AT H?ﬂh 1 -
?_”g”;hhm' "é'fgé B F=2 Ohm L=inductance_given_réactance S
= Leline_physical_length_meters S
e, .
P2 YWy -
e Fa - 2. . .. N
=20 Ohm - F=25 Ohm . L=incluctance _given_reactance
-
"o o
— %) AN ~ al
g”g'l;%hm }i_ :h ) 2325 DHm . L_=ir1|::!uct:anc;a_g;iveri_réamﬁnm:a -
= phi=phages
-
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RESULTS: SMITH CHART PLOT

phases

frequency

impedance S22

S

1.4ded

5425

phases: [

frequency: 1.4de+08

frequency: 1.4de+08

s[2,2] -0.2+j0.4 hases: 132
SNA) 0.413+j0.157
ases |frequency | swr _calc
oy = 1.44ed 2.bZ
2,0, —,
[ IR
freqdn
fregue J frequency: 1.44e+08
frequen phases: [
S[1,17:-0.07 45-j0.447
phases |frequency | impedance 511
S 1.d4ded 29.7-j32.7

Rotation along 50 ohm line "Toward Generator (Radio)” 0.3 wavelengths.

Longmont Amateur Radio Club



EXAMPLE CIRCUIT “B”

Example from ARRL Antenna Book, Chapter 28.

Impedance measured at the radio end of a 2.35 wavelength long low-
loss coaxial cable is 70 - j 25 Ohm at some frequency.

The reactive portion -j25 Ohm indicates a capacitive reactance.
Assume the frequency is 144.200 MHz.
What is the impedance at the antenna feedpoint?

Assume the cable has a characteristic impedance (resistance) of 50
Ohms.

Simulate the circuit using the computer tool, and plot the result on the
Smith Chart.

Longmont Amateur Radio Club



PC SIMULATION: CALCULATIONS AND DEFINITION

.|Equatjon :
- Eqnz - . . . . . . : : . . : . : . .
- capacitance_given_reactance= 1/{2*pi*carrier_frequency_ MHz 1E6*reactaﬂce{3 _ohm)
linez_physical_length_meters=- 285*waveleﬂgth alir_ meters

- reactanceC_ohm=25- '
Cswr_calcZ=rtoswr| S[6,6])
impedance_=44=rtoz{5[4,4])
Cimpedance_S55=rtoz(=[5.5])

Using the computer simulation, negative cable
lengths are possible. The negative value
allows rotation along the SWR circle in the

~ opposite direction.
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P

IMULATION:

HEMATIC

P4 TEIITI VW il -
Murn=4 - R 1 C1 o
F=50 Ohr ‘F=50 Ok © - - - - - F=70 0Ohkm. C=capacitance -given_reactance -
o 8 o @ -L=line2_physical -length._meters = e S e
Murn=5. . RS . c2 .
£=50 Ohri, R=¥0 Ohrn C=capacitance_given_reactance
—— {Z—r i —
Mum=G. . e L RE [ SR
Z=50 Ohm, phi=phases | Fi=70 Ohm C=capacitance_given_reactance
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RESULTS: SMITH CHART PLOT

pnhases

frequency

impedance_34d4

0

1.4deb

31961

frequency: 1.4de+
phases: [
S[dd]-0.21840.145

phases

frequency

swr_calce

1.44ed

1.71

frequency: 1.4de+08
phases: [
=[9,0] 0.201-j0.166

U N

[

LE IR )
frequency
frequency
frequency

phases |frequency | impedance 555
= 1.44ed 025

Rotation along 50 ohm line "Toward Load” 2.35 (4 times + 0.35)
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EXAMPLE CIRCUIT “C”

An exact half-wavelength thin-wire dipole has been constructed from
basic physics equations (instead of the more appropriate 468/f(MHz)
design equation).

Impedance data versus frequency for this antenna is plotted in a
textbook for antenna engineers by Stutzman & Thiele.

Antenna is designed for 7.110 MHz.

For the following frequencies what is the impedance at the antenna
feedpoint? 7.110 MHz, 14.110 MHz , and 18.110 MHz?

Simulate the circuit using the computer tool, and plot the result on the
Smith Chart.

Try to design a simple inductance-capacitance matching circuit to
improve the SWR, and plot the performance.

Longmont Amateur Radio Club



PC SIMULATION: SCHEMATIC 7.11 MHz, 73 + j 30 Ohms
|Equah0n

Egn1

_carrier1, frequency MIHz—? 11D .

.wavelength_air_meters=speed. of Ilght!{carrleﬂ frequency MHz*1 EG)

. speed_of light=3E8 o

-inductance1_given: reactance=reactance1L_ohm/(2*pi*carrier1_frequency_ MHz*"1EG)
-line_physical_ length_meters=0.0"wavelength-_air_meters

‘reactance1l_ohm=30 S

“swr_calc=rtoswr(5[3,3])

“impedance_S11=rtoz(S[1,1])

impedance_S22=rtoz(S[2,2])

|S parameter|| = |Parameter
| simulation- [ - - - - - - - |sweep
CSPY e
T R ek
ST T
- Param=phases
~ Start=0
- Stop= 180
. Points=46
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PC SIMULATION: SCHEMATIC 7.11 MHz, 73 + j 30 Ohms

e
"E%Num:’l '

Z=50 Ohrm -

ANV

L=line_physical_length- meters

.

Lipet . . . . . . R s
F=50.0Rm - - R=73 Ohm - L=inductance_given_reactance

~ phi=phases

- R=730hm

Longmont Amateur Radio Club

| gpz T o =B
MNum=2 . ,
: A © R=73 Ohm - L=inductance1 qgiven- reactance -
= 7=50 Ohm S . .
3 -~ ~AA Al =l
. Nung T R - R . .__. S
: A= S - L=inductance1_given- reactance -



RESULTS: SMITH CHART PLOT 7.11 MHz, 73 + j 30 Ohms

phases |freguency | impedance 527

0 717k 73430

frequency: 7.11e+06
phases: [

frequency: 7.11e+06
phases; 132

S[2,2): 0.233+]0.187

S[3,3): 0.162-0.251

phases |fregquency

swr_calc

0 7.11eb

1.85

frequency
frequency

frequency: 7.11e+06
phases: [

frequency

S[1,1]: 0.233+j0.187

phases |freguency | impedance 511

0 71166 73+]30

Longmont

Amateur Radio Club



PC SIMULATION: SCHEMATIC 14.110 MHz, 1700 - j 1500 Ohm

S parameter Parameter
simulation - sweep
SP1 SW1_ _
Sim=5SP1
Type =const e
Values [14 11 MHz] ype=in
Param=phases
Start=0
Stop=180
Points=46
[Equation
"Eqgn2

' capacitance_given_reactance= 1!{2*|::-| carrlerZ frequency MHz 1E6*reactance0 ohm}
“carrier2 frequency MH2-1411D -

:I|n92 physmal Iength meters D*wavelength alr meters

reactanceC_ohm=1500

cswr_calc2=rtoswr(S[6,6]).

impedance_S44=rtoz(S[4,4])

-impedance_S55=rtoz(S[5,5])

20
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PC SIMULATION: SCHEMATIC 14.110 MHz, 1700 - j 1500 Ohm

| AAA- Il |
E% NLm=4 LineZ R4 C1
P z=s00nm Z00m, | . RelODOMM | Gecapsoariol giver reactaros
— L=lineZ physical_length_meters
'”F’5' . WY L _l_
_gwum_5_ RS . Cc2 =
. D - R=1700 Ohm . = i . giver :
2 = _eq Onim m =capaciance. given reactance
I e — VW A
. . . o RGO L
Hum=6 R=1700 Ohr e |
M e ohin - phi=phases - - R= 1. . C=capacitance._given_reactance

Longmont Amateur Radio Club



RESULTS: SMITH CHART PLOT 14.110 MHz

phases |freguency

impedance_S44

o 1.41e/

1.7e+03-j1.5e+03

frequency: 1.41e+07
phases: [
5[4,4]: 0.967-j0.0282

phases |frequency

swr_calc?

o 1.41e7

B0.5

frequency: 1.41e+07
phases; (1
3[5,3]; 0.967-j0.0282

NG
N TR T
WL L0
frequency
frequency
frequency
phases |freguency | impedance 555
o 1.41e7 1.7e+03-j1.5e+03

Matching this impedance to 50 ohms would be a challenge.

SWR 60:1

Longmont Amateur Radio Club




PC SIMULATION: SCHEMATIC 18.110 MHz, 120 - j 500 Ohms

|.Equation

"Egn2
capacitance_given_reactance=1/(2*pi*carrier2_frequency_MHz*1E6*reactanceC_ohm)
“carrier2_frequency_MHz=18.110 o
line2_physical_length_meters=0*wavelength_air_meters

~reactanceC_ohm=500

~swr_calc2=rtoswr(S[6,6])

impedance_S44=rtoz(S[4,4]) .

.impedance_S55=rtoz(S[5,9]) -

Longmont Amateur Radio Club
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PC SIMULATION:

SCHEMATIC 18.110 MHz, 120 - j 500 Ohms

S o
P4 77777777 Wy " 4
& Num=4 . Line2 A T
. “FF 7=50 Ohm . =00, |, ., ., HEOmw . C=capacitance_given_reactance
— L L=line? physical_length meters
. PE. YV e L
. . . SRS Sc2o T
hum=> R=120 Ohm C=capaci |
N2 v_eq ohin - = rm. - C=capacitance given_reactance
i ey ~— T ~—\Wv, S | I
. NUf=E }{2 E?mm(:,h . .C%. R
N v eg ohin - phi=phases - - R= . - C=capacitance. given_reactance

Longmont Amateur Radio Club
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RESULTS: SMITH CHART PLOT 18.110 MHz

phases |frequency | impedance_ 544
0 1.81e7 120-j200

frequency: 1.81e+07

phases |frequency | swr_calc

phases: [
S[4,4]: 0.939-0.179 o 1.87e7 445
Need to
match to
here. S
oL O

frequency: 1.81e+07
frequency phases: 0
frequency a[o,9]: 03330173
frequency

phases |freguency | impedance 555
0 1.81e7 120-j300

Matching this impedance to 50 ohms is not as severe as
14.11MHz. Here SWR 44:1. Try to design an L-C network. 25
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PC SIMULATION: MATCHING NETWORK 18.110 MHz

|S parameter|| | Parameter|
| simulation - - - - |sweep
“SP1T o SWT
" Type=const ~ Sim=SP1
" Values=[18.11 MHz]  ~  Type=lin
-~ param=phases
~ Start=0
- Stop=180
A . Points=46
.|Equation.
- Egn2 -

capacitance _given_reactance=1/(2*pi*carrier2_frequency_MHz*1E6*reactanceC _ohm)
carrier2_frequency_MHz=18.110 L.
line2_physical_length_meters=0*wavelength_air_meters

reactanceC_ohm=500

swr_calc2=rtoswr(S[6.,6])

impedance_S44=rtoz(S[4.4])

impedance_S55=rtoz(S[5,5])

Longmont Amateur Radio Club



PC SIMULATION: MATCHING NETWORK 18.110 MHz

Trial and error values of inductance and
capacitance that produce a match for
18.110 MHz. Circuit shown on following

page.

-CAP1=9.5E-12
"CAP2=0E-12
IND1=2875E-9

Longmont Amateur Radio Club
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PC SIMULATION: MATCHING NETWORK 18.110 MHz

11

o3 AN i 1
PE o c=capl | N Ca 3
Mum=1 -~~~ I R=120Chri ~  ° C=capacitance_given_reactance

d enorm L IR

............................... VOIS, WP N
F'B . s L'] ..... C-]D . . . . HB ....... [:5.. ....... -IT-
NU=T © e Lo N T - P .. 2
_ZZED Clhm ........... I—_lND1 . I ...... R=120 Ohm . . . C:Eapacitamce_given_reactanE.E .

Zero picoFarad (in a real tuner, the radio-side variable capacitor is
set to its minimum value)

Longmont Amateur Radio Club



RESULTS: SMITH CHART PLOT 18.110 MHz MATCHED

phases |frequency | impedance 511 Startlng |?0|nt:
— ! [ e /Antenna impedance.
i : 1.8Te+07
F:ﬁg;:gcg = phases freqﬁnc&r swr_calc
5[1,1]: 0.915-j0.278 S 1Ale/ 1.03

Shunt capacitor:
AN 9.5 pF takes us to

2xaiz) /4— the R=1 circle.

phases |frequency | impedance_S22
frequency: 1.81e+07 BN 1.81e7 5']2'_]155
phases: [
5[3,3]: 0.00237-j0.0165
/ frequency
frequency
frequency phases |frequency | impedance =33
ST 1.81e7 o0.2-j1.66
frequency: 1.81e+07
. . phases: [
Series inductance: 5[2,2]: 0.00237-j0.0163

2.875 pH takes us along the R=1 to the Z=1+j0 (X=0) chart center.
Z is normalized to the reference impedance 50 ohms.

Un-normalized impedance is 50 ohms.
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THANKS!



