
Transmission Lines As Impedance Transformers

Bill Leonard  N0CU

4 March 2017



ÅReview Impedance and Admittance

ÅReview Smith chart basics:
ÅUse interactive software from the Internet to demonstrate how they are used

ÅDemonstrate how some antenna analyzers display impedance data

ÅUse an antenna analyzer, a vector network analyzer, and a Smith chart 
to demonstrate some important transmission line characteristics:

Topics



ÅImpedance (Z) is a measure of the opposition to current flow
ÅDescribes a series circuit

ÅHas two components:
ÅThe DC component = Resistance (R)

ÅThe AC component = Reactance (X)

ÅZ (ohms) = R+ jX =  Z      q  where  Z  =    R2+X2

Å“j” =   -1  (a mathematical operator that distinguishes R from X)
ÅMath & physics use ”i” for this term

Å“i” represents current in electronics

Å+jX represents inductive reactance

Å-jX represents capacitive reactance

ÅYou cannot just add R and X (need to use complex math)

Å“Resonance” occurs when the net X = 0 or Phase = 0

Impedance

o



ÅZ describes a series circuit

ÅMust convert a parallel circuit to a series circuit to determine Z
ÅEquations for conversion are shown in electronic circuit books and ARRL 

Handbooks

ÅComponent values change when converted

ÅAt any given frequency, you can show componentvalues in either 
ohms or Siemens

Impedance (cont’d)

XLs

Rs

XCs

ZINs=>

XNs

Rs=>

XN = [XLsςXCs] 

ZINs= RS+ j XN



ÅAdmittance (Y) is a measure of how easy it is for current to flow

ÅDescribes a parallel circuit
ÅAdmittance has two components:
ÅThe DC component = Conductance (G) = 1/R

ÅThe AC component = Susceptance  (B)  = -1/X

ÅY (Siemens) = G+ jB =  Y      qo

Å-jB represents inductive susceptance

Å+jB represents capacitive susceptance

ÅS = 1 Siemen = 1/Ohm

ÅNote sign reversal compared to reactances

ÅMust convert a series circuit to a parallel circuit to determine Y

ÅHams rarely need to use admittance

Admittance



ÅDescribes a parallel circuit:

Admittance (cont’d)

GpBLpBCpYINp => GpBNp YINp = Gp + j BNp=>

Note: 1) reactances combine like resistances

RpXLpXCpYINp =>

XNp = XLp–XCp

RpXNp=> YINp = 1/Rp - 1/j XNp
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Circuit Conversion Equations
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Complex Math

ÅBreaks numbers into REAL and IMAGINARY components: a = b + jc
ÅBad terminology: “j” is not an imaginary number

ÅI prefer the term QUADRATUREcomponent

Åb is the real part

Åjc is the quadrature part

Inductive Reactance Capacitive Reactance

XL (ohms) = +j2pfL XC(ohms) = j[1/(2pfC)]

Phase = +90o Phase =90o

(Voltage leads current) (Voltage lags current) 

ÅHams rarely need to deal with complex math in depth
ÅUsually use the “j” term to keep track of inductance & capacitance



Example 1

-j50W

50W 0.01j0.01ėZINs=> YINp =>

SWR = 2.6:1

Actual Circuit

100W-j100WYINp =>

ZINs= RS+ j [XLsςXCs]                                                       YINp = 1/RP - j 1/XP

= 50W- j50W = 0.01S + j 0.01S        

= 70.7W@ -45o = 0.014S @-45o

What is ZINp ?

ė

Equivalent Circuits



Example 1 (cont’d)

ZINp = ZINs= 50W- j 50W

-j50W

50W 0.01j0.01ėZINs=> YINp =>

SWR = 2.6:1

Actual Circuit

100W-j100WYINp =>

ZINs= RS+ j [XLsςXCs]                                                       YINp = 1/RP - j 1/XP

= 50W- j50W = 0.01S + j 0.01S        

= 70.7W@ -45o = 0.014S @-45o

ė

Equivalent Circuits



Example 1 (cont’d)

Why is this important?
We need to understand our antenna analyzer measurements

-j50W

50W 0.01j0.01ėZINs=> YINp =>

SWR = 2.6:1

Actual Circuit

100W-j100WYINp =>

ZINs= RS+ j [XLsςXCs]                                                       YINp = 1/RP - j 1/XP

= 50W- j50W = 0.01S + j 0.01S        

= 70.7W@ -45o = 0.014S @-45o

ė

Equivalent Circuits



ÅWhat does an MFJ-259Bdisplay when F = 2 MHz?

Example 1 (cont’d)

100W796 pF? =>

Rs=
Xs= 
Z  = 

Phase = 
SWR =

Calculated
50 W
50 W
70 W
45O

2.6
άLƳǇŜŘŀƴŎŜέ aŜǘŜǊ Ґ          ? ?

Measured
54 W
50 W
74 W
40O

2.8

Physical Circuit

-j100W= 796 pF @ 2 MHz



ÅWhat does an MFJ-259Bdisplay when F = 2 MHz?

Example 1 (cont’d)

Rs=
Xs= 
Z  = 

Phase = 
SWR =

Calculated
50 W
50 W
70 W
45O

2.6
άLƳǇŜŘŀƴŎŜέ aŜǘŜǊ Ґ          тл                   тл

Measured
54 W
50 W
74 W
40O

2.8

100W796 pF? =>

Physical Circuit

-j100W= 796 pF @ 2 MHz



Transmission Lines Are Lowpass Filters

Å“Lumped element” circuit approximationfor lossless transmission line:

ÅCharacteristic impedance of a transmission line = Zo = “Surge Impedance” 
~    L/C

ÅFor RG-58 C/U: 

Zo = 50 W

C = 30.8 pF/ft

L (not specified)     77 nH/ ft

ÅThe line is “Matched” when load impedance = Zo

ÅSource of losses: resistance in conductors & dielectric loss

~

~~

L

C ….
L

Zo



ÅWhat does an MFJ-259B measure at 31 MHz ?

Example 2

62 inches   RG-58 C/U

124 inches   RG-58 C/U

ZIN => 50W

ZIN => 50W

50W

50W



ÅWhat does an MFJ-259B measure at 31 MHz ?

Example 2 (cont’d)

62 inches   RG-58 C/U

124 inches   RG-58 C/U

ZIN => ?

ZIN => ?



ÅWhat does an MFJ-259B measure at 31 MHz ?

Example 2 (cont’d)

ZIN => OPEN

ZIN => SHORT

62 inches   RG-58 C/U

124 inches   RG-58 C/U



ÅWhat does an MFJ-259B measure at 31 MHz ?

Example 2 (cont’d)

ZIN => SHORT

ZIN => OPEN

62 inches   RG-58 C/U

124 inches   RG-58 C/U



Example 2 (cont’d)

ÅWhy?
ÅAt 31 MHz:

62 inches = ¼ wavelength

124 inches = ½ wavelength

ÅWhen ZO = ZL:
ÅTransmission lines become impedance transformers

ÅWhen length = nodd x ¼ wavelength, transmission lines are impedance inverters
ÅQuarter wave transformer:  ZO =     ZIN x ZLOAD

ÅEx:to match a 200Wload to 50Wyou need a ¼ line with a ZO = 100W

ÅThis is a narrowband (ie, one band) approach

ÅWhen length = n x ½ wavelength, transmission lines replicate the load 
impedance



ÅIs this antenna really shorted?

Problem: High SWR on Transmission Line

ZIN = Short @ 7 MHz

? feet transmission line

Ant



ÅIs this antenna really shorted?

Problem: High SWR on Transmission Line

5ƻƴΩǘ ƪƴƻǿΥ bŜŜŘ ǘƘŜ ŜƭŜŎǘǊƛŎŀƭ ƭŜƴƎǘƘ ƻŦ ǘƘŜ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜ Ϫ тaIȊ

? feet transmission line

AntZIN = Short @ 7 MHz



ÅReferences:
Åhttps://www.ieee.li/pdf/viewgraphs/smith_chart_tutorial.pdf

Åhttp://www.fourier -series.com/
Å“RF Concepts”

Å“Reflection & VSWR” : Tutorial 1

Å“Smith Chart”: Tutorial 1

Smith Chart Tutorials



Using the Smith Chart to Match Impedances

Computer programs provide an easier way to solve impedance matching  problems



ÅExample 3: Measure ZIN:

a) ZLOAD= Open

b) ZLOAD= Open with 6dB Loss

Demonstration Using A VNA 2180

ZIN =>

62 inches   RG-58 C/U

Load

At 31 MHz: 
62 inches = ¼ wavelength



VNA 2180 With 50WLoad

VNA 2180 With 50WLoad



Example 3a: ZLOAD = Open

Impedance Magnitude

>100k @ 5 KHz

Short @ 31 MHz

Repeats every ½ wavelength

~2.5K @ 64 MHz

Å100KW=> 2.5KW?



Example 3a: ZLOAD = Open (cont’d)

Impedance Phase
+90o

-90o

Inductance

Capacitance

Series
Resonance

Parallel
Resonance



Rs& Xs

Example 3a: ZLOAD = Open (cont’d)



Example 3a: ZLOAD = Open (cont’d)

Rp& Xp

Xp

Rp



Example 3b: ZLOAD = Open With 6 dB Loss

SWR: 6 dB Loss

Å 6 dB line loss drops SWR from >50:1 to 1.6:1
Å 100 ft of RG-58 gives 6 dB loss on 2M

Zmag: No Loss Zmag: 6 dB Loss

SWR > 50:1 No Loss



Example 3a: ZLOAD = Open (Smith Chart Demo)

ImpedanceMagnitude & Phase



Example 4: Antenna Matching Problem

ÅAntenna Tuner Can’t Find A Match At 14 MHz:

ÅMost tuners can match high Z better than low Z:
ÅEx: MFJ-993B spec’d matching range is 6 –1600W

ZIN = 4.6W Zo = 50W Load



Example 4: Antenna Matching Problem (cont’d)

ÅAntenna Tuner Can’t Find A Match At 14 MHz:

Z = 4.7+j2W
SWR = 10:1



Example 4: Antenna Matching Problem (cont’d)

ÅImpedance At 14 MHz With Additional 8 ft of 50WLine:

Z = 39+j124W
SWR = 10:1



Example 4: Antenna Matching Problem (cont’d)

ÅImpedance At 14 MHz With Additional 8 ft of 50WLine:

Z = 39+j124W
SWR = 10:1

Å Match is now possible due to higher impedance
Å {²w ŘƛŘƴΩǘ ŎƘŀƴƎŜΗ

Constant SWR (SWR = 10:1)



ÅMake sure you know what impedance measurements you are getting 
when using antenna analyzers

ÅWhen ZO = ZL transmission lines become impedance transformers
ÅThis behavior can either be helpful or harmful

ÅA Smith chart can be a good learning tool, but it may not be the easiest 
way to solve impedance matching problems

ÅTransmission line loss reduces the measured SWR

ÅAdding a short piece of transmission line can sometimes help an 
antenna tuner achieve a match

Summary


