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Intreduction

Part I of this series discussed linear systems and conjugate
matching. These applications include receiving antennas and
receivers as well as small signal generators. Part IT of the series
goes on to discuss amplifiers that are connected to transmission
lines and antenna systems. This is probably the most interesting
and important application as it relates directly to transmitters
that are connected to coaxial cables or ladder lines with antenna
tuners. Several surprising results are discussed. These results
have been quite controversial in the past. For cxample, it is
shown how a 302 W forward wave can be generated from a 100 W
transmitter, This does not in any way violated circuit laws since
the load does not absorb 302 W. The load absorbs 100 W if the

transmission line is lossless,

Note: This article uses TCA HotLinks to provide access to
enriched media from the RAC website. For more information,

please go to www.rac.ca/tca.

The author used signal flow
graphs, TCA Hotlink, 1, lo create a
yion calenlator, TCA Hotlink,
; "gnal flow graph is a special
type of block diagram that is a
graphical means of showing the
relations among the variables of
a set of linear ulgebraic relations.
It is extremely useful for trans-
mission line analysis because il
allows the solution to be written
down directly by inspectlion of the
graph. One does not have to solve
complex equations.

The Basics

Transmission lines are defined
by their characteristic impedance,
loss and velocity. Reflections can
occur at the ends of the transmis-
sion line when it is terminated by
an impedance that does not equal
Zo, the characteristic impedance.
Reflections can occur at either
or both ends of the transmission
line. This concept is extremely
ig it and will be discussed
i W letail. If the load imped-
ance equals Zo, then there is no
refleeled wave from the load and
hence no reflected wave from the
source. A genceric radio system
is shown in Figure 1 where the
signal source cun represent your
transmitter, a receiving antenna ar
a lahoratory signa) generator. The
joad represents an antenud, 4 re-
ceiver or u device under test, DUT,

Transmission Line

such as a filter, directional coupler
or other device. The source and
load are connected with a lossy
transmission line of characteristic
impedance Zo. The signal velocity
is not discussed in this article
since we are only inferested in the
power levels at various points in
the system. Here is how the system
works. A forward wave is launched
from the signal source. The wave
travels to the load and loses cn-
crgy on its way due to resistance

. in the transmission line. Some of

the forward wave is absorbed in
the Joad and some is reflected buck
to the source. The reflected wave
travels back to the signal source
and loses energy as before. Some
of the energy is reflected at the
source to return back to the load
if the source input impedance does
not equal the characteristic imped-
ance of the transmission line.

Definition of terms used in the
VE3KL Reflection Calculator

The results in this article were
obtained through the use of the
VE3KL Reflection Caleulator, TCA
Hotlink 2. To use the calculalor
Tor linear power amplifiers, open
the calenlator and select, “Linear
Perfect Tuner” under Select
Transmitter Type and insert the
dala in the boxes.
The important terms are:
» Transmitter power: This is the
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Figure 1: Generic radio system, lossy transmission line,
antenna tuner is optional.
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available power from the trans-
wmilter (source) when matched
to its proper impedance. For

example, a 100 W transceiver -

will deliver 100 Winto a 50 Ohm
load. I will nol generally deliver
that power if the load is not 50
Ohms.

s Load SWR: The SWR as meas-
ured at the load end of the trans-
mission line.

» Source SWR: The SWR as meas-
ured at the source end of the
transmission line.

* Line loss: The loss [dB] in the
transmission line for a wave
travelling from the source to
the load or from the load io the
source.

e Forward power: The forward
wave {W] transmitted from the
source into ihe lransmission
line. This will not be equal to
the Transmitter Power in gen-
eral. It can be much higher than
the Transmitter power in sev-
eral practical cases.

* Incident power al the load: The
power [W] that actually reaches
the load. Some of this power
will in general be reflected.

¢ Power delivered {o the load:
The actual power [W] that is
absorbed by the load. In the
case of an antenna, this is the
power thal is radiated if the
antenna has no losses.

¢ Power reflected from the load:
This is the power |W} that is
reflected from the load due to
a mismalch. This power travels
back to the source where il can
be absorbed or reflected.

» Power reflected at the source:
The power {W] that is reflected
at the source due to a reflect-
ed wave from the load. This
becomes part of the forward
puwer.

¢ Power lost in the lransmission
line: The total power [W] dis-
sipated in the form of heat due
to the presence of a forward and
reflected wave on the line.

Power Amplifiers

One of the most important topics
for amateur radio is the transmis-
sion of power from a transmitter
to an antenna with a connecting
transmission line. Sometimes, it
is necessary to use an antenna
tuner to transform the impedance
at the input to the transmission
line to the required load imped-
ance for the power amplifier. The
antenna tuner provides amatch to
the power amplifier. Many people
use the term “transmatch” to de-
seribe the eirenit since tuning an
antenna usually refers to adjusting
the length of the antenna wires to
achieve resonance.

Inmost cases, solid state trans-
mitrers require a load of 50 Ohms
for maximum output power. The
understanding of linear power
amplifiers was presented in the
seminal lext book, Electronic and
Radio Engineering by Frederick
Emnons Terman, TCA Hotlink 3.
1le showed that the correct load
resistance for an ideal class A
amplifier is:

Ry w/In [Ohms]

Where R, is the load resistance,
Vigis the DO operating voltage and
Ipis the DC operating current. For
example, if an amplifier operates
from a 12 V battery and is set to
draw 5 A, then the correct load
resistance is equal to 2.4 Ohms, A
lossless transformer in the wmpli-
fier circuit will be required to in-
crease this value to 50 Ohms. This
transformer is not the antenna
tuner since manufacturers wunt
their amplifiers to load directly
into 50 Ohm coaxial systems.

Note that By as used here has
nothing to do with a Conjugate
Match as discussed in Part I of this
article, TCA March/April 2009. In
fact, a good power amplifier has
very low losses in its output tran-
sistors and circuits. This leads to
the conclusion that a power ampli-
fier will reflect most of the power
that comes into its output circuit
from rthe transmission line. Hence,
for the purpose of this article,
it is assumed that the reflection
coefficient of the source will be
equal to 1O which translates to
an infinite SWR at the source. All
of the power is refl The term
reflection coefficient is simply the
ratio of the forward voltage wave
to the reflected voltage wave.

Since we assume that the an-
tenna tuner is lossless, the reflec-
tion coefficient looking into the
tuner from the load side will also
equal 1.0 in magnitude. The reflec-
tion cocfficient looking into the
funer from the amplifier side will
be equal to zero when it is tuned.
That is, an SWR meter connected
belween the amplifier and the an-
tenna tuner will indicate a perfect
match; SWR = 1.0,

There is a lot of information in
the above section, so let's look at
an example as shown in Figure 2
which shows a typical transmiller
system. The system consists of a
transmitter, antenna tuner, SWR
meter, a length of transmission
line and an antenna. llere, we
assume that your transceiver is
capable of delivering 100 W into a
50 Ohm load. Tn this system, an an-
Lenna with a very high SWR of His
agsumed so an antenna tuner must

continued on page 8 [>)
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Figure 2. Power amplifier system block diagram.
Lossless transmission line, load SWR = 10.

be used to transform the transmis-

sion line impedance into 50 Ohmus

at the amplifier terminals,

Here is what happens:

¢ The tuner is adjusted so that the
Power Amplifier sees a load of
50 Ohms. Hence the amplifier
delivers 100 W to the system.

* There are no losses in the tuner,
SWR nieter or transmission line
in this example so all of the
power (100 W) ends up in the
load (the antenna in this case)

* A [orward wave of 302 W trav-
els along the transmission line
towards the load.

« Areflected wave of 202 W trav-
els along the transmission line
towards the tuner.

The antenna absorbs 100 W
(302-202) since 202 W is reflecled
from the antenna and 302 W is
incident. on the antenna. The re-
tected wave that strikes the tuner
is totally re-reflected back into
the system. Notice (hal o forward
power of 302 W and a reflected
power of 202 W carresponds to
an SWR of 10. This calculation
can be checked by using the basic
SWR formula:

JPf+ Pr
PBr-Pr
Where: Pfis the forward power
and Pris the reflected power
Figures 3 and 4 demonstrate
whal happens when the load SWR
changes. It is assumed thut the re-

SWE =

flected wave that strikes the tuner
is ftotally re-reflected back into
the system, Figure 3-is a plot of
the Forward, Reflected and Load
Power for various values of the
load SWR for an ideal lossless
iransmission line. Nole that the
load power does not change with
SWR. It is always equal to 100 W.
However, due to the high SWR,
the Forward Power is 302 W for a
load SWR ot 10. Figure 4 shows the
same curves bul here the line loss
is assumed to be L0 dB, a fairly
good transmission line. Here the
load power is approximately 80 W
for a perfectly matched load due to
line loss and it steadily decreases
with load SWR. Notice that the
load power is approximately 40
W for a load SWR of 10. In this
situation where the fransmission
line loss is only 1.0 dB, the power
lost due to the Lransmission line
is approximately 4 dB! This poor
performance is a result of multiple
reflections on the transmission
line. The results for high foss lines
are even worse. For example, a
line with a loss of 3 dB, the load
power will only be 20 Wif the load
SWR equals 10. Again, the antenna
tuner is tuned to produce a perfect
march for the power amplitier.

450 Ohm ladder line vs RGB-X in
the 10 metre band

Now lets look at two examples.
These examples compare the use

Table 1

Transmitter Power = 100 W, Transmission Line Length = 30 metres,

Frequency = 28 MHz, SWR = 10

Transmlsfmn line type W1

Load power

Reflected
power {W]

I incident load
i power [W]

RG-8X

34 (-4.08 dB) 103 69

450 Ohm Ladder Line

45 ¢-0.7 dB)

258

173

Table 2

Transmitter Power = 100 W, Transmission Line Length
= 30 metres, Frequency = 28 MHz, SWR = 2

Lo Load power Incident load | Reflected
Transmission line type w1 power [W] power [W)
RG-8X 66 (-1.8 B} 74 8
450 Ohm Ladder line 96 {-0.18 dB: 108 12 ]

of ladder line, 450 Ohms, and co-
axial cable systems for high and
low SWIR antenna systems such
as those used in multi-band wire
antennas. Here, the transmission
line length equals 30 metres and
the transmitter power is 100 W as
before. The operating frequency
is 28 MHz. The VE3KL calenlator
was used to evaluate the perform-
ance of these systems as shown
in Tables 1 and 2. The losses for
a generic 450 Ohm transmission
line and RG-8X were found from
TLDetails, TCA Hotlink, 4.

Table | shows that only 34 W
is delivered to the load for RG-8X
cable. The cable dissipates the
remaining 66 W. This high cable
loss is due to multiple reflections.
The table shows that 85 W is de-
livered to the load for the ladder
linc case. Here, 15 W is losl in the
transmission line. Note that 258 W
is incident on the load [or the lad-
der line case. If you plan on using
high power, 1000 W, the incident
power will be 2580 W so extreme
care must be taken with respect
to very high line voltages and
potential insulator ares. Another
down side is that lines with very
high peak voltages radiate some
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Figure 3. Forward/Reflected/Load Power for zero
line loss as a function of load SWR.

Figure 4. Forward/refiected/load power for 1 db
line loss as a function of load SWR.

power and can cause interference
itk

1 your house hold electronic
This type of system must
med and used with safoty
in mind at all Llimes because the
peak line voliage will be 2771 V
because of the high SWR.

Table 2 shows the power rela-
tions for a transmission with a
load SWR of 2. Notice that the
silualion improves considerably
but even here the RG-8X coaxial
cable creates a fairly significant
loss with only 66 W reaching the
load; a loss of 1.8 dB.

Tables 1 and 2 contain power
relations [or special cases. If you
have anether situation, use the
VESKL Reflection Calculator to
see if one method is better than an-
other. Oflen, coaxial cable is pre-
ferred because of it good perform-
ance. For example, an inverted V
antenna tuned for 50 Ohums in the
80 m band will perform very well
because il has a low loss and does
not need Lo be matched with an
antenna tuner. Some observations
can be made as foliows:

* Use coaxial cables wherever

possible, especially for weg

maiched anfennas.

Use ladder tines for multi-band

antennas where high SWR con-

ditions exist.

¢ In the design stage, use on-line
caleulators to evaluate the pro-
pused antenna system.

* Be very careful with high SWR
antennas.

Conclusion

This series of articles presented
the basic ideas associaled with
wave reflections in transmission
lines. [t was shown how important
it is to consider reflections at both
ends af the transmission lines. it
parl, [ of the series, the examples
were mainly based on conjugate
matched systems where there is
no reflection at the generator if
the generator impedance equals
the characteristic impedance of
the transmission line. Part [T of the
series discussed power amplificrs
where total refleclion oceurs at the
generator end of the transmission
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