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Introduction

The subject ‘Transmission Lines” has had a misingétery to the world ham community (and even to
some professionals). The reason for this is thatitlolved concepts are not well presented, peinmmitt
some degree of speculation and “in my opinion” tgiEeussions, generating polemics.

In texts on transmission lines, a generator nogmiillis said ‘matched with a line’ when its output
impedance is equal #o, the surge impedance of the line. This is noshmeatch when we remember that,
in all well behaved castsa generator is matched with the load when thenéortransfers the maximum
power to the latter, that is, its output impedaitcthe complex conjugatef the impedance seen at the
load. In the line general case, that impedanceotsZzo and, therefore, we will consider here that a
generator is matched to a line when the input iraped of the latter (resulting from the load impeztaat
the upper end of the line) is matched to the geéaeoatput impedance artb is merely a parameter of the
line itself. For us, here, “matched to the linetddmatched taZo” are two completely different things and
must be well understood because they will be usad how on in the article.

The “match to the line” is more coherent with th@ldwing situation: suppose we have a generator
connected to a black box (there may exist a lindiwithe box, but we don’t know). We ask someone to
adjust the generator output impedance to matclbldmek box input. He cannot adjust itZo because he
was not told about the details of the box. He wailjust things to get the maximum power transfethto
box and this will occur when the generator is mattto the ‘seen’ input impedance of the black box.

We will not present here any derivation or cona@ptady commonly presented in other texts.

As “return loss” and “line loss” are independerihgs, we will divide our text into two parts, idéses

and lossy lines.

! Linear and time independent circuits, as normal les are.
2 Or simply equal, when no reactances are involved.



Ideal Lines
To simplify things, we will consider for the timesing that the line is ideal (lossless) and the latathe
upper end of it is pure resistive

Let’'s have a generator connected to a I @nd this to a loaRi = Zo as in Figure 1.

Generator: Pf=Pa Line:Zo Load:

Ro = Zo Ri =Zo

Pd = Fa Pr=0 PL= Pf
Figure 1

As the input impedance of the loadRs= Zo, the reflected powd?r is null and the impedance seen by the
generator iZo. This delivers a powd?d equal to the maximum available poviRa entirely to the line and
the forward powePf is equal tdPa. Then the powePL delivered to the line iPatoo. This is the simple
case of entire matching.

Now suppose we keep all conditions but the impeeafi¢che load, that is noRi = Z # Zo, as in Figure 2.
We have a reflected powBr (not null) that goes towards the generator. Seppee use an ideal coupler,
(if necessary) to match the generator with the (ima& with Zo), that is, all maximum available power is

kept delivered to the line.

- Pf Pf -
Generator: Load:
Ro =Zi Input=Zi Line: Zo - PL Ri=z
Pd = Pa
< Pr Pr
Point1 Point 2
Figure 2

% This will not lead to a loss of generality, but oly will simplify the discussions.
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Remembering that, in any not dissipative point ofrauit, the arriving power must be equal to teaving
power (by energy conservation law), we may analyhat happens on Points 1 and 2 of the figure (they
are respectively the generator and the load enttsedfne).

On Point 1, the arriving power Br + Paand the leaving power Bf, soPf = Pa + Pr (). On point 2, the
arriving power isPf and the leaving power BL + Pr, soPf = PL + Pr (ll). By comparing(l) and(ll),

we getPL + Pr = Pa + Pr, or PL = Pa, independently of the reflection coefficient, ag Wwave not
mentioned it. That means, with a matched genetatthe line, all the delivered power from the gexter

is dissipated in the load, no matter how big is thismatch between the line and the load. As all the
involved powers are positive numbers (square ofagels divided by positive impedances or square of
currents multiplied by positive resistors), frdth we can see that the forward poviRdris greater then de
available onePa.

A question arises immediately: isn't it a poweratien from nothing?

The answer is NO, because the forward power isnfedonly by the generated power, but also by the
reflected one; the excess of power on Point 2ithabt delivered to the load, jut, will contribute toPf

on Point 1, as in Figure 2. We may say that ittexaspower equal tBa (the maximum available power)
going through the line to the load and dissipaiing, plus a circulating powed?r. The forward part of this
circulating power sums witRa in the line to formPf and its backward part is the powrr itself (it is a

mesh analysis), as in Figure 3.

DirectPa
Generator: S > _
Ro = Zi S il »----- |- PL=P Load:
Pd = Pa A CirculatingPr \ z#120

Line input Zi :_____<_ ______________ R :
Line: Zo
Point 1 Point 2
Figure 3
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This shows thait is not the reflected power itself that is the reasonhef efficiency decrease when there
exists a mismatch between a lossless line and#tk hs all the available power is delivered tehen we

are dealing with lossless lines. This is perfeatlagreement with the fact that, if all power ididered
(nothing given back) by the generator to a systemposed by a lossless element (line) and a lossy
element (load), this power can be only dissipatethe load (by energy conservation), nothing saioua
reflections.

When we don'’t have a “match to the line” conditetrthe generator end of the line, but, insteadnatth

to Zo” situation, we have indeed a generator mismatchtlais is the real reason for the loss, that, despite
being called “return loss”, it is an internal geater loss.

Lossless lines are only lossless impedance tramgf@, with the reflected power being used onlydjoist

and match the involved impedancgs, although having an impedance dimension, is orpgrameter of

the transformer.

Lossy Lines

In the real world, however, the presence of a cédié wave increases the voltage/current peaksrtaioe
points of the line (standing waves, with peaks waltkys) and these peaks increase the |8sSesit is the

line loss the responsible for the losses in a mismatched diystem anaot the reflection itself, as
commonly thought by many people.

As a simple and well known example, is the casa 60 Ohm resonant antenna fed with a lossless 300
Ohm % wavelength long line. The impedance seemép0 Ohm generator is also 50 Ohm because of the
line length, but we have a mismatch of 6:1 at thieerana end. Even with a great reflection occurrimg,
loss will happen. We see that, despite of the difiee between generator (50 Ohm) and line (300 Ohm)
impedances, the reflected power doesn’'t mean as/dad no “return loss” occurs. It is just becahse
generator is really matched to the input impedaritke line and not to its surge impedance (whehing

is told about power transfer).

4 Due the quadratic behavior of the power, the lossicrease on the peaks is higher than the loss decseson the valleys, so the
net loss is higher.
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“Matching to Zo”

If the line is lossless and the generator is “medcto the line” (not t&Zo), we see that, even existing a
reflected power, there is n@turn loss. The latter is important, however, when there imiamatch
between the line and the load and we hiéneecondition of the generator “matchedaw’ . The reflected
power sees the impedange of the generator when it arrives to the lower efithe line and, therefore, is
totally transferred to the generator tliigsipatesit. The forward power is the same of the fully oietd
case, but the power transferred to the load igdheard power minus the reflected one. So, we Hase
power on the load and this difference is dissipatetie generator. Now we have a so called “reloss”.
When we have a lossless coupler at the generatpuioand get a “match to the line” condition, tloaipler
nullifies that return loss, even with high load métch. That's why the term “return loss” perhapsas
very convenient and it is one of the reasons fergieneral misunderstanding about transmission.lines
Conclusions

When we have a transmitter with fixed output impestawith no coupler to a lossless line, it is adble

to match the latter with the antenna because afatuen loss. With a coupler, or variable transemitiutput
impedance, the VSWR value is irrelevant for thdsed. Indeed, the line adjusts itself to the andenn
through the reflection and leaves to the transmitte task of decreasing the losses.

In the real world, where lines have losses thateiase with VSWR, we must keep the latter as low as
possible in any situation, but couplers are stkful to cancel the return Idss

Another reason for keeping the VSWR in its minimuatue is the cable maximum power rating decrease
under standing waves

| guess that this focusing of the subject (embigdhe fact that the forward power is greater tHam t
maximum available one in the general lossless dageplly a novel one. | have never seen it expliin

the literature.

5 We see clearly here that the expression “return Es” is not very convenient because the coupler, tite generator end of the
line, is able to cancel the return loss without aéfcting the returning (reflected) power in the linethat depends only upon the
matching conditions at the its antenna end.

This article doesn’t intend to change the use of thexpression “return loss” in the literature as itis a well accepted term, but
only call the reader’s attention to its correct cogept.

® The maximum power specified by manufacturers, refes to a VSWR = 1:1 condition; for a VSWR = n:1, themaximum power
must be divided by n.
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