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Letters to the Editor

RF Power Amplifier Output 
Impedance Revisited (Jan/Feb 2005; 
“Letters” Jul/Aug 2006)

Doug,
This concerns your response to John 

Belrose’s letter to the editor, to clarify three 
issues: 1) use of a reverse-power generator 
to determine output source resistance R of 
RF PAs, 2) conjugate match with RF power 
amplifiers, and 3) nondissipative output 
resistance of RF PAs.

1. Mr. Rauch used a reverse power gen-
erator, RPG, to determine the value of the 
output source resistance R of the RF PA.1 The 
frequency of the RPG was chosen [to be] as 
close as possible to that of the PA to permit 
reading only the RPG signal at the Ts. Since 
the source resistance R is nondissipative 
(see below) when R = Z0 = 50 Ω, this 50-Ω-
sourced probe signal is transferred back into 
the RF PA’s anode circuit, where it modulates 
the PA transmit signal.

Certainly, the experiment works. Rauch 
found that when output source resistance of 
the PA (at the output terminals) equals the Z0 
of the line, voltages at all three Ts are equal. 
However, when R > Z0 the voltage at the T 
nearest the output terminals is greater than 
at the other Ts, showing a standing wave es-
tablished at the RPG frequency; conversely, 
when R < Z0 the voltage at the nearest T is 
less than that at the others. Consequently, 
adjustment of source resistance R to achieve 
equal voltages at all Ts results in no standing 
wave, and indicates R = Z0. Using the IEEE 
load-variation method, Maxwell also mea-
sured the output to determine the value of the 
output source resistance of PAs.2, 3, 4

2. It is well known that a conjugate match 
(CM) exists if power delivery decreases with 
any change in load impedance. Thus a CM 
exists when the source and load [imped-
ances] are either equal or conjugately related. 
Maxwell proved this experimentally several 
years ago, but the results were not published. 
Rauch also proved it by first adjusting the 
pi-network of the PA to deliver all available 
power into a reactive load, 50 + j50 Ω, mea-
suring the resulting input impedance ZIN of 
the network with the PA powered down, con-
necting an equivalent impedance ZIN across 
the network input, and then measuring the 
impedance looking back into the network and 
finding impedance ZOUT = 50 – j50 Ω. (See 
Note 1.) Maxwell later performed a similar 
experiment, obtaining similar results.4

3. Maxwell’s references2, 3, 4 present 
proof that the source resistance of the RF PA 
appearing at the output terminals is nondis-
sipative. It must be understood that the total 

plate resistance in a PA tube comprises two 
separate resistances, one dissipative (RPD) and 
the other nondissipative (RL). RPD is cathode-
to-plate resistance, responsible for heating 
the plate due to the electron bombardment at 
the plate. The power dissipated is equal to the 
product of the instantaneous voltage and cur-
rent flowing between the cathode and plate, 
which is irrelevant to plate resistance RP, a vir-
tual, nondissipative resistance. On the other 
hand, RL is established by the voltage-current 
relationship at the input of the pi-network, 
a ratio R/L, which cannot dissipate power. 
Consequently, the output source resistance of 
the PA is the ratio of the current to voltage ap-
pearing at the output terminals of the network, 
indeed, a nondissipative resistance. 
— 73, ARRL TAs Walter Maxwell, W2DU, 
walt@w2du.com; and John (Jack) Belrose, 
VE2CV, john.belrose@crc.ca

Notes
1J.S.Belrose, W. Maxwell and C.T. Rauch, 

“Source Impedance of HF Tuned Power Am-
plifiers and the Conjugate Match,” Communi-
cations Quarterly, Fall 1997, pp 25-40.

2Walter Maxwell, W2DU, “On the Nature of the 
Source of Power in Class B and C RF Ampli-
fiers,” QEX, May/Jun 2001, pp 32-44.

3Same as above, but also appearing in Reflec-
tions II, published by Worldradio Books.

4Walter Maxwell, W2DU, “Additional Proof 
of Conjugate Match and Non-Dissipative 
Source Resistance In RF Power Amplifiers,” 
Reflections 3, (in publication, not yet re-
leased, but can be accessed at www.w2du.
com, click on ‘Preview of Reflection 3 Ar-
ticles, then click on Chapter 19A.)

Gentlemen,
Thank you, but you’ve not addressed 

my basic objection: If an amplifier’s source 
resistance were not ohmic, then it would be 
measured as a pure reactance in a measure-
ment of s22 (output reflection coefficient). 
Many device manufacturers report s22 as 
the conjugate of the optimal load impedance, 
which is not necessarily what you observe 
when probing with an RPG.

My theory is that resistance is the defining 
characteristic of any process that converts 
energy from one form to another and con-
veys it. Even the resistances of free space 
(120π Ω) and of 50 Ω coaxial cable embody 
such processes. But if no RPG energy were 
reflected by the source (s22 = 0), that would 
reveal an ohmic resistance. Were s22 = 1, you 
could state that the match were optimal, in 
that it maximized energy transfer, but not that 
it were conjugate. That distinction is made in 
many relevant texts.
— 73, Doug Smith, KF6DX, QEX Editor; 
kf6dx@arrl.org

Doug,
I find no fault in Tom Rauch’s instru-

mentation except that his test signal may be 
too high to avoid disturbing the RS produced 
by the tube alone. It must be small enough, 
when stepped up by the pi network, to be 
much smaller than the difference between 
the peak of the RF plate voltage and the dc 
screen voltage of a tetrode.

In a private latter, Tom explained in more 
detail exactly how he tuned and loaded to 
achieve zero reflected power of the test sig-
nal. Clearly, he was operating the tubes well 
into the nonlinear plate-saturation region 
where his [RS = RL] result can be expected. 
Tom never claimed that his “zero-reflection” 
operating point was within an acceptable 
linear operating range.

Little has been said or written about how 
RS varies with signal level in real tubes. Typi-
cally, RS is very high when the signal level 
is small, and drops by a factor such as 3 to 
10 times when the signal reaches the limit 
of acceptable linearity. Then, as the drive 
is increased further, the value of RS starts to 
drop rapidly until it passes through the point 
where RS = RL and, with still more drive, RS 
can become much lower than RL. The tube 
will operate fine if you back off the drive 
enough to get acceptable IM performance. 
You may have to make several tries at dif-
ferent drive levels to find the one that, when 
the drive is backed down enough, will give 
the desired RF power output.

About 50 years ago, I conceived a system 
to automatically tune an SSB transmitter. 
The system did not look for a peak or dip 
in anything. What is more, it tuned at a low 
power level where RS was nowhere near RL. I 
designed an automatically tuned 45-kW PEP 
HF transmitter that met a certain military 
specification of 46 dB PEP/IMD3 ratio. It 
would tune from any frequency in the 2 to 
30 MHz range to any other in 5 to 15 sec-
onds. The plate was tuned for a 180° phase 
difference from the RF grid voltage. Plate 
loading was adjusted to seek the design value 
of grid-to-plate RF voltage gain.

I also designed a 10-kW PEP power am-
plifier that was tuned in the same way, except 
that an operator turned the knobs to zero the 
meters. The Collins 30S-1 and 30L-1 linear 
amplifiers use the same scheme to get the cor-
rect loading adjustment. It distresses me that 
today, it is a rare piece of ham equipment that 
comes anywhere near the IMD performance 
that Collins Radio met back then.
— Sincerely and 73, Warren Bruene, W5OLY, 
7805 Chattington Drive, Dallas, TX 75248-
5307.
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Q Calculations of L-C Circuits and 
Transmission Lines: A Unified Approach 
(Sep/Oct 2006)

Dear Doug,
On p 43, middle column, 1st paragraph 

after Eq 1, the first sentence is: “The simple 
series model RS – jX…” This should be, of 
course, “RS + jX”, with X carrying the sign of 
either inductive reactance, XL (+), or capaci-
tive reactance, XC (–).

By the way, the ARRL Handbook, 2000 
edition, the latest that I have, on p 6.13, Eq 
31 gives XC = 1/2πfC, which is incorrect. The 
book Physics for Dummies gives it correctly 
with a negative sign, XC = –1/2πfC. I hope 
this is presented correctly in the latest edi-
tions of the Handbook or will be corrected 
for the 2007 edition.
— Regards, Larry Joy, WN8P, ARRL LM; 
ljoy@kantronics.com

Hi Larry,
You’re right, of course. In the 2007 edi-

tion of the Handbook, the first equation in 
which the error appears is Eq 53 on p 4-24 of 
Chapter 4. It propagates through the follow-
ing discussions for several pages. We will call 
this to the attention of the Handbook editor, 
so the 2008 edition can reflect that and other 
significant corrections regarding electromag-
netism. Because of you, some of us finally 
got around to reading those chapters in the 
Handbook that EEs usually ignore!
— 73, Doug, KF6DX.

Dear Doug,
Thank you for the excellent article.
I downloaded the author’s MathCAD files 

(TRL_Q_Calc1.mcd, TRL_Q_Calc-PCB1.
mcd, and Monopole-Ralph.mcd) from the 
ARRL QEX Web site. I was disappointed, 
however, to find that my older version (6+) 
of MathCAD could not open the files. Is there 
some way that I can receive a printout of 
these files, either hard copy or PDF format?

May I suggest that QEX and QST make 
available for download PDF copies of 
MathCAD documents along with the .mcd 
files themselves?
— 73, Don Shoop, NØASG; tazzoc23@ 
mindspring.com

Don,
Thanks for calling this to my attention. 

I have now sent copies of the files that will 
be compatible with MathCAD V6, and the 
9x06_Audet.zip file posted on the QEX files 
section of the ARRL Web site (www.arrl.
org/qexfiles) has been updated to include 
those files. Also, it seems that MathCAD V6 
cannot display the 3D graphs. I have supplied 
a version of the graphs as a PDF file, also 
included in the file for download.
— 73, Jacques Audet, VE2AZX; jaudet@ 
hotmail.com

In Search of New Receiver Performance 
Paradigms, Part 1 (Nov/Dec 2006)

Hi Doug, 
[Those are some] nice articles on receiver 

measurement. A few comments: 
UK marine receiver specifications even 40 

years ago required you to meet the SNR on 
top of any spur. For channelised receivers, you 
chose your channels very carefully! 

It would seem that for testing the new 
breed of receiver (and the method is appli-
cable to the conventional type), we could draw 
lessons from the old FDM [frequency-divi-
sion multiplexed] telephone systems. There, 
IMD testing was done by producing wide-
band noise with a notch in it at the receive 
frequency, and measuring the amount of noise 
received. For radio, you would want to add a 
wanted signal so that you could measure the 
degradation in SINAD for analogue or BER 
for digital signals. Such a test would need a 
crystal notch filter (or a very sophisticated 
generator) but would be very sensitive, as 
it would pick up “intermod,” phase-noise 
second-order AM effects, cross modulation 
and spurious responses. 

I’m afraid that you’re a bit out-of-date on 
European regulation. We don’t necessarily 
have to do third-party testing. The Radio & 
Telecommunications Terminals Directive al-
lows a manufacturer to self-certify equipment 
against a harmonised standard, like one that 
has been published as such in the Official 
Journal of the EU. The applicable standards 
for amateur equipments are EN301 489, Parts 
1 and 15. Those are EMC standards, since 
there are no product standards for amateur 
equipment. That situation is unlike commer-
cial equipment, which has a product standard 
and an EMC standard. The Directive wasn’t 
too popular with test houses, of course, since 
they lost a lot of business.

The standards may be obtained free at 
www.etsi.org. One interesting point is that 
the European Commission are very much 
against having receiver requirements in har-
monised standards, unless they are necessary 
for purposes such as ensuring that a network 
operates correctly. Interestingly, even prior to 
that, there was little (if any) notice taken of 
the IEC documents on receiver testing. I think 
part of this is the way that ISO works, which 
is on a national delegation basis, rather than 
on an industry basis. 

Finally, the homebrew equipment of radio 
amateurs (as defined by ITU), and Amateur 
Radio kits, are exempt from the EU regula-
tions. That’s thanks to some good work by 
IARU Region 1 some 20 years or so ago. 
Mssr. Gaston Bertels, ON4WF, did a lot of 
that necessary work.
— 73, Peter Chadwick, G3RZP, Chairman, 
ETSI (European Telecommunications Stan-
dards Institute) Task Group ERM_TG30; 
peter.chadwick@Zarlink.Com 

Hi Peter,
First off: Congratulations on your ap-

pointment to the Task Group! Second: I knew 
I could count on you to bring me up to date 
on EU regs — thanks. I believe many readers 
are, like me, unaware of those changes in the 
requirements for the CE mark, just as they are 
ignorant of EU requirements for power-factor 
correction in power supplies.

According to ARRL, controversy has 
arisen about whether what I wrote is true: 
that commercially sold amateur gear is sub-
ject to the same Part-15 regulations here as 
is everything else (Minutes of the Executive 
Committee, No. 480, Oct. 20, 2006, http://
www.arrl.org/announce/ec_minutes_480.
html). It will be interesting to see what the 
FCC says about that issue, although it seems 
perfectly clear to me from the wording of the 
law, which is now quite old.

For my money, the method of determin-
ing receiver IMD performance must be 
measured in a way that clever designs can’t 
circumvent. The procedure you mention 
seems as good as, or better than, any, but 
paramount is: You have to measure noise 
floor under exactly the same conditions 
under which you measure IMD. I’ll have 
more to write about that. 

I hope this finds you well.
— 73, Doug, KF6DX.

Twenty-Five Candles Burning Brightly 
(“Empirical Outlook,” Nov/Dec 2006)

Dear Doug,
A happy birthday to QEX, the best techni-

cal journal indeed. All of you do a fine job. 
Carry on! And long live Amateur Radio.
— Ray Cramet, F8CB; f8cb@wanadoo.fr 

Doug,
I read your editorial in the new issue and 

said to myself, “Wow, has it really been 25 
years already?” But sure enough, I went to 
my collection and there is issue number 1, 25 
years ago. Some of my magazine collections 
have had to be trimmed down or even given 
away entirely in the course of six or seven 
moves, but not QEX. I still have the entire 
set, and that will not change.

I remember some of the ups and downs 
over the years. Your time at the helm has been 
a good one. We’ve had steady publication and 
a consistently excellent stream of content. 
My compliments on a job well done.

As I’m looking back at some of the 
other magazines you mentioned, in particular 
the only one that aimed to do what QEX has 
done so well, ham radio magazine, I’m glad 
to say that QEX has filled the void it left 
very nicely. About the only things I miss 
are those amazing cover drawings by Hans 
Evers, PAØCX. No hope of those [return-
ing], I suppose.
— 73, Paul Koning, NI1D; ni1d@arrl.net


