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KKC7CJ re-purposes an enclosure from obsolete equipment for a new projedt.
The 1981 premiere issue of QEX is reprinted inside.
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Introducing the TH-D74A for the ultimate in APRS and D-STAR
performance. KENWOOD has already garnered an enviable
reputation with the TH-D72A handheld APRS amateur radio
transceiver. And now it has raised the bar even further with
the new TH-D74A, adding support for D-STAR, the digital
voice & data protocol developed by the JARL, and enabling
simultaneous APRS and D-STAR operation — an industry first.

APRS compliance using packet communication to exchange real-time
GPS position information and messages

Compliant with digital/voice mode D-STAR digital amateur radio networks
Built-in high performance GPS unit with Auto Clock Setting

Wide-band and multi-mode reception

1.74" (240 x 180 pixel) Transflective color TFT display

IF Filtering for improved SSB/CW/AM reception

High performance DSP-based audio processing & voice recording
Compliant with Bluetooth, microSD & Micro-USB standards

External Decode function (PC Decode 12kHz IF Output, BW:15 kHz)
Free software for Memory and Frequency Control Program

Data Import / Export (Digital Repeater List, Call sign, Memory Channel)
Four TX Power selections (5/2/0.5/0.05 W)

Dust and Water resistant IP54/55 standards

APRS (The Automatic Packet Reporting System) is a registered American trademark of WB4APR (Mr. Bob Bruninga).
D-Star is a digital radio protocol developed by JARL (Japan Amateur Radio League).
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The American Radio
Relay League

The American Radio Relay League,
Inc, is a noncommercial association

of radio amateurs, organized for the
promotion of interest in Amateur Radio
communication and experimentation,
for the establishment of networks to
provide communications in the event of
disasters or other emergencies, for the advancement
of the radio art and of the public welfare, for the
representation of the radio amateur in legislative
matters, and for the maintenance of fraternalism and
a high standard of conduct.

ARRL is an incorporated association without
capital stock chartered under the laws of the state
of Connecticut, and is an exempt organization
under Section 501(c)(3) of the Internal Revenue
Code of 1986. Its affairs are governed by a Board
of Directors, whose voting members are elected
every three years by the general membership. The
officers are elected or appointed by the Directors.
The League is noncommercial, and no one who
could gain financially from the shaping of its
affairs is eligible for membership on its Board.

“Of, by, and for the radio amateur,” ARRL

numbers within its ranks the vast majority of active
amateurs in the nation and has a proud history of
a;:fhi_evement as the standard-bearer in amateur
affairs.

A bona fide interest in Amateur Radio is the only
essential qualification of membership; an Amateur
Radio license is not a prerequisite, although full
voting membership is granted only to licensed
amateurs in the US.

Membership inquiries and general corres-
pondence should be addressed to the
administrative headquarters:

ARRL

225 Main Street

Newington, CT 06111 USA

Telephone: 860-594-0200

FAX: 860-594-0259 (24-hour direct line)

Officers

President: Rick Roderick, KSUR
PO Box 1463, Little Rock, AR 72203

Chief Executive Officer: Tom Gallagher, NY2RF
The purpose of QEX is to:

1) provide a medium for the exchange of ideas and
information among Amateur Radio experimenters,

2) document advanced technical work in the Amateur
Radio field, and

3) support efforts to advance the state of the
Amateur Radio art.

All correspondence concerning QEX should be
addressed to the American Radio Relay League,
225 Main Street, Newington, CT 06111 USA.
Envelopes containing manuscripts and letters for
publication in QEX should be marked Editor, QEX.

Both theoretical and practical technical articles are
welcomed. Manuscripts should be submitted in word-
processor format, if possible. We can redraw any
figures as long as their content is clear.

Photos should be glossy, color or black-and-white
prints of at least the size they are to appear in

QEX or high-resolution digital images (300 dots per
inch or higher at the printed size). Further
information for authors can be found on the Web at
www.arrl.org/qgex/ or by e-mail to gex@arrl.org.

Any opinions expressed in QEX are those of

the authors, not necessarily those of the Editor or the
League. While we strive to ensure all material

is technically correct, authors are expected to

defend their own assertions. Products mentioned

are included for your information only; no
endorsement is implied. Readers are cautioned to
verify the availability of products before sending
money to vendors.
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Kazimierz “Kai” Siwiak, KE4PT

Perspectives

300 QEX Issues and Going Strong

QEX was first published in December 1981 as the “ARRL Experimenter’s Exchange,” with
Founding Editor Paul Rinaldo, W4RI. We celebrate QEX issue #300 by reprinting the entire con-
tents of QEX issue #1. Over the years, QEX has partnered with the AMSAT Satellite Journal, and
later hosted Gateway, the ARRL packet radio newsletter. The conductors of these two publications,
as well as several Contributing Editors, have sustained the quality of the magazine.

Jon Bloom, KE3Z, became Editor in 1992. His considerable expertise built QEX into one of
the most respected technical publications in its field. This was a time when Amateur Radio, and
radio technology in general, were undergoing rapid changes.

Zack Lau, W1VT, the award-winning ARRL Senior Laboratory Engineer, came aboard with
his “RF” column, detailing advanced work across the RF spectrum. The “RF” column ran from
August 1992 through January 2005.

Rudy Severns, N6LF, took over the editorial reins in 1997. On his watch, the magazine went
from monthly to bimonthly publication. The number and depth of articles increased dramatically.
QEXtook on a new look as well, with full-color covers and enhanced content. Rudy’s talent for
soliciting top-quality articles from the leading technical authors in Amateur Radio took the
magazine to a higher plateau.

Bob Schetgen, KU7G, known for his editorship of The ARRL Handbook and for his columns
in QST, also began work on QEX in 1997. Bob served as Managing Editor until his sudden
passing in December 2005.

In January 2000, ARRL purchased the Amateur Radio technical journal Communications
Quarterly from CQ Communications and merged it with QEX, creating the combined QEX/
Communications Quarterly. Published for the preceding nine years under the editorship of Terry
Littlefield, KA1STC, Communications Quarterly billed itself as the philosophical successor to
ham radio magazine, which was founded by “Skip” Tenney, W1NLB, and Jim Fisk, W1HR.
Littlefield was Editor of Ham Radlio when CQ Communications purchased it in 1990.

Ray Mack, W5IFS, joined as Contributing Editor with the January/February 2002 issue. Ray
conducts his column “Out of the Box,” about new product availability and also serves as our
proofreader. With the January/February 2009 issue, Ray also began a new column, “SDR:
Simplified,” presenting hands-on experiments and investigations into the world of software
defined radio (SDR) and digital signal processing (DSP).

L.B. Cebik, WARNL, came aboard as Contributing Editor as of July/August 2004. His column
“Antenna Options” covered antenna design, performance and construction until his passing in
April 2008. The final “Antenna Options” column appeared in the July/August 2008 issue.

Doug Smith, KF6DX, became QEX Editor with the September/October 1998 issue. His
enthusiasm and technical expertise continued to improve the magazine’s technical content.

Larry Wolfgang, WR1B, began work on QEX in late 2005 and became Managing Editor for
the March/April 2006 issue. Larry became the QEX Editor with the September/October 2007.

Kazimierz “Kai” Siwiak, KE4PT, stepped in as QEX Editor with the March/April 2016 issue.
Kai also edits QST technical articles (since the July 2013 issue of QST), and serves on the
ARRL RF Safety Committee.

In this Issue

We've increased the cover thickness to 50# stock to help it better survive the postal mail. Our
QEX authors describe propagation measurements and modes, filter characteristics, and tuning
an L-network. Help determine the content of future QEX issues by putting your favorite topic or
innovative measurement on paper. Share it on these pages with fellow readers. Just follow the
details on the www.arrl.org/gex-author-guide web page, and contact us at gex@arrl.org. We
value your feedback, comments and opinions about these pages.

In this issue, we’ve recreated the entire first issue of QEX. Flavio Egano, IK3XTYV, followed long
term observations that suggest long path echoes might propagate with low attenuation by iono-
spheric ducts; Bill Kaune, W7IEQ, details the inductor losses in Pi-network; Tom C. McDermott,
NS5EG, describes hardware and software for ionospheric sounding; Scott Roleson, KC7CJ, re-
purposes an enclosure from obsolete equipment; and Robert J. Zavrel, W7SX, presents a differ-
ent approach to a multi-band Yagi-Uda design.

Please continue to support QEX, and help it remain a strong technical publication. Submit
articles via e-mail to gqex@arrl.org or via US Mail to QEX, ARRL HQ, 225 Main St, Newington,
CT 06111.

783,
Kazimierz “Kai” Siwiak, KE4PT Maty Weinberg, KB1EIB
Editor Assistant Editor
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Number 1

The ARRL Experimenters’ Exchange

This is the premiere issue of QEX: The
ARRL Experimenters' Exchange. Beginning
with this issue, QEX 15 a special League
puklication by and for Amateur Radio experi-
menters. It is available to Both ARRL mem-
bers and nonmembers at subscription rates
shown on the last page of this issue.

Initially, ¢Ex will be published every
other month. As soon as we are assured that
we can get the quality and quantity of ma-

.terial that we need and get the logistical
“handling well greased, monthly publication
can begin.

It is our intent to achieve a balance in
the editorial content. In one respect, we
want to feature about as much original re-
search and development as we do practical
construction articles. In another, we want
to keep some sort of a balance between digi-
tal electronics (computers, etc.,) and the
analog world of receivers and transmitters,
Within the digital domain, it makes sense to
include some software as well as hardware.
But that doesn't mean that eack issue will
reflect that balance. Also, we may concen-
trate more than a fair share of space on a
topic when it's hot and rolling. It seems
reasonable to push the newer technology as
muck as possible, even at the expense of
overlooking some more mature topics.

Computer program listings present a spe-
cial problem. We would like to include com-
puter programs relating to Amateur Radio and
have one in this issue by Dave Meier, N4MW.
Fortunately, Dave's program listing and sam-
rle run were relatively short. Longer cones
could completely fill an issue of grx. So,
we are happy to print the shorter ones, but
suggest that authors of longer ones make the
programs available either on diskettes or on
hard copies. Of course, we'd like to have
the narrative description of the program in
article form for geEx. In case you do have a
short computer listing for printing in QE£X,
please set up your printer to produce a col-
umn no more that 43 spaces wide. Use a new
ribbon and print on clean, white paper.

Because QgFX is an exchange, the names,
mailing addresses and (where furnished) tel-
ephone numbers of the authors will be in-
cluded with all articles and correspondence.
If you are interested in an article, we're
sure that the author would like to hear from
you. The whole idea is to get dialog going
between experimenters who are geographically
separated, If you think that other gQ&x
readers might benefit in some way from the
dialog, please consider dropping a copy to
the Editor, geEx. In some cases, we can
print parts of the correspondence, space
permitting. But, we would hope that the
exchange will generate one or more good ar-
ticles for ¢Ex and osrT.

You will note that we have several col-
umns in this first issue. There is one more
column that we need as soon as possible --
one called "Components" or "Devices." The
column should include the latest semiconduc-
tor devices as well as passive components of
interest to Amateur Radic experimenters. We
have some feelers out but are open to sug-
gestions on this and other possible columns,

What about new technology? The "Data
Communications” column by Dave Borden, K8MMO
will be a regular feature on packet-radio
technology. We expect to carry material on
amateur spread spectrum experimentation from
time to time. Radio amateurs are experi-
menting with speech I/0, medium-scan TV,
computer control of everything in the shack,
error detection and error correction codes,
etc., and we need to spread the word on
these efforts. The trade journals are full
of new developments and new products such as
ICs that handle many complex functicns., If
you want to boggle your mind a bit, find a
copy of EDN magazine, October 14, 1981 issue
and read the series entitled, "Electronic
Technology-The Next 25 Years." Perhaps you
know a hermit experimenter who is doing neat
things in the basement. Team up and try to
get the work of the hermit experimenter into
print so that the rest of us can benefit.
QEX is particularly interested in liberating
these experimental results, - W4RI

QEX January/February 2017 3
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November 10, 1381 Paul L+ Rinaldo, MARI

1524 Springvats Avanyue

Mclean, Virginia 22101
Mr. Paul L, Rinaldo, W4RI .
1524 Springvale Avenue bear Paul: ’
Mclean, VA 22101

This Is to wish you and the American Radio Relay Leagus well as you

taunch QEX.
Dear Paul:
As you know, the Office of Science snd Technology is lopking to

For years, many of us within the ARRL organization amateur radlo sxperimenters to play a more active role In new communications
have faelt that the League ought to be doing more to techniques. /mateurs are & unlgue resource pessessing not only the talent
promote advanced technical experimentation by radio but the time and energy to devote to projects which may have no Tmmedlate
amateura. With the appearance of QEX, those feelings commercial payoff. Hams ara now experimsnting with spread spectrum, packet
have been turned into action. You'ra uniquely qualified - radic and srror-correction codas under recent rules changes or walvers by
to serve as the editor of the League's technical news- the F.C.C. We encourage further innovstion, particularly those which may
letter, and with the help of enthusiastic and active contribute to better spectrum management.

members like yourself I know QEX will be a source of
pride for the officers, directora, staff and the entize

membership, . Sinceraly yours,
Best of luck with the innaugural issue. [ . 3
72, $. J. Lukastk
Sincerely,

'M.

Haryf J. Dannals, W2ED
Pregident
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' 30 Juna 1981 07804 Ta1 . . 203-gme-1541
- October 1, 1981 . o
Mr. Paul L. Rinaldo wW4Rl .
1524 Springvale Avenue
2101
McLean,va. 22 Mr. Paul Rinaldo, WART
1524 Springvale Avenue
Near Paul; N McLean, VA 22101
Congratulations on taking over the new experiementer’s
newsletter. QEX. I cannot think of A more competent person for the Dear Paul:

abl
3 1 will be anxiously awaiting the first publichtion and T

believe so will many other amateurs throughout the-nation, Ahd the
world.

I wish us well in the QEX projsct, "Us* because you as editor
have an important role in whether this 18 a successful venture and
bocause for “us®™ the membership this may signal a new facet of the

i in can <o to hel; ou please feel
free to ‘e:fm;h:;;fs?\}:::::ilz :he very hest c? i’uckpin the new League's services to the membership, If QEX is succassful, and |
endeavor for the League. a am confident that it will be, I foresea additicnal specialized news-
letters by the League covering other specialized technical and
73 operating areas,

80, you and QEX are blazing a new trail, Good luckl

73,
Gay waths
DltEcicr wohnoke Div, Sincerely yours,
B ‘-"\'\_,\ \
Richard L. Baldwin, W1RU
Generel Manager
RLB:dl
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VHF and UHF Low Noise

Preamplifiers

By G. H. Xrauss,* WAZGFP

For the past 4 years, I have been sys-
tematically designing, building and testing
low-noise-figure preamplifiers (LNAs) for
30, 50, 144, 220, 432 and 1296 MHz. A very
early set of results, along with historical
background and basic theory, was reported
earlier.! A full report, covering some 200
LNAs, is presented here, in "cookbeook”
style. The measurements were done in an

- engineering lab, using quality equipment;
neise figure was measured using the Y tech-
nique, a solid-state noise source and cali-
bration/measurement against a hot/cold noise
source of known accuracy. Even though I be-
lieve I have removed all sources of error,
the reader is cautioned to interpret all
noise-figure listings as relative, with an
absolute accuracy range of -0,1/0.3 dB.

The layout for the vhf GaAsFET LNAs is
given in Fig.1l, and for the 1296 MHz 1 LNAs
in Fig. 2. The remaining LNAs were all
built on a single-sided pc board (see Fig,
8 of ref),! soldered into a fully shielded
box; these LNAs differ only in (a) device
used and (b) input and output circuits ne-
cessary to match the chosen device for best
‘noise figure. 1 have found that only four
different types of matching circuits, with
values adjusted for each different band, are
required for use with the full range of de-
vices. Several possible bias circuits are
also shown.

The result tables list devices, for each
band, in order of increasing noise figure.
The Ga and Gr figures are forward and re-
verse gain, respectively, when the LNA is
adjusted for minimum noise figure. Gene-
rally, greater forward gain can be achieved,
but the noise figure will always be worse.
The difference between Ga and Gr is the gain
margin Gm = -(Ga-Gr). The greater the val-
ue of Gm, the more stable the LNA, especial-
ly with a reactive bandpass filter (cavity,
helical resonator and the like) in front of,
or after, the preamp. LNAs with a Gm value
of less than about 8 dB may be marginally
stable, and one with a value less than
about 3 dB will often oscillute when the
T/R relay presents an open circuit at the
LNA input. The noise measure M is an indi-
cation of the input noise figure of a long
chain of cascaded LNAs having the same NE

*¥16 Riviera Dr., Latham, NY 121i¢

QEX December 1981

and Ga; it is mainly given to show the ef-
fect of LNA gain, which should be about 10
dB greater than the noise figure of the fol-
lowing stage. Too high a stage gain will
lead to front-end overload, although it is
rarely the 1st LNA that is overlcaded. How-
ever, the GaAsFET devices not only have the
lowest noise figures, but have relatively
high (and therefore desirable) third-order
output IMD intercepts (I3); the Iz points of
some LNAs were measured and listeg in the
tables. Another LNA characteristic having a
bearing on IMD is bandwidth (BW); most bi-
polar devices require extremely broad-band
(BB) input circuits and substantially resis-
tive output circuits. This leads to higher
susceptibility of overload from out-of-band
signals (especially near fm and TY sta-
tions!). The GaAsFETs, having a much higher
input impedance for optimum noise figure,
allow a higher Q input circuit to be used,
although the Q cannot be too high or input
loss (and noise figure) will rise.

TO BREW AN LNA:

(1) Choose a device, based on the ta-
ble data; you make the most important
choices based on availability, cost and per-
formance. A key to the manufacturers, or
their agents if they do not sell direct in
the U.S., is provided.

(2) For the chosen device, obtain the
input and output circuits. If GaAsFET or
1296 n, see Figs. 1 and 2. Use the best
components you can obtain; remember that
you want to keep input loss as low as pos-
sible, )

(3) Choose a bias circuit (the "ac-
tive" circuit - on the right - is recommend-
ed). The GaAsFETs have their own bias cir-
cuit in Fig. 1; at 1296 MHz, a separate and
well-regulated -V3 supply is necessary.

(4} Use the "Universal" layout of Ref.
1, Fig. 8; the vhf GaAsFET layout of Fig, 1
or the 1296 layout of Fig. 2, to build.

(5) Tune: moniter the current into,
and voltage at, the collector/drain feed-
thru capacitor and do not exceed manufac-
turer's ratings., Tune all L§Cs for maximum
gain. Neow, set input circuit and bias for
minimum noise figure - do not touch output
circuit adjustments, if any,

QEX January/February 2017 5



I would be happy to correspond with any- would be appreciated.
one concerning these, or any other, LNAs if

an SASE is provided. Any leads on a reason- l1Krauss, "VHF Preamplifiers," #Ham Radio,
ably accurate noise source for 2304 Miz Dec. 1979, ]
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30 Mz PREAMPLIFIERS

50 MHz PREAMPLIFIERS

cosT KF |Ga [6r | 6o | M | BW |zNPUT jourPyr cosT BF 16a | 6r [ tm | M ¢ BY |INPUT fOUTPUT
DEVICE $ MPGR | (dB.)KdB.)}(dB.)|(dB.)[(dB. }{(MHz. )| cxT. | cxT. REMARKS DEVICE 5 MFGR | (dB.)(dB.)}(dB.)|(dB.)}(dB. ) (Miz.)| CKT. . REMARKS
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1,07 {z1.0]-39 |18.0]1.08] BB TI1 | IIT | Ra=S0g 1.13 122.0)]-35 13.01.14] BB IIl III__IRs=50Q
MA42001-504 11.50] Ma  11.05 {18.0f-33 [15.0i1:06} 10 1t I MS300H - 10.00] TI 1.1 }15.5143 D2 51:12 | BB I I
3IN204 2.60F - 1.21 f16.6]-38 |21.4f1.23] 3.4 1 I DGFET MA42014-509[~ 9.00] Ma 1.15 118.34-37 8.7 1.17 | BB I1 I
MA52014-50% ~ 9.00] MA  ]1.32 [14.0]-48 |3s.0]1.37] 30 b S 4 ZN4416 6.50] - 1,37 23.01-15 »*2.001.43)2 I T FET
285109 1.25] - J3.46 [14.4]-39 [24.6]1.49] BB H 11 LW IMp UA42003-500]- 5.00] WA J1.50 [13.7)-28 na3f.s57{8s {11 b
MRF901 1.55| M 1.47 |26.23-34 | 7.8]1.47] BB 11 1v AR204 2.60| - 1.51 |17. 42451 7.1 0.53] 5 I 1 DGFET
MPF102 0.35| o 1.60 j16.0]-16 |*0.0f1.63] 1 1 I ¥ET NEQ2138/7 4.00] NBC |1.55 |15 0-27 jiz.of.59lme |1 o]
2R4416 u.sow = _Ji.62 J13.1]-22 Js.9li 691 T 11r | FET HRF501 1.55) ¥ 1.67 P5.61-32 1 7.00.67| BB {11 4]
MRF904 vl.zs M 1.65 ]23.0)-34 Jz1.0{1.66f BR v v 2N5109 .1.00 - 1.72 118.0 129 N1.041.74]| BB I 111 JLOW IMD
40673 1.75| Roa §2.1 |22.0l-23 [%x1.0]2.1 [ 1 1 I DGFET MRFI04 1.250 M 2.0 28,036 |8.0b.0 |8 |1v v
A585 1.75| e 2.1 J26.7]-49 122.3}2.1 | 8B I III L0 IMD HPF102 0.35| M 2.0 113.0F27 fs.0B.1 |2 I 1 FET
HE02135/37 | - 4.00] BB 2.2 |16.7|-47 [30.3]2.2 | BB X v TIS-18% 0.90] TT 2.1 P0.0L40 RO OR.1 |2.2 |T 1 DGFET
TIS189 0.90] ¥1__f2.6 J14.01-64 ys0:0f2.7 | 17 1 I DGFET. A48 L.7S| AMP 2.1 P5.81-46 Po.2p.1 |=e I I JLOW IMp
A430 1.90] AP {45 §22.9]-51 [28.1)s.5 | BB I III | LOW IMD u310 4,001 81L 12,5 N0.3p26 N5.7p.7 |2 1 1 FET
A210 2.25| A 5.1 [18.34-46 [27.706.2 { 8B 1 111 _[Low 1Mp 40673 175t Rea 2.6 he.2.-27 |8.8p.6 |7 o 1 DCYFET
HP100§ 11.00f avp (3.7 Ppr.oj2s pr.obk 7 [ |1 1
NOTES: Rs = source resistance A430 190/ ap o3 P3olso prop.3 [es |1 IIT {LoW IMD
FET = fisld-sffect translstor A210 2.35| P 6.3 N7.31Fss Pe.9k.4 §BB |1 IIT  {1OW IMD
DGFET = dusl-gate FET
IMb = intermocdulation distortion
SE = single emitter/source lead
DOE - dual, opposed amirrer/source leads
BE = Broadband
A = Aertech
AMP = erex
AND = AND Transistors
DXL = Dexcel
HP = Hewlett Packard
M = Motorola
MA = Microwave Assoclates
MIT = Mitgubishi (Applied Invention, Hilladale, N.Y.)
REC - Nippon Eleerric¢ (California Zlectromic Labs.)
PAN - Panasonic
RCA - R
SIL » Siliconix
TI = Texas Instruments
144 MRz PREAMPLIFIERS 220 MHz PREAMPLIFIERS
N €OST % |6a | ov | an | M} BW [zweur jourrur €OsT KF |Ca | Gr [ Gm | ¥ | W |IwPUT joutPUT
DEVICE 5 MFGR | (dB.)}dB.)[(dB.M(dB.)((dB. }|(MHz. )| okT. | cKT. REMARKS DEVICE [ MFGR | (dB.)\(aB.3}(dB . )l¢dB. }|(dB. MMMz, )| cKT. | cKT. REMARKS
: -] 23.00f MIT [0.47 j13.9[-28.4 8.500.47]{ 16 I~ 111 | GaAsFET 13=
MGP-1400 | 23.00 | MIT |o0.47 |20.0[-33 [13.0[0.47] 11 | 1 . G‘murfg:ag; MCF-1400 +23dBm
D432 25.00] oxL [0.49 [19.6]-29 [ 9.4[0.50] 18 |1 I FET 13- D-432 2500 DXL, 0.48 [18.4]-27.0 8.610.49) 28 |1 T e vane
+15dBm Bm
MGF-1200 | 13.00| It |o.51 |18.9]-29 |10.1]0.52] 20 | 1 I1T |GaAsFET 13~ MGF-1200 13.00] M7 |o.54 [18.7]-30 [11.370.55)s0 (I III | GehsFET I3=
. . . -118. e e +18dBm
3SK4S %.00 | PAN |0.62 |27.2-29 |*1.8]0.62] & | 2 1 Ipgrer 13- MS21107E | ~15.00) T1  |0.86 |14.0|-30 [16.0{0.89| 24 |1 1
+40dBm NE64535 7.50] REC l0.96 [19.0] 34 (15.0%0.97| 38 |1 v
NE21937 3.50 ] Wec 10.89 |21 0f-33 {12.0/0.90] BB | II Iv M5300H ~10.00) T f3.08 Jaa.s|-26 11.s1.08] 40 |1 1
NRB64535 7.50 ] MEC 14.0/1.00] BB | 1T v NE73437 1.75} wec l1.10 |18.5)-29 |i0.5j1.11] 2 I 1
NE73437 1.75 ] NEC . 18.0|1.04] BB {1 1 MA42001-509] 11.50 ma  |1.13 {12.3]-26 [13.7j1.20| BB |1 1
HS300H "10.00] Tt fi.10 |17.0]-36 |19.0/1.39] 36 } 1 1 35K97 ~ 2.00] PaN |1.23 [16.3]-395] 3.231.26] 32 |1 1 BGFET
MA42001-504 11.50 | ma |1.10 [34.0[-42 |28.0l1.34] BB | I I MRFD04 1.25] u 1.35 {14.5|-28 {13.511.39| BB [TV 1y
¥a62014-504~ 9.00| mMa  |1.12 |20.5/-28 | 7.5§1.23f BB |1 I MAG2014-509 ~ 9.008 Ma  [1.35 [15.1]-26 l10.9%2.39[ BB |1 1
3SE97 " 2.00| PAN [1.17 |18.9]-23 |#a.2}1.18] 29 1 1 porET NE21937 3.50) WEC ]1.36 |13.5]-27 [13.5]1.41| BE | II 1
MA42002-503 7.00 ) M J1.22 [1a.8]-26 | 7.210.23] B8 [ 1 I MRF901 1.55| 1,40 {18.1]-24 | s.ol1.42] BB |11 v
M- 1006 11.00 | awp ]1.37 |16.6/-28 |11.4{1.40] BB [ 1 v MA42002-509) - 7.00) MA  [1.44 {34.3)-26 n1.7(3.48[ BB 11 1
us21109  1~15.00 | 11 J1.40 [15.0]-35 [20.0{1.44] 2a |1 T MP1006 11.00] aNp {1.66 [15.1]-28 ho.9l1.700 88 [1 1
MBF901 1.55 | M 1.40 |23.0]-28 |#s.0]1.43] 58 | 31 v NE&1632E2 3.30) NEc |1.68 |13.0]-24 11.0f1.75]{ BB |1 T
MRF904 1.25| M 141 |17.0}-32 |15.0]2.43] 22 | 1v v INZ04 2.00 - [1.82 |13.5]-26 [12.5]1.80] 2 b I DGFET
WE416328-2| 3.30 ] NEc [1.54 [13.7[-32 [18.3j1.63] BR |1 1 ME02135/7 4.000 NEc |1.87 |20.8|-30 | 9.2{2.88) 8B JI i)
U310 4.00; STL |1.60 f12.0[-27 [15.0f1.69] 2 I 1 [FET cosrn aaE MA52003-504 - 5.00f MA  |1.95 |16.5)-25 | 6.5]21.97/ BE [T 1
IN204 2,00 - J1.64 |15.6|-29 [13.4[1.68] 2 L 1__ PGFET 24416 0.50] - 2.0 |10.0]-20 |10.0]2.2 | 4 1 b FET
MA42003-509 5.00 | Ma  [1.67 {21.5|-25 i*3.5|1.68] BB |1 I u3lo 400 st |20 |9r)-28 |18.92.2 | 4 I 1 FET _QIROEN Gf
NEp213%/7 | 4.00 | WEC [1.81 §23.5§-31 7 7.5|3.82) BB |1 v NE22235 4.00| kec f2.1 |79.3]-26 |-3.3|2.1 | BB |71 L
2M4416 0.50) - 1190 117.5i-20 |#2.5]1.93] 2 1 1 __fer TI5-189 0.90] r1__ 2.5 |is.ej-23 |s.olz.6 [ 5.2 |1 1 DCFET
2M5109 ro0| - 125 |12.5(-23 {10.5/2.6 3 B8 JT1 111 IMD A48S 1.75) avp §3.1 {23.0]-41 D1B0f3.1 [ BB |1 11T {LOW IMD
TIS-18% 0.90 ] 1t l2.6 l14.3]-39 |pa.7l2.6 { 3.2 |1 1 __ lpcrET 40673 1.75| mea Ja.3 j15.1)-21 1 solaa i I 1 DGYET
ALBS 1.75) AP 2.6 |24.1i-42 J17.9§2.6 [ BB |2 II1 _JOW IMD 2N5109 1.00] - je.6 l79l21 Nisgfs.s {88 1 111 |LoW 1MD
NE22235 4.00 | Wec 12.8 l17.04-38 |21.0{z 8] 88 |1 v A630 1.90| awp_ 4.9 120.1]-43 |23 0|50 | BB ]I 111 {LoWw IMD
40673 1.75 | Rea (3.1 §13.9)-31 |37.1]3.2 | 14 |1 I DGFET A210 2.25| amp [5.9 116.0]-59 |23.0l6.1 } 8B {1 111 {ToW IMD
MPF102 0.35 | n 3.7 J1l.od-24 |13.0f3.9 | 4 I I T
A430 1.904 amp 1s.1 {23.0¢-67 |25.0la.1 ] 88 |1 111 IMp
A210 2,25 | m® 157 117.3]-43 |25 7|5.7 |88 |1 111 M
1308 1.007 st 6.2 [13.0l-18 {s5.0|5.6 ] & T 11 FET COTN GATE
REF: @ See Figure 1
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432 Mz PREAMPLIFIERS 1296 Mis PREAMPLIFIERS

cOST XF f6s Jor | om | M | B |sneyr |ouTPuT cosT aF |a [z fon | M | mw | ok
DEVICE s | wror | (dB.)Kan.djan.YdB. dcdn. Nomz. 3| orr. | T, REMARKS DEVICE $ | MFGR | (dB.)KdB.)KdB.INdB. Y4B, Oz ) v | u | PRG REMARKS
MGFL400A 28.30| mxz [0.39 |18.2]-27 | 8.8]0.40] 20 |1~ IIT | CaAsFET 13- KE21889 | [0.62 |18.7[-27 | 8.3{0.63] 40 |x DOE FET
1 +20dBm MGFL400 0.82 |16.2].23 | 6.8l0.84] 45 |x DOE YET
D432 25.00] pxu fo.a9 [18.2[-29 | 6.9Jo.51] 50 |1 1 [ caerer L3 NE24483 0.83 |17.4]-27 | 9.610.88] 50 |x YET
D432 0.97 |1a.9|-22 } 7.101.00] 90 |x DOE FET
MGF1400 23.00] mrr [o.52 [21.6[-33 |11.4]o.52[ 50 |1 11 | GassFET 13- -
. : 1 +24dBm MGF1200 1.03 |13.6]|-21 | 7.4{07] €0 ix DOE_ |Guhs FAT
MGF1200 0.58 |20.4]-28 | 7.6]0.59] 25 |1 IIT | GaAsFET 13- NE64535 1.40_|12.0|-16 |*s.0{1.48] 60 |X DOE
1__ildim MS2L10JE 1.49 |12, 0/-18 | 6.0{1.57] 140 [x DOE
NE24483 0.75 J15.3]-25 [ 9.7j0.76] 60 |1 I1 { GaAwFET NEGAS+
KE64535 0.86 116.0]-26 | 8.0]o.a8] 38 |1 v MRF901 1.61 |19.9]-37 11.1{1.62| 160 | | x| pOE AAU_DESTGN
M52110JE 1.07 Jzo.0]-28 5.0l1.08] BB 1 1 ABT7701 1.63 ]13.8|-27 ]13.2{1.69] 120 |X IOE
SE73437 T s Tz 125 | 70127 52 |1 1 KE21935 1.74 | 9.9]-129 9.31.90] 180 {x DOE
NEDZ135 1.27 |11.21-27 |15.8]1.36] =B 1 v NE21937 1.79 9.8/-13 }*3.231,96] 100 }X DOE IPLASTIC
RFI0L L3s it ol2s Naoliasl 38 1o v EXTR-6105 1.81 {12.2]-24 {11.81.90] 50 X | DoE  [af w B
35K97 1.39 |11.5]-128*1.3]1.48] 60 |1 L | oC cadsFeET NET3437 192 1 6.0-22 ] 6.002.41) 200 1X DR "‘T“"%——-——~
MRF901 1,55 w1140 |16.1]-22 [+s.ef1.a3] B8 |11 v HKTR-2101 2.1 112.01-21 } 9.0.2.4 zn 23 ﬁ 3 "'I
masz111-509) -15.00f #a  J1.40 (15310 [7.7fias|mm |1 L MRFSOL 2.3 jl0.14-163 6.3/2.6 | 120 [X gt Y
MA42141-5100 -17.00f A  {1.52 l14.0f-25 [11.0l1.57] 8B |1 1 2.3 |10.5]-164 6.1(2.6 7200 % | 0E  prasTIC
MA42161-51% -25.00} MA  ]1.57 |16.3]-26 Jo.7n.e1| BB |1 1 Avg, of 2 units
MS300H ~10.00| TI 1.59 |13.2]-25 |11.8j1.66} 40 1 L HE22235 2.3 114.0{-26 §12.0§2.4 { 115 |X DoE
NE22235 4.00| wec_ [1.60 |11.0]-26 {15.0f1.71] B8 | T v BFR-91 2.5 7.64-140f 6.412.9 | 100 {X SE___FLASTIC
MA42001-5090 11.50] MA 2.73 [11.3)-25 f13.7|1.89) BB |1 I REQ2135 2.6 112.51-22 1 9.5/2.7 1 115 |X DOE  [Av. of 5 undts
HE21937 3.50] nEc j1.76 20.5|-22 [11.5|1.77] BB J1Ir v 2.6 | 5.8/-21 f11.2{2.9 [P200 X IDOE Jhvg. of 2 wts
BER9 2.00] avp f1.78 [15.2]-27 [11.9ft.83] 8B J1I v MRFIL1 2000 M 2.7 | 7.8/-174 9.63.1 [ 150 |x DOE [PLASTIC
WE- 1006 11.00] aNp |1.90 |17.71-28 J10.3]1.93] B | 1 1 BFR-90 z.70f e 2.8 | 7.3]-12410.0]3.2 [ 100 |x SE  prasric
TIS-189 0.90] Tt [1.98 {14.5]-43 {28,502 04l 17 |1 I DGFET MRPIOI+ pLASTIC
MP-1005 | ~14.00] aNp |20 |12.2]-34 {21.802.1 [®e 3T | 1 ﬁ““’ozn";l :';g :n 2; 1:':':1’;_711'1 3': ?"l’x - X :: g of 7 wofee
mae2142-509 16,00 ma  [2.2 J13.8l-35 ¥2a.202.3 [ =8 |1 ' ¢ |2 " B AT wite
BFQ-23 3.75, AMP 2.2 116.11-27 ;10.92.3 1 B8 QII [ IV NE02135¢w0]  7.00{ MEC 3.0 |16.6[-40 [23.4]3.0 [F200 x | pox
BFR-30 2.70; A 12,2 116.61-26 1 9.642.3 | BB JII v BFR-96 s.30] v |30 | 6.0l-16510.5[3.6 [ 120 [x st Prasric
o536 3.35) AP 12.3 14,0125 }1.012.4 (BB, JII LIV wanz162-51d -10.00f ma T35 [1e.7]-18 [#3.3056 [ 100 x| [vom
MP-1001 8.00] AND 2.6 116.51-2) x6.502.5 | BB (Il | IV maa2141-31q -15.00f wa 4.2 [ 7.9]-14 [ 6.20a.0 [ 300 Ix] [ooe |-
BFR-96 530 amp f3.0 Jaa.8l-23 iasfsa [ms ]I v
NE4162E-2 | 3.30| nec (2.7 [10.3].185/8.2]2.9 | BB |I 1 T = CKI. of Fig. 2
MA62003-509] ~ s.o0| Ma 143 | 7.7]-23 |15.3f6.8 [BB |1 1 u = Microstrip layout
u-310 4.00] szt 4.7 [s.0l-30 hsols.e 10 1 1 FET QMO GATE
QUTPUT_CIRCUITS
]
z Z = i/ lig w g
o s 5 {—;/" R
r
2 3
@
r ~ ‘e
o p-
& P
HE
Fomzdlcy | ez | e3 leal ep |ce | cfe c4 | ©5 L L T
30 [6-co | -80 [ 6-80 | 470 [-0.05 Jo.01 |0.0015 | 6-80| 6-80 15c #28 8-10t #20 10t #28 Bifilar
R on formed on
pf | of | pf | pf| we [ pf @ wf | pf | PE | 725-6 core oo 1/4-20 bolt | T37-10 cure
50 [5-25 [5-25 5-25] 270 | e.01 |o.o0s{o.001 | s-25] 5-25 8t #28 5-6t #20 8t #28 BLfilar
om 178D, 174"L on
pf pf pf pf| uf uf uf pf pf T25-10 core 137-10 core
144 |2-20 [z-20 [ 1-14 | 180 [o0.005] 330] 680 | 2-20] 2-20 4t 418 4-5¢ #18 6t #28 Bifilar
1/4"D, L/4"L | 1/4"D, 3/8"L on
pf pf 134 pE| uf pf pf pf pf T125-12 core
220 [2-20 [ 2-20 | 2-14 | 150 [ 0.005| 220 470 | 2-20] 2-20 3¢ #18 3-4t £12 4 428 Bifilar
of | of | o | nel ur ot | ne | oel o ! 3/40, 1/4"L | 174D, 1/4"L | 125-12 core
432 |1-10 [1-18] 1-10 [ 100 [0.001] 100] 470 [1-10{ 1-10 | 1 #16 174D 30 oflll.:ld 4 #28 BLfilar
or of C “D| en T25-0 core
pf | pt | pf | pf| wE [ pf | ef | PE| PE 3vof 17E'D rube A
6 QEX December 1981
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EME System

By David G. Meier, NAMW*

This is a computer program en-
titled "EME System Survey," written
in Microsoft BASIC, The purposes of
the program are to: (1) help deter-
mine what sort of station must be as-
sembled to work earth-moon-earth
(EME) or moonbounce paths, (2) com-
pare on-the-air observations with
theoretical calculations, and (3)
evaluate alternatives for system im-
provement.

A signal-to-noise ratio of 0 dB
represents signal power equal to sys-
tem noise power. All antenna gains
are isotropic. Average lunar dis-
tance is assumed; add or subtract
one dB for perigee or apogee, respec-
tively. Lunar reflectivity of 6.5%
is assumed,

Operation consists of the follow-
ing steps:

1. Load and run program,
2, Select unknown.
5, Enter variable parameters as

prompted,

4, OQObserve calculated value of
unknown.

5. Select new case, new parame-
ter or new unknown.

The program will solve for any of
nine parameters. It is not guaran-
teed to be accurate -- it seems to
be conservative., If you can achieve
0 dB, get on the air! I would appre-
ciate your comments,

*3205 Covington Pike, Memphis, TN
38128, 901-377-0834,

QEX December 1981

‘Survey

1000
1610
1040
1041
1042
1043
1044
1045
10446
1047
1048
1050
1200
1210
1220
1230
1240
1250
1260
1300
1310
1320

REM EME SYSTEM SURVEY

REM BY DAVID MEIER NA4MW
Té(1)="FREQUENCY (MHz)"
T$(2)="TRANSMIT POWER (watts)"
T&(3)="TRANEMIT FEEDLINE LOSS (dE)"
TE(4)="TRANSMIT ANTENNA GAIN (dBi)"
TE(5)="RECEIVE ANTENNA BGAIN (dBi)"
Te({46)="RECEIVE FEEDLINE LOS8 (dB)"
T$(7)="RECEIVE NOISE FIBGURE (dB)"
T#(8)="RECEIVE BANDWIDTH (Hz)"
TH(F)="SIBNAL TO NOISE RATIO (dB)"
CC=}

REM LLIST CHOICES

PRINT1FPRINT, "* EME BYSTEM SBURVEY x"
FORI=1TOPsPRINT:PRINT, I"> “T8(I)INEXT
PRINT: INPUT"WHICH I8 YOUR CHOICE";0P
IFCC=2ANDCX=CPGOTOL 230

IFCCL >2THENCX=CP) IFCC=360TO14600
TL(CX)=O

REM INPUT PARAMETERS

FORI=1TDY

IF (CC=1ANDCF<>1}OR (CC«2ANDCP=]) THENPRINT1 PRI

NTTS (1), s INPUTT ()

NEXTI

REM CALCULATE AND FORMAT UNKNOWN
Xmi74=T{3)1+T{4)+T(S) =T{E) =T (7)) =T(F)
IFT(1) < >OTHENX=X~222-208L06(T (1)) /LOG (10)
IFT{2) <>OTHENX=X+30+10%LOB(T(2) ) /LOB(10)
IFT(8) <>0THENX=X-10RLOGB(T(8)) /LOB(10)
TLCX) mXs [FCXmADRCXmSTHENT (CX) m=X
IFCX=1THENT (1) =10~ { (X~-222) /20"
IFCX=2THENT (2) m 10" (~ (X+30) /10)
IFCX=B8THENT (8) =10~ (X/10)
REM OUTPUT AND CONTINUE
FPRINTsPRINT1PRINT

PRINT"Xx EME SYSTEM SURVEY
FORI=1TO9: PRINT
PRINTTS®¢I), INT(1OKT(I)+.5) /10,
IFCXuITHENPRINT " (LINKKNDWN) "

PRINTINEXTI

FRINTiIPRINT"1> NEW CABE 2> NEW PARAMETER
UNKNOWN"

PRINT: INPUT"WHICH IS8 YDUR CHOICE";CC
GOTO1200

See next page for sample run
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Data Communications

Let me introduce myself. I am an experi-
menter located in the Washington, DC metro
area and a member of the Amateur Radio Re-
search and Development Corporation (AMRAD).
I have been a radio amateur for 22 years and
have owned some form of home computer for
six years. Hooking my computer to my ham
radio equipment has always been a desired
activity. Networking, that is hooking my
computer to a large network of microcompu-
ters has also been a long-standing desire
of mine. AMRAD has been doing this sort of
experimentation for a number of years, but
packet radio has really made the idea of a
continent-wide network a possibility. The
Canadian radio amateurs have a two-year head
start on this sort of activity and thus when
ASCII was authorized by the FCC in March,
1980, AMRAD looked to the Canadian technolo-
gy to begin packet radio experimentation,

The Vancouver Amateur Digital Communica-
tions Group (VADCG) Terminal Node Controller
(TNC) board has since become the defacto
standard in use by United States radio ama-
teurs engaged in packet radic communica-
tions. It is possible that in the con-
struction of a2 continent-wide packet-radio
network, only a very few gateway stations
(interfaces to other types of protocols)
will bBe required. Actually, this is not
surprising. The TNC board makes entry into
packet-radio experimenting painless. The
software running on the board can be varied
to cause the board to act as a beacon,
terminal-to-terminal communications board,
repeater or host node for another computer.

Let us begin to examine closely the ter-
minal node controller and the software con-
tained in the PROMs on the board, We will
learn what makes it work and discuss possi-
ble enhancements if anyone is interested in
making any. '

The TNC is a packet-radio controller and
is not a totally new idea (except to the
Amateur Radio community). Dedication of a
microcomputer to communications is an old
idea to private industry. The idea has lots
of merit. A great number of experimenters
own microcomputers. If packet radio is the
idea of the moment, why not just build a
packet-radio board and plug in the already
existing computer owned by the experimenter?
That idea has some merit also, and will be
examined in future columns., But, the micro-
computer owned by the experimenter would
have to work almost full time making packets

*Route 2, Box 233B, Sterling, VA 22170,
703-450-5284.
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if it were to take on that task. No (or
very few) cycles would be left over for com-
puting in that mode. It makes more sense

to devote a single-board microcomputer to
the communications task and save the "big
machine" for normal computing. A few words
about applications may be in order here.

In a fully connected network, each end
user employs a TNC board. It acts as a
"black box" communications controller. One
of the RS-232-C ports on the TNC board is
connected to a Bell 202 modem and radio
(typically two-meter fm)., The other port
may be connected to any number of devices
such as:

ea data communications terminal (tele-
typewriter or TY typewriter)

sa serial printer

ea serial facsimile machine

ea computer (called "host node'")

ea speech interface

(3 ;emote telemetry site serial inter-
ace.

Thus it should become clear that the
"black box"™ TNC takes care of all communica-
tions, and the experimenter concentrates on
using the computer to maximum benefit for
network users of like thinking. 1In fact,
greatest benefit to all accrues when a fully
connected network is "out there.” Building
an experimenters network, similar to the
commercial GTE Telenet or the government
ARPANET is what this effort is all about.
Shared data bases, almost instant communica-
tion between experimenters of like interests
is the desired end result, Puting this
newsletter out of business, or at least
making it totally electronic, is a possibil-
ity. The beginning (and ultimate bottom
line) is that all users will own TNC boards
and enter data into the network and remove
data from the networking using it.

Wait a minute, you say! You mean I have
to buy this TNC to just get in on the ac-
tion? Yes, that is the intent, But stop
and think about it a minute. You did not
complain when you had to buy a transceiver
to join in on fm activity in your area. You
did not complain when you had to buy a TV
set to receive entertainment from the ether.
The TNC board is just another appliance re-
quired to gain benefit from the experiment-
er network, Wait again, you say. I am not
an appliance operator or I would not be
reading this publication. The truth slips
out at last, The true experimentation and
developmental work to be done does not lie
on the TNC board and will not change much in
the next year. It has reached a state of -
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acceptability. The great work to be done
lies in the station nodes that enter local
area data onto the backbone network. These
computers will not be TNC boards, They
will require more memory and much more pro-
gram, But it all begins on Doug Lockhart's
TNC board. So, let us begin our study of
it as an introduction to packet radio com-
munications.

The hardware of the TNC packet radio
communications controller board uses an
8085 microprocessor. This chip is almost
identical to the familiar 8080 micropro-
cessor except for the superior interrupt
structure it enjoys and a few extra in-
structions to control the interrupts. 4k
of 2708 EPROM memory contains the resident
programs (2). 4k of 2114 RAM memory is
used to buffer data and maintain needed
variables (pointers, etc.). An 8273 high-
level data-link controller performs all
the actual work of generating a bit-orient-
ed (HDLC) protocol, This bit-oriented ap-
proach (as opposed to the start-stop byte-
oriented protocol) puts the radio amateur
near the state of the art in data communi-
cation. Bit-oriented protocols are very
efficient. The user connects his/her seri-
al device to an 8250 USART device or an
8255 parallel device as desired (greatest
use is made of serial devices currently).

Some features of the serial interface
are: asynchronous with 5-, 6-, 7- or B-bit
characters; even, odd or no-parity bit ge-
neration and detection; 1 and 1.5 stop bit
generation and detection; ful}l double buf-
fering; prioritized interrupts under soft-
ware control; and, all modem signals (RTS,
CTS, DSR, DTR, RI and CD).

The study of the software running on
this board will occupy several future col-
umns. The bare board and documentation may
be purchased from VADCG, and details on or-
dering were published on page 30 of gsr for
October 1981.1 Software is in the public
domain and available on CP/M floppy disk
from VADCG or on line (300-baud Bell 103
modem) from the AMRAD Computerized Bulletin
Board System (CBBS), 703-734-1387.

It is not intended to print the software
here, so copies should be ocbtained for
study with the explanations provided in
this column,

In the next issue, we will begin study
of the Line Interface Program (LIP) which
controls the 8273 HDLC chip.

lporden and Rinaldo, "The Making of an
Amateur Packet-Radio Network," gsr, Octo-
ber 1981, p. 28.

Learning

Ed. Note: This column is to let the ex-~
perimenter know about short courses, techni-
cal talks, books and other ways of keeping
up with the continuing education process.

It ig unfortunate that the university short
courses and commercial video tape produc-
tions cost as much as they do. We will in-
clude some of the more interesting ones on
the chance that your employer might pick up
the tak. What we'd really like to see is
some courses and video tapes done by and for
amateur experimenters and available at cost.
Please let QEX know of any of these about 2
months ahead of time so we can get the word
out.

New Book on Packet Switching

This new book entitled, "Packet Switch-
ing: Tomorrow's Communications Today," by
Roy D. Rosmer, K4YV covers techniques,
equipment, standards, commercial services
and other related topics. It is available
at $34 from Lifetime Learning Publications,
10 Davis Dr, Belmont, CA 94002, 415-595-
2350 or 606-525-2230,

Long Island 2-Meter Technical Talks

W2KPQ will transmit technical talks for

10
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the LI chapter of the IEEE and LIARC on
147.375 MHz at 8:30 P.M. certain evenings.
Dec 9 topic will be secure communications,
while spread-spectrum communications will
be taken up on Jan 13, 1982, For more info
contact Ed Piller at 516-349-2484 (work) or
516-938-5661 (home).

Data Communications Chip Workshop

Intel is sponsoring courses in Chicago
Dec 14-17 and Feb 15-18 on the following
communications chips: 8251A, 8253, 8256,
8273, 8274 and 8051, The 4-day course also
covers protocols, modems, X.25 and Ethernet.
Fee $795. Contact 312-981-7250.

Protocols for Packet Switching Course

On Jan 7-8, George Washington University,
Washington, DC 20052, 202-676-6106, is of-
fering this course in Washington, DC.

The course fee is $530.

IEEE Course via Satellite TV Broadcast

The IEEE will begin a course on project
management on Jan 12 from TV station WRLK
in Columbia, SC, It will be telecast via
Satcom I and Westar from 10 A.M. to noon
and 2 to 4 P.M. EST for reception by TVRO
antennas at universities, cable services and
public TV stations. The course fee is $125
members, $150 nonmembers. Call 212-644-7871.
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Circuits

Amateur Radio - The Greatest Hobby

Amateur Radio has been one of the most
fascinating hobbies since the early 1900s,

when Marconi began experimenting with "wire-

less." Amateurs have a craving to work with
equipment, to achieve things that haven't
been done, or to do things that others say
can't be domne.

It will be the purpose of this column to
present some practical solutions. Let us
hear from you, and let's make this a useful
tool for the fraternity.

Multi-Purpose Preamplifier

This utility amplifier is a valuable tool
for the experimenter, for tracing signals,
testing for audic changes or listening to
weak af signals. Be sure to use a high
quality shielded cable for the input test
lead. You can also use it for a crystal
or dynamic microphone, Mount the microphone
in a parabolic reflector such as a large hub
cap or saucer sled to listen to things far
away. A telephone pick-up coil on the input
will allow you to detect electromagnetic
signals from motors, power lines and some
electronic watches.

You can spend countless hours experiment-
ing with other transducers and detectors.
Adding a tuned circuit and a diode will al-
low you to hear a-m broadcast stations. A
suitable diode (1N21 or 34) and a uhf loop
antenna will hear signals up to several GHz.

CAN

Solid-Stote Switching

Solid-state technology is making it much
easier to switch voltages and currents with
transistor switches instead of old mechani-
cal relays. Reliability is much better,
transients are reduced, and the keying is
much faster. You can also get rid of those
horrible "clunking and clicking” sounds of

*p_0, Box 68, Marissa, IL 62257, 618-295-
3000 work, 618-295-2383 home.
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the mechanical devices.

Some circuits do not lend themselves to
solid-state switching, but devices are
available for switching just about any fre-
quency and current that we could imagine.
High-speed diodes will switch uhf antenna
systems, SCRs can be used to switch ac
power lines, while LDRs (light dependent
resistors) mounted with photo cells make
terrific devices to hang across signal
lines without disrupting the circuit.
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In the two circuits shown, the npn device
is used to bring a contrel line to ground,
while the pnp circuit is used to produce a
positive voltage control. By combining the
two, you can have various combinations of
switching from zero to + voltages of around
24 volts.

Be cautious not to exceed the current
capacity of the device. Should you need
more current-handling capability, you can
use one small device to drive a larger de-
vice such as a 2N3055, to give you 10 to 12
amps of current capacity. Several of the
3055s can even be paralleled to give you
lots more.

It is advisable to bypass the inputs and
outputs of the devices so that spurs up in
the rf spectrum are not created as they can
cause all kinds of havoc around radioc re-
ceivers! Use the good building practice of
short leads and proper harmessing to keep
things away from rf and magnetic fields.

Have fun and keep those soldering irons
hot!
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Products

£Ed. Note: This column is for calling your
attention to new products and perhaps some
that have been around for a while and not
noticed by the amateur experimenter. This
Iinformation is based largely on manufactur-
ers' releases and has not been independently
verified. New product information is pub-
lished without ARRL endorsement and without
any implication that the products have been
examined in the ARRL laboratory. Readers
are invited to send new product information
on items of particular interest to the ex-
perimenter to the FEditor, QEX.

Switched-Capacitor Audio Filters

EGGG Reticon, Sunnyvale, CA 94086, 408-
738-4266, has announced nine models of
general-purpose monolithic audio filters
using the switched-capacitor technique.
They can be used for low-pass, high-pass,
band-pass and notch filter requirements at
audio frequencies. The 5609 is a low-pass
filter, The 5610 is a programmable array
of four state-variable filters, each filter
section having a low-pass and high-pass
output, The 5611 is a high-pass filter,
300-baud modem filter requirements can be
handled by the 5630 which has double band-
pass filters for each frequency band. Unit
prices (if they exist) are unknown. Large
quantity prices are around §7,

Dot-Matrix LCD for Pocket Termindls

The PCIM 200 liquid crystal display (LCD)
can display up to 54 ASCIT characters.
Overall dimensions are 69 by 10 by 38 mm,

It operates from a single 5-V power supply
and draws 7.5 mA. Price (in 100s) is $48.
Contact James Pfieffer, Printed Circuits
International, Sunnyvale, CA 94086, 408-
733-4603,

RS-232-C Connector Cutouts

MISCO, a computer supply and accessory
mail order house, has in their latest cata-
log some standard 19-inch panels with 16
and 32 cutouts for DB-25 data connectors
at $65 and §95 respectively. Write: MISCO
Inc., Box 399, Holmdel, NJ 07733, Other
computer supply dealers may have them, so
you may find a better price by locoking
around.

The above panels would be difficult for
the average experimenter to homebrew using
the time-honored drill-and-file technique.
Does any reader know of the availability of
(Greenlee or other) DB-25 punches?

12
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Computer-Controlled Drill Press

Black & Decker's new 9413 drill press
sports a built-in microcomputer which:
a) maintains constant speed under varying
loads, b) digitally displays depth to 0,02
inch, c) gradually shifts speed when chang-
ing drilling speeds, d) remembers last speed
used, and e) blinks display and shuts down
when incorrect speed and drilling pressure
are used. The price is around $200. It
is available from Black § Decker consumer
products stores.

Clock-Controlled Active Filter

National Semiconductor has announced a
type MF10 CMOS monolithic active filter IC
in 20-pin DIPs. They can be used to imple-
ment classical filter configurations such
as Chebyshev, Cauer, Bessel or Butterworth.
The MF10 includes separate bandpass, low-
pass and high-pass cutputs. Contact Art
Coon, 408-737-6527. Price is $3.70 each
(100s).

Packet Radic Terminal Node Controllers

Dave Borden, K&MMO, Rt 2, Box 233B,
Sterling, VA 22170 has Vancouver Amateur
Digital Communications Group Terminal Node
Controller pc boards for $30 and the basic
827378250 chip set for $46.50. Please add
$2 for postage. They are also available
on the West Coast from Hank Magnuski, KAGM,
311 Stanford Ave, Menlo Park, CA 94025. A
complete TNC board {with the other parts
added) will cost around $250.

Power Line Noise Detector

Caywood Electronics, Inc., 67 Maplewcod
St, P.0. Drawer U, Malden, MA 02148, 617-
322-4455, is offering Millen type 71001
power line noise interference detectors
for $220. It is used with an oscilloscope
or panel-meter-equipped receiver.

Monolithic Filter for RS-232-C Ports

ITT Cannon is one of several companies
manufacturing one-piece RFI/EMI filters with
male and female DB-25 data connectors. The
filter is designed to help computer equip-
ment meet FCC Docket 20780. Price is not
known. For more info contact Jack Eng-
brecht, Cannon Electric Division, 2801 Air
Ln, Phoenix, AZ 85034, 602-275-4792, The
filter is mounted between the normal male
and female DB-2Z5 connectors such as I/0
ports on a personal computer back panel.
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Correspondence

Datac on New Products

I hope that your new publication will in-
clude some information that is not generally
available to those hams not directly active
in the electronic design field. Now that I
am retired I do not have access to the free
publications that announce new products §
piece parts. To continue experimentally
with electronics I need data on such items
as low noise vhf § uhf transistors and rf
(power)} amplifier transistors. -~ Fugene
Sternke, K6AH, 106 Vancouver Pl, Sequim, WA
98382,

Theoret!cal Void

-You will be interested to know that your
invitation to subscribe to gEx which was
published in 0s7 for August appealed to my
curiosity, and I have today sent a check for
the first 12 issues to Newington. A parti-
cular void that seems to exist in amateur
radic publications is the absence of new
theoritical work of the kind that appears in
engineering and scientific.journals, as op-
posed to descriptions of applications. Of
course, hams are not usually concerned with
doing new theoretical work, but they must
know of it in order to be inspired to use
it, I therefore suggest that one feature
which would be of value in gEXx would be re-
gular reviews of information published else-
where but of interest to hams. - Michael &s.
Bilow, N1BEE, 40 Plantations, Cranston, RI
02920,

Kepra Electroless Tin Plating Kit

Professionally done printed circuit

boards have a nice bright silver appearance.
This "silver" is actually a tin plating
which has been electrochemically bonded to
the copper surface with expensive plating
machinery. Now, the amateur can make pro-
fessional looking boards by using the Kepro
kit. It comnsists of one quart of plating
fluid, a glass tray, a thermometer and a
pair of tongs. The kit will plat a ten-
millionths of an inch thick tin coating on
up to 25 square feet of pc board.

The tin plating material is very toxic,
50 caution must be exercised. First, a pc
board is etched in the normal manner and
dried after washing. Before plating, the
board must be carefully scrubbed with steel
wool to remove all etch resist. Any remain-
ing resist will result in poor plating of
that area of copper. After cleaning, the
board is immersed in the plating solution at
room temperature for about three minutes,
then washed. The result is a professional
looking pc board.

The plating serves a more valuable pur-
pose than making esthetically nice looking
boards too., The tin gives the builder a
good base to solder to and also prevents
oxidation of the copper clad surface which
can result in resistive traces and the in-
ability to resolder connections after a
time.

The kit is reasonably priced (around
$20} and may be obtained from your local
distributor or from Kepro Circuit Systems,
Inc., 630 Axminster Drive, Fenton, MO
63026. - Mark Forbes, KC9C, 1000 Shendeoah
Dr, Lafayette, IN 47905.

@ QEX Subscription Order Card

For a friend...

G T X subscriptions are availabie ta ARRL members at the special rate of $6 for 12 issues.
or nenmermbers, the subscriptian rate is $12 for 12 issues. The foregoing rates apply only to
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Clip or photocopy this sub-
scription order card for a
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subscribers must add $1.74, and will be serviced by First Class mail, Overseas subscribers
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Scott Roleson, KC7CJ

14938 Amso St., Poway, CA 92064; kc7cj@arrl.net

Re-Purposing an Obsolete
Instrument Enclosure

Recovered obsolete test equipment becomes a rugged and attractive new

While searching for an enclosure for a new
project, I was not impressed by the folded
sheet-metal boxes typically available. I wanted
something better that wouldn’t cost much more
than those typical boxes but would be rugged

project enclosure.

and relatively easy to modify. Searching the
Internet, I stumbled on an advertisement for
an HP-436A Power Meter “non-working, parts
only” for US$20 from an industrial liquidation
firm just across town. I found they had two units

available. Both had obviously seen a lot of use,
but I happily handed over the $20 for the one that
appeared least abused. It was about the right size
for my project, if I could strip out the innards and
if the instrument’s “bones” were recoverable.

Figure 1 — Disassembled HP-436A power meter.

QEX January/February 2017 17



Background

The HP-436A Power Meter dates from
the mid-1970s, and its industrial design
was based on the rugged Hewlett-Packard
System II instrument enclosure.! This
cabinet design was used with many HP
laboratory instruments and was compatible
with standard 19-in equipment racks. The
cabinets could easily nest together to form
rack-mountable systems, or could be used

individually on a lab bench. The HP-436A
was a half-rack wide — about 8-5/8 in — and
had a standard 4-EIA height — just under
6 in with feet attached — and a depth just
under 11 in. Its cast-aluminum internal front
and back frames, and the two horizontal side
frames, were designed to form a very rigid
frame held together by 8 flat-head #8-32
machine screws in threaded holes. With
the top and bottom covers installed, the

Figure 3 — Instrument frame with new brackets installed.
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enclosure also provided some degree of RF
shielding.

Disassembly

Just to make sure it really was non-
working, I plugged it in, and saw that some,
but not all, of the display digits lit up. I saw
no smoke, but I didn’t leave it turned on very
long just in case. As advertised, it was “non-
working.” Having satisfied my lingering guilt
that I might destroy a repairable instrument,
I began a careful disassembly. I took my
time because they don’t build stuff like this
anymore.

Several pleasant hours later I had
recovered the cast-aluminum front and rear
panel frames, two cast-aluminum horizontal
frame parts, the outer enclosure shell (top and
bottom painted sheet aluminum covers), and
some useful screws. I set the rest aside for
recycling, including the original front panel
and rear panel with integral power supply
(Figure 1). While potentially useful, I didn’t
need this power supply for my intended
project, and the holes in the front and rear
panels were not where I wanted them. I also
set aside a pair of printed circuit card support
frames that were not suitable for my new
project.

Clearly the result of superb industrial
design, I was pleased to find this instrument
case in reasonably good physical condition.
There was clear evidence of heavy use and
possibly some abuse. The slightly indented
front panel in the area of a type-N connector
suggested that the instrument had once
been dropped on its face. I was planning
to make a new front panel anyway so this
minor damage didn’t matter. Liquid stain
marks on the inside surface of the shell,
along with some dried, brown sludge on the
horizontal frame parts, implied that perhaps
a small quantity of heavily-sugared coffee
or brown soft drink had been spilled into
the instrument long ago. A dish-soap warm
water scrub of the disassembled structural
components removed these remnants of a
hard prior life.

Reassembly

I then got busy cutting new flat sheet
aluminum front and rear panels, and an
internal electronics deck to hold the new
project.? The original design for the front
and rear panels used sheet metal with bent
integral brackets screwed directly into the
frame. It’s a great design if you are building
lots of these, but this was more than I wanted
to tackle for my one-off job. Figure 2 shows
six L brackets, each several inches long, that
I cut from 1/2 by 3/4-in extruded aluminum
angle stock bought at a local home supply
store. This angle stock came in 48-in long



Figure 5 — Access slots in electronics deck facilitate wire/cabl

Figure 4 — Finished enclosure showing sheet aluminum panels installed.
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pieces, which easily allowed for the six
brackets and some mistakes!

To simplify assembly, I mounted #6-32
swage or self-clinching nuts in the angle
bracket mounting holes to avoid having to deal
with nuts and washers.? Swage nuts also allow
quick removal of both the front and rear panels.
Mounting these nuts was tricky — not having
an arbor press, I managed to press them into the
mounting holes with a small and a large vice. I
clamped the small vice to a support so the jaws
closed vertically and used it to make an initial
set. Then I used the large vice with horizontally
closing jaws to make the final set. This seemed
to work reasonably well.

Figure 3 shows the new brackets ready to
hold the front and rear panels to the front and
rear frames and the internal deck to the side
rails.  mounted the electronics deck brackets
on the side rails such that the brackets were
even with the upper edge of the side rails.
This arrangement provided more than an
inch of clearance below the deck and about
3 inches above. The deck turned out to
have just over 65 square inches of usable
surface area. Figure 4 shows the completed
frame with the front and rear panels and the
electronics deck installed.

I thought about routing wires or cables
between the upper and lower parts of this
deck using simple holes and grommets.
Instead, I punched 1/4-in diameter holes
about an inch from each deck corner then
used a metal nibbler to cut a connecting slot
from the edges facing the nearby front and
rear panels (Figure 5). A vinyl grommet cut
in half provided abrasion relief. This way I
don’t need to remove the electronics deck
just to route some wires, but can access these
slots by removing a panel.

Table 1 shows that the finished material
cost was just under $70. Figure 6 shows
the final product, a rugged and attractive
enclosure ready for my next project.

Scott Roleson, KC7CJ, was licensed in 1964.
He has a BSEE from Arizona State University,
and MSEE from the University of Arizona, is
a licensed professional engineer in California,
and is a Life Senior Member of the IEEE.

From 1993 to 1995 he was a Distinguished
Lecturer of the IEEE EMC Society, and was
the Distinguished Lecturer program chair

Table 1
Re-purposed instrument materials list.

Item

HP-436A, non-working

Aluminum, grade 5052, 12 by 24 in sheet, 0.063 in thick
Aluminum angle stock, 0.75 x 0.5 inches, 0.063 in thick, 48 in long
Clinch nuts, #6-32-2

Total

Suggested source Cost, US$
See Note 4 20
amazon.com 27
www.homedepot.com 6
www.fastenal.com 15

$68
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1995-1997. Scott retired after a 32-year career
in electrical engineering where he worked on
spectrum analyzer design, EMC and telecom
regulatory engineering. Scott now gets to pick
his own projects and maximize the fun return
on investment.

Notes

E. Allen Inhelder, “A New Instrument
Enclosure with Greater Convenience, Better
Accessibility, and Higher Attenuation of RF
Interference,” Hewlett-Packard Journal, Vol.
27, No. 1, Sept. 1975, pp. 19-24. [Online:
www.hparchive.com/hp_journals.htm]

2Sheet aluminum is available from several
online vendors. | bought a 12 by 24 in sheet of
1/16 in grade-5052 aluminum from amazon.
com. This was more than sufficient for the
front and rear panels and the internal deck.

3Swage or “self-clinching” nuts are designed
to permanently anchor in sheet metal and
provide load-bearing threads. They do
away with the need for separate, loose
nuts and washers. See www.pemnet.com/
fastening_products/pdf/Handbook.pdf
and https://www.fastenal.com/content/
product_specifications/SCN.Z.pdf.

“Possible sources of surplus equipment
include hamfests, swap meets, and ham
estate sales, as well as, Sphere Research
Corporation, www.sphere.bc.ca
+1-250-769-1834, and Test Equipment
Depot, www.testequipmentdepot.com.

Figure 6 — Finished re-purposed enclosure is both rugged and attractive.

T 20M-WSPR-Pi is a 20M TX Shield for the Raspberry Pi. Set up your own
A 4 20M WSPR beacon transmitter and monitor propagation from your station on
the wsprnet.org web site. The TAPR 20M-WSPR-Pi turns virtually any
| Raspberry Pi computer board into a 20M QRP beacon transmitter. Compatible
with versions 1, 2, 3 and even the Raspberry Pi Zero!

TAPR is a non-profit amateur radio organization that develops new communications technology, provides useful/affordable
hardware, and promotes the advancement of the amateur art through publications, meetings, and standards. Membership
includes an e-subscription to the TAPR Packet Status Register quarterly newsletter, which provides up-to-date news and user/
technical information. Annual membership costs $25 worldwide. Visit www.tapr.org for more information.

]
NEW! The TICC is a two channel counter that can time events

with 60 picosecond resolution. It works with an Arduino
Mega 2560 processor board and open source software.
Think of the most precise stopwatch you've ever seen, and
you can imagine how the TICC might be used. The TICC
will be available from TAPR in early 2017 as an
assembled and tested board with Arduino processor board
and software included.

TiCC
High-resolution 2-channel Counter

TAPR

PO BOX 852754 e Richardson, Texas e 75085-2754
Office: (972) 671-8277 e e-mail: taproffice@tapr.org
~ Internet: www.tapr.org e Non-Profit Research and Development Corporation
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Flavio Egano, IK3XTV

Via N. Sauro 20, Thiene (V) 36016, ltaly; ik3xtv@gmail.com

A Study of Long Path Echoes

Long term observations by IK3XTV suggest that long path echoes might
propagate with low attenuation by ionospheric ducts.

Introduction

I’ve listened to many transmissions —
both in telephony and telegraphy — that are
characterized by a pronounced echo effect.
Intrigued by this phenomenon, I enlisted
the help of Annibale Malagoli, IK2GRA,
and Loris Bonora, IK3PCZ, to make further
measurements and to research the echo
phenomenon on their transmissions. My
papers (available online in Italian)" 2 report
some experimental reception of echoes on
the 15 m and 10 m HF bands, that I believe
are due to multiple reception via short and
long path. Under the right conditions, the
signal can be received via both the short path
and the long path. The resulting multipath
generates a significant echo effect. The time
it takes a radio wave to make a complete
revolution of the Earth’s circumference is
40,021 / 299.792458=133 ms. The literature
on the radio propagation reports long-path
propagation delay of as much as 138 ms,
since they take into account a further
1400 km length of the route due to reflections
between the Earth and the ionosphere
(ionospheric jumps). In most cases we
measured a consistent delay of 140 ms.

My belief is that this type of propagation
is not via the classic ionospheric reflections,
but by a the mechanism of ionospheric low-
attenuation ducting.

The Long Path Signal

Figure 1 shows a very short extract from
a recording of a CW signal transmitted
by Upcev Anton, YU5D, and received by
Annibale Malagoli, IK2GRA. The first dash
is the CW signal received via the short path
distance of about 650 km. The second dash,
slightly overlapping the first, is the echo of
the first dash, that it is probably received from
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the long path with a very low attenuation of
about 3 dB more than the short path signal. I
have analyzed the audio track in great detail
and speculate that it is possible that the signal
of YUSD has made a further circuit round
the Earth within an ionospheric duct. I can
also detect another signal echo, that might
be called Long Path+1 (LP + 1), starting
at about 270 ms from the main short path
signal. This LP +1 signal shows an additional
3 dB attenuation and it is evident above the
background noise.

The Equipment

The station configuration for reception
is a Kenwood TS930S transceiver with a
Hy-Gain AV-640 vertical multiband antenna.
The receiver AGC setting is zero. The MP3
software program was QA4RTest by IK3QAR
recorded by a PC with a sound card. The
receiving frequencies were in the 28 and
21 MHz bands.

Audio recordings were analyzed with
Audacity, a free open-source cross-platform

220131222 112 2EMHZ BWS0UHZ Leo YUSD.

o Bl Bl e)

295 20 215 220 225

software for recording and editing sounds.
The transmissions were on a frequency in
the 28 MHz band on December 22, 2013
at 11:00 UTC. The solar indices at the time
were SFU 144 and Kp 1.

lonospheric Ducts

I am convinced that the HF propagation
in the ionosphere does not always occur
according to the classical model of ionospheric/
ground reflections, but in some cases there is
the phenomenon of ionospheric ducting. The
high plasma density of the duct is capable
of trapping radio signals. The radio waves
may follow a spiraling motion within these
ducts with very low attenuation. Moreover,
propagation often occurs towards trans-
equatorial paths, considering that the lines of
force of Earth’s magnetic field are oriented
from north to south. It also appears possible
that the signal can make more than one
revolution within the duct. The formation and
the efficiency of the ducts seems to be much
greater when the geomagnetic field is quiet.
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Figure 1 — Reception of YU5D by IK2GRA. This sample recording of a 28 MHz band CW
dash signal was received via short path, and the first echo is received via long path with a
delay of 130 ms.



The ducts form for certain frequencies,
from long wave to short wave, the height
of the ducts is variable and the delays are
related to the frequency and height of the
duct. I generally observed the event when the
operating frequency was near the F2 critical
frequency.

The existence of these geo-magnetically
aligned structures is consistent with studies®
conducted using the Murchison Widefield
Array and published by Shyeh Tjing [Cleo]
Loi, an Australian astrophysicist at the
University of Sydney School of Physics. Loi
is credited with the first imaging of Earth
magnetic field aligned density ducts inside
the Earth’s magnetosphere that extend into
the plasmasphere.

Attenuation

Signal attenuation is an important issue.
All observations and recordings of echoes
from long path show very low attenuation.
In the case of Figure 1, YUSD short path is
650 km, while the long path is 39,400 km,
a ratio of 60:1. According to inverse square
law propagation, the attenuation difference
should be 20log60 = 35 dB. Instead it is
3 dB. Clearly the propagation can not be
free space propagation, but rather a duct
mode propagation, similar to a microwave
waveguide.

Conclusion and Acknowledgements

It is not clear what processes can produce
echo ducting conditions in the ionosphere.
I think that further studies are needed to
understand the impact that this discovery can
have on HF radio propagation. Recordings
of the echoes were made during a high phase
of the solar cycle. I would like to analyze the
impact in the low phase of the solar cycle to
understand the role of the solar cycle in the
mechanism.

Special thanks to Cleo Loi for providing
me with material and some additional
information. Thanks to Adolfo Brochetelli,
IK1DQW, for his cooperation. His
experience as Officer (Radio Telegraphist)
in the Italian Navy has been a great help to
me. Thanks to Annibale Malagoli, IK2GRA,
and Loris Bonora, IK3PCZ for several audio
recordings and reports.

Flavio Egano, IK3XTV, has been an
Amateur Radio operator since 1993 with a
Class A license. He is an ARRL member and
a member of ARI, the Italian Amateur Radio
Association. Flavio has spent many years
studying radio propagation. He successfully
completed and passed, “Sensing Planet Earth
— from Core to Outer Space,” a course offered
by Chalmers University of Technology, an
online learning initiative through EDX. Flavio
is an electronics engineering technician in
Italy, and works as a technical salesman for
a multinational company. He lives with his
wife and their daughter in Thiene, Vicenza
Province, Italy.

Notes

'www.gsl.net/ik3xtv/ARCHIVIO/studio%20
sugli%20echi%20long%20path.pdf

2www.qgsl.net/ik3xtv/ARCHIVIO/studio%20
sugli%20echi%20long%20path-%20
sintesi.pdf

3Shyeh Tjing Loi, et al. [40 co-authors], “Real-
time imaging of density ducts between
the plasmasphere and ionosphere”,
Geophysical Research Letters, Vol. 42,
Issue 10, pp. 3708-3714, 25 May 2015.
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Tom C. McDermott, NSEG

3950 Southview Ter., Medford, OR 97504-9367; n5eg @tapr.org

Measuring the Ionosphere at Vertical

Incidence using Hermes, Alex and
Munin Open HPSDR and Gnuradio

A version of this article appeared in the Proceedings of the 34th ARRL/TAPR
Digital Communications Conference, Chicago, Illinois, October 9-11, 2015.

This paper describes a monostatic method
for measuring the virtual height and the
vertical velocity of the F-layer of the
ionosphere. The equipment uses the Open
HPSDR Hermes transceiver module, Munin
broadband power amplifier (PA), and Alex
RF filter module. The antennas consist of a
40 m dipole and antenna tuner for transmit
and an active receive loop antenna. The
software real-time processing is done using
Gnuradio on a Linux PC, followed by post-
processing by a Python program.

lonosphere

Figure 1 shows typical critical frequency
for the E- and F-layers versus local time of
day. While the MUF depends on the angle
of incidence to the ionosphere, the critical
frequency is defined at vertical incidence.
Measuring the E-layer requires using the
160 m band. Measuring the F2-layer critical
frequency can be done on the 80 m band
much of the day, and sometimes on the
40 m band. When measuring the F-layer, the
higher the frequency used the less the F-layer

echo attenuation caused by transiting the
E-layer twice.

The ionosphere reflects vertically incident
signals below the critical frequency. The
time-of-flight of the transmitted plus return
signal indicates the height of the ionospheric
layer. Additionally, the ionosphere layer may
have a vertical velocity — either upwards
or downwards — that induces Doppler shift
onto the reflected signal. Figure 2 shows the
basic setup. Transmit and receive antennas
are located within about 100 ft of each other,
and configured as a monostatic radar.

lonosphere
12
g 12 /0—"'\.\ F-Ferit Feritical
g 6 0—/, \\'
o
> 4
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QX1611-McDermott01

Figure 1 —Typical critical frequencies for E- and F- layers,
summertime, 40 degrees N, local solar time, Sunspot Number = 86.

24 QEX January/February 2017

\l\ Q Receive Small Loop

Earth

QX1611-McDermott02

Figure 2 — Basic setup: co-located transmitter and receiver and

antennas.



Chirp Measurement

Practical measurements pose some
difficult requirements because the echo is
delayed less than 1 ms for the E-layer, or
about 1.6 ms for the F-layer. The monostatic
approach also means that the transmit signal
will be much stronger than the received
signal, thus the receiver dynamic range must
be large.

We transmit a linear FM chirp signal
and correlate the received signal against
the signal used to drive the transmitter — a
matched filter approach. The number of
correlation taps is large in order to provide
enough dynamic range and time resolution
to see echoes 100 dB below the transmit
signal. This approach requires full-duplex
equipment. If the transmitter and receiver
are co-located the transmit signal tends to
overload the receiver. The present experiment
uses co-located transmitter/receiver (Tx/
Rx) on the same circuit board, and Tx/Rx
antennas separated by about 20 m. A similar
experimental approach using 60 m antenna
separation was previously demonstrated by
the Institute of Solar-Terrestrial Physics.' The
low phase-noise and good ADC dynamic
range performance of the Hermes receiver
helps minimize receive noise that would
otherwise obscure the desired receive echo.?
Chirp modulation is discussed in some recent
Amateur Radio literature.’

A linear FM-chirp signal is a constant-
amplitude signal that sweeps in frequency
at a constant rate. For example, an up-chirp
could sweep from —f; kHz below the channel
center frequency to +f; kHz above the
channel center frequency, then ‘snap back
to —f; kHz and start again. It’s possible to turn
off the transmit signal for a period of time
during the retrace. The turn-on and turn-off
parts of the signal are amplitude ramped

above the channel center and sweeps down
at a constant sweep rate to below the channel
center frequency.

The received signal is correlated against
a stored version of the transmit signal.
The DSP correlation filter is acting as a
matched filter of the chirp signal. When
using a chirp to measure the ionosphere
we are searching for a weak replica of the
chirp delayed by the propagation delay,
equipment delay, and frequency shift due
to the Doppler shift induced by the vertical
movement of the ionosphere. Doppler shift
of the received echo appears to alter the
time delay — and thus the virtual height
measurement — of the received signal. The
effect of Doppler is equal and opposite for
an up-chirp signal compared to a down-
chirp signal. By transmitting both kinds of
chirps, and analyzing them independently,
we can compensate for the Doppler-induced
height range error and additionally, measure
the amount of Doppler shift induced thus
allowing computation of the vertical velocity
of the ionosphere. Figure 3 shows reception
of an up-chirped signal with no Doppler shift.
Figure 4 shows reception of an up-chirped
signal with (+) Doppler shift, and Figure 5
shows reception of a Down-chirped signal
with (+) Doppler shift.

The up-chirp and down-chirp exhibit
opposite range errors. This allows us to
resolve the correct range and the Doppler
shift. The amount of range error caused by
Doppler shift is dependent on the chirp rate.

Therange to the ionosphere is proportional
to half of the round-trip time.

¢ 1
Range[ height] = c%”” . W

Where ¢ m/s is the speed of light and s is
the time of the echo. The range error caused
by Doppler shift is:

where d is the Doppler shift, Hz, and s is
the chirp sweep rate, Hz/s.

A chirp rate of 15 kHz/s implies an error
of 19.9 km/Hz of Doppler shift. The vertical
velocity of the ionosphere is measured by the
induced Doppler shift, which we infer from
the range error.

Range Error

Doppler shift = s NE))

c

The vertical movement of the layer
induces a doubled Doppler shift. The chirp
signal hits a moving ionosphere layer,
and is Doppler shifted as received by
the ionospheric layer. Then the signal is
re-emitted by the ionosphere and received
back at the ground, inducing another Doppler
shift. Doppler shift is related to the layer
velocity and the frequency of the radio wave,
adding the factor of two for reflection from a
moving ionosphere.

Af=2f0%. o)

Compute the velocity of the ionosphere
as,

Af ¢
av=2¢ 5)
2
Relate the velocity to range error,
_ ssRange Error (6)

Av =
21,

Range error is found by measuring the
difference between the ranges determined by
the up -and-down-chirp time measurements.
Since each chirp introduces an equal and
opposite error, the actual range error is the
difference divided by two.

A N -( UpRange — DownRange)
V= .

with a raised-cosine waveform to prevent Range Error = g 2 21,
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Figure 4 — Up-chirp reception with positive Doppler shift due to

Figure 3 — Up-chirp reception with no Doppler shift.

falling ionospheric layer.

QEX January/February 2017 25



A slower chirp rate yields higher
sensitivity to Doppler shift allowing more
resolution of the ionosphere Doppler shift
and thus the ionosphere vertical velocity.

Signal Processing

The basic receive algorithm consists of
cross-correlating the received signal against
a stored replica copy of the transmit signal.
This is known as a matched filter. It provides
several benefits; (1) the actual transmit signal
strongly correlates with its own replica
providing a convenient way to compensate
for fixed equipment delays, (2) a weak echo
is easily seen above the background noise
even in the presence of a strong transmit
signal.

The delay of the echo signal is the
difference in time between the received
transmit peak and the received echo peak.
This removes the requirement of knowing
the absolute delay through the radio, Ethernet
switch, and DSP processing. Such errors or
unknowns are subtracted out.

The DSP algorithm that correlates the
received signal with the replica is factored
through several steps in order to improve the

computational efficiency. We define the two
signals, the transmit replica copy f{t), and the
received signal and g(7). The convolution of
S(t) with g() s,

fo@gn=[" f(gt-rdr. ®

Convolution is implemented in DSP

using an FIR filter kernel, a ready-made DSP
block exists within Gnuradio that directly
implements an FIR filter.

[roglo=[ f(ngt-r)dr. ©)

We need only time-reverse the stored
replica copy of the transmit chirp signal

(+) Doppler shift
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ionospheric layer
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Figure 5 — Down-chirp reception with positive Doppler shift due to falling ionospheric layer.
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Figure 6 — Block diagram of the Gnuradio chirp transmit and receive data processing flow graph.
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before introducing it as the taps of the FIR
filter. We can use the existing Gnuradio
FIR filter and read in the taps from a file
containing the stored time-reversed chirp
signal.

Unfortunately an FIR filter requires on the
order of N 2 operations, abbreviated O(N 2).
This means that if we try to implement
a correlation of 1 million taps (10°), the
correlation operation requires on the order of
one trillion cycles, which is infeasible. Both
the signal and the taps are complex numbers
(I and Q), requiring at least four floating-
point multiplies and two additions per tap.

Fortunately there is a more efficient
way to implement the FIR filter in the
frequency domain using the Fast Fourier
Transform (FFT). This FFT filter is also a
built in block in Gnuradio. The correlation
can be implemented by taking the FFT of
f(-1) and the FFT of g(#) and then pair-wise
multiplying each element of fand g. Finally,
take the inverse FFT of the result to get back
to the time domain. The FFT operation is
extremely efficient. The FFT filter requires far
fewer computations, O(N log, N) operations.
For a 1-million element correlation, this is on
the order of 18 million operations (2 FFT and
1 IFFT) compared to one trillion operations
using the direct FIR filter. For convolution,

f()®g(t)= IFFT

10)
[ FFT(f(6))FFT(g())]
Similarly to an FIR filter used for
correlation, the FFT filter can be used for
correlation by time-reversing the waveform
used for the filter taps.

f(=)®g(t)=IFFT

Properly constructed linear chirp signals
have several interesting symmetry properties.
An up-chirp is the frequency conjugate of
the down-chirp. An up-chirp is also the time
reverse of a down-chirp. This means we don’t
need to bother time-reversing the stored chirp
signal. To correlate a receive echo, we load
the FFT filter taps (or FIR filter taps) with the
opposite type of stored transmit chirp.

f()®g(t)=IFFT
[FFT(opposite chirp(t))-FFT(g(t))] .

(12)

This series of steps, leading to Eq (12),
reduces the computational effort required
to correlate the received signal against the
stored transmit signal by a large amount. At
384 ksps, a Core i7-3770 3.4 GHz processor
can easily keep up with the one million point
correlation in real time in Gnuradio. In fact,
several can run in parallel to directly compare
various algorithm tradeoffs.

Figure 6 is a block diagram of the DSP
steps implemented in the flow graph. The
FFT taps utilize a stored version of the
chirp waveform created at 384 ksps, so no
decimation is performed in the receive chain
of the active flow graph. Very few steps are
required. The time domain output of the
correlation filter is stored as a file on disk
(File Sink) for later post processing in Python
(receive integration).

Receive Lowpass Shaping Filter
(Windowing in the Time domain)

In Figure 6 the signal received from
Hermes is first low pass filtered in frequency
before being applied to the correlation
function. This low pass filter has a gentle shape

an ; oS
[ FFT ( f(—t))o FFT ( g(l))} . deﬁqed Wlth a Blackman-Harris Wlndow. The
shaping in the frequency domain results in
125
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Figure 7 — Rectangular filter with no low pass filter has high residual correlation side
lobes (top). A Blackman-Harris low pass filter reduces the side lobes out past about 0.3ms
(bottom).

the time-domain samples in the correlation
filter being windowed because a linear chirp
is being received. The frequencies at the
extreme positive and negative ends of the
chirp are the most attenuated. Without this
windowing, spectral leakage would obscure
the echoes. Figure 7 shows the correlator
output side lobes with and without receive
low pass filtering. The time delay of the
Blackman-Harris filtered and the unfiltered
signals have been approximately normalized
with a delay element to roughly time-align
the two to ease visual comparison in Figure 7.

Receive Integration

While the raw algorithm achieves about
110 - 120 dB of dynamic range, overloading
of the receive antenna amplifier and other
parts of the receiver degrades the dynamic
range to about 90 dB. In order to bring the
received signal up out of the noise, about 10
sweeps of the receive signal are recorded on
disk. Then the signals are non-coherently
averaged. This brings the F-layer echoes
clearly up out of the noise level.

Figure 6 is the Gnuradio flow graph
used to capture and real-time process the
signal. A custom Gnuradio block generates
a programmable chirp signal. Parameters are
included to permit adjusting the frequency
deviation, sweep rate, number of samples
per sweep, and providing a raised-cosine
start and stop shape. The Chirp block feeds
the Hermes transmitter port. The HermesNB
module was written to provide access to
many features of Hermes and Alex, and has
been previously described.*

The Hermes FPGA code also filters
the transmit signal, it limits the maximum
frequency response of the transmitter to
120 kHz of the transmit center frequency.
Echoes are non-coherently integrated. If
coherently integrated, the echoes would
average towards zero. Non-coherently, we
just integrate the magnitude of each echo
neglecting phase. A 3 dB improvement in
SNR should be possible through echo phase
de-rotation and coherent integration.

Block Diagram

Figure 8 is a block diagram of the test
setup. The Alex module is used as the
transmit band pass filter, however it is not
used in the receiver path due to insufficient
isolation between the transmitter and the
separate receive connector on the Alex
module. Input to the Hermes receiver had
to completely bypass the Alex module.
Gnuradio sends a FM chirp signal of constant
amplitude to the transmit section of Hermes,
and then to the Munin broadband PA, where
it is amplified to about 20 W. The amplifier
output is filtered by the Alex RF filters, and
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Figure 8 — Block diagram of test setup. Boxes indicate functions implemented in hardware, Gnuradio software, and Python software.

sent to an antenna tuner and ladder line, and
to a 40 m dipole. For F-layer echoes, the
transmit signal is about 3.6 MHz.

Because of high SWR on the ladder line,
about 6 W of transmit power is actually
radiated by the antenna. On receive a
homebrew active loop antenna one meter in
diameter feeds a differential amplifier and
balanced-to-differential transformer through
a common mode choke. The antenna is
remotely powered over the RG-6 feed line.
After reception, the Hermes signal is filtered
in Gnuradio through a base band low pass
shaping filter to window the samples in time
before sending them to the FFT correlator.

Figure 9 shows some of the components
of the experimental setup. The RF Alex band
pass filters and the Core i7 Linux computer
running Gnuradio are not shown.

Figure 10 is a photograph of the active
receive loop antenna. Only one of the two
loops are used in this experiment. The loop
antenna is polarized parallel to the loop
wire, vertically polarized at the horizon,
helping to reduce coupling to the horizontally
polarized transmit antenna. The antenna
was constructed with future experiments
in mind, where it should be possible to
discriminate between the Ordinary-ray (O)
and eXtraordinary-ray (X) waves reflected
by the ionosphere.

Results
So far, measurements have been made on
the F-layer at several times of day at 3.6 MHz
channel center frequency. Before dawn in
fall/winter this is above the critical frequency,
and no vertical reflections were received. In
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Figure 9 — Test setup,
showing dc power
supply, Munin amplifier,
active loop bias-T,
Hermes board. Not
shown: Alex RF band
pass filter, computer
(outside the photo).

the evening local time the critical frequency
is usually higher than 3.6 MHz, and vertical
reflections were received.

Figure 11 is a graph of the up-chirp
(dashed line) and down-chirp (solid line)
signals. Notice that the up- and down-chirps
exhibit range differences due to the Doppler
shift of the moving ionospheric F-layer. This
Figure represents ten sweeps that have been
non-coherently integrated. The vertical axis
is the magnitude of the correlation while
the horizontal axis is time. The transmit
peak has been adjusted to zero time by the
post-processing Python integration program.
Primary reflections are seen at about 1.7 ms
after the transmit peak. There is a spurious
peak at 4 ms, as well as at multiples of 4 ms
for both sweeps, the cause has not yet been
determined.

Figure 10 — Homebrew dual active loop
receive antenna. Only one of the two loops is
used in this experiment.



Small peaks in the up- and down-chirps
can be seen at 3.4 ms. These are double-
transit reflections. The signals traveled up to
the ionosphere, down to ground, reflected by
the ground back up to the ionosphere, and
reflected back downward a second time. The
Doppler range error is doubled as well.

Doppler induced range errors indicate
that the F-layer is ascending at the time of
this measurement. The average of the two
time measurements is the F-layer height,
while the difference between the two is
proportional to 4 times the Doppler shift.
The moving ionosphere reflects the signal,
thus doubling the Doppler shift, and the up-
and down-chirps have opposite range errors
induced. Thus the measured range difference
quadruples the Doppler shift.

Calculations from Figure 11 show the
F-layer height at 254 km, and the layer
upward velocity of +15.4 m/s. The Doppler
shift is about -0.38 Hz. Both range and
Doppler resolution are limited by the filters
and the correlation width. The half-lobe
width is about £17 ps implying a range bin
size of roughly 5 km.

Further Work

Figure 12 shows F-layer reflections that
include reception of both the Ordinary (O)
wave and the Extraordinary (X) wave. With a
single receiver and linearly polarized receive
antenna it is not possible to know which
is O and which is X. The current single
linearly polarized receive antenna sums
the Right Hand Circular (RHC) and Left
Hand Circular (LHC) components into one
received signal. The dual-receive crossed
linear loops, shown in Figure 10, plus two
phase-coherent receivers could be used to

capture two signals, one per loop antenna.
Then the Gnuradio DSP software would be
able to synthesize the RHC and LHC signals
from the two linearly polarized received
signal components.

Circularly polarized signals identify
whichreflectionis O and which s X. Since the
transmit antenna is linearly polarized, it emits
a RHC plus a LHC signal simultaneously.
These two signals remain coupled as one
linearly polarized signal until encountering
the ionosphere undergoing magnetic bias
from Earth’s magnetic field. This causes
them to decouple into independent LHC and
RHC components, which are the O and X
waves. The effective ionospheric refractive
index is different for the RHC and LHC
components, which then propagate with
different characteristics in the ionosphere and
are received as two different reflections.

We can construct the RHC and LHC
components from the two received signals.
Designating these two received complex
valued signals as RX, and RX, then,

RCH = RX, +¢""*RX, (13)

LCH =RX, +¢ ""RX, . (14)
LHC and RHC can be generated at
baseband using standard Gnuradio complex
multiply blocks.
E-layer reflections have not been received
at this time due to lack of appropriate
transmit antenna.
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Figure 11 — F-layer reflection at 3.6 MHz in the evening local time
shows the correlation integral output after post-processing and
integrating about 10 sweeps with Python software. Vertical axis is

decibels, horizontal axis is delay time. The signals near 1.7 ms are the
F-layer reflections. Signals near 3.4 ms are double-transit reflections.
The signals at 4.0 ms are system artifacts.

Figure 12 — F-layer reflection at 3.6 MHz showing Ordinary
(O-wave) and Extraordinary (X-wave) reflection components from
the F-layer near 1.7 ms. The signals at 3.06 and 4 ms are spurious

artifacts.
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A Different Approach to
Yagi-Uda Antenna Design

This center-fed version of the Yagi-Uda antenna for 40 through 10 meters
achieves better gain by using a new parasitic element design.

The Yagi-Uda antenna array is an
exceptionally effective antenna over a
narrow band of frequencies where matching,
and optimum forward gain, and front-to-
back ratios can be achieved. The attraction
of using this exceptional antenna has led to
intense development for extending designs
for multi-band operation. This development
began soon after the invention came to
light in the 1930s and continues in earnest
today. The usual goal is to provide automatic
matching — usually for 50 Q feed-lines —
while providing some level of optimized
trade-offs for forward gain and front-to-back
ratio over a number of bands.

Various popular techniques have
emerged for providing multi-band coverage:
traps, inter-laced elements, log-periodic
configurations, linear loading, and motor-
driven length adjustment of the elements.
With the advent of the WARC bands,
design complexity grew dramatically. This
complexity led to the motor driven length
as a near-optimum solution for providing
continuous coverage over a wide frequency
range, even 7 — 30 MHz. However, the
complexity of the motor driven configuration
results in a relatively high cost.

There is yet another disadvantage to all
the above solutions. Higher frequencies
cannot take advantage of the potential
aperture — and thus gain — made available
by the large physical dimensions. For
example, at 28 MHz, the typical tri-band
Yagi-Uda antenna utilizes little more than
one half of the potential gain made available
by all the metal put up in the air. The
main incentive for this compromise in
performance is for automatic matching. An
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alternative is to simply “bite the bullet” and
use open wire feed-line and a tuner. This
provides exceptional flexibility in antenna
design, providing more gain on each band by
utilizing the total length of the elements on
all bands, and lowering feeder loss by using
open-wire line.

Yet another approach

An optimized 2-element Yagi-Uda
antenna will yield about 5 dBd — 5 dB more
than a half wave dipole — or about 7.15 dBi.
Therefore, the goal will be to achieve
5 dBd over the five amateur bands (14 —
30 MHz) and also provide bi-directional
patterns on 10.1 and 7 MHz. This will
result in a seven-band rotatable array. Also,
we want the boom length and number of

19' 2 19'
19 pF 19 pF
22 pF
QX1701-Zavrel01

Figure 1 — Reflector for the 12 and 17 m

elements to be minimum. This design uses
a 7-ft boom (about 2.5 m) with 3 elements.
Maximum gain from a center-fed linear
antenna is achieved with a total length of
1.25 wavelengths, the length of an extended
double Zepp. Therefore we begin with
approximately this length for the highest
operating frequency (the 28 MHz band).
The three elements consist of the driven
element, a reflector for 20/15/10 m, and a
reflector for 12/17 m. Only two traps are
used in the array, one each at the centers of
the parasitic elements. The driven element is
a simple 40-ft center-fed dipole with open
wire line. Calling these two “traps” is a bit
misleading, on one band each is indeed a
trap, but on other bands they provide critical
reactance values to affect optimized parasitic
responses. The advantages of this design are,

(1) No traps or loading along any antenna
element.

(2) Only two traps needed, one each at the
reflector element centers.

(3) A very short 7-ft boom.

(4) Simple, single feed point.

(5) All bands take full advantage of the
complete physical length of the elements
(more gain, especially at the higher

bands. frequencies).

\ 5puH 2.1 puH 5uH '
22 s - -
4 A3
15 pF 15 pF
30 pF
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Figure 2 — Reflector for the 20, 15 and 10 m bands.



(6) Tune a perfect match anywhere
between 7 and 30 MHz.

The main disadvantage is the requirement
for a tuner, however, with the development
of auto-tune circuits this problem is or soon
could be mitigated.

The new trap design (dual-band)

First I will explain the simpler two-band
trap for 12/17 meters shown in Figure 1.
We can optimize a reflector by actually
configuring two co-linear reflectors on
the same element. The optimum reflector
element length for the 12 m band is about
19 ft. So we simply build an element twice
this length or 38 ft. However, it is necessary
to break this element in two, which would
be simple if we only needed a reflector at
12 m. Instead we place a resonant parallel LC
circuit at the center and affect the break. We
now have two collinear reflectors on 12 m.
On 17 m, this element now looks too long for
a reflector, so we simply add two capacitors
on either side of the 12 m trap. This “tunes”
the longer element for optimum length at
18.1 MHz, and we now have a very effective
12/17 m reflector element. Figure 1 shows
the component values. However, the current
remains distributed over a longer-than-
required physical length, thus increasing the
antenna gain.

Tri-band trap

We can extend the idea of the dual-band
trap into a tri-band trap, as in Figure 2. In
this case we start with the two-element
collinear at 15 m, and as above, breaking
the 44 ft length in two at 15 m using
another parallel LC tank, thus providing two
collinear reflectors. At 14 MHz, this creates
a center-loaded 44 ft reflector, too long for a
traditional 20 m parasitic array. At 10 m, the
element is more than one wavelength. We
can take full advantage of this extra length
at both bands by using a proper series LC
circuit on both sides of the 15 m trap, which
tunes the element simultaneously for both 10
and 20 m.

I won’t duplicate the hand calculations
I performed, but computer modeling tools
such as MATLAB could be used to set up
the necessary simultaneous equations and/
or a matrix to optimize the L and C values.
I did not optimize, but I suspect these
values are close enough. The front-to-back
performance, in particular, may benefit more
by such elaborate optimization efforts.

EZNEC model and results

Figure 3 shows the 3-element dipole/
Yagi antenna. The gain plots are taken in free
space, and dBref is set to 2.15 dBi, the gain
of a dipole. The gain of an optimized two
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Figure 3 — Antenna dimensions for the 3-element 7-band dipole/Yagi antenna. The distance
between the driven element and the 20/15/10 m reflector is 7 ft.
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element Yagi-Uda is about 5 dBd, while that
of an optimized three element Yagi-Uda is
about 7 dBd. These plots compare favorably
in that the higher frequencies see about the
equivalent of a three-element response, but
on an 8-ft boom. Figure 4 shows the EZNEC
model overview, Figure 5 shows the antenna
wire details, and Figure 6 shows the L and C

loads. Finally, Figure 7 shows the modeled
current amplitudes on the wires at 28.3 MHz.

Figures 8 — 14 show the azimuth free
space antenna patterns for the seven bands
10 m through 40 m. Table 1 shows a
summary of the performance, including
free space gain, equivalent number of Yagi
elements, feed-point impedance, and VSWR

QX1701-Zavrel0T

on the 450 Q line.

Conclusions

The VSWR values are included in
Table 1 since very high values may
become problematic. All frequencies show
reasonable VSWR values for 450 Q ladder
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Figure 10 — Free space azimuth antenna pattern at 21.1 MHz.
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Figure 8 — Free space azimuth antenna pattern at 28.3 MHz.
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Figure 12 — Free space azimuth antenna pattern at 14.1 MHz.



Table 1
Overall performance summary.

Frequency Free space gain, dBd
71 -0.18
10.1 +0.26
141 +4.4
18.1 +4.88
21.1 +4.66
24.9 +6.1
28.3 +6.2

Equivalent Yagi elements

Feed point impedance VSWR on 450 Q line
1 17 —j472 54
1 46 —j153 10.7
2 46 + j 239 12.7
2 77 +j700 20.1
2 1978+ j 1525 7.0
3 786 —j 2343 17.8
3 174 — j704 9.1

line with the possible exception of the high
value at 40 m. However, losses generally
decrease with lower frequencies, an obvious
advantage at 7 MHz. In any event an open
wire line will exhibit very high voltages at
maximum points, and must be protected
from accidental contact with people, animals
and flammable objects. The antenna is, in
effect, a rotatable dipole for 7 and 10.1 MHz,
a 2-element Yagi for 14, 18.1, and 21 MHz,
and a 3-element Yagi for 24.9 and 28 MHz.
The result is a multi-band antenna with
excellent gain for its physical size. I hope this
paper will stimulate interest in more complex
trap/loading designs for antennas. Contrary
to widely held beliefs, there is no reason a
parasitic or driven element must be limited
to electrical lengths near a half wavelength.
How much elevated aluminum and wire is
wasted for the convenience of automatic
matching?
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Figure 13 — Free space azimuth antenna pattern at 10.1 MHz.
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Bill Kaune, W7IEQ

160 Cedarville Dr., Port Townsent, WA 98368; w7ieq@arrl.net

P1 Networks with Loss

Inductor losses can substantially alter the behavior of a pi network
and place strong constraints on the overall circuit quality factor.

In a recent QEX paper' T examined the
relation between the quality factor Q and
bandwidth of pi networks. Several definitions
of Q that appeared in the ARRL Handbook
for Radio Communications* were not good
predictors of the bandwidth of pi networks,
but a revision of one did predict bandwidth,
especially for values of Q greater than about
5. That paper assumed that any loss in the
pi networks under consideration could be
neglected.

After the publication of the paper, I
received an e-mail communication suggesting
that I look at the loss in the inductor used in
pi networks. I decided to extend my analysis
to include inductive loss. Several months
later, I finished this analysis, which turned
out to be considerably more difficult than
I expected. The results were interesting,
and in some cases striking. Inductive loss
can substantially alter the behavior of a pi
network and place quite strong constraints on
the overall circuit quality factor.

There seems to be general agreement
that losses in the inductors in pi networks
are more significant than those in the
capacitors. I discovered a paper online?
which found that the Q’s for typical air
variable capacitor are typically 500 or more.
Q’s for practical inductors are considerably
less. Consequently, I limited my analysis to
inductor loss.

The following sections of the paper
develop equations for the values of the
various components of a pi network and the
Q and internal loss in this network. I also
measured the actual loss of the rotary variable
inductor in my antenna tuner and used these
data to demonstrate how a pi network could
be designed taking into account loss within
the network itself.
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Analysis of a Pi Network Including
Inductive Loss

Figure 1 shows a pi network. Loss in
the inductor is represented by the inductor’s
“equivalent series resistance,” labeled R,.
R, will be referred to as the loss resistance
in the remainder of this paper. Initially, the
loss resistance will be assumed constant,
regardless of the value of the inductance.
This is a substantial limitation because, in

QX1701-Kaune01

Figure 1 — Schematic of pi network showing
R, the loss resistance of the inductor.

reality, R, will always vary as the inductance
of L, varies. At the end of this paper I will
describe how data relating R, to L, can be
used to overcome this limitation.

Pi networks are used frequently in power
amplifiers — especially those using electron
tubes — to match a load resistance — often
an antenna — to a much larger source
resistance. Load matching is accomplished
when the impedance looking into the input of
the pi network equals the source impedance.
Here, this condition means that that the
resistance looking into the input must be
equal to the source resistance, Rs, and the
reactance looking into the input must be
0. To achieve these two requirements, we
have three quantities that we can adjust, C,,
L,, and C;. Thus, to uniquely specify the
capacitances and the inductance, we need a
third parameter to be specified. In my earlier
paper the reactance of C, was used as this
parameter. However, I found after some
experimentation that, when inductive loss is
included, simpler results were obtained by
dividing the pi network into two cascaded

Rs

Network A

Vs X4

Network B

A
vy
X
Z

|
|

$Rv X3
|

|

+
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Figure 2 — Pi network divided into two cascaded sub-networks, A and B.The load for
network A is a virtual resistance R, which is also the source for Network B. Network A is
adjusted to match R, to Rs, and Network B is adjusted to match R, to A,.



L-type networks with a virtual resistance,
Ry, as the matched load of the first and the
source of the second. Ry then becomes the
third parameter needed to uniquely specify
the components that are labeled by their
reactances in Figure 2.

In Figure 2, the two sub-networks are A
and B and the inductor L, (with reactance
X;,) has been divided into two parts, Ly, (X54)
and Ly (X5p). For a given value of Ry, unique
values of X, and X,, can always be found
that match Ry to the source resistance Ry,
provided that Ry satisfies certain criteria that
will be derived shortly. And, X,z and X; can
also always be adjusted to obtain a match
between R, and Ry as long as Ry satisfies
additional constraints.

Consider then Network A shown in
Figure 3. This network can be simplified
by replacing the series combination of X,
and Ry, with their parallel equivalents, X',,
and R'y, respectively. The parallel-equivalent
quantities are related to the series value by
the following well-known equations:

R = R+ X3, (1)
RV
and
v RAX )
24 — X N

24
This reconfigured network is shown in
Figure 4. It has become a simple parallel
RLC network. In order for the load, Ry,
to be matched to the source, the following
equations must be satisfied:

R, =R, 3)
and

X, +X,,=0. @

Now use Eq. (1) to eliminate R’y in Eq. (3)
and Eq. (2) to eliminate X', in Eq. (4), and

solve the resulting two equations for X,, and
X,. The results are

R, (5)

X, =R (Rs—R)). (©6)

Both X, and X,, must be real numbers,
which requires that

R, <R. ™

Turn to Network B in Figure 2. With Ry
matched to Rg in Network A, its Thevenin
equivalent is an ideal voltage source, V,, in
series with a resistance Ry. Thus, Network B

can be diagrammed in Figure 5. Next convert
the parallel pair of X; and R; to an equivalent
series pair, X'; and R';, where

2
R;:RL%, ®)
R, +X;

Vs X4 Ry
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Figure 3 — Schematic of Network A.
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Figure 4 — Network A with the series
combination of X;, and R, shown in Figure
3 replaced with their parallel equivalents X',
and R,.
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Figure 5 — Schematic of Network B with
Network A replaced with its Thevenin
equivalent of an ideal voltage source V, in
series with a resistance R,.
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Figure 6 — Network B with the parallel
combination of X; and R, shown in Figure 5
replaced with its series equivalent X; and R',.

and

RZ
X=X, ——+—. ©)
R, + X;

The resulting simple series RLC network
is shown in Figure 6. The load is R, and R';
in series. To match this load to the source
resistance Ry the following two equations
must be satisfied:

R, =R,+R,, (10)

and
an

Use Eq. (8) to eliminate R'; in Eq. (10),
and Eq. (9) to eliminate X"; in Eq. (11). Then
solve the resulting two equations for X,; and
X;. The results are:

X, +X;=0.

X, =R, —R,)(R,+R,~R,) (12)

x,=-R, |- R
“NR, +R,-R,

X,z and X; must both be real numbers,
which requires that

(13)

R, <R, <R, +R,. (14)

The results so far are below:

(15)

R, <R, <Min(Ry, R, +R,)

Quality Factor and Loss
The quality factor Q of a network is
defined by the following equation.

Energy stored in network

O=2zf

Power dissipated in network ’
16)
where f is frequency. There are several
definitions of Q in use, depending on
which contributors to loss are included in
the denominator. Since in this paper we are
concerned with the behavior of the network
(i.e. its bandwidth and harmonic attenuation)
when it is used to match a load to a source,
we will include all sources of power loss
including the source and load resistances.

QEX January/February 2017 35



To calculate the Q of a pi network, first
calculate the quality factors, Q, and Qp, of
Networks A and B, respectively. Network
A (Figure 3) was transformed into a simple
parallel RLC network (Figure 4). The quality
factor of this network is the net resistance
in the network divided by the inductive (or
capacitive) reactance. As shown in Figure
4, the resistors Ry and R'y are in parallel
because the resistance of the ideal voltage
source Vsis 0. But, Eq. (3) states that the two
resistances are equal, so the net resistance is
Ry/2. Consequently,

o - R _1[R-R,
A ]

= = (17)
21X 2y R

where Eq. (5) has been used to eliminate |X|.

Network B (Figure 5) was transformed
into a simple series RLC network (Figure
6). The quality factor for this network is
the reactance of the inductor (or capacitor)
divided by the net resistance, Ry + R, + R,
in the circuit. But Eq. (10) states that
R=R,+R',,s0

QB:&:\/(RV—RZ)(RL+R2—R,,)’
2R, 2R,
(18)

where Eq. (12) has been used to eliminate
XZB-

What is the composite Q of the cascaded
network consisting of Networks A and B
given Q, and Qjz, the Q’s of the component
sub networks? I treated this problem [Note
1] for the case where the two networks

by simply adding the individual Q values
of the constituent networks. In Appendix
A, the case where the network has loss is
analyzed, with the same result that the Q for
the overall network is still obtained by adding
the Q values for the constituent parts. (This
is true only if the network loss occurs only
in Network B. This is why I placed the loss
resistor, R,, in Network B. R, could have been
placed in Network A, or it could have been
divided in any way between the two networks
with equivalent results.) Consequently, the
system Q for the entire pi network is

(19)

We now calculate the loss in the pi
network. The loss, of course, occurs in
the inductor loss resistance, R,. Since this
resistance was placed entirely in Network B,
there is no loss in Network A. Referring to
Figure 6, we see that the current through the
load, R’} is the same as the current through
R,. Consequently, the powers, P, and P,,
dissipated in the load and inductor resistance,
respectively, are proportional to R, and R,.
The efficiency, €, of the pi network to deliver
power to its load is

h_ R

According to Eq. (10), R',= Ry — R,.
Using this to eliminate R'; in Eq. (20), we
arrive at the remarkably simple result

S=1—R2/R,,. (21

It is conventional to express loss in
decibels. Denote this quantity L. Then,

L :—1010g10(1—R2/RV). (22)

All of the quantities in Egs. (15), (19),
and (22) are functions of the parameter Ry.
In a later section we address the question of
how to select values of R, to achieve either a
desired Q or loss for a pi network.

Relationship between Q, Bandwidth,
and Harmonic Attenuation

Previously (Note 1), I found that the
following definition provided an accurate
prediction of lossless network bandwidth and
harmonic attenuation:

1| R R
O=—| 2+ L].
2()(1 ;|

For a pi network with loss, Q is given by
Eq. (19) which appears different than Eq.
(23). It can be recast into a form more like
Eq. (23) using the expressions for X; and X;
in Egs. (15) to eliminate the square roots that
appear in Eq. (19).

o=1| & R \R =R 24
2| |1X| x|U R,

(23)

) . c= = . (20)
were lossless; the overall Q was obtained P+P, R +R In the no-loss case (i.c., R, = 0), Eq. (24)
reduces to Eq. (23).
Source resistance = 2500 O Sourceresistance = 50 Q2 Sourceresistance =5 (2
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Figure 7 — Error when using calculated quality factor Q of a pi network to estimate its bandwidth, for source resistances of 2500 Q (left), 50 Q
(center), and 5 Q (right). The load resistance was 50 Q in all cases. Curves are for loss resistances of the inductors of 0 Q and for non-zero
values selected to be about in the middle of the range of real inductors.
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Is Eq. (24) a good predictor of bandwidth
and harmonic distortion? I wrote a computer
program (in Visual Basic2010) that calculated
the frequency response of a specified pi
network and from this determined bandwidth
and harmonic attenuation. Figures 7 and 8
summarize these results.

Figure 7 shows the error resulting from
the use of Q, given by Eq. (19), to estimate
the bandwidth of a pi network. Graphs are
given for a load resistance of 50 Q and
source resistances of 2500, 50, and 5 Q. In
each graph, I selected two values of the loss
resistance, one was 0 €2 and the other a value
that I thought might be in the middle of the
range of loss resistances of actual inductors.

For source resistances of 50 and 5 Q, the
curves were not distinguishable. The figure
shows that bandwidths estimated using
Eq. (19) are always smaller than the actual
values. But, for Q values above 5, errors are
less than 10% in magnitude.

Pi networks are used not only to match
a load to a source but also to attenuate
harmonics of the design frequency (i.e., the
frequency where the source and load are
matched). Figure 8 shows the attenuations
of the second, third, and fourth harmonics.
As in Figure 7, graphs are given for source
resistances of 2500, 50, and 5 Q. The data
in each graph are for the same two loss
resistances used in Figure 7; the two curves

were indistinguishable. For Q values above
5, attenuation of the second, third, and fourth
harmonics were greater than 27 dB.

Specifying Q to Determine R,

Equation (20) relates the network Q to the
virtual resistance, Ry. Values of R, are limited
by the last of Egs. (17). It is convenient to
work with the ratio R,/R, rather than R,. The
limits on this ratio are

1< & Min fgi,l4—£§¥ . @5
2 RZ 2

Figure 9 shows, for source resistances of
2500, 50, and 5 Q and a load resistance of
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Figure 8 — Harmonic attenuation as a function of quality factor Q of a pi network, for source resistances of 2500 Q (left), 50 Q2 (center), and 5 O
(right). The load resistance was 50 Q in all cases. Curves are for loss resistances of the inductors of 0 Q and for non-zero values selected to be

about in the middle of the range of real inductors.
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Figure 9 — Quality factor Q as a function of ratio R/R. for source resistances of 2500 Q (left), 50 Q2 (center), and 5 Q (right). The load resistance
in all cases was 50 Q. Each curve in a graph is labeled with its respective value of R,.
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50 Q, the relation between the quality factor
of a pi network and R,/R,. Curves are shown
for various values of the loss resistance,
R,. These data indicate that, at least for the
smaller values of R,, values of Q in excess
of 10 can easily be reached. However, these
values are obtained as the ratio R,/R, tends
towards 1, and loss also increases as R\/R,
tends towards 1 as shown by Eq. (23).

The data in Figure 9 can be used to
estimate a value for Ry to obtain a specified
value of Q. However, it would seem more
convenient to have an analytic method for
accomplishing this by solving Eq. (19) for Ry
as a function of Q. It turns out that inverting
Eq. (19) is fairly complicated. Appendix B
explains how this solution can be obtained. I
do not think it is particularly useful because

it seems a better choice is to start with an
acceptable level of loss and see what range
of Q’s can be achieved. The next section
addresses this issue.

Specifying Loss to Determine R,

The relationship between loss, in dB,
and Ry is given by Eq. (22). This equation
is easily inverted to express Ry as a function
of loss.

R2

- 26

R, = (26)
Once loss is specified, R, and Q are

uniquely determined by Eqgs. (26) and

(19), respectively. Figure 10 shows this

relationship for a source impedance of

2500 Q, 50 Q, and 5 Q. The load impedance

is 50 Q in all cases. Each graph contains a
family of curves for selected values of the
loss resistance R, placed on the right edge of
each graph.

The graphs in Figure 10 show that there
are potentially severe limits on the Q of
a pi network if the loss is to be held to a
manageable level. For example, suppose we
wish to design a pi network whose loss is
1 dB. This means that 20.6% of the power
input to the pi network will not appear in
the output but is absorbed by R,, the loss
resistance of the inductor. If the transmitter
output power is 100 W, this loss might
result in warming of the inductor but would
probably be acceptable. If the transmitter
power is 1 kW, the power dissipation in
the inductor would be 206 W, probably

Source resistance = 2500 Q

80
70
60 01
S w0
S
[§] 40 0.25
8 —
Z 30
‘_5“ / | __—05
o 20 E——
/ / g
10
] s
Iz g E——
0 " t —+—+
0 1 2 3

Source resistance =50 Q

50 i
r 0.01
40 i
X /
[ / /0.025
20 s
// / | —a
10 I
0 ./—— —

Pinetwork loss (L)

Source resistance =5 Q2

920

80 0.001

70

60

/
/

/
[/
I
—

0 +—————F—— T
0 1 2 3

50 0.0025

40

| ——0.005
30

— Yl

20

-0.05

10

QEX1701-Kaune10

Figure 10 — Quality factor Q as a function of loss in a pi network. Data are shown for source resistances of 2500 Q (left), 50 Q2 (center), and
5 Q (right). In all cases the load resistance was 50 Q. Each curve in each graph is labeled with its respective value of R,.
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Figure 12 — Variable rotary inductor used in T-network tuner.
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Figure 13 — Schematic diagramof aT
network tuner. The wire between the input
capacitor and the shunt inductor was
disconnected to create a series circuit with
the output capacitor and inductor.

unacceptable. But to limit losses to 1 dB
and achieve a Q of 10 to 15, a figure that is a
typical design goal for transmitters, the data
in Figure 10 show that the loss resistance
R, must be less than about 1 Q if the source
resistance is 2500 Q, less than about 50 mQ
if the source resistance is 50 €2, and less
than about 20 mQ for a source resistance of
5 Q. To achieve losses even less than 1 dB,
the loss resistance of the inductor must be
substantially less than the values listed in the
preceding sentence.

Figure 11 shows the same data in an
alternate way that seems quite useful to me.
In the three graphs in the figure, Q is plotted

il

of inductor (R,)

AAA
vy
500 DS 1052E
HP 8640B 50 Q Oscilloscope
Signal
Generator
Loss resistance J—,

QX1701-Kaune14

Figure 14 — Experimental setup to measured loss resistance R, of inductor shown in Figure
12.The series capacitor and inductor were adjusted to resonance so that their reactances
would cancel leaving only A; in the circuit.
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as a function of the inductor loss resistance,
R,. Families of curves are shown for losses
of 0.1, 0.5, 1, 2, and 3 dB. As an example,
suppose the source resistance is 2500 Q
and our goal is a pi network with a loss of
0.5 dB (11% of input power dissipated in
the inductor) and a Q of 10. The left-hand
graphin Figure 11 shows that this can only be
accomplished if R, is less than about 0.84 Q.

The work described so far is theoretical. As
I progressed, I decided that I needed to obtain
some loss data on a real inductor. Therefore,
I set out to measure the loss resistance of an
actual rotary variable inductor that one might
use in a pi network. The next section describes
this measurement and the results.

Loss Resistance of a Rotary
Variable Inductor

I have a T-network antenna tuner that I
built using a rotary variable inductor and two
air variable capacitors. Figure 12 shows a
photograph of the inductor and part of one
of its variable capacitors. Figure 13 is the
circuit diagram of a basic T-network tuner.
I disconnected the wire between the input
capacitor and the shunt inductor; see Figure
13. This change left the output capacitor
and the inductor in series with the output
connector. I then connected a HP 8640B
signal generator to the output connector
through a BNC-T. The other side of the T
was connected to a Rigol DS1052D digital
oscilloscope. Figure 14 shows the complete
layout, including the 50 Q output impedance
of the HP signal generator, the 50 Q input
impedance of the oscilloscope (accomplished
by placing a 50 Q terminator at the input of
the scope), and the loss resistance R, of the
inductor. I assume that the loss resistance of
the variable capacitor is negligible compared
to that of the inductor.

The basic idea is to tune the series
capacitor to minimize the voltage measured
by the oscilloscope, at which point the
reactances of the capacitor and the inductor
will cancel each other leaving just R,, the
loss resistance of the inductor. In practice,
this is a little more difficult than it might at
first sound. First of all, the dip in voltage as
resonance is passed through is quite sharp,
making it difficult to find the true minimum
by adjusting the variable capacitor. I solved
this by first adjusting the variable capacitor
to as close to the minimum as possible,
then using the vernier frequency adjustment
on the signal generator to find the true
minimum; typically this final adjustment
involved a frequency change of no more
than about 100 Hz. The second problem
stems from the fact that the signal from
the signal generator is not a pure sinusoid
but contains both fundamental and small
harmonic components. The series capacitor-
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Table 1.

Measured loss resistances R, at
a frequency of 3.75 MHz for the
inductor shown in Figure 13.

L, uH R2,Q Inductor Q
24.8 7.49 78
221 6.32 82
19.5 4.83 95
16.9 3.88 103
14.4 3.17 107
12.0 2.52 112
9.6 2.01 113
7.4 1.60 109
5.3 1.26 99
45 1.15 93
3.8 1.04 86
Table 2.

Measured loss resistances R, at

inductor can only be adjusted to null out
one frequency, so the harmonic components
pass through without attenuation. This
problem was solved by using the ability of
the Rigol oscilloscope (using its Fourier
transform function) to separate a signal into
its frequency components and measure the
amplitude only of the fundamental.

A measurement occurred in three steps.
(1) The inductor was set to a particular value
of interest. (2) The series capacitor-inductor
were removed from the circuit and the
voltage V, of the fundamental of the signal
noted. (3) The series capacitor-inductor was
returned to the circuit and the capacitor and
signal generator frequency were adjusted to
minimize the fundamental voltage V,, which
was then noted. Referring once again to
Figure 14, it is easy to show that

14.2 MHz for the inductor shown in V= Vs

Figure 13. ! 2 (27)
L, uH R2,Q Inductor Q V. = R,

25 5.80 38 *Z,+2R, °

2.2 4.13 47 )

1.9 2.96 57 where Z, = 50 Q. Use the first of these
1.6 2.22 65 equations to eliminate Vs in the second and
:'I ‘1‘ ;' gg ;i then solve the result for the loss resistance R,
0.92 112 74 of the inductor. The final equation is

0.74 0.93 71 7z

0.57 0.79 64 R =——""%——. (28)
0.43 0.69 56 21 /v, -1)

0.33 0.62 47

0.29 0.61 42 I took data at 3.75 MHz and 14.2 MHz.
0.26 0.58 39 The results are in Tables 1 and 2 and show
Table 3.

Example design of a pi network to match a source impedance of 2500 2 to a
load of 50 ) at a frequency of 3.75 MHz and with a network loss of 0.5 dB. Each
row in the table is a successive iteration, obtained from the row before it by
using the value for L, and the data in Table 1 to calculate an improved estimate

of the loss resistance R..

Loss, dB R, Q C,, pF Ly, uH C,, pF Q
0.5 1.00 279 7.21 1917 9.2
0.5 1.57 222 8.97 1442 7.3
0.5 1.89 203 9.80 1267 6.6
0.5 2.05 195 10.18 1193 6.4
0.5 2.13 191 10.37 1159 6.2
0.5 217 189 10.46 1142 6.2
0.5 2.19 188 10.50 1134 6.1
0.5 2.20 188 10.52 1130 6.1
Table 4.

Example design of a pi network to match a source impedance of 2500 2 to a
load of 50 O at a frequency of 3.75 MHz and with a network loss of 1 dB. Each
row in the table is a successive iteration, obtained from the row before it by
using the value for L, and the data in Table 1 to calculate an improved estimate

of the loss resistance R..

Loss, dB R, Q C,, pF Ly, uH
1.0 1.00 385 5.24
1.0 1.25 344 5.85
1.0 1.35 331 6.08
1.0 1.39 326 6.17
1.0 1.40 325 6.19

CS! pF Q
2934 12.7
2596 11.3
2488 10.9
2448 10.8
2438 10.7




inductance, the measured loss resistance, and
the resulting Q of the inductor (2ntfL/R,).

I do not know enough about inductors to
be able to say whether the data in Tables 1
and 2 are typical of rotary variable inductors.
The inductor Q values range from about 78
to 113 at 3.75 MHz and from about 38 to
74 at 14.2 MHz, which are similar to values
I have read in various ham-radio-oriented
publications.

Designing Pi Networks

All of the analysis presented so far
has assumed that the loss resistance R, is
constant. But, the data in Tables 1 and 2
demonstrate that R, varies as the inductance
of L, varies. This complicates the design
process and requires an iterative technique.

Suppose we wish to design a pi network,
using my variable rotary inductor, for
operation at 3.75 MHz with a loss of 0.5 dB
and a Q of about 10. As a first step, the left
graph in Figure 10 indicates that the loss
resistance must be 1 € (or less) to limit loss
to 0.5 dB. Thus as a starting point, assume
R, =1 Q. Then use Eq. (26) to calculate Ry,
Egs. (15) to calculate Cy, L,, and C;, and
Eq. (19) to calculate Q. Results are listed
in the first row of Table 3. The calculated
inductance is 7.21 pH. Referring to Table
1, we see this inductance is associated with
a loss resistance around 1.57 Q, estimated
using linear extrapolation. Now repeat the
calculations listed above using R, = 1.57 Q.

loss resistance of the inductor, which leads
to larger loss.

Conclusions

Inductor loss plays a substantial role in
the design of pi networks. The use of my
rotary inductor in a pi network would place
substantial constraints on loss and Q: A Q of
10 at 3.75 MHz would require the acceptance
of a loss of 1 dB. Lowering loss to 0.5 dB
would limit Q to about 6. In designing a
pi network, one would want to use a high
quality (high Q) inductor. The inductor in
Figure 12 is not of sufficient high quality and
would not be a good choice for a pi network
design.

I developed a computer program that I
use to analyze pi networks with inductive
loss. This program allows a user to enter
source and load resistances, the frequency at
which the pi network will be used, the loss
resistance R,, and any one of the following
parameters: virtual resistance Ry; O defined
by Eq. (19); Q defined by bandwidth,
reactance of C,, or the network loss in dB.
The program calculates the values of Cy, L,,
and G;, the attenuation of the second through
10™ harmonics, and a graph of the frequency
response of the network. I would be happy
to share this program with interested parties.

APPENDIX A: Q of a Cascaded
Network
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The second row in the table gives the results.  network is 3CX400A7 4ACX3500A  812A
Note that the inductance has increased to a 3CX800A7 4CX5000A 833A
value of 8.97 uH which, according to Table w (A-1) 3CX1200A7  4CX7500A 833C
1, is associated with a loss resistance of O=2zf m > 3CX1200D7  4CX10000A 845
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and striking, that a loss resistance as small as ilssume . - . e JOA7 805 i 000A

oad resistance to a source resistance. This ACX250B 807 .and more!

2.2 Q limits so strongly the overall O of the
pi network.
I believe it is generally the case when

means that the resistance looking into the
input of the network will equal the source
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using a pi network to match the output of a resistance, which means that the p ower Phone: 760-744-0700
power amplifier to an antenna that one would dissipated in the source resistance will be
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that in Table 3 but for a loss of 1 dB. After Website: ~ www.rfparts.com
five iterations, we find Q = 10.7. These two _ w (A-2)
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associated with larger losses. This is easy to
understand. Higher values of Q are a result
of a larger storage of energy in the reactive
elements of a pi network, and larger stored
energy means a larger current circulating
between the inductor and the two capacitors.
But, this larger current must pass through the

Now suppose the network can be broken
into two cascaded networks, A and B, so
that the first network A matches the source
resistance R to a virtual resistance R, and
the second network B matches Ry to the
final load resistance, R;. Let D, and Dy be
the powers dissipated internally by networks
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A and B, respectively, and D, the power
dissipated by the virtual load resistance Ry.
Then the quality factors, Q, and Qp, for the
two networks are

w
=g f— A (A-3)
Qs ”fDS+DA+DV
and
w.
=2rf—2L—— (A4
Os / D, +D,+D,

The source resistance is matched by
network A to the virtual load so Dg= D, + D,
Similarly, the virtual resistance is matched by
network B to the load resistance so D, = Dy
+ D;. Using these two results, Egs. (A-3) and
(A-4) can be rewritten

0,=21f ZVIV; (A-5)
and ’
W,
Q,=2nf—2 (A-6)
g 2D,

The energy, W, stored in the entire
network is the sum of the energies stored
in networks A and B, thatis, W = W, + W,
Using this result in Eq. (A-2), we get
w w,
=2rf—2+2x £
© / 2D ! 2D

Now insert Egs. (A-5) and (A-6) into
(A-7). The result is

(A-T)

D
0=0,+—-0,. *-8)
D S
The ratio Dy/D; is just the efficiency, &,,
of network A to deliver power to its load. The
final result is, then,
0=0,+¢,0; (A-9)
In the pi network case treated in this

paper, the loss occurred only in network B
S0 g4=1

42 QEX January/February 2017

APPENDIX B: Calculate R, from Q

The calculation of Ry, from a specification
of Q starts with Eq. (19) which expresses O
as a function of Ry. This equation is

R, —R,
1 R,

0=

(B-1)

Inverting this equation involves
considerable algebra. It must be squared
twice to eliminate the square roots. The result
is a polynomial equation in Ry:

AR} +BR; +CR} + DR, + E=0

(B-2)

where

4=160" (0" +1)
B=-80"(R;+2R, +R,)
C=(R,+2R, —R;) +80°R,(R, +R,)
D=-2R,(R, +R,)(R, +2R, - Ry)
E=R}(R +R,)

(B-3)

There are four roots to equations like (B-2).
To calculate these roots, I used a method on
a website.* Some (or all) of the roots may
be complex numbers that we can reject
immediately. If there are two or four real roots,
some may not satisfy Eq. (B-1) and can be
rejected. Others may not satisfy the inequality
listed last in Eqgs. (15). If there are two
remaining roots, select the larger of the two
because it will involve less loss in the network.

2[R =R, (R +R,-R,
R, R,

Consider this example: Ry = 2500 Q,
R, =50Q, R, =2 Q, and Q = 10. Use
Egs. (B-3) to calculate the coefficients A
through E, and calculate the roots of Eq.
(B-2) using the method mentioned above.
The four solutions for R, are 7.74 Q,
498 Q, (-0.0411 + j 0.00683) Q, and
(-0.0411 —j 0.00683) Q. The latter two are
complex and can be discarded. When placed
in Eq. (B-1), the second solution yields a
value for Q of 12.4, not the target value of 10.
The first solution, 7.74 Q, yields Q of 10 and
is the desired value.

Bill Kaune, W7IEQ, is a retired physicist
(BS, PhD). He is married and has two grown
daughters and four grandchildren. Bill spent
most of his career collaborating with biologists
and epidemiologists researching the biological
effects of power-frequency electric and magnetic
fields. Along with Amateur Radio, Bill spends
his time hiking, backpacking, and doing some
volunteer work. Bill was first licensed in 1956
as a novice and then a general, but became
inactive while in college. He was licensed again
in 1998 and upgraded to the Amateur Extra
class in 2000. Bill is a member of the Jefferson
County Amateur Radio Club and the ARRL.
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'Bill Kaune, W7IEQ, “Quality Factor,
Bandwidth and Harmonic Attenuation of Pi
Networks”, QEX, Sep 2015, p. 2.

2The ARRL Handbook Book, 2016 Edition.
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ARRL dealer, or from the ARRL Store,
Telephone toll-free in the US 888-277-5289,
or 860-594-0355, fax 860-594-0303; www.
arrl.org/shop/; pubsales@arrl.org, ARRL,
Newington, CT.

3Alan Payne, “Measuring the Loss in Variable
Air Capacitors”, g3rbj.co.uk, 2013.

“‘jwilson.coe.uga.edu/EMAT6680Fa09/
Davenport/Solving%20Quartic%20
Equations.pdf



Letters to the Editor

How to Tune an L-network Matchbox, Charles R. MacCluer, W8MQW (Nov/Dec 2016)

Dear Editor,

It looks like the latter part of WBMQW'’s article is missing. — Bob Wilson, WA9D.
[Others also noticed that we inadvertently omitted page 3, reproduced here. A full copy is at www.arrl.org/this-month-in-gex, and

www.arrl.org/QEXfiles — Ed.]

Figure 5 — Tandem coupler design by Larry Phipps, NS8LP.

But even with the minor interaction of
the L and C controls, convergence to match
is much quicker because of the added
information available from the phase voltage.
If phase voltage is negative, decrease C; if
phase voltage is positive, increase C. Thus
the 50 Q real part is matched immediately.
Then proceed in the usual way to a one-to-
one match by adjusting L.

Some Final Thoughts

To save space, the current sampler
of Figures 2 and 6 could possibly be
incorporated into the tandem coupler of
Figure 5 by adding its toroid as a second
toroid on the through line. I did not try this.

Both meter A and B can be any 100 pA
or smaller ammeters. The meter A must be
a center-zero meter since the phase detector
reports both positive and negative voltages.
Select by trial and error the current limiting
resistors, marked ‘*’, for your particular
meters. As a starting point try 1 kQ.

The fortuitous levels of the sampled
voltages require no active devices. This
permitted all signals to be piped about with
my favorite coax, RG402 semi-rigid coax
with SMA connectors, lending a microwave
look to the construction.

This algorithm is valid for any L network

matchbox, whether it is a balanced network
preceded by a balun or an unbalanced
network followed by a balun.

It would be easy to add an outboard
current sampler and phase detector plus
meter to existing manual L-network tuners to
achieve expedited two-step tuning.

Displaying V, (horizontal input) against
V, — V, (vertical input) as an oscilloscope
Lissajous diagram is an exceptionally
efficient aid in finding a match — one adjusts
C to rotate the ellipse vertical, then L to
shrink the ellipse to a vertical line.

An outboard current sampler/phase
detector/meter might also speed 7-match
tuning.

The above matchbox construction details
were merely sketched. Instead the thrust of
this note is to reveal that tuning an L network
need not be a tedious iterative process. It can
in theory be done in two steps by carefully
observing two simple-to-measure voltages.

Acknowledgements

This project grew from a challenge
from Gary Adamowicz, WA1O0XT, who is
developing a competing approach. I thank
Mike Blake, K9JRI, and Chuck Hawley,
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Figure 6 —The current sampler used to
sample the difference between forward and
reflected voltage.

Figure 7 — A phase detector employing a
MiniCircuits SBL-1.

Chuck MacCluer, WSMQW, was first
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license. He has been very active in EME on
432 and 1296 MHz, and recently is active on
SSB, CW, and digital modes on 160, 80, and 40
meters. Chuck received a PhD in Mathematics
in 1966 from the University of Michigan and
is now Professor Emeritus of Mathematics
at Michigan State University. Chuck is a Life
member of ARRL, IEEE, SIAM, and ASHRAE.
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"The intermediate quotient of [EQ 3] is the
core computation that underlies the Smith
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or 860-594-0355, fax 860-594-0303; www.
arrl.org/shop/; pubsales@arrl.org.

2L. Phipps, N8LP, “The LP-100 Wattmeter”,
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