NOTES:

284

KEVIN'S WEBSURFER

HANDBOOK X
FOR CRYSTAL RADIO

MY WEB PAGE VISITED

Kevin Smith
2012



NOTES:

Printing / Binding Instructions

Choose “fit to page” in print menu

Print document double sided on letter size paper

Cut the entire printed document in half

Fold over making sure the page numbering isicootis
For the cover: Print just the first page on cstotk paper
Cut the cover in half as well

Assemble the covers on the document

Punch the left side for a binding, spiral or toas desired

alhwnpe

No

www.lessmiths.com/~kjsmith/crystal/crOintro.shtml

KJ Smith

283



NOTES:

282

INTRODUCTION

In March of 2009 while shopping for some sensorsbay,
quite on a lark | typed "Crystal Radio" as a seawimn not
really knowing what to expect. My search was ndaltp
random, | have always been interested in radio
communications and in radio propagation as a gesigdly
probe of the ionosphere, (more about that herelitisahally

as a child | had once a small "Spy Pen" crystalorachat
always facinated me, and as an adult | had givenystal radio
toy kit to my second son who showed much interest i
computers and electrical things. He has since gonéo his
Master's degree in EE and now workd designing caenpu
chips at Intel in Silicone Valley. So, maybe it vihe radio?

Vaguely | thought to find a crystal radio or radiip of some
sort to play with, something more serious than eaphplastic
toy. What | found was suprising, so much therexpl@red the
listings, odds and ends mostly of course, its eiftar all, and
a few completed radios new and vintage, and omeuitictular
which caught my eye. There were several kits by esoma
calling himself Xtalman including one he calls Dwudy
which seemed to exactly fit my idea, a kit, easgugyh for a
beginner but serious enough to satisfy a more ¢ddaaind. |
decided to pull the trigger, the radio was offefedy it now",
so | did! So began my journey into a black holeirtérest,
somebody really ought to post warnings on all @lystdios..
"WARNING, may cause serious refocusing of lifestyle

In the time since, | have plunged deeply into tleb literature,
joined the Xtal Set Society, and built homebrewsngfown in



addition to purchasing a few sets, (described seéglg). In the
following pages | present each radio with the ideamsl
motavations that move me to own, admire, and usentht has
become a facinating journey for me which | wishstare so
that others may understand and catch the bug éngalves,
so that other radio builders may view and commenith

suggestions perhaps for improvement, and so usieswry
heed the WARNING, and STILL take the plunge!

The Xtal Set Societyedicated to once again building and
experimenting with radio electronics
Great source for plans and books, kits and parjtsinéd the
society as soon as | finished my Mystery Set.

Dave Schmardebave's Homemade Radios, literally 10's of
different sets all with interesting features andhea pleasure
to look at. Much technical background and goodgtegieas
can be found as well. | like this page.

Scott's Crystal Radios Mount Your Own Crystals

Here | learned, and successfully applied, a gootnigue to
mount my own crystals.

Part 2, Inspiration:, Sites with radio plans anajgets, so
many ideas.

Mike Peeblerystal Radios - Peebles Originals!

Tom's Handmade RadioNlice selection of radios, superb
craftmanship, for sale!.

Birmingham Alabama Crystal Radio Groidice contest page,
many lovely contest radios

Jim's Crystal Radio Pagderystal radios with ferrite cores, and
a Mystery Set.

Larry J SolomorSolomon Radios, several variations on the
Mystery Set and others..

Rainer SteinfuehGollum’s Crystal Receiver World.

So Many more, if | missed your site my sincere agigis.
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The Stay Tuned Website is probably the site | vigitst often

of all. This excellent effort contains an enormausount of
information, vintage plans and projects, Contestdifa
Museums, and more. Download Professor Coyle's coil
calculators, you will use them constantly. Thistlie only
source for MB Sleeper's 101 radio receiving cidithave
found.

The Smith-Kettlewell Technical File ENERGY-FREE
RADIO: THE CRYSTAL RADIO SET REVISITED
This is also a great introductory page with a gréeal of
design tips and background. There is no author isd
embedded in an eye research center website, oh imeityhly
recommend this page.

Owen Pool WBA4LFH Crystal Radio Resources
Owen Pool's great site with much fundamental bambgn,
projects, teaching, contest results and so mucle.mor

Steve Mcdonald VE7SL Radio NoteboGkystal Radio DXing
Great site for discussions of DXing with crystatlics and
double-tuned design fundamentals.

Mike Tuggle DESIGNING A DX CRYSTAL SET
Mike's discussion of his Lyonodyne-17 and the cpise
behind its design.

Dick Kleijer crystal-radio.eu

Dick Kleijer's site contains great discussionshedry and the
results of numerous experiments with his crystdios

280

CONTENTS:

1) Resources for Theory and Design.

RADIO LABORATORY.. p 003

Antenna Tuning p 007

Coil Q p 019

Q Analytical p 029

Capacitors and ESR p 047

Diode Protocol p 055

Diode Test p 065

Radio Test p 099

A Library of Crystal Hookups and Theory: p 113

2) Radios | have built with my own little mitts:

SPARK GAP TRANSMITTER.. p 119

Coil p 122

Interruptor p 128

Spark Gap p 134

Oscillation p 139

Performance p 143
SLEEPER #1.. p 155
DUNWOODY.. p 159
MYSTERY.. p 165
HOMEBREW p 171
DE FOREST.. p 177
BREMER-TULLY.. p 185
GLOBAL DX'TER.. p 189



FLEMING.. p 195 Acknowledgements:
http://www.lessmiths.com/~kjsmith/crystal/ack.shtml

MINSTREL BOY.. p 203
HAMMARLUND.. p 209 Radio hobby in general and certainly crystal radsoa
TEFLON.. p 219 mentored hobby with most practitioners able andingilto

help one get started and do well in this hobby. niy
researches for information | have been greatly caibg the
many helpful web resources built by this commuriitwish to
offer here my sincere thanks for your efforts. ftaimly would
LOADING COIL.. p 229 not have come as far as | have without this hel@ llowing
WAVE TRAP p 233 list is only partial to the number of sites | vsitand if your
page is not listed | offer my apologies. This lispresents
AUDIO AMPLIFIER p 235 those sites | found most significant and helpfutémms of 1)
Crystal Radio Fundamentals and 2) Set Design latsir.

3) Accessories on Breadboards

4) Radios | have acquired (read: paid waaay tochnfor,

with no regrets
grets) Part 1, Fundamentals:, Sites where | spend masydfme.

STEINITE.. p 243
Lance Borden BORDEN RADIO COMPANY
AMERICAN RADIO STORES.. p 249 The start of my adventure, serious crystal radits, kia
BBC COMMERATIVE.. p 253 seriously fine gentleman.
5) Other thoughts, speculations, ideas, ravings... Kenneth _A. _Kuhn Crystal ~Radio  Engineering
Kenneth Kuhn's excellent pages on the fundamerdats
JACQUEMARD.. p 261 design of crystal radios and all their associateattsp
excellently written, accessable to the non-spestigit precise
Steel Galena, my thoughts:.. p 265 and clear. | spent hours studying these documents.
KGOW1650, a local PEST!!.. p 275
Alan R. Klase CRYSTAL SET DESIGN 102
6) Acknowledgements:.. (links) p 279 Alan Klase's site is chock-a-block full of greatriv@nd ideas
for interesting sets. His Design 102 gave me gosdyhts in
8) Notes p 282 the various incarnations a crystal radio may take.
Darryl Boyd Stay Tuned Website: see #58 Crystal Radio
Circuits 101
vi

279



278

vii



viii

277



More disturbingly, it takes the joy out of the hgbb
Mercifully, my handy dandy wave trap goes a longyva

solve much of the trouble, but not far enough. écheo direct
my efforts in trapping this station now.

Question: Is this spectrum normal? Is it common doe
station to so dominate the scene? | sometimes wahtiey
arent cheating on their power output there. | knprabably
not. My next project may be finding a way to usis #nergy
to charge my batteries or light my house, or hezlgower my
radios! The following plot shows that while by dayam
merely in trouble, at night things are near hopel@$e band
scan is a night spectrum. Sad thing is, | dontigiafarily care
to listen to sports on radio, (or television foatimatter).
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Some thoughts on KGOW 1560 "The Game".
http://www.lessmiths.com/~kjsmith/crystal/kgow.shtm

Over the months of playing &
with my hobby, my radios,
learning, reading, i have
come across a small fly in
the ointment of an [
otherwise very enjoyable |
hobby. From time to time I
while listening to my radios —
I would find the airwaves

filled with a single station, KGOW blasting acrasy entire
tuning range. It was curious and interesting adt firadios
would receive strong clear signals with or withautrystal or
rectifier which seemed to me thoroughly at oddshwihat |
supposed | was learning about how radios work. usisions
on Rap-n-Tap provided some, but not deep insigttts iy
problem. Mostly | was advised to check twice andcthall
my connections. The most frustratingly bothersospeat was
that, it affected all my radios. Maybe my antennai/ar
ground was responsible. Even when hooking up mge|Sir
#1" (shunting a diode across the phones) gave mprtiblem,
in fact gave me the problem in spades. Turns @um lable to
receive KGOW clearly merely by attaching the angemmd
ground across the phones, no diode, no nada.

Looking somewhat deeper into the mystery, | chaséook
closer, not at my antenna and ground, but at thé& itself.
Using my Icon R75 and RxPlus software, | made altsoan
of the BC activity. What | found was most troublifey my
location. The plot below shows a screen capturthefscan.
Clearly KGOW stands out 2 to 3 times stronger tay other
local station. It dominates the scene and satunagspost.
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My radio "laboratory"
http://www.lessmiths.com/~kjsmith/crystal/lab.shtml

Having now acquired several
crystal radios by purchase
(two) or building my own

(four), | begin to wonder

how they stack up against
each other and against other
radios | read about and
dream of on the net. It can be
fairly common to hear radio

performance described in qualitative terms, "high ‘@harp
tuning", "highly sensitive", etc. Without measuneambers to
back them up, it is extremely difficult to judgeetBubjective
notes of different radio users. It is inevitableelieve that in
this hobby that one ends up getting together ashniast
equipment as possible, (read "affordable") in orgeknow
more objectively about the radios one builds and&®s. This
page is the tale of my own effort to equip a sriiatboratory”
of sorts for just such purpose.

My first needs were related to my building projeetsd
included meters for measuring capacitance and tadoe. |
have excellent-quality bench meters for other hopimjects
including a Keithley 192 and 181 voltmeter with EE88
computer interfaces. These are voltmeters onlyghpoothing
else. My first purchase then was a capacitancettadae
meter. It worked great for capacitance, but theelstwange for
inductance, 20mH unfortunately is useless. So,rtager was
quickly followed by a stand-alone inductance meterging
down to 200uH. | use these frequently when makimg
measuring coils, and measuring capacitors purchasezbay,
better to design a radio around a specific componan



My next needs follow logically, what about the @i build?,
how do they do? For the non-electrical engineetirtg radios
is a bit of a daunting task and this page is bymmeans
intended to be a tutorial. | do give my experiensesthat
perhaps someone with the same idea may benefpasgibly
avoid the mistakes | have certainly made. | descniby
equipment and the protocols used in my testing, but
STRONGLY refer the reader to the following two pader
technical guidance and explanations, most of whid tame
directly from here:

Dick Kleijer crystal-radio.eu http://www.crystal-
radio.eu/engmeting.htm

Gollum’s Crystal Receiver World
http://home.snafu.de/wumpus/gollum/testing. htncltby

C.A. Lauter

| heartily express my appreciation to our Europfemds for
making available on the web these excellent technitorials
for crystal radio testing.

Fokdokk

Testing and understanding your set from the Anteasintghe
front, the tank in the middle and on to the Diodehe back
and then the Radio complete, the whole shebang!

ANTENNA TUNING UNIT.. Design notes and Models,
Effect of earth resistivity..

COIL Q.. Summary of web research on expected vadfi€3
for various coil designs.

with a surface area of 1,600 square feet. The malead
occurred along a part of the margin of the ore biodg zone
about 9 inches thick separated from the wall rogkclay
gouge. The ore generally was argentiferous stdehgapartly
or completely altered to cerussite and anglesitéh wiinor
minerals including wulfenite, litharge (?), quaaizd limonite.
The native lead occurred as threads, sheets tchalfénch
thick and pods up to 4xIX2.S inches.
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sheared, massive, and 'steel' (a dense, extreinekgtfained,
almost cryptocrystalline type). Sheared and steelerg
textures were caused by post-ore shearing of capeseed
galena and it was not uncommon to find the thregeties
side-by-side. These textural variations had impuarta
implications for exploration because the more massind
free-grained types, which are less friable, wereattected as
much by oxidation. As galena was released by emofsimm
the oxidized vein subcrops, it tended to developratective
white rind of the Pb sulfate anglesite, and toemlidownhill
from the vein as a dispersion (float) train.

THE GEOLOGY AND MINERAL DEPOSITS OF THE
TOBY-HORSETHIEF CREEK MAP AREA, NORTHERN
PURCELL MOUNTAINS, SOUTHEAST BRITISH
COLUMBIA., OPEN FILE 1990-26. By Alasdaire Pope
mine consist of massive panidiomorphic galena, Ispite,
pyrite, sucrosic cerussite and banded dolomite,ergal
sphalerite and pyrite. In hand specimens bleischteature
(steel galena), indicating deformation by simpleeah
(McClay, 1980) is frequently seen.

PROCEEDINGS OF THE THIRTY-THIRD ANNUAL
MEETING OF THE N4INERALOGICAL SOCIETY OF
AMERICA AT BOSTON, MASSACHUSETTS.

NATIVE LEAD, PRESIDIO COUNTY, TEXAS JORRN T.
|_ONSDALAEN D KATHRYNO . DICKSON University of
Texas, Austin, Texas

Approximately 3,000 pounds of ore containing nateed was
recovered from three small tabular ore bodies & western
part of the shafter District, presidio county, Tex@iwo of the
ore bodies were vein-like in limestone with clayuge walls.
The metallic lead was localized at the centerhiefvieins. The
third ore body was flat lying disk-shaped abouteétfthick
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DIODE TEST.. Describes protocols and results ofirigs
many different diodes, diode classes, crystals, ereh two
different vacuum tube diodes.

DIODE PROTOCOL.. Describes a useful protocol for
determination of Diode Is, n, and Ro.

DIODE CALIBRATION.. A simple set of modelled
characteristics with variations in Is and n.

RADIO TEST.. Describes protocols and results oficdad
performance testing on my sets.

Conclusion

So, for an investment in a few key pieces of gogdigment,
yes at some non-trivial cost, you can appreciagehtbbby so
much more. | have an oscilloscope as well, buashéve not
explored its value. | prefer the recording and agsbeet
methods as they give a better record of the resuitsallow
graphing and easy comparison. Knowing how your sets
perform, being able to test your diodes, knowingirycoil
inductance are all important aspects of knowingryadios. |
certainly recommend this!

Ciao!




Steel galena owes its fine-grained texture eitbeméchanical
deformation of larger crystals or to a beginnirensformation
to anglesite. It is supposed to be rich in silver this is by no
means always true. PbS+40=PbS0O4 (Anglesite)

Geology of Colorado and Western are Deposits Byhurt
Lakes, 1893.

A coarse galena is generally poor in silver, wiiiie grained
"steel galena" is generally rich in silver, but tleverse may
also be the case.

Waldschmidt, 1921. Hecla East Vein, Coeur d'Alene

The coarsest galena examined showed cleavageffaoe to
4 mm, square, but generally it is much finer grditiean this.
The fine-grained galena is commonly known as stedgna
because freshly fractured surfaces have a steeligter. In
all the specimens examed, this steel galena appeéaree in
an intimate mixture of galena, tetrahedrite, spfitelepyrite,
gnague, and other minerals present in the ore.

It appears that the original ore body consistedefghiof
galena, sphalerite, pyrite, pyrrhotite, tetrahedrireibergite,
quartz and siderite. When movement took place altwey
O'Neil Fault and possibly along with minor slipgtore body
was grreatly crushed, during which time the galacted as a
putty-like mass for the suspension of broken fragimef the
harder minerals. This breaking resulted in the fiiom of the
typical steel galena.

Great mining camps of Canada 1. The history andoggoof
the Keno Hill Silver Camp, Yukon Territory.

Keno Hill mineralization "silver-lead-zinc veins itastic
metasedimentary terranes". Galena is present maislyhe
common coarse-grained, well-crystallized and featype, but
also displays several other textures, such as diiaged,
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Steel Galena from the Tintic Mining District, a s$ic silver
locality in Utah. (The excessively sparkally sugam the
photo is from the flash.) Note also the presencémglesite
alteration, (the clearish anglesite crystals sepdrérom the
galena by a dark finer grained almost greenishatlt zone).
This is good radio material, but you may need fauhit more
for hot spots than the finer-grained stuff above.

Steel Galena Notes off the web:

USGS Bull 625, 1917

Galena of the Coeur d'Alene District contains apiptde
silver, is generally not so well crystallized, amabs a much less
perfect cleavage.

Mineral Deposits, Waldemar Lindgren, 1919
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ANTENNA TUNING

Notes on simulations for a Tuggle Front End
http://www.lessmiths.com/~kjsmith/crystal/atu.shtml
By Kevin Smith

Introduction:

When designing my radios | always make extensive afs

Mike Peebles and Dan Petersen's "Professor Caiasigheet.

This tool along with the many tutorials and expliores online
have vastly eased the design work around homebwilv
winding. We can now model a coil with good accurpdgr to
the actual job and thus better match the coil te other
components we plan to include. One quickly becoaware
that most coils for the broadcast band vary arcambminal
220 or so uH. More than this and most variable ciape will

have too much bottom-end capacitance to tune theotdhe
band. Less than this and you need caps with faigh values
when fully meshed, 500+pF or more.

All the above is pretty straight forward. On thénet hand,
when | have been reviewing double-tuned set desigofien
note that the coil used for the ATU (antenna tuning) will

have an inductance quite a bit lower than the rteitk coil.
Professor Coil doesn't address this aspect ofdmsign and |
have found little discussion online concerning ATesign.
Mostly this seems to be dealt with in passing oa digression
when dealing with other subjects. The most usefelb wites
for addressing this aspect of crystal set desigiudte Dick
Kleijer's excellent work and Ramon Vargas's detladlealysis
of the "Tuggle Front End", that's about it. Neithsite
discusses the ramifications of varying differentrapaeters
such as the Earth Resistance, Coil Inductancealétough
Kleijier's site includes a great calculator pagealiow one to
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ask these questions. In my explorations of ATU glesi
(primarily Tuggle) | have made extensive use ofijilge page
and for this | am deeply in his debt. My hat's tff Dick,
thanks so much.

The following discussion presents the results ofiynaodels
cranked through the design calculator. | wishedinderstand
what factors play main roles and which have mirert

For a conventional detector-circuit coil one caetgyr much
control all the main factors, really only the intamce and
capacitance of the circuit. The main and only ssgpcomes in
the form of "stray capacitance" resulting from #pacing of
the coil wires. This can readily be 1) guessed rad 2)
minimized by good coil winding technique. For thetemna
circuit by contrast many of the needed parameteesth
resistance, antenna capacitance and inductanceargedna
resistance in the forms of actual wire resistamu radiation
resistance are, for most of us, unknown and onbsged at.
The following figure illustrates the antenna andWAWith a
list of the main "components" that need to be ustded
and/or modeled.

The Antenna Equivalent Circuit consists of an ACtage
source Va (the
signal of interest),
in series with some
|—Q]m>—'vw—’ radiation resistance
c1 Rr, antenna

: capacitance Ca,
c antenna inductance
La, antenna

Antenna ATU

Rr+Ra+Rg=R1

resistance Rr, and
finally a ground

From Leadville Colorado, the specimens below aee bibst
examples of "steel galena" | have yet come acrdse

samples have a dull weathered surface skin deepghial
massive, fine-grained lead-silver mining ore ofassic Rocky
Mountain type. On a fresh surface the sample Haedexture
and flat grey color. This is not museum materiaid dts

difficult (to impossible) to locate on ebay, bus ithe real
mccoy when it comes to crystal radio. Don't evetheowith

the pretty pretty Missoury galena, it rightly bejsnbehind a
glass display, not in a radio. Chips from this sempotted in
woods metal, rectifies strongly almost regardlefse/ltere the
cat's whisker touches, instant sound.
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Steel galena is difficult to find for sale due pairity to its lack
of excellent crystal cleavage. Galena, as is wetivin, has
beautiful LARGE crystal structure. Who would buwthugly-
looking grey junk?

Kevin
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resistance Rg for the return path to complete fhmiic In
addition the ATU consists of a coupling capacitaB@ and a
tank with inductance L1 and capacitance C1. Thecitggnce
and inductance of the ATU is needed to tune outehetance
of the various components of the antenna for whiehdo not
have data. What to do?

Without an antenna analyzer (expensive) one canestimate

the many component values based on published amtenn
models. Ken Khun's engineering page has a numbeicef
models and a good discussion of the antenna pazesnee

will be trying to understand and use. For my peassetup my
antenna consists of about 75' of 14awg wire avegagbout
10-12' high and with another 25' of lead-in. Foctswan
antenna Khun models a 30m antenna 3m high which
approximates my situation closely enough. Wirestesice is
negligible as is the radiation resistance whiclsthews to vary
between some 0.1 to 1.5 ohms. Such an antennpégitiae

by nature and will have about 220 - 375pF alondwsibme
small 20uH inductance, not too far off a standatdnimy"
antenna. This pretty much leaves earth resistanr@®Rthe
main unknown parameter.

For Rg one has the option of punting and taking'8tandard"
value of 25 ohms. In my modeling | have found frasameter
to be critical and highly sensitive. | do not recoend
guessing here, it is recommended one go to thengtt@age of
their state, county, or local government and se&cheports
on ground or soil resistivity (or conductivity). Abis is an
important agricultural and engineering parametehas been
surveyed for most places and should be available some
effort. Effort well rewarded. Earth resistivity fadhe Texas
Gulf Coast is a mercifully low 10 - 15 ohm metebsit for
many regions this will not be the case.



Earth resistivity depends on a number of varialietuding
the material, moisture, mineral salt, and tempeeatA table
of typical ranges in ohm meters for some differsoils
follows:

Loam 5 - 50 ohm meter
Clay 4 - 100

Sand/Gravel 50 - 1,000

Limestone 5 - 10,000

Sandstone 20 - 2,000

Granite 1,000 - 2,000

Slates 600 - 5,000

Moisture up to about 17% dramatically lowers resgist,
mineral salts are needed and pure water is anaitisuland as
the temperature approaches freezing the resistality rises
dramatically. All this factors into your estimatia@i Rg. The
actual resistivity seen by the circuit depends be earth
resistivity and the type of grounding system youehmstalled.
The more metal in the ground, and deeper, the lotver
resistance. Know thy earth! A map of USA soil reeity
follows:

10

"Substitution of other atoms for lead in galenanét very
extensive. Among the elements which do accur inllsma
amounts are: Sb, As, Bi, Ag, Ti, Zn, Cd, Fe, Mn & In
many cases these may be present in impurity mmeral
(acanthite Ag2S, sphalerite, chalcopyrite, etcthemthan in
the galena structure."

Why is this interesting for the radio engineer? Tdiowing is
my own theory, (speculation mostly). Most of youonhave
worked with galena detectors have noted that haitssp
generally occur on or adjacent to fractures, lines
discontinuities on the crystal face, seldomly oe 8mooth
lustrous face itself. Rectification occurs at thagtion of two
minerals, or of a mineral with a cat's whisker rhekdany
explanations have been offered, most having to db the
position and nature of the crystal lattice at tbanpof contact,
and the perceived presence of "impurities" (atotmemothan
lead) in the galena crystal matrix. As noted abd\&eel
Galena" is a often an ore of silver containing ooly galena,
but abundant admixtures of associated mineralsrgky@oo
small to see and thus seldomly described excepletailed
mining reports as above. In addition, the very sain size
of common steel galena allows numerous physicainainéral
discontinuities on the small detector surface aesa thus
numerous hot spots. | speculate that many/moshexfet hot
spots may in fact be at the junctions of galena atfer
minerals along with the light contact of the eversharp cat's
whisker itself. Other galena (lead) deposits such the
Missouri / Tri-State region are not associated wsilver
mineralization (Tri-State ores typically have oalyout 30ppm
Ag). These show large museum quality crystal faneshave
poor detector properties.
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"The coarsest galena examined showed cleavage flaces2
to 4 mm, square, but generally it is much finerirggd than
this. The fine-grained galena is commonly known sasel
galena because freshly fractured surfaces haveeel-lite
luster. In all the specimens examed, this steelrgabppeared
to be in an intimate mixture of galena, tetrahedriphalerite,
pyrite, gnague, and other minerals present in tee'.a.

"It appears that the original ore body consisteiefgh of
galena, sphalerite, pyrite, pyrrhotite, tetraheqrireibergite,
quartz and siderite. When movement took place altwy
O'Neil Fault and possibly along with minor slipkgtore body
was greatly crushed, during which time the galectachas a
putty-like mass for the suspension of broken fragimef the
harder minerals. This breaking resulted in the fiiom of the
typical steel galena."....

In this ore, galena is NOT the silver-bearing mateRather,
the silver is in the freibergite and to a lessetee in the
tetrahedrite. Very interesting. Quoting from classiineralogy
texts on galena | find the following:

Dana's Manual of Minerology: (Hurlbut)
"Pb 86.6, S 13.4 per cent. Silver is usually pregeobably as
admixtures of silver minerals such as argentitewahedrite.”

Elements of Mineralogy: (Mason and Berry)

"Commonly, galena is very nearly pure PbS. Theesilv
arsenic, and antimony reported in chemical analyases
largely due to the inclusions of argentite of teedrite, small
amounts of which are difficult to detect in a blasRaque
mineral.”

An Introduction to the Rock Forming Minerals: (Deklowie
and Zussman)
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rIouRE 2
Batisated average Earth Resistivity in v.s. (onm

Modeling:

All the above discussion is great but... What ispantant
really? The following section presents the resaftapplying

different parameters to get a feel for the serigjtivf it all. To

begin with | need explain my base assumptionsth&lmodels
are based on Kleijer's calculation spreadsheetwiequires
inputs for the following parameters:

Frequency

Coil inductance

LC circuit Q unloaded

* Complex impedance of antenna or
Series Resistance (Rg+Ra+Rr)
Series Capacitance Ca

Series Inductance La

11



* If the series values are given, the complex inzed is
calculated.

1) Frequency is chosen per your interest, | hakertanodels
at F = 550-1100-1700 kHz.

2) Coil inductance one has control over when wigdih have
chosen base values that resonate with about 408pk
capacitance, with some sensitivities.

-

3) Unloaded Q | do not have. For modeling | haakeh
Vargas's measures for a 4.5" coil wound with 66Q/@Bwire.
| assume this will be about as good a coil as @meveind. |
also made a sensitivity for lower Q. Q is a fumetiof
frequency and | have used the appropriate valu@ wf match
the modeled frequency.

4) Series Resistance is basically what the earth ground
system will deliver plus a small 1-2 ohm contributifrom Ra
and Rr. | have modeled four cases 10, 15, 25 andHéns.
The first two cases reflect my needs on the GulasEawith
low resistivity soil. The 25 ohm case is a "tyficar
"standard" grround. Finally, many will have muchytter
resistivity soils and you need to know just howfidifit things
can get!

5) Series capacitance | based for my specific aatem the
model of Ken Kuhn (Mathematical Model of Wire Antex).
The capacitance of a 30m antenna 3m high he cedclla
range from 220pF and low frequencies to 375pF aigth h
frequencies. | input the correct capacitance tdcmahe
frequency modeled.

6) Series inductance | just input 20 uH every time.

12

Some thoughts on "Steel Galena" and its use as aystal
detector/rectifier for radio waves.
http://www.lessmiths.com/~kjsmith/crystal/sgale héns

| have recently become
interested in crystal radios
and am especially
interested in the "cystal" in
the radio. This is due to my
background as a geologist / &
mineralogist / petrologist /

have read in several radio . R a

oil exploration geologist. |

websites concerning steel galena describing irgsnéiferous
as well as fine grained and useful as an excedletgctor with
numerous hot spots. While commonly associated wsiltrer
ores, | have never read of galena itself as beinghnsilver
bearing as a mineral. This puzzle sent me to the twesee
what | could find on this "steel" variety.

Steel Galena does indeed associate most closélysikier ore
deposits, especially in the classic Rocky Mountailver
districts like Leadville in Colorado, Coeur d'Aleie Idaho,
and Tintic / Park City of Utah. In all cases thee doodies
themselves are in sheared and altered sedimencaks.r
Mineralization is due to hydrothermal movementswaiter
with movement aided by the sheared, and crusheeszon
having fine to extremely fine grain size, hencenisne "steel".

To give a sense of the deposits themselves | vaistubte a
couple accurate petrological descriptions:

Waldschmidt, 1921: Hecla East Vein, Coeur d'Alene
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The data and plots for four different scenariofofel

10 Ohm Earth-220uH Tank
1000

Y= 2E407H T
R2=0850

V= 384110
R2=0.8490
¢

@2 Couplingcap ®
@1 Tankcap

Cap pF
g

500

1000 1500 2000
fhHz

15 Ohm Earth-180uH Tank
1000

y=5EH00yESHE
R2=0888
E
s 100
)
= 1077
R¥=0.9565
C2CouplingCap
S CLTankCap A4
10
o 500 1000

1500 2000
fkhz




1000

25 Ohm Earth-165uH Tank

a0 157

V= 16r09x732
R*z09054

Cap pF

100

00719

@ C2 CouplingCap

@ CLTankcap

500 1000 1500

2000
fhHz

1000

50 Ohm Earth-150uH Tank

V= 6EH0BX232
R=09085

\.\

y=849360x 1438
R1=08771

@ c2 CouplingCap
@ CLTankcap

500 1000 1500 2000
ThHz

The above plots show the calculated capacitancesuser
frequency for four different models of Earth Resist / Tank
Inductance. In each case | maintain the same lpgoitance

14
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calculations from above:

LW tuning with assumed 450pF cap is 2300 - 2400 uH

The following photos show the set and the reference

mentionned above.

(some useful translations for my anglophone friends

PO = Petits Ondes = Short waves [so named prithetaitility

of the HF bands was known]
GO = Grandes Ondes = Long Waves
Bobine Addition = Additional Coil)

Jacquemard Schematic and layout..

Récepteutuprofessear Jacquemard

. Vue dessous
o
L2

Cl=C2- 450 5F

Circuit Analysis/Redraws of above..

262

Lt -25tmx Skm, 1705, 410 (-28ews)
tp st 70 208

™
L2 25tz fm 2 350
L3 - 20, 34 od, 5-Tom ik

vs frequency scale for easy comparison. The caseeled
represent increasing earth resistance presentetietoATU

from a very low 10 ohms to a fairly high 50 ohmsctéal

earths can go up to two orders of magnitude highetose L1
inductances such that the maximum needed capaeitanald

approach 500pFs, easily found on many variable.céfigh

respect to the coupling cap (C2, red curve), as dagh
resistivity increases the needed capacitance @sclifhe tank
cap value needs to resonate with the inductor anctases
with smaller-value inductance. In searching forCf max
cap value, the choice of inductance needs to deeredth

increasing earth resistance. Parameters otherRga.1 and
C1-C2 have minor impact on the models.

Conclusions:

From the plots one can readily see that above hOexdrth the
two variable capacitors on the ATU do not tracklwas the
earth resistivity increases, the worse the trackiMpst
locations are not blessed with a low resistivitytieand this
needs to be factored into the ATU design. Theilétls to be
done, changing the design coil inductance will dearthe
needed capacitance on BOTH C1 and C2, (larger adsléo
smaller C1 and C2 for resonance and vice versgjogsible
solution well worth trying is to use a dual-gangpaaitor
where one section has a different value than therptthe
above plots give an easy way to decide the maesateeded.
Use the smaller gang on the coupling circuit aredlénget on
the tank. Experience tells us that ganging the dpa on a
"Tuggle" front end works well, but from the modélkave to
imagine one might squeeze a bit more performancgiigg

up the convenience of one-dial tuning on the AT&peeially
where your earth has a fairly high resistance.
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The best design concept will be to know first amiticzlly
your earth resistance. If this is just a guessquheameter then
| strongly urge you to put down the Litz, set asilie silver-
plated caps, store the holy-grail diodes and gosdme
research on your local ground. All the time, exgerad effort
on the greatest "state-of-the-art" crystal recewidrbe wasted
if the ground is not attended to. If the resisyivitf your earth
is high in ohm-meters, get more metal in the growmd
consider a counter-poise. The following table fraiEM
Instruments shows the relation between earth iggish ohm
meters and actual earth resistance in ohms asctidorof the
earthing method used.

Models and Data:
10 ohm / 220 uH Lowest resistivity Earth Case sensitivities

Ohm pF uH uH Qu kHz cpl tank
Rg Ca La L1 f c2 c1
10 220 20 220 475 550 442 228
10 300 20 220 400 1100 68 36
10 375 20 220 200 1700 44 -3

10 220 20 220 700 550 273 255
10 260 20 220 640 750 114 122
10 300 20 220 585 1100 55 47
10 340 20 220 440 1400 41 20
10 375 20 220 300 1700 36 5

10 220 20 200 700 550 304 287

10 300 20 200 585 1100 58 54
10 375 20 200 300 1700 38 7

16

Professeur Jacquemard Poste a Galene
http://www.lessmiths.com/~kjsmith/crystal/jmrd.sttm

A bit of a mystery this one,

I am hankering to build a
breadboard repro of the set
if only to play with this
bizarre (to me) circuit.

data and information on
the set is not small, but not
enough:

from the schematic:

L1: form 25mm dia, 68mm long selenoid, 170 turrkD4dire
calculation- 0.4mm-26awg wire, 220uH coil

L2: ID 25mm, W 8mm. OD, #turns, guage not given

L3: ID 20mm, OD 34mm. W, #turns, guage not given

estimation from photo:
L2: OD about 32-35mm, wire guage is small in the 82hge
L3: W maybe 6-8mm, wire guage is small in the 32rge

from book:
MW = 545 - 1500 Kc
LW =157 - 272 Kc

from calculations:
MW tuning with 220uH typically 365 - 450 pF

from clues in the two publications

1. most Vcaps are 450pF
2. most GO coils 120turns x two coils
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15 ohm / 180 uH Low resistivity Earth Case sensitivities

Ohm pF

Rg Ca

15 220
15 300
15 375
15 220
15 260
15 300
15 340
15 375
15 220
15 300
15 375
15 220
15 300
15 375
25 ohm /
sensitivities
Ohm pF

Rg Ca

25 220
25 300
25 375
25 220
25 300
25 375

17

uH
La
20
20
20

20
20
20
20
20

20
20
20

20
20
20

165

uH
La
20
20
20

20
20
20

uH
L1
180
180
180

180
180
180
180
180

130
130
130

205
205
205

Qu

475
400
200

700
640
585
440
300

700
585
300

700
585
300

kHz

f

550
1100
1700

550
750
1100
1400
1700

550
1100
1700

550
1100
1700

cpl tank

c2 cC1
337 328
61 63
40 10
220 352
100 176
49 73
37 37
32 17
313 511
59 110
38 30
195 302
45 61
30 13

uH "Standard" resistivity Earth Case

uH
L1
165
165
165

150
150
150

Qu

475
400
200

700
585
300

kHz

f

550
1100
1700

550
1100
1700

cpl tank

c2 cC1
213 396
48 84
32 22
164 462
41 102
27 31



25
25
25
25
25

25
25
25

220
260
300
340
375

220
300
375

20
20
20
20
20

20
20
20

165
165
165
165
165

200
200
200

700
640
585
440
300

700
585
300

550
750
1100
1400
1700

550
1100
1700

151
76
39
30
26

130
35
24

416
213
91
50
27

335
72
20

50 ohm / 150 uH High resistivity Earth Case sensitivities

Ohm pF
Rg Ca
50 220
50 300
50 375
50 220
50 260
50 300
50 340
50 375
50 220
50 300
50 375
Kevin Smith
09/2011

18

uH
La
20
20
20

20
20
20
20
20

20
20
20

uH
L1
150
150
150

150
150
150
150
150

125
125
125

Qu

475
400
200

700
640
585
440
300

700
585
300

kHz
f
550
1100
1700

550
750
1100
1400
1700

550
1100
1700

cpl
c2
128
34
24

96
53
28
22
19

110
31
21

tank

C1
476
108
35

490
256
113
65
39

595
139
49

CHAPTER V

Other Thoughts and Speculations
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Coil Q:
http://www.lessmiths.com/~kjsmith/crystal/coilg.stit
Kevin Smith

Introduction:

| have been building and studying crystal radiassfume time
now and slowly begin to learn a few things aboutséh
marvelous sets. In this section | begin my exploraof coil,

coil quality and that mysterious dimensionlessdac®... This
page thus is a bit preliminary as | have not yejubeany
measurements to determine the Q of my coils. Pleeaewith
me.

My purpose here is to present some facts and datahas
resulted from my explorations of the web. | haveenf
wondered at what the quality factor of my coils wbobe and
as often realized that | really do not have anyeeigtions as
to what is possible. Now, having dome some resedrchn

with some confidance say that this is solved. Cadlsused in
crystal radio broadcast band reception typicallyplem coils

with Q factors ranging from 100+ (pretty lousy)dbgh the
several 100's (decent) and on up to 1000 or marehiose
remarkable Big-Litz wonders ($$$). Knowing the eogeel (or
actual) Q of your coil is important in so far adnitpacts the
choice of diode to be used in the set. On my pdgeiade

Calibration | present a summary graphic which iatés how
the diode Rd value relates to the tank parallelstasce Rp.
This Rp in turn is a function of the coil Q. Schaa# So here
we are.

In your set construction, with a good effort andodo

engineering practice one can easily expect to \airslenoid
coil in the Q = 200 range without much trouble, reweith a

19



cardboard form, sealed, of course. With variousetdpcoils,

spiderweb, basket weave, diamond weave, etc. yyuexpect
to double that.. possibly. The advantage in opéls derives
from first the separation between adjacent wirenguwhich
reduces self-capacitance in the coil, and secofidiyn the

obvious lack of a form. All materials used in thel evill have

some amount of dielectric losses associated wémtand the
less material used the better. Air core coils ast bin this
respect. | am not here to speak about ferrite @il have no
experience with them. Frankly, they seem (to méjtdike

cheating.

The following graph presents data that | have seduff the
web. My primary sources include Hund and Groot, 5¥92

Wes Hayward, Dave Schmarder, Ken Khun, Mike Tuggle,

Steve Ratzlaff, and Dick Kleijer. 10,000 thanks floose who
post their data on the web! The following plot givihe Q
value as a function of coil Rs (series resistahtstriving for
a high Q coll, in effect one is eliminating lossesl lowering
the series resistance as much as possible. Themarésto it of
course. The Q formula Qu = 2pifL / Rs tells us tQais also a
function of the coil inductance L and the frequericyf the
measurement. All measurements chosen for plottiagrade
around 1 Mhz and most of the coils are in the L0O8 2 350
uH range. So, despite the formula, in this plotabi¢ Rp is the
main driver. From the plot it should be appareat thinding a
coil with Q = 200 or better should be a no-brairyour coil
Q is less, you just aren't trying. At the high e@ls > 1000
seem to be pretty extreme and these coils are sixgerYou
better be using big Litz 660/46 and use a baskeigde
(although the two best coils on the plot were suitds).

20
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Practical Wireless, September 1972 cover.
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CoilQvs Rp

5000

o Saeniaqu

Data for 1000Ke
Q=Rp/ 2pifL
500

Loaded Qofthe tank
E +Antenna (presented
e to the diode) may be
25t 5 times lower
than the unloaded Q

10 100 1000 10000
Rp kohm

On the plot | also post in orange circles my estémaf what
the loaded Q presented to the diode (Antenna + )Tamdht
look like. Loaded Q will always be lower than thelaaded Q
by several times. | have estimated that high-ensl &eg litz,
silver-plated ceramic insulated caps, best wirirrgcfices)
may lower the Q by about 2 1/2 times (B Tongue's
performance set has Q = 700). At the low end (gata
components, small solid wire coils, taps) the lo@y lower Q

by up to 5 times. Ken Khun in his excellent web lbestates
that typical sets at 1Mhz have a loaded Q betw@eand 100,

50 typical and this is where most of the data fdliscaled the
divisor by Qu to produce the above plot but not&t this is
merely an estimate. Somewhere some bloke has nbt dou
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tuned a big litz coil with cheapo capacitors. Hagvam idea of

your set's QI will allow a better selection of theoper diode BBC Commemorative
for matching.

Calculated Qu versus Frequency

Model Qus Frequency
forL=230uH
Coil R=0.4t0 1.7 Mohms

Crystal

Qu=Rp/ 2pit

R = =
® *g

>

= L1
40t 24?awg on spiderweb forms

. . Circuit Diagram of same.
The above plot is from a series of measurementsvorof my

coils kindly made for me by Steve Ratzlaff, AA7UheTblue
diamonds are the measurements on a 660/46 Litzbaskast
and the yellow diamonds are measurements on a modes
18awg tapped solenoid wound of a cardboard forne ddta
from the low Q coil form a lovely continuum acrase BCB
band while the litz coil data above 1MHz or so seenbe
declining and erratic. Steve measured the coil eatgmany
times and found good consistant results. The meawnts are
excellent but | must say, | am a bit suspicioug tha high-Q
coil may be at the limit of the HP Q-meter caliiwat or
perhaps 660/46 litz Q tops out at 0.7-0.8 MHz arakles
above that. (I have not yet found time to persis.tfrhe plot
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plans? Or, was this a kit? As | cannot locate anacopy of
the Sept 72 journal, | still can only speculatéolhope it is a
true homebuilt.

The following photos show the set and the reference
mentionned above.

Portrait of the beauty..
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also includes Q vs f curves at constant Rp valiteis. clear
that, while tuning across the BCB spectrum, theoRfhe coil
changes continuously.

Calculated Rp versus Frequency

ModelRp vsFrequency o
-
.
e
Rp=2pificn «* .
o .
*
«
P
£ .
i »
2 *
on
* -

Calculating the coil Rp from the data (Q:C:f), |vba
reproduced the above graph of the coil Rp vs freqyelt is

evident that the trend follows a perfectly straidjhe for the

low-Q coil. | would expect a similar straight-limelation for

the litz coil but again things look strange. My irepsion here
is that of a much steeper Rp vs f relation wheeecdiibration
on the Q-meter breaks down near 1IMHz (Rp ~1.5 MCduma)
the data wanders until a second linear trend (aitbut the
same slope) is re-established between 1.4 to 1.7MHz

Now time for a few calculations, just how good @awoil Q
get?
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The following calculation is made to determine tA€
resistance of the Litz wire used in a coil:

From different Litz wire manufacturing sites onencéind
tables and data allowing the calculation of theistasce of
your favorite litz wire.

The formula for the D.C. resistance of any Litz stoaction is:
Rdc = Rs (1.0515)"Nb * (1.025)"Nc / Ns

Where:

Rdc = Resistance in Ohms/1000 ft.

Rs = Maximum D.C. resistance of the individual stig (4544
for 46awg wire)

Nb = Number of Bunching operations (assume = 2)

Nc = Number of Cabling operations (assume = 1)

Ns = Number of individual strands (assume = 660)

Rdc = 4544 (1.015)"2 (1.025)*1 / 660 = 7.27 ohrh800 ft.

The ratio of AC resistance to DC resistance of ity
construction is:

Rac/Rdc = S + K (N Di/ Do)"2 * G

Where:

S = Resistance ratio of individual strands whenlaisaol
(1.0003 for 46awg wire)

G = Eddy Current basis factor = (Di * sqrt(f) / 40)"4

F = Operating Frequency in HZ (assume 1MHz)

N = Number of strands in the cable = 660

Di = Diameter of the individual strands over thepper in
inches = 0.0016

24

BBC 1922 - 1972 Commerative
http://www.lessmiths.com/~kjsmith/crystal/bbc.shtml

A bit of a mystery this
one, | found this radio on
ebay and it was just SO
pretty that | had to have it.
The circuit is a simple
variometer of pancake-coil
design. Being a variometer
has its drawbacks such as
limited sensitivity and
gawd-awful selectivity. If this piece wasn't so mid cute |
would let it adorn the shelf indefinately. The dees have one
mysterious element for me. Who made it? When? Some
research on the web resulted in two interestingodisries and

an added mystery. On Darryl boyd's excellent weblsiound

in the plans section a mention of this very segre very near

to it taken from the March 1995 issue fo PopulagcEbnics.
The reference was to the September 1972 Britishngu
Popular Wireless, the text | have shamelessly dopied
placed below, the critical text highlighted in red.
subsequently found an image of the cover of the Praeless
issue with the set nicely featured. So, | havessume this set

is homemade at or soon after the publication ofptla@s in
that issue. | assume the set was made in USA, dnrat be
sure at all.

The new mystery? well, if you look closely at tlaglio | have,
the drawing in the Pop Electronics article andpgheto of the
radio on the Prac Wireless cover, you will seeuelly the
EXACT SAME set right down to the hardware and ptaeat.
Only a few minor differences. My mystery then issthvas
this an extremely faithful homebuilt version fronetdiled
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? uH
Bundle wound

American Radio Stores

Crystal

kis10

Circuit schematic for the set.

Portrait, set and box.
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Do = Diameter of the finished cable over the stsaimdinches
=0.056
K = Constant depending on the number of strands = 2

Rac/Rdc = 1.0003 +2(660*0.0016 / 0.056)"2 * (0.00.060 /
10.44)7 = 1.393

Therefore the AC Resistance of 660/46 litz wire
approximately:

The A.C. resistance is: 1.39 * 7.27 = 10.13 ohn30fi0

A 5inch diameter basket weave coil made from 660/#6
wire having an inductance of 230 uH will typicaltgquire
some 40 turns or about 53ft of wire. At 10.13 OHhi/that
comes to an AC wire resistance of 0.53 ohms for dbit
alone. Were all the losses represented by ser@starce of
the wire, the coil would have, at 1 MHz an unloaed 2700!
Naturally, wire resistance is not the only sourédoss in the
tank. There is a capacitor, metallic objects intrgdinto the
magnetic field of the coil, diaelectric losses, yddrrent and
other losses. Its no wonder that the best coitst@sout above
Q =1000 or so.

This is where | leave things. Time to get measurBelow |
provide my input data, have at it!

Kevin Smith

*Note that in 1925 the importance of coil Rs waslenstood,
but the factor Q was apparently not used. | hakertgquite
painfully) the L and Rs data from their plots ardcalated the
resulting Q. | recommend to those interested tordoad the
pdf of their paper.
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Radio-Frequency Resistance and Inductance

Qu = 2pifL/ Rs

Coil Type

solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid
solenoid

Basket weave
Spider
Basket weave
Spider
spider

26

Wire

660/46
660/46
175/46
12

14

16

18
50/46
32/38
20

16

28

22

660/46
660/46

660/46
660/46
660/46

1Mhz

Rs

awg
0.90
0.91
2.88
2.98
3.28
3.52
4.01
4.89
6.20
4.66
7.60
8.80
5.78
8.10
10.10
10.30
10.84
6.72
9.60
9.70
8.03

1.03
1.38

1.08
0.90

L
ohm
200
200
265
230
230
230
230
275
327
230
319
360
230
319
360
360
378
230
327
319
230
327

186
241

186
150

Inside | expected to find a typical tapped selendie box is
certainly large enough for one. What | found sigatisand
rather shocked me. It still does! The coil is berdbund, a
mass of 26-30 dcc wire about 2.25 inches diamétevas

Q unaware that such a design would work. It is imjesto
uH check how the tap wires are attached, they seejustoget
1400 wound into the coil with no apparent connectiorappears to
1375 be continuous wires from one switch set wound adoand
579 around and then exiting to the second switch seat $ounds
485 like eight independent coils wound together. Anotoeld
440 circuit characteristic is the fact that the tapnpibetween the
410 two tap switches are wired to each other (see plawit
360 schematic). Perhaps connecting in such a mannebinem
353 them into a single longer coil, hard to speculatew this coil
331 works is different from anything | have experiendedrystal
310 radio. Completing the schematic, rectification &lgdace via
264 an ordinary cat's whisker and small potted galenstal,
257 whew! This is certainly an interesting design ift mtherwise
250 efficient or selective. It is a welcome addition noy small
247 menagerie of vintage sets.

224

220

219

215

214

207

180

1134

1000++

1082

1000+

816
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AMERICAN RADIO STORES, INC.

Spider

Basket weave
spider

Spider

Spider

Spider

spider

Loose Basket
Spider

Spider

Spider

Spider

Loose Basket
Basket weave
Loose Basket
Spider
Basket weave
Spider
Honeycomb
Spider
Basket weave
Basket weave
Honeycomb
Honeycomb

ferrite rod
toroid
toroid
toroid
toroid
toroid
ferrite rod
ferrite rod

27

165/46
175/46
660/46
100/45
100/45
100/45
175/46
32/38
40/44
40/44
40/44
32/38
24.00
22.00
28.00
24.00
32/38
28.00
32/38
28.00
24.00
28.00
24.00
28.00

50/46
22

18

22
175/46
50/46
22

22

1.94
2.56

2.41
2.44
1.73
4.94
5.30
4.16
4.16
2.93
7.50
7.60
6.82
8.50
9.50
10.40
10.60
12.00
12.00
13.80
16.40
18.50
27.50

2.58
3.93
3.20

8.20
4.82
5.23

16.94

232
265

238
241
149
373
317
248
225
154
331
317
265
317
327
332
327
355
330
323
323
347
347

250
240
195
449

244
248
80

158

750
650
641
620
620
540
474
376
375
340
330
277
262
244
234
216
201
194
186
173
147
124
118
79

610
384
383
344

318
298
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2Layer Bank
3Layer Bank
2Layer Bank
2Layer Bank
4Layer Bank
3Layer Bank
3Layer Bank
4Layer Bank
4Layer Bank
Double Layer 28

28

32/38
32/38
24
28
32/38
24
28
24
28

9.40

13.00
14.20
16.80
19.50
21.00
24.00
29.00
32.50

327
336
323
323
360
333
333
336
336
355

219
162
143
121
116
100
87
73
65

American Radio Stores, Inc.
http://www.lessmiths.com/~kjsmith/crystal/ars.shtml

An interesting vintage

crystal set recently came
up for bidding on Ebay, an
American Radio Stores,
Inc radio in good working

condition. This set

interested me because,
from the photos provided,

it looked to have a fairly

classic 1920's circuit with tuning accomphshed \i&o

switches to taps on the coil. | presumed that greyunits and
10's taps as outlined on the classic Bureau otiatals Circuar
#121 set. A modest bid brought the radio to my st a
couple weeks later.

Looking at the radio when it arrived showed me thig was,
even for the time, a fairly inexpensive set lighbyilt with
cheap but workable parts. As expected, the rad® faa
sensitivity and abysmal selectivity. (Recall, | bbuit for the
classic design not its DX potential). Somewhat ty m
consternation, the front panel was attached tdotheby four
small brads that could not be removed. No chanageto the
inductor in the interior without compromising thentage
nature of the radio. | agonized over the questiowleether to
tear into the box or preserve the radio. Afterluiating some
30 - 40 nanoseconds | was scheming for the maistezff and
least destructive procedure to access the intekiyr.handy
Dremmel neatly sliced the small brads one by oagitg no
marks on the box or panel.
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An Analytical Approach to the measurement of coil Q
http://www.lessmiths.com/~kjsmith/crystal/coilgmtsth
Kevin Smith

Background:

Measuring the values of your radio components is an
interesting and fun part of the Crystal Radio Hahbgt only
does it help you design better radios, but helparterstand
the physics behind the wires and plates. The redgiip one of

the principal components is generally that partmebby hand.

All other components, diode, variable capacitor aseally
bought ready-made. The colil sits at the heart @f#t and yet

it remains devilishly difficult to measure and cheterize.
Even cheapo inductance meters, (I mean, my cheaperyuo

not properly measure the coil inductance at radégfency.
Coil quality, well that is a whole other matter. &lity, or the
Q-factor as it is often called is a bench-intensiged
measurement-intensive  proposition that even the t mos
dedicated radio fan may shy away from.

If you wish to know your coil Q-factor you have tbkoice of
tracking down and paying a lot of money for an &ig or
Boonton Q-Meter, or setting up a test bench andimgathe
required measurements yourself. A number of techasicfor
measuring the Q of a coil have been published andllent
summaries can be found in "Q Factor Measurements-Gn
Circuits” by Jacques Audet, and "Experiments withl<and
Q-Measurement” a web page by Wes Hayward.

All the techniques discussed involve variously isgttup a

parallel or series tank containing the coil to sted and an
accompanying capacitor to tune it to the neededsoreanent
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frequency. The tank is generally energized with igna
generator and measured with an oscilloscope oritsens
digital voltmeter. Other components often may idelu
attenuators, SWR analyzers, Spectrum analyzersSetrces
of error enter with coupling, loading, uncertairag to the
actual internal resistance of the source generatatthe need
for several independent measurements which are then
multiplied or divided together, adding additionalce. All this
works very well for the engineer with good benclagpice,
good equipment ($$), and the patience to perform th
measurements several times to check repeatabAlitythese
things plus the required anality coefficient therent author
lacks.

In this paper | propose an alternative approach tdiees an
analytical look at the oscillating tank waveform dan
determines the coil Q from that. This techniquepeiises with
a majority of the equipment involved with traditadrmethods
but does require a digital oscilloscope. In recgears the
affordability of these scopes has greatly increatfegbu have
a digital scope, or access to one, or were loofdn@n excuse
to purchase one, then read on, this technique mdyrbyou.

Some Theory:

The inspiration for this technique is certainly maw. | first
found the following simple circuit, (Figure 1) omage 22 of
Bucher's 1919 "Wireless Experimenter's Manual". iHgva
good deal of experience capturing and evaluatingpeal
radio oscillations for a Spark Gap transmittermhiediately
saw the utility of the circuit for a simple Q deténation based
on the damping decrement of the tank.

30

A peek, such as it is, at the set condensers anmdteaing
assembly.
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The spiderweb coil with vintage cloth-covered wijregps and
wireing.
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Fia. 8. Bimple oscillation eircuit illustrating the production of radio frequency currents.

Figure 1. Simple oscillation circuit, Bucher 1919.

As a professional Geologist, | must admit that motth
involving more than ten fingers and ten toes (fdvamced
computations) is not my specialty. As such | widep this
aspect to an absolute minimum. Still, a bit of higemay be
useful to explain damping and logarithmic decremeRE
oscillations in a tank circuit are damped due tssés
(primarily resistive) associated with that circihe amount of
damping thus is related to the quality, or Q of tidnek. In old
texts the damping is generally determined by méagithe
"Logarithmic Decrement” or the amplitude of suceess
oscillation peaks and taking the log of the ratio.

d = In(AL/A2) ()

A more generalized version of this formula takintpiaccount
measurements over many periods can be expressed as:

d = 1/n In(Ao/An) 2

Where n is the number of periods analyzed, Ao s th
amplitude of the first peak and An is the amplitad¢he peak
n periods away. This equation allows a very simple
determination of the log decrement with high accyra
Because damping is due to resistive losses initbeitc it can
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be related to the circuit components as followsuctigr,
1919):

d = pi (R / 2pifL) 3)

The angular frequency is often expressed as w= Kpithis
can be substituted into equation (3) above to sfynas

d=piR/wL 4)

We turn now to looking at Q and its relation to ttiecuit
components. The general expression for Q is:

Q=2pifL/R 5)
Simplifying to
Q=wL/R ©®

With the term w L in both expressions, we can sdivev L in
each and set them equal to each other:

QR =piR/d so:
Q=pi/d 7

Dreadful, wasn't it? The inspiration here is thathwa simple
determination of the logarithmic decrement, degvithe
circuit Q is a trivial exercise even a geologish caanage. No
signal generators, no attenuators, no multiple oreasents.
All this should serve to reduce sources of errad give a
faster and easier way to determine the qualityhaf tmost
central component of your crystal radio, the coil.
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Steinite Labs

Crystal

L
45t 22dcc on spiderweb form

? pF  book-style
condenser

Circuit as best | can make out
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Portrait of the Steinite set
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Setup:

The following schematic shows the setup, (Figurel)this
configuration, | have used a simple 9V batterytimslate the
coil and have the scope connected to the tank viaupling
coil. An earlier configuration with a power supplysulted in
too much noise and ripple to obtain a good readiihg. tank is
coupled lightly to the scope with a coupling c@ihis coupling
coil is simply two turns of hookup wire about 4 fes in
diameter placed an inch or two from the coil totégted and |
have found no reason to space it further. Betwkercoupling
coil and oscilloscope | utilize the 1:100 probéhatigh testing
with my 1:10 probe showed little impact. In thisywéhe coil
under test is clean and well isolated from the muesament
circuit.

Coil Q Test
Coil
Key Under Test
1:100 Probe

Digital Scope

Coupling
coil

kjs 2013

Figure 2. Schematic of test circuit.

For the tank | have used a small CT1C150 militgrgcscap
("APC"-type) with a capacitance range from aboutt@d60
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pF. These are silver or nickel plated (dependinghensource
of information) and ceramic (steatite) insulated ashould
have a high Q with little impact on the test. Aadethis is the
general assumption used in most Q-measurementeartic
have run across. In actual fact the capacitor Qotsinfinite

and not even that high so resistive losses assaciaith the
capacitor can be expected to lower the measuré€dn@.needs
to keep this in mind and know that this measurenigenn the
resonator, not on the coil itself. More on thisitom a later
section. The APC capacitance range is limited hbidficgent

for my intended test frequencies of 1.0 to 1.1 MHfEs is a
test, not a radio.

Keying, or pulsing the circuit is somewhat trickp. order to
obtain a clean wave trace the pulse contact neebs fast and
sharp. Contact "bounce" and arcing, especially adior
frequency are difficult to avoid and pulsing thecait several
times may be needed prior to finding a clean tradeitially
used a transmitter key but found the contactor tt&® be
messy with visible arcing. The best method | hawentl for
pulsing the circuit is to connect a pointed prob®ne side of
the circuit and tap it sharply but lightly agaitise hot side of
the battery. After a few tries one gets a "feel" tloe contact.
Pulse the circuit and get a wave, things are thiple.

Procedure:

Hang the coil under test on a stand where it iaroté other
components or metal objects. Connect the coil astpe
schematic. Connect the probe and scope to the ingugbil
leads and set the scope for a good scale, (Figuieg@nerally
use 5uS / division horizontal scale which gives 4feto 50
oscillations at about 1 MHz. For higher Q coils &yrgo to
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A Vintage Steinite
http://www.lessmiths.com/~kjsmith/crystal/steinitietm|

Steinite standard from the
mid-1920's. This set has
lost its decal but not its
classic look. It has a good
condition enclosed crystal
detector which works very
well, binding and phone
posts and labels in the
typical Steinite lettering.

Six taps on the interior spider-web coil and a naca brass
plate "book-style" condenser complete the tuningh&f unit.

Inside all the components are original with origisaldering.

It is unfortunate that the condenser is not workisgexpected.
Peering in between the coil tap wires | can seet\@ppears to
be 3 or 5 brass plates separated by mica dielecffiee tuning
dial on top turns a shaft with a small cam thaeratately
compresses the plates together and lets them spparg. | can
see only the outside plate returning to its opesitipm when
the cam is open, the others remain compressecdesaathation
in capacitance is minimal. Well, | can enjoy oregien. In fact
the tuning is very broad so when "running" the oadks two
or more stations competing for my attention. Wigdl, lovely

just the same.

The following photos show the set and its interior.
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10uS / division for a longer recording. Set thepscorigger
appropriately to capture the data.

Figure 3. Photo of the test setup.

Tap, or "key" the battery to pulse the tank andiesvthe
waveform on the screen. Setting the scope on iessarement
mode allows reading the wave frequency with eaclsepu
Adjust the capacitance after each pulse to briegtahk to the
desired frequency, near 1 MHz in my case. Oncheatlesired
frequency you are collecting data. When you geb@dgclean
oscillation free of contact hash and noise, seeddtta to the
computer for analysis. For my scope set at 5uStdieturns
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5000 data points to the computer. At 1 MHz thatbsut 100
data points per cycle, more than enough sampliraytid any
question of aliasing.

The decrement measurement is based on measuringegaks.
The data is in digital format so one should elirgna
“estimation error" by actually reading the valuef olfie
spreadsheet, noting both time (in uS) and amplitigidore
taking readings, care must be taken to center seélations
around zero. Amplitude measurements assume that
waveform is symmetrical around zero yet the scopg or,
more likely, may not be set perfectly for this. the
spreadsheet the solution is simply to take theameeof all the
readings and subtract that from each.

Type the values for “to” (initial peak time), “tr(final peak
time), Ao (initial peak amplitude) and An (final gle
amplifude), and the number of periods analyzed “n”.

T=tn-toinuS (8)
f= 1T in MHz (9
d = 1/n In(Ao/An) (10)
Q=pil/d ]

Next, disconnect the battery and coil and measarefigly the
capacitance, C, that was used in the test. With ybu can
calculate the actual coil inductance from the fieemry and
capacitance. Why buy an expensive L meter?

L (uH) = 1E6 * ((1/ 2pif)*2 ) / C (pF) (12)
Example One:
36
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CHAPTER IV

Radios | have acquired
(read: paid waay too much for,
with no regrets)
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An example to show off a bit. This test was madih wiclose-
wound tapped solenoid on a 3" cardboard form. Taghjc in
Figure 4 shows some initial contact hash followgdaovely
damped oscillation. Measurements on this coil shibaeest
frequency of 1.055 MHz, L of 215 uH and C = 106 QFwas
calculated at 167. A decent coil but not great.

Close wound tapped solenoid on 3"cardboard form

15— To,Ae

,: 111 TTTTTTY TS A

T

0 B 10 5 0 s 00 s s e 50
us

Figure 4. Oscillogram of a coil under test.

n=45
T =(tn-to) / n = (47.24 - 4.59)/45 = 0.948 uS
f= 1/T = 1/0.948 = 1.055 MHz

Ao = =112 mV

An = =4.80

d = 1/n In(Ao/An) = 1/45exp(11.2/4.80) = 0.01883
Q=pi/d=3.142/0.01883 =167
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To test the validity of this technique we needtanire theory,
just to be certain this is working. With the dataspreadsheet
form, it becomes possible to model the coil frotheoretical
standpoint. The model can then be plotted with @mpared
to the acquired data to test for correlation. Viasiveb pages,
especially university-sponsored lab exercises pwd good
source for practical techniqgues and their theaaktic
underpinnings. Some good sources | utilized include
"Damped oscillations in RLC circuits" by Barbarailrdzia at
AGH University of Science and Technology in CracdRi-C
Circuits” a lab note from Rice University, and "@istions
and Resonances in LRC Circuits" from Durham Unitgris
the UK. And very many others.
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From the above we find the general equation for i
electrical oscillations as:

qc = qo * en(-a*t) * cos(2pif * t + phi) (13)

Where

qc is the charge in volts

qo is the initial charge

a is the damping factor (=Rs/2L (series) and = pRR
(parallel)

R is the coil resistance in ohms

L is the coil inductance in uH

tis the time in uS

fis the frequency in MHz

and phi is the phase angle

The phase angle and qo charge are initial conditiand
adjustments should be minor to fit the calculatsdilation to
actual. L, the inductance comes from the calcutatie made
with equation (12), and frequency comes from equa(®).
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It even looks nice from behind, vintage binding tsps
naturally..

WS K

Schematic of the kit, (AnyKits.com) A005. The kis i
configured with a maximum gain between 45 and 66,High
for headphones but too low really for listening lwithe
speaker easily. You will note the location of Ri geries with
a 10uF capacitor) between pins 1 and 8 on the LME8®u
short the resistor leaving only the capacitor, ttlengain will
increase to the maximum of 200. If you do such ajept, |
recommend you download the LM386 datasheet fronfoNakt
Instruments.
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This leaves the resistance of the coil (R) as thengry

variable. Model the above equation in the spreastsiny

adjusting R until the model results match the mesbu
oscillation from the coil. From the above example see
Figure 5 with the modeled damped wave overlaid lentest
oscillation.

Close wound tapped solenoid on 3"cardboard form

v

= measurement

e model

o s 0 s 20 2 0 s a0 as s0
us

Figure 5. Oscillogram with modeled damped waveaasp.
Here the background data from the test is in gred a
overlaying it is the dashed model in black. Theiditnearly
perfect using a resistance of 0.22 Mohms. Relatasistivity
to Q we have the following equation (5):

Q =Rp/ 2pifL

Substituting f = 1.055 MHz, C = 106 pF, and R =307.2
Mohms the result is Q = 167, exactly the same ahb thie
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decrement method. An exact match will not alwaystte
case, but they ought to be fairly close. The mdtetween
theory and the decrement method gives confidenae ttiis
analytical technique is as robust as it is simple.

qc = qo * e™(-t/2RpC) * cos(2pif * t + phi)
qc = 12.2 exp(-t/2*Rp*106)*cos(6.283*1.055* + 1)

Where t = 0to 50 uS
R =0.237 Mohm in this case for best match.

Q = Rp/ 2pifL = 237000 / 6.283 * 1.055 * 215 = 167
Example Two:

To be sure the technique works | have also asséissegliality
of a 5inch diameter basket weave coil wound fror®/46 litz

wire. Such coils are rightly considered "perfornmuoils” for
their low skin-effect and low resistivity.

40
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| was initially worried that the audio input imped& may
cause me trouble. | read so much about this, imp=da
matching, transformers, etc etc, almost a fetigtiyrel have
subsequently learned that the LM386 input impedamedout
800 Megohms, the 10k pot being the limiting fact®o, with
considerable relief, | concluded this ought notspre any
problems with the crystal radio circuits. | findetmmplifier
works very nicely with my radios. The sound is asdjas the
Radio Shack unit.

The amplifier certainly adds to the vintage "loa{"'my setup.
Well, you be the judge, | hope | come close, pledssk out
the photos...

From the front, wooden base, full display of compus, big
adequate volume control..
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crystal radios one builds with passion, creatingnething
more than a mere radio, but a work of art, a pedarniture.
Still, the technology itself is primitive dating dkato the dawn
of radio. When | look at the mini amplifier, it lks like a toy
yet inside there is the most wonderful technolcgplid state
integrated circuitry. We take this advanced tecbggland
slap it inside a cheap plastic box, an appliancatutdlly, |
don't complain about the price, but for my projeetish for
something above.

The solution struck me as obvious, give the same aad
respect for the amplifier as | do the radio. | afmught to
maintain a "vintage" visual aspect for the unitedstboard
layout, antiqgue binding posts and a large adequateme
control knob, (the pitiful volume control wheel ary RS mini
has already come apart once and threatens to lateaky
time). | wanted a nice lacquered base and sturayaksy
enclosure. The enclosure was the main challeng@ally

ended up with a heavy plactic goblet from a lotwiftt shop
cut down to a tapered cylinder into which the spealan be
placed tightly. The rest of the set is modular witlig-in

connections for the audio in, power, speaker, aatime
control potentiometer. A question, do | add a brkede

switch for the on-off? | worry | am out of room oime base.
Still pondering this.
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5" Basket Litz 660/46

25— ‘ ‘ ‘

T
HHH

[ I measad

e model

Figure 6. Second oscillogram with modeled dampedewa
response.

The coil tested values as follows:

n =45

T =(tn-to) / n=(47.82 - 4.70)/45 = 0.958 uS
f=1/T = 1/0.958 = 1.044 MHz

Ao = =18.05 mV
An = =13.65

d = 1/n In(Ao/An) = 1/45exp(18.05/13.65) = 0.00621
Q=pi/d=3.142/0.00621 = 506

And:
qc = qo * e™(-t/2RpC) * cos(2pif * t + phi)
C =123 pF
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qc = 18.55 exp(-t / 2*Rp*123)*cos(6.283*1.044* ¥ 1

Where t = 0 to 50 uS
R =0.627 Mohm in this case for best match.

Q = Rp/ 2pifL = 627000 / 6.283 * 1.044 * 189 = 506

The results above for a big litz coil clearly derswate its
superiority to @ more common tapped solenoid. Bbed data
though has let me to expect a big litz coil Q tdrbthe 1000+
range. | have run this test backwards and forwarhiscking
all possible causes for this unexpected low Q wikh
difference in the final value. In fact | am quiregressed with
the repeatability of the technique and the corredpace
between the results from the decrement and thosm fr
modeling the wave form.

To be certain | even tested the coil using the-8ttB method.
As stated previously, | am uncomfortable using gnai
generator in addition to the scope, and | haveadirdound
trouble connecting the 1:100 scope probe directlthe tank,

as is necessary in this method. With that saidrebalts yield

a bandwidth of 2.3kHz about a nominal frequency of
1018.8kHz for a tank Q = 450. | suspect the metfwith the
problems noted) lowballs somewhat the final resirt.any
case, this confirms the test to have a moderatadonathing
like the expected values one reads online.

Notes on Capacitor Q and its impact on the measmem
value.

This is where we begin to think more seriously abthe

capacitor used to resonate the tank. The assumpfioery
high Q needs to be questioned. | stated in theps#iscussion
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A breadboard Audio Amplifier
http://www.lessmiths.com/~kjsmith/crystal/amp.shtml

A little project stemming
from my persistant
difficulty  in hearing.

(Losing one's hearing is
never fun to admit, but
combined  with  crystal
radio, well, its trouble!) |

hope | do not offend any
"purists" with this project.
Still, 1 understand that many crystal radio owrlezsp a small
amplifier too, for "those times" when, well, youdw.. So, this
amplifier project, its for, well, those times.. flispect Radio
Shack would have discontinued their nifty Mini Arfigr

years ago had it not been for the crystal radioroanity.)

My idea was to build my own unit rather than usstare-
bought amplifier. Additionally, | wished to put noyvn stamp
on it, make it unique. | started with a kit for thasic layout
and electronics. | wanted to base things on theNB86 chip
which is a good part and hard to break. | foundessv
distributers of what appears to me as the exace $anand so
chose the cheapest $6 dollar kit. NI sells the L8138 34
cents a pop and would even provide a few "samjtesthen |
would be stuck laying things out and wireing.. Bekare,
done that. A printed circuit board is just SO mwasier to
use.

One of my inspirations for this project also stefrmm the
nature of modern electronics in general, and théidcR8hack
mini amplifier in partictular. Using my RS mini,am always
struck by the contrast between electronics new addWith
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Wave Trap

234

my opinion that the capacitor Q ought to be higbugih as to
not influence the coil Q measurement in any sigaift
manner. | said that for three reasons: 1) Just taboary
published article starts with such an assumptiah 2nl had
not done much research on the subject of capaQitand so
had no particular expectations other than assumpticand
finally 3) I had no measurements or specific knalgke of the
Q for the capacitor used in my setup.

Reason 1 is a punt and should be rejected, reasms been
remedied and | give some analysis on the integestibject of
capacitor ESR (Equivelant Series Resistance) oeparate
page so that readers may set their own expectatiasthe
third reason | have received the kind assistanceStefe
Ratzlaff, AA7U who offered to make actual Q measeats
on the coils and APC capacitors with his HP4342/me€xer,
results follow:

Litz basket coil,

550kc 1127Q;

1000kc 1140Q,

1700kc 674Q (194.2 uH on aade.com LC meter)

Solenoid coil,

550kc 205Q,

1000kc 240Q,

1700kc 222Q (218.2 uH on aade.com LC meter)

Using Steve's Litz wound ferrite rod coil (1000k@4ZQ) as
the reference for external caps:

100 pF silver mica (99.2 pF meter):859Q at 106&Raeter
alone and coil 1025Q)
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APC cap with red/black leads (149 pF meter): 937QCakc
(Q meter alone and coil 1060Q)

APC cap with my Litz leads (149 pF meter): 995Q@4kc (Q
meter alone and coil 1060Q)

Steve's measurements above provide important datapeith

which to calibrate my technique. Note first of @it the Litz
coil is not a modest 506Q but a robust 1140Q at 2MFhe
reason for my low measurement was my assumptianhigh-
Q capacitor. Steve's measurements of two of my ABE 995
and 937, hardly very high. There is an obvious nfseda
correction. Wes Hayward in his excellent notes on
measurements provides the key in the form of thieviing

formula:

QI =(Qc * Qres) / (Qc - Qres) (14)

where Ql is the desired coil Q, Qres is the meas@ef the
tank/resonator, and Qc is the tank capacitor Q.

Substituting the values Qres = 532 and Qc = 99%thmtion
simplifies thus:

QI = (937 * 506) / (937 - 506)

Ql'=1100.

The result is distressingly close to Steve's meabsvalue of
1140Q. This shows the possible level of accuracythe
analytical technique used, both reassuringly higd aery
"Litz-like".

Taking the first solenoid and substituting the ealQres =
167 and Qc = 937 the equation simplifies thus:

QI = (937 * 167) / (937 - 167)

Ql=203.
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Wavetrap, a useful gadget
http://www.lessmiths.com/~kjsmith/crystal/wt.shtml

This little gadget is most P&
handy for crunching those
local behemoths that
always seem to be
directing their strongest
signals right in your
direction. My wave trap
is a bit of a combination
of 1) Osterhoudt's QRM
coil, 2) a design | found online on Owen Pool'sedent web
site, and 3) a bit of my own seeing as how | hadesdout not
all of the ingredients needed from both traps. Tibat used
what | found in the junk box.

The trap is formed on a stiff cardboard paper eoith 1 1/4
inch outside diameter. On this | drilled holes ¥oinding the
tank coil, 110 turns of #30 awg enameled wire. BRolole and
Osterhoudt recommend #32, but 30 is what | hadr @hie |
would a coupling coil, 15 turns space wound of #2@g
enameled wire. Tuning of the tank is completed \&it#10 pF
var cap.

Tuning is sharp and deep, it takes a bit of gettisgd to, but
then, schezzam!!!.. problem station gone! I luv it.
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This is slightly low to Steve's measured 240Q. | afthe
opinion that the original tank measurement may Hasen a
bit on the low side. Still, again the results aréhim the
ballpark and the technique works if you have a gowasure
on the Q of the capacitor used in your tank. Alerely,
starting with a known coil Q, the technique will slkeequally
well to determine the Q of an unknown capacitor.

Conclusion:

If you have access to, or own a digital oscillosgopr have
been hankering to purchase one, then the time reagolv.

The analytical method presented above is simplprattice
and robust in theory. | would also say that, by kirg with

your wave forms, you learn to recognize your datd soon
get a good “feel" for what is good and what is ribhe

technique also produces, should you wish, an aulditaeport
of the wave and analysis. It is hard to argue agdhe results
with the waveform sitting there staring right atuyo

Measuring your coil Q should not be difficult.

A copy of the evaluation spreadsheet in xIs forwan be
found here CoilQbyDecrement_kijs.xls
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of the inductance versus rotation angle and a pldtthe
Variometer mounted in its stand, ready for use.
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Inductance vs Angle

y=-0.0003x% +0.0683x%+0.6865x + 163.83

Rotation Angle Degrees
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Perhaps the less-than-optimal condition was a ffabtd | was
in luck to win the coil with an only bid. | had rikusions that
this was a long-shot deal, the chances of the wetier being
functional were poor. My expectations were not dezk
when it arrived sometime later. Nope, it didnt wofkhe
question was, could it be restored, and just haitioé thing
work, how were the connections made anyway? Ingpect
quickly led to three obvious broken connections amd
understanding as to how the connections were ietendl few
dabs of solder later and under the meter | had - fu
functionning variometer! All that was left was tdve the
vintage coil a lovely stand to show it off.

Measurements of the Inductance show a large vamiafiom

163 uH to 1036 uH. This should give good duty &ceically
"lengthen" my woefully short antenna. Shown belsvaiplot
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Crystal Radio Capacitors and ESR
Kevin Smith

In my ongoing effort to understand crystal radiosd ghe
theory that makes them work | have recently turiedetting
my expectations concerning capacitance. The tucapgcitor
is, next the coil itself, the principal componeftlee set. Few
builders fabricate their own tuning caps so | sigepdt is
possible to take them a bit for granted. | havenbeading on
the radio forums some threads concerning radio @ the
subject of the variable cap Q seems to be gettimgem
attention. So, what is the deal?

| set about my study by gathering what | could findthe web
and at the close of this note | include a shoerezice list of
useful pages from which | extracted data the ideasish to
extend special thanks to Ben Tongue who, as uda,
provided the essential measurements and backgrourite
plot below of capacitor Q versus Equivalent SeResistance
(ESR) summarizes my findings. It is a bit busytfeese are a
number of interesting and important ideas represkin the
relationships presented.

Any discussion of component quality needs first to
acknowledge that the fight to increase the compo@efs in
reality a fight to eliminate (not possible) or reduas much as
feasible the resistive losses associated withdbaiponent. It
helps then to look not just at Q, but at how Qteslao the
component ESR. There are two fundamental equatiuats
describe this relation: 1) Q = cotan theta = 1/D. is the
dissipation factor and is an attribute of the diie material
used in the construction of the capacitor. Equa2pESR = D
/ 2pi f C. This equation tells us that capaciussks expected
due to resistance are both angular frequency apdcitance
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dependant. It is important to remember that nbQ& are
created equal. What we want is to keep the ESRato
minimum.

On the plot there are a number of data trends ptege Note
first that both plot axes are logarithmic, it maleslifference
on how one thinks of the data. Additionally, ndtat the plot
is specific (mostly) for data at 1.0 MHz. | makbet
assumption that a cap that is superior at thatéeqy is likely
to be superior across the BCB.

Capacitor Qs ESR
@ ~10MHz ESR=D/2pi1C
Q-cound-1/D

pe=10000 pre 000 e

o0 =
EsRahms

The first things to discuss are the three slantimgs. These
are computed from a table of Dissipation Factotk@VHz by
Dr. Johnson. | have supplied the capacitancescalumilated
the resulting Q and ESR values. When one goesrigokt
capacitor data sheets or summary tables one ily likefind
data computed at 100 KHz and 1.0 MHz (mercifully} that
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Vintage Variometer / Loading Coil
http://www.lessmiths.com/~kjsmith/crystal/lcoil. shit

My receiving station is

pretty typical | expect,

decent ground, so so
antenna and | have been
hankering for some time to
add a loading coil to my
station to better match that
antenna with my radios.
Lack of urgency or just

plain laziness perhaps have kept me from workingthis
project. Part of my hesitancy has been the ideatitifing a
variometer as a loading coil, and these are not teafind.

Variometers are variable induction coils that fimwtby being
connected in series and changing the mutual indoeta
between them. Most variometers though have a velsti
small range of inductances making them of limitadadility
for, well, just about anything in crystal radio. éyhfind a
home mostly these days as a control for regeneraticuch
circuits. Alternatively they make a nice variableuctance
load on your antenna, the purpose | was seekinty, Oreally
wished to find/make something with quite a lot afeato get a
good range of inductances going. It was by someegegf
luck | believe that | noticed some time back onyehaather
beat-up looking variometer on offer. The variomet&rown
below, was a basketball weave design and impoytanhs
wound in at least three layers suggesting a lotdictance.
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the likely capacitor data will be specific to capsthe uF
range, or 10”6 higher that what we need in a cryatho tank.
Be careful not to get enamored with the high Q eslu
occasionally quoted, check the capacitance. Fimptot it
should be apparent that not all Q's are createdlediarger-
value caps have lower ESR and so the Q's are affereably
high. | have plotted a few specific cap measureséom
various sources.

Two measurements should stand out; these are fedity the
larger blue diamonds. These are measurements By Bi
Hebbert and presented by Ben Tongue in section Biof
Article 24. | reproduce his Figure three belowthagrateful
apologies for the liberties | have taken,

By replotting Ben's figure | can calculate the tiela between
Q and frequency
B Tongue 24 (rigs) (table below) and so
compute the estimated
Q at any frequency.
On my main plot |
give Ben's Capacitor
A and B for 1.0 MHz
given the 250 uH
200 inductor. Ben states

by that the plot assumes
20pF stray added. Since the capacitance neededdoate at
1 MHz and 250 uH is 101 pF, | make the assumptisrcéps
were set to 81 pF. This accounts for why the diagiscare set
slightly off the 100 pF line of the plot. Given shiQ
measurements it is easy to compute the ESR for eaph
This is the world of the crystal radio builder. include the
ESR at the BCB endpoints for each cap as wellte gie full
picture.

’ ecpaa
scmoa
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pF f Q

tank cap MHz Cap A Cap B
375 355 520 19000 4750
190 170 730 14000 3230
114 94 943 14400 1610
101 81 1000 13148 1828
60 40 1300 11600 870
35 15 1710 9800 460

for | = 250 uH and 20pF stray in tank
(Q data in italics is computed)

The quest for high Q is indeed a quest for low ESRong as
you work in the capacitance range needed. Oneestirg
piece of advice | have occasionally seen is thatincrease
your tank Q, it is better to use lower-value caifed higher-
value tuning caps. As much of the losses in tiné terive
from losses in the coil this makes excellent senks&ish to
ask the question what about those higher-valuexap® plot
immediately suggests that moving to higher capacéalrives
down the ESR, this is a good thing. It may or nmat
improve the cap Q but | am not sure it matterscag las
resistive losses are minimized. To better set xpeetations |
have again turned to Ben's Cap B data.

The small plot below takes data presented in higiri 5.
Data presented include Q at various capacitances
frequencies. | cross-plotted his data for pF andoQthe
appropriate frequencies using both 250 uH and 180
inductances. Reading the actual Q off the tinyt plas an
estimate at best, but it is interesting. This wa#loone to
estimate his cap Q at any capacitance setting. talile below
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provides the
B Tongue 24 (from ig.5) estimated Q, and
calculated D, and
ESR for the
capacitances ~ from
Fig 5 (with 20pF
stray added). The
- ; values of Q do not
o N E———| improve by moving
" to higher
capacitances but the
ESR of the cap is slightly (at low tuning freq) amcll
improved (at the high tuning freq). This is theabo It is
worthy to note that the tuning frequencies do e Lp with
the original data from Ben's Fig 3 as seen on minmit.
While Ben specifically noted that his figure 3 indéd 20pF
strays, in his figure 5 he speaks in absolute degraes. | did
my best to correct for this but there remains sameiguity in
the presentation. The point remains though; motangigher
capacitances in the tank will lower the tank loshes to ESR.

oF

250 inductor (w/20pF stray)

tank pF KHz D Q ESR ohm
385 513 0.0002083 4800 0.177
220 679 0.0003448 2900 0.404
134 870 0.0005714 1750 0.917
101 1000 0.0007638 1309 1.502
34 1726 0.0034973 286 23.046

180 inductor (w/20pF stray)

tank pF KHz D Q ESR ohm
385 605 0.0002381 4200 0.172
220 800 0.0003571 2800 0.355
51



134 1025 0.0006250 1600 0.852
48 1712 0.0019341 517 6.425

On the main plot then | have included for Ben's @@
second Q vs. ESR curve to illustrate the estimatmefit of
using a higher tuning capacitance range. The nevecslides
mostly to lower ESR (especially at the high endhef tuning
range) and also to slightly lower Q. The improvetsemade
appear modest from the modeled data and, for tke ofa
high-Q capacitor the possible improvements may laghts
indeed. It is comforting to know that at leastréhehould be
no negative impact. Lower ESR certainly improveskt
overall efficiency. This is a win-win situation wieethe set
designer wins twice!

In seeking the "Holy Grail" tank capacitor | wowdd to the
list of valuable features. We have ceramic statgpports,
silver plating on the vanes, and good wiper costastfeatures
desired. | would add to this an extended tuninggeaif the

capacitor is truly to be considered "Holy". Withstandard
230 uH coil the tuning for the BCB ranges from 4380 pF

or so. With a 180 uH coil the capacitance neededes from
50 to 490 pF, (stray capacitance not accounted for)

Two questions immediately come to mind with thialgsis:
1) To how low a coil inductance can you go?
2) If you find a few of these super-caps can you
send me one?

kjs 6/2013 (in France)
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Resonance at 1100khz

| b
S

60 700 500 %0 1000 1100 1200 1300 1400 1500 1600
Freauency Khz

A look at the resonance curves above (includingoaer-
coupled 2-inch spacing case) is very interestirigclude this
as a nice demonstration of resonance at variouditimms of
coupling. The 2-inch coupling case clearly demaites the
problem of over-coupling in a radio. Two resonameEaks
show up and tuning brings in different stationstre same
time. Total power is still very high, just not uskfThe 8-inch
case is pretty close to critical with good powed d@he two-
peak problem eliminated. Bandwith is still prettgthat 22khz
(the curves are made with the 4 parallel HP's)alinvhen
separated to 14 inches the power loss is not tab dral
bandwidth has narrowed to 10 giving a loaded Q ®f as
mentionned above.

It ain't Litz, but PD Close!
kjs 11/2012
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tuggle tuner on this set is in the 50-80 ohm ragiying an
excellent match and maximum power transfer to ainé.t

At the back end things get more complicated, a elidsl
present! For my testing | have included a step etmhine,
under test conditions of course, the optimum loasistance
for maximum power transfer to the phones. Maximuswer

output means that the load resistance matches tkguto
resistance of the tank/diode combination. The jaidactors
which influence this include the frequency and taml Q

(which don't change from test to test), the diodd &d
characteristic, and the signal voltage being riectif

Signal level and diode characteristic are inteatesl and
together determine the resistance of rectificatimnvery low
signal voltages rectification takes place on thguése-law"
portion of the diode with large swings in resisemdgth signal
sine wave. Larger signal levels rectify higher ohe t
characteristic curve (peak-detection region) witinsequant
lower resistances and less variation. The Rl showmy table
thus is specific for my test. My radio signal istire 6-8 mV
region placing it in the peak-detection portiorH#5082-2835
diode and possibly borderline square-law / pealedlien on
the FO-215. This explains why the optimum Rl is éowhat of
the HP but pretty close to the FO-215. It may &islp explain
why the FO bottomed out on the 14-inch separatiwere was
just no longer much signal for it to work with.
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Pin = Power into the set in microwatts

Pout = Power out the back end (into the phones) als
microwatts

Eff = Set efficiency or Sensitivity and is the mabn Pout to
Pin * 100

BW = -3dB Bandwidth of the set at 1100khz (f res)

QL = Loaded Q of the set = fres / BW

Rx = Input resistance of the set in ohms

RI = Load resistance on the tank in kohms

Rd = Junction resistance of the diode in the set

The power numbers are fairly straight forward aegresent
the power calculated across the dummy antennataesisd
load resitor. Input to the set is from a signal egator with a
200mVpp signal output. Losses due to the dummy were
accounted for and the input power is that presetuetie set
itself. Looking at the Efficiency and QL numberseosees
nicely the tradoff between sensitivity and selagtivThe
larger the spacing between the sets, the higheQthéut at a
sacrifice of sensitivity. While the numbers lookviothey are
still good for crystal sets and the 107 QL is aeslgive
number. By comparison, | have looked at a High-dtetance
built by Dave Schmarder (see my Radio Test pag#) hig
Litz and super capicitors and this set max's oatired QL =
120-125. | would opine that any QL above 100 is
"Performance Quality".

Note for a bit the Rx numbers. Impedance matchiog f
maximum power transfer starts at the antenna amenaa
tuner. The dummy antenna used for the measurementes
a fairly typical longwire with an output impedanetween 25
and 50 ohms. Of the many radios | have measurest have
set input resistances between 100 and 250 or se.ofhe
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Performance summary:

Measured Qloaded 0.2Vin at 1100 KHz

Radio Pin  Pout Eff BW al Rx RI Rd

uw uw % KHz  -30b | ohm  kohm  kohm
Teflons s a5 25 2 50 36 7 575  HP283SKA
Teflon 14 62 20 a6 10 107 56 275 575 P83
Teflon 8215 a6 123 348 19 E a5 130 150 FO215
Teflon14215 7 | 00001 00015 12 51 689 120 150 FO215

As mentionned at the start of the article, thisvea$ designed

as a high-performance rig. Lets take a look antabers and
assess how well | did. On the spreadsheet aboveavé h
indicated the essential measures of the set in four
configurations, two spacing tests (8 inches anthtHes) with

4 parallel HP 5082-2835 diodes and two spacing teith the
holy grail FO-215 diode. First an explanation af thits:
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Diode Modeling Update
Kevin Smith
http://www.lessmiths.com/~kjsmith/crystal/dmodetrsh

The following explains my first attempt to compage
measured diode characteristics with calculatedspiased on
the Shockley Equation.

| have been taking serious look into diode modelamy
measurement recently in an attempt to better utatetshese
solid-state successors to the humble crystal atisl whisker
detector. There is much good information on diotesbe
found in many excellent web sites of course, bugrehis
nothing quite like actually making the measuremeats!
working with them to get a good feel. This pageorepsome
of my protocols and test setups which | have fotmdbe
useful.

Most probably the single best web article for theasurement
of diode Is and n parameters is given by Ben Torigueis
Article 16. In this article he describes an intérescircuit for
the measurement as well as protocols for makingtt@r my
purposes | did not wish to make this a construgpimject and
felt | might get along with good quality meters anay
already-built "Diode Test Jig". Essentially Ben For's
method consists of making two precision measuresnefit
Voltage and Current through a diode at small sideaéls,
essentially about 3 and 6 times Is (sufficiently Iehat the
voltage drop across the series resistance Ro cagnbeed).
The measurements are then substituted into the kiglyoc
equation Is*{exp[(qe/(n*k*T))*(V-I*Rs)]-1} and soled
simultaneously for the two data pairs. Mike Tugdias
provided a nice excel spreadsheet to do the mattis T
spreadsheet, Cal_n_lIs.xls forms the basis of mynigae and
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| am thus indebted to both Ben Tongue and Mike Teidor
making this project feasible.

In addition to simply calculating the main paramets and n,
| also wished to measure enough points to plotaaacheristic
curve, and to compare the measured curve with altelated
directly from the Shockley equation. My first spiebeet then
combined Tongue/Tuggle calculation protocol andaplical
view of the match between measured and theoreticdid
make a few methodology modifications which | thotdgbped
would allow added accuracy:

1) Using the full Shockly equation without simplifg for an

assumed 25dC room temperature. While the 25dC ggmm
is generally good and probably within the measurgneeror

(or perhaps not), including the actual measuredpéeature
eliminates doubts of inaccuracies due to this patam With

the power of PC's and spreadsheets there is norre@splify

the equation.

2) Used Vd = 0.04 and 0.05 V (adequately close &n B
Tongue's recommended 0.039 and 0.055 V) whenever
possible. Note for some diodes with significantlijfedent
forward voltage drops, Si diodes in partictularddhto use
higher values for Vd.

3) Reporting: | decided that, as there is no unispigtion to n
and Is, each is dependant on the valuse Vd andfés| that
reporting both Vd and Id is necessary for repebipbi
Naturally | also include the ambient temperatur¢hia report
as well, and

4) | included a calculation for Ro (or Rg if youeausing
Tongue's reference) as that is the goal of theceseer
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from 4 to 7 or more khz off peak tuning when | remany
hand from the dial. The set is fairly modular arehdily
modified so | am keeping my eyes open for bettadityucaps.
| am afraid | must learn to live with hand capauita. Oh well,
we see about the next set!

Portrait of set, ummmm..
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With high-efficiency coils, very loose coupling Eermitted
with acceptable power levels, thus allowing veryroa

bandwidths to be achieved. This can only be accished

with separate base boards. To further minimizeeldshave
used short direct lengths of large 16 AWG strandepper
hookup wire and importantly, | have insulated ainponents
and electrical connections from the board with neca
standoffs. Finally, for the coils | have utilizedvary lovely

sky-blue teflon-insulated, silver plated wire of NG,

strictly military spec, ($$$). | know, | KNOW.. Thiisn's a
Litz Blitz set and yes, the performance suffergte Ibecause
of this. Still, I have good performance measureteliane | am
certainly on the right path. Note also that wiresath size and
insulation is quite thick and to get the desireduittance
required very large coils of some 4 3/4 inch dia@nefThe

coils dominate the set visually and provide the @am

The tuning capacitors | would allow are most likelye

weakeast link in the chain. | have chosen fairlyegéee though
not bad-quality caps. The antenna tuner has aghraj- cap
with sections 465pF and 375pF respectively, welictmed for
my needs. Note, from my studies of antenna tunétgevhere
on my pages) | have noted that a tuggle tuner duds
necessarily require equal-size sections on thenguoap. In
fact, | would state that tracking is better if tp@und section
max’s out at a lower capacitance that the tankosecthe cap
has aluminum blades and ceramic insulation and decent
capacitor. For the tuning tank | chose a standaf@pB single
gang unit from the Crystal Set Society. These &reiaum

blade caps with phenolic insulation, OK but notestp Both
tank and atu include 3:1 reduction gears to heheagp the
band and allow more careful tuning. | did not allew hand

capacitance which | have noted is indeed a problfmen |

tune the set to resonance with a signal generbaford | am
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A screen shot shown below:

IV Characteristic

To use the sheet one need only adjust the voltafjéo\that
shown in the first column and record the currentlfconly
Vd1/Vd2 and 1d1/Id2 are measured then the next &ejo
adjust the value for "n" until the match betweer tiwo
equations is exact. | even provided a simple reaioulation to
easily test for a match.

While the math is good and results excellent, tkjyifound a
couple deficiencies in my method,

1) measurements require high precision and its lyear
impossible to land EXACTLY at the voltage required.
needed only to get quite close, let the metersigtalfor 2 - 5
minutes, and then record BOTH Vd and Id.

2) the work is rather tedious and, for a large neindf diodes
it pays dividends to measure only the needed Vdidachd let
the plot aside. My second spreadsheet thus dispenitie the
plot. It is with my second spreadsheet that all daya tables
and results are posted.
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3) better comparisons between diodes can be madmeif
targets specific Currents rather than Voltagesgudision on
this below.

A view of my current data reporting spreadsheetsig ALL
input parameters as well as determined values Isf and Rd.
Data input fields in blue: (target Id1 close to LA and Id2
close to 0.5 uA).

Calculated fields in red and black.

Adjustment field "n" in green: (adjust value of ntilithe ratio
of the two calculations = exactly 1).

Can e
Diods n ol RA Tompewe V@2 M2 VATl
vnder test M KOm @ V| uV

P 0522835 ors T 26 | 802 28 0100 0
WTit b 1o 6 | 4wt | a0 267 orovis 04

Cole Cale.Using  Cale. Using
fat Vit and 162 V2 and a1
10000 1EGS 4 A0

toooe  79xE0s | 7anE0s

(Note: the engineers in the crowd will have notidadthe
above report than | am carrying a degree of pratigiot
justified by the level of accuracy in my measuretseiThe
final results of n, Is, and Rd should be roundddmhot more
than three significant figures.)

A copy of my spreadsheet can be downloaded here..

While measuring a good number of diodes, both Geiuma,
Schottky, Silicon, and even a few LED's, | noteat flongue's

recommended measurements at Vd = 0.039 and 0.055 V

resulted in current reports spread out over mogn ttwo
orders of magnitude. As the determination of Is anid not
unique but a function of Id, | felt uneasy by thiethod. While
most Germanium diodes | have measured have a farpw
range of Forward Voltage drops, (Vf), that of Stkygs can
range up to a tenth of a volt. This is the facesponsible for
the huge range of measured Id values, see theviaioplot of
I/V characteristics for some selected diodes:
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My Teflon Warrior
http://www.lessmiths.com/~kjsmith/crystal/teflortsth

With this current radio | am making my entry intbet
"Performance Radio" constructors club. | have ttedollow
all the best practices of high-end crystal set gtesihile
giving the set my own personal breadboard mark. Cemtral
themes guided my design on this set, simplicity sintplicity.
From the circuit diagram below you will note thathéve
chosen, not surprisingly, a simple double-tunedudtirlayout
with a Tuggle front end and a Tank/Detector cirauith no
circuit decorations whatsoever. No taps. No selitgti
enhancement. No Benny. No Decoration. No nada. ihi&s
basic radio wherein | have striven to keep losgeduding
insertion losses, to an absolute minimum. Shouldish to
include selectivity enhancement and/or benny ater ltime,
they will go on an outboard platform along withriséormer
and phone plug. The radio itself is simplicity ieed.

As can be seen in

Teflon the set photos
below, this design
70 215
& @ Rd 150 KOhm follows  standard
Pt practice of placing
_ the open and
. =& pen
closed circuits of
: o the set on separate
B o baseboards. This
a 465 pF Basket weave Coils: (01-u1) is important as it
b 375 pF Silver plated / Teflon insulated
L 18 awg, 475" av Dia allows easy and
= L1 410,375 long, 171 uH ] -
L2 50t 425", 234 uH wide adjustment
kis 2012 [ of the coupling

between the coils.
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I/V Characteristic
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In order to get what | feel is a better comparismiween
diodes, | have decided to target not some pre-uéted
voltage, but rather target currents of Id = 0.5 ar@luA. On
the above plot on the right (with Log Id vs Vd s9ait will be
clear that | am aiming at the same part of the atteristic
curve regardless of Vf. Hopefully this will allowogd
comparison between diodes with rather different &fen as
far as including Silicon and LED's in my mix. Onwair....

Shockley equation Id = Is*{exp[(qe/(n*k*T))*(V-I*R§-1}
where:

n = ideality factor

Is = Saturation current in Amps

Id = Diode Current in Amps

Vd = Diode Voltage

k = boltzmann = 1.38E-23 J/K

T =temp K =300

K = dC + 273.15 Kelvin

ge = electron charge = 1.609E-19 cmb
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Often simplified to:
Id = Is*(exp(Vd/(0.0256789*n))-1) [at roormieerature]

Diode Resistance Rd = VT *n/Is
Where:

T = 300K

VT = k*T/ge = 0.0256789
SO:Rd=k*T/qge*n/ls

| cannot express enough my indebtedness and thanBen
Tongue and Ken Khun for their great work and web
documentation in matters Diode!

A photo of the current "bench" setup. Keithey 19piko-
ampmeter + Keithley 192 DMM bench meter.
e

Kevin 09/2011
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effects | can easily hear when tuning the set. @H.vBetter
be forewarned next time! This does not necessarégn that
double-tuned rigs MUST be built in modular fashiaith

separate tuning and detection units, but it ceytainggests it.

With the lack of surface real-estate to lengther toil

separation, | made a small modification on theaseseen in
the third photo above. There you see the possiliilitrotate
the outer coil away from vertical thus further loimg the
coupling. I can get a max 40 degree rotation whishgets the
coils to critical coupling. No more ghosts on trend! Still, |

think my next double-tuned rig will indeed be maatul
Experience is such a good teacher!

kis 07/2011
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Hammarlund Resonance
- Peak F= 1100 kHz .
& Spreadsheet for calculation of diode n and Is (@1.@\)
120 Diode n Is Rd
100 nA k Ohm
3 f B Germanium Diodes
E 1 n 0[ 255 FO-215 ITT 111 175 163
& —scm 404 FO-215 ITT 1.10 196 144
w© 1IN277 black 1.50 2293 17
1IN277 black 1.60 2296 18
* ? 1N270 bonafide ~ 1.28 915 36
D ey a0 pe 209 e o 1N270 blue 1.26 857 38
Tregnesey e 1N270 blue 1.66 2310 19
D18 russia 1.20 194 160
A few words on resonance: When making my measurtsrien D18 russia 127 193 170
poted a curious effectlln thg resonance curvesy meame GAZ 51 Tesla 1.14 140 211
increasingly asymmetrical with wider spacing of tiwls and
actually had a double hump at the maximum spadii@@m. GAZ 51 Tesla 152 617 64
This is the exact opposite of how | expect resoadnavork. | OA5 Tesla 185 3384 14
set to measuring the Vout across a significantigonof the OAS5 Tesla 1.48 1996 19
MW band for each of the coil separations and preaegraph D9E russia 1.42 2161 17
below: DOE russia 154 2414 16
It should be readily apparent from the above grtiah my set IN34A bonafide 182 2153 22
is badly over-coupled even at its widest separatibhOcm. | 1IN34A bonafide 125 1392 23
suspect critical coupling for the set is with al sgiparation in 1IN34A green 1.57 1389 29
the 15 - 20 cm range. Yet one more design congidarto 1N34A green 1.30 1185 28
keep in mind when making a new set! The double.humuses 1N34A green 1.32 1554 22
two problems for the set, one: it tunes each statidice and
two: has the possibility to bring in two stationstae same IN34A 37 orange 110 1458 19
time if they have the right separation on the baButh these 1N34A 37 orange 136 1370 26
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1IN34A red
1IN34A red
D310 russia
Diode

GD 402A russia
GD 402A russia
UK A russia
UK A russia
UK B red russia
UK B red russia
UK C ora russia
UK C ora russia
UK D blk russia
UK E blk russia
UK F blk russia
UK G blue russia

Average

Schottky Diodes
HP 5082-2835
1SS98

1SS98

IN5711 blue
IN5711 blue
1IN60

1N60

BAT 46

62

1.34
1.32
1.01

1.55
171
1.56
2.00
1.64
1.85
1.92
1.95
2.00
2.00
1.82
1.86

1.39

1.07
1.08
1.06
1.07

1.07

1.09
1.10
112

833
993
1215

nA
970
1360
1565
5766
2049
3777
3462
3354
4901
5862
3523
3123

1334

12

42
34
21

Rd

k Ohm
41
33
26

21
13
14
15

10

13
15

54

2206
2302
2188
4541

4816
158
176
204

Sensitivity on the other hand, well, it sucks. 21tb percent
Vdc/Vpp are very low numbers, many of my singleetirsets
range from S = 10 to 50 and my Minstrel Boy gettingr 60
percent. What happened? The data show the SEC to be
involved here. Note that with capacitance in seribe
sensitivity is about 10% but when shunted acrosstahk the
selectivity improves, but the sensitivity crashesvd to 2-3%.
| really expected better for this set. This is regand double-
tuned rig, my first was a simple set using solidgnet wire
close-wound on 3" cardboard cores and having @edisaps,
all Q lowering. This sets' coils have no taps aadcares and
ought to have significantly better Q. The primaiffedence
between the two sets is the presence of the bemhBEC on
my new set. | am worrying about insertion lossesarthan
offsetting the improvements in the coils.

The severe loss of sensitivity when using the SBGhis set
also reminds me of my experience with my Fleming se
modified MRL#2 using SEC. There | also found loss o
sensitivity when the SEC was in the circuit. At ttime |
concluded that the circuit was inappropriate fostitg the
SEC concept, now | am not so sure. This set emolyigh-
performance circuit (if not high-performance pags}l is fully
correct for the SEC inclusion. One additional testtend to
make when time allows is to completely remove tB€%nd
Benny ornamentation from the set and re-test thsitety. |
suspect that insertion losses are kiling me. D&eamarder
has the most experience with this design featurepihder
what his thoughts are? Have you tested a set withwathout
the SEC? What have you found? | am suspiciousieféature
now.

215



capacitor which places the capacitance either Beites with
the top of the tank and detector, or 2) shuntedlfgdracross
the tank. | make a full set of measurements with$EC cap
set fully to each the series and shunt positioriee @bove
paired measurements are made for each of threeaajilling
positions. The two coils can be shifted along taitsrto bring
them from essentially touching to a maximum sejamadf
about 10 cm, or about one coil diameter. This is thax
separation obtainable on my breadboard as the Helomia
caps are quite large and take up much space. Tloateehe
impact of coupling, | measured with the coils seped 1cm,
5cm and the max 10cm.

OK, enough with the preliminaries let’s look at tega!
lem S5cm 10cm
SEC series shunt series shunt series shunt
Res 214 46.2 209 51.7 217 52.6 my
BW 16 14 i7 11 18 13 kHz
Q 68 B1 66 100 63 87
s 1% 2% 10% 3% 1% 3% vdc/vpp

The table at left presents the measurements (Resonant
peak Vout mV : BW = bandwidth and -3dB : Q = unfed :
S = sensitivity = Vdc/Vpp) vertically and the diféamt cases
horizontally. Bandwidths for the cases all rangavieen 16 -
18 kHz for SEC in series and 11 - 14 kHz for SEGlnnt.
These are pretty good numbers for a standard (Ron-D
Contest) rig and correspond to QI in the 65 - 8§ea Context
for this comes from Ken Khun's excellent enginegniages
where he notes for crystal sets that loaded Q riymanges
between 10 (poor) to 50 (typical) to 100 (very gpddy set
here then is pretty good in this respect and casfimy
eardrum assessment above.
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BAT 46

IN34A ?
1IN34A ?
1N5819
1N5819
Diode

1SS16
1SS16

Average

Silicon Diodes
1N914
1N914
1N4148
1N4148
1N4007
1N4007
6A10
6A10
1N4736A
1N4736A
KB 130
KB 130
UK H
UKH
UK'1

63

schottky
schottky

NEC

Zener

Zener

russian
russian
russian
russian
russian

118
111
1.24
1.19
114

6.24
2.27

113

1.95
2.02
2.00
2.00
151
151
1.57
154
1.15
114
114
1.16
194
177
1.78

172
317
482

750

807

Is

nA
14288
4101

276

OhrhO®ooooNMNNRrRrRoNO

177
90
66

41

36

Rd

k Ohm
11
14

1137

9293
7618
8934
9323
64311
77954
19275
20379
1.91E+09
2.50E+09
5.83E+08
4.36E+08
6263
12548
260253



KD 401A
KD 401A
D 220

D 220

D 223A
Diode

D 223A
UKJ
UKJ

Average

russian
russian
russian
russian
russian

russian
russian
russian

Light Emitting Diodes

Red

Red

Amber
Amber
Yellow
Yellow
Green
Green

Water Green
Water Green
White-Gn
White-Gn

Average

64

151
1.38
1.26
124
1.20

1.20
1.46
1.40

1.52

2.15
2.07
1.56
1.62
1.59
1.38
2.05
2.07
3.27
1.93
1.44
3.04

2,01

o oo oo

NAO >

oooooooooooo

232930
1539619
322405
537707
10262661
Rd

k Ohm
8565213
9849
20013

2.37E+08

1.70E+12
5.52E+12
2.09E+17
6.46E+16
8.03E+17
2.87E+20
4.23E+13
4.34E+13
4.85E+13
5.79E+19
1.05E+20
6.88E+09

3.76E+19

A few words of the performance of my Hammerlundasetin
order. When | first started using the set | notedhw
satisfaction that, by my eardrum meter, the semseeto
indeed tune quite sharply. This is certainly mypipal goal in
making this double-tuned set. The only fly in thetment was
that the radio seemed quite insensitive, the stat@ming in
very weakly and needing amplification. The SEC omindid
have an interesting and dramatic effect when usedit also
hugely lowered an overall low sensitive set. Withese
thoughts in mind, | have spent some time making esom
preliminary measurements on the sets' resonancsitisity
and selectivity.

To characterize the set completely, | measure uadermber

of different cases. | wish to test the effect oé gelectivity
enhancement circuit (SEC). The SEC uses a 20péreliffial
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Diode Test
Kevin Smith
http://www.lessmiths.com/~kjsmith/crystal/dtestrsht

So, what is the best diode out there to use? Dstals/always
show poor sensitivity compared to germanium? Whmtug
Fleming's marvelous device, the vacuum diode? it dig
using a test jig, the design shamelessly modifiednfDan
Petersen in the Nov 2009 Crystal Set Society Netes|e(if
you aren't a member, go sign up to be.. NOW):

Diode Test Jig

ey

puT —

23k ohm

1k ohm

kjs11

This is a very simple circuit allowing power inpattaching a
diode for testing, and sampling both the curent woliage
across the diode under test, (DUT). | made a simple
modification by adding a voltage divider, about 2@t the
power input. The power supply can be connectecedhthe
front across the divider, or after the dividerriarft of the 100k
current limiting resistor for higher voltage reaghn | get the
input voltage from a modest 18V, 2A regulated DGveD
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supply. This unit has both volt and amp controlshvdigital

readouts, nice to use and dosnt take up much raormy
desk. Here is a case where | recommend you logletéing a
new unit. | looked long and hard on ebay, but foded

bargins and few units with the same features., $té supply
regulator was never designed to adjust the outpytrécise
small values making it somewhat difficult/tediows adjust.
Adding a small rheostat to the test jig may aidrfaking fine
adjustments on the voltage. Another piece of eqaiginyou
will need for this test is an amp meter. | usece isimall digital
meter | found new on ebay for $15 shipping includedeads
amps to a lowest range of 200uA, more than enouetigion

for the task. For that price get two. The DVM icourse, my
trusty Keithley workhorse. Easy protocol as follows

1) Set up the test with the diode and meters cligpetie jig.

2) Adjust the power supply until the reading on th&ND

meter is where you plan to measure. Adjust theagelt(DVM

readout) in steps from 0 to 1.0 Volt in 0.1 V inoents and
record the current (Amps) in a spreadsheet.

3) Repeat at each tenth volt recording while the askeet
makes a sweet graph.

Test Results

First, | offer a quick look at my diode modelingtige | am
currently upping the ante on resolution in orded&ermine
diode parameters Is and n, hoping for success et and
protocol..

Over a period of a few weeks | ran |-V charactéiwratests
on a good number and variety of diodes, crystatsrag two
tubes to see how very thing stacks up. The follgwiresents

the resulting curves, diode photos, and some mgzli

questions/conclusions | churned up in the processart off
with the realization that when one orders diodess by no

66

Something was needed here! At left is a photo wérg sweet
brass shaft converter machined by my clever analdagEE
elder brother, many beaucoup thanks for your amtdito the
project! Not being an engineer myself | was ablefaiow

very poor practice and just wired the whole lot ethgr,
crossed my fingers and hooked the sucker up.. Yd Heere
be sounds here!

The set is playing as | type these words and | arst imopeful
for a successful performance goal. Although mustirtg and
measuring yet remains to be done, the set by diration
tunes quite sharply. The coils have 4.2 inch OD au&dinch
ID and can slide upwards of 4-5 inches separatioridoser
coupling. The selectivity control has a dramatideetf on
sensitivity and, | am sure, on selectivity as welb be
measured soon so stay tuned.

The photos below present the set in its final fiometing form.
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tried this before on a version of an MRL-2 but iasva
disappointment, not the right set for the testiifis set was to

employ a high-performance circuit, an SEC would be

appropriate. The set itself is only moderate penfoice
though, the caps having fairly high-loss brassgsland my
coils wound with solid wire. This set also plougtewv ground
for me in my first basketweave coils. Basketweaniseecuce
stray capacitance and increase coil Q by elimigatire need
for lossy coil formers. As these were my first, énely used
solid wire | had in the house. As they are wound20&awg
solid wire, they are quite springy and | had to-pbee the
bejeezes out of them to get them to stay put. bde day
expect to build a truly hi-performance set, bustls just a
stepping stone to test components and design. &s stossed
a benny into the circuit for good measure.

The design calls for non-tapped coils to increaske@. While
the coil Q is not great, it is certainly considdyabetter than
any of my earlier cardboard tube or even PVC sadtsnand it
ought to have a decent tank parallel resistancetchity
(hopefully) to this | used a germanium FO-215 diduem
Mike Peebles. The combination in these diodeswfriq~1.1)
and Is (190) gives a diode with moderately highcfion
resistance on the order of 150+ kOhm which shouckwvell
with the solid-wire coils in the tank.

The selectivity enhancement
circuit called for a cool 20pF
differential cap which |

found at Surplus Sales of
Nebraska. The cap itself is a
cute little item but the shaft
was a short 1/4in long and
only 0.19in in diameter.

210

means certain what one will get. This seems esihetiae for
the supposedly ubiquitous 1N34A. Unless you see péme
number actually on the diode, you probably neeteso it to
know what it really is. So, lets take a look!
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Germanium Diodes

Germanium Characterization

——1N34AIE

g |==1

——1N34ARTT

[ —r

———1N270bonafide

e | NBAA FED

mA
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Hammarlund, Double-Tuned
http://www.lessmiths.com/~kjsmith/crystal/ham.shtml

This fine radio features three beautiful and higialdy
Hammarlund square-law 510pF variable capacitorfiave
been hankering for some time to build a radio withre than
just OK to mediocre performance, which translates at
double-tuned set with a properly tuned front enche T
capacitors mentioned before were, at first, a prwice for
this project as | needed for the antenna tuner aganged
variable cap and the Hammarlund units were onlyglsin
Additionally, | only had one! With what | can onlgall
considerable luck, two additional identical capamit were
listed over the last several months on ebay givirg three
total. The caps are high quality and very heavystoation
and | figured | ought to be able to dismantle themough to
give a common shaft to two thus ganging them adeweThis
turned out to be
the case and the
Hammarlund | brgject was a go.

20pF FO 215

Additionally, with
each radio | build,
| like to test and
learn new circuit

510pF

SR Took concepts and
o ideas. This radio
| guewmscmens g to be made
= i with a farily

Ao simple  double-
tuned circuit, a
tuggle-tuned front end and variable coupling. balgshed to
test and play with the "Hobbydyne" or selectivithancement
ideas presented by Dave Schmarder on his excsitent had

I

Kis 2011
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1N34A series
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1N270-277 series

o

FO-215 277
o
@) IN34A b 1270
IN141 h,) DIE
~ -~ ]
= |
GAZ51 0A5
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When | did get around to hooking the set up to shgmal
generator | found to my relief that indeed thehset good (not
great) selectivity and really excellent sensitivi§andwidth
around a nominal 1100KHz signal to -3dB is 22KHzimy
this set a loaded Q of 51. This is right in the dfedrange of
set loaded Q to be expected for a "typical" crysealgiven by
Kenneth Khun in his notes on Resonant Circuits.olrgmtly
as well, this set does a much better job at rejgcHGOW
than my other sets. | attribute this to the maiilscbeing
toroids. KGOW blasts down my direction with a veogwerful
ground wave and | suspect that the other set codstly open
selenoids and / or spiderweb, are picking up tigeadiand
flooding my set across the tuning range. Toroidscoonfine
the magnetic fields within the torus and thus ceygorly if at
all to surrounding fields, including KGOW. Thank wo
Magnavox for making such lovely coils!!
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View from above.

Performance summary for the set is

fl= 1088 kHz . . -
quite pleasing. When | first started
Th= LI kg listening to the radio | immediately
fres= 1100 kHz got the sinking feeling that the
BW = 22 kHz selectivity would be no better then
= 51 many of my earlier sets, a
5= 51% disappointing prospect especially

as this set was meant to be a higher
performer. Part of the problem what just the sgesieral
quirky and difficult three-dial tuning method. |@ogot used

to fiddling with the dials and found | could usyattune out"
most any nearby or interfering station from the ohéterest,

it just took some effort.
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Here we see a set of Germanium diodes and photakeof
diodes under test. Immediately you should notice sets of
curves, what | call the "IN34A" set and the "INZZQF" set.
In this analysis, the second set appears cleanpergar in
sensitivity and deservedly so. In the photos itlésar that one
bunch of diodes | purchased as 1N34A were in fatteb
1N277, the black band and thin gold contact wirevalf as
common curve unite these. "True" 1N34A's have aemor
robust contact wire. | also purchased a 1N270 awceived
pretty orange diodes with the number "37" stampedtoa
fairly robust contact wire and a curve that mosvsely
resembles a 1N34A, go figure. Mercifully, | DID naye to
get some bona-fide 1IN34A's with the part number tioa
diode, as well as a single bona-fide ITT 1N270 diadgth the
part number. These are my base for comarison.

In addition to the standard Germanium Diodes teatsie, |
also have latched my hands on a few "other" gemmmani
diodes for the fun of testing. These include twmtage
Russian types, a D9E (in the 270 class) and a BaBsftional
between 270 and 1N34A). Additionally, | got a fewZZ
diodes popular, | suspect, with the guitar gadgetvd. These
are larger packages in metal cases so | cannohmeethe
internal contact is made other that they are staiele gold
bonded point contact type. Clearly these are higlelgsitive
diodes in my 270 class, the OA5 looking best of the
Interestingly, | recently purchased from good MeeBles a
few of his "Holy Grail" ITT FO-215 diodes. My measd
characteristic for one of these is a dead laydowrthe gold-
bonded OAS5. From the photos, these are in diffgpankaging
with the FO-215 in a traditional glass casing. Wimakes the
FO-215 so great is the fact that its resistance i&Rkdan
interesting 150k ohm or so which matches very weth
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typical moderate Q tank curcuits. Interestinglfind that an
old Russian D18 diode has very similar characiesigb the
FO-215 and so much also be placed into the "HobilGelass
of germanium diode. Take your pick!

Spreadsheet for calculation of Germanium diode d &
(modified from Mike Tuggle's spreadsheet)

Spreadsheet for calculation of diode nand s Tuggle Method from “Cal_n_Is xis"
i Rd

Temperature  Vd2 142 vdl  ld1
under test nA  kOhm  dF uA
FO215 T 10993 19 144 271 003674 049730 005123 100250
Fo215  mT 11050 175 163 272003882 050990
270 blue 16610 2310 19 280 000835 049630
270 bonafide | 1279 915 36 280 |0.01432 049660
270 blue 1259 857 38 281001505 050440
277 black 14990 | 2293 17 275 0.00765 050180
27T black 16042 2296 18 276 000821 050400
N1 blue 11795 126 @2 051540
NI4T blue 12570 | 1402 B 051750
D310 russia 10059 215 2 5 051170
DSE russia 15350 2414 16 0
DIE mssia | 14200 | 2161 17
GAZS1  Tesla 1512 617 64
GAZS1  Tesla 10379 40 am
0AS Tesla 18490 3384 14
0AS Tesla 14810 | 1996 19
NMA  bonafide | 18220 2153 22
NMA  green 13210 15 2
INMA  bonafide | 12500 1392 23
NMA  green 13030 | 1185 28 5
INMA  green 15740 | 1389 29 049350 0.02327 1.07190
NMA  red 13220 993 M 050250 0.02475 105390
NMA  red 13430 | 833 42 0 0.02765 1.01250
NMA37 orange | 1.0955 1458 19 001495 101250
NMA3T omnge | 13550 1370 26 001925 1.00190
D18 russia 12040 194 160 005913 1.10500
D18 russia 12706 193 170 006415 1.16550
GD402A  mssia 17080 | 1360 33 002785 113350
GD402A  russia 15535 | 910 | 4 256 0.03185 1.17270

Averages: n=1.38 Is =1315 nA Rd =52 kOhm

The above spreadsheet is based on measuremehtsdibtles
shown above. For the determination of Is and nhdse at
random two examples from my collection of variousdes,
(all germanium in this case) and measured via aiffedd
version of the methodology outlined by Ben Tongne Mike

2

Unfortunately the primaries do not have taps. 1B0isia bit

low for MW work and would require a variable captiwa

fairly high top end. | chose three identical 2-g@7§ pF caps
tied in parallel to give three 20 - 540 pF tunifihe link

circuit consists of two serial 35 pF secondarigsaftotal of 70
pF, not enough to tune with so | would need to adther

inductance. Here is another new feature for meadenfor this
set my first honeycomb-style coil, green, of coutsgave the
link coil 110 uH for a total link inductance of 18®, just as
in the primaries. All tune with the three variabtaps.
Additionally | added a series-parallel knife switébr the

antenna circuit capacitance. For my setup the seisition
will work best, but this will add utility later on(One green
feature | tested and subsequently abandoned wesea §ED
diode, but even with bias | found it to be hopdiess-

sensitive).

Portrait of set, Wearin O'the Green..
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sharpen the tuning overall. This method forms plariuned
set with its consequent quirkiness and occasioaalyoying
tuning. Still, | find this part of the fun, | am hiooking for
tuning efficiency, just sharpness.

The lovely green color and large size of the coitauld be a
prominant design feature and this immediately ssiggkan
Irish theme for the set. | settled on naming it éTMinstrel

Boy" from a patriotic Irish song written by Thomaoore,

reproduced at the bottom of this page. Of coursentime also
reflects the idea that | expect to listen to muzicthe set, it
will be a minstrel for me. This decision then setotion the
need for other green features, green hookup witenzaking a
link coil from green magnet wire. Finally a 1N34Aode |

bought a couple years back from Dave Schmarder thith
green band to cap things off.

MD€E MIDSTREL BOY
Crystal
u 13
L2

c2

11,L5= 180 uH

P L2,La= 35uH

L3

=110uH
€123 =540 pF k]S2011 @

The toroid coils have identical features includiagprimary
with 180 uH and a secondary coupling coil with 38.u

204

Tuggle. For this work | have chosen to set I1d2 alBobuA and
1d1 about 1.0uA and then read the needed voltals. i§ the
inverse of the normal method but the justificatisrthat for
any diode regardless of forward voltage drop theasaeement
is made at the same part of the LOG | vs V charitite This

allows comparison between all diodes. | have inetudhe
actual room temperature in the calculations in orée

eliminate this variable as a source of doubt oorerAll the

measured parameters as well as the determinedtsresel
presented in order to facilitate repeatability.
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Schottky Diodes

mA

Schottky Characterization

9 |—

—+— HP508|

o ] |

= 1N581

o= INGO

o BAT46

—t—1N571
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The Minstrel Boy, my triple-tuned triple-threat!
http://www.lessmiths.com/~kjsmith/crystal/minstséitml

| am always on the
lookout to find interesting
and different circuits with
which to construct my
radio projects. About a ,
year or more ago | found '/

on ebay an interesting deal 7
for a set of three vintage
toroid Magnavox (Model
D) air-core coils. They are wound from a beautiifoie-green
cloth-covered wire and | just had to make an effoassumed,
correctly as it turns out but not obvious from thescription,
that they would come with internal coupling coils.also
assumed they would have a tap somewhere on the codin
but in this | was to be disappointed. | was alsappointed to
discover that in one of the three coils the secondannection
was broken. Oh well, my project needed only twdscand |
knew these would make a fine radio. | already halihle
coupled design in mind.

Toroid coils are interesting in that they confife tmagnetic
field within the center axis of the toroid. Becausehis, stray
coupling seldomely causes a problem, but then agairpling
in general is not easy. So, | had the idea thesadioe my
ticket to exploring designs with capacitive or lichuplings
between circuits. Eventually | began scouring teeand my
books/references for circuits employing link congli This
coupling method seems to come in two main varietiesed
(such as found in the Crystal Set Societys' "My ddai" set),
and untuned (as found say in MRL's #42 set). Tutieglink
is not needed, but it was something | wanted ireffort to
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virtually no difference between the Narrow and Broa
performance. Oh well... At least | understand nowyw
Osterhoudt removed the choke from the MRL#2 set.

Q for this single-tuned radio is comparable to ottaios | %—+

have built. This is a circuit demonstration radiegenting
Fleming's valve. Nor have | finished with the SEGhecept.
The circuit utilized here is not ideal for the SEfpund is HP5082-2835 QSsSE
taken off the top of the coil, its an odd, if irgsting,
configuration. | will give the SEC another shot lwisome
other radio. Overall, | am very pleased with thea® enjoy

listening to the local Spanish music format statwith the *
warm glow of the tube keeping me company. Oh thatg.. m_zw

1N5711 ShinA
971
18816 N6
—
BAT46 NS819
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Schottky diodes are very sensitive diodes that veowdellently
in crystal radios. Their construction and theorg different
and | confess to not fully understanding these aorepts.
Still, from the characteristic curves, they areadbent! Again,
note that you dont always get what you bargain Ftere |
found what was supposed to be 1N34A's to be somteofo
Schottky of unknown pedigree. The 1N5819, whileihgthe
lowest forward voltage drop, has a rather very highction
Capacitance and will not perform well. Posts on the
RaidoBoard Crystal Radio Forum however highly reswnd
the 1IN5711 for crystal sets although the charasttercurve
dosnt look that fabulous. Many web pages out tber&hottky
diodes, | recommend you do your homework. Of ak th
schottky's, | note that Ben Tongue recommends rhiagtly
the HP5083-2835. The high resistance Rd makes thesful
for DX sets with very very high Q tanks. Even se tliodes
need to be paralleled with up to 4 or 5 diodes tatcm
correctly the Rd with the tank Rp. | have found sthe
somewhat hard to find and expensive, especiallynwee
requires using several in parallel. | recently need a few
1SS98 diodes and | discover them to have charstitsri
extermely similar to the HP and | feel they desewere
attention. Sadly, on ebay they seem to be justiféisudt to
find and expensive. No free ride!

Spreadsheet below for calculation of Schottky diadend Is
(modified from Mike Tuggle's spreadsheet)
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BROAD Valve Diode
SEC open Res 525 mv Res 338 mv
Tap4 BW= 54 kHz BW = 40 kHz

Q= 20 Q= 23
5= 26% 5= 17%
SEC meshed |Res 635 mv Res 605 mv
Tap4 BW= 126 kHz BW = 69 kHz
Q= 9 Q= 16
§= 32% S= 30%
no SEC Res 816 mv
Tap4 BW = 42  kHz
Q= 26
Fres = 1100KHz S= 41%

Looking at the performance in the Broad settingfind the

SEC has a definite impact. As before, the valve thigher
sensitivity than the diode, but here we see a iclasadeoff
between sensitivity and selectivity. Turning theCSE its
maximum selective position (lowest capacitancepsie(Q
increases from 9 to 20 with the valve) but at theepof lower
sensitivity, (Decrease from 32% to 26%). More disingly,

the overall sensitivity in the broad setting, whizhght to be
higher than in the narrow setting, (that is, gregttan 40%) is
quite the opposite, (less than 30%). Additionaligiting the
SEC to its most selective position merely retuhgsradio to a
selectivity already found in the narrow settingr(oav Q = 18,
broad Q = 20) while lowering the sensitivity. Saonsider the
SEC in this circuit a bit of a failure. My suspinids that the
insertion losses associated with the SEC are dagagid no
real selectivity boost is given that was not algelind in the
narrow setting. To address this, | removed the ehakd
minimized the capacitance of the SEC, effectivelynoving it
from the radio. Re-testing the radio now showecetarn to
good sensitivity and moderate Q. Actually, withstkést | see
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(Russian D9E, a 1N270 equivalent) and the tubedvalv
(Russian 6C19P) in place.

NARROW Valve Diode
SEC open Res 974 mv Res 826 mv
Tap5 Tap4 [BW= 58 kHz BW = 42 kHz

Q= 19 Q= 26
= 49% S= 41%
SEC meshed |Res 973 mv Res 804 mv
Tap5 Tap4 |BW= 63 kHz [BW= 46 kHz
Q= 17 Q= 24
Fres = 1100KHz 5= 49% S= 40%

Looking first at the radio in the Narrow switch téeg. The
table at left indicates the peak output DC sigmalniV at
resonance, the measured bandwidth at -3dB abovédelod/
resonance, calculated radio Q and Sensitivity (Beig here
is simply 100 * DCout / ACin). The table shows thia¢ SEC
circuit itself provides no change in performancehisT is
expected as noted above, the SEC doesn't impacirthet in
the narrow setting. | ran the valve at 6.3 V on teater
filament and am surprised to see that the radisiteity is
higher with the valve than with a diode. Dissapfingly, the
valve had a poor effect on the radio Q, going fi@m 25 with
the diode to Q = 18 with the valve. | have to inmagihe valve
has a rather different impedance / capacitanceacteistic
from the diode. Still, the good sensitivity is pewy to see.
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Spreadsheet for calculation of diode n and Is Tuggle Mathod flom “Cal_n_Is xis"

Diode n Is Rd Temperature  Vd2 1d2 vd1 1d1
under test nA  kOhm iF dc

HP 50822835 1.0713 12 2206

15598 10626 13 2188

15598 10753 12 2302

INS711  blue 6 4541

IN5711  blue 6 4816

SD103A  50pF 12 241

SD103A  50pF 109 241

NGO 178 158

NGO 161 176

BAT 46 141 204 0.06032
BAT 46 1.1839 172 17 8 005839 0.
1N34A?  schottky 1.1104 7 90 0.04068
INMA? schottky 12350 482 66 0.036
1NS819  100pF 1.1881 750 4“1 0.025:
1NS813  100pF 1.1425 807 36 0.02541
18816 NEC 6.2400 14288 " 001165 1
18816 NEC 22700 4101 14 215 0.01385

Averages: n=1.48 Is =1275 nA Rd = 1030 kOhm

The above spreadsheet is based on measuremehesdibtles
shown above. For the determination of Is and nhdse at
random two examples from my collection of variolusdes,
(all schottky in this case) and measured via a fieztiversion
of the methodology outlined by Ben Tongue and Mikiggle.
For this work | have chosen to set 1d2 about 0.Zunél Id1
about 1.0uA and then read the needed voltage. iShike
inverse of the normal method but the justificatisrthat for
any diode regardless of forward voltage drop theasaeement
is made at the same part of the LOG | vs V charistie This
allows comparison between all diodes. | have inetudhe
actual room temperature in the calculations in orde
eliminate this variable as a source of doubt oorerAll the
measured parameters as well as the determinedsremel
presented in order to facilitate repeatability.
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Silicon Diodes
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Silicon Characterization
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The glow.... Oh the glow!

PERFORMANCE:

So, is is a keeper? Does it perform well? Is Flgsivalve a
revolution? The following tests answer all thesestions and
them some. We start by noting from the circuit diag above
that this is essentially two radios depending oretwér it is
switched in the Narrow or the Broad setting. Impotly, in

the narrow position the SEC option is essentially of the
circuit. This will be seen in the measurements af. W note
here, all measurements were made at a nominal HO0Kth

a signal generator and the output of the generaésr a sine
wave with 2.0V p-p. This is a strong signal and rimagact the
results, especially concerning sensitivity, butnigkes for
easier measurements and ready comparison betweerFse
this set | made identical measurements with both diode
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A Pz JA Fleming

215 uH SOPF b

A b

25mH
Coil:
3.54" diameter 470 pF x2

49tunsof 18awg  — .
Taps: 0, 8, 12, 17, 24, 34 kjs 2011

|

The actual set with its controls, taps, tuning &tC shown
below:
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6A10

Silicon diodes have good characteristics, but aacceptably
high forward voltage drop making them a very poasice for
crystal radio unless used with bias. The 1N4736A Eenner
diode.

Spreadsheet for calculation of Silicon diode n Engimodified
from Mike Tuggle's spreadsheet)
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Spreadsheet for calculation of diode n and Is Tuggle Method from “Cal_n_ls xis"
Diode n Is Rd Temperature  Vd2 1d2 vd1 1d1
under test nA  kOhm
1N914 1.9510 54 9293

N914 20236 69 7618
N4148 1995 58 8934
N4148 20041 56 9323
1N4007 15139 06 64311
1N4007

6A10

6A10

NATI6A  Zener
NATI6A  Zener
KB 130 russian
KB 130  mssian

1.0801
1.0366
1.0133
1.0026
0.9871
1.0609
0.9853
1.0061
1.0186

5 0.00002 1.9E+09
5 0.00001 25E+09

834

UKH russian 836 3 1.0175
UKH russian 4 12548 831 284 05148 0 09916
Averages: n=1.52 Is=2nA Rd = 2.4E8 kOhm

The above spreadsheet is based on measuremehtsdibtles
shown above. For the determination of Is and nhdse at
random two examples from my collection of variousdes,
(all silicon in this case) and measured with a riedi

methodology to that outlined by Ben Tongue and Mike

Tuggle. In this case, with the radically differefdrward
voltage drop of these diodes from Germanium or 8kfo
diodes, | have kept the Id values constant (abd2t0.5uA
and 1d1=1.0uA) and varied Vd. | have included thual
room temperature in the calculations in order tmielate this
variable as a source of doubt or error. All the soeed
parameters as well as the determined results asepted in
order to facilitate repeatability.
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Additionally | purchased a small variety of tubes festing.
The results of this study are discussed in fullarthe Radio
Lab : Diode Test section of my page. Of all theetibested, |
finally chose the Russian 6C19P as the tube hatviegmost
sensitive characteristic and a handsome appeaFheetube is
a power-hungry beast though, (1.1 Amp current deavits
rated 6.3 V), and this radio requires a power sypplt its
worth it! The following graph plots the charactéds of seven
tubes | tested for the project.

While the project radio was to feature the Flemizdve, |
naturally wish to have an interesting circuit adlwks always,
it would be a breadboard set and single tuneddse ®f use. |
also wished to utilize and test Dave Schmardefacseity
enhancement circuit (SEC) in the set. This lasmite®
compensate for the typical poor selectivity in $agined
circuits. One circuit that caught my eye from arlyeeme was
Modern Radio Labs' MRL#2 set. To this set | woultll ahe
SEC modification. In such configuration | noticatlit bears a
remarkably close resemblance to Set #6 in W.J. MBgygs
Book of Crystal Sets (BBCS). The MRL#8 set alsoveho
design affinities and includes the choke missindIRL#2, a
fact noted by Mr. Osterhoudt himself. In the end amguit
design, shown below, must be considered a closs, r{bt
exact), member of a family of radio circuits cotisig of
MRL#2, MRL#8, and BBCS#6.

197



Most avenues of research proved futile until healted his
prior work on the Edison Effect. He literally retved the
original bulbs he had experimented on previously set up a
test to apply the effect for radio wave rectificati His
experiments were certainly successful. This ideaven a
novel and unanticipated use of a prior-known efégobunting
to true discovery and thus was awarded British§2@) and
American (803,684) patents in 1905, these sucdgssfu
defended against De Forest’'s subsequent infringesmen
Pondering this interesting history, | began wonugabout the
Fleming diode and thinking, in crystal radio, th& not
amplification, so why not? Also, one must consitter glow,
oh the glow... | just had to build this.

Finding a correct tube for the project is a biddtory in itself.
| have never worked with tubes and, while it appdaratural
that diode tubes ought to exist as well as trioeetpde/etc
(they do), | had no idea what tube was what nor tmknow
what would work for radio rectification. Many diodabes |
" - found are for

/acuum Characterization
W power supply work
——scisp 60v and may not be
appropriate for
radio detection at

’ all, (actually they

—=wiw
JEm— / work fine).
e Jumping into the
search both feet, |
waded through the
s datasheets of
many/most  diode
tubes to get to
know them well
enough to choose.
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Light Emitting Diodes

LED Characterization
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Gn-Wht

As long as | am measuring various and sundry diodigure
| ought to include that most ubiquitous of modeiode, the
LED. Found everywhere, these diodes are rapidly iy
the low-energy light source of choice for many figh
applications. | have read occasionally of someosking
whether these ought to be useful for radio appdicatas well.
To this question the answer is generally a resogntiNo!".
The turn-on voltage is waaay above any reasonahleev
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Powered by Fleming's amazing valve
http://www.lessmiths.com/~kjsmith/crystal/flm.shtml

Crystal radio circuits
come in a seemingly
endless variety of forms
and possibilities. That and
the historical context of
their importance at the
dawn of the radio-age
makes them a fascinating
hobby. | enjoy making
these radios, learning and exploring new and istemg circuit
ideas, incorporating vintage components into mys,saend
finding historical connections between the radiosl ahe
fathers of the technology.

My latest project involves a
passive receiver rectifying the
signals with a vacuum diode.
Professor  John  Ambrose
Fleming had consulted for
Edison Electric in Britain and
Ee had experimented extensively
with  Edison two-electrode
bulbs in the 1880’s, presenting
his results on the “Edison

||[””' +0 Effect” to the Royal Society of
e g London in 1889, and the Royal
0. 808,684. P N
1. A, FLEMING.  NOV.7, 1905, Institution in early 1890, and

finally his definitive paper to
the Physical Society of London in 1896. Later after turn of
the century he began consulting for Marconi seekiegter
mechanisms for radiotelegraphic detection of rasignals.

195



194

expected to be delivered by an antenna to a crgstalStill,
this simple answer avoids the actual question, whtsct does
the characteristic curve of a LED really look liké/here is the
turn-on voltage with respect to the published jiorcvoltage,
(assuming you can find that).

To provide just such a look | visited my local efeeics store
and bought a small handful of LED's, most with jimection

voltage listed and took them home to measure. Bypi&D

junction voltages seem to range from about 1.82.thv or
more. The turn-on voltages look closer to 1.6v-1Aryone
used to working with Carborundum crystals or sitiatiodes
will be used to biasing their rectifier to get gosensitivity.

These LED's once on have a very sharp rise andanjittoper
bias should work quite well as detector diodesaA®nus you
will get a sweet glow as well. OK, not as coollzs glow of a
vacuum diode, but certainly more sensitive!

Spreadsheet for calculation of Light Emitting Diodeand Is
(modified from Mike Tuggle's spreadsheet)

Spreadsheet for calculation of diode n and Is Tuggle Method from “Cal_n_Is xis"
iode n s Rd  Temperature 12 d 11

under test nA kOhm dF dC V A

Red 24547 0.00000 1.7E+12 | 807 274 130114 049%

Red 20720 0.00000 556412 807 274 131649 05038

Amber 15627 0.00000 24E+17 | 804 269 142768 05046

Amber 16163 0.00000 6.5E+16 802 268 142525 04963

Yellow 15860 0.00000 8.0E+17 804 269 150347 05065

Yellow 13763 0.00000 29E+20 807 274 151826 05003

Green 20490 000000 42E+13 | 807 271 141068 05116

Green 20650 0.00000 4.3E+13 | 804 269 142153 05075

Water Green 32709 0.00000 4.8E+13 804 269 222240 05085

Water Green 19273 0.00000 58E+19 809 272 203170 05099

White-Gn 14366 0.00000 11E+20 809 27.2 154780 05143 157610 11050

White-Gn 30358 0.00001 6.9E+09 | 807 274 137740 05111 143020 10043

Averages: n=2.01 Is=TrnA Rd = 3.8E19 kOhm
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The above spreadsheet is based on measuremehesdibtles
shown above. For the determination of Is and nhdse at
random two examples from my collection of variolusdes,
(all led's in this case) and measured with a medlifi
methodology to that outlined by Ben Tongue and Mike
Tuggle. In this case, with the radically differefdrward
voltage drop of these diodes from Germanium or 8kjo
diodes, | have kept the Id values constant (abd2t0.5uA
and 1d1=1.0uA) and varied Vd. | have included thgual
room temperature in the calculations in order tmielate this
variable as a source of doubt or error. All the soeed
parameters as well as the determined results @septed in
order to facilitate repeatability.

Why know the values of Is, n, and Rd of your diodés

| have been attempting to get a handle on the rdaide
parameters Is, n, and Rd and how they impact tieeatipn of
a crystal radio. My method of choice is to use apbical
approach, plotting charts where variations betwpéited
parameters become apparent and easy to visualibave
developed an interesting chart from the measuresmainbve
that compares many diodes with respect to Is,ahRah and to
understand how this fits into a matching situaticith a fuzzy
indication of typical tank impedance limits.

Ultimately one seeks a diode with an Rd that matehieh and
conjugate to the impedance it sees from the taakténna). In
the following discussions | will start with the eplot of Is to
Rd and then proceed to a look at how received R¥epplays
a part in the selection and why low Is and n asired.
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What | found then, was a farily sensitive but, ® tbuthful,
woefully selective set tuning from 6 to about 17MBiz. Not
bad for a single-tuned rig.

Final thoughts. Upon returning to my home basepitldy
hooked the set to my longwire to make first impi@ss of
actual reception. In midday | was able to pick uppanish
language format broadcast and two english langueligous
format stations and a brief encounter with WWV.nght the
bands are flooded with competing stations, sucdeeg that

all this with my handy dandy Radio Shack mini-arfigdi
When | connected a crystal earphone and used my poo
hearing, there was nothing as expected. One pityhés
ongoing presence, even on this set, of KGOW 1.65MHz
forever audible in the background. | consider thieassuccess
as | was not expecting selectivity in a single-tumig. Still,
with the bands dominated by religous and spanishadwasts, |
cant say it differs much from the local Houston Aafe. Oh
well...
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SW Crystal Performance
Noload
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T Narrow

—e—T2 Narrow
5000
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The plot above charts the received signal streigth mV)

versus input frequency for the four possible switch

configurations (Detector on tap 1 or 2, Antennasetective
[top of coil] or broad [on tap t1]. These four céimhs were
tested with the tuning cap fully meshed (low fremmg and
fully open (high frequency) to give an idea of #wual tuning
range as compared to the calculated range. All measents
were made with no load on the output, and the aaterim
cap in the full meshed position. Other conditiong shown
were also tested.

The results indicate that placing the antenna lowhe coil, on
the T1 position gives the best sensitivity and ctéliy in
tuning. The detector, a 1N277 germanium diode plaugh
on the coil at T2 also gives dramatic increaseeinsiivity.
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Diode Is vs Rd
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7L
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The plot above shows the relationship between disdand
Rd. Rd is calculated via the equation Rd = VT *Is ivhere
VT is the thermal voltage = k * T / q = 0.0257V &om
temperature and Is and n are from the measurecesliddis
Boltzmann's constant = 1.38E-23 J/K and q is tletein
charge = 1.609E-19 coulombs. On such a plot | bawdines
of constant n, and plot the values for individuades for
which | have spent considerable effort to determthe
parameters Is, n and Rd (where Is is the dioderat&in
current, n is the ideality factor, and Rd is theddi resistance).
On the plot it should be evident how changes im s dmpact
a diodes' Rd.
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Additionally | have plotted RF signal Rs as orangeles from
published coil unloaded Q (see my section on Cgil T
convert from Qu to QI | have made the assumptian idaded

Q is about 1/5 unloaded Q for low-end sets while i

performance sets it may approach 1/2.5 the unlo@dékhis is
only an estimate then, but starting from actuahdab make
the conversion to Rs | simply plugged the data ithe
standard equation R = 2pi*f*L*Q using a scaling tfacto
divide down Qu to QI from high Q (1400/2.5) to lo@
(100/5). This provides a nice visual display of #wpected
range for Rs in many crystal sets. | plot the Raire the
value of QI used. Note that these data are focése at about
1MHz and inductances between 200 and 300uH, asspetl

Matching the diode to the tank is a matter of figda diode
with both sensitive qualities (low n) and an Rdseldo the Rs
presented to the diode (as per Ben Tongue's suggegor

Peak and Square Law detection). Those diodes wihr the
100 - 250 nA (100-280 kohm for n=1.1) or so rangeehthe
possibility to match while connected to the toptaf tank coil
without the use of Q-lowering taps, while untapmeatching

to high-end high-performance big-Litz baskets wéuire

diodes with Is's in the 35 - 60 nA (500-800 kohm ifier1.1)

range. Most "typical" germanium diodes have higtvatues
(>500, >60kohm) and will require a tap. Diodes sashFO-
215, BAT 46, 1N60 and GAZ51 can be matched to ntanls

without taps. For tanks with high quality Litz coibne will be
using HP 5082-2835 or 1SS98 diodes, generally 3 tio

parallel to lower the Rd to the desired range. i@usly, | have
not found any diodes with Rd values in the 300560tkohm
range.) Note that both resistance and impedancieaneency-
specific so a match at one frequency will not rentaatched
across the broadcast band.
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Global DX'ter
6-18 MHz

10-115 pF 1N277

[ N
1 2 i X
sw —
Lo 2 S 10015 pr

L1 e
form ID 0.6in

9t, 18awg, 7.6 uH

t13t, 3.8 uH

t2 8t, 5.8 uH

kis 2010

Initial testing on the set was dismal. NO RECEPTIQNKere
followed many hours of double checking all wireirgplder
joints, fidelity to the schematic, etc. Everythiogecked out,
no good. Time to seek professional help, which Hgpp
corresponded to my annual visit home. There my oradi
engineer brother took the radio and gave it hiselattention,
puzzled over it as had I, and concluded a defecpiget
somewhere. This he soon found in the tuning capaeihich
had had a connection slip off its set point. Thissily
corrected, the radio seemed ready for testing. ktinfately he
did not have an antenna handy (he works in uhfeameh
stuff) so all | could do was hook the set to a aigyenerator
and test its performance, summarized below.
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at 3 turns and 8 turns from the ground (centerhefcoil. |
ended with 9 turns on the final set with testingirgg me a 7.6
mH coil. The final schematic presented below.
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Received Signal
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Voltsacross tuned circuit

The above is an interesting plot taken from thé tscussion
in "Crystal Set Analysis" by Berthold Bosch. It geats
received signal strength across the tuned cirauitvarious
scenarios from threshold audibility to local blovedo. This
plot should be considered a single example spetifihis
location and antenna/ground system. In the textldseribes
his antenna an an inverted L 43m long (140" anth high
(32", an excellent antenna most of us do not hheereal
estate to erect, but offsetting this is a poor gibwith Rg =
210ohms. Given the offsetting conditions | wouldagine this
is a good generic example of what received sigothge and
power levels presented across the LC circuit todibele are
likely to be. Bosch cited 40nV as the thresholdaafiible
detectability (impedance matched conditions witkatén RF
impedance / 4kohm DC phones) and for this plot shed it
back to 20nV as it gave a superior regression fit.
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1/V Characteristic
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This plot at left takes some actual diode I/V meements
rather than the models presented below and plets tlong
with the above RF voltage across the LC circuitsuerRF
power in mW. Here one sees that pushing for very kv Vf

(via high Is / low n combinations) pushes the linot

detectable signal power from the antenna. At sudhute
power levels | imagine the reverse leakage curbesomes
significant and probably offsets the low operatpajnt gains
sought.
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Global DX'ter
http://www.lessmiths.com/~kjsmith/crystal/sw2.shtml

Finally, a shortwave set
comes off the design
bureau and out into the
world. This is a type of set
| have been planning and |
pondering on for some
time. With many crystal
radio design possibilites |
this will certainly not be
the only SW set | plan, but it is my first efforhy chance to
"do it" on shortwave. For a first effort | settleth a fairly
simple design, a single-tuned rig with some degrfeeontrol,
but not overly much. | took as my base a desigrRajner
Steinfuehr on his Crystal Reciever World site. THissign
features a high Q spider coil with two taps, angustdble
capacitance on both the antenna and tuning cirdtitsade a
rather lovely small set indeed.

The specifics of the design were entirely my own avere
based on the frequency range | wished to target taed
specifications of the materials | had availabletfa project. In
partictular, | had available small good-quality 1115 pF
variable caps for which my clever elder brother Hatthed
lovely 1/4 inch shaft extenders for use with staddaning
knobs. My target spectrum was about 5 to 18 MHZhas is
where the dominant international BC action takesel With
luck that would also allow receiving WWV at 10 absMHz
as well. Digging into the design spreadsheetseén®ged an
inductor with 7 to 9 mH would best deliver the geotdmade a
spider form from a circlar cut of 1/8 inch Delriiaptic and
wound 11 turns of 18awg magnet wire, carefully solyy taps
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Performance summary of my
Bremer-Tully Set is so so with a
set Q (loaded) of 16, -3db
bandwidth of 68 kHz and a
sensitivity calculation only 13%,
not so great. | rather expected as
much as this is a single-tuned set
of very simple circuit design.
Compensating slightly is the fact that it tuneshvétsingle dial
which is certainly more user-friendly. It does requa wave
trap to cut out powerhouse KGOW blazing away aadding
the entire BC band on this set if left untrappedsiMof my
radios have higher sensitivity so this set defipiteenefits
from my audio amplifier.

Bank winding in six banks: 4 wires / side, 10 wimgh per
bank, times 6 = 60 turns. Coil form 3 inches innditer, space
wound 0.8 inches wide calculates to 376 uH, pretige to my

measured 377 uH. Measurements: Primary B-P = 20 uH.

Secondary F-G = 377 uH, G-T = 210 uH, T-F = 65 UH.
know, 65 + 210 not equal 377, | measured it sev@ras to
be sure!
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Crystal Galena and Pyrite Diodes

Galena Characterization Pyrite Characterization

[ A=

The above curves demonstrate the wide variatigoraperties
and qualities that can be found in natural crysvélgalena or
pyrite, the two most common and best quality natst@nes.
In each crystal test | first poked around the aly&r some
time to 1) determine a typical sensitivity for tbeystal in
question and 2) to locate the best hot spot witichvio test.
This turns out to be a non-trivial exercise on thede test
setup. In a crystal radio one need only listentf@ loudest
spot. With the test setup one needs test bothativeafd and
reverse current in order to determine if the whiskeon a hot
spot or not. Very tedious work! (In retrospect, \ifere starting
over making a test jig, | would definately add alDPswitch
to readily change between forward and reverse wurre
measurements. I'd probably toss in a rheostat foe f
adjustments as well).
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For many crystals there are limited number of paeshot
spots, but these may be hot indeed. For most of'Stgel
Galena" samples (Tintic Utah, or Leadville Colorpthere are
numerous hot spots under virtually every place uckothe
probe, but in general the sensitivity is good tosso These
crystals are very kind to work with in terms ofding spots
and avoiding frustration. Mirror galena on the othand may
have quality hot spots, but any hot spots at &l rare and
frustratingly difficult to locate. Here my Philmoreetector
crystal shines with an almost ideal "Galena" resporiTo
chase down this rabbit | purchased some lovelyanigalena
from Sweetwater Missouri. | broke off a few appiafe-size
chunks to pot in woods metal and test. At first dswery
excited with the high currents | was seeing at maige
voltages. Figured | had struck gold. When thesstaty failed
miserably to rectify anything in my radios, | re-asared
things in both forward and reverse directions. Bhesystals
obey Ohm's law and act like typical resistors, suitable for
radio work at all.

For my pyrite crystals the work has been especiatjious
and frustrating. With one of the crystals one "agot"
alternated, entirely on its own, between hot and Waile |
was making the measurements. | would start over ceved,
sometimes getting interesting readings then sugdemiould
drop to low values and I'd start over, back andhfor present
this data as best as | have measured, and | doertd to go
back! You see at least one of the crystals, myfighi', (from
a lead/silver mine in Hunan) gave a sweet classigihg
curve. More to the point, “ideal" curves for natumgnerals,
are difficult to come by. Most crystals you usel\# less than
ideal. The good news is that, while listening tourycset,
poking about for a good spot is far easier thantwhzave
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Circuit schematic for the set.
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Bremer Tully
L120uH
1N5819
74 |7Crystal
10- 270 pF
L2 370 uH
kjs10
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tune down to 500 kHz. The closest variable capvetfaund is
a cute little 2-gang 10-270pF unit. This is as lasv| have
found at the low end for a standard-configuratianable cap.
The goal then is to try and keep the circuit capace as low
as | can, which | translate into keeping the ctrasi simple as
possible.

My circuit is further constrained by the coil itkelt is
essentially an "oatmeal box" type setup with ariape small
inductance primary and large inductance secondBuping
then must be single on the detector side only. Mly option
is whether | connect the crystal/diode to the tapt pr to the
top of the coil. | went with the tap, so shoot nt@he
complication | maintained, as | do on all my séggo keep a
switch between using a crystal and cat's whiskeusing a
diode. In this case | chose a Schottky 1N5819, riwst
sensitive diode | have yet tested, (diode tedtavie yet to test
just how high on the BC band | can tune, but KGOV %60
kHz sure gives me trouble.
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gone through to produce these curves. Your eartakt care
of you!

Free
0.5V plate

In the photo | indicate groupings based on an eassysure of
performance. | note the current in milliamps focteaet where
the plate voltage is set at 0.5V. The greater timeeat the
better are your chances to get a sensitive cryassuming
Ohm's Law is not followed! Crystals in the "deadhebon the
left will have their woods metal re-melted for neletector
crystals and the bad ones tossed, its tough loverfatals. |
find that easily half the potted crystals | make &yssed this
way, and only a few can be considered superlative.
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Vacuum Diodes

When | decided early on to construct a radio basedhe
vacuum diode (see my Fleming Radio section), |toafihd a
suitable tube for the project. That began with atemsive
search through the datasheets checking vacuum diode
properties and reviewing the characteristic curfeesa large
number of diode tubes. In the above figure | ploe t
characteristics as best | can on a commpn plotdawparison.

| was hoping to find a good candidate with sensitiv
characteristics and low energy consumption. As walfind,
such a beast did not exist. Following this resedreban a
period ot purchase and testing.

| have tested seven different tube types incluir®y rectifier

diodes that take a lot of power to run and arerealty suitable
for battery use, a 9v dual diode tube (20D1), aquetdiode
tube (1S5) that is designed to run on a batter§.3Y and
50mA, and a couple miscellaneous but cute tubesedting
the 1S5, | found the filament never glowed incandes at
1.5V and, on measuring, was barely sensitive tahemy. |

cannot imagine this tube would make much of a ditate
crystal radio use. | tested different manufactu#é fubes from
two different suppliers. No dice. Finally, | trigd push the
tube to operate at higher-than-specified voltagest.3V the

I-V curve was still very flat, but shifted slightljigher,

crossing the Amp axis at about 0.4 mA, (see graphp.5V

one of my tubes gave up the ghost and | didnt deniqretty
much rule the 1S5 out for my crystal radio workoks like i'll

be needing the power supply when | get around
building/operating that Fleming Radio.

=

0

A question remains as to what in fact is differabbut these
tubes to give such different characteristics. Whle I/V
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A Bremer- Tully Transformer
http://www.lessmiths.com/~kjsmith/crystal/brt.shtml

| recently won on eBay and !
lovely NOS Bremer Tully
air core transformer its
inspection tag still
faithfully wired to the base, I
(and so it will remain on | AIR CORE TRANSFORMER
the final radio). It is ‘L ““““‘1‘_‘;‘;‘:“’"‘“
absolutly gorgeous and |

was the only bidder when =

it sold, for such a great price! Honestly, | was tutally sure
what | was getting when | bid other than it lookée a coil
and, from the ebay photo, maybe would work for shaves.
Calling it a transformer was confusing althoughnterstand
all coupled coils are transformers. Perhaps thathg | was
the only bidder, well, so much the better! Wheariived | got
a good look, very interesting winding technique e Ttaning
coil is wound with somthing like #30 dcc or dsc aviThe
winding is in 6 bank-wound groups of about 10 wiydi each.
Inside is a small primary antenna coil. | prommbt out my
handy-dandy inductance meter and measured 377 uttheon
tuning and 20 uH on the primary. In addition, thisre tap on
the tuning coil one "stack" in. 377 uH is a bit te high side
for BC work and I'm not sure I'll ever get the tepd of the
band but still, the transformer works beautifully.

CHICAGO, 1L !

My calculations for a setup using a 377uH coil sgjghat a
minimum total capacitance of 23 pF will allow tuginp to
1700kHz. This is a tall order, most variable cajmasil have
found have a minimum value in the 20 - 25pF ranied

another 15 - 25pF of stray circuit capacitance hath way
over the line. The good news is that only 270pReeded to
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characteristic of most vacuum diodes pretty mudtoviothe

Langmuir-Child Law, the steepness of the I/V cheeastic is

largely due to the geometry of the tube elementd tue

volume of electron space-charge between them. Jgefa

Theory of Vacuum Tubes informs one that this isgheperty
called Perveance in a vacuum diode. Measuringréujsires
plotting | raised to the 2/3 power against V ankirg the

slope of the best-fit line through the data. Thépe raised to
the 3/2 power is the perveance. The following clilrstrates

graphically the relation bewtween the tube charistie and

perveance. For the 5726 tube | plot the charatieiis dark

blue for the tube heated with the design 6.3 vartdight blue

| have plotted the measurements and raised thethet®/3

power. One sees immediately that the new curviaésil. The

slope of the curve raised to the 3/2 power yidhgsgerveance
factor for the tube.

(Note in addition that when running the tube at arem
sensitive point with 4 volts only on the heater pleeveance is
slightly less than spec.).
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5726 Characterization
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With my measurements calculating the perveanceaistipal

and quickly done, results as follows:

Tube
6C19P
5726
6DN3
20D1
5C12P
1S5
2D1S
6G2
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Perveance
2.54

2.19

5.40

2.02

0.32
0.063
0.155
0.050

R2
0.997
0.998
0.997
0.985
0.999
0.999
0.975
0.999

however, is NOT the inventor of the oscillating and
regenerative feedback circuit, which forms the $asf all
radio amplification and truly opened radio to a sne®de of
communication. This honor goes to E.H. Armstromg man
who dug into the tube and worked out correctly the first
time its basic theory and operation. The two memght a
bitter 19-year litigation battle over this honoathin the end
was awarded to De Forest by the Supreme Court iat wh
amounts to a technicality.

From what | have read of De Forest's writings, ptteand
exchanges with Armstrong in the Proceedings ofStheiety of
Radio Engineers, it is pretty clear that De Forester really
understood how his tubes worked. So, he was navea i
position to develop the tubes to their full potehtArmstrong
for his part seems to have treated De Forest witidemic
contempt. Armstrong went on to invent the supeeiuetyne
(1918) and super-regenerative (1922) amplifier uitisc and
created almost single-handedly FM radio (1933) akmow it
today. His life ended in tragedy, representing thesing
chapter in the age of great individual inventoirglfy crushed
by the greed of corporate America. Virtually allvadces
following his were the product of team efforts iongpany or
government research laboratories.

If therefore you have misgivings as to my honorig Forest
with a radio, please understand | do so not forSupreme
Court victory but to honor the inventor of the thiotube, a
debt which even Armstrong would always acknowledge.
Should you still feel uncertain, then just enjog Bweet irony

in honoring the father of the triode tube with gstal radio.
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De Forest circuit diagram (aka Sleeper #18).

fl= 396 kHz |fl= 833 kHz Performance
fh= | 1161 kMz |fh= | 1228 kHz summary of
fres= 1085 kHz |fres= 1141 kHz gyrezﬁgojfj;t
BW= 165 kHz |BW= 395 kHz

= = abysmal, it
a-= z a= 2 has a low set
5= 7% 0d| 5= 42% 04 QL of 7

reflecting a huge bandwidth of 165 KHz but my sevisy
calculation is 37% for the condition of tight coimgl. This set
clearly trades Q and bandwidth for sensitivity. Téet is
technically double tuned with variable capacitarinethe
detector circuit and variable inductance via tapshe antenna
circuit. The inductors are loosely coupled via tioathe inner
inductor with respect to the outer. What | discoireffact is
that rotating the inductor changes the tuning and &feels"
more like a variometer rather than a variocoupkatating the
rotor 30 degrees to loosen the coupling does nobwathe
bandwidth, in fact it increases to 395 KHz. | havech to test
still on this set, it is a disappointment as | extpd a much
better QL. Measurements were made with the deteatouit
farily optimized for a test frequency of about 11z, but |
wonder if | can better optimize the tap settingstfe antenna
circuit. More to come.

What's in a name?

The name De Forest in the history
of radio is one few engineers can
hear without a fairly strong

opinion. Dr. Lee De Forest is the
acknowledged inventor of the
triode radio tube. De Forest
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The perveance numbers above range from 0.02 to Bver
mA/V”3/2 (with >2 being good for small-signal detiea) and
clearly shows my choice of the 6C19P to be an éxuedne. |
am surprised to see a huge 5.4 for the 6DN3 diadeplor
television damping diode. It takes a Novar 9-pinked and is

a large tube so doing more with this tube may haveait a
bit.

Calvert's 2001 published data

Tube Perveance
6AL5 2.42

6H6 0.50

Y4 0.58

2X2A 0.017
6V3-A 23
6AX4GT 1.42

6AV6 0.085

1A3 0.075

The high-perveance diode tube types | tested show a
interesting property in that their characteristioves do not
pass through the origin of the graph. These cuaveswvholly
acceptable as crystal radio detectors although whikyequire
power to operate. What | have noticed with suctesuls that
when | turn them off after using them with a radia, cooling
they go through a period of much increased seityitjvery
loud) before fading to nothing. It is as thoughmimg them at
the full 6.3V lowers their full potential as crybtaadio
rectifiers. The reason is in the high perveanctheftubes, the
anode is already proximate to the space chargerebefoy
plate voltage is applied. Effectively, while theag (anode)
"Zero" voltage is measured with respect to grouhe, plate
itself is still positive with respect to the catlimdpace charge.
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Small currents will continue to flow even with agagive bias
to the plate, (Contact potential).

In order to explore this idea, | ran a series sfgewith the
tubes running at lower operating voltages (effedjiv
diminishing the space charge thus lowering the gmmee) as
shown:

5726 Characterization 6C19P Characterization

—ao —so

Here you see the impact of lower operating voltay¢ish the

tube operating between 3 and 4 volts the charatitedurves
begin to pass through the origin as in reguladsstate diodes
and crystals. It is precisely in this voltage rarbat | found

the radio sensitivity, as measured by loudnessyt@an, to be
most pronounced. It appears that the diode chaistateneeds
to pass through the origin of the I-V graph for Hegt

sensitivity. This takes me to the 20D1 tube whiglerates at
9v but only 200mA. This will still take a power flp to use,
but the good thing is that the characteristic cupasses
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View from behind with my cat's whisker crystal dete,
SPDT knife and 1N34A diode.

De Forest

Crystal

kjs09
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through the origin. Running at its design paransetbe tube
looks a lot like the 6C19P at 4v.

View from above highlighting the tap wiring, SO nhugork!
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Photo of the lab with my diode test jig, amp meterd diode
vacuum tubes under test.
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on each switch. The wood knobs have a nice eagynathe
switch passing readily between contact buttons.

The radio works quite well, in its tightly-couplesgtting it is
quite sensitive with a strong signal. Its seletyivin the other
hand leaves much to be desired. This can be expécta the
circuit layout with only the secondary circuit capively

tuned and the detector tied at the top. | was lppiat by
varying the coupling | could achieve some incredse
selectivity, but it de-tunes the station with anditidnal

unacceptable loss of sensitivity. Take this outditle urban
environment with such crowded airwaves and theosght to
perform admirably. Signals come in strong with tteel
galena nearly as well as with the diode. | like get.

Portrait of set, ummmm..
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As most of the components for this set were readgenthe
construction planning felt a bit much like assemdpla kit. |
had originally intended to use modern tap-selestatches as
well. In order to make the construction challengiagd more
importantly, to maintain the vintage look and feéthe set, |
quickly abandoned the modern switches and chofabt@ate
instead classical wiper switches in the early st@ecourse, |
also include my own style cat's whisker and SPDTfekn
switching to a more modern diode. The diode is mly mod
to post war technology. In the crystal cup | hawens lovely
Utah steel galena potted in wood'’s metal, finelstalline, hot
as hell all over its surface.

As one can clearly see, my obvious preference isttie
breadboard style of early radio. Much of the faatom and
beauty of these sets lies in the component hardwaoe
enclose them behind panels or put them in boxesssech a
waste. The base is a box with about ¥ inch of spide to
hide the bolts and wires. | did need a small pamgdlace the
wiper switches on. This is made of 1/8 inch blacklr

plastic resin, a very hard and nice to work withtenal. In

fact though, it is a bit too shiny, too “plasticfr my taste.
Well, that is what | had.

Fabricating the wiper switches, buttons, and leamisthe
inductor was an odyssey in its own right, amplységing my
desire for more challenge. Attaching the leadsheoprimary,
soldering without damaging the windings, and theéealdtouch
of shrink-wrap “mittens” was a labor of love. | dhope it is
justified by the final presentation. The rest of ttonstruction
and wiring was a piece of cake by comparison. Tligemw
switch knobs are wood with a felt buffer against tranel.
Behind the panel compression springs keep a steaghsure
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RADIO TEST
Kevin Smith
http://www.lessmiths.com/~kjsmith/crystal/rtestrsht

OK, now that you have built a radio, or severalwtio they
perform? Without a bit of objective testing you hilever
really know. | have often read descriptions of oadi
performance such as "tunes very sharply" or "se¢psravo
closely spaced stations" and/or etc. These areitafivg
descriptions that do not really give you much infation. To
know your radio, it takes some measuring. | am nwgkhe
assumption here that, as a homebrew radio buiider,will
find tinkering and measuring your sets just asr@ggng as
their design and construction.

For testing, | have pretty much lifted the excellprocedure
outlined by Charles Lauter with a few modificatidnssuit my
own philosophy. | will give my own protocol but gir let's
look at the needed equipment and test setup. Geatirrystal
set requires two pieces of homemade equipment, namyu
antenna in front of the set which allows measurérpeimts,
and a measurement load at the back end. Otherspietce
equipment include a signal generator, an rms vaémea
resistance meter, and a good digital voltmeter.cu@ir
schematics for the homebrew components are sholowbe
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150hm 180 pF 24 uH 1M ohm 100k ohm
Signal Set under J =L pwm
Gen 10 ohm test i
I
RMS RM

kjs12

For the tests | originally found an old analog siggenerator
on ebay which | sadly found to be wholly inadequatee unit
was by no means cheap but the dial was difficulted with
any precision and the "play" in the dial made regsli
hopelessly inaccurate. Finally, it gave no indmatiof the
attenuation or voltage output levels, rms or ppthefsignal. |
have since found a nice, reasonably-priced newtadiginit,

(max's out at 2Mhz so strictly for AM band work)athgives
good readings, gives me the output voltage levppinand can
even produce different wave forms. | recommendoifi yare
seeking to equip your lab, go this way from thetsta

To calculate the signal input power you will needomd rms
voltmeter. This is a non-trivial item and, after myperience
with the vintage signal generator | was leery atigg a used
meter. In any case, an expensive dedicated sirsglepiece of
equipment seemed extravagant. For this measurentente
found entirely acceptable results using an osaitips which,
of course, is useful for so much more and belonggur lab
regardless!

It is on the back end of the measurement whergdrgée from
Lauter's protocol significantly. He recommends pigcin all
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De Forest, Vintage beauty
http://www.lessmiths.com/~kjsmith/crystal/deforebtml

My latest effort, | call this
my ‘“‘DeForest” after the
principal component of the
radio. Over the last few |
months of visiting ebay and
finding essential radio parts
and browsing, | have
stumbled across an
occasional vintage piece
that | just loved and needed to bid aggressivelyMy intent

is not to just stash these in a drawer somewheretHe
pleasure of owning, but to use them in projectss Phoject is
built around a lovely De Forest Radio Telephone and
Telegraph Company Vario-Coupler. The vario-couplesund

in beautiful apple-green silk covered wire 24 gaagso, has a
tapped primary stator measured at 560 uH and amppet
internal rotor of 285 uH. Other vintage componentthis set
include a Windham square-law tuning variable capac®0 to
550 pF, and an Atwater-Kent 3 % inch tuning knolhe T
second 3 inch knob on the vario-coupler is a viat&gdion
Dial made by the American Hard Rubber Co.

| built the radio according to Sleeper hook-up #1& a fairly

straightforward hookup but with sophisticated feasu
including a double-tuned design, a tapped primaned via
single and multiple taps, and variable couplinge Secondary
coil is tuned with a vintage variable capacitor. Ase

secondary coil is the rotor inside the primary,réhés no

provision for tapping and the detector circuit éniected to
the top of the coil. This set could use some skiect
enhancement circuitry | suppose, but oh well...
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radios to be tested a 1N34A diode and then usaralatd 2k
ohm load resistance to make the output measureméhis
may give a standard and comparable result, bubéis chot
insure a good impedance match and does not reffect
intended usage and setup of many crystal setsciafipesets
intended for high-performance. Here | am interedtedearn
just what is the optimal load resistance for my weder the
test conditions. Note the caveat "under the tesiitions".

This may not reflect actual usage unless you takegutions.
You will want to set the generator to an input agé similar
to what you expect the radio to receive in actyagration.
You will probably want to signal level work the die in its

peak-detection region but not so high as to sate diode,
(In making a loaded Q measurement you want to nsake
that the diode impedance stays constant; othertfisegchange
in diode impedance (as the tank attenuates theldigfiore the
diode) will change the load on the tank and thediadith

measurement won't really reflect the Q of the tafially,

for the output voltage you need a good voltmeteh wery

high input impedance that will not load down thé sader

test. This really means a good DVM. | use a useithi&y 192

bench meter with a 2M ohm input impedance, and lzeckup

a used Keithley 180 bench electrometer. Overkithaps, but
for just in case...

Getting back to the load resistance then, my podtiscto find
the optimum resistance to deliver the maximum pogmet
voltage!) to the load. This is a bit of a tediowsqess but will
amply rewarded. Having tuned and peaked the sethé¢o
measurement frequency, | then take a series
resistance/voltage readings to find the maximumerawtput.
In my circuit this is accomplished with the variedM pot.
The resistance meter and voltmeter cannot be ctethés the
load at the same time making this a tiresome roafbltow.
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Once | find the optimum load resistance, | setfbeto that
and proceed to the main testing for sensitivity and
bandwidth/Q measurements.

Test Protocol as follows:

1) Connect the set to be tested between the dunmiena
and measurement load as per the above diagram.

2) Connect the signal generator to the dummy aatema set

the frequency and voltage output. | typically téstthe

center of the BCB at 1100khz and use a 200mVppubutp

sine wave.

Set the load resistance to somewhere aroundbgis. The

exact value is not critical as it will be adjustatér.

Connect the DVM and tune the set to peak thepubut

voltage. Care here is amply rewarded, especiallth wi

double-tuned sets.

Once peaked it is necessary to adjust the gmmera

frequency to re-peak the output voltage as hand-

capacitance or other factors may have preventefitgier

tuning. You now have your set properly tuned for

maximum output. Presumably this also means the best

3

N

4

=

5

N

possible impedance match between the set and dummy

antenna. This is the resonant frequency (f res).

6) Record the frequency and output voltage.

7) Now find the optimum load resistance. This imeldy
making a series of paired measurements of loadtassie
and output voltage. Power in uW = mVout * Rl khoms.

8) Set the load resistor pot to the value wheregrautput is
highest, this is the optimum load for the test.drdchis.

9) With the signal generator re-peak the outputage and re-
record the resonant frequency (f res) and outpltage
(Vout mV).

10) Multiply mVout by 0.707 to find the -3dB level.
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fl= 1095 kHz My homebrew in its Galenatron

fh= 1116 kHz configuratior] showls.fair Q at 53

s aes e and pc_)or-fa|r sensitivity of 15%.
There is a 1cm separation between

Bw= 21 kHz the antenna coil and detector coil
Q= 53 which may help. In many radios of
5= 15% this design | see the coils separated

by 2-3mm only. As | wound the
coils on a single form, there is no experimentirggeh just
wondering. The variocoupler here is only a trap @ not
used in this measurement. With the return to aleinged set
you need expect performance downgrade, but greasss of
use for general listening. | feel this configuratis a good
compromise for easy listening without the hassel fo
manipulating two (or more) tuning dials. It is algasuperior
to the Dunwoody and De Forest single-tuned sets.
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general listener radio and far far from the perfance
achievable in high-quality DX designs. But it iataing me as
intended.

Inspired by Dan Petersen's Galenatron, | wishgalayp with a

vario-coupler design. This hookup uses a singlenfaiith an

antenna coupling coil of 10 turns and a tapped redany coil

with 62 turns. The first 2-gang vcap is unused. Sihgle-gang
variable cap tunes the rotor. So far the best ipositeems to
be keeping the rotor in-line with the main coil. Mdearning
to come.

Home Brew

8.cm form, 18 awg
L1 10t
L2 62t

%2 — 460 pF
—é =
~ “Crystal
sw
_uJ 10pF
IN34A

S
=N 7410;);

5.9 cm form, 18awg
L3 50t

= ks 09

Mt
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11) Adjust the frequency above and below f res| timi output
level falls to the level calculated in stepl0 aboVhese
frequencies are f high and f low. Record these.

12) The -3dB bandwidth = f high - f low. Loaded QL( = f
res /| BW

13) Take the generator output peak-peak voltagerded in
step 2 above and convert it to rms voltage as Vislo
mVrms = mVpp / 2.829. This is Lauter's RF voltagé E
mV.

14) Measure the RF voltage across the 10 ohm oesist the
dummy antenna. This is Lauter's RF voltage E2 mV.

15) Input current to the dummy antenna = Lin = BAthA)

16) Input power to the dummy antenna = Pin = E4rf(uW)

17) Power loss in the dummy antenna = Pda = Lin23 {the
dummy antenna resistance)

18) Power delivered to set = Px = Pin - Pda uwW

19) Set input resistance = Rx ohms = Ex / Lin whexe= E1 -
(Lin * 25)

20) Set output power (UW) = Pout = Vout*2 / RI lmts

21) Set % efficiency (sensitivity) = 100 * PoutihP

Having built a fair number of sets, and with vagyiquality, all
the above protocol was developed to test my setsatW
follows now is a discussion of how my sets stackagpinst
each other and some notes on what one may expadiristal
radio performance-wise. | give a summary table Wwedd the
essential data gathered on each of my sets.

Table 1
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Measured Qloaded at 1100 KHz
Radio Vin | Pin  Pout Ef BW Q R« R Rd
vV  uw uw | % KHz -3Db ohm kohm kohm

BremerTully 02 30 4 154 22 50 143 20 200 BAT46
BremerTully 02 26 a4 192 25 44 166 21 18 1N277
DeForest0d 02 4 10 304 8 13 9 24 18 N7
Dunwoody 02 31 10 387 6 18 135 21 200 BAT46
Fleming D 02 3 14 501 6 17 129 45 170 Dp1s
Fleming D 02 27 12 433 8 13 158 33 2 D9
Fleming v 02 34 14 498 7 16 12 & 6C199
Galenatron 02 21 28 15 13 8 219 50 18 1N277
Hammerlund 02 2 2 89 30 37 166 142 150 FO2I5
Homebrewllom 02 39 107 343 29 38 104 50 18 IN277
Homebrew1scm 02 55 45 112 13 82 86 45 18 IN277
Homebrew1scm 02 29 118 478 61 18 147 53 150 FO2IS
Teflons 02 45 85 245 22 50 8 76 575 HP283Sa
Teflon14 02 6 20 46 10 107 56 275 575 HP23ISKA
Teflon 8 215 02 46 123 348 19 58 85 | 130 150 FO2I5
Teflon 14215 02 7 0000100015 12 91 683 130 150 FO2Is
Minstrel 02 39 8 238 51 21 104 50 160 1INSOschott
Mystery 02 1 01 12 163 7 M6 21 28 1INA
Av>| 34 | 7 | 26 [ 46 | 43 [173 | es | 153

The above table of measurements were made at anabmi
frequency of 1100khz and input voltage of 0.2Vpjinacated
on a digital signal generator following the protbeatlined. |
give the radio name under test should you wisteterrto my
pages for more on each set. The columns as follows:

Vin = 0.2V pp (0.71mV rms)

Pin = input power in uW into the set (after the dayn
antenna)

Pout= output power across the load resistor in uwW

% Eff = 100 * Pin/Pout

BW = bandwidth in khz at -3db

QI = calculated loaded Q of the set

Rx = the set input resistance presented to thevaate

RI = measured optimum load resistance for maximanvep
transfer

Rd = Diode junction resistance Rd used in the set
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fl= 1092 kHz £l= kHz fl= 1094 kHz

fh= 1109 |kHz fh= kHz fh= 1103 kHz

fres= 1099 kHz fres= 1094 kHz fres= 1099 kHz

BW = 16 kHz BW = 12 kHz BW = 9 | kHz
= 68 Q= 23 Q= 125

S= 22% 1icm |S= 21% 13cm |S= 15% 18cm

Here | show the performance summary for my set witee
coil separations, 11cm, 13cm and 18cm. With thésets you
see the value and trade-offs in loose coupling eetwthe
antenna and detector circuits. With the coils atcndl
separation they are slightly over-coupled but stillth
relatively good Q, 68, and fair sensitivity at 22%eparating
the coils to 13cm and then to 18cm loosens the lowip
allowing narrower bandwidths and higher Q (getting125,
woohoo!), but at the sacrifice of much sensivitiligpwn to
15%, still reasonable. This is an excellent perfamoe, | must
be doing something right somewhere. Of courseishiill a
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From the data above some interesting observatiams be
made.

Figure 1.

Input Power vs Set Rx : 1100khz:0.2Vin

0 ‘

y= 2162309557
R?=0.9971

In figure 1 above | show the relation of the inpotver versus
the set resistance. The quality of the fit refletttst fact that
this is largely a calculated value, but it doessiltate the
importance of having a low input impedance to matett of
the antenna. This is not often considered in diions on
impedance matching but is critically important. Téwetenna
has an impedance in the 25 - 50 ohm range, notteast this
in a set without quality parts and construction. Mgts
typically have an input impedance in the low 106fsns and
only two of my sets really get down to the 50-6Gnofange
giving a good match to the antenna. Both of thesedauble-
tuned sets with a tuggle front end.
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If you are serious about getting DX and doing adbheavy
liting, you will need a good antenna tuner as diryour set
design.

Figure 2.
Qload vs Set Rl : 1100khz:0.2Vin
140
120
®
100
®
80 P
3
50 %
‘ *
40 @ V=0480x
R*=0.1893
= %
o
o 0 100 150 200 250 300
Rl

At the back end of the set things get a bit mesmier are not
east to show with a simple two-component plot. Hehave
chosen to highlight the importance of the propeadlo
resistance on the set loaded Q. In my set testivay¢ tried to
pay close attention to the importance of the loadh® tank
and diode. Early on | considered construction ofcasput
transformer unit that would work with different fa$ as well
as with different phones. Such a design can bedfmmBen
Tongue’s excellent and highly technical web sitee plans
were well beyond what | was able/willing to take sa |
turned my attention to discovering just what loagistance
exactly do my sets require for maximum power transhfter
all, if | found only a small range typical valuésnight design
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My second homemade, A double-tuned open test bed
http://www.lessmiths.com/~kjsmith/crystal/homebrshim|

Having learned my lesson
with the Mystery set, |
have set myself to make a
double-tuned rig  with
open wireing for testing
multiple  configurations.
The concept is to seek the
maximum  amount  of 7
flexibility in hookup and "
coil design. This will mean interchangeable coil¢hwor
without taps, and wireing with allegator clips.dve chosen to
hard place in the set three capacitors, 2 doublg @8 - 460
pF and one 20 - 410 single unit. The detector,\aays, will
switch between a diode and my own crystal stande Th
modular design will allow testing coils mainly altigh vcaps
will also easily be tested with jumpers. The numbgteads
and allegator clips, not all used with any one igamtion will
give this a bit messy look, but this is not a bgagntest but
for learning. As always | include the option of ngsieither a
germanium diode or actual crystal.

.

iy

The photos and circuits below show two hookups enily
completed.

Double tuned circuit with tapped coils and an omioQRM
trap (unused in photo). This configuration alond kéep me
busy quite a while! I am learning what "sharp” tgnis. The
antenna coil is tunes series-parallel but the, filsft) 2-gang
vcap while | only use one gang of the second vEap.lower
inductance coils | can use the second gang inlparal
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a generic transformer that would work well with mar all
minus the complicated switching.

In my testing protocol PowervsRl
therefore, | included the o I e
important step of 100

..wm.w..,wm.mm.

F

determining the optimum 80
load resistance for the set 3 °
under test conditions. | ~ *°
certainly part company 20
with the school of thought

that says to test all sets
exactly the same way, including same diode (1N3#fically)
and same test load. Sets are designed to work videst
impedance matched and at the back end that ggneradins a
load matched to the tank/diode combination thaiveled the
maxumum power. At right above | show a small pibere |
varied the load resistance over a wide range alkdlated the
output power of the set. (I give the plot with Ibat linear and
a more appropriate log scale). This should dematestthe
importance of optimizing the load resistance.

i

kohms 250

Optimum load resistance depends on both the taakdXhat
portion of the diode detecting the signal. Thatum depends
on the signal level. Very weak signals will be iiéed in the

square-law region of the diode characteristic areduire
relatively high (and variable) load resistances.rii to

strong signals will be rectified primarily alongethpeak-
detection portion of the diode characteristic aeguire lower
load resistance with less variation. Not shownhia above
spreadsheet, | also ran measurements with a 2.0Mpg.

With this stronger signal, rectification was takipiace farther
out on the diode characteristic. As expected, tleasured
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optimal load resistances for this case was sintdlaor lower
than that for the 0.2Vpp input case.

With all that said, the plot in figure 2 is messyt kthe
impression is that of increasing Q with increasiig | view
the plot as having a number of small groupings
measurements with similar conditions, each showiigher
Q's associated with higher load resistance.

Figure 3.
% Eff vs Power out : 1100khz:0.2Vin
0
s0
y=3500%
R?=0.937
a0
" * id
g
AR 4
20 ®
L4
10 / L3
(2
]
o 2 4 s 8 10 12 1 16
Po uw

Figure 3 is most obvious with the clear benefitgobd set
efficiency on output power. An efficient set willetver
approach the maximum power transfer desired. Higha@s a
part here. Still, there is always the tradeoff lew selectivity
(high Q) and sensitivity. An efficient set deliversore power
to the load, but to go after Q you will ultimatédg sacrificing
sensitivity.
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co-wound kj s09

Performance summary for the
radio. My Mystery set, despite
initial mis-calculations on the
coil winding specs, turns out to
be a fair performer. the
a= 26 bandwidth around a nominal

= e 1100Khz is 43Khz giving a set Q
5= 19% of 26. This result is superior to
both my DeForest and my kit Dunwoody, not bad fdirst
try! Sensitivity comes in at 19%, second after BeForest.
So, | consider this a successful entry into thelavof scratch-
built crystal radios.

fl= 1073 kHz
fh= 1116 kHz
fres= 1097 kHz
BW = 43 kHz

168

Figure 4.

% Eff vs QL : 1100 KHz:0.2Vin
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Here is the bottom line, Q verses Sensitivity,cédficy in this
case. On this plot it is readily evident that | @auwilt my fair

share of loser radios, but also a good number tf which

push boundary of what can be achieved in terms
compromise between Q and sensitivity. Looking at phot it

is fairly easy to imagine a sloping line or zonaning from 0
Q at 60% efficiency down to 120-130 Q at 0% efficig.

Beyond this one will probably never go with tanidamtenna
tuner alone. It will be time to start adding trapsyour bag of
tricks. Recall that the above is for the 1100klesjfrency and
that Q is a function of frequency.

In order to explore this final conclusion, | haeden a look at

Dave Schmarder's excellent bandwidth analysis sf #50
contest set. This set is a superb work of craftsfmgnand
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skill, experience and usage of the best ($$$) radder
available. | take this to be just about the moswbht can
wrung out of the sky with a crystal radio. Davei®tpcol is
rather different from my own and he did not makspecific -
3dB bandwidth measurement so what | do from hertakes
many liberties with his work, my sincere apologieadvance!

Figure 5.
Dave's Set #50 Performance Measurements (edited)
Maximum Sensitivity Setting BW
-10khz  1000khz +10khz  0.707 Fl Fh -3db aL

990 1000 1010 Approximate

my my my my khz khz khz
1N34A 118 188 58.9 133 996 1004 85 118
Schottky 5.4 208 47 147 996 1005 %52 105
FO-215 8.8 204 55.6 144 996 1005 28 108
6 inches (15 cm) 69 224 66 158 995 1006 11.0 51
9 inches (23 cm) 104 145 10 103 996 1005 8.0 111
12 inches (30 cm) 2.6 70.7 2.5 50 996 1004 &5 1z
15 inches (28 cm) 0.9 35.8 0.8 25 956 1004 85 118
18 inches (46 cm) 0.2 155 0.3 11 936 1004 83 120

1000

—8—25chottky
100
——1N34A
. ——r0215
H
E +—9in
——12in
3 ¥ ) : U ' —e—1sin
ofs 830/ 85 1000 1005 1010 1015
. —o—18in

Frequency khz
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More study, more puzzling over the problem, more
calculations, more frustration, more more studyid D say
that? Short of complete disassembly, which | washido do, |
was unsure where to go with it. Reading all | couldame
across a set with a modification with a second teeging the
antenna, this | could test! My antenna, by the wsya 100ft
14g stranded insulated copper wire with an addili@®®ft or
so of lead-in. Tuning the antenna seemed promaimgwhen
placing a cap the set suddenly found its voice!h/iwvorking
radio, | had the dilemma of what to do with the ecalo
second cap would fit. The large vintage capacitara easily
be replaced by two small modern caps though andhges
showed that in reality they tuned very effectiveligh a dual-
gang capacitor which is what | settled for in timel.eThe set
still dosnt tun below about 700 Khz or so. Posimg question
on the Xtal Set Societie's excellent discussionrfoRap'n Tap
brought elightenment from Golfguru who wisely askibe
length of my winding, pointing out that the induate of the
coil should be calculated from the total lengthhef windings,
INCLUDING the bifilar primary. Running back to Pesfsor
Coyle with a 3.27 inch length gave me 112 uH arldveer
tuning range of 660 kH or so. So, "Mystery" solved.

The following is a final schematic of the set arbos of the
set as it exists. | listen to it most evenings asik.
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cap, all displayed on a breadboard box with wireigden
inside.

The risk here was inexperience and it certainly edrome!
My 18 AWG wire turns per inch were rather differérom
values assumed in the "Professor Coyle" spreadsheé
because the sheet assumes bare wire and becawsdslityyto
close wind is not that great! My first attempt wésr
experience, but not for getting a useful coil. Retimg and
adjusting allowed success, almost, on the secdachpt and |
got 46 out of a planned 48 turns on the main dskembly
was difficult but in the end | had a lovely setttieouldn't
bring in anything! Well, almost nothing, some weaterfering
stations at the cap's full-open position. My fjpéibto is of this
incarnation.
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In figure 5 above | have attempted to cast Dave's
measurements into something similar to what | aringio
which is looking at the -3db BW and Q at 1100khfinally
produced the above spreadsheet where | simply $mddhe
data for the 1000khz case and estimated the batfuhaid-
3dB. This makes a LOT of assumptions of course.tMds
assume that the +-10khz measurements are well atheve
resonance skirt so my smooth curve is not unredéena

The #50 set then appears to have, at 1000khz, & -3d
bandwidth of around 8-11khz depending on diode aand/
spacing between the tank and antenna unit giviaddd Q's of
91-125. These numbers fall in the range of whatomp data
lead me to expect. Ken Kuhn's page on ResonantuiCirc
suggests the “typical" QL at 1Mhz ranges betweeart 100
and Dave's #50 set is certainly beating the beghatf

In the final figure 6 | have taken my estimatedutiessabove
and looked at how Q and peak voltage (assumingt@ons
conditions other than the spacing between the aatemd
detector units so this ought to reflect power al)weis quite
apparent that the set is rapidly losing output powhile Q
improvements are flattening out as the spacing &emwank
and antenna tuner grows to 18 inches. It would apfiet a -
3db loaded Q of 125 is near the limit of what canelipected
in a crystal set.
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Figure 6. My first homemade, A Mystery Set

http://www.lessmiths.com/~kjsmith/crystal/mystehtrsl
Spacing on Dave's #50
250 140 Having made the
Y w56 Dunwoody and experienced
200 | s the thrill of listening to the
> 150 X local broadcasts on a radio
£ \ T of my own, unpowered save
& 100 r 60 for what the stations
go LMK My s spacing \\ = themselves provide, | was
R L 20 thoroughly ~ hooked  on
5 = \ 5 crystal radio. | hit the web
0 5 10 15 20 for all | could find, which is considerable. My mathanks to
Spacing inches all of you who have provided such useful and infative
pages. | categorize my effort along two axes, Alifig and

reading sites with background theory and advicecoystal

radio, and 2) sites of crystal radio builders t@knwhat is

possible and find inspiration. | was determinegtoduce a set
of my own from scratch. Of all the possibilitiesidathere are
SO MANY, | soon settled on the Mystery Set as derasting

and challenging goal. | have the impression thatynperhaps
most of the experienced builders who make theisgee felt
on the web have built this, or modifications ofstiget. A
worthy place to start, worthy company.

My intent, after studying so many variations oftket was to
settle on the original set as published in the 1B82bane
Sunday Mail. If | can do well, then only can | ciles
modifications. My plan was to take the basic circuiut
otherwise use my own forms and wire, calculatingrapriate
inductor dimentions and winding specific for my dee |
sought a square coil with large dimentions, 8cmlingaitube
wound with 18 AWG magnet wire, switchable detector
between a diode and homebrew, and a lovely vin&gfipF
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My library of Crystal Radio Hookups and theory...
http://www.lessmiths.com/~kjsmith/crystal/cataldgrsl

This section of my page started out as a placeutonpy
compilation of crystal radio circuits. That compiten became
a catalog featuring circuit diagrams hand-drawn nhyself
from various sources (as indicated on each pagecaklog
reference). When | first entered the crystal rawibby, | was
amazed and more than a bit intimidated by the svergety of
circuit possibilities. | began to make my own citadrawings
in order to get a handle on this in addition todiimg
interesting circuits to construct myself.

To organize the circuits from fairly easy to ratbemplicated,
| put together a simple classification based onrtheber of
Inductors and Tuning Capacitors in each circuit anigw of
their main distinguishing features. Better classifions may
exist, but this works well enough for my purposele§end
follows so anyone may break the code. The catatogiges
only minimal information about each circuit. Althglu an
experienced builder may make the calculations thi lzuradio
from the data provided, | mostly intend this fofoinmation
only. I highly recommend if you wish build a setdonsult the
original reference.

Later as my experience and familiarity with crystdio has
grown, and after having built and tested a certaimber of
sets, more detailed and technical information hasotne
necessary. Scouring the web has turfed up an aghagimber
of extremely well written and helpful web resourcéhile the
number of excellent web sites is large, there hbeen a
certain few that | found myself returning to timedaagain.
From these | would print out large sections and rerefully,
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scribbling notes on the side, generating more érestand
learning, learning, always learning.

Eventually | began to assemble what were, to me, miost
useful and informative pages into a handy book &rn

decided to print the darned thing out to keep aso@a of

Crystal Radio Handbook, something to take with meéhe go,
or just to read on the couch. | am NOT a "kindlgdet. The
project was no trivial thing. | knew what | wantdmljt casting
everything into a common (more or less) format,aoizing

things, formatting figures, etc, it was a lot of loFor my

handbooks, a glance at the table of contents skowsok
organized to lead the reader along the path |v@th The
authors are many and | wish to thank 10,000 tineshe

people who have contributed so much to this hobbythe

web. My apologies if | did not choose your pagestlie book,
the choices of what to include and what to leave was

purely my own. The final Handbooks, there are threw, |

feel represent university-level material from adweth
introductory to university senior / graduate preéagons on
Crystal Radio. Published handbooks on crystal raafie

traditionally directed primarily to the "boy sciésit

adolescent, introductory in nature. | hope thiséhkandbooks
fill a gap rather than pander.

Finally, to help as reference, | eventually forredtttwo
particularly interesting web pages as complete mels in
themselves. Ben Tongue's pages are essential gefadithe
serious hobbiest, even if over my head, (read.aa@aay over
my head). At nearly 400 pages, | have broken i itwo
volumes. Kenneth Khun's web book is just greabnal, but
not overly, well explained as one would expect fram
professor. Thanks for your efforts and for all hosthers
whose pages | missed.
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Dunwoody
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Performance summary of my
Dunwoody is so so with a set Q
(loaded) of 18 but my sensitivity
calculation is 17%, not so great.
This may be all that can be wrung
out of a single-coil radio, who
knows? Most of my radio's have
higher sensitivity so this set

definitely benefits from my audio amplifier.
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Circuit schematic for the set.
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| intend these documents to be printed on double-ttter
paper, folded over or cut in half and then bourite Toldbook
paging system in the document only makes sense ttieis
done.

Crystal Radio Handbook: V1 Catalog of Crystal Radimok-
Ups (ready for printing and binding..129pp)
pdf format, 15.7 meg size

Crystal Radio Handbook: V2 Crystal Radio Theory A
Handbook of useful technical articles, (Bookfoldrfat for
printing, 262pp).

pdf format, 2.21 meg size

Crystal Radio Handbook: V3 Solid-State and VacuuiwdBs
A Handbook of useful technical articles, (Bookfdtdmat for
printing, 268pp).

pdf format, 4.47 meg size

Crystal Radio Handbook: V4 Antenna / Ground andefnt
Tuning A Handbook of useful technical articles, ¢Rfold
format for printing, 164pp).

pdf format, 2.13 meg size

Crystal Radio Handbook: V5 Inductance, Inductorsd a
Measuring Q Technical look at Coils, (Bookfold fatrfor
printing, 272pp).

pdf format, 5.58 meg size

Crystal Radio Handbook: V6 Antennas and Propagafion
walk down memory lane, historical and personal, qiold
format for printing, 234pp).

pdf format, 9.49 meg size
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Crystal Radio Handbook: V7 Vacuum Diodes Dedicated
entirely to vacuum diodes, (Bookfold format for mtiing,
210pp).

pdf format, 11.00 meg size

Crystal Radio Handbook: V8 Resonance Resonance and
Coupled Circuits, (Bookfold format for printing, 28p).
pdf format, 17.70 meg size

Kenneth Khun's Web Book on Crystal Radio Enginegrin
(ready for printing and binding.., 113pp)
pdf format, 1.11 meg size

Ben Tongue's Web Book on Crystal Radio Systems iell
(ready for printing and binding.., 185pp)
pdf format, 1.37 meg size

Ben Tongue's Web Book on Crystal Radio Systems elil
(ready for printing and binding.., 208pp)
pdf format, 1.59 meg size

Ramon Vargas Patron's Web Book Contributions tost@ty
Radio (ready for printing and binding.., 111pp)
pdf format, 1.65 meg size

This Web Page.. (because I'm so vain.., 238pp)
pdf format, 6.72 meg size
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The radio now has a NOS Philmore crystal detedaods In
this photo | am testing a Pyrite crystal sitting @rcrumpled
aluminum foil bed, successfully detecting 1590 Kbeally
here in Houston. In the background is my trustynld®75
giving me the straight poop on what station | astehing to. |
was never really happy with the Philmore crystaldeo
though, it had to be improved.

Current configuration on the Dunwoody now sportingood
brass crystal cup with set screw, also | havedittee coil off
the wood base with 1/4" standoffs. | am not sune hauch of
a difference that made, but seems good practics. pffoto of
the set taken while prototyping a homebrew detestand of
my own. | figured if | was to become a radio buildewould
need master the detector. | am a geologost so dio ®m a
crystal radio without a crystal, | mean, an actugstal!
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me back to my roots as a minerologist as well. i fom |
have subsequently learned to pot my own crystaatiets in
woods metal, and tested a number of minerals ascibes,
though in no systematic way. | did immediately ocetihat
Galena and Pyrite, the most frequently cited misems
detectors, are metallic sulfides so | have acquadditional
samples of Stibnite, Molybdnite, Argentite, and Attate,
only successful with the Molybinite. Seems a higlyrée of

symmetry is needed as well. CHAPTER |l

The following photos are of the radio as originanstructed

and a couple morphs as | learned to love this drelalby. Radios | have built with my own
My Dunwoody in its original configuration as peretrkit little mitts...

instructions. Clearly seen is my first-ever attemptvinding a
coil, first attempt at taps in said coil, and aefiradio just the

same.
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Dunwoody, a kit from Borden Radio right here in Houston
http://www.lessmiths.com/~kjsmith/crystal/dunwoashtml

My first real intro to this
fascinating  world  of
crystal radio came with a
set | purchased on Ebay
from  Borden Radio
Company, Lance Borden.
Lance is an engineer at
NASA and radio amateur
with a business selling
crystal radio's and parts. When | first ordered kityhe was
very helpful and encouraged me quite a lot. | agipte the
well-designed radio as much as his help in my @himion.
The radio itself is a single-tuned set with dua 3&ps tuning
on the antenna and detector sides of the single e coil
features numerous taps, a concept | was quite uifdanvith
and curious about when | first considered the sepfirchase.
| figured | had much to learn and the set seemsad gand
serious way to begin.

The Dunwoody comes with a 1N34A diode detector, 886
variable capacitors, fahnestock clips, a sturdylieaard coil
form and magnet wire to make the inductor. The tidet
instructions are clear and easy to follow. One iternincluded
or part of the radio is a crystal detector, but ith&ructions
give a hint by stating that the spacing for thengmmium
detector are the same as for a Philmore detechat §ent me
to the web and introduced me to the crystal intalysadio. |
thoroughly had the bug by this time as | searchad dnd
eventually acquired a Philmore detector and crybtafact the
galena crystal is remarkably hot and often perfoevery bit,
in my opinion, as well as my germanium diode. Thas led
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Sleeper #1 Performance
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wellas untuned radio responce

500 1000 1500 2000 2500

KHz input at 2.0V rms

Hooking parallel configuration to my signal generatan give
an idea of the performance of the radio acrosspeetrum. |
measured the mV output in 100 KHz increments frd@@ ®
2300 KHz. Across the broadcast band the set hdy fit

responce with a slight tendancy to resonance abso® KHz
and then increasing sensitivity from 1900 KHz on Kipep in
mind that the set is hooked to a dummy antennarakian my
actual long wire. Still this gives an idea of theemall untuned
nature of the circuit.

When | hook in a series configuraiton | am unaloeget a

measurement, only OV DC output. | am working on whig
may be the case. Drives me nuts.
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A Spark-Gap Transmitter
http://www.lessmiths.com/~kjsmith/crystal/sparkrsht

Why a spark-gap

transmitter? And why here
on a crystal radio page?
Well, the second question
Il answer first as it is

easiest. The transmitter is
a vintage technology
device that is no longer
current in the modern
world and so fits thematically with the purposenof crystal
radio page. The first Question is more interestingy build
it? In late 2009 my elder brother, founder and awné
Northwest Research Engineering, LLC., in Seatti@llenged
me to construct a spark-gap transmitter. He enjsgaihg my
vintage-style crystal sets and we enjoyed discgstie early
history of radio together. So, it seemed a logis&p to
progress in this direction. Additionally, as his nwois in
cutting edge ionospheric research, he has littodpnity to
study such retro technologies up close and personal

DISCLAIMER:

| am not a licensed radio-amateur and in arse ca
spark-gap transmitter is not legal to use in thetddn
States. As such, this project was taken on astentdmgy-
demonstration exercise only and is not intendedatual
use. Such use is not permitted. Nor is this pagméed to
promote the construction and use of such transmittg
others. | DO give detail on the construction angotly of
the transmitter in order to better understand gpieciate
the technologies used at the dawn of the moderelesis
era.
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The concept behind the project is to build an ojregaspark-
gap transmitter using technology as close as pestibthat
used at the turn of the 20th century. Technology would be
recognizable to Marconi or Fleming. This meant hgs, no

transistors, no diodes, (OK, a galena and cat'sskehiis

technically a diode, but you know what | mean.o) solid-

state. It does not mean using vintage componentseas are
for the most part unobtainable and/or prohibitivekpensive.
With each component new or homebrew the questiomasld

Fleming recognize this? Sometimes | needed tocktrsings
somewhat, especially concerning the relays, blit stelieve |

have remained true to this original goal.

The transmitter was conceived as two modules, aepow
module and an oscillation module. Size constrefmtsed me
to break the oscillation module further into tweedmboards,
one for the variable HV capacitance and the othertiie
oscillation transformer. The power module is the smo
complex piece having on it the induction coil, imteter,
capacitor, and the spark gap itself. To keep thigeplength
manageable and allow enough space to give a gcudipigon

of each component, its theory and function, | haraken the
descriptions into separate links below.

INDUCTION COIL..

COIL INTERRUPTOR..
SPARK GAP..
OSCILLATION CIRCUITS..

PERFORMANCE TESTING..
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Sleeper #1

00 Untuned

Sleeper #1

The hookup in its parallel and series configuragidn either
case | really cannot hear any signal with just adpéone or
crystal earplug. With amplification | can get gosinal
strength with the parallel hookup giving slightly ora
sensitivity than the series hookup.
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Steeper #1 The following circuit diagram and photo shows tlemplete
00 Untuned transmitter and how the modules integrate together:
Spark-Gap Transmitter asiv
Inducton
S Glosed Open
PR et crn
o250nm § g8 o o2 Oscilaton
o2uF Sowar Sanstomer

Tums 108:1

Key
w2v spark 5-7uH 10-35UH
Gap

SPOT Relay (:2)
= Gigavac GH-3 = =
(Kiovac HC-3)

As shown, the radio passes most loudly a local pootese
spanish format station. It is quite sensitive as can imagine.
Listening closely and you can certainly hear tHeeostations
on the broadcast band competing for attention. Mgstjon
now, do | make a breadboard extravaganza of th&s@a va
voir...
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Induction Coil

Marconi's first successful
radio employed an
induction coil as its main
energy source. Other
methods were quickly
adopted that were more
efficient and more
powerful, but the reliable h
induction coil remained -
common throughout most of the early penod of raéfleming
describes a typical "10-inch” coil used for radioriin his
day. By 10 inches, he refers to the length of smdtainable
with the coil. These coils are large and today Igost
unobtainable except as specialty reproductionsuglamdish
prices. Fortunately the venerable induction coihas in
manufacture as the common (increasingly uncommon
unfortunately) canister ignition coil found in mosars built
through the 1970's. In Fleming's terms such a wught be
called a "1-inch" coil, woefully inadequate for rismitting
messages to China perhaps, but ideal for this girafgandard
coils generate up to about 30,000 volts and "speoits can

put up to 45,000 volts.

When | first began researching this project | wapssed by
the difficulty in finding useful technical specifiions for
ignition coils of various manufacture, or even abing what
constituted a "good" versus a "bad" spec when spehs were
found. What little information is generally publesh includes
the maximum voltage naturally, often the secondesystance,
sometimes the primary resistance and the turns, r@titio of
primary to secondary windings). At first look thedeesn't
seem to be much correlation between voltage ams tatio or
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Sleeper #1
http://www.lessmiths.com/~kjsmith/crystal/sleepkims!

OK, this is a bit of a cheap my
shot for a radio, but.. it IS a my
radio!

It is always interesting to N
get down to bare essentials, P ——
to do the absolute My ]

minimum and still get a my
working instrument. It is
not for nothing that MB Sleeper included a ciraliigram for

this hookup, it is a functionning radio. This citcus
essentially a detector of radio broadcast energyhas no
tuneing functionality. Resonance is extremely braidough
weakly peaking as determined by the impedence and
capacitance of the antenna itself. In part my ide@ see if it

is possible to determine this peak region.

| present the set photo with a 1N5819 Schottky elibdt it
works well with virtually any diode, only the setigty
changes. | even tried a Zenner diode but had tchatthe
Radio Shack mini-amp and crank it up. Still, it wed ok. So,
more to come..
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even resistances. It took a lot of research tanl¢lae needed
theory behind Kettering ignition coils and much wlfat is

found on the web is inadequate, oversimplified, rjyoo
founded theoretically, or downright wrong. | willythere to

explain in moderate detail how the Kettering IgmitiSystem
works, the theory, and therefore how the variousmpmments
(windings, primary, secondary, capacitor, resistancetc)
work together. With the right theoretical underpiys, the

specs do make a lot of sense.

Induction coils operate by storing large amount&érgy in
the form of strong magnetic fields. As currentsspgough
the windings their electric fields generate magnééilds, and
fields in one coil induce fields in the other, pairp and
secondary. As long as a current is maintained & wimding
its magnetic field is sustained and a correspondielg is
sustained in the second winding. Conversely, motigcoil
through a magnetic field or removing the field el will
generate an electric field, (measured as voltagehe coil.
The ratio of turns between the windings determthegratio of
voltages between the coils. Although the input agt to the
primary coil is small, only 12V for a car batteiyhas a large
current and a great deal of magnetic energy wilstoeed in
the primary coil. By shutting off the primary vai@ source the
magnetic field of the primary collapses. As thisgmetic field
collapses it cuts the secondary coil generatingegy \igh
voltage output. The rate of field collapse (dB/détermines
the strength of the voltage output of the secondahys high
voltage output spikes only when the primary curigrghut off
causing the field collapse. Coils therefore reqamenterrupter
to repeatedly switch the current to the primaryaod off. The
trick is to select materials with needed propertsachieve
the results wanted. The Kettering Ignition systese in this
project is described next.
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Ignition (induction) Coil
Canister Style ‘/m

The Kettering ignition system consists of a 12vtdsgt (the
source of emf), an induction coil, a capacitor, anslitch of
some sort, (points, relay, vibrator etc..) in a itaupoints. For
the coil the primary and secondary are wound ieseand
connected together inside the canister. The cailifiductance
and impedance/resistance. As the system has LRC: (L
Inductance, R = Resistance, C = Capacitance) theitchas a
resonant frequency and this frequency determiresitit time
period "dt" in the equation V = L di/dt. Even witltothe
capacitor there remains some distributed capadtancthe
coil and so opening the points will never instastarsly
collapse the magnetic field, but it will be extrdynéast just
the same. The field is maintained by the curreomfrthe
battery to ground, opening the points removes thergl and
stops the current.

As the circuit has a more or less fixed L and Rrfnwhatever

coil you have available, you can only vary C by a$iag the
capacitor carefully. For cars, this typically meansapacitance
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Does it work? What does it sound like on an AM o&dl
recorded the above plot off a small AM radio tunedhe top
of the broadcast band. Plenty of signal to go adopun
understand why these transmitters are no longewed to
operate! | give you a couple CQ's and an SSS
commemoration of Marconi's first transatlantic cadéception
on December 12, 1901. Fleming designed the traremit
power station at Poldhu for the transmission.

CQCQ Yes... it really IS a transmitter..
SSS

73
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Data from file: TubeOFET.txt

Power in dBc

] s 10 15 20 25 30 35 40 45 50
Fraguency in Mz (Lina Spacing = 0.391)

If | can get my arms around the frequency and léarcontrol
this, | see this as an excellent gap for my set, Buwould
Professor Fleming recognize this? | must fall baskmy
vacuum relay justification and restate that Flemiag the
inventor of the vacuum tube, was no stranger taimpip
elements inside a vacuum. He would certainly retzsgthis.

Fokdokkk ok

Transmits:
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in the 0.1 to 0.2uF range. This capacitance givessanant
frequency such that the dt will deliver a 30kv jaltthe plugs
from the secondary of the coil within the periotbaked by the
engine timing.

A smaller dt (shorter unit time) delivers a higlsecondary V
(do the math) but standard coils are not designedhis and
the internal insulation will probably not handleetkension.
Additionally, the primary also delivers a voltagack to the
switch/points/relay. A smaller dt will also resirita higher V
off the primary. Of more importance, the smallergtans that
the back emf hits the points early before they Haa® much
time to open. Either the higher V and/or the eartyval will
cause arcing at the points. Arcing at the poineatas a low
resistivity path to ground and leaks the power aivagn the
coil and so the secondary will also not deliver mi¥cto the
gap.

Conversely, a dt too long will slow the rate of ijing and
prevent the coil from being charged sufficientlytire time
available (dwell time). The field collapse will bslower
lowering the voltage out of the secondary, V = lddi A
smaller capacitance means higher frequency/smdtleand
vice versa.

As dt is determined by the resonance of the LRE€utir the
variable you have to work with is generally the ickoof
capacitor value. Modern high performance coils &sor in.
they have lower R (resistance) and lower L (indocgd. lower
L hurts because the energy stored in the coil iolsws:
Energy = 1/2 LI"2. Reducing L lowers the stored rgge
lower current (1) also lowers stored energy. LoReincreases
the amount of current flow per unit time as wellirsreasing
the frequency of the resonant circuit. Larger di amaller dt
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means a much larger V. High performance coils asgihed
to deliver 45kv instead of 30kv and must have truliation
appropriate to this. The “"performance" of thesdscoomes
from two favorable factors, the high voltage asssparking
in high compression and the small dt allows sparkin high
RPM's in 8 cylinder engines. That is, it's the dnul that
allows sparking at very fast cycle times. Theyl shihve
roughly 100:1 turns ratio.

Photo of the induction coil / ignition coil mountédrizontally
on the power breadboard. Other components seemdi¢he
interrupter relays, the capacitor used to deterntiree coil
resonant frequency, and the active spark gap. fiing teally

works!
| o /
/

/

The following are a few easy specs on some popgitdtion
coils, only a small sampling:
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oxidized. This results in an uneven and "messy'tkspdore
importantly, | suspect that there is a LOT of agciaking
place at the gap as well. Arcing is a continuingrext that
effectively shorts the closed circuit to ground.isTwould
explain why the audio-frequency coil oscillation® gresent
even when the sparking is present. The vacuum gayepts
oxidation and produces a clean spark with evergepuThe
electrodes are also made of either zinc or tungstosome
other refractory metal. The lesson to be learneakemyour
electrodes of something more durable than brasgiendome
steel wool to FREQUENTLY clean the tips!

Vacuum Performance

Frequency = 2712 [T
Primary coil 6.2 uH, Secondary coil 17.4 uH, and 1070 pF capacitance.
scope connected directly to oscilltion transformer

e i~

050 100 150 200 250 300 350 400 450
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circuits have different wavelengths and so will isemotion a
variety of unwanted harmonics. Presumably, withaatual
antenna close to the design specs the transmitlepesform
flawlessly!

TRk AR

The above analyses are presented with the traesraitd gap
working in their "normal" operation mode. You wikcall in
my section on the spark gap that | also have teat&tHF
vacuum tube spark gap. The following plots give scearly
interesting results needing presentation here. TRE
oscillogram is quite typical of what this spark guges. You
will immediately notice that instead of an RF putemsisting
of several distinct phases as before, this gap ymesl very
clean almost pure HF tones with varying amplitudethe
27MHz range. These two differences, unphased todeh@gh
frequency need explaining. For the difference eqérency |
am really at a theoretical loss, all the formulaave tell me
that the frequency results from inductance and ciepee,
two parameters that did not change. | can only pee that,
as the spark resistance ought to be significaothet in the
vacuum gap, this may be the cause. More testingrame
reading needed!

As for the tone itself, again | need to speculatet ypothize.
If you look again at the initial audio-frequencycitisgram,
you note the obvious induction coil audio oscidas as well
as the initial spark. Normally these oscillatiof®usid not be
seen unless the electrodes are separated far emmygbvent
sparking. Initially in my testing this was the cabet with time
the coil oscillations became a normal part of mgpomce.
Additionally, with time | have had to adjust theetrodes ever
closer to get consistant sparking, thus the frtistra |
hypothize that the electrodes themselves are getjinite
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PerTronix 45011: V max = 45000 V, P res = 0.6 oBmes =
8.6 ohm, P ind = 5.5 mH

Mallory 29217: V max = 58000 V, P res = 1.4 ohmeS =
10.0 ohm, P ind = 6.6 mH

MSD 8202: V max = 45000 V, P res = 0.7 ohm, S ré&s2=
ohm, P ind = 8.0 mH

Taylor 718203: V max = 45000 V, P res = 0.7 ohme$= 4.7
ohm, P ind = 8.0 mH

For my project | have used the PerTronix coil abalieough |
imagine most will do nicely. The Kettering discussi
appropriately placed here in the Induction Coil teaip, is

needed understanding in the next section on thel Coi

Interrupter selection.
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Coil Interrupter

In  order to function

properly an induction coil
requires an interrupter
circuit. The high-voltage
output of the secondary
winding results from the
magnetic field collapse of
the primary when its

current source is
interrupted. A single interruption will cause agilnHV spike
and thus a single spark. Repeated sparks requreated
charging and closings of the primary winding. For pnoject |
was seeking a pulse-rate some 60Hz or better te giv
audible tone at the receiver. Too rapid though el
induction coil will not have enough time to chargetween
cycles. Putting things into automotive terms, aykwmdar
engine idling at 750 rpm must cycle the coil evd®msS, or
25Hz, no problem. For an 8-cylendar engine run@in@500
rpm you are down to 6 mS cycling (170Hz) and mavijs@re
unable to work well at such rates. High performaceis are
intended work well even at such high rates. Fortthrsmitter
| feel a cycle frequency between 60 and 100Hz wbeliteal.

It would be lovely if cycle timing were the only mstraint,
general purpose relays typically run around 60iddeéd this
was my initial design, woe is me. Another concehe t
interrupter needs to deal with is the presence baek emf
from the induction coil primary winding. With a 1:Q0turns
ratio, a coil that sends a 45kV pulse out the séapnwill also
send back to the interrupter a 450V pulse. Smatiegs
purpose relay contactors remain rather close tegethen at
their widest separation and so are prone to amitly modest
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Open circuit:

Secondary coil = 17.4 uH (L1)

Distributed inductance = 0 uH (Lo) (no distribuiaductance)
Distributed capacitance = 25 pF (Co) (Scope prab&X10
position)

Wavelength = 59.6 sqrt((L1 + La)*Co)

Wavelength = 39m = 7.63 MHz

The two following plots give spectral analyses dfet
oscillations in the closed and open circuits.

This analysis gives a pretty close prediction te thalues
actually found on the testing and gives confidatize things
are behaving as per theory. Other frequencies naired
harmonics and/or interference between the open ciosbd
circuits. The original design was set so that bopen and
closed circuits resonated together at 120m. Urekrthe two
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Right about now the observant reader must havedrtbte the
frequencies measured, 2.11 MHz on the closed tireumd

7.66 MHz on the open circuit, (and variations invieen) do
not compare well with the design frequency desir€bis

certainly needs to be looked at. Recall my origohedign was
for 2.5 MHz on both circuits with the following gameters:

Closed circuit:

Primary coil = 2 uH

Capacitance = 2000 pF

Wavelength = 1884 * sqrt(L*C) = 119m = 2.52 MHz

Open circuit:

Secondary coil = 20 uH (L1)

Distributed inductance = 20 uH (Lo) La=Lo/3 = 6169
Distributed capacitance = 150 pF (Co)

Wavelength = 59.6 sqrt((L1 + La)*Co) = 121m = 2M8iz
Wavelength = 1884 * sqrt(L*C) = 121m = 2.49 MHz

Under testing conditions | have made some sigmifichanges
to the above. Specifically, the Ilumped inductanced a
capacitance are changed to P = 6.2uH (closed ®ircsi=
17.4uH (open circuit), and the capacitance = 107@idsed
circuit). Also, the design assumed a "generic" @maewith
distributed values La = 6.65uH and Co = 154pF. Urdst
there is no antenna and the scope probe gives &@&pk
capacitance and no inductance. Substituting the waisies
provides the following analysis:

Closed circuit:

Primary coil = 6.2 uH

Capacitance = 1070 pF

Wavelength = 1884 * sqrt(L*C) = 153m = 1.96 MHz
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voltages. When | first hooked up my relay | got rmsid
sparking from the gap and contact arcing that waiskty

burning up the relay. It was my belief that the acr was
there to slow the process and allow time for tHayreontacts
to separate before the back emf hit. | tried capesiof
increasingly high capacitance, they did not cuesgtoblem. It
was time to hit books and work the test bench.

What follows was a
better understanding
no [o—o] normally open contact of relays in general,
com 33’ common (moving contactor) and SPDT relays
nc normally closed contact wired in a buzzer
coil |0-0-0| coil configuration in
particular. An SPDT
relay has a common contactor set between two pdsts.
contactor has a spring which keeps it in contath whe of the
posts, the "Normally Closed" (NC) position. The esttpost
thus represents the "Normally Open" (NO) positibhe relay

also contains a small coil that, when energized pukh the
contactor towards the NO position and so breakirgy NC

contact. In a buzzer configuration, breaking the tihtact

also de-energizes the relay coil so there will bemore push
towards the NO post. The contactor will use whaételi
momentum it has to oppose the spring and move e¢oNt®

position. In reality this momentum is not sufficieand so no
contact with the NO post is ever made. This is whg always
uses the NC post with the SPDT buzzer relay. Ahent
negative consequence of this is that the contaomrer

separates far from the NC post. The close proxiraltgws

breakdown of the dielectric potential of the airtvibeen the
posts and arcing to occur.

SPDT Relay schematic
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Solutions to this arcing problem come in two flayothe
dielectric and the contactor separation. One swlutised in
high power relays is to enclose the contactors ihigh-
dielectric oil to suppress arcing. This is veryeefive but the
fluid is difficult to work with, expensive, and Blows the
contact frequency greatly. Recall that | am seekinhdeast a

60Hz contact frequency. Another way is to place the

contactors in a vacuum. While not as good a digteas oil, it

is significantly better than air and has the adages of being
easy to work with and maintains high frequency epen.
Several companies manufacture vacuum relays ande wh
expensive, this is the route | chose. Note: thereficourse a
third solution to abandon relays and go solid stakés is fine

if all you desire is cool sparks, but it is nomny directive.

Even vacuum relays when wired as a buzzer havedhect
separation problem. If the contactors remain vdoge then
arcing can still cause trouble. The method to fothe
contactor to move to the fully open as well asyfidlosed
position, allowing maximum separation, is to wiveotrelays
in series. The resulting contact frequency (dutyleywill be
half that of a single relay. Happily the vacuumayesl operate
at a frequency of about 200-240Hz. That provide$08-
120Hz operation in a two-relay configuration, vesweet.
Additionally, the two-relay output consists of aeisquare-
wave signal bringing joy to the professional radimineer. |
know this because the circuit configuration wasgssted to
me by my clever elder radio engineer brother. feing gan
xie! Of course, this solution doubles the experfsencalready
expensive relay. | have tried the configurationhwieneral
purpose relays and find the resulting 30Hz openatio
unacceptably slow.
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frequency. High decrements, (in the 1920's a spapk-
transmitter was required by law to keep a decrero&ft2 or

below) indicate a poorly engineered / poorly opedastation.

Calculations for the wave decrement as follows:

Decrement = 1/n In (Xo/Xn) where Xo is the ampléunf one
wave and Xn is the amplitude of another wave nopisri
following.

Damping Ratio = 1/sqrt(1+(2pi/D)*2) where pi = 34ddd D is
the decrement from above.

A particularly nice example of an isolated fullyemched
oscillation follows. | assume in this event thabegh energy
remained present in the closed circuit to allowoanasional
isolated single spark to jump the gap. Such a speséluces a
nice ring in the open circuit without the complgxitssociated
with the main sparking from the induction coil. $hplot
shows the open circuit ringing nicely at 7.66 MHeduency
with an acceptable 0.12 decrement.

Test09 Pt1:5t20:C2

s000
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Frequency = 7,66 Mz

Decrement = 012
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T 2695 WMz
Spark Perfo pecrement = 12
Ampitude =

Finally, when the energy loss finally quenchesgparking at
the gap, the open, secondary circuit then canyfrestillate,

here with a frequency of 10.76 MHz and lasting s@%us.
This last phase is the desired transmission freguand the
open circuit normally oscillates into the anteribacrement on
this last phase is an excellent 0.04. Early spagktgansmitters
struggled to reduce or eliminate the initial twoapés of the
event with quenched gaps.

Why is decrement important? Most RF damping inalsgap
transmitter results from interference between ths in the
open and closed circuits of the oscillation transker. When
these waves interfere two separate wave energyspask
radiated from the antenna causing loss of sigmahgth at the
desired frequency and adjacent channel interfereficgood

spark-gap transmitter should quench the closeduitiras

quickly as possible after the energy is transfetcethe open
antenna circuit. Once quenched the open antennesesanate
at its natural frequency. Lacking quenching as witly

transmitter, the oscillation transformer needs ¢ocarefully
tuned to resonance and loosely coupled to radiate single
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One final and somewhat late note concerning theuwac
relays. These relays, (Gigavac GH-3 or Kilovac HCaBe
load-switching devices designed to operate to 1®sanfihe
Pertronix coil on the other hand runs nicely abal@0 amps
(12 V and 6 ohm, Ohm's Law here). The duty cyclplénty
slow enough to allow a longer charging time satake amps
shouldn't really be needed. | have added a 0.25 lmditast to
the circuit to lower the current to about 14 ohifisose cute
little relays are very expensive and | have alreddmanged
(temporarily) one of them by pushing 20 amps thfowyith
the ballast | DO find the spark power, measuredeims of
brightness, noise level, and max length is dimimish
somewhat, such a pity.

So, would Fleming recognize this? It is where | pube
boundaries as | doubt that vacuum relays existelisirtime.
Still, relay action was well understood in Flemiday. As for
enclosing them in a vacuum? Well, | defend mysglstating
that Fleming himself invented the vacuum diode. l&sing
electrical devices into vacuum bulbs was not a itma even
then. So, while the vacuum relay may not have edjstelays
themselves did and Fleming would have been conffterta
with the vacuum technology. | think...
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Spark-Gap Transmitter

0.250hm  Induction

Key 0.2uF 50watt  Coil

+12v

Spark
Gap

SPDT Relay (x2)
= Gigavac GH-3

kjs 2010

Circuit diagram of the power module indicating thwring
concept for the two-relay solution. And finally,photo of the
set with the two relays in position and ready to go
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Precurser main
101

520+
0.27

Zooming in to the radio frequency world the aboia phows
the radio frequency wave in some considerable IdéEais
plot indicates that the oscillations given off frarspark gap
are anything but pretty. The complexity resultsnirahe
ringing going through several phases with the clcsed open
circuits, and induction coil each having their iinpr The
initial (precursor) phase of the event, lastingehabout 0.27
uS is the high-amplitude energy (upwards of 520+o¥}he
spark as the induction coil pours its energy diyetito the
circuit at the gap. This is followed by the mainapk, a
complex 68 V amplitude ringing lasting some 2.8 T®e
ringing consists of two combined waveforms, onehigh
amplitude (68 V) 2.11 MHz wave with a second lower
amplitude (37 V) high frequency 27 MHz wave sup@adsed.
This phase results while the closed (primary) dircatill
retains sufficient energy to cause sparks at tipevgith each
main oscillation. The higher frequency wave conresnfthe
open circuit (secondary) inductively coupling te ttlosed. A
detail look at the main phase seen below:
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Spark Performance

Pulse Frequency = 120 Hz
Col Frequency = 53 bz s
Coil Decrement = 014

This first plot above shows the response at augiguiency. In
the 100 mS plotted we see 11 pulses at 120 Hz drexyu This
represents the pulse frequency of the dual relayesy, two
relays at a nominal 240 Hz each. Each pulse stdttisa high
amplitude spike associated with the spark dischaaged
followed by two to three damped oscillations witfrequency
of 533 Hz. This oscillation is associated with thatural
frequency of the induction colil itself. Damping whves is a
natural oscillation feature and is refered to as thave
Decrement. Decrement is the natural log (Log tobise e) of
the amplitudes of any two successive peaks in tneevirain.
It results from the loss of energy in the circuitridg the
oscillation period. Energy is lost due to resistiieating,
radiation of waved into space, and interferencewéen
oscillations in the primary and secondary oscdlattircuits,
especially where they are closely coupled. Whesemance is
high the interference losses are minimized.
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Spark Gap

The heart of the system is
the probably the simplest
component, the spark gap
itself. ~ After all the
required background
theory for the induction
coil and relay setup, this
component was a walk in
the park. Still | need note
that my gap is not intended for serious duty andises not
require extra features such a cooling fins andtor Below is
an early mock-up of the gap, a simple set of 1f2is® balls
tapped for a 1/4" threaded brass support rod. Titiree
assembly set off the base with lovely tapered cieram
standoffs.

Early use of the spark gap, especially with a wisakiction
coil, showed up room for improvement. When sparkihg
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Performance Testing the Transmitter

If you build it, will it

work? And how well? This

page attempts in a

preliminary manner to

answer these questions and

provide a first look at the

performance through the

eyes of an oscilloscope. It

will take much testing and

observation/head scratching before | ferret out e
phenomena present in the set. This is one of tiecies of
the project, to study and learn about spark-gamieogy. The
plots below are a first look, some will raise mayeestions
than answers, but that's the fun!

All of the scope plots presented here are made aviingle
hookup to the scope. The scope probe was attachéu tset
antenna output of the oscillation secondary coiany other
observation points remain to be made and obsemed will
update this page accordingly when needed. | present
observations of the three primary oscillation frexgies
expected from the set: A) the pulse frequency ftbenrelay,

B) the resonant frequency of the induction coil ewpr
capacitor, and C) radio frequency oscillationshef transmitter
itself. So little work so far, so many questionsiaén!
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The capacitance module simply consists of highitens
modern capacitors switchable into or out of thecuifr in
parallel. The original intention, still in play, t® use Leyden
Jars, but that is another matter. The four capaciave values
of 500, 1000, 1000, and 3000 pF giving plenty ahbmations
to choose from. Changing inductance is a mattetipping to
the coil at the right place. Finally, coupling ttwls is a matter
of sliding the secondary along rails into or outtted primary
winding. The following photos give portraits of thevo
oscillation circuit modules.

When one walks into a room, nothing quite says ri$naitter
present!" like a big oscillation transformer!
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brass balls build up an oxidation layer fairly ddyc This
layer increases the dielectric between them anpeocisly
when the voltage is marginal, (my first coil was)athe sparks
had trouble to jump the gap. | needed to clean ks
frequently with steel wool. The 1/2" balls spread the field
flux over a small area. One improvement was tociwitom a
ball-gap to a gap between sharply pointed tips. fphetos
below show both configurations. The points conastithe
field and creates a higher potential. This makesder for the
sparks to form. Switching between configurationasseasy as
screwing on or off the balls which cover the paihtips.

Adjustment of the gap length is easily accomplisbgdurning
the end knobs of the threaded supports. Small hopnip-
screws lock the posts at the desired position. CIQXE Do
NOT touch any metal components while the spark igaip
operation. Handle by the insulated knobs only.
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In the photos above the sparks are being produdtéduwt any
ballast resistance and are just over 2cm long. Wighballast |
subsequently added to protect the vacuum relags,spark
power is lowered from 20 amps down to about 14 armps

sparks obtained are smaller, about 1 to 1.5 cmowiicg to
Fleming an induction coil capable of producing &gaip to 10
inches (25cm) in air will give a spark of 6-7 mm evh
connected to a load. | find with the tank circuinoected to
the gap | need adjust the spark points very cdyefuld close,
about half a mm or less to obtain consistant spditiis can be
a frustrating exercise. Air diaelectrics also hehe problem of
arcing when the air between the electrodes beginiznize. A
solution to this is to enclose the spark gap ireLam. It just
so happens that occasional inexpensive vacuum gagrk are
listed on ebay. These tubes are intended for rédatF)

applications and are rated in the few hundred vaitge. As
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The oscillation transformer design thus becomesattanto
choose coil lengths and diameters to give a rarfgealoes
inclusive of Lsecondary = 20uH and Lprimary = 2uFb
make the transformer loosely coupled the secondeegls to
slide within the primary. | chose the following pareters:
Primary: Diameter = 7", Length = 2.0", Turns = 4 & 3.81
max, 1/8" copper tubing

Secondary: Diameter = 5", Length = 6.0", Turns 5 @8 =
27.4 max, 1/16" copper tubing
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to imagine an amateur inverted L antenna with at@fuuH
distributed inductance and 150 pF distributed cispace. As
antennas are magical mystical things that nobodgaimg
myself) really understands this appears entiresoeable. In
any case, the transmitter is tunable to bring it proper
resonance (hopefully) when attached to an actutdnaa.
These then are my fundamental design parameters:

Design frequency = 120m
Antenna Co = 150 pF

Antenna Lo = 20 uH (20000cms)
La = Lo/3 = 6.67 uH (6667cms)

L1 = Loading, or secondary coil = ?

From Bucher:
Wavelength = 59.6 sqrt((L1+La)*Co)

Assuming a design frequency of 120m and solvingatteve
equation for L1, | find:

L1 = 20 uH (20000cms)

20uH then is the value we wish for the oscillaticansformer
secondary winding.

For the primary winding we find in Bucher the fallimg
useful equations:

L = lambda”2 / 3550000 * C, and/or

C = lambda~2 / 3550000 * L

Therefore one starts with lambda = 120m and thémeei
assume a capacitance or an inductance. For thacptdound

a good match with 2000 pF and 2 uH. To be safe both
inductance and capacitance can be varied arourse thveo
design numbers.
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my gap is tiny now, | felt this may be a good st or,
alternatively | might have some fun blowing up alceacuum
gap. The following photo shows that in fact thewan gap
performs handsomely as a gap for my transmittee Fap
length is mercifully fixed at about a half mm arfie tlow
diaelectric allows good sparking with flat (rattiean pointed)
spark surfaces about 2mm in diameter. | certainiyl w
experiment more with this kind of gap.

Thats'a some glow...!

Fokdkkkddokk

Other Sparks:

Of note, the gap itself need not remain strictgeaof pointed,
flat, and/or round surfaces. Once you have a wgrkiigh
Voltage power supply, there are other gaps/toysingato be
tried.

The photo below is a quick cobbled together Jacbatier
just to see: Will it work? The copper wire is nogrfectly
smooth nor can one adjust the spacing between wiee t
verticals. Still, | can tell this will be a fun sidrip with my HV
power supply. Stay tuned for more.
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Schazzam!!
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Oscillation Circuits: HV Capacitance and Transformer

The oscillation circuit in
the transmitter performs
the twin functions of
converting the spark's
energy to trains of radio
frequency oscillations and
transferring them from the
closed tank to the open
antenna for transmission.
Like any tank circuit the main components consit o
capacitance and inductance, both variable in c@énne the
circuit to the needed frequency. The closed cirdmitsely
couples to the open circuit to achieve the bestnasce and
lowest decrement. The design aspects of this seidiohere
the radio theory begins and induction/relay themrgs, we are
talking radio here now.

The design for the transmitter starts with a natiorarget
transmission frequency and the design equations freo
primary sources: Fleming, 1910, The Principals téctic
Wave Telegraphy and Telephony., and Bucher, 192& T
Wireless Experimenters Manual. Additionally it régs some
estimate, guesstimate really, of the antenna Wiged
capacitance and inductance.

As the project is demonstration only, | have sedcia
frequency at the low end of the HF range just akibbeeMW
broadcast bands. The designs in the 1920's typieatied at
about 200m or 1.5 MHz. To keep my design close dseh
120m, or about 2.5MHz. It is a fairly quiet part dfe
spectrum. Keep in mind this is a notional projeet intended
for actual broadcast. | used charts and data pezb@émBucher
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