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INTRODUCTION

The contents of this handbook consist of a numifereb-
based documents that provide significant and detaiisights
into the design and theory of crystal radio. Fuar ¢rystal set
hobbyist, it is not sufficient to build from kits enerely follow
published instructions or designs. It is importaot gain
deeper understanding of the theory behind the asedslearn
from experienced members, to learn about the traeids tips
they employ to construct interesting and advansets. The
web is a marvelous source of data and informatidany
long-time crystal set builders have created deditaites to
disseminate information and resources, to shaiedteations.

To further my understanding | have spent many lbogrs
surfing the many excellent crystal radio websit@he wealth
of information is outstanding, even a bit overwhieign at
times. Pages range from simple to advanced, upages
where one likely needs their EE degree to compittbe
material. When | first started | spent time on Hasic web
pages, but as | grew comfortable and began to densnore
advanced features for my sets, | spent ever move ®in more
advanced web pages. Whenever | found materialcesye
well presented and useful, | would print it outointotebooks
and study for hours at a time. With time | caméind that
within the large number of web resources availabhere
exists a canon of sites particularly well suitedstudy. While
my personal needs and tastes ultimately dictatsetipages |
find useful, | do believe that these pages ardése of the lot.



In this booklet | have taken the sections thatelnspmost time
studying and have arranged them into sequence basic
theory and design considerations to more advaneaerial on
particular aspects of the hobby. Finally | inclusereral sites
with advanced methodology for testing and expertingn
with the sets | have built. Each section is usednd
understandable to the hobbyist with moderate todgoo
experience. The handbook will help the beginnequakly
get up to speed and allow the experienced buildefintd
endless new ideas. This is not a book of Hookupsirouit
designs, that is covered in my Catalog of Cryswbkips.

All of the material in this handbook is copyriglar fwhich |
have not sought permission. Therefore this ispnesented for
publication or copy. It is only my personal resmur |
encourage anyone finding this copy to pursue ON THEB
the web pages identified within. | include the naofethe
author and web address of each section. | wiskincerely
thank every author presented for their excellegiepaand ask
forgiveness for my editing into this handbook.

Kevin Smith
2011

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

Dielectric losses in coils.

When a coil is wounded on a coilformer, there vk
dielectric losses in the former. Also in the insiola of the
wires there will be dielectric losses, especiallyew windings
are touching each other.

For the coilformer it is important to use a mateniégh low DF
value, and to use as few as possible of this nadtbeitween
the windings so the capacitance and losses are toept
minimum.

Other dielectric losses.

Also in the wires in the receiver dielectric losses occur.
For instance if a wire carrying radio frequencieplaced very
close to a other conductor. The two conductorsnfar
capacitor, with the wire insulation as insulaton ihis
insulation losses can occur.

We can reduce these losses by placing the wireoate s
distance of the other conductor (some cm. or more).
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If we connect this capacitor to a coil, then we éhav LC
circuit. If the coil has no loss, the maximum Qthé LC
circuit will be:

Q=Zc/Rs=2Zc/(Zc.DF)4/DF

So, if we use a capacitor with nylon insulatiore @ of the LC
circuit will have a maximum value of: Q= 1/ 0.0288. This
is a very low value.

So, a LC circuit with airspaced tunercapacitor hamfinite

Q??? No, because there are more losses, likesistance of
the coilwire, the resistance of the capacitor platéhe
dielectric losses in the coil, etc.

It is also not possible to use a tunercapacitoh winly air

insulation. The rotor (turnable part) and statwon( turnable
part) must also be connected to each other by atisal

material. If for instance 4/5th of the capacitaiceaused by
air insulation, and 1/5th by nylon insulation blsckhen the Q
will increase by a factor 5 compared to a full mylasulation.

So the Q can then be 5x38=190.

The higher the frequency of the circuit, the highee

percentage of capacitance caused by the insuldgickd) and
the lower the Q. Instead of nylon it is betteus® a insulator
with a lower DF value, and preferable also a fowalue.

For a high Q the following is also important:

Use the insulation material only on places wheeedistance
between rotor and stator is high, this helps toucedthe
capacitance and losses caused by the insulator.

Don't use more insulation material then necessary.
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Notes

Nylon 3.33 0.026

Plexiglas: 2.76 0.014
Polyethylene (PE) 2.26 <0.0002
Polypropylene (PP) | 2.25 <0.0005
Polystyrene (PS) 2.56 <0.00007
Polytetrafluoroether 21 <0.0002

(PTFE, Teflon)

Polyvinyl  chloride 2

(PVC) .88 0.016

A capacitor wil have at certain frequency a impedanf:
Zc=1/(2.pi.f.C)

Zc= impedance of the capacitor (Ohm)

pi=3,14

f=frequency (Hertz)

C= capacitance of the capacitor (farad).

Because of the losses caused by the insulatoooksl like
there is a resistor connected in series with tipacigor. This

is the series resistance (Rs) of the capacitor.

If the insulation of the capacitor has a certain @ifue, the
series resistance wil have a value of:

Rs=Zc . DF
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In the ideal case a capacitor has no loss, if wel se AC
current through the capacitor there is no loss rergy. In
practice there will always be losses, if we senduarent
through the capacitor a part of the energy will et by
heating up the capacitor.

These losses are caused by:

a- The resistance of the conductors (plates), tlesses are
left out of consideration here.

b- The dielectric losses in the insulation. Oneula®r gives
more dielectric losses then the other, this iscatid by the
dissipation factor DF. The dissipation factor "DRS

sometimes also called: "tangens delta".

The lower the value of DF, the better the quality tie
insulator.

In the following table some values af and DF for different
insulation materials.

Dielectric Dissipation facto
Material constant 4r) |(DF)

at 1 MHz. at 1 Mhz.
Vacuum: 1.000000 0.00000 ?
Air: 1.000585 0.00000 ?
Acrylonitrile
butadiene styrer 2.8 -- 3.8 0.006 -- 0.011
(ABS)
Glass 4.84 0.0036

264

CRYSTAL SET DESIGN 102

Copywrite 1997, 1998 - Alan R. Klase - All righteserved.
http://www.skywaves.ar88.net/xtalset102/xtalsethif.

Introduction:

Welcome to Crystal Set Design 102. It is assurhad you've
already completed the 101 level course elsewher kaow,

at least, something about electronics in generdl @nystal
radios in particular. If not, hit the books. Theifsin your
public library will get you started. The earlyagiters of the
"Radio Amateurs Handbook" are especially concisel an
approachable.

I've been a little disappointed at the lack oéamingful
crystal set technical information on the web andcimrent
literature. This is my attempt to at least paltiaémedy this
situation. This work is the result of about terangepart-time
investigation of crystal radios from an engineering
perspective. Serious development of passive receipretty
much came to an end with the introduction of rééalacuum
tubes around 1920. A lot of crystal sets, both wencial and
home brew, have been designed in the interim, st rare
mediocre performers. So the mission turned ouietmne of
rediscovering the the secrets of the age when spaskking.



Getting Started:

My approach is to build crystal radios out of qualiintage
radio parts. They are available in great profusibramateur
radio "hamfests" and antique-radio meets (and ingamage).

If you don't have access to these sources, I'desfiggu start
at Radio Shack: Buy their Crystal AM Radio Kit,-287, for
$6.99. This is actually not a bad crystal set, ivmbntains a
coil, a variable capacitor, a germanium diode, amast
importantly, a reasonably sensitive high-impedaserephone.
You're also going to need an antenna. This gepem@ans
wire up in the air. The attic may be the next dagi
alternative. Apartment dwellers may be in troubleless
you're near an AM radio station, or can arrangestealth"
antenna of some sort.. Again, if you don't (yetyeha junk
box, get Radio Shack's Outdoor Antenna Kit, 278;768ten
bucks. Wire has always been expensive, and harfinto
retail, so keep your eyes open for bargains. AeoRS item,
that's almost indispensable, is a set of mini-atbg jumper
cables, 278-1156, 10 for $3.99. These are how Iyaie
temporary "breadboard" hookups while experimentinigh

new circuits. You'll also want basic electronant tools and
a soldering iron.

Circuits:

The simplest radio you can build is just a dioggedtor and a
headset. With a reasonable antenna and groundviffoleear
the strongest stations, albeit all a once. Thisolsmuch of a

INSULATION MATERIALS
Dick Kleijer crystal-radio.eu
http://www.crystal-radio.eu/enisolators.htm

For insulation materials used in crystal receitbesfollowing
electrical properties are important: insulation istesice,
dielectric constant and dissipation factor.

Insulation resistance

This is the resistance between two conductors Bawn
insulation material in between. In most casesitisalation
resistance is high enough for use in crystal rexsiv
Dielectric constant.

Two conductors with insulation in between form @auitor.
If the conductors have the shape of parallel pleies we can
calculate the capacitance as follows:

C=0.088%r A/d

C= capacitance in pF (picofarad)

er=dielectric constant of the insulator ¢ £ the Greek letter
Epsilon)

A= area of the plates in square cm. d= thicknelsshe
insulation in cm

The value ofr indicates the increase of capacitance compared
to air insulation.

Dissipation factor.
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Capacitive coupling

Coupling is adjusted by a variable capacitor witheay low
value (e.g. 1 pF). There must be no coupling ké&arhagnetic
field, so the coils must be placed at a right angBapacitive
coupling is also useable when magnetic couplindifigcult,
for instance when using ringcore or potcore coils.
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radio. but it will give you some indication
that you have enough signal strength to
continue experimenting.

The primary problem with the above set
is that it offers no selectivity. We'll solve
this problem by building a tunable filter.
This will generally consist of a coil and a
capacitor forming a tuned circuit. Either
the capacitor or inductor, or both need to

be variable so circuit can be tuned to differemtishs. The
classic values are 250 uH and 365 pF to tune tbedoast
band. This is the basic crystal set schematiclyfind almost

everywhere.

It works better than just a diode, feg some

serious short comings that are easily remedied.

The Importance of Impedance Matching:

In a crystal set, all the audio power thatvasiat your ear

N

N

w

drum came from the distant
transmitter. If the transmitter
is hundreds of miles away,
the amount of power captured
by even a good antenna is
reckoned in nanowatts . At
each point in the set we must
strive to transfer at least a
reasonable percentage of the
available power to the next



stage. Perfect impedance matching is not necessianyt fret

over a 2 to 1 mismatch, but let's eliminate as nfrthe 10 to
1 and 100 to 1
mismatches as we
can.

[

Single-Tuned
Sets

N

In the case of the
simple set in the
last example, lets
do two things: Tap the antenna input "down" ondbé The
impedances of the antenna and tuned circuit witly waith
frequency, so it's a good idea to provide multi@ps and a
selector switch or movable jumper. As a startingnptap the
coil at about 5%, 10%, 20%, and 50% of the totahber of
turns from the ground end of the coil. Secondbnrect the
detector to the 50% tap. This does two thingsh kaftthem
beneficial: It provides a better match to the detewhen it's
connected to the usual sort of crystal set headpkiwat has an
impedance of about 10K ohms, resulting in a lousignal.
It's also reduces the loading on the tuned cir@uiteasing it's
Q and consequently it's selectivity.

These improvements result in a better than avecagstal
radio. With 50-75 feet of wire up in the air, yshould hear
daytime 50KW stations out to 40-50 miles, and nijhe
skywave stations will come in form hundreds of mitevay.
This is essentially the circuit | arrived at for Byb Scouts a
few years back. (Sethe Den Two Crystal Radim Crystal

There are several methods for adjusting couplifng. fiethods
shown below are mostly used in crystal receivers.

The coils are side by side
Coupling is adjusted by varying the distance betwtée coils.

> <
e

Coils behind each other.
Coupling is adjusted by varying the distance betwtée coils.

One coil is turnable.

Coupling can be adjusted by varying the angle betwee
coils. With both coils in the same direction, theupling is
maximal. Turning the angle towards 90 degreesctheling
will decrease. With a angle of 90 degree, themsoisoupling
at all.

261



Overcoupling
The coupling is too high because the distance leetwibe
coils is too small.

The bandwidth is too high.
The curve shows two pls, the higher the coupling , t

higher the distance between the peaks, and theedé&epdif
between the peaks.

100

POWER QUTPUT (%)
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Set Projectspublished by The Xtal Set Society) You'll also
notice it's almost exactly the same circuit usedhim Radio
Shack set

- = Another effective
:__H‘[\_ way to match the
1 antenna to the
! tuned circuit is to
! use a variable
! capacitor as
! = shown in the
drawing. A cap in the 300-500 pF range is appedpri Tune
in a station then change the coupling and returk s if

there's an improvement. Some sets have the cguplin
capacitor in the
V ground lead instead
of the antenna lead.

\_KK\_ Electrically it's the

same thing, but

sometimes it's more

HE ]

convenient for
mounting and
grounding and

= eliminating  hand
capacitance effects.

With the previous circuit, connected to a good diaetenna,
you'll find you can set the tuning capacitor ts iinimum
value, or even remove it completely and still getod
performance. To understand how this "series tumedgiver
works, I've inserted the equivalent circuit of #hi@enna in the
drawing. Any Macroni antenna less than a quartrelength



long appears to be a capacitor in series with dl sesistor,
known as the radiation resistance of the antenna,am RF
voltage source. This is almost always the case geaster
wavelength, even at the top of the broadcast bariB7 feet.
Our aim is to make as much RF current as possdite ffom
our antenna. When the series value of the antandduning
capacitors and the inductor are tuned to the &eqy of
interest, the inductive and capacitive reactancatscel out,
leaving only the DC resistance of the inductor.isTiesults in
maximum current flow in the tuned circuit, and nmauim
voltage applied to the detector. A receiver of thort will
usually require a variable inductor to cover thererbroadcast
band. In such cases, keeping the detector connéctéble
optimal point on the coil presents challenges.

One classic variation on the series tuned recefvenwn as the
"two-slider tuner”, dispenses with the tuning caipac
entirely. Instead a sliding contact on the coiriem the
o T inductance in the
X antenna circuit.
, é A second slider
, connects the
| detector at the
| = best point on the
L= - coil. Total
inductance should probably be the better partrofléhenry

Critical coupling
There is maximal powertransfer.

The bandwidth is higher than in a single circuiid also als:
higher than a undercoupled circuit.

The response curve is flat in the top over a srael p

100~

POWER OUTRUT (+a)

465
FREGUENCY (kHz)
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Undercoupling

The coupling between the circuits is too low, beeathe
distance between the coils is too high.

There is no maximum powertransfer from one coth®other.

The bandwidth is higher compared to a single dircui

100~ T
Response of —_ 4 | |
Awo separate 'l' 1
coits, for ! v
§ comparison | \
£l X
= 14 / A
s (] 1
c 4 7 \
g ] L
550 ! \
3 ) 4
&
¢
£
| Undercoupled
4 transtarmer
o+t e
450 465 470
FREGUENCY (kHz)

Yet another, historically common circuit, conneitts detector
in series with the variable inductor. This is soth a great
idea from the standpoint of impedance matching, ibus
== simple. Series tuned sets
all have difficulties with
short antennas, because
their capacity is low.

Pm—————

Another way to implement
the series tuned set, that
improves the match to the
detector, is to connect the
detector and headset across
a second coil in the series circuit. For the boaati band, this
coil has a fixed value of approximately 80 uH. Teiable
capacitor is optional, especially if the larger untbr is
continuously variable.

Single-tuned crystal
sets, whether series or
parallel tuned, leave a
lot to be desired in
terms of selectivity.
Yes, the nose selectivity
can be improved by
increasing the Q of the
tuned circuit, but the
skirt selectivity remains
hopelessly broad. The
obvious solunon is to use more than one tuneduitircThe
point of diminishing returns is between 2 and uits for a
crystal set due to cumulative losses and tunirficdifies.




The Two Circuit Receiver

The classic solution is the "two circuit” tunerhel antenna
circuit is series tuned by a variable capacitor andnductor,
while the detector circuit is connected to a patdlC circuit.

The amount of mutual inductance, or coupling, betwéhe
primary and secondary circuit is generally madeawde. This
allows light coupling to be used to obtain the pleat tuning,
while increasing the coupling increases sensitivty the
expense of selectivity. This is essentially th@sarchitecture
used to great effect in the communication recsivef the
wireless era. If you're seeking better performafureyour
crystal set this

1. increased
complexity s

1
: well
I
I

r

worthwhile.

vt

There are several way to implement variable cogpiinthe
two-circuit set. The navy style "loose couplerssed a
secondary coil that telescoped inside the prima@ther
possible schemes include variable taps on the lodvad the
secondary coil, link coupling between the two caiisthe use
of a small variable inductance common to both dtiscu

COUPLED CIRCUITS
Dick Kleijer crystal-radio.eu
http://www.crystal-radio.eu/enkoppelfactor.htm

In a receiver having two tuned circuits, both cirgumust be
tuned to the same frequency.
De 2 coils of the tuned circuits must have a certiistance in
between, via the magnetic field around the coltg tircuits
are coupled to each other. The distance betweencdlis
determines the degree of coupling, the smalledistance, the
higher the coupling.

The -3dB bandwidth of a coupled circuit is highleart with a
single tuned circuit.

The suppression of frequencies at some distanam fiwe
tuning frequentie is in a coupled circuit bettearthwith a
single circuit, this is good for suppressing stréoeal station.

In the pictures below you see the response of thepled
circuit at different degrees of coupling. For comgen the
response of a single tuned circuit is shown asteddine.

The pictures are taken from a radiohandbook, aecabout a
coupled filter for 465 kHz, but the theory is udefior all
coupled circuits, so also for crystal receivershwitvo tuned
circuits.
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Here we see, that at a constant value of Rp, théll@ecrease

with increasing frequency (f). A parallel resistaracross the SH\— Sﬁ\—
circuit will especially give a reduction of Q atgher EH\_

frequencies.

The value of Q will both depend on series and feral L T

resistance, it is possible that a LC circuit gieemcreasing Q ) - = L

at increasing frequency (because of series resisyand than
Q will reduce (because of the parallel resistante}his case

we have a peak in Q somewhere in the frequency. band Variable coupling schemes for two-circuit tuners.

Often the losses caused by the parallel resistameethe Additional Details
highest, and we only see a reduction of Q at hifleguencies
in the medium wave band. Than there is also a pegk but

this occurs at a frequency lower than we use. The primary inductance will want to have a mamm

value of about 500 uH to reach down to 530 KHz.wkeleer, a
lesser value in needed to reach the 1600 KHz étftedoand.
I've been building coils with five or six evenlyeased taps.
This lets you tune around for an optimum match he t
antenna.

Install a DPDT switch to allow the primary aiit to be
operated in a parallel-tuned mode: The input efidhe
primary capicator is grounded, and the antennatetthto the
top of the coil. This allows effective operatiorittwshort
antennas.

If a non-fixed detector is used in a doubleett circuit, it's
a good idea to include a buzzer to generate a kigahl to
adjust the detector. The circuit is a low-voltagechanical

256 9



buzzer, a battery, a push-button switch, and aaw+teo-turn
link to the secondary coil. A low voltage relaythviit's
normally-closed contact wired in series with thé &a good
substitute for a buzzer.

10

insulators of the tuning capacitor Dielectric lessn materials
placed near the coil or tuning capacitor, lobkre for more
information about this subject. If the capacitoatpb are not
clean: dielectric losses in the dirt and oxide be tapacitor
plates.

Also there can be a leaking resistance in inswudaterg. by
moisture.

All these losses together makes a parallel resistaiRp)
across the LC circuit.

Magnetic losses

This occurs when a magnetic material (iron) is @thoear the
coil. Non magnetic materials (plastic, wood, aluiin etc.)
don't give magnetic losses.

Why is the Q factor not constant for all frequencig?

The series resistance Rs gives a reduction of Qe lleave
other losses out of consideration, the Q will hawalue of:

Q=2.pifL/Rs
If the value of Rs is constant, the value of Q witlrease with
increasing frequency (f). A series resistancéhédircuit will

especially give a reduction of Q at lower frequesci

On the other hand: if we only look at the lossassed by the
parallel resistance Rp, the Q will have a value of:

Q=Rp/ (2.pi.f.L)
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Rs=(2.pi.f.L)/ Q

The Q factor of a unloaded LC circuit is determir®dthe
following factors: series resistance in the circysarallel
resistance across the circuit and magnetic losses.

The_series resistance in the LC circujt

the lower the series resistance the higher the T@e total
series resistance in the circuit (Rs) is the sum of

The wire resistance of the cojlthicker wire or litzwire with
much strands helps to reduce wire resistance.

The resistance of the capacitor platessilvered plates gives
the lowest resistance.
Plates with oxide gives more resistance than giztes.

Contact resistance between rotor and frame of theariable

capacitor, preferable the variable capacitor has a spring

connected to rotor and frame, this provides a lesistance.
When the contact is made with a slidercontact etdhor, this
must be clean and free of oxide.

The parallel resistance across the LC circuit,

the higher the parallel resistance, the higheQhe

Parallel resistance across the circuit (Rp) is edudy
dielectric losses.

There are: Dielectric losses in the coilformer IBitric losses
in the insulation of the coilwire Dielectric lossés the
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CRYSTAL RADIO ANTENNAS
Owen Poole
http://bellsouthpwp?2.net/w/w/wuggy/antenna.htm

If there is such a thing as the perfect antetiven why does
every issue of every ham magazine have an antetinke?2
Fortunately, for the crystal radio nut, most hanteanas are
less than optimum for general listening use, andire special
care and feeding due to the need to have the tiesrand
antenna somehow matched to near perfection andthier
antenna and its associated parts robust enougimttichpower
without arcing and sparking while also keeping tiamsmitted
signal out of the shack and also out of the neighlto set.

Crystal radio antennas have some special remeints:

large frequency range

large signal gathering capability

c. efficient in getting and then transferring the ieed
signal to the set.

o

Your basic problem is normally just gettingoegh wire in
the air to have a resonant circuit. For 99 peraéntis, the
answer is: you can't. Even the shortest resomarenna for
the top of the AM broadcast band, a quarter wagtken
Marconi antenna, would have to be about 137 feet long; th
bottom of band calls for about 425 feet. Unlegsal are one
of the fortunate few to be able to erect a bona faitenna
farm everything you do from this point on will be
compromise of one sort of another. This means haxe to
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start thinking about your antenna systeather than just what
you hang up outside the house.

First, the antenna itself: | recommend you sseanded
copper wire, at least 20 gage. Try to get at |88sfeet of it
"out the window" and up in the air as high andasfifom the
house as possible. My experience is that anytsimgter gets
real hard to tune, and gives away a whole buncsigsfal to
boot. Longer is better, higher is better. Usestidastrips or
ceramic separators or whatever you can get to enthe
antenna wire is not touching anything that couldybmunded,
including the tree you may be using for a suppértisually
just use stranded wire with a tough plastic coatm@pping it
over tree limbs as | go, and connect it at theefat with heavy
nylon fishing line. Do not go over or under power lines If
you are coming in through the bottom of a window,naany
of us do, be sure to use insulated wire for thalfiead in. If
you have to put it inside, such as up in the attiake sure you
are not hanging it under a metal roof or ridge vettierwise it
could very well shield your wire from the signalsuy are
trying to get. High straight antennas are probdiglgt, but do
the best you can, and don't be afraid to bend dréfer to get
more wire out there. Contrary to popular wisdoray ycan
tune a bent antenna. If you like to try out differstuff, put an
alligator clip on the end in the shack to make Kuic
connections to your latest xtal wonder rig. If y@yplace your
antenna, or otherwise have room, a second anteamaame
in handy, if for nothing more than comparison psgm My
second antenna consists of 50 feet of wire outvindow, up
to the roof, and over to a tree. This is abouttwhexpect my
students to get up, and | always use it for testidgadios. If
your main antenna is mostly long and horizontaharter, and
more vertical antenna might give some pleasant ltsgsu

12

The table below gives the value of impedance arithye on
the tap's of the coil. Also the current is givehiech can be
given at the tap, the current will increase atveeiotap.

Voltage

Tapon tap

current [impedantie

100 % |100% 100% | 100%.Rp
90% | 90% 111% | 81%.Rp
80% | 80% 125% | 64%.Rp
70% | 70% 142% | 49%.Rp
60% | 60% 166% | 36%.Rp
50% | 50% 200% | 25%.Rp

The usedliode must also have about the same resistance as the

impedance at the tap.

Because of the lower voltage at the tap's the déftieiency
will decrease however, and this will reduce thesggfity of
the receiver. The best option is the diode atapeof the coil,
and the use of a load impedance with a high envafyie.

Series resonance

In a series connected LC circuit, the impedancé beillow at
resonance. If there are no losses in coil and aitapathe
impedance will be zero Ohm at resonance. But herealso
always losses, in serie resonance we keep a ceesistance
Rs. The higher the Q, the lower the series resist&s.
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The Q of a LC circuit will decrease when we connect
antenna or detector to it, this is because thenaater detector
gives extra parallel resistance to the circuit. d8yng this the

selectivity of the circuit will reduce.

Parallelresonance

In a parallel LC circuit, the impedance will be hign
resonance.

If the coil and capacitor has no losses, the impeelavould
even be infinite at resonance. In practice this nist
possible,there will always be losses, for instaricethe
resistance of the coilwire.

So, the impedance is not infinite, but has a certilue, it
looks like there is a resistor connected paraltelthe LC
circuit, this we call the parallelresistance of direuit "Rp".

Rp=2.pi.f.L.Q
Parallelcircuit with taps on the coil

As discribed above the parallel LC circuit has ataie
parallelresistance.

For maximum sensitivity in a receiver, the load @dance
(speaker or audiotransformer) must have aboutahe salue.
If we only have a speaker or transformer with a dow
impedance, then we can connect the detector dipdeap on
the coil, instead of the top of the coil. The witawill then not
be loaded too much, and the Q and selectivity nait drop.
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particularly with distant stations and higher fregaies. Since
you will probably be using what is considered admn wire

antenna, connected at one end to the set, it mayf seme

value to know that the horizontal part of the angefipoints"

in the direction of best reception off the free end

Next, get a good ground. This is the otheff ludlyour
antenna, and a good earth ground is essential. edth
ground | mean a good electrical connection to taethe (I
once had a student who tried just laying the grouine on the
ground - didn't work) | know of several hams wheeist more
time, effort and money in their ground than anyeotpart of
their antenna system. Mine is currently a tightreztion to a
close by cold water pipe. If you have plastic pipthis doesn't
work. | have also used pipes hammered into tbergt, the
ground rod the telephone company provides wherér the
service comes into the house, and even the scrédingoon
the cover of electrical plug cover plates in a hir(this is
usually electrical ground, and may even lead dtety to the
earth somewhere - works better for some locatidren t
others). | haven't resorted to burying assortedtles of wire
in the ground yet, but many dedicated types doyolf are
located in the desert or on a granite mountain, goutl earth
grounds are hard to come by, you need to read ugipmie
antennas, ground radial systems and counterpoigesid
luck. If you can not make a short connection gmad ground,
and your ground lead is long enough to act as tenaa itself,
you might want to try this trick: use a piece ofgial cable
between the set and the ground connection, usiaegirther
core for the connection; connect the shield todiee at both
ends with a capacitor, say, about 0.01 uF or sshteld the
ground lead from rf. | haven't tried this mysddfjt it makes
sense, | think.
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Whatever you have done up to this point, youeana is (1)

too long or too short (usually the latter), (2nist resonant at 52 :
the frequencies of interest, and (3) will not eéittly transfer J
whatever signals you get to your set. Guarantézebpite all 104
these deficiencies, it will probably work pretty lvat least on 4
the stronger stations. If you are happy at thismtpaleclare 0,8 Bl
victory and quit. If, however, you have a free ddeft with
which to flog yourself while you tune with the otheor really 0'5:
want to go after them, read on. Volr
oy — —
2 J Bw
The first quick fix you can make is to effeetiy add 62
additional length to your antenna by putting adacgil of wire d
between the antenna and the set. Wind 50 to H®fe20 to 0
24 gage wire around a core between 2 and 5 inches i 994 7:/,; ?7'3 1000 1002 laoy loo§
diameter, and tap it about every 10 turns or sttach one end
of this coil to the antenna. Use an alligator olipconnect the —> kHz

xtal set to various taps until you get the loudgghal. While
this doesn't add much to the antenna in the walgrafth, it
can make the antenna closer to resonance withrélg@efncy
you are trying to dig out.

Curve of frequency respons for two tuned circuits.

Quick fix number two, which can be done afteirolieu of At the upper curve, the bandwidth is 2.4 kHz.
number one, is to add some capacitance betweeanteena
and the set. This seems to work best if your amtes too The Q is 1000/ 2.4 = 416
long for the frequency of interest. Radio Shackesuthis
technique in some of their Bunch-in-One electropioject In the lower curve the bandwidth is 5 kHz.
kits, using a fixed 10 pF capacitor for a shorteana and a
100 pF capacitor for long antennas. Short referartennas And here the Q is 1000/ 5 = 200.
50 feet or less in length. | prefer to use a \@ei@apacitor if | o .
go this route. Putting the capacitor in seriehwite antenna The Q of a circuit can vary from less then 100doils made
this way lowers the inherent capacitance of therms. One with massive wire, up to 400 or more for coils masieh
of the more popular designs a number of years patkhe litzwire.
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Bandwidth:

At resonance frequency the impedance of a paraBetircuit
will reach it's highest value, the voltage over dieuit will
then also reach it's highest value.

Above and below the resonance frequency the voltaifje
decrease.

There are two frequency's where the voltage is@tirfes the
voltage at f.res.

One frequency is just below f.res, this is frequethc
And one frequency ia above f.res, this is frequefhcy
The voltage reduction to a factor 0.707 is a reidnadf 3 Db

The current is there also reduced to 0.707, artiespower in
the circuit is halve the power of f.res. (0.707.X0F = 0.5).

The bandwidth of the tuned circuit isBW =fh - fi

Circuit Q:

The Q of the circuit is:Q=f.res / BW

The higher the Q, the smaller the bandwidth, whichetter
for separating adjacent stations. And also, tighéi the Q,

the higher the voltage which the received stativagjover the
circuit, so a more sensitive receiver.
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variable capacitor in between the xtal set and gheund
connection. If it is the same size as the maitngusapacitor
in the rig, you can even gang them and make tuaibg less
tiresome, with little or no adverse effect on resul This
actually works very well. If you are using a skatthas the
detector or the antenna attached directly to theofahe tank
circuit, and don't want to make taps in the taok for better
impedance matching, this fix might be(l should say
essential, and is certainly worth trying. The peab with
connecting the antenna to the top of the tank tircoil is
complex, to say the least. | observed that the éffect is to
lower the resonant frequency of the tank circustically,
even with a very short (a few feet) antenna. li's®going to
try to get away with this, and don't have a vagatdpacitor to
spare, you can make a gimmick capacitor by twistingece
of wire connected to the set around the bitter ehdhe
antenna. | did it another way, using some 18 gage lead
wire; turned out that the capacitance of the twandlwas about
1.2 pF per inch, and the circuit resonance fromatitenna was
not affected if you used enough twin lead (one sinienected
to the set, the other to the antenna) to give ymugl pF per
foot of antenna.

Quick fix number three, which is an excelleted even if
you don't do the first two, is to connect the anteto a tap on
the tuning coil. This gives a better match betweaba
impedance of the antenna and the tuned circuithefrig.
Techtronics does this with their nice little crystet, providing
two places to connect the antenna (really threefhmy don't
mention the third tap, for some reason. It is leemvthe other
two.) Probably the absolute worst place, in mynimpi, to
have the antenna connected is at the top of thausieig coil

along with the connection to the detector, yet that is what

15



several web page offerings would have you do. fBipeyou
use will have to be determined experimentally, bfitd that
low on the coil close to ground helps.

Quick fix number four, which | recommend wiik fiumber
one: Use an antenna coupling coilWind the coupling coil
on approximately the same diameter core as the tnaing
coil, using about one turn for every six in theimaning coil,
and then put it in line (on the same axis) with tiein tuning
coil, with the ability to move them apart. You Mgkt better
selectivity, and can sharpen it up a bit more byimpthe two
coils apart - what the trade calls loose couplitth yeah, the
antenna and ground are connected only to the cmuphbil,
although you might try connecting the ground to et as
well. The "one for six" rule is just a rule of thb. If you
don't mind experimenting a bit, pick the numbetuwfs on the
coupling coil that gives you the best coverage s&tbe band,
particularly if you are going to use your set witha tuner. It
will still be a compromise, and the best numbetusfis will
depend on the length of your antenna and your imTabut
will give better results. Of course, you can diggewith the
coupling coil if you are inductively coupling thetanna coil
directly to the set's tank coil as in the basieturelow.

If you have tried one or more of the tricksoed, and are
happy, fine. If not, | don't blame you, so it imé to get
serious about tuning the antenna and coupling théoset for
optimum sensitivity and selectivity. In other werdt is time
to talk antenna tuning and coupling methods, debtithow |
went from 5 to 50 stations , and then to 98, heardny xtal
set".
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TUNED LC CIRCUITS.
Dick Kleijer crystal-radio.eu
http://www.crystal-radio.eu/enlckring.htm

Frequency:

A tuned circuit made of a coil L (unit: Henry) aadcapacitor
C (unit: Farad) has the following resonance fregyen

f.res = 1/(2.pi.root (L.C))

Example: a coil of 0.2 mH (0.0002 Henry) is coneelcto a
500 pF tuner capacitor (0.000,000,000,500 Farad).

The lowest frequency we can tune to is 503 kHz.

If we turn the value of the tuner capacitor to dugaof 48.8
pF, the resonance frequency will be 1611 kHz.

Here in Europe 1611 kHz is the highest frequencynedium
wave.

So, with this LC circuit we can tune over the entifW band.

In practice both coil and detectordiode will havecertain
capacitance, so we must set the tuner capacita kmwer
value for tuning at 1611 kHz.

If the coil has too much capacity it is possiblattive can't
reach the highest frequency.

In this case we can add some space between the dfithe
coil, this will reduce capacity.
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Rshunt =2 * * 1 MHz * loaded Q * L Eq. 8

As an example, if we have a 240 uH coil and we wast
loaded Q to be 20 at 1 MHz then the total shurd Eould be
30,000 ohms. Assuming coil losses are small thianmehat
the detector impedance should be 60,000 ohms atdthb
antenna impedance should be transformed (via a¢ap the
ground end of the coil) up to 60,000 ohms. Thistipalar
scenario is a practical one that can be built.

Concluding remarks

Although it is discussed in other chapters it stoide
mentioned here that we generally want to make #tectbr
impedance as high as possible in order that weusanthe
highest inductance practical. This results in thaximum
signal voltage applied to the detector thus lovgetime losses
in the detector circuit.

A significant factor to be aware of is stray capaute across
the inductor. This capacitance results from theiraiphysics
of the winding (conductors separated by insulatidijs stray
capacitance is typically in the 10 to 50 pF rangpahding on
how the inductor is wound and is in shunt with theing
capacitance. The effect is to limit the upper fiemgy that the
inductor can be tuned too. The effect is worseangd value
inductors and that typically limits the maximum gtieal
inductance to something less than 1 millihenry.réree some
advanced winding methods that minimize stray cagace but
those are beyond the scope of this chapter.
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A properly employed antenna tuner will do adét'heavy
lifting" for you. First, it can make your antenresonant at the
frequency of interest, and bring up the signal lexehe same
time. Second, it will screen out a lot of unwahttations,
including those out of band ghosts. Third, it vithnsfer the
signal efficiently to the main tuning and tank citc and do so
such that you can vary the selectivity of your agta bonus.
This seems like a set of tall orders, but it iseérly as hard as
it may seem. | will discuss mostly sets usingcaire solenoid
tuning coils that is, toilet paper rolls wrapped with a single
layer of wire or the like)since that's what | usually use and
have the most experience with. Before we startniesay that
an antenna tuner is not just another stage of padsfiltering,
such as the Miller 595 crystal set used. A keytpassband
tuner design is when you see a two or more sesctiwiable
capacitor, with one section in the gang workinghwine coil
and the other section working with the second cailso let
me add that an antenna tuner is essential forusevark.

Basic tuner. Wind a coil on a core the same diameter as
your xtal set's main tuning coil. You may wantadd about
30 to 50% more turns, but it should be at leasbasy turns as
are on the main tuning coil. Put a tap at leastye\0 turns

atenra (every 5 is better). Put
=3 the two coil axes in
g«‘ line, and connect the
end of the antenna coil
that is closest to the xtal

ground

o] Detector tap

Chassis ground
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set to ground. Attach
the antenna to taps on
the antenna coil using
an alligator clip until

you get the best signal.



No direct connection to the xtal set is neededu ¥leould find
that you can separate the two coils by a distarficene coil
diameter or more and get a good signal; in factyingpthem
closer together may even make things worse. Teeclthe
antenna is tapped to ground on the coil, the higiner
frequency. You can leave the unused antenna toails
"dangling”, as it were, or attach the antenna ®dther end
and short the unused turns with the tap - both wanes
acceptable. You should be able to notice a diffeeen signal
strength of a station by moving just one or twostafpng the
coil. If you find that you never need to use mtvan half the
coil for the best signal, even at the bottom of & band,
don't worry; you may need them later. In thisupetyou are
essentially making the antenna appear the coreegjth, so
you are in effect adding length to compensate ffier short
antenna. If you can't inductively couple the tutethe set's
tuning coil, you can attach your earth grond to thassis
ground of the set, and attach the ground end odbenna coil
to a suitable tap on the set's tank coil.

The Teenie Tuner: This is a variant of the basic tuner,
using a coil wrapped around a ferrite core. Hévels to make
one: Get a ferrite core of some sort, either a @oa bar.
Wrap some typing paper over it and glue the paper &
sleeve - put a spacer between the paper sleeveéhandore
while winding the coil so that the core will sligasily in and
out of the coil after it is wound. Over the paplreve, wind a
coil of some 50 to 90 turns of magnet wire in agkEnayer;
no taps needed. Glue or tape the coil onto thevsle Now,
mount the sleeve only on a support, such as a sénapod, or
in line with the set's coil. Connect one end &f thner coil to
the antenna, the other to ground, and vary thexguiy sliding
the ferrite rod in and out of the coil. You shoglet a range of
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be used. The details would be a chapter in offitzet | can
tell you that the practical absolute minimum induntte that is
useful for a resonator in the AM broadcast bandraaund 40
microhenries as it is a challenge to obtain a high for
inductances less than this in that frequency raiges, only
the last column of Table 2 is useful.

Determination of maximum practical inductance: This
calculation is done the same way as before exdegit the
lowest value of loaded Q is used. That results ihigher
inductance. Table 3 is a summary calculation. Agtie top
two rows are for reference only.

1,000,000 Hz, resonant frequency

50,000 Hz, BW 20.0 Qloaded
Rdetector transformed across entire inductance
Qunioaded 2K 5K 10K 20K 50K 100K

1,000,000 B0E-6 199E-6 398E-6 T79BE-6 1989E-6 397 9E-6
1,000 78E6 195E6 390E6 T780E-6 1950E-6 3899E6
500 76E6 191E6 382E6 T764E-6 1910E-6 3820E6

250 73E6 1B3E6 366E6 T32E-6 1830E-6 3661E6

125 67E6 167E6 334E6 66BE-6 167 1E-6 3342E6

Table 2: Maximum inductance in Henries
Conclusions:

The conclusions from studying Tables 2 and 3 agt khw
values of inductance are needed for low impedarniriits
and that high values of inductance are needed fgh h
impedance circuits. Typical values of inductancedufor the
resonant circuit in crystal radios ranges from acbul00
microhenries up to around 700 microhenries with emor
common values in the 200 to 400 microhenry range.

We can work Equation 7 backwards to determine al gyadue
for the net shunt resistance across the coil atik i follows.
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two across the coil as Rsignal. It was discussedipusly that
losses in the inductor can be represented by aectefé
resistance across the entire coil. We will refertha loss
resistance across the coil as Rloss. The paraltebmation of
Rsignal and Rloss is the net resistance acrossssle&s
inductor. We will refer to this net resistance ahét. From
Equation 5 we can write

XL = Rshunt / loaded Q Eq. 6
Thus, using a frequency of 1 MHz

Lmin = XL/ (2 * = * 1 MHz)= Rshunt / (2 *t * 1 MHz *
loaded Q) Eq. 7

The detector impedance is typically in the 2,006Q00 ohm
range. With antenna matching the net resistandgn&s will
be half this range as discussed above. Table 2 show
summary calculation for the minimum value of induste to
use to achieve a loaded Q of 100 for various logitiser
directly or transformed across the coil. The Q600,000 row
represents essentially infinite Q and the Q of @,@ not
normally attainable and are shown for referencg.onl

1,000,000 Hz, resonant frequency

10,000 Hz, BW 100.0 Qloaded
Rdetector transformed across entire inductance
Qunloaded 2K 5K 10K 20K 50K 100K

1,000,000 16E-6 4 0E-6 80E6 159E6 398E6 T96E6
1,000 14E6 36E-6 7T2E6 143E6 358E6 T16E6
500 13E-6 32E-6 64E-6 127E-6 318E-6 637E-6

250 954 9E-9 24E-6 4 8E-6 95E6 239E6 A7T7E6

125 318.3E9 T795.8E9 1.6E6 32E6 B80E6 159E6

Table 2: Minimum Inductance in Henries

All of the inductances in Table 2 are small —soragy\small.
But our target was the absolute minimum inductahaecould
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inductance of about 10:1 this way, effectively féwping your

antenna as he rod is pushed further into the d&sl.with the

basic tuner, you can set the tuning coil alonggigemain coil,

in line with it, or connect it's ground end to tetenna tap of
the set. Just for grins, affix the teenie tunetheback of your
am superhet and see the improvement in your recepti

Series tuner Here we add a variable capacitor, the same

size as the one in your xtal set, in series withahtenna coil
used in the basic tuner. Traditionally, you pubétween the
end of the antenna coil and the ground connectiow you

have two tuner

__ antenna adjustments  to
= | make (not
8,% counting distance
&3 of the antenna
coil from the
main tuning
wond S22 *—Detectortap coil). For the
== first  time, |
Ghassis ground recommend you

get the set tuned
to a moderately strong station, then put the twagacitor in
the mid position, and then find a tap which alloyes: to hear
the station. Then you can use the capacitor togbin the
station more sharply. You will probably find yoeed to use
more turns of the coil than you did with the basioer, since
the capacitor "shortens" the antenna. Ultimateaigtrength
may not show much improvement, but it should help
selectivity. This setup is a favorite of the "pro#s before,
the antenna and main tuning coils are in line. ¥bould have
to make fewer tap changes with a series tuner caedpa the

19



basic tuner, since the capacitor does some of uhimg for
you.

Parallel tuner Use the same coil and capacitor as with the

series tuner, except this time the capacitor isieoted to both
ends of the coil. One end of the coil, the onse&d to the set,
is connected to ground, and the antenna is corthéztiae coil
tap that gives the best signal; incidentally, Véhaeen a few
circuits where the antenna just connects to theraghd of the
coil from the ground - | don't recommend this, eWieough it
works fairly well, sometimes, maybe, | think. Adjuthe
capacitor as
T needed to peak
$‘C> | the signal. This

‘ ;C;%* setup is often
<

ground | == used when the
., antenna is
§ "very" short.
2% Detector tap
Chassis ground My.
recommendatio

n to add turns to
the antenna coil will sometimes let you use setieg;g across
the whole band. If your two coils are the sam@tlen! think
you will find that the series arrangement workst lshe high
end of the band, and the parallel arrangementésettat the
bottom; the longer your antenna, the lower in festpy you
can use a series tuner. As with the series tangayallel tuner
gives you more selectivity than does the basicrtune
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Although there are an infinite number of combinasioof
inductance and capacitance that will resonate aesired
frequency there is only a limited range of pradtiGdues that
can be used. An excellent question to ask is ifethe an
optimum inductance. If there is then that is whatwill use.

There is not a specific answer to that questioerothan there
is an identifiable range of inductance that prosidee best
overall results. We will determine the extremeststg with

the minimum practical value that will result in tiéghest
allowable loaded Q followed by calculating the nmaxm

practical value that will result in the lowest gotable loaded
Q. Any practical value of inductance between thése

extremes can be used.

Determination of minimum practical inductance: Ascdssed
previously, the highest loaded Q of resonance ithptactical
to use is such that the 3 dB bandwidth is aboukH®. This
permits the full double sideband width to be degéctin
extreme cases where we are willing to forfeit soamelio
fidelity to achieve better selectivity the bandwidtan be
reduced to about 6 kHz —but we are not going tcsicten that
case here. At 1 MHz (the rough center of the AMaldieast
band), a 10 kHz bandwidth occurs with a loaded Q08 The
antenna and detector circuits may be operating fiaps on
the inductor for the purpose of impedance matchtige
method to design the taps is discussed in anottzgter). The
impedance at each tap can be transformed to avadeni
impedance across the entire coil. We will assuna the
antenna circuit and detector circuit are impedanagched via
this tapping process (this provides the much needdmum
power transfer from the antenna to the detectdmisT for the

impedance matched condition the antenna and detecto

impedance will transform to the identical impedaaceoss the
inductor. We will refer to the net parallel impedearof these
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than about 50 so that the bandwidth is not tooowarrAn
excessively narrow bandwidth makes tuning very sheard
also distorts the audio. The bandwidth needs tatbeast 10
kHz with 20 to 50 kHz being common. The followinapbte
illustrates the maximum, typical, and minimum lodd®
values to use across the AM broadcast band. Keepnid that
the unloaded Q of resonance should be significdrigper —
preferably in the hundreds. The maximum Q valuéisthe
minimum bandwidth of 10 kHz. The typical Q is a doelue
to try to achieve although realistically it is lligeto be lower.
The minimum Q has a fairly wide bandwidth and witit be
able to separate stations well.

Frequency  QLmax QLtyp QLmin
0.5 MHz 50 5 10
1.0 MHz 100 50 20
1.7 MHz 170 85 34

Table 1: Practical ranges for Q of resonance in A\
broadcast band

The resonator has an effective resistance acrosthait
represents coil losses. This resistance will berrefl to as RQ.
Ideally, RQ is infinity (i.e. no losses) but retiisvalues are
typically in the many tens to hundreds of thousamdehms.
There are two loads on the resonator —one is éféesburce
resistance, RS, of the matching network to therareteand the
other is the effective load resistance, RL, ofdfede detector
and audio transducer. For maximum power transfem fthe
antenna to the audio transducer the source andésistances
should be equal.

How to determine the required inductance
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A broadband tuner This is not a classic design, to my
knowledge, and | stumbled on it by accident, butoes a lot
of heavy lifting, and helped me well over the sendligits in
stations heard. | thought | was copying faithfudlylesign out
of an ARRL handbook for dealing with random length
antennas, but ended up with something a bit difterand
won't try to analyze how it works, but here it Bon't sweat
the coil/capacitor specs; what you have in theeseoi parallel
tuner will work fine. However, the connections simgoing
to receiver antenna and ground are actuedignected to that
coupling coil I mentioned up in quick fix numberufo The
tuner's orientation with respect to the set is aéactor, since
the signal is transferred via the coupling cotlwill generally

— be closer to the

main tuning coil
J;‘g‘_éj than  described

= in the three

— =3 tuners above. |
,/ like this tuner

=3 couptingco arrangement for

casual listening,
as | don't have
T Detectortap to play with it
much over the
Chassis ground band. F|nd the
settings that
work best for you. It is a particularly good setopuse when
you are finding out about a new xtal set, and dealit to have
to mess with the tuner every hundred kHz or sgpasdo with
a more selective tuner, or don't want to “tailotteer just for
the new rig. This setup works well when you camuctively
couple the antenna tuner to the set. It also wariksout the
coupling coil by connecting the end of the antenod to a
low tap on the main tuning coil of the set.

ground
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All of the above tuning methods can be accoshplil using
a simple coil and capacitor arrangement, which Henap
according to the schematic below:

Seriesiparaliel sw

Points 1, 2and 3are connecting
poirts for antennalground as
needed. Antenna, can be
connected directly to coil taps if
desired

A selective tuner: Richard O'Neill used this tueéfectively

in the 1999 DX contest (and everybodised it in the 2000
contest), and it is perhaps best known in conneatiith the
Tuggle Circuit, which is described in detail in @uple of fine
(and inexpensive) publications of the The NatidRadlio Club

/ DX Audio Service. Essentially, it is the same as a parallel

tuner, except, you use a ganged capacitor, such as a dual 365

pF capacitor (some are still around), or even gésuwet"
variable capacitor with an antenna and an oscillagztion.
One section (the larger one for a superhet cappdioin
parallel with the antenna coil, and the other isneen the
parallel circuit and ground. | have tried this ahdeems to
work fine, and is very sharp. As before, try dting the
antenna to taps on the coil for best resultsjnd &ttaching it
to the top of the coil works fine. Several populaystal sets
have used same double capacitor arrangementoulfdgn't
use ganged capacitors, tuning this baby can béy reaky,
since the two (make that three) capacitors inteadot. When
hooking this up to a ganged dual capacitor, therar and the
top of the antenna coil are hooked to one stafbe bottom of
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Q = reactance / Rseries Eq. 6

Inductors and capacitors have internal losses wdyigiear as a
resistance load either in series or shunt withdbmponent.
Losses in picofarrad capacitors used at broadcegtiéncies
tend to be very small and thus these capacitors havigh Q
(typically many hundreds) or as it is more commanelferred
to in capacitors, low dissipation (the reciprocdl Q).
Inductors have the dominant loss. This loss is comiynthe
series resistance of the wire (including skin-ejféat can also
include losses in any magnetic medium used in nbedtor.
For good crystal radios we need inductors to ha@ ia the
hundreds.

Resonant circuits are not used in isolation. Thterama is

coupled to the resonator as well as the diode tiete8oth of

these represent a resistive load which lowers theofQ
resonance. This is referred to as the loaded Qt mMhag sound
bad but it is actually fine. The loads represenvgothat we
are interested in. We prefer that the resonatoe liaw losses
or high-Q. That permits the maximum transfer of pofvom

the antenna to the detector.

Since any resistive load such as the antenna iauliat
resistance or the detector resistance lowers theQnéi.e.
Qloaded) of resonance, it is important to starthwat high
unloaded Q known as Qu. The Qu of an LC resonactitis
primarily determined by the Q of the inductor aslasses tend
to dominate. Typical values for the inductor Q marfgom
around 50 to over 500. If the tuning capacitor fivery good
quality (i.e. air or silver mica insulation, et¢hen its Q will
typically be in the 500 to over 2000 range. Althbuge like
for the unloaded Q of the resonator to be as higpractical
for low losses, it is desirable for the loaded Qb&ono more
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The required tuning range, Cmax / Cmin, of a vdeiab
capacitor can be determined using Equation 2 &safel

Cmax (2% * Fmin)2 * L Fmax2
_________ = = Eq. 3
Cmin 1 Fmin2

(2% * Fmax)2 * L

For the AM broadcast band Fmax is generally 1.7 Mirid
Fmin is 0.54 MHz. Thus, the ratio of Cmax to Cmiosld be
around 10.

Tuning inductor

The classic ancient method of making a variableiétor was
to provide a movable wiper to connect to individuains of
the winding. Modern methods use a movable feraiteto vary
the inductance. Similarly to the development of &mn 3, the
ratio of Lmax to Lmin is the square of the desifextjuency
ratio and works out to be around 10 for the AM Iolzzest
band.

Discussion of Q

Q can be defined in several ways and each waynpatble
with the others as shown below.

Q = resonant frequency / bandwidth3 db Eq. 4

Q = Rshunt / reactance Eq. 5
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the coil goes to the rotor (frame), and the grotmthe second
stator. Note that with decent Q coils, you will expnce some
hand capacitance effects. | simply used some '9%2minum
tubing on the 1/4 " capacitor shaft, then used aBdoches of
1/4 " dowel rod as an extension, and put the tukirgb on the
dowel; worked fine. Sometimes, when tuning the odfthe
band (higher frequencies), | can spread the tunemdit by
making it a series tuner. All | have to do is discect the first
stator from the top of the coil. Yeah, this metivesground is
not attached to the rotor as in a proper seriearfumut it works
fine, particularly if you have already done the dhan
capacitance elimination step.
As long as you have gone this far, why not try @mtimg the
detector to the top of the detector coil insteadmfa tap.
Works pretty well with a crystal earplug, and cuotst the
shortwave intruders. With magnetic phones, using a
impedance matching transformer per Ben Tongue'® pag
rally the thing to do. However folks, with the &myou
already have an
— additional filtering
4; = stage in operation,
5= and can sacrifice a
2 bit of selectivity
2 with  the high
3 detector tap;

-

Datecturap anything to get rig
of the intruders in
a pinch,
particularly in the
early evening when they can take over your set.

Chassis ground

While | mentioned putting the two coils on tseme axis,
you can also place them side by side, as Mike Tuggles
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with his Lyonodyne #17 (getting 2500 mile contactsjng an
antenna tuning coil wound with Litz wire on a fegriod; just
make sure they are parallel for maximum couplif@u can
vary the coupling by either separating them frowheather or
by rotating one of them from the parallel positias, is done
with variocouplers. Minimum coupling occurs for given

distance when the axes of the two coils are petipelad.

For you people using toroids in your xtal $étave only to
offer what you see in the "quick fixes". My tuserssentially
rely on loose coupling to the main coil, and | kedlaven't
played with the other type tuning coils enough. Kidseuses
toroids in his very fine crystal set, and you skiololok at his
page for coupling to that. Also look at his work XTAL Sets
102 for ideas.

In your quest for sensitivity and selectiviggu may now be
ready to try a wave trap, sometimes known as a @Ri to
get rid of offending, overbearing bandmaster statio The
premise is simple; trap the strong signal and in'wbury the
weaker ones. While | can separate two local statthat are
40 kHz apart, with one of them at least 3 dB loutdhen the
other one, | often can't eliminate the louder statentirely,
and can often hear it in other parts of the digkegt when | am
between stations. Then there is the signal from décret
Radio Habana transmitting site, which pokes throaglvdd
times. Crystal radios tend to go with the sigrtattis the
loudest, hanging on until something better comesgl A
decent wave trap just might be the answer. .e ®asic
design is around a high resistance coil, 32 gage wri so, in
parallel with a variable capacitor, and a 15 timk bround the
coil which connects antenna to set (or wherever waut to
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Note that the Q=100 curve has a band-pass of 10mktitzh is
about the minimum that can be used to recover tiigee
double-sideband signal.

Tuning capacitor

Generally, when the capacitor is variable, the atduis fixed
and visa-versa. Mechanical variable capacitoreott0 —365
pF or similar) were very popular in older times lamé more
difficult to find in modern times. A modern subst# can be
made using one or more rotary switches as willllostiated
later.

The well know equation for the resonant frequenéyan
inductor and capacitor is

| = —— Eq. 1
2 *n* sqrt(L * C)

where

F = resonant frequency in Hz
L = inductance in henries

C = capacitance in farads

For a given inductance the required value of capacé can

be determined from

C = e Eq. 2
@*n*F)2*L
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Normalized Resonant Q Curves.

Relative Response
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Frequency inhiz

Figure 1: Normalized resonance curves at 1 MHz

Figure 2 shows a zoomed in version of Figure 1.

Normalized Q Curves

Relatvo Responss
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Frequency n Mz

Figure 2: Normalized resonance curves at 1 MHz
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try it. The idea is that the resonant LC circuit only is set
into motion by the offending signal but also disggs it in the
high resistance windings of the coil. The linksl¢he other
signals bypass the trap with little loss. Hera ik to a nice
short page on wave
traps. _http://pages.ca.inter.net/~funk/trap.GIFThese traps,
with no coupling coil, work best for out of bandtrimders
when used as in-line traps in the antenna line,wben
inductively coupled to your set's tank circuitthink the one |
use is better for in-line use, and you can findeacdiption,
picture, and discussion of it and trapping in gehéere. |
realize that a wave trap might not be consideretrteally a
part of the antenna system, but as long as it fsoint of the
main tuning circuit, | will consider it so. Waveaps can be
used as either rejectors, to block an offendingjosta or as
acceptors, which can be sometimes used to boosisised
station or, more commonly, to add another stagtefing to
increase overall selectivity.

Antennas for the short waves, some notes and prelimntests
(a/o Nov 01):

When you go for the short wave bands, athink you'll
be pleasantly surprised when you do, you will fthdt even
your 50 foot long antenna is more than a quartereleagth
long on even the 49 meter broadcast band. Thibnus, but
also calls for some different ways of holding ydwad on
tuning the antenna to resonance and then coupling the
detector circuit. If you're like me, you use somert of
coupling coil to the detector tank circuit, andrafsie coupling
coil will only make the antenna appear longer. Mgt
attempts to couple the antenna to the set anditan¢he same
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time were somewhat frustrating, especially sinwea$ trying
to tune from about 5.8 - 15 MHz. A combinationcoils and
capacitors that worked on one band did not on @&notfthen
Steve Holden made this timely posting on the CiySet
Radio Club forum, and | got a better appreciatidntte
problem:

In the October 1934 edition of Short Wave Créftitor
Hugo Gernsback writes about Short Wave antennagage
344. On page 345, fig. 6 shows a schematanodintenna
tuner that is a Coil in series with the antennahvai parallel
Variable Cap (C1); under the Coil is anotherivép (C) that
goes to ground.

Gernsback writes, "In figure 6 we have endeadaoestrike
a happy medium, that is, an antenna that can ke=ltand will

respond to the SW broadcast bands, 19, 25, 3eters.
The length of the antenna from A to B, that isftaetop and
including what leadin may exist, should be 75'. Teund
lead should be as short as possible, not ovelah§: With C,
C1, and L itis possible to tune this antennary of the 4
bands mentioned. On some bands it will be a Hertaiad on
others it will function as a Marconi. On the dter band a
Hz ant. will need to be 80' long. By setting C tmiaimum the
system becomes, in effect, not grounded. Thezdfand C1
can tune it up to an effective length of 80'. Ie 8l meter
band this antenna functions as a 3/4 wave Mar€should
be adjusted to approximately half, and the tuningedwith
Cl.Inthe 25 meter band,it is also a 3/4 waaeconi, and it
is necessary that the effective length be redusegDt This is
accomplished by the adjustment of C with C1 &t
minimum capacity. In the 19 meter band it is pdssib make
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RESONANT CIRCUIT

by Kenneth A. Kuhn

http://www.kennethkuhn.com/students/crystal_radessinant
circuit.pdf

The resonant circuit plays a very important roleairadio
receiver. Its primary purpose is to be a tunableowa band-
pass filter for selecting a desired station whikgecting
undesired stations. An important secondary purfpse be a
means for transforming the

low impedance antenna up to the high impedanceete

A resonant circuit is comprised of an inductor anchpacitor,
one or both of which may be variable. Energy fldvask and
forth between the inductor and capacitor at theonast
frequency. Energy in the inductor is stored in aynesic field
and energy in the capacitor is stored in an etefigid. If there
were no losses, this cyclic process could contiionever. In
reality there is some loss each time the energyesioVhis
loss is expressed as a resistance. A common teeah s
account for this loss is Q which is the inversehefloss. Thus,
a high-Q resonance has very low loss and the cycbcess
can continue for many cycles. A common example ek
which continues to ring long after being hit.

Figure 1 shows the frequency response of a resairanit at
1 MHz for a range of Q.
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voltage across the LC circuit
The voltmeter measures the detected DC voltage

The load resistor is formed by resistor R paraléh the
voltmeter with 10 M2 input resistance

The value of capacitor C is: 100 nF

The RF signal is supplied by a DDS signal generatu
signal is via a coupling coil coupled to the LCcait.

All measurements are done at a frequency of abisQ® kHz.

At 1500 kHz, the impedance of the unloaded deteatitris:
1.97 MQ.

There are 4 (combinations of) diodes tested.
HSMS-282K Schottky diode ( 2 diodes in one qaswllel)
HSMS-282K Schottky diode ( 1 diode)

5082-2835 Schottky diode ( 2 diodes parallel)
5082-2835 Schottky diode ( 1 diode)
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the antenna function as a  5/quarter wave Marcdhe
necessary length here is 75 feet so we can uset@rfing and
C1 should be set at minimum." In the next paapfrhe talks
about coil making, 20 turns DCC (double cotton cedgon a
1" diameter form. He ecommends inductive cogption the
radio. From context | think the caps are standaWl thits.

In other words, what Gernsback was saying vieas t
should use a Tuggle type tuner, but independeutlg the two
capacitors. Since | was already tuning throughesdt MHz
of bandwidth with a 180 degree rotation of the didle
thought of trying to get three capacitors to tuaetlte same
frequency was somewhat daunting, particularly simog
simple sets are typically calibrated by “feel".o, 3 started
playing around a bit more, and finally (I think)nce up with a
coil/lcap combination that gets me back to one kantenna
tuning. | used a coil of about 5 uH in parallettwihe 160 pF
section of one of the little polyfilm tuning capms, attached
the antenna to one end of the tank circuit, andjtbend to the
60 pF section of the capacitor. | got a dip usingrid dip
oscillator across the tuning range of the detetzok circuit,
and it seems to work pretty well with both my 5@tf@and my
160 foot antennas. Now | am at least back to tanded
tuning - hi.

Here is another approach | tried, and it wakeut as well
(if not better), and | don't really know why. | keaa tank
circuit duplicating the tank in the detector citctand then
attached just the antenna to the top of it. Ddifiét didn't
work well, and | was able to separate the two dwjls much
as a couple or more coil diameters. Haven't fitigét, but it
might be that you can get the two circuits to tramhd use a
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ganged capacitor. Mike Tuggle gets his best resuithout a
ground, so maybe I'm on to something here. Yeamesne
out there is chuckling as they read this, havingvkm -this all
along, but I'm the one with the web site, so &ke the credit -
hi.

Final warning! When you do_anythingo the antenna
system, you can expect it to affect some other caspiethe
crystal radio's tuning. When you are ready totstaaking
adjustments, have a comfortable chair, a tall drimaybe
something to make notes with, and the time to biemta And
oh yeah, | didn't even mention the possibility sing different
antennas, different grounds, loop antennas, nongrat all....
and did | mention lightning arrestors?

If you noodle around on the web a bit, you Wiild some
excellent antenna articles. | am just trying to i started.
As | said before, every antenna is a compromisest tfy to
get a setup that works for you, and then you carbgek to
building and testing your own crystal set creations

A word or two about small loop antennas, pdet@ntennas
and the like: You will find at times referencedans and
testimonials in praise of the small loop antenntfeyou live
near strong stations, they mayork for you. Where | live,
they are almost useless, andréquire a ground. | personally
believe that if you are going after the distantiste with a
loop you will be very disappointed. These are &igc
antennas and have limited value - but where thewddk,
they get high marks. As an aside, | suspect that.i can't get
at least 30 feet of honest antenna out the windmw, might
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EXPERIMENTS WITH A DETECTOR UNIT
Dick Kleijer crystal-radio.eu

http://www.crystal-radio.eu/enantunittestl.htm
On this page measurements are described odatsctor unit

In this detector unit is as diode used the HSMSK2@diodes
parallel), and the load resistance bynsformer unit 1is 1.6
MQ.

For the choice of diode and load resistance | asduthat
maximum sensitivity would occur if load resistararel diode
resistance were about equal to the impedance afriteaded
LC circuit ( this assumption is however not coryect

Via some experiments | will now determine if thensigvity
and selectivity can be improved by the use of asotletector
diode and/or another load resistor.

Also frequency shift of the detector circuit is rmeged as a
function of the voltage across the circuit.

Test setup used for the measurements on this page.

=]

=53

DDs

L

The oscilloscope measures via tmeasuring amplifiethe
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try a large diameter loop antenna instead. If go& new to
this business, start at the top with an honesnaatéplease try
for at least 50 feet out the window), and then, nvijjeu start
getting experience, and have a set you know wadrksyhat
you like. Trying to hook up a first crystal settfwa small loop
is an invitation to frustration.
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Made with a resistor of 50 Ohm, a coil of 20 uHdam
capacitor of 200 pF. The 50 Ohm output resistavfcéhe
signal generator is in parallel with the 50 Ohnistes.

20uH

200P
GENE RATOR 500, 'RA:DIO

The dummy antenna makes the receiver input is dnivith a
impedance of 25 Ohm in series with 20 uH in sewéh 200
pF.. This is about the impedance of a averagewasg
antenna. With the dummy antenna connected toehergtor
(but without the receiver connected), the outputage of the
generator is adjusted to 50 mV peak-peak.

Now with various settings of C1, the frequency &g the
circuit, the voltage across coil L1, and the Q gasrcoil L1)
are measured.

The measured voltages are Volt peak-peak.

The frequency range can be slightly influenced Ine t
measuring amplifier which was connected acrossLdoil
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The circuit L1,C2 has a high impedance (e.g. 1 NiPhBut
the antenna has a low impedance (e.g. 10 Ohm)nguni
capacitor C1 forms a impedance match between thfs dnd
low impedance.

With a certain value of C1, there wil be maximumwgo
transfer from antenna to the circuit L1,C2. Théere is
maximum voltage across the coil L1, and maximunsisigity

of the receiver. At low frequencies we must fastamce adjust
C1 to 100 pF, and at high frequencies to 20 pF, thase
values are depending on the (lenght of) antennaomeect to
it. For the circuit Q however, the lower the vahfeC1, the
higher the Q. More information about this, you firid here.

Coil L1 is wound with litzwire 660x 0.04mm (660/48NG),
on a polypropylene former. This coil is descrithedle as coil
L12, only the outermost winding is removed to rexluc
inductance a little bit. This reduced the totaleMnght from
15 to 14.5 meters.

The frame of this antenna unit is made of 8mm pbiyee
sheet.

Tuning capacitor C2 is driven via a 1:5 vernierveriso we
can tune it very accurate. Tuning capacitor Clrwasgernier
drive.

Experiments:

During the measurements the antenna unit is coadeot the
signalgenerator via a dummy antenna.

The dummy antenna.
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CRYSTAL RADIO DXing
Steve McDonald
http://members.shaw.ca/ve7sl/crystal.html

If you are anything like most radio 'nuts', you lpably had a
crystal set when you were a kid. Thinking backhose good
old days, | recall that | could only hear two losghtions on
my crystal radio. | had always believed that yost jcouldn't
hear very far on a crystal set.....until | ran asrthis picture!

It was a picture of Al Klase's wonderful "Crystahdto DX
Contest" station! | was amazed to learn that it veasn
possible to hear 'DX' on a crystal radio and, appdy, there
was a large group of very active crystal radio DXdrwas
hooked on learning more about this fascinating ipdisg!
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PUSHING THE BOUNDARIES... With some further
investigation | turned up the 2001 contest winivike Tuggle
in Hawaii. Mike had logged 63 stations and Cubhpalthe
AM broadcast band! It turned out that Mike, afterass of
experimenting, had developed an extremely efficXt set,
which he called the "LYONODYNE 17".

Mike's elegant set is not only a work of art bbdbktate of the
art', using large diameter basketwound Litz-wiréscand high
quality, low loss ceramic tuning capacitors. Tolegal' in the
crystal set community, the radio must be completesissive”,

meaning no amplification of any form is allowed.€Tbnly

power used must come from the antenna, making tbese
Contest results even more amazing!

LOCATION! LOCATIONL.... Crystal-set DXers are up against
two
problems:

SELECTIVITY versus SENSITIVITY. If you live in a tj or

near a large city that has several 'blowtorch' Aghals, your
main focus will be on separating signals so thetteaker DX
can be heard between the blowtorches. On the oiden, if
you live in the country, you don't have to worryreach about
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EXPERIMENTS WITH AN ANTENNA TUNER UNIT
Dick Kleijer crystal-radio.eu

http://www.crystal-radio.eu/enantunittestl.htm
Here some measurements done with rapténna unitl

cl
500PF
c2 Li
500pF 169 «H

Schematic of the antenna unit 1.
The antenna unit has a tuned circuit L1, C2.

If we only look at L1 and C2, then the tuning rangeé50 -
2184 kHz. But if we also connect the antenna arthethe
frequency of the circuit will decrease, so we cto aeceive
the lowest mediumwave frequency of 530 kHz.

Variable capacitor C1 and the antenna and earthlsoea part

of the tuned circuit, but the antenna and eartlo ajive
reduction of circuit Q.
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Kevin Smith
09/2011
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separating strong locals; you can run things ‘vaigen'
enabling you to log some of the weaker DX signalging

away from the city certainly makes life simpler forystal
radio DXing but don't despair if you are a city-diere One of
the DX Contest winners lived in San Jose and rsidhaged to

log plenty of DX!

QUICKY BASICS

The diagram shows a simpl
basic crystal radio.
In the city, with a good
antenna, such a set will hei
plenty of locals but it is
unlikely to hear any DX. Take
it out to the campground fo
the weekend however an
even a simple set like this i
capable of logging DX. Sinct
most of us live in or near th
city, we need to look at way
of transforming the basic set

Loose-coupled Antenna Circuit
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Basic Crystal Radio

into a DX machine!

In order to separate
the strong locals, the
tuned circuit (L-C)

must have as high a
'‘Q' as possible.
Placing the diode and
headphone load at the
top of the circuit will

result in strong signals



but poor selectivity. The impedance of the headpkowill
load down the tuned circuit, lowering its 'Q". THesult is very
poor selectivity. Tapping the diode/headphone latd lower
point in the tuned circuit results in less 'Q-loimgt of the
circuit. The result is a higher degree of selegtiviou don't,
however, get a free ride! The higher selectivitydi tap point
results in less overall voltage being fed to thadmhones.
Signals are weaker but easier to separate! Thdeobal of
building an efficient tuner is to find the rightlaace between
selectivity and sensitivity!

There are a few more improvements that will help thasic
set'. More sensitivity as well as more selecticiy be realized
in the antenna circuit. A separate antenna coupdmiy that
will couple the antenna into the main tuning coill vesult in
a further overall improvement. If the position dietantenna
coil can be adjusted in relation to the main tunjdgtector)
coil, a degree of coupling can be reached thatroffegood
balance point between adequate sensitivity and dweol
selectivity. Often the antenna coil and the detectls are
mounted on a long rod or dowel that allows easysidjent of
the 'loose-coupling' circuits. Also note that imyed detector
tuning can be achieved by optimizing the diode' 'tlagation
on the main
tuning coil.

Further
improvements in
both  sensitivity
and  selectivity
can be achieved
by actually tuning

Parallel-tuned Antenna Coupler
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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 tldong
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 operatjpajnt gains
sought.
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Received Signal
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The above is an interesting plot taken from thé tiscussion
in "Crystal Set Analysis" by Berthold Bosch. It seats
received signal strength across the tuned cir@uitvarious
scenarios from threshold audibility to local blovdo. This
plot should be considered a single example spetifihis
location and antenna/ground system. In the textédseribes
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 sigolihge and
power levels presented across the LC circuit todibele are
likely to be. Bosch cited 40nV as the thresholdaofiible
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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the antenna system to resonance. Your type of aatsystem
as well as the part of the AM band that you arengmwill
determine which system works best. The series-taméeinna
coupler is best suited for tuning large antennapeeially
those with large

horizontal runs

("top hats"). The

parallel-tuned

antenna coupler is

better suited for

tuning shorter
antennas, such as
vertical wires,

masts or whips -

= those without top

Series-tuned Antenna Coupler hats. A series of

test clips or a

simple  switching

system can be used experimentally to determine wioaks
best for you.Making this effort is important as it goes a long

way towards avoiding initial disappointment withetlerystal
set's performanceSuch a system as this is called a 'double-

tuned' set. With care and attention to constructisach
systems are capable of hearing DX signals.
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Adding a tuning capacitor in series with the angepermits a
long antenna to be
tuned very
effectively by a

parallel-tuned

| antenna coupler. In

fact, this is the
method-of-choice for
many crystal set
listeners. To avoid
the complication of
an extra tuning knob,

a single-knob, two-

gang variable

capacitor can be used as shown here. The addedbleari
capacitor can be placed instead in the ground ®us

‘enhanced parallel-tuned' coupler can be very ®ffecin

peaking up desired signals while knocking down byar

interference. | have found the use of a tappedircoiiis circuit

to be very beneficial in achieving optimal Q foe thortion of
band being tuned. One
might even decide on
using separate ‘high-
band' and ‘'low-band
coils for this circuit.

Enhanced Parallel-tuned Coupler

Although you may now
be able to hear some DX,
chances are you are still
bothered by at least one
(if not several) local 'pest' signals. Further gaiim selectivity
can be had by the addition of another tuned ciraatled a
‘wavetrap'. By coupling this circuit to the detectmil, this

Luosn -coupled Wavetra,
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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
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 ttacto
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 firgda 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 wéquire

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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Diode Is vs Rd

15516
RA=0.0257 *n/Is Rsva
Rp=2pi*frL*Q Ty
15599
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PeakDetection
Rs=0.707Rd & RI=1.41Rd

Square Law Detection
Rs=Rd/2&RI=Rd

BTongue compromise
Rs=0.794Rd & RI=1.26Rd

Is nA,

HPS082-2835 x4
B

3

HP 582

10 100 1000 10000
Rd, 7 kohm

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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circuit can be tuned to the same frequency of &= pignal,

absorbing much of its signal-killing strength ae thetector,
while not adversely
affecting the strength of
wanted signals. More than
one wavetrap may be
employed to tackle more
than one pest signal. With
a high Q wavetrap, very
loose coupling is usually
best.

In-line Wavetrap
Another method that some

find successful is the use of an 'in-line' waveirafhe antenna
circuit. The smaller secondary winding can be woeitider on
top of the primary or on one end. One or two i mavetraps
can often be used to effectively knockdown the rjrpest

signals
Another important
improvement can be
made in the headphone
“‘E:g) circuit. If you are
using the old standard
style of headphones
(Brush, Baldwin etc)
they must be high
impedance phones.
The modern low-impedance ‘walkman' style phonekload-
down the detector circuit too much, seriously degmg
selectivity and signal strength. Even high impe@apbones

will cause unwanted loading of the detector circuising a

Im edance matched Output
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low-loss audio transformer with a very high impeci&n
primary between the phones and the detector wdlice the
problem and often great gains in selectivity carabkieved.
Look for a high quality audio transformer with airpary
impedance of at least 100K ohms and a secondaryatch
your phones. Try to avoid the small printed circuit
transformers used in transistor radios - this isage of the
bigger, the better.

One of the greatest improvements made on my ownsBXX
was changing from a pair of
vintage  high-quality =~ Baldwin
phones to a pair of headphones
made from an old Navy 'sound-
powered' handset. Most crystal
radio DXers are utilizing this style
of headphone. They are extremely
sensitive! Old handsets are always

- available on e-Bay and can often
be had at a bargain price. Often the
earpiece transducer as well as the
microphone element are identical
and a single handset will yield a
nice set of phones. The elements
can be removed and placed inside
an old set of headphone covers or
hearing protectors. | think that
going 'sound-powered’ was the best

single improvement that | was able to make whenDHyset

was evolving
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Why know the values of Is, n, and Rd of your diodes
by Kevin Smith
http://www.lessmiths.com/~kjsmith/crystal/deyebstitml

| have been attempting to get a handle on the raide
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 situatidith a fuzzy
indication of typical tank impedance limits.

Ultimately one seeks a diode with an Rd that matetieh 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 asred.
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|OA81 (germanium) ‘ 0.0225 ‘ 800‘ 4
OA95 #1 0.0272 600 45
(germanium) 0.0221 821 33
8232 zg 0.0271 604 45
Onon i 0.0304 502 54
|AA116 (germanium) ‘ 0.0441 ‘ 256‘ 106
AALLY #1 0.0320 461 59
(germanium) 0.0363 370 73
AAL19 #2 :

L1053 0.0428 272 100

The HSMS282K is the same as the HSMS2820, only the
HSMS282K has 2 equal diodes in one package.

The Is value of the HSMS282K, the HSMS286K andsb@2-
2835 is lower than the value in the datasheet hidgsalso been
noticed by other people.

Ben Tongue wrote me, that the Is value of the 5P825 has
been reduced over the years by the manufacturer.

Also temperature has big influence, | measured8afQ, in
datasheets the Is value is given at 25 °C.

A increase from 18 °C to 25 °C will increase thé&ys60 %.
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BUILDING YOUR DX SET... Start by thoroughly checking
out the many links shown at the bottom of the pagere is a
huge amount of good information available on théwEhe
"Yahoo Crystal Radio Group' as well as the 'Raglp' Group
both provide an interactive forum for asking querssi | would
suggest
that
you
conside
r an
experi
mental
loose-
coupled
test
bench.
= - This
will allow you to easily make coil changes and atlicoupling
between circuits. A fine example of a loose-coupded is
shown below. It was built by Larry Pizzella in Sdmse and

X f‘

— ’

was used by him to win the 1999 DX Contest!
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Although the loose-coupled coil rack is not visitite the
photo, my own DX set was built along these samecjples.

Many different coil styles, wire diameters and ante tuning
circuits were tried over the space of several manth

This is the schematic diagram of the final arrangetused in
my 2002 DX Contest set.

g‘ln-lin- QRM Trap 1
Q‘ In-line QRM Trap 2

Bandpass Coupling

gg) Sound-Powered
Headphanes

Loase-Coupled QRA Trap

Tuggle-Tuned
Antenna Tuning

VE7SL - High-Performance DX Crystal Tuner

This is a ‘triple-tuned' arrangement. There araigereduction
drives on all tuning capacitors as tuning is velgrp on all
circuits. Because of the great abundance of ‘blmhtsignals
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More information about measuring the Is you caud fim the
website of Ben Tongue , in his articles number d H

| measured the Is value of several diodes, anculeaéd the
diode resistance RD.

Also some European germanium types are measured.
Several diodes are measured of the type OA95 antil8A

Diode \,,./,E (Volt) at 1 l(SnA) (k(F;)I,D
HSMS282K 0.1341 7.9 3428
3;’;’:%28“ 2 0.118 145 1867
HSMS286K (1 diode! |0.1116 18.3 1479
5082-2800 0.1871 114 23756
5082-2835 0.1464 5.04 5373
5082-2835 2 paralle]0.1289 95 2850
BAT 82 0.136 7.3 3710
BAT 85 0.0686 90.8 28
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Measure the voltage across the diode (VD).

,0‘2— v

nF

Circuit diagram for measuring the Is value of adeio

The voltage across the diode is about 0.2 Volt.

The voltage across the resistor is about 10 Vetigshe current
is about 1uA.

The voltmeter must have a resistance of at leas@0

The 100 nF capacitor reduces the influence of raiioals
and hum on the measurement.

Calculate Is with the formula:

formula 3: Is = 1D/ (e” (VD /(0.0257xn))-1)

Is = saturation current of the diode in nA

ID = current through the diode in nA, (A = 1000 nA)

e = base of the natural logarithms, this is abort&

A = raise to the power of

VD = voltage across the diode in Volt

n = ideality factor of the diode, if you don't knahis value,
take for instance: n=1.08

224

within 15 miles of my location (seven 50 KW localspavy
trapping of pests is required. Both sensitivity assdectivity
are good; on evenings of good propagation, sigfram
Alberta and California can become ‘pests' in thérmesé Both
in-line traps and loose-coupled traps have proeebet very
effective.

Not visible in the photo are the in-line wavetrapewn here.
Calibrated dials help to quickly zero in on pesgfiencies.
During the DX
Contest 80
different stations
were logged on
the AM band,
the furthest DX
catch being
WOAI in San
Antonio, Texas.
U.S. stations in
WA, OR, ID,

CA, UT, Nv,

MT and CO as
well as Canadians in BC, AB, and SK were heardeNirkKW

stations along the west coast were logged as veatitie 500

watter CKBX in 100 Mile House, B.C. As well as tB&X set

performed however, there was stil much room for

improvement!

BUILDING HINTS
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1. Avoid winding coils on wood or cardboard fornihese
materials, even when sealed, will absorb 'Q -lgllimoisture
and impair both selectivity and sensitivity. Usthei styrene
sewer pipe couplers, thin-walled black ABS plumbjige or
white PVC tubing. For really high-Q coils, experimewith
‘basket-weave' or 'rook' style windings.

2. Avoid small guage wire for coils. Large diameteils made
of solid wire (#12-#18) are easy to wind. Try tasp the coil
winding so that each turn is at least one wire-gi@maway
from its neighbor. Stay away from taps if possiffeps can
quickly rob 'Q' from a coil.

3. Make your coils big! No smaller than four inches
diameter is a good starting point.

4. Use the best quality tuning capacitors that ga find. The
ones with ceramic insulation are best. Try to avoiunting
them directly against moisture absorbing surfacesh as
wood. Insulate them with ceramic or plexi spaceuse
insulated shaft extensions to avoid hand-capaataffects.

5. Devise a method of comparing different diodeswkching
arrangement that will accomodate more than oneedioil
allow some real-time 'A-B' diode comparisons. Tgsur
diodes on a DX signal as a diode that producedeise signal
on a strong local may not be the best one for hgaveak DX.
Most older 1N34 diodes appear to be hotter tharsetho
manufactured today. Consider the use of Schottégledi that
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T = diode temperature
A = raise to the power of

Ideality factor n

The ideality factor n of a diode indicates how gabe diode
performs with regard to an ideal diode.

A (not existing) ideal diode has a value of n=1.

At low input signals, the maximum available detectaitput
power is proportional to 1/n.

So doubling the n will halve the output power (tlisly
applies at weak signals).

Diode capacitance

Between the two connections of the diode there il a
certain capacitance (capacitor value), when thigcigance is
fairly high (e.g. 10 pF) the tuning range at higbquencies is
limited.

At increasing reverse voltage across the diode#pacitance
will reduce, also the detected voltage in a crystakiver is
such a reverse voltage.

Through this, the frequency of the circuit can tshipwards
when receiving strong signals.

On the next page: experiments with a detectorymitfind in
table 3 a measurement about the frequency shift.

Measuring the Is value of a diode.
We can measure the Is value of a diode as follows:

Send a small current through the diode, the valfighis
current (ID) must be aboutyiA.
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With 3 diodes parallel, the value of RD shall beidéd by 3
etc..

Diode resistance when using bias current.

We can decrease the value of RD by sending a $d@abias
current (e.g. 0.1 uA) in forward direction throule diode.
The higher the bias current, the lower RD will be.

With the following formula we can calculate the dio
resistance RD, when we make use of a DC bias durren

Formula 2: RD = 0.000086171 x n x TK /(Ib + Is)

RD= diode resistance at certain DC bias curreifutit: Ohm)
n= ideality factor of the diode

TK = Temperature in Kelvin (= temperature in °C73p

Ib= DC bias current through the diode in A

Is =saturation current of the diode in A

A diode with a certain RD value at a certain biagent, gives
the same receiving performance as a diode withiastdurrent
with the same RD.

Influence of temperature on "saturation currerit: Is

The saturation current (Is-value) is strongly deiiem on
temperature.

A temperature increase of 1 °C will increase thedkie by
about 7 %.

In datasheets, the Is value is most times gived &C.

If the diode temperature is not 25 °C, but anotfzue "T",
then we must multiply Is with a factor 1.07/(T-25).
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have proven to be extremely sensitive when useligh-Q
systems.

6. Don't wait too long before considering sound-poed
phones. They are a must if you want to hear thekvoees.
Watch e-Bay for some good bargains.

7. Use vernier dials/drives on all controls ashigh-Q circuits
often tune very sharply. Detector tuning and ardefumers
should have a logging scale so that tuning is tejpéa

8. Get your antenna as high as possible. If it danvery long,
then give it lots of top-loading as shown below.

9. Pay attention to your ground system. Buried svaeting as
a ground counterpoise work well. Tie into the cappe
waterpipe system if possible.

10. Keep notes on your experiments.

11. Don't give up! Eventually you will break thrdugnd hear
DX. On nights of good propagation the band will eailive
with signals.
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The values of n and Is can (sometimes) be fourttiérdiode

datasheet.

In the following table some types of schottky disdeith the
values for n, Is and Rd, the maximum reverse veltagd the
diode capacitance at zero voltage.

type Is at
. n 25
diode oC
5082- 22
2835 |1O8| na

HSMS 2
2820 |28 na

HSMS 3000
2850 |18 A

HSMS 38
2860|210 na

RD |maximurmr

at 28
°C

1260
kQ

+
200
kQ

??

1260
kQ

9.07
kQ

743
kQ

reverse
voltage

8 Volt

30 Volt

15 Volt

2 Volt

4 Volt

capacitanc

1pF

10 pF

1pF

0.3 pF

0.3 pF

datashest

datasheet

datasheet

datasheet

datasheet

To decrease the value RD, we can connect more sliode
parallel, with two the same diodes parallel theugabf RD

shall halve.
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Al

b = PSR

Equivalent circuit of a diode at low input voltages

Via this link you find a measurement on severalosty
diodes, which shows detection in the square lavioretakes
place at input voltages below 200 mVpp.

Diode resistance RD.
At zero voltage, diodes have a certain resistance.
This resistance at zero Volt we call RD.

The lower the reverse leaking current of the didte, higher
resistance RD.

When detecting small signals (in the square laworggthe
input of the diode also behaves like a resiston wétlue RD.

But how do we know the RD of a diode?

We can calculate it with the formula:

formula 1: RD =0.000086171 xnx TK/Is

RD = diode resistance at zero Volt (unit: Ohm)

n = ideality factor, the lower this factor the leettbetween 1.0
and 1.1 is a very good value.

TK = temperature in Kelvin (= temperature in °C73p

Is = saturation current (unit: A)

x = multiply
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THE CRYSTAL RADIO SET REVISITED
No Author, Smith-Kettlewell

http://www.ski.org/Rehab/sktf/voll11no4Fall1990.html

Abstract

Although this is an article presenting variatiomsdesigns of
crystal radio sets, | tried to put enough theoryhere for
universal appeal. For example, impedance matchitttn w
transformers is discussed, a formula for calcujatiingle-
layer air-core inductors is given, and the "Daniedll" (a
voltaic cell made from a lemon) is also described.

Introduction

[The editor would like to acknowledge the writingsd
accomplishments of Mr. Joseph Amoros of Richmond,
Virginia, who published crystal radio circuits besn 1941
and 1953. He sold my father boxes of crystal-sespahen he
closed his mail-order business in 1957, and he divows
much joy in experimentation.]

A Bill Gerrish passion is the "crystal set"--thempiest
possible radio receiver. It got its name for itgstal detector.
Once upon a time, this detector was made by sénatetiound
on a small chip of galena with a rusty wire, hopiadind the
happy accident of oxides that would rectify theigasignal
and present the amplitude envelope to your headgshon

Actually, various metallic sulfides were used asy$tals.”

"Galena," lead sulfide or PbS, is the most commenod lead,
and this was often used. "Iron pyrites, iron disielfor FeS2
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(sometimes called "fool's gold") was another oredusEven
Carborundum (a trade name for silicon carbide, S\2ps
sometimes employed as the crystal. A blue-steed with a
sharpened point was the "cat's whisker."

Modern crystal sets use germanium PN-junction diofie
their detectors. These are better diodes than ttresg¢ed from
oxides, and they are a lot less fuss.

The purist's crystal radio set is a passive receivie power
that "runs" it is what you steal from the radiotista you are
listening to. | leave them connected for yearstine.

With my father's help, I built my first one at agjg, and | have
hobbied around with them ever since--finding newl aetter
coils now and then, or just putting them in diffettg shaped
containers for the lark of it. The constant faiatter from
earphones hanging on a hook (in my lab upstairsiarttie
garage) is as friendly as the sound of a familiacicto me.

Why do | entertain this frivolous pursuit? It's tuhlly
enriching; it causes me to listen to talk showssimuand
yammering advertisers that | would normally leave toom to
avoid. | suppose it brings back memories of a kiather
revealing his best "shop tricks" to an impatientcctvho was
barely listening.

How Do They Work?

Well, a big long antenna gets in the way of allsthavaves,
and a tuned circuit (a coil and capacitor) resanaeabsorb
the maximum amount of energy from the station yaantw
barely attenuating the others. Than comes the béahe set,
the detector.
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The power losses in the diode are in this regiory ew
compared to the rectified power.

Situation 2: Recifying in the square law region

If the input voltage is low, lower then the voltagep of the
diode (at 1 mA) then the situation is completefjedent.

The input of the diode behaves for the RF sigha! & resistor
with value RD.

The output of the diode behaves like a DC voltamerce in

series with a resistor, the value of this resigaalso equal to
RD.

The value of the DC voltage source is square |datee to the
amplitude of the RF input signal.

So double input voltage, gives 4 times as muchctiedeDC

voltage at the output

In the square law region the output voltage ofctoele will be

much lower then the input voltage, the diode givesch

power loss between input and output.

The lower the input voltage, the higher the losses.

The higher the input voltage, the lower the diaukesés.
When further increasing the diode input voltage,gredually
come into the linear detection region.

When receiving weak stations, detection takes placéhe
square law region.

Between the linear and square law region, theserégyion not

linear, and not square law but somewhere in between
This region is not discussed here.
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best test several germanium diodes in our receiver then
choose the best. The diode resistance RD of geumadiodes
is most times rather low, and only useable in alystceivers
with a low Q (low sensitivity and low selectivity}ror high
performance receivers, we can better use a suisahiettky
diode.

Schottky diodes have a voltage drop of about 0.2§.\The

differences in properties between two diodes ofstume type
are often small. Schottky diodes with the corresistance RD
are very useable in high quality crystal receivers.

The given voltage drop is normally measured at ravdod

current of about 1 mA. Also if we measure the \gidtalrop of
a diode with a multimeter, the test current shalabout 1 mA.
But also below this voltage drop the diode can cendurrent,
and can rectify a RF (radio frequency) signal. Ghly current
through the diode is then much smaller. When réngivery
weak stations, the current through the diode cag dpeonly 10
nA. At such a low current, the voltage drop of thede is also
much lower then at 1 mA.

Detected voltage as function of the input voltagd. we

rectify a RF signal with a diode we can distinguisto

situations.

Situation 1: Rectifying in the linear region

If the input voltage is high enough (well above thetage
drop of the diode at 1 mA), the output voltagehef tiode will
be about proportional to the input voltage.

So double input voltage, gives about double owpliage.
The output voltage is almost equal to the peak evaifithe

input voltage.
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By itself, a radio signal has no audible compon&tations
suitable for this kind of detection have the amulé of their
radio-frequency (RF) signal "modulated" (the poweade
greater or lesser) by the "intelligence?". (Ingghce on AM
radio? Nah!) In order to hear these fluctuationsuinplitude,
you have to strip away the radio-frequency "cafréd detect
the "envelope" of the amplitude variations.

The diode detector is a rectifier-filter systemttfigeds the
earphones the instantaneous peak value of thedR&lsiThis
peak value is the "amplitude" of the signal, andemtyou
retrieve that information, you get amplitude vaoias that are
the modulating audio.

The rectifier, conducting only in one directionaches a filter
capacitor which then follows the peaks of the Rinal. The
filter capacitor is the 0.005uF unit found throughdhese
circuits, and the diode is the “crystal detector."

Antenna Requirements

The crystal set needs a long antenna and somefsground
return. A water main is usually the best ground,ebmounting
screw of a wall socket, a steam radiator, or a féree may
be good enough. Avoid using gas pipes as grounds.

There is no substitute for the antenna, howevemist be
long. A couple of hundred feet of wire is a luxuRifty feet
will sometimes do, if it is clear of tall buildingsd trees.

My home lab antenna is a continuous overhead demeeding
duct which is 50 feet long. (This one is rathemfantoo, since
it is grounded at the furnace.) My garage antesraniunused
wire in the telephone line. (Be careful of this orgome
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telephone installations still use this third yellavire for the
ring signal. first, make sure that there is no DGnf the
yellow to the red and green, then get someonentpydu and
make sure that no high-voltage AC appears betweegellow
and the other wires. Finally, always couple to sacthing
through a 0.01uF 500-volt capacitor.)

If you can string up a wire antenna, try to keefpaim lying on
surfaces and bumping into aluminum window framesu ¥an
run a wire antenna inside an attic; hang it fromrspieces of
string under the rafters (the string acting as latsus). You
can use any kind of insulating scheme to keep titenaa
from resting against large surfaces. Holding ithwjtlastic
strapping of some sort, you can stretch the wine between
elevated fixtures on a roof so that it doesn't restthe
shingles. On the other hand, unlike transmittingeanas,
touching non-metallic objects here and there altrey way
will not be fatal to an antenna's performance.

That it be long is the important antenna considematbut
beyond this, not having it double back on itselftis be
preferred. If you can make it long, but it must gat and
comeback, keep the two runs as far apart as pessibdl if it
can be arranged, avoid running the wire in exactlled
directions.

Luckily, I live where there hasn't been a lightnisgrm in
years. If your situation is otherwise, cultivatee thabit of
grounding your outdoor antenna when not in use, ibydu
hear a rumble of thunder, ground it quickly witblig lead and
run like a turkey.
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DIODES
Dick Kleijer crystal-radio.eu
http://www.crystal-radio.eu/endiodes.htm

Which diode can | use best in my crystal receiver?

Maybe you think a diode with a voltage drop as la&
possible, then also small signals at the detecirouit are
detected. But diodes with a low voltage drop, &awe a high
reverse current (leaking current), this will loak tdetector
circuit heavier, the Q of the detector circuit reels, and with
that also the voltage across the LC circuit. Abadr input
voltage the diode will give much more losses, andan
happen that despite the lower voltage drop of tibelel you
have less voltage at the load resistor. Besidesrgduction of
circuit Q will also gives a less selective receiver

For every 20 mV less voltage drop, the reverseectirwill
approximately double.

Germanium, silicon, en schottky diodes. Dependimng tioe
material they are made from, we can distinguishmgaium
diodes, silicon diodes and schottky diodes. Theee some
more types, which are not discussed here.

Silicon diodes have the highest voltage drop (alfilohitVolt)
and are for this reason not very useable for crystzeivers.
Unless we use a small DC bias current, which brthgsdiode
already a little bit in conduction.

Germanium diodes have a low voltage drop (about- @12
Volt) and are often used in crystal receivers. Pheperties
like voltage drop and reverse current can varytab&ween
two germanium diodes of the same type. In praatieecan
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Notes on the Various Components

The crystal set lends itself to parts which haveenbe
"scrounged" from far and wide. Don't ever let adleadio, a
1960-vintage circuit board, or a dead telephone tirough
your fingers. From telephones, you can get passgblyd
medium-impedance earphones. From old radios, yougea
coils and variable capacitors, output transfornfiersnatching
to low-impedance earphones, and cabinets to boild grystal
sets into. From old circuit boards with solid-stat@iff on
them, you can get germanium diodes, or transishatscan be
used as diodes. If the family finds the catsupnimeange-juice
bottle some day, they will just have to accept thet that
you've used the nice cylindrical plastic catsupesge bottle as
a coil form.

The Diode Detector

Radio Shack still sells 1N34A germanium diodes--fen a
dollar as cat. No. 276-1123. Mouser also sells geium
diodes--cat. No 333-1N34 and 333-1N60 ($.17 anfl)$.2

Though not always the case, these diodes are issgla
envelopes which break rather easily if you are aesalin
bending their leads. Also, their leads are oftextqul iron, and

if you fool around too much in soldering them, titating will
come off, the iron will oxidize, and you will findhe process of
soldering tiresome, if not impossible. Solder 'enickly, but
deliberately, and treat them gently.

You can use a germanium transistor for its basé¢temdiode.
Typically, people tie the collector and the basgetber for one
diode connection, and use the emitter for the atbenection.
If the transistor is burned out, you can oftentlie collector
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and emitter together for one end of the "diode, @selthe base
lead as the diode's other end.

Silicon diodes and transistors won't work (unlelss tadio
station is breathing down your throat). This isawese silicon
junctions have a comparatively high forward voltatpically
0.6V as opposed to 0.3V for germanium junctions. tBa
other hand, you can apply an external bias voltageduce
this unwelcome threshold to zero, and a circuitfat is given
later.

Another possibility is use of the "Schotky Barriertifier";

these begin conducting at 1/3 volt, and they makieua

crystal set. Their disadvantage is that they hawerg high
capacitance; this is true because they use a &mge-metal
barrier in the junction. Near 0 volts, their tydicapacitance is
over 100pF, so use of them means that you haveleduning
the top of the band. Nevertheless, they are futrytoand a
typical number is the 1IN5819.

[You have all heard of the razor-blade detectoru Yest a
pencil lead (one intended for a mechanical pemcilthe edge
of the blade; the oxide inevitably present on thi tedge
conducts best in one direction. Like the galena aats
whisker business, this is not a very good diodd,ig®m a lot of
fuss. Interestingly, it was invented by a prisorie;probably
couldn't get down to Radio Shack.]

Commercially Made Coils

Rather than winding your own coils, you can buymh&he
store-bought ones, because there is less markethbee used
to be, can be quite expensive. Once common platerige-
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Because of the 20 cm distance, there is a loos@lingu
between the coils.

Connect the probe to the LC circuit.

The earth connection of the probe must be connectetie
housing of the tuner capacitor.

The probe is connected to the oscilloscope.

The probe provides a small loading of the circsiitthe Q will
not reduce so much.

There are also 1:1 and 1:10 probe's, but thesdoaill the LC
circuit too much.

The 1:100 probe | use has a input resistance ofM@hm,
and a input capacity of 4 pF.

The output voltage of the generator must be sdiigio, that
the oscilloscoop gives a clear picture of the Rffai.

Because the 100 times attenuation in the probe,sitpeal
generator output must be set fairly high.

When measuring low Q circuits, | must set the getoer
output to it's maximum of 20 Volt peak-peak.

For measuring the Q: perform the 5 steps descimethe top
of this page.

The frequency adjustment is done by hand, by tgrrifre
frequency knob of the generator.
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point is higher in frequency then f.res, this fregcy we call:
fh.

Step 5

Calculate the bandwidth BWBW?= fh - fl. Calculate the Q:
Q=fres/BW

For performing these 5 steps, we can use the follpwest
setup

In the schematic above you see from left to rigbtfollowing
components.

A signal generator A coupling coil
The LC circuit

A 1:100 oscilloscope probe

An oscilloscope

Connect the output of the signal generator to thepling coil
having e.g. 50 turns.

Place the coupling coil at about 20 cm from thé ebthe LC
circuit.

The coupling coil don't have to be high Q.
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slug-tuned broadcast coil, the good-ol' Miller 9p@@w costs
you $11. (The tapped one, Miller 9011, is nearlg $ibw.)

Nevertheless, trying circuits with those Miller gituned coils
is worth doing, because they have such a high GidBs
having the advantage of a ferrite core, they arendowith

"Litz wire." [To conquer the "skin effect" (the wency for RF
current to use only the outside surface of a wiréy, wire is

made of many thin strands of wire, all insulatednir one
another. The result is low resistance at radio Uesgies.]
Moreover, those Miller coils are "scramble wouritiigir turns
do not lie parallel to one another, thereby greegijucing the
distributed capacitance.

Store-bought coils have a funny mounting arrangenieney
have a springy metal cap that fits into a 0.3-idizimeter hole.
A small tab 1/4 of an inch away from center keeps ¢oil
from turning in its mounting as you adjust the sldde
mounting plate must be thin metal--an aluminum sisaer a
fabricated bracket.

Homemade Air-Core Coils

It is easy to make your own air-core coils by wingdimagnet
wire, or even wire-wrap wire, around a cylindriéaim.

"Magnet wire" is copper wire which has been coatdth
enamel insulation; enamel is used because it fisusth thinner
than other insulating materials. You strip its iasion with
medium-grade sandpaper; you test to see if you haten
down to bare wire with a continuity tester.

There are various types of enamel--some very t@amghsome
fragile. For radio coils, it doesn't matter whicimk you use.
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(These differences are important to electromagnetéople--
designers of motors and transformers.)

Radio Shack has an assortment of "magnet wire'y tee
you 40 feet of 22-gauge, 75 feet of 26-gauge, @i feet of
30-gauge--Radio Shack No. 2781345. Any electrosigsplier
or electric motor shop can provide you with magnéte.
Belden Wire Company and Vector Electronics Compsely
magnet wire by weight--1/2- and 1-pound spools.

For example, Belden Wire Co. sells "solderable reagvire”
whose enamel is destroyed in the soldering pro@astong as
the soldering is done at 800 degrees or more). &himel
chafes easily, but it is good enough for thesesgdtilcan be
gotten from Newark Electronics. A half pound spo6l22-
gauge has the Belden No. 8051, Newark cat. No. 3bF1
(about $20, ouch). A half-pound spool of 24-gaug®elden
No. 8052, Newark cat. No. 36F1315. (about $20).

Though it frightens me to tell you this, Mouser lmaagnet
wire, but only in large quantities. For exampleg)thist an 8-
pound 22-gauge spool of magnet wire--cat. No. 501 W/
(4000 feet). | bought one; it only cost me $80, énid very
nice wire made by Phelps Dodge. You can use itnésnaa
wire as well, but that's a lifetime supply for yamd your
neighbors.

Typical coil forms for the broadcast band are cdres paper
rolls--toilet-tissue cores or kitchen-towel coresardboard
mailing tubes, or plastic tubes (perhaps bottleth whie tops
and bottoms cut off). Plastic ones are the bespepand
cardboard take on moisture that causes lossesoavetd the
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MEASURING THE Q OF LC CIRCUITS
Dick Kleijer crystal-radio.eu
http://www.crystal-radio.eu/engmeting.htm

In theory we can determine the Q of a circuit disves:
Step 1

Couple a RF signal generator to the LC circuit. Ebepling
between generator and LC circuit must be loosesratise the
output resistance of the generator will load theuii and
reduces the Q.

Step 2

Set the generator to the frequency at which youtwen
measure the Q.Adjust the LC circuit (turn the tucapacitor)
so you have maximum voltage over the circuit, theud is

now in resonance, this frequency is the resonaecgiéncy of
the circuit (f.res).

Step 3

Measure the voltage over the LC circuit at resoeanc
frequency (f.res).

Step 4

Vary the generator frequency a little above andwel.res.
and determine the two frequenties were the voltage the
circuit is 0.707 times the value at f.res.The \gétaeduction to
0.707 times, is the -3 dB point.One -3 dB pointloiwer in
frequency then f.res, this frequency we call: feTdther -3 dB
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Figure 6. Securing a coil against a panel, especially a woarnkl, will
. X cause losses and will add distributed capacitafiberefore,
Spacing on Dave's #50 mount your coils on spacers.

Y My current favorite plastic forms are the "pill Hes" (vials,
200 | s 30-dram and 60-dram sizes). These are availablen fro
=150 X sympathetic pharmacists (you have to convince baethese
£ \ T are for your crystal set).
i

100
—#—Max My vs spacing \ =y The 60-dram vial measures 2 inches in diameterernoiless-
SO ST \ 20 -and 5-1/4 inches long. The 30-dram vial is alsmches in
& o diameter, but about 3 inches long (they leavetle libom for
o 5 10 15 20 cotton at the opening). The minor disadvantagéede bottles
Spacing inches is the slight taper--smaller at the bottom. Becanfsthe taper,
all coils should be wound from the bottom up, satth
succeeding turns drift toward the coil, not awaynfrit.

A pill bottle is rather nice for mounting; you justrew the cap
to the board and snap the bottle into place so ithstands
vertically. This way, spacing the coil away fronethoard is
automatically taken care of.

The ends of windings are anchored by weaving therand
out of a couple of holes. Consider the processstialling a
17-turn antenna winding at one end of a coil foAbout 1/2
inch from the end of the form, you poke two holdsick are
perhaps 1/2 inch apart. You thread the magnet thireugh
one of the holes--from outside--and pull it througbout 8
inches. Then, you poke the wire through the neigihgohole
from the inside and pull it taut (giving you 7-Tf€hes of free
end now. You now repeat the process; poke the danen
through the first hole and pull it taut, then pdikback out the
second hole and pull it taut. This will fix the efidnly in

place.
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Crumple up the free end and stuff it into the fawirere it will
be out of your way. Next, get a piece of tape reauty stick it
to the edge of your workbench where you can gradavitdily.
Turning the form slowly, wind your 17 turns, evergce in a
while pressing them together with three or fougémails so
that there are no amateurish spaces between \imsn you
are finished (or when you get tired and need te t@lbreak),
grab your piece of tape off the edge of the benwh slap it
across the coil to hold it in place.

Once the winding has been completed and the tapelding

it, cut the wire to an 8-inch length. Poke two mbmges just
beyond the winding and weave the free end in andasu
before.

Normally, margins of 5/8 inch are left at the ewdghe form
to permit screw holes to be drilled for mountingin&times,
as with the double-tuned circuit using pill botflgsu need to
place a winding at the very end of the form; insticase,
passing the first half-turn through another pair tufles
opposite the ones fixing the end of the wire witlep wraps
from spilling off the end of the form.

As an example of anchoring the end-most turn, censihe
problem of winding 20 turns of wire around a plasibda-
bottle cap (making a coupling coil for some of thegcuits).
Very near the closed end of the cap, two pairs @éhare
drilled, diametrically opposed. The wire goes il @ut of the
first pair and is pulled through to a length of ihBhes; then,
the end is woven in and out of the opposite paihalés to

firmly "fix the end." A ridge at the open end okthap means

that the last turn can be anchored in one pairtgdh there is
no danger of turns falling over the ridge.
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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 unresdéena

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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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

Dave's #50 Mx Sen

1000

—8—25chottky
100

—i—1N34A
—.—F0215
—a—sin

——9in

——12in

b ‘ 2 * 3 ——15in
585 930 / 995 1000 1005 1010 1015
+

—+—18in

Frequency khz
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You will see that most of the coils in these citsuiequire a
tap one-quarter or one-third of the way up fromumeh A tap
can be arranged in two ways. The most elegant si&y sand
a little bare spot in the wire when you get to thaint in the
winding, and solder a pigtail of insulated strandére to this
bare spot. The other way, while it is a little merede, is to
bend the enameled wire double for an inch or s tivist it
several times so that a loop will emerge from thiedimgs at
this point in the coil.

Of course, you can have as many taps as you whigtisTone
way to match the detector most properly to the leamps--
getting sufficient voltage to drive the earphoneshile
preserving the Q by minimizing the load from thepbanes.

When it comes to connecting the coil into the dirceut the
ends to slightly longer than the desired length sawld about
3/4 of an inch bare and make the connections.dftép is a
twisted loop, don't cut it, but just sand the efithe loop bare
and make that connection. Test all stripped segsneith a
continuity tester; you cannot feel whether you haatten
down to copper, or just roughened the enamel.

Traditional dimensions for radio coils is to destgem in such
a way that the diameter and length are nearly thmes
(Having the length equal the diameter makes theatied
"square coil" which is popularly used.)

There is an approximate formula given in the RefeeeData
for Engineers, copyright 1964 by IT&T, by which yman
calculate the inductance of single-layer coils witla few
percent. This expression is:
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L (inductance in microHenries) equals n squaredesinn
squared, divided by the quantity 9 r plus 10 |.

Lower-case "I" is the length of the coil in inchés; is the
radius in inches, and "n" is the number of turns.

For the broadcast band, we want the inductanceatb
somewhere around 220 microHenries. To save yoalgebra,
a 2-inch-diameter form will require secondaries86fturns of
22-gauge wire, 77 turns of 24-gauge wire, or 7@swf 26-
gauge wire.

[Because the 60-dram and 30-dram vials are tapérisdgood
to make the windings 5% too long to compensatétisr]

Notes on Wire Gauging

The copper wire gauging system used in the U.S'ths
American Wire Gauge" (AWG). The wire diameter chesigy
a factor of 2 every 6 gauges. Thus, since 26-gavige is
0.016 inches in diameter, 20-gauge wire is 0.03heBs in
diameter, and 32-gauge wire is 0.008 inches. (Thase
approximate dimensions, and the enamel adds pethapd
inches.) Since cross-sectional area depends osginere of
the radius, this area changes by a factor of 2ye8egauge
sizes.

Now, if you can remember three wire sizes, you mogér
need a wire table. Good-ol' 22-gauge wire (0.02&hes in
diameter) reminds me of my micrometer--25 thoudasgiter
turn, or 40 turns per inch. Wire of 24-gauge (0D2@ches)
gives you 50 turns per inch. Wire of 20-gauge isuab32
thousandths.
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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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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

y=3.500x
R2=0937

L J
i

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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Tuning Capacitors

These are the most hard-to-come-by items in ouremmoége.
Big radios don't have mechanical tuning any monel kttle
radios will soon give it up. The best tuning capasi are
being harbored in antique radios. Built into métaines, they
have a stationary set of plates ("stator") and aable set
("rotor"). Many of these are multi-section--usuadiyal.

Unfortunately, most of the dual ones do not givewurs usable
sections, because the sections are different sindsvalues.
The smaller one, used to tune the local oscillabor
superheterodyne sets, can be ignored and onlyatige lone
used. However, some low-budget radio makers ofl9&0s
used dual variable capacitors whose sections argiodl; for
double-tuned crystal sets, these are worth "brgakind
entering"” for.

Because many salvaged capacitors are fitted wislfrodird
pulleys instead of knobs, you may end up makingabkfor
the odd-sized shaft after the pulley has been mitd

The rotor is usually common to all sections. Siitde usually
part of the frame, and since you must operate th wour
hand, it is grounded. Connection to the rotor iecat always
done via a mounting screw; solder lugs on the franeerare.
Each stator almost always has two solder lugs, aneach
side of the stator, and these are electricallytidah

Radio Shack doesn't even have a suitable capatier.only
one they show of sufficient range is a "compressjpe
trimmer" that you have to tune with a screwdriver.

The most readily available modern tuning capaci®ra
Mouser unit suited for pocket radios. It has twdmsections
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that go from 5 to 266 picofarads, and four 7pF wdréver-
adjustable trimmers which we can ignore for thests.sThe
Mouser cat. No. is 24TR218 ($2.71). The only treuis! that
they don't supply a knob for the accursed things have to
make your own and secure it with a 2.6mm metriewcr

This Mouser unit is festooned with solder lugs. Teeis of
three long ones are for the trimmers, which we tdoeed.
There are three short lugs, two on one edge anaorke far
corner of an adjacent edge. The lug which is offtbgif goes
to the rotors of both the large sections; the temiag out the
same edge are the stators of these sections.

You can mount the Mouser capacitor by stickingoite free
edge--or its back--to the chassis or breadboart dituble-
sided foam tape.

The required range is perhaps 30pF to 365pF. Agtuabst

go slightly higher than this--400pF or so, and itieiver limit

can be nice and low--5pF for each section of theidéo ones.
The Mouser units require that you connect the twainm
sections together, giving you 10pF to 532pF. Theadrant

thing is to have enough range to cover the whotmdrast
band (given that the coil will have a lot of dibuted

capacitance).

(For double-tuned sets with matching coils, the Buunits
can be hooked up another way. Two of their 2-gamits .are
used; the rotors are connected together, the staf@&ection A
of the two units are connected together, and théeorst of
Section B are connected together. In this way, jawe
ganged capacitors; they both have to be at maxitwmne
the bottom of the band, and they both have to enmim to
get to the top of the band.)
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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

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.

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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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

206

Caution: When you transport or store open-frameiatée
capacitors, be sure that the plates are fully nibshiea
capacitor is partly open, the plates of the rotm be easily
bent out of shape.

LC Resonance

As any radio ham knows, the expression for resamanc
whether it's a series- or parallel-tuned circsit, i

fequals 1 over 2 pi times the square root of Llesre.

L is the inductance in Henries, C is the capaciancFarads,
and lower-case f is the frequency in Hertz.

Consider the example of 220 microHenries and 400
picoFarads. Expressed in scientific notation, thgacitor is 4
times 10 to the minus 10th power, and the coil.stBnes 10
to the minus 4th. Their product is 8.8 times 1ahe minus
14th. The square root of this is 2.97 times 1theorhinus 7th
(you have to divide the exponent by 2 when you tdie
square root). Multiplying this by 2 times pi (2 8s122/7ths),
we get 18.7 times 10 to the minus 7th, or 1.87 girh@ to the
minus 6th. The reciprocal of this is 0.535 timestd@he 6th
Hz (the exponent changes sign when you bring iintgp the
numerator). Ten to the 6th Hz is a megacycle, sorésult is
0.535 megaHertz.

Earphones

These are becoming a troublesome item to get,\misblved
it. Crystal sets require high-impedance earphogshigh-
impedance, | mean 2,000 ohms or more. Most ofrdiditional
hobby types were electromagnetic; a permanent nhggrea
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bias on a diaphragm by pulling it in a bit, andrtieeils around
the poles of the magnet would cause the field totdiate,
causing the diaphragm to move back and forth.

Sometimes seen in junk collections, brands to lémkare
Trim, Brandes, Telephonics, Cannonball, Scientif@aldwin,
and Utah. Short of these, you can use the earpioes
broken-down telephone handsets--fashioning a headlas
best you can. Trim "Dependables” used to be issyethe
Library of Congress for talking book listening. yibu know
someone who has those, get them somehow, even ihgee
to rough 'm up a bit.

Military surplus phones, such as those made by ,Utehe all
medium-impedance--600 ohms. These and telephopéees
must be coupled to the crystal set via an autoivamer
(described herein).

Another type, which affords high impedance, is $becalled
"crystal earphone." Older ones used a crystal aictielle
Salt" as a Piezo-electric element to drive a f@ptiragm. Old
ones of these are most likely bad now; the Rocl&dle takes
on moisture and loses its properties over time. [dees have
ceramic elements.

They don't look resistive; they electrically appaarcapacitors.

For this reason, the diode detector may have tprbeided
with a load resistor in order to perform well. Hipaif you
have some around and you are playing with actraiits, you
should know that crystal earphones are destroye®®y so
other than on your crystal sets, put a resistopsacithese
earphones and capacitively couple them.
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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
50

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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Measured Qloaded at 1100 KHz

Radio Vvin | Pin  Pout Ef BW Q R R Rd
V. uW  uw | % KHz -30b 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 33 14 501 6 17 129 45 170 Dpis
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->| 3 % | 46 | 43 | 173 | 8 | 153

The above table of measurements were made at anabmi
frequency of 1100khz and input voltage of 0.2Vpjinaicated
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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Mouser has high-impedance "crystal earphones," Eob®.
25CRO060 ($1.56). In general, pairs of magnetic leamps are
connected in series to get their impedance as dsghossible.
Pairs of crystal earphones are connected in pargéephones

of the wrong impedance can be used if you match the
impedances with transformers. For example, small
loudspeakers can be used if you drive them withaadio-
output transformer; the speakers, connected iesego to the
low-impedance secondary of the transformer (a 48-ohm
secondary), and the primary winding goes to thepleare
connections at the crystal set. Medium-impedancpheaes,
such as telephone receivers, can be matched with an
autotransformer; if you have an output transforméth a
center-tapped primary winding, the medium-impedance
earphones, connected in series, go between therdenpt and
one side of the winding, while the whole windingegdo the
earphone connections on the set (the secondaryhef t
transformer is left open).

Impedances are transformed by the square of tims natio.
For example, when you drive medium-impedance eagho
with half the winding as described above, you sme fimes
the earphone impedance across the whole winding.

Anyhow, | made a pair of earphones using two 8-@imch

loudspeakers connected in series (an earphone @npedf
16 ohms). Then, | used a miniature output transéo+f8 ohms
to 1.2K--to drive them. (The series-connected spesalare
connected across the 8-ohm secondary winding, wthie
1.2K primary goes to the earphone connections ers¢h. If it

has one, the centertap on the primary is unusedoe She
secondary is looking at 16 ohms, the impedance aajmue
across the primary is 2.4K. | glued the speakerssttfi

cardboard disks, then covered the backs with dages
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drinking cups. The headband was fashioned out athemger.
They could further be improved by putting foam shie to
seal around the ears, thus improving acousticgbloty

| tried my best to make "Walkman" earphones wotk,tb no
avail. Since they are open earphones, and havel smal
diaphragms, they are somewhat inefficient.

Mouser has a fine output transformer for matchioglow-
impedance headphones (like my PM speakers and inlgink
cups); it has a center-tapped primary of 20K, anceater-
tapped secondary of 4 ohms--Cat. No. 42KM019 ($1.83
less drastic impedance-matching transformer is8toéms to
center-tapped 1.2K--Mouser No. 42KM003.

Vacuum-tube radios have salvageable transformerswof
types, center-tapped primaries for 2-tube “pushpul
amplifiers and high-impedance nontapped primaries f
"single-ended" circuits. | kind of remember thatklfb 3.2
ohms was common.

Try everything--half the primary, the full primargnd try
various output taps if the transformer has them.

Crystal sets don't give you much surplus powerasoustic
coupling to the ears is a critical factor.

Matching the Detector and the Earphones

Since the impedances of earphones you are likefintbare
"by guess and by gosh," and the Q they are effgdsitargely
unknown, matching by experimentation is the begtr@gch.
The following effects can be noted to aid in trasgblooting:

62

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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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.

3) Set the load resistance to somewhere arounabgis. 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

4

=

5

N

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
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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If the set distorts on weak stations, either theddiis not
seeing enough voltage (the tap is too low), orittiedance of
the earphones is too high and the detector is uificiently

loaded. If the set is nonselective (“broad as an‘parthe

impedance of the earphones is loading the coil gnegtly

reducing its Q, or the tap is too high on the coil.

3DB tapping:

The serious experimenter will want to build his cetary
winding with a selection of taps for the detectBmce the
impedance--and the power--go up as the squareeofuins
ratio, adopt the systematic scheme of doublingirtEedance
every tap (going in steps of 3dB). This would reguaps at
the following percentages of the winding (starting the

grounded end): 18%, 25%, 35%, 50%, 70%, and the ful

winding. Notice that these percentages are retatedch other
by the square root of 2; the voltage and curreheeigo up by
1.414 or down by 0.707 as you select neighboripg,tavhile

the impedance and power are either doubled or thageyou
select neighboring taps.

Solder these taps to successive positions on sifigrorotary
switch. The arm of the switch will then go throutdjie diode,
then through the earphones to ground, with the heargs
being shunted by 0.005uF (see the circuits to\gllo

Crystal Radio Circuits

| give my impression of the performance of anyIskeave in
my collection. | tested them on my little furnacgctiantenna,
doing so in the daytime.

Some of these have variable coupling between ttenaa and
the main tuning coil. This creates a sort of coration volume
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control and selectivity adjustment. In general, theser the
coupling, the more selective the set becomes, w@dihahis is
at the cost of sound volume. If a station is binsenough to
over-ride all interference, tighten the couplingsntit up and
dance to it.

.

| won a science prize once for making the worldfsalest
receiver. The circuit follows:

Circuit for the World's Smallest Receiver

The antenna goes through the diode to ground. @hghenes
are in parallel with the diode.

It gets everything all at once. This can be rafber You can
hear zealous spiritual leaders in shouting matehiels "rap
musicians." When a famous politician's speech igezhby all
the networks, you can hear three or four of him,
accompanied by drum machines.

[It is worth noting that at one time, this was goabugh; in
the very early days of radio, all the stations wegéng to

transmit at a wavelength of 300 meters--all mordees at 1
mHz.]

* %k

Perhaps the most common of circuits uses the lolisend
capacitance of the coil to make a half-baked L€uiir A long

coil is required, perhaps 200 turns of No. 26 wie a
cardboard or plastic form (such as a mailing tube, core
from a roll of kitchen towels, or the 60-dram vidlhen, for
mechanical stability, "dope" (coat) the coil wittodel cement.
By sanding to and fro with medium sandpaper, creatip of
exposed copper across the windings so that a rftetaihg

slide" can make contact with the coil. Next, fashgmme sort
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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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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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of slider (perhaps a ground-off hacksaw blade arezhat one
end) which can be used to make contact with thedbaoil
windings anywhere along the length of the coil.

What you have created is a coil with adjustableytienOnly
one end of the coil is connected to anything; thieio coil
connection is the slider. A circuit for the simplésned set is
as follows:

Simplest Tunable Crystal Radio

The coil slider is grounded. One end of the coiégdo the
antenna; also connected to this end of the coihesend of the
diode. The other end of the diode goes througtetiphones
to ground. The earphones are shunted by a 0.0Cs#eitor.

The disadvantage of this circuit is that it is lif@es a barn--for
two reasons. First, the tuned circuit is low Q hseaof the
resistance of all that wire used in the coil; tgnihe set with a
variable capacitor means that a shorter coil cdddused.
Second, no attempt is made to efficiently matcheagphone
circuit to the "tuned circuit"; unless very highpedance
earphones are used, the load that they presentdave Q

even more.
* Kk

Standard LC-Tuned Crystal Radio Circuit

This was copied from a Knight Kit (Allied Radio) tse
purchased in the 1950s. The variable capacitor fjoes22pF
to 400pF. It uses a Bakelite coil form measuringy2-inches
in diameter and 5 inches long. The coil, wound Withgauge
magnet wire, has a primary (antenna coupling) wigdf 17
turns placed at the cold end of a secondary (maiing)
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winding of 120 turns. The detector is taken froma@which is
one-fourth the way up from the cold end-- of thecselary30
turns from the grounded end. The separation betwetwo
windings is 1/4 inch.

The antenna coil, 17 turns of wire at one end efftrm, has
its outside end going to the antenna, while the reatest the
secondary is grounded, This end of the secondarglsis
grounded. The other end of the secondary goesetstétor of
the variable capacitor; the rotor of the capadgagrounded. A
tap on the secondary which is 30 turns from theuggoend
goes through the diode, then through a 0.005uF alisamic
capacitor to ground. The earphones are connectedsathis
ceramic capacitor.

This can be built on a 2-inch coil form; just chanthe
proportions. For example, 80 turns of 24-gauge -wire85
turns of 22-gauge wire-- on a 2-inch-diameter favith do; |
like the detector tap to be at 25 turns. The artgmimary can
stay at 15 or 17 turns; an embellishment is to ven25-turn
antenna winding with a tap 9 turns away from theerama end,
using two antenna binding posts for selectable ogip

This set is very selective, but not very loud. | ahie to get
ten stations, seven of which can be isolated entugjsten to.
It can be jazzed up a bit by providing it with \able antenna
coupling:

Variable Coupling on the Standard Set

Wind 20-turns of 26-gauge wire on the plastic cép plastic
soda bottle. Affix this cap to a nonmetallic sticksome sort,
and fashion a sliding arrangement that permitsctie to be

moved in and out of the grounded end of the seegnda
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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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automatically. These measurements will definitdéyermine
which are the best Xtal sets, circuits, or comptsien

Happy Testing
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winding--from an inch separation to where the couptoil is
encircled by the cold end of the secondary.

Scrap the 17-turn antenna winding on the mainfooih. One
end of the bottle-cap coil is grounded, while thieeo end goes
to the antenna.

Popular Mechanics Variation

A variation on this basic circuit appeared in thaubry 1977
issue of Popular Mechanics. The coil was wound d'sadt
box" (3-1/4 inches in diameter). The junction betwethe
antenna coil and the tuned secondary is a tap oavarall
winding--14 turns below the tap for the antennd eod 32
turns above the tap for the secondary.

This "tap" is grounded. The antenna goes to theoémlde 14-
turn segment. The rotor of the capacitor is grodndehe
stator goes to the end of the 32-turn segment.€Raeof the
32-turn coil also goes through the diode, then ughothe
earphones to ground, with the earphones being stuby
0.005uF.

The editor has not built this Popular Mechanics bet the
closeness of its primary and secondary winding$neited
only by a tap on the continuous coil--will probalohake for a

loud set with poor selectivity.
>k x

A Double-Tuned Crystal Radio Circuit with Variable
Coupling

Two 2-inch-diameter 30-dram pill bottles (vialsparsed. The
bottoms and caps are drilled to accommodate a woddwel
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or plastic rod. One of the vials is fixed by wingitepe around
the rod inside the bottle and under its cap; theertis
permitted to slide a distance of perhaps 2 inct\en moved
toward one another, the vials must be able to thattoms.

Matching coils are wound on the vials--85 turn@®fgauge or
80 turns of 24-gauge wire. These are started ae dio the
bottoms as you can get, so that they can be brapgte close
together. The secondary is tapped 25 turns up fhenbottom,
or even better, taps are placed at 15 turns, 23,t@8 turns,
40 turns, and 56 turns. (If multiple taps are @datonnect
them to successive positions of a 6-position rosavigch, with
position six going to the hot end of the full windi)

The rotors of two 400pF variable capacitors araigded. The
antenna goes to the far end of the untapped oeilpbttom of
this coil goes to the stator of one of the capasitdhe bottom
end of the tapped coil is grounded, with its tog gning to the
stator of the other capacitor. The tap (or the afrthe rotary
switch) goes through the diode, then through thiphemes to
ground. The earphones are shunted by 0.005uF.

Because the coils are matched (except for thetleadetector
puts on the secondary), you can get away with @yeghr2-
section variable, although having separate variabfgacitors
gives you some freedom to “"detune" the set as dntai
interference elimination. Remember, the two sestiof a
ganged tuning capacitor must be identical.

With this set, | was able to receive ten statiaight of which

could be isolated well enough to listen to.
>k x
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2. Increase the Signal Generator output until tMMDreads
1.414 volts DC. This will now be the new value fbe input
voltage "E1". Maintain this value for the rest bése tests.

3. Decrease the effective Xtal set coupling urtié DVM
reads 1.000 volts DC. This may effect the Xtaltsatng. If so
retune the Xtal set to the Signal generator frequeimd repeat
steps two and three. Remember to keep E1 constant.

4. Again measure the bandwidth using the previoeshau
above. Now go back and measure the sensitivitynagai

5. This process can be repeated over and overefierband
better selectivity.

This bandwidth will be less (narrower) than whee Xtal set
was adjusted for maximum output.

Xtal Sets with more tuned circuits and variable plimg will
have in better selectivity.

Now lets see what this reduced coupling did forTippe SCR-
54-A. The bandwidth at -3db is now only 9 kHz ahe 20 db
bandwidth is now 73.6 kHz. Lets see what this ckadig to
sensitivity. Crystal Set efficiency decreased 5% to 12
35% and total efficiency decreased from 6.83% t67%.
These efficiency numbers were expected because ahey
about a -3db decrease which is the same as theadecin step
3 above.

The set of three measurements above is then repattsach
of the test frequencies listed above.

All of the above measuring may sound like a lowairk but
once the equipment is in place the tests do na takg to
perform. | use a computer spreadsheet so thet laéinter the
measured values, all of the calculations are pewar
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Now lets again look at the little "Beaver Baby GiarXtal Set
for Selectivity.

F test = 600.4 kHz, F low = 543.4 kHz, F tesF low =57
kHz, 57 kHz x 2 = 114 kHz. This is the Basic oBdb"
Bandwidth. Now "F min" = 434 kHz, F test - F minl66.4
kHz, 166.4 kHz x 2 = 332.8 kHz = the "-20db" Bueuidth.

As you can see this is not a very selective Xtal Ber the
intended use, this was probably not a problem 2219 In
today's world, the Set would be receiving sevetatians at
the same time in almost any city in the US.

Now lets look at the selectivity of the Type SCR&4 F
test=600 kHz, F low= 589.3 kHz, F min = 556 kHz.hisT
means that the half power or -3db bandwidth is XH# and
the -20db bandwidth is 88 kHz. With this Set weréhdhe
ability to possibility select a station we wantigben to.

BANDWIDTH AT REDUCED SENSITIVITY:

More complex Xtal sets have some means of impgpvin
Selectivity at the expense of Sensitivity. There a number
of ways of accomplishing this. In most cases reuyudhe
coupling between the antenna circuit and a secomedt
circuit is the method used. This is the purpdsthe "Loose
or Slide Coupler” that is used in many of the el Sets.
In some Sets changing a coil tap and re-tuningpacitor will
accomplish the change in coupling. It may requicens
experimenting to find the best adjustment methadi @mntrol
settings for any given Xtal Set. The procedussifollows;

1. Set up the Signal Generator and the Xtal sesainee as in
the sensitivity measurement above.
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A Slug-Tuned Crystal Radio Circuit Using the Tapped
Miller Coil

This is quick to build. The Miller 9011 tapped \aie
inductor is used. (This tap is 30% up from the cafdl.) The
end of the smaller portion of the winding is groedd The
other end goes to the stator of a 400pF variahpecitor, the
rotor of which is grounded. The antenna goes totdjpe The
tap also goes through the diode, then through ahehenes to
ground, with the earphones being shunted by 0.005uF

The slug is adjusted to “center" the band in thegeaof the
tuning capacitor. Simpler yet, since the coil igiafle, the
capacitor can be a fixed one--330pF across the @frtie coil.
The only disadvantage is that the range of indwetds only
about 4 to 1; since the frequency varies as tharsquoot of
this, the frequency range can only be 2 to 1 (ffbfto 1.2
mHz, for example).

This set is very loud; however, because the anteanopling is
much too high, it's broad as a hippopotamus. Foafioss
were received, and only three could be isolatedugato
listen to.

A profound improvement can be had by fashioningi for

the antenna. Wind 20 turns around a plastic botfe from a
soda bottle (which is 1-1/8 inches in diameter)thtiee's wax
or cement, fix the cap over the end of the Milleil.cOn this
new primary winding, the end nearest the open ehthe
bottle cap is grounded; the other end goes tontenaa.

Wow! With this arrangement, | received eleven etaj eight
could be isolated enough to be listened to.
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Double-Tuned Crystal Radio Circuit with Slug-Tuned
Coils

The coils, one Miller 9001 and one Miller 9011 aneunted
near each other on a strip of aluminum. They aietipg the
same direction and mounted at 1 inch between centéne
could make this coupling adjustable by using twdpstof
aluminum in a scissor-like arrangement, but movirese coils
detunes them, so you would have to adjust thepsskach
time.)

One end of the 9001 (untapped) coil goes to thenaat; its

other end goes to the stator of one section of &-glnged
variable capacitor. The rotors are grounded. Tha @hthe

smaller portion of windings on a Miller 9011 coibpped at
one-third) is grounded; the other end of this cmies to the
stator of the second variable section. The tapherf011 goes
through the diode, then through the earphonesdargt, with

the earphones being shunted by 0.005uF.

Back the slugs out 15 turns from maximum (maximwng
all the way in). Check to see if the capacitor tutiee whole
band; if not, move the slugs in to shift the stagielownward,
or move them out to shift every thing upward asessary.
Next, find a station near the top of the band adjisa the
secondary (the tapped coil) for maximum volumeumetthe
capacitor and adjust the slug a second time.

This is the best set I've ever had. It's quite Joaid | can

receive thirteen stations, eleven of which can $elated
enough to listen to.
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DVM and again adjust the Generator above value"Bf.".
Keeping the value of "E1" constant removes the wutp
resistance of the Signal Generator and keepsit fffecting
the bandwidth to be measured. The higher the aesistor
impedance of the Signal Generator the more interathere
will be to obtain the final value frequency at whithe Xtal
Set output is 0.707 Volts DC. This is because a&sSht is
tuned to other than the selectivity test frequetheyimpedance
looking into the dummy antenna (the Signal Generktad)
changes. >>> Keep the value "E1" constant forahis all of
the following tests. <<< Note the frequency. Cdiis
frequency "F low".

2. Subtract "F low" from the Sensitivity test fremey used
above. Multiply this difference frequency by twihis value
is the basic (half power) "-3db" Bandwidth " of t&al Set for
comparison purposes. Normally one would meashee
frequency above the peak or resonant frequencyhathwthe
output also drops to 0.707 Volts and then subffalcw from
this frequency to obtain the bandwidth. This measemt was
done in this manor because in some cases if yow ticrease
the frequency to the point where the output voltdgeps to
0.707 Volts a number of resonant frequencies ofXta Set
will prevent obtaining a good measurement. (usudilg to
self resonance of the Xtal Set coil or coils) Theedue to
this method is very small.

3. For the next test, reduce the Signal generagquéncy until
the Xtal Set output voltage decreases to 0.1 VERDdDb). Call
this frequency "F min"

4. Subtract "F min" from the Sensitivity test freqaey above.
Multiply this difference frequency by two. Thistise "-20db"
Bandwidth.
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editions of Crystal Clear by Maurice L. Sievers ands

described by Alan Douglas in the September 1978oedof

Radio Age.

Test frequency used = 600 kHz. Measured valuels= B505

VRMS, E2=.048 VRMS.

Now the computed values; lin = .0048 A, Pin = .00%29 Pda

= .000576W, Px = .00233W, Pout = .0005W, The gel

efficiency = Pout / Px = 21.48% <<<<< Now lets athe

dummy antenna. Rx = 101 Ohms, Pbest = .0073W tihen
total efficiency is 6.8%. It is Interesting thathete is more
energy or power loss in the set but the total iefficy is better
by about 4.3 times. This Set has more coils anmhgitors

which is why the losses are greater but the sdlisyab better

match the antenna is the reason that the ovefiiieacy or

sensitivity is better. The set is much more selecés will be
shown below.

SELECTIVITY or BANDWIDTH:

These tests are a little more complex than theitagtystests
because selectivity is more complex to define.

Make the sensitivity measurement above and befaking
any adjustments to

the Xtal Set or to the Signal Generator output llenake the
following measurements. | recommend using a frequen
counter to measure the following frequencies.

1. Decrease the Signal Generator frequency to beiewvfirst
test frequency and until the Xtal set output desgsao 0.707
volts DC (-3db). Readjust the output level from tBignal
Generator until the value of Voltage "E1" is thensaas that
used above. Again adjust the frequency for 0.70C\dD the
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Circuit for the "Rocket Radio"

If you happen to find one of these in a junk shibpy're a lot
of fun. They use an untapped slug-tuned coil. Ryllip on the
nose of the rocket withdraws the slug and raisedréquency.
You will notice the conspicuous lack of the filiapacitor; the
capacitance of the crystal earphone doubles afitére

One end of the coil goes to the antenna. This jonetlso goes
through the diode, then through the earphone (higledance
crystal earplug) to the other end of the coil. Bagphone is
shunted by 220K. Depending on the make, the cajhtrfiave
enough windings so that the distributed capacitasmtee "C"
of the LC circuit. Some had a capacitor shuntirgyddil.

The only ground return is you. The main secret eblihese
radios was the intimate acoustic coupling fromehkephone to
your tympanum.

*oxx

A Hybrid Crystal Radio Circuit with Lots of Adjustm ents

The secondary winding is an air-core coil--85 tunfs22-
gauge on a 2-inch form; it is multiply tapped ahd tetector
is taken from a 6-position switch. The primary isléler 9001
untapped inductor. Since the characteristics of abits are
markedly different, you need separate variable ciepa (of
identical type).

The Miller coil is mounted on a sliding bracket ttladlows its
penetration into the cold end of the secondaryetadjusted. A
knob is made--having a 4-40 threaded hole--aniitéifto the
screw of the slug; a "jam nut" ahead of the knotuees it
firmly.
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The antenna goes through the Miller coil, then digito C1 to
ground. The bottom end of the secondary is grouradedC2
is across this coil. The taps go to positions oftary switch.
The arm of this switch feeds the detector.

Adjusting the slug changes the Q of the primarydigj the
primary in and out changes the selectivity and whiime.
Selecting taps optimizes the match to the dete(cioanging
the selectivity and the volume). Juggling the cépae finds
optimal settings to cope with various interference.

The tally isn't in yet on its performance; the instent is too
hard to run. I'm still chasing the last of thirtestations, and |
think | imagine a fourteenth. Watching you operétean
really impress your sister, although, in my higheal days, it

seemed to invoke little enthusiasm from girl frisnd
-

The 15-Minute Set Using RF Chokes

Mouser sells a style of miniature RF choke whick tradial
leads"--both leads come out one end. This set twesof
them, Mouser cat. No. ME434-1120-221L (220 microties).
If you butt them together--head to head--and hdient
together with tape, you have the makings of a ficeble-
tuned crystal set. | "haywired" the whole arrangetr@n one
side of an old open-frame ganged variable capagitwboard
was used). On the other hand, these chokes, togeithetwo
of the Mouser 24TR218 variable capacitors, coulgiteinto a
fancy little package.

The antenna goes through RFC1 to the stator off@d rotors
of C1 and C2 are grounded. RFC2 is in parallel \@ith The

2

The resistance of the dummy antenna is 25 Ohms.idea
resistance of the Xtal Set is also 25 Ohms. Thiana¢hat the
best possible efficiency of a Xtal Set and its ange and
ground is 50%. This would mean a Xtal Set that (9%
efficient. Compute the power into the Dummy anteif Rx
was 25 Ohms; P best = (E1 x E1) / (25 + 25).

h. Now compute the total efficiency of the Xtalt 9éth the
dummy antenna. Total efficiency = Pout / P best
<LLLLL L L L L L

Now lets look at some numbers from an actual X&dl SThe
set is "The Beaver Baby Grand vest pocket RadiceRing

Set". This is a little set that was made in 198@ & shown on
the cover of the book "Crystal Clear - Volume By Maurice

L. Sievers.

Test frequency used = 600.4 kHz. Measured valigés=

1.26 Vrms, E2 = .015 Vrms Computed values; 1irD815

Amps, Pin =.00189 W, Pda =.0000563 W, Px -1830W,

Pout = .0005 W, Xtal Set efficiency = Pout / PR#27%
<<

Now for the rest of the story; Rx = 815 Ohms, eBtb= .0317
W, and the total efficiency Pout /P best is ramy 1.57%.
As you can see, the efficiency of the set aloneoistoo bad,
but when it is used with a standard antenna ieiy poor.

This set was apparently designed as a low cost S¢alto

receive a one and only nearby Radio Station. Beisis an
example of no matter what type of coil or coil wiseused, the
performance would not change enough to matter.

Now lets look at a better Xtal Set. The set is fraorld war
one and its U.S. Army designation is "Type SCR-54-Fhis
set is also known as a BC-14A. The Set is showhoaith
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2. Set the Signal Generator to produce an outpet & about
one volt rms.

3. Adjust the Xtal Set for maximum output as intkéchby the
DVM.

4. Adjust the Signal Generator frequency for maximeutput
that may be slightly different from the nominalttégquency
due to the inability of the Xtal Set to preciselyné¢ if the Set
uses coil taps for tuning.

For extremely accurate tuning make the phase of/tftage
across the 10 Ohm resistor in phase with the SiGealerator
output using a two channel Oscilloscope.

5. Adjust the Signal Generator output level to give.000 volt
DC reading on the DVM.

6. Measure the RF Voltage at the input of the Duramignna.
Call this value "E1".

7. Measure the RF Voltage across the 10 Ohm resisto
(Between the Signal generator common and the Xa&l S
ground terminal) Call this value "E2".

8. Now some calculations;

a. Compute the input current: lin = E2/10 (Amps)

b. Compute the power into the Dummy antenna; PHEl=x
lin (Watts)

c. Compute the power loss in the Dummy antenna:=Ria x
lin) x 25

d. Compute the power going into the Xtal Set: Firr- Pda
e. The power output from the Xtal Set = Pout = Eeox/ 2000
=0.0005 Watts

f. Now for the Xtal Set Efficiency = Pout / Pin 0005 / Pin
<<<<<<< Note that this value does not includey an
mismatch with the Dummy antenna.

g. Compute the Xtal Set input Resistance. (Assurttiag Xtal
Set is tuned)

Rx = Ex/ lin, where Ex =E1 - (lin x 25)
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stator of C2 goes through the diode, then througé t
earphones to ground. The earphones are shunte@@yu-.

| declare, when | counted ten stations on this (sight of
which | could isolate), | jumped right up to "Do eth
Locomotion" with my soldering iron.

[These chokes are nifty. Good for 50mA, values veelikely
to use elsewhere are also available: 2.2mH are ME420-
223K, and 10mH are ME434-1120-104K. The "L" appegdi
the low-value 220uH unit stands for "low."]

* Kk

Biasing the Detector

Crystal detectors have a serious flaw; a statiostrba strong
enough to overcome a forward voltage drop befobegfins to
drive the earphones. This can be compensated foravbias
battery. Moreover, someday, germanium diodes may
unavailable; active circuits are taking their pla@eeating
"perfect rectifiers"). A silicon diode, such as t¥914, can be
used if you get rid of its 0.6V forward voltage gro

"Battery?!" you cry in protest. It's not so bad, timt the
current drain is only 15 microamps; a D cell wabt its shelf
life. This detector will work in any of the sets.

Biased Detector Circuit

The tap on the coil goes to the cathode of a 1Nfidde. To
provide the detector with a DC load, the anode dbesugh
22K, in parallel with 0.005uF, to ground. The anadi®o goes
to the positive end of a 1uF electrolytic (tantalisnbest), with
the negative end of this cap going through the teargs to
ground. The junction of the earphones and the relgtit goes
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to the negative terminal of a cell, with the pagtif the cell
going through 100K to the diode's anode.
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Selectivity is quite different, a number of defioits are
required. The most basic and popular definitiomadfdwidth
is the so-called half power or "-3db" bandwidth. dltain this

number subtract the frequency below the frequenéy o

maximum output where the output decreases to Qi@ the
peak value (F below) from the frequency above thaimum
output frequency again where the output decreases 07
times the peak value (F above). Or bandwidth =alfBve)
minus (F below) In the actual tests below | mpdifis

definition slightly to simplify the measurements.

Selectivity has a second and important charatierig is

related to Shape Factor. Filters are what make Redio
selective. Unfortunately simple filters are farrfrerfect. If a
filter were perfect the bandwidth would be the saimeall

values of attenuation. The term Shape Factor refersa
bandwidth at a greater attenuation than -3dbfFor our tests
we will use the bandwidth at -20db for comparirifiedent

Xtal Sets. (-20db = E max. x 0.1) & ( -3dlE max. x
0.707)

| could also define the out of band selectivityenms of Filter
Skirt Slope (db / octave) but | decided not to bere. | am
also not going to talk about circuit quality or "Qbecause
there seems to be a lot of confusion as to its ingan overall
Xtal Set performance.

Lets Test!!

SENSITIVITY OR EFFICIENCY TESTS:

Finally we are ready to make the Crystal Set Skitgitor
Efficiency measurement as follows;

1. Set the Signal Generator to the first test feeqy.
(unmodulated)
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All Crystal Sets produce a DC output voltage that
proportional to the RF input level and this samepprtionality
applies to modulated signals producing audio ougigmals.
Proof of this is too long to present here.

Test setup:

Set up the test equipment, the test circuits aadCitystal Set
as follows; Connect the output of the unmodulaSignal
generator to the 15 Ohm resistor in series with 266 pF
capacitor in series the 20 uH coil. Connect theoémnd of the
coil to the Antenna terminal of the Crystal Set.n@ect the
low or ground output of the Signal Generator to 16eOhm
resistor. Connect the other end of the 10 Ohm tagste the
Low or Ground input terminal of the Crystal Setotd This
Crystal Set terminal is often not in common witlor{oected
to) either of the output terminals. Place the Galyset on an
insulated surface such as a book for RF isolatiopgses.

Connect the precision 2000 Ohm resistor across) parallel
with, the headphone terminals. Connect the 100 k@sistor
to one of the headphone terminals. Connect ther @he of
this resistor to one input of the DVM. Connect thiher
headphone terminal to the other input of the DVMnfect a
.01 uF capacitor in parallel with the DVM. Place VM and
all DVM leads on a second RF insulated surface dkether
book.

Replace galena or other diode types with the 1NBé.t |
use clip leads.

Test definitions or characteristics definitions:

The only item that | had to define so far werevhkies for the
Dummy antenna. Efficiency by general definitiontlie ratio
of the power output of any device to the power fnjouit or
Pout / Pin.
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DESIGNING AN AIR-CORE INDUCTOR

by Kenneth A. Kuhn
http://www.kennethkuhn.com/students/crystal_radiesignin
g_inductors.pdf

Introduction

This chapter describes the mathematical procesdefsigning
an air-core inductor comprised of a single layefersoid
winding over a rigid coil form. Although the devplment of
the mathematics is a bit complicated the final lteisusimple
to apply. For practical reasons, this chapter milke use of
English rather than metric units. A well designedd a
constructed air-core coil has better performana tthose
with ferrite cores. Ferrite acts as a flux mulépland has the
advantage that the physical size of the inductorbeareduced.
That is very important for small radios and theethieason
ferrite is used. The price paid for small size dssl of
performance but that loss is generally negligibie active
radios. The loss is not bad for crystal radio penfance and
many good crystal radios have been built usingitéerore
inductors. But ferrite is not required. Puristsreatly argue
that the coil should be air core as that is hovyeadios were
built. A mediocre ferrite core inductor will worlonsiderably
better than a poorly designed air-core one and thet
probably led to the popularity of ferrite as theoqess for
designing good air-core inductors is not widely wno This
chapter reveals those secrets.

Analytic equation

The classic equation (which you can find in anylboparticle
about winding inductors) for calculating the incarte of a
given single layer coil is (Reference 2):
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[ Eq. 1
9*r + 10*

where:

L = inductance in microhenries

r = coil radius in inches (center of coil to cerdéconductor)
n = number of turns

| = coil length in inches (center of starting tum center of
ending turn)

This equation is generally accurate to around cereemt for
inductors of common dimensions. It is more conveni®
work with coil diameter and Equation 1 can be \eritas:

(I Eq. 2
18*d + 40%

where d is the coil diameter in inches (center afdtictor to
center of conductor)

Example: What is the inductance of a coil has andiar of 2.5
inches, a length of 2.33 inches, and has 72 turns?

2.5%2.5¥72+72
[ — =234 uH
18%2.5 + 40°2.33

Development of design equations

Equations 1 and 2 are fine for determining the ateice of an
existing coil but are very awkward to apply to thesign of a
desired coil as there are many variables. Any tineze are a
multitude of variables then the possibility of optim
combinations or relations should be explored. tnftilowing
development the number of variables is reduced imgirfy
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recommended by the IRE in 1930 for general radsiirtg.
The circuit consists of a 25 Ohm resistor in seviéth a 200
pF capacitor in series with a 20 uH coil. | spliet25 Ohm
resistor into a 15 Ohm resistor and a precision Qlim
resistor. The 10 Ohm resistor is connected betwieetow or
ground side of the signal generator output andnet ground
terminal of the crystal Set. This was done so itijaut current
to the Crystal Set can be easily measured. The icypuent is
then equal to voltage measured across the 10 Obistae
divided by 10.

The second test circuit is the Crystal Set oulpad that will
be used in place of headphones. Headphones &l thage
values of impedance; the first is simply the DOstesice, the
second is the AC impedance at audio frequencieksttanthird
is the AC impedance at RF frequencies. In ordeeteove the
characteristics of different headphones from tlsésté simply
replace the headphones with a precision 2,000 Gésistor.
In these tests | am only interested in measurieg@ output
voltage from the Crystal Set so a simple low-palssr fthat
does not effect the output voltage is added. $irigply a 100
kOhm resistor in series with the DVM and a .01 aBacitor
in parallel with the DVM.

Test frequencies:

The following are the test frequencies to be uSdwy are
400, 600, 800, 1000, 1200, 1400, and 1600 kHz. Mzrthe
older Crystal sets will not tune to frequencies\eb®000 kHz
but do as many as the set can tune. This nexciaspehe
tests may confuse some people. All tests to bewmiad are
made using an UNMODULATED input signal. This incsea
the accuracy of the tests and eliminates the need Signal

Generator that can produce an accurate percentdge o

modulation. (Most Generators cannot)
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Test equipment:

The first item to consider for testing is the tesuipment.
These tests require three pieces of test equipragRE Signal
Generator, a RF Voltmeter, and a Digital Multimet&he

Signal Generator should have low output impedahest

Generators by HP, GR, and others have output inmpedaf
50 Ohms. When terminated this impedance drops tOl28s.

Many so-called Function Generators that have a Bilae

Output will work just as well for these tests. Tihgpedance
does not matter for the sensitivity tests but carfidetor in the
selectivity tests. The RF Signal generator does mesd to
have any modulation capability at all. A less comnpéece of
test equipment is the RF Voltmeter. This meter rbasable to
measure RF voltages from a few milliVolts to oveed/olt.

A high input impedance of over 10,000 Ohms is aéspuired.
A well-calibrated Oscilloscope will meet these riegments
but will be less accurate. | use a HP model 3400ASR
Voltmeter. The third piece of test equipment is atdry

powered 3-1/2 digit Digital Voltmeter (DVM) or Digil

Multimeter (DMM). Everyone that does anything eteet! or

electronic should have one of these. The DVM mesbdttery
powered to make it RF isolated from ground. Steshdiode
or diodes need to be used. Some sets use twaidedeto use
the popular and common 1N34 type germanium diode.

Test circuits:

The next items are two simple test circuits. Thetfis the
circuit to connect the Signal Generator to the Ange and
Ground terminals of the Crystal Set. This circsitkhown as
an "Artificial Antenna’, "Dummy Antenna"’, or "Staadi
Input Circuit". Its purpose is to simulate a typitizong Wire"
or "Marconi" antenna so that the Crystal Set cariuped in
the normal manor. The values chosen to be usedhase
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relations to known constants. We first replace ¢bi length
by a factor that relates it to the diameter.

I=ked Eq. 3

where

| = coil length in inches

k = a dimensionless constant

d = coil diameter in inches as before
Substituting Equation 3 into Equation 2 gives:

d2*n2

18*d + 40%

which reduces to

(IS Eq. 4
18 + 40*k

It can be shown that the value of k that minimiteslength of
wire to wind the coil is 0.450. However, other msd
indicates (see Reference 1) that the value of krtimimizes
coil losses is approximately 0.96 even though tiédtie uses
about twenty percent more wire. Factors contrilgution coil
losses include:

* Ohmic losses in the wire including skin-effect

* Dielectric losses in the coil form and nearby eréls

* Dielectric losses in the insulation around theewi

* Induction losses in nearby materials

There are also losses caused by adjacent turng tmonclose
together. It has been found (see Reference 1}thbatptimum
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spacing (wire center to wire center) of adjacenmnguis
between about 1.3 to 2.0 times the diameter ottreluctor.
Coils for crystal radios are commonly wound usingatvis
known as magnet wire (thin enamel insulation) amel turns
are tightly wound next to each other correspondioga
spacing factor slightly greater than 1.0 (the thsulation is of
finite thickness). Although it is less than the ioptm
discussed it works well.

Without some special technique (such as a lathegritbe very
difficult to manually wind a coil with controlled pacing
between the turns. One easy method for achievisgaging
factor of 2.0 is to wind two wires tightly side Ilsjde at the
same time and then remove one of the windings Viineshed.
Smaller spacing factors can be achieved using alesma
diameter wire for the spacer but the difficulty afntrolling
two wires will increase. It might occur to somedoeuse a
wire with a thicker insulation so that a spacingnaturally
formed with a tight winding. The problem with thisethod is
that the insulation may increase dielectric lossed become
self defeating —although this may be a small issoe sure to
try it before tossing the concept. This method wark great if
Teflon wire is used as that is a very low-loss matend the
internal wire strands are silver plated.

Equation 4 can be used to determine the optimunh coi
diameter for a given inductance and wire size. \¢te that the
coil length is the number of turns divided by tr(ts per inch

of the wire). We also note that the coil length pasviously
been related to the coil diameter by the constarithus:

n = k*d*t Eq. 5

Substituting Equation 5 into Equation 4 gives:
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CRYSTAL SET TESTING
Charles A Lauter. (email: Lautron@aol.com )

Background:

The following are standards and methods for tes@ngstal
Sets for the purpose of comparing the performarchfferent
Crystal Sets, Crystal Set circuits, and Crystal @ebponents
in an objective manor. Standards for testing dieotypes of
radios have been in effect since about 1930. Arg&ts have
been in use for almost 100 years but no performance
measurement standards exist that | can find. | hee many-
many claims of performance for various circuitsil ¢gpes,
wire types and so on but all without performancenbers that
have been measured. There are only two parameters
characteristics of all Crystal Sets that are imguirt They are
the sensitivity or efficiency and the selectivity lmandwidth
characteristics. The ability of a Crystal Set tatch its
antenna is very important and | am including it hwihe
efficiency or sensitivity characteristics. Thesstsecover Sets
designed to tune all or most of the AM broadcastdbaf
frequencies using a standard antenna. More aheudritenna
below. | am not measuring characteristics suckexsnded
tuning range or the ability to work with very loagtennas or
any other features not common to most Crystal Sels.all
fairness, these tests were very difficult or impicat to
perform back in the 1920s or earlier. Today theses can be
performed with what | consider a modest investmiantest
equipment. These tests will allow me to compare my
collection of Crystal Sets with each other and witther
designs of circuits and components. They will gieymit
comparison with other people's Sets and designs.r@asons
for the following test equipment and test circwiti become
apparent as the test procedures are followed.
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loudness. Similarly, two 3 dB steps would be senas
"equal" changes in loudness.
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k2*t2*d3
[ Eq. 6
18 + 40*k

We will use 0.96 for k and t will be that of therpeular wire
we have available. Solving Equation 6 for the optim
diameter gives:

d_optimum = 4*(L/t2)1/3 Eq. 7

Figure 1 shows a plot of this Equation 7 for comnwaire

sizes. In all cases the turns are close-spacedloWer curves
are for common enamel insulated magnet wire. Theupper
curves are for vinyl insulated house wire which cda@
considered if a large diameter coil form is avd#éafo use the
curves, select the desired inductance and thesiziesthat will

be used. Look up the optimum coil form diameter teh use
the closest practical form you have to that sizee &ptimum
is broad so do not worry about being exactly oNibte that
the true diameter is the sum of the diameter ofcibie form

and the diameter of the wire since by definitiore tboil

diameter is measured between opposite centerg afith.
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Optimum Coil Diameter
Viny Insuiated
for dose-spaced tums w2 s

100000

Inductance in microhenries

Figure 1: Optimum coil diameter

The following table provides typical values forturfis per
inch) for some common wire sizes:

Table 1: Wire data

Gauge t Comments

12 6.2 Vinyl insulated house wire

14 7.7 Vinyl insulated house wire

16 19 Enamel insulated magnet wire
18 24 ditto

20 31 ditto

22 39 ditto

24 50 ditto

26 62 ditto

The length of the winding will be the number ofrtsidivided
by the turns per inch of the wire. That is:
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know how much better (or worse) a change to iaigl can
express it in deciBels (dB). Say that you arergkioltage
measurements across a resistor as | do. If thmgelgoes
from 20 to 40 milliVolts, the ratio of voltages 2 but wait.
Power varies as the square of voltage, so the poatier is 2
squared, or 4. The logarithm of 4 is 0.6, andit@$ that is 6,
or 6 dB. Incidentally, if the measured voltage lgmthe down
from 20 to 10, you would have gone down by 6 dBwadrks
in both directions. So, all you have to do is dévithe larger
voltage (or current) by the smaller, square thelreghis is
your power ratio), and multiply the logarithm ofathnumber
by 10 to get the change in dB. Round your answethe
nearest whole number.

If this seems like too much work, here is arshable of
common power ratios, the corresponding dB changg: what
it means to your ear:

Power ratio dB Effect
2 3 barely detectable change
4 6 noticeable
5 7 a little better than 6
10 10 oh yeah
20 13 a smidgen better than 10
100 20 oh yeah again -
200 23 (just to show you the effect of

multiplying two numbers by adding their logs)

Note: to the ear, an increase of 10 dB, followsgdib increase
to 100 dB above the original power level (anothér dB
increase) would be sensed as two equal step imesems
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Sony is tuned to just as the cap is closing. Thathe
minimum f for the LC. More tweeking will determinghat

f the LC will tune as it is coming fully open. Tho® f
indicate the frequency range of that coil and cap
combination.

This will work for MW BCB (midwave broadcast band)
using a MW transistor radio, but be sure that thiean the
internal ferrite antenna is parallel with the agilder test.

DECIBELS FOR DUMMIES (how to sound like a tekkie)

The ear is a marvelous device which can proeessde
range of noise levels. At a frequency of 1000 tHe, weakest
sound detectable is at a power of about 1 picopettsquare
meter, normal speech is about at 1 microwatt, hgatamage
starts at about 1 milliwatt (smoky bar with a lobaind), and
physical pain is felt at 1 watt. Since the earsiterespond to
absolute power changes in a linear manner, anditcthis
trillion to one ratio down to size, we use a loffariic scale
instead. The common logarithm of a number is tkgorent
or the power to which 10 must be raised in ordeshitain the
given number. E.g. the logarithm of 100 (10 to seeond
power) is 2, of 1000 is 3, and so on. Power ratias be
expressed as a logarithm, known as a Bel (aftexahider
Graham), but more commonly as a deciBel, obtaingd b
multiplying the logarithm of the power ratio by 10his gives
us a range of hearing loudness from 0 to 120 discibelative
to the threshhold of hearing (1 picowatt per squaeter), a
much easier, and more useful set of numbers toybahdut.
When working with your crystal set, you normally mao
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I=nlt Eq. 8
We now substitute Equation 8 into Equation 2 ardesfor n
d2*n2 —18*d*L —40*(n/t)*L = 0 Eq.9
td2*n2 —40*L *n —18*d*t*L = 0 Eq. 10
Solving for n gives:
20*L + sqrt(400*L2 + 18*%2*d3*L)

n= Eq. 11
t*d2

Although a precise value (in inches) for the lengthwire
required can be calculated using trigonometry fospaal, a
very close value can be calculated as

w = pi*d*n Eqg. 12

Remember that d is the sum of the coil form diamatel the
diameter of the wire. This approximation assumest the
diameter of the wire is very small in comparisorthat of the
coil form. Also remember to allow an extra coupfeirthes
for connecting leads at each end of the coil.

Example: A 300 uH coil is needed. The expected Guishbe
over 350. What coil diameters and wire sizes cqgdsibly
meet this?

Solution: Using Figure 2 it can be seen that wizes #12,
#14, #16, #18, and #20 could achieve the required/€hg
Figure 1 the required coil form diameters are:

Optimum
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Gauge diameter

#12 7.75"
#14 6.75"
#16 3.75"
#18 3.15"
#20 2.65"

A piece of 4.5 OD PVC pipe is available and #1ldcglical
wire is available. From Table 1, #14 insulated wii¢ make
about 7.7 turns per inch. Thus, the effective diamé 4.5
plus 1/7.7 = 4.63 inches. Using Equation 11 the emof
turns required is 86. Using Equation 8 the lengfhtte
winding is 11.2 inches. The length/diameter rai@ 4 which
is a bit longer than the optimum of 0.96. The léngf wire
required is given by Equation 12 and is 1,251 ischEhe
length would have been 1,058 inches if the optidiameter
could have been used. This extra length will caesmewhat
higher losses —it might still meet the desired ghecigh. This
is about as far as | would go in rounding to anilalée coil
form diameter.

Estimation of Inductor Q

All inductors have an equivalent series resistaluss as
discussed earlier and is comprised of a numbeowiponents.
We measure the quality factor or Q of the induchyr
computing the ratio of inductive reactance at tiegjdiency of
interest to the series loss resistance as follows:

XL

Q= - Eq. 13
Rs

where

Q is the dimensionless “quality” factor of the imdor
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resonant frequency of your coils. If your coil ot of self
capacitance, it will show a dip at a lower frequesemewhere
in the HF region than one that has little self citpace. |
found the oscillator particularly useful when wanti with
short wave xtal sets. It allows you to check th@rg range of
your tank circuit with enough accuracy to put youoi a
favorite short wave band. It really came in hamdyen trying
to figure out the details of a shortwave antennaertu By
coupling the dipper loosely to the tank coil of thumer, you
can check the resonant frequency of the antenma/tun
combination. It seems that with the short wavedsaryour
favorite xtal set antenna is actually longer tharmuarter
wavelength, and tuning it to a band can be someiviuiy.
The GDO helped me get the antenna to resonance.

Here is another testing gimmick courtesy of/8teolden:

Unless you are following somebody else's plan éolékter
and using all parts that are exactly the same abale
there will always be some “"cut and try" to be dooeing
the "breadboard" stage. Since all of my electraeist
equipment combined would fit in a shoebox | useew f
tricks that Pros would not use. For example if Intveo
find out what f range a coil and cap will tune eus Sony
shirt pocket SW (short wave) radio. | turn the ngnof the
Sony to an open spot in the f range | think thewilCtune,
then, with whip not extended and the radio volureets
hear noise softly, | place the LC under test nbearwhip
and turn the varicap. If | guessed right, at sommtpthe
volume from the Sony will come up. This is becattee
LC circuit is functioning as a tuned loop antenSame
more experimenting will allow me to determine whate
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Another useful piece of test equipment, alsoetiant for
chasing dx stations, is a receiver with a digita@qtiency
readout. My Radio Shack set, a pocket portahie,tfiie bill
and costs about 50 bucks or so, depending on hewsales are
running. It tunes in 10 kHz increments on the Adhd, and
| am confident the actual frequency is accuratewiihin a
hundred Hz or less. You can use this to checkothtput of
your sig gen, and to check its frequency; your kegsensive
and older signal generators have analog tuningraadout,
and their calibration can be suspect. It also lsarused to
calibrate the dial of your crystal set in conjuantiwith the
signal generator to at least the accuracy of adarananalog
pocket superhet. You might consider this laste@iiding the
lily, but having a known "dial marker " or two c&eep you
oriented when you're searching the dial.

A meter capable of inductance and capacitance
measurements is nice to have, and | use a frisvitBsever |
make a new coil or want to check an unknown capacit
Haven't seen fit to spring for one myself howeién. need to,
| can always check the inductance of a new coilgisi known
capacitance with it in a tank circuit and the slggenerator. Q
meters? They're out of my league, so | dependerkindness
of strangers to tell me how to optimize coil Q.

| recently acquired a Heathkit grid dip os¢éla and found
it to be a useful tool, even though its frequeremge starts at
1.5 MHz. Actually, it produced harmonics, or prblya
parasitic oscillations into the BC band, but isafibrated for
them; | should probably wind a plug in coil just fthe BC
band, but that's for another day. So what candmwith one
of these? Well, you can start by using it to chémk the
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XL is the inductive reactance in ohms at the fremyeof
interest

Rs is the equivalent series resistance in ohmieafréquency
of interest

Note that inductive reactance, XL, is calculated as
XL = 2**F*L

where
F is the frequency in Hz
L is the inductance in henries

The equivalent series resistance is the net of oHosses
including skin effect, dielectric losses in distibd
capacitance and coil structure, absorption lossesdarby
conducting media, magnetic losses in nearby magnettia,
etc. With care these losses can be kept smallt hakes very
little loss to reduce the Q of an inductor from 46@00. The
magnitude of Rs can be measured on sophisticatgedamce
equipment but it is hard to calculate the effecabffactors.
Figure 2 shows an estimated value of Q at 1 MH=ickning
typical losses assuming the coil is wound optimaltyl is not
disturbed by nearby lossy materials. Use the figumly as a
guideline as your specific results may be bettevorse. The
expected Q at 540 kHz will be between about 500t@ércent
of what is shown and the expected Q at 1.6 MHz bl
around 1.2 to 1.5 times that shown.
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Estimated Q of Optimally wound Inductor

atiw

A

100 1000 10000 100000
Inductance in microhenries

Figure 2: Estimated Q of Inductor

The Q we obtain from Equation 11 is for the unlahdeil (i.e.
antenna and crystal detector not connected). Thinaded Q
will typically be significantly smaller but ideallfas discussed
in another chapter) would be in the general ranjeore
hundred. Thus, we would like to start with an udied Q of
several hundred. As can be seen in Figure 2 thef Gheo
inductor can be made higher by using larger diameiee.
From Figure 1 this also means using a large diameié
form. This is a very important conclusion —high QI need
to be physically large.

Type of wire

The only material to consider for the wire is coppfevariety
of styles of copper wire is readily available. Timest basic
choice is between solid or stranded. Although aetsarof
arguments can be made for and against each, itiqaiaerms
you will not notice any difference in performandehaugh one
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hobby, and if I can have this much fun with a hahdf cheap
parts and some 20 year old, bottom of the lineagafpment,
working on a table set up in the laundry room, edtb | have
tried to use my "super convertible" as an rf siggeerator in
the regeneration mode, and it works pretty welist put a 2k
resistor in place of the headphones, and you ced itsas a
nice, unmodulated signal. Yeabh, it drifts some, &s long as
you don't have an antenna hooked up to it, it'sty=table.
Shouldn't be to hard to couple a one transistoioaostillator
to it for some modulation. Transtronics sells tHeE Signal
Generator SK-30Xit for about 28 bucks. Maybe | should
give it a try.

The multimeter connected across your earplsgt@ also
is most useful in comparing different detectorshat\you are
usually seeking is the best sensitivity, so fifstfa weak but
stable station (or detune your set to make onejclwhives
you about 10 mV or so across the resistor (| uisevéiiue with
the 47kohm resistor). Then you can readily compiifferent
detectors by swapping them in and out of the dircWith a
digital voltmeter with readouts to the nearestrillivolts, go
for a reading of about 2 mV with the station vergak but still
clear. This goes faster if you use a couple dfatbr clip
leads for the connection. In a 10-pack of 1N34Adés, |
have found the voltage developed across the diodery as
much as 30%; at this level, that equates to abdlito 3 dB
difference in signal strength, even though the aledi
difference is small. For stronger signals, th&eténce in
detector sensitivity is less, but doesn't matter.

Use the same setup to check out the effectsgené your
wave traps when you're cutting how the high powstations.
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the BC band, where the antenna tuner coil alonedugul the
signal from a 135 foot antenna by as much as 12 @#hen |
put it on my Radio Shack crystal set, after firdtliag the
obligatory 47 kohm resistor across the earphorfepihd the
sensitivity for it and my selective crystal set® within a few
millivolts of each other. The list of what you cda from this
point is long enough to keep you busy for hoursend. One
use that | also found very useful is to comparesiesitivity
of different detectors; sometimes within a batchi yan see
differences of as much as 10 dB. On to phase 3:

For this part, you need an rf signal with somedio
modulation. | happened to find an ancient but lesefbsignal
generator in my school lab which fit the bill. has to be
variable in frequency, and you need some way talclits
output frequency, because we are going to try tasme the
selectivity of your set. | put the output of thenerator across
the antenna coil of the selective crystal set, adjtisted the
signal to a comfortable level on the voltmeter diesd above,
about 50 mV. Then | adjusted the signal frequempyand
down by 25 kHz and 50 kHz, and measured the sigugdut
across the earphone. From a center frequency @ kHz,
the signal strength dropped by 12 dB at 25 kHzaftl by 20
dB at 50 kHz off. Running the same test on theidR&thack
set, the change was 2 dB and 5 dB, respectivetiont know
if my set is really any good since | haven't donecm
comparison testing, but compared to it, the RSsédectivity
sucks. For both rigs, selectivity improved some laver
frequencies, and was a bit worse at the top obémel. At this
point, some electronic engineer type is probabdirg this
and shouting obscenities at his monitor for my giop
unsophisticated, and jerry built methods. Welijstisn't
Nature magazine and I'm not trying to sell cold fusidiis a
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or the other may have physical advantages for pamicular
construction method. Avoid wires that are platedhase will
have higher losses since skin-effect will cause tnudsthe
conduction to be in the plating which has highesistance
than copper. Avoid wires with rubber or cheap fdast
insulations as dielectric losses will be higher. éeption is
silver plated Teflon wire as that has the best ootidity and
the lowest dielectric losses —but it is expensive.

For use in low to medium frequency inductors therea
special wire called Litzengrad or just Litz for sholt is
designed to minimize skin-effect losses and is mage
assembling many strands of enamel insulated magivet
together to form a wire that has a large surfaea.dritz wire
is not easy to find and tends to be expensiveolf gre going
to use Litz wire then make sure that other lossegraviously
discussed are minimized. Otherwise Litz wire wikla little
if any difference and will be wasted effort and exge. Avoid
belief in a variety of myths about skin-effect. Wdugh it is
true that skin-effect is more severe on large diame
conductors, a larger diameter still conducts bettem a
smaller diameter at any frequency. This can be seéiigure
3 which shows the frequency dependence of thetaesis per
meter factor of some common wire sizes.
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AC Resistance of Copper Wire
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Figure 3: AC Resistance of Copper Wire

Coil Forms

From a loss standpoint air is the best coil forntemal there
is. The obvious problem is that air has no stradtstrength.
However, there are methods used by commercial tnduc
companies that employ a minimal structure so that coil
form is around 99 percent air. Manually, you cahiexe the
effect by first winding the coil using large diametsolid
copper wire (i.e. #18, #16, #14, etc.) on a rigid ®rm and
then carefully sliding the winding off of the forrthe stiff
wire will retain the shape and you can easily spghegurns to
the optimal discussed previously. You will neecdwa Supports
to keep the whole thing from being too loose.

A popular coil form is some kind of cardboard tubet you
have salvaged from a variety of sources such ab fosgaper
towels or shipping tubes. These are great if yewaing small
diameter wire as small wire will not self suppdrtastic pipe
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with it? First, and obviously, you can use it tme a station
for the best signal. On a strong station, you héllamazed at
how much the signal strength can vary and it ndteveheck
of a lot of difference in earphone volume. Thibésause the
ear is a marvelous signal processor itself, and can
accommodate a range of loudness, or signal powéetear of
90 decibels, that's ten to the ninth power, othesvkinown as a
billion to one between the softest whisper it caredt and the
point at which the ear starts to suffer damage withonic
exposure. Multiply that loudest sound by anotherusand,
you are now at a trillion to one, and the sounsbidoud that it
can cause physical pain. In order to handle tige of signal
power, the response of the ear is logarithmic, tardpower of
a sound has to change by a factor of tfeo you to readily
detect it. Since power varies as the square dige) this
means you usually need to see a forty percent ehamg
voltage, or about a 3 dB change in power to notibe
difference in loudness. The voltmeter, being masponsive
than the ear to small changes, can help you fine to a
station, and then compare the difference in sigangths
from different stations using a number rather tham
impression. Once you have played around with ahist, it's
on to phase two:

Now that you have a signal strength meter, yan start
using it to optimize the settings on your rig. hggiit on a
receiver similar to Radio number four, which youn dad on
my project page, | found that the optimum tap for sensitivity
and selectivity was at about 35 percent of the froin the
ground end. The 20 turn tap for the detector gf@rp tuning)
showed a 9 dB loss of signal strength comparebedest tap,
while giving less than a 2 dB gain in selectivit4s expected,
using an antenna tuner helped, particularly inldve end of
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seriously load down the circuit. The digital moigter has a
virtually imperceptible effect on the signal. lied once
putting a galvanometer with a 50 uA movement iire |
between the detector and the earphone but thengeaathich
was only about 4 uA, as expected, wasn't enoughalce this
useful, being at the very bottom of the scale. ay, for my
money, the high impedance voltmeter makes a mucte mo
useful tuning indicator.

If you are using magnetic headphones, which daetthe
47k resistor across them, you will not get much awf
indication on the meter. Just put a 47k or someerot
reasonably high value resistor in series with teadphones
and measure the voltage across it - yeah, theoesists your
signal a tad, but you're only putting it in longoegh to
sharpen up the rig's tuning anyway. Incidentathere is
nothing magic about the size of the resistor; t jugppen to
have several on hand. If you use a larger resigtar will get
a higher reading on the voltmeter, but will alsovéhaa
corresponding smaller signal in your magnetic headps.
Use the smallest resistor that gives you a us&ialding on the
meter - this is not an absolute signal level yoel measuring,
but rather a tuning aid. Just to see what | cdold! tried out a
cheap multimeter with a 1000 ohms/volt meter switsit If |
tuned in a reasonably strong station, and justthitmeter in
place of the 47k resistor, | could indicate enoleyrel on the
2.5V scale, in the neighborhood of 200 mV or sontake
some use of the meter. This is pretty low on tiades but still
enough to see the effects of tuning the rig.

Okay, so now you have a tuning indicator/sigtelel
indicator or whatever you want to call it. Whaicgou do
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is another material you might consider. None ofs¢he
materials are made with any consideration abouth hig
frequency dielectric losses but because only alsamaunt of
material is used the losses are probably minimal.

Wood is a convenient coil form and has low los§e®ry dry.
Common sizes that have been used are 2x2, 4x4 pair @f
2x4 combined to make 4x4. Round dowel rods may bkso
used but their diameters are often much less thmimom.
When using a square coil form there is a logicastjon about
how that affects the inductance calculations. Apdistic (but
good) answer is to use an effective circle diamétatr has the
same area as the square form since area is a dactog in
inductance. Losses with a square form will be sohaw
higher than for a circular form. Rectangular foresch as a
single 2x4) have even higher losses in comparisbniakes
more wire to encompass a given area.

Winding the coil

Counting turns is a tedious and error prone tasks much
simpler to cut the length of wire needed and thémdwthat

until finished. The resulting turns count will bery close if
not exact. Wire is springy and will jump off therfio in a

tangled mess if not restrained. Start by secutiegwire at one
end of the form and have a means for easily (pabfgrwith

one hand) securing the opposite end when you fifisks

tempting to use some kind of adhesive tape andwfiatvork

if you are careful and understand what you are gloirhe
forces will build and the tape may give way whichl wesult

in a frustrating mess of tangled wire. Make sure tédpe can
not slip. A good way to secure the ends is to firéit a hole in

the tube at the starting and end points. Then fhedstarting
end through the starting hole and bend the wiréh ghat it

naturally resists tension and secure the wire twiple. Stuff the
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loose end length inside the tube so it is out efwy while
winding.

It is best to wind the coil by hand as the setarpuiing a lathe
is not worth the trouble for a single coil. There a number of
“poor man’s” lathes such as a power drill that haeen used
but | do not recommend that as you are more likelgnake a
mess or cause injury than you are to wind a codnly takes a
couple of minutes to wind a coil by hand so take time to
think what you are doing. It is important to keée winding
tight at all times. The wire will spring off if #ver gets loose.
You will very likely have some fractional turn asresult of
your calculations. | recommend that you round twithe
nearest integer as it is not worth the trouble adkimg
measurements to stop at a specific fractional turn.
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1. Electronic and Radio Engineering, fourth editiBrederick
Emmons Terman,
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33.
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Relay League, Newington, Conn., page 26
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TESTING YOUR CRYSTAL SET

(22 Nov 01)

Owen Poole
http://bellsouthpwp2.net/w/u/wuggy/testing.htm

If you like to fiddle around with your crystaéts, then you
need some way to do comparisons of before and afien
you want to try something new. If course, theiobs is to
listen. If it sounds louder, it is. If you doriear the other
station that is close in frequency any more, thelacsivity is
better. If you hear everything you want, then yset is
working fine, and you need go no further. If yae &ying to
push it a bit, however, some reasonably objectiet y
quantitative measurements are helpful for you tinupe your
set and to compare the performance of differers, settennas,
modifications, etc. Here are a couple of thingiolwith my
rigs:

Get a DC voltmeter which will measure smalltages in
the millivolt range. | use either a digital muleter or a RS
analog multimeter with about 20 thousand ohms peit v
sensitivity (less sensitive meters will load dothe circuit
unacceptably, and will probably not measure downthe
millivolt range, but go ahead and try if you haeg. t The RS
analog model | have has a 0.6 VDC (600 millivoksgle
which works pretty well. | then connect the meteross the
47 kohm resistor which is also across the crysséapleone.
Using this setup, my closest local BC station, ks a kw
about 6 miles away, gives me a reading of about 190
millivolts. A station with a 50 kw daytime signabout 75
miles distant comes in at about 30 mV. With thalagp meter,
there is a little insertion loss, about 10 mV, hot enough to
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ANTENNA MATCHING

by Kenneth A. Kuhn
http://www.kennethkuhn.com/students/crystal_radio&nna,
matching.pdf

As discussed in an earlier chapter the ten to ythineter
antenna used for crystal radios has a very lovstasie and a
high capacitive reactance. The ground resistanseussed
previously is typically in the several tens of ohmusd is
effectively in series with the antenna. As an exempan
antenna/ground system may have an impedance of1200-
ohms at 1 MHz. For maximum power transfer from the
antenna to the resonant circuit the input impedaridée set
should be a conjugate match —that is have siméaistance
but the reactance will be equal in magnitude buyiosjte in
sign. For the example this means that the crystlsbould
have an input resistance of about 20 ohms and clarez of
about +j1000 ohms (160 uH) at 1 MHz. The positizactance
is obtained by an inductance in series with theram circuit.
This inductance should be variable to tune outctgeacitive
reactance of the antenna across the AM broadcastl. ba
Tuning is not sharp as the Q of resonance is loablér 1
shows some typical values. Note that the inductdnoing
range becomes wider for longer antennas sinceapacitive
reactance drops rapidly as the length approachesjoarter
wavelength at the upper end of the AM band. Imnipadrtant
that this series inductance have very low lossesther
advantage of using it will vanish —a lossy inductould be
worse than nothing.

89



Typical Typical
Antenna Antenna Antenna Antenna series

Length XC @ XC @ Inductor

550 kHz 1.7 MHz tuning range
10m- j4040 ohms - j1250 ohms 1200 —120 uH
15 - j2680 - j780 780 - 70
20 - j1990 - j530 580 — 50
25- j1580 - j360 460 — 30
30 - j1290 - j240 370-20

Table 1: Antenna series inductance tuning range

One effect of not tuning out the reactance of thierena is that
the resonant frequency of the tuned circuit wilitshecause
the antenna becomes a reactive load. One way t& Knihe
series inductance has been tuned to the right valtieat the
station is received at the calibration point —assgnthe radio
tuning was calibrated.

The next issue is creating a low input impedanceeseral Special Thanks to:
tens of ohms. There are two ways to do this ang tre Mike Tuggle
essentially the same. One method is wind a tursooof wire

near the ground end of the coil of resonant cireoite end of

the wire goes to the series inductor to the antemaathe other

end connects to ground. This small winding tramsfothe low

antenna/ground impedance to a high impedance atr@swil.

The other method is to make a tap a turn or so ehbe

ground end of the coil of the resonant circuit tocanplish the

same effect. If the winding or tap is too few tuthen there is

an impedance mismatch and a weak signal will redtiibugh

selectivity will be relatively sharp. If the windjnor tap has

too many turns then the coil is overloaded by the

antenna/ground impedance which also results in vsaatals

and the selectivity will be broad. The optimum ke point of
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L1 51 turns 100/44 litz on 5/8" dia. x 1-3/16" lofegrite rod,
u(eff) = 10.33;

length = 1-35/64"; L = 146.6 uH; Co = 4.54 pF; Q0@ MHz
=649

L2 36 turns 660/46 litz, basket-wound over-1, urtieon 5"
dia. 13-point form;

length = 1.9375"; L = 185.6 uH; Co = 7.40 pF; Q @ MHz
=1134

L3 36 turns 660/46 litz, basket-wound over-1, untiem 5"
dia. 13-point form;

length = 1.9375"; L = 185.7 uH; Co = 7.40 pF; Q @ ®Hz
=1060

L4 42 turns 660/46 litz, basket-wound over-1, urtlen 4-
1/4" dia. 13-point form; length = 2.25". L= 186UH; Co =
6.45 pF; Q @ 0.8 MHz = 1082

R1 500 k-ohm pot.

S1 DPDT miniature toggle

T1 UTC A-27: input transformer --100 k-ohm primary;
secondary taps, 50 to 600 ohms -- around 200 oberss best
with the RCA phones below.

PHONES: RCA MI-2045 sound powered phones, known as
"Big Cans" in the trade.

All variable capacitors have vernier drive dials.
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proper impedance match although it is not veryicalit The
issue is how to determine the proper point. A sddssue is
that the required impedance level varies across AMe
broadcast band. Thus, the tap should be variable.

If the coil is wound on a ferrite toroid core whielmables a
high degree of flux coupling from turn to turn thiens fairly
easy to calculate at what turn a tap should beHerdesired
impedance transformation. However, our coil is ¢gfly an
air-core solenoid which has a complicated flux tieteship.
Calculation is difficult and very error prone. Thest way is to
make a variety of taps and measure the impedanicg us
laboratory methods and note the results. | wilkpre the data
of just such an experiment on a typical coil foystal radios
when this article continues ...
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Lyonodyne-17 Parts (as of 2/5/01)

C1 two gang, 15-470 pF per gang, variable capaciiigyh
parallel leakage

resistance, Rp.

C2 R/C (or TRW) 15-497 pF straight line frequenayiable
capacitor, Rp on the order of 20 megohms. No. @&22;
FSN 5910-546-9239. Fair Radio Sales cat. no. QIRBI125
C3 same as C2.

C4 same as C2.

C5 0.02 uF polystyrene.

D1 selected (by listening) Radio Shack 12101 3Rfngaium
diode.
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took out the tree at the other end. The sholaetdp worked
so well | brought it here to Hawaii, where realagstfor long
antennas is at a premium. It's about all | cagréicefully onto
this lot. Ground is tapped directly into the aitgiter system.

Circuit Details

The antenna-ground system is tuned by the primatyC1,
and is coupled to the secondary, L2-C2, via looge- L2
coupling (physical distance 3 to 4"). L1 and L2 aositioned
radially (side-to-side), while the coils of two QRkps (high-
Q, parallel L-C ckts.) are coupled axially to L2L1 has
virtually no effect on L2-C2 tuning and Q, but tQ&M traps
do affect tuning, especially near the QRM frequesci So,
their coupling is kept to the minimum which willils@allow
reception of the stations of interest. The set dpable of
receiving stations on frequencies adjacent to morgelocals.
The low-Z sound-powered phones are impedance-nitithe
the secondary tank , L2-C2, and detector with a WAFZ7 100
k-ohm-to-200 ohm input transformer. The single12t@de
detector is estimated to present about 200 k-olsisteace in
the forward direction. These impedances, in sealisw you
to place the detector-phones directly across theducircuit
without undue loading. Taps, used in the past,aaneess --
especially with litz wire. Further, they kill aiée Q, and are
to be avoided if at all possible.
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VARIATIONS ON A SLIDER-TUNED SET
Owen Poole

http://bellsouthpwp?2.net/w/u/wuggy/slider.htm

My first crystal set used a prewound coil, idesi for tuning,
a catwhisker and galena crystal, and had a largarsgmica
capacitor (remember those?) across the headphominads,
feeding a single 1000 ohm headphone. For a vamdty
reasons, which | don't remember 40 plus years, listenly got
one or two stations in Atlanta, GA, but, even aittlit was still
magic. Back in an era when responsible parent&@veel
children should remain at least one economic lbe&w their
parents, having a radio of any type in my room wasg
pretty well, and life was good. This type of setricky to use,
since maintaining contact between the coil and dider is
touchy, and then you have to find a good spot engdlena
crystal with the catwhisker, also easily knockedt af
adjustment. Still, it has its advantages; it'sqpensive and it
works. The headphone was a cost driver, and timgi a
variable capacitor could easily double the coststép up on
the ladder came when AM tuning coils with slugedrerrite
cores came on the market, which were used inathie ¢ircuit
with a fixed capacitor, and feeding a germaniunddiol had a
"pocket” receiver which had these as well as aysensitive
earphone which was built into the case.

About a year and a half ago | had a nostalgiarid built
another slider, but used a crystal earplug, a 1N3dé, even
added a 365 pF variable capacitor, rememberingtribley
slide contact problem, but wanting to be able toyvhe L/C
ratio over a range of frequencies. The set wogketty well,
but lacked selectivity. This is a drawing of tieg:s
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| found that the best place to connect theraretend ground

depended on the antenna used and probably on local

conditions. Sometimes connecting the antenna tostider
worked well. | tried the detector tap at the tdghe coil, as
some designs do, but selectivity really suffereBome
selectivity improvement was seen when | wound allsmeoil
for an antenna loading coil and put it up inside tilming coil.
Again, you can still play with where the antennal gmound
are connected; you can put the antenna or grountheo
loading coil, and try the other on either end & thning coil
or on the detector connection. You can also make garth
ground to both the loading coil and the tuning .cdihe best
arrangement is what works best for you. An opegakienefit
of connecting the detector to the slider is that gon't hear
anything unless the slider is making contact wih ¢oil.
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(3) if necessary, pad the variable capacitors Wig-quality
air trimmers to get to lowest frequency and spreaidtop-end
tuning

(4) choose coil design which peaks in Q in thetre¢rBCB
range -- operating near the self-resonant frequascgelf-
defeating

Superior quality tuning capacitors (silver platedhwceramic
standoffs) were used in the present version. Wi grime
tuning capacitor candidates | had were a 500 pFaaddal,
470 pF per gang, both silver-plate, ceramic insdlat(Typical
parallel leakage resistance measurements on these 20
megohms, by the Boonton 260-A.) Accordingly, teé was
designed about them.

| credit Bill Bowers of Oklahoma with exposing me the
virtues of finer-strand litz for medium frequencig¢se use of
larger coil diameter-to-length ratios (ca. 5-totlan theory
suggests, and for going back to ‘over-1, under-iiding
pattern. They are not as pretty and have lowerthas the
same-sized 'over-2, under-1's', which | used fonymgears,
but they do have substantially higher Q's.

And credit to Al Klase for preaching the virtues sund-
powered phones long enough and loud enough thaallyf
had to listen -- despite my being firmly convincedthing
could ever surpass Brush crystal phones. The sponered's
are a real ear-opener, literally, and an order-agmnitude
improvement.

Antenna has been, for some time, a 50-foot, 4-fiae top

(wires spaced 1 ft. apart), maybe 25 feet highmitprevious
location, | used to have a 105-ft. long-wire, bighhwinds
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Summary

The "Lyonodyne-17" is a much-advanced version seres of
DX crystal sets evolving from circa 1974. Ive bee
particularly interested in crystal sets since 195Ben | first
discovered you could actually DX with them. It'sampletely
passive set -- no amps, no bias on the detectbe cF¥cuit is
double-tuned and uses super-high quality componesitger-
plated variable capacitors and high-Q litz wire Ke#svound
coils. Isolated coil Qs are in the 700s acrosBG& and over
1000 for much of the BCB. In-set Qs are less, adrse.
Phones are high quality, surplus sound poweredlafibad

armature”) units, matched to the high-Z secondary

tank/detector by a high quality line transformé@etector is a
single 12101 3RT, sold by Radio Shack as a "1N3#%TyIt's
the best I've found so far. With traps and altakes up the
better part of a desk top.

Description

After several abject experimental failures, | codeld that the
magical "high L-to-C ratio" for tuned circuits iscaock -- in
spite of what theory might suggest. That, and hilyh Qs
obtained in 200/44 litz wire (now, 660/46) coilstgne to re-
thinking my set's design and construction. This ted a
completely rebuilt crystal set -- same circuit, batlesigned
components per the following principles:

(1) design for the lowest L/C ratio as practical

(2) use highest quality variable capacitors abédla
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My latest design attempt, which shows promisethe
breadboard stage, goes back to a fixed capacittheirtank
circuit , but incorporates an antenna loading aaill separate
detector taps, two features which | consider egsemno
selectivity in a single tuned set. The drawing fiis rig is
shown below:

=1
slider "
Ta -
—3 TH34
3
— ”
1 §:§ |
=3 47 kohm 3
W erystal
antenna ———c—= carphone
oY
Lol
ground

My coil was 100 turns of #26 magnet wire cloggind on a
toilet paper core, with detector taps at 10, 2@ a@ turns
from the bottom (connected) end. The antenna tgil,is 15
turns of #26, also on a tp core. | chose to sépahe coils so
| could move the antenna coil about to vary couplibut
could probably have done about as well winding loatits on
the same core with about a 1/8 to 1/4 inch semardtetween
them. Note: | found that the loading coil hadb®placed at

the bottomend of L1 as shown; placing it at the open end

didn't work very well at all (for me). For a slidel just

straightened out a large paper clip, soldered ti wistranded
hookup wire into a soldering lug, and then usedoadvscrew
to hold the slider to the base | used. Just farsgrrolled my

own fixed capacitor, C1, making it about 300pF.
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On the air results were pretty good. The deteeforig selected
by an alligator clip. | got the separation | wahtetween the
two strong locals that are 50 kHz apart, sensytiigtok, BUT,
the rig design still needs some work before | offeto my
students. Current problems and possible solutiona). Only
using about half the coil, and it tunes pretty fastse larger
wire, maybe a smaller diameter coil form, and neayb
smaller value capacitor. (probably do at least ofithe three)

b). Not happy with the paper clip slider; titexible so you
get backlash, and doesn't ride smoothly - use alrstp and
maybe add another washer where it connects to ake. b
c). With detector tapped directly to the coil, yaways hear
something, whether or not the slider is making aont | guess
| can live with this.
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Lyonodyne Version 17 Crystal Set
from Mike Tuggle
http://iwww.crystalradio.net/crystalsets/lyonodyneéx.shtml

Builder and Operator Mike Tuggle

The "Lyonodyne-17" is an advanced DX crystal seihéng

over the years. It was a first place winner of B "Open

Class"contest two years in a row in 2000 and 200ke

placed second in 2003 after handicapping himseltising a
rock (lead telluride) as the detectors. The radioiporates
the "Tuggle" front end (which will be shown lategnd very
high quality parts.

Note:

This is not intended as a "How To" article for ajip@er. The
following is supplied as information only. Some tie
techniques used in the construction of this radie wery
advanced and not recommended for a beginner or amen
intermediate builder.
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My own experiences over the years have led me ¢d sy
skepticism of the incredible DX reports made by-tiiders
back in the early days. Component technology wasumat it
is today, but circuit technology was, and the sgignsopulated
bands back then had to be a lot more DX-friendlgu Ynay
want to pull an antique crystal set off the sheifl ajive it a
spin. I'd encourage it.

Some of these old sets are extremely well builte Th
construction of the military BC-14A/SCR-65 neveiases to
amaze me--and others were built just as well. Bugtart out,
I'd recommend conceding to modern technology bygqusi
good, modern diode and sound-powered phones witbhing
transformer. With just a little luck, prepare to &mazed all
over again!
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A CRYSTAL RADIO WAVE TRAP
Owen Poole

http://bellsouthpwp?2.net/w/u/wuggy/traps.htm

This is a little circuit that is a real giaritlér when you are
trying to nose up to a loud local to look for tligld guys.
Basically, it is a tuned circuit placed in the amte path to
your rig, which traps and then dissipates the signaat least a
bunch of it, from a station, allowing you to redueterference
between stations. There is nothing fancy to it, little care
in construction and operation can make it reallyrkvavell.
Here is one of mine:

| used a 1 1/4 inch diameter cardboard core, argped 100
turns of #32 enameled wire around it, closely spaand
attached the ends of the coil to a 200 pF variabgacitor.
This forms the tank circuit. | also wound over fitst coil a
second one, using 15 turns of #22 enameled wikkrameach
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end to fahnstock clips - the antenna is conneaieahe clip,
and the second goes to the antenna tuner, thersehat have
you. To use, just tune your receiver to the offegdstation,
and then adjust the trap's capacitor until it reduthe signal.
About 15 seconds is all the time you need to becarpeo.
The #32 wire, being of relatively high resistantissipates the
signal that makes the tank circuit resonate (regireers have
assured me this is a bunch of baloney, and theyrarigably
right, but my little trap works fine for all thatsmart money
says to make it of larger wire). . The #22 wiransfers the
signal inductively from the antenna circuit whilfesing a low
resistance path for other frequencies. It tunielyfaharply, so
tune slowly. You could install a bypass switch fiones when
the trap isn't needed, but | just tune to trapadube way, with
no signal loss to that | can notice. If you haverenthan one
station you want to knock out at the same time,rporte traps
in series with this one. | have two which | usect out the
two strong signals from two stations dominating tibye of the
band only 50 kHz apart. They are still too closgether to
listen between them, but | can certainly get muoker above
and below them now. | might try a few more tuors the
smaller coil to see if it sharpens up the signiittle. This was
a first attempt, and | haven't tried to optimize iHad | wound
the coil for about 400 uH, | could have gotten fotnd
coverage - actually, in my QTH, there are no londsobelow
about 690 kHz, so this setup works fine for me wlitta 200 pF
capacitor.

While you are winding the 100 turn coil, go ahead @ut a
tap in it, say at 30 turns or so. Then you canthedrap for a
crystal set as well by adding a detector and eagh@cross
the 30 turns. This lets you do at least two things It is a
nice little crystal set all by itself. 2. You caperate it as a
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closest some 2400 miles away? As it turns out, Hawan
ideal DX location--for distance if not for sheernmipers of
stations. With no regional stations, sunrise-surgelvity is
non-existent.

West coast 500-watt stations, 2500 miles distaatehbeen
heard here. High-power stations in Cuba (4800 emg the
Caicos Islands (5500 mi.) have also been hearahksheo a
mostly water path. Stations from the “interior" calmake it
over. Last year, it was neat to hear KRVN in snowitb
Nebraska (3600 mi.) using a homemade cat's whiskeeral
detector. This must be what it was like in the aégs.

With low station powers and crowding, medium-wave
broadcast band DXing represents the greatest ogalleOn
short wave there's no limit to the distance--reioepts truly
worldwide. | occasionally hear the South Africarodicasts
nearly 12,000 miles away; Johannesburg and Haweainearly
at antipodes. From the mainland, Australia (11,00@s) was
a routine catch. Figures 5 and 6 show my "12,00@“rarystal
set.

Crystal Set DX Activities

Crystal set DX activities include discussion forustsaring
ideas and results, an annual DX listening contest imto its
sixth year, and the occasional set-building contdstre some
remarkably high-caliber craftsmanship comes toftne. All
of these activities are served up on the Internet.

The following site is a highly recommended grandgdo the
wonderful world of crystal set DXing: Owen Pool'sy&tal
Radio Resources at http://www.thebest.net/wuggy.e Th
comprehensive set of links here covers all aspettshe
hobby. This site is headquarters for the annuatahyset DX
(XSDX) contests open to everyone. The contest lystetes
place in late January. Watch for announcement etifip
dates and rules.
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antenna. The rule of thumb is, if you can hear tbena radio,
you can hear them on a crystal set.

The best times to listen are at sunrise and suwwben stations
are signing on or off, raising or dropping theirnes, and
changing their antenna patterns. These circumsianeé&e for
a jumble of regional stations ripe for the pickifeep night is
usually the best time for flat-out DX.

In 15-year stints at two locations in Maryland,ccamulated
logs of over 600 and 400 stations, respectivelye Thost
distant receptions, at 1800 to 2200 miles, werewagowerful
stations in the Caribbean area and adjacent Sontérida. |
was aided, no doubt, by the largely water path betwthem
and me. The farthest overland station was in Deavexbout
1500 miles.

When | moved to Hawaii, | wasn't sure what to exp@te
local Honolulu stations were givens. But what abtbet outer
islands? And all-importantly the next stations, meiders, the

Fig B Schematic of the 12,000 mile-er’
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crystal set alone, listen to it while you adjuse trimmers on
the capacitor for best frequency coverage - paeatiyuhandy

if you use a different size wire, different numhsf turns,

different capacitor or different diameter core. nfbdeave out
the smaller coil of #22, or whatever you use; édrthis trap
without the small coil, and it literally wiped otite whole BC

band, no matter what frequency it was tuned to thenother
hand, if this is built to be resonant at the shawvbroadcast
fregs, it cuts out a larger portion of the offergivand.

More fun; put it in the ground path instead, anaidrrks about
the same. Put it before or after the antenna t(ihgou use
one) - works about the same. Use it as a crystalleng with
the other set, and you can listen to two statidnthe same
time - no, you can't listen to the same statiorhvaibth sets if
they are in series - the one rig cuts out the ot can even
use a trap to provide power to a small transistapléier stage
if the trapped signal is large enough.

On the air testing with a dc millivoltmeter acrode 47k
resistor in my detector circuit (see my testing gJashows a
signal reduction on "trapped" stationsof about 84odB with
the trap. | suppose if you have a real monsterydnr
neighborhood, you can put two traps on it for alde stomp;
| couldn't see much advantage to the second tram whried
this. | have not found the need to use a trap $s/mavitch
when the trap isn't in use; | just shove the tuntag to the
other end of the band, and don't notice a reduciioiset
sensitivity elsewhere. | also notice that on yestfong locals,
the difference in signal level of 6 dB or so iswéry
noticeable, and tuning the trap "by ear" is a Hfiadilt. When
| tune off the offending station a bit, howevercdn see the
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effect of the trap more readily. | made mine asoatboard

unit, but you can just as easily incorporate inbairymain set,
just don't make the coils of the two circuits ineli(on the same
long axis) with each other or you will mutually qie them,

which makes for confusing tuning.

One of the unexpected benefits of a trap, as |daut, is that
it can enhance the operation of an otherwise seadiut not
so selective crystal set. Using a trap with sliglmodified
Radio Shack crystal set, | heard a brand new statoning in
from several hundred miles away that was ordinarigsked
by a stronger station.

Trapping with the pros: Probably the most @ffe trap is
an inductively coupled one. Here's how to make asel it:
Make a coil of the same dimensions as your setis toaing
coil, and parallel it with a variable capacitorsalike the one
your set uses. Now, place the new trap coil ie on the
same axis) with the main tuning coil, and, with te¢ tuned to
an offending station, tune the trap capacitor tib the station.
You can vary the depth of the null by moving theo teoils
apart. If your set has a separate antenna tuiriogitc the trap
coil should be on the side of the set tuning aitay from the
antenna coil. | have one of these and have goiten 30 dB
of fairly sharp signal rejection with it. Be adeis when using
an inductively coupled trap, expect some interactigth the
tuning coil. Using an inductive trap can give soimeresting
results you don't get from one placed in the aradime.

More trap fun: If you have a set using in-liaetenna and
main tuning coils, inductively coupled to each otheere is
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These phones are low impedance and must be mattiad
high-impedance tank (L2-C2) and detector diode myadio
transformer having, typically, 50- to 600-ohm ar@# 6r 100-
kilohm windings (Figure 4). The quality of the tdormer is
very important, so that its insertion loss is smBITC input
transformers have a good reputation for low losse Tinal
touch is a comfortable set of headphone cushionsyémd
acoustical coupling to the ears and exclusion ¢dide noise.

DX Experiences
Under favorable conditions, medium wave or broatibasd

Fig. &. A 2,000-mile' short-wave receiver,

DX crystal sets can receive hundreds of statioosesof them
thousands of miles distant. In fact, DX crystal gpetformance
is comparable to any other radio (powered or nbortsof a
full-blown communications receiver with its own sige
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capability to put up one of these 'mega’ anteni@xs. it

behooves us to heed principles 1 and 2.

The front-end (antenna tuner) design shown herené of

several that can be used. This particular desigasta wide
variety of antenna-ground systems. Other DX crysg#d use a
simple series tuning circuit effectively--espegialbn long

antennas.

The diode detector provokes more mystery, contsyvend

debate than any other component. Some folks faear |
resistance germanium diodes like the 1N34A or rsi@nds
with galenas. Others swear by high-tech Schottkyle. The
emerging truth is, there is no universally perfiiode.

The 'best' diode depends specifically upon thet setused in.

Per the second principle, the diode needs to mitehtank
circuit feeding it and the transformer and phores it feeds.
With some care, a high-Q tank with litz wire coihdaa

modern, military-grade variable capacitor can atta

resistance of from several hundred kilohms up toegohm.

Only Schottky diodes and a few modern germaniuntdeto
have resistances this high. The old catswhisket-rstand

detectors have far lower resistances.

The most practical approach to selecting the rdjbtle is to
apply an A-B listening test to a number of them.oTeiodes
are mounted in a test stand arranged to quicklichviietween
them. Using a fairly weak station, one can tesieaqf diodes,

pair-wise, keeping the winner after each test, tinél ultimate
one is found. But it's most important to realizattthis diode
is 'best' for the particular set it was testedtimay be a quite
poor performer in a different set.

Surplus, sound-powered (more properly, balancedsanm)

phones have become the industry standard for DXtairgets.
Baldwin Type C's were an early example. Now, poStV
surplus units made by RCA and US Instruments C@ugl)

are preferred.
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something else to do with your inductively coupledp.
When trying to dig out a weak station, get as closi¢ as you
can, then tune the trap for a null. Now, takettia@ coil and
place it betweethe antenna and main tuning coils. With some
careful tuning, you can often isolate the weakitat The trap

is giving you an additional stage of filtering asdlectivity,
and you are now using “triple" tuning. In this @igaration,
the trap is now functioning as a transfer circuifou will
notice that best performance is with the coils szead from
each other by a coil diameter or so.

Larry Pizzella also reports good results witHime traps
using largish coils, with the tuned circuit portiofi the trap
inductively coupled to a separate coil connectethéoantenna
line which can be moved away from the main trap tmi
provide variable coupling. If you look at his higdio, you
can see a couple of his outboard traps as welkaaductively
coupled trap (the large blue coil on the far right)

| would like to report that trapping my two strotocals
opened up the top of the band for me; it didn't pletely, but
| can now get stations as close as about 20 kHz.

| have been able to successfully trap the HF ghemtewhat
that bedevil me early in the evening, but feelnked to work
on this some more. Multiple hf intruders are neadiugh, but
the hf trap | made doesn't use a coupling coil, @ndather
broad, so gets a largish portion of the lowest tshere
broadcast band, and supresses a couple of statiomstimes.
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We have, from left to right: antenna-ground systéomt-end
(antenna) tuner, secondary (detector) tuner, didefector,
audio matching and finally, phones. Maximum transfé
available signal power from one stage to the neipkns
when the impedances of these stages are matchedcto
other--from antenna to phones--and indeed, fromnphao
one's ears.

Components

A good outside antenna-ground system is essentiddXing.
Loop antennas do
not have enough
pickup to be
effective. An
inverted L longwire
20 to 30 feet high
and 50 feet long is a
good start. The one

| - f‘\ ! truth to antenna
E / design is, "higher is
\ / better." Any effort

Ry 5

expended to raise the
antenna, even a few
feet, will be amply
Rt SR e S RS rewarded. In the
most recent crystal
set DX contest a
third design principle emerged: A huge antennamacome
shortcomings in the first two principles.
The winner suspended 140 feet of litz wire nearticalty
using helium-filled balloons. Another high-scoreust
happened to have a 140-foot tall base-insulateértawd four
1000-foot Beverage antennas to complement his fjankset.
Most of us have neither the real estate nor theginig
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Design Principles

Two fundamental principles underlie DX crystal design and
construction: use of low-loss components and proper
impedance matching between stages.

Avoid the temptation to construct the set with age
components. The result may be a handsome setstloatly a

fair performer. | have such sets, and they sit ophe shelf
and look nice. However, for ultimate performancee should
rely on top quality (usually modern) components and
materials.

This is especially important for tuning capacitamsi wire and
forms, and detector diodes. Layout and construction
particularly in the RF-carrying sections (antenrraotigh
detector), should follow good HF practices: shareat leads,
careful insulation of components, and avoidancswvatches,
taps and other trappings in the 'hot', RF-carrgiections.

The crystal set, like any other radio, consistsadderies of
stages--each with a function, each coupled to . nThe
stages of a simplified crystal receiver are diagreah in

M
VA

£

e — e e ]

SYsTEN

Fig. 3. The stages of 2 typioal DX arystal set (see text)

Figure 3. The resistances shown are used for eétaitcuit
analysis that will not discussed here.
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BANDSPREADING TECHNIQUES

(20 June 99)

Owen Poole
http://bellsouthpwp2.net/w/u/wuggy/spread.htm

Bandspread in a crystal set? You must be nW&ll,
maybe so, but let's give it a shot anyway. Baretsfing is
nothing more than making it possible for you toetyour set
more slowly. Why bother? Well, if you are in aowded
band, such as in a metropolitan area with lots tobng
stations, you have probably already gone for more
sophisticated crystal radio designs to allow yoseparate the
signals. Even in my location, with two peanut wigs only 50
kHz apart, sometimes | still have to tune very fidie when
my rig is set up to be selective so that | cantbetstation |
want, and not hear the other. In the HF (shortyvaggion,
with stations fading out and then roaring back wégularity,
being able to tune slowly allows me to catch statithat are
just out of the mud, but are more often buried Hey $tronger
stations that usually dominate, and which catchattgntion
easily. With HF ham rigs, the ability to tune slpws an
absolute necessity; otherwise you sweep right gtasibns that
are only in your selectivity skirt for a few hundrelz.  Most
crystal sets use a tuning capacitor that has ob80 alegree
rotation in going from around 10 to 360 pF or smn-the BC
band, this gets you through the 1.2 MHz-wide baather
quickly - on HF, you cover several MHz, and a §ueveep
through the frequencies can cause you to misosgaif you
are only expecting what you normally hear.

There are two basic types of bandspreadingchstieical
and Electrical
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Mechanicat The simplest way to slow your rate of tuning
down, or at least let you tune more sharply, isite a larger
tuning knob; your ability to control your tuningteavaries
directly with the diameter of the knob, assuming goab it on
the outside edge. Another method that used toopelar was
to have a small diameter shaft turning a largemeéizr one
connected to it by a dial cord; the cord was ugueipt tight
by a small spring. A third way, still much in useto have a
planetary dial drive which makes several rotatigmsrive the
capacitor through one half a rotation. Dial conives are
tricky, and planetary drives can cost more thanrése of the
set, so | usually go for the largest knob | carl.fiAnother
thing to watch out for with mechanical bandspreaives,
should you try one, is backlash or slop - you reeeyour
direction, and lose a couple of degrees of turrofgethe
capacitor starts to move. For inductive tuningually
consisting of moving a ferrite core in and outté coil, the
once readily available AM tuning coils used to cowi¢h a
metal cap through which a screw protruded thawedtbyou to
vary inductance very slowly using a small knob wast the
core in an out. Compression capacitors also seew to let
you make several turns from stop to stop, but aedinarily
used for main tuning, and are usually for screvatrivse only.
If you do stick a knob on a compression cap witihne@poxy,
a soda bottle cap should work, and will allow ydwat 3 or
more revolutions of rotation stop to stop.

Electrical: Nothing magic about this either. Here you use

two or more capacitors to change the amount ofaigrae a
turn of the knob gives you. Shown below are sorh¢he
more common ways to electrically bandspread younk ta
circuit:

104

So, what makes a crystal radio a "DX" set? Welk tine is
double-tuned (L1-C1 and L2-C2) for selectivity tmé weak
DX stations in the RF jungle we now live in. SomX Bets
resort to triple tuning for even more selectivitydepends on
how many hands you have to do the tuning. The wapst
(L3-C3 and L4-C4) can be tuned to reject strong amed
stations in the manner of the notch filter on a pamications
receiver.

Fig. 2. Schematic of the ‘Lyonodyne-17.

Coils L2 through L4 are basket-wound litz wire fow loss
and high Q. Variable capacitors C1 through C4 aghdst-
quality, silver-plated, ceramic-insulated units-geshaps only
the military could specify. All these componente #olated
from the mounting board by ceramic standoff insuist
Overkill maybe, but why take chances?
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particularly interested in crystal sets since 19bBen | first

discovered you could actually DX with them.

The Internet has aided crystal set DX activity bgking

exchange of ideas between like-minded enthusiastshm
much easier. This article only touches the surfaioen a

personal perspective. The reader is encouragedirsug@ the
online resources, described below, covering alleetspand
providing further examples of this fascinating hpbb

In this article Il cover general design considiens for

building DX crystal sets, but will leave the acteahstruction
specifications up to you.

Equipment

Figures 1 and 2 show an example of a DX crystallsell it
the "Lyonodyne-17." The design evolved from an iearl
version described in the November, 1978 OTB. As gyan
see, this is not your grandfather's crystal set.

Antenna (right) and detector (left) tuners are ntedron the
middle board. Wave traps are located fore and mfseparate
boards, making it possible to adjust the coupliggnioving
the boards. The antenna coil (L1) is wound on atsfeorite
rod. The matching transformer unit for my RCA "BRans"
sound powered phones is at front, left.
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Figure a. is one of the favorites. If one a@r is
significantly larger than the other, it is callddetband set
capacitor, and the smaller one is the bandsprepdciter.
Capacitor size ratios of from 2:1 up to 10:1 shobddused.
Keep in mind with all of these that minimum circui
capacitance is the sum of the minimum of both ciapac
Since the polyfilm caps | usually use, because reycheap,
only run to about 200 pF, | sometimes just put panallel to
get full AM band coverage (and 360 degrees of imtat the
same time). Incidentally, since these capacitoesreally two
sections, a 150 pF and 50 pF, you can get full awérage
with a 200 pF capacitor, with both sections tiegetber, and
only the 150 pF section on the other; use the F58eation for
the top part of the band and it will slow your tugirate down
a bit.

Figure b. is sort of a poor man's bandspreaitcising in
one or more fixed capacitors to increase capatainc
increments, then adjusting the variable as needletsed this
with my peanut special to get to the bottom of baite fixed
capacitor should be no largéran the rangeof the variable to
prevent skipping over frequencies.

Figure c. has a fixed capacitor in series vatie of the
variables. This reduces the tuning range of thieseariable
from about the minimum of the variable to the vabfethe
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larger capacitor in the series branch. Good toifugeu don't
have any small value variables.

Figure d. taps one variable down on the ceijucing its
effect on tuning range. In this case, assuming the same
value as the band set capacitor for example, ifectef
capacitance-wise over its full range is approxinyaggual to
the percent of the coil it parallels. If you ussvétch to select
different coil taps, you can thus vary your bandsagit

A note on using fixed capacitors: | have fouhdt some
are better than others, and a lossy one can rescensitivity
when the fixed cap is switched in. | have sees thith the
readily available ceramic disc capacitors. Thisymeot
happen to you, but just be aware of the possibilitpu might
want to try different types here. Try to use goguhlity
switches as well, and make good solder connections.

Finally, to use the K.I.S.S. principle, useapacitor with a
range no bigger than you need. That is, use ardyigh range
to cover that part of the spectrum in which you iaterested.
Using a single 365 pF capacitor on the HF bands,tam of
the dial will sweep through several MHz, and no terahow
selective your crystal set, you will be sweepingtigh a lot of
dead frequencies and then sweat tuning in andgéparating
the stations you want to hear.

You can pretty much do with inductors (coilshat you can
do with capacitors, and some of the old designsl as®t of
variable inductances. Putting inductors in pafafies the
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DESIGNING A DX CRYSTAL SET

by Mike Tuggle

46-469 Kuneki St.

Kaneohe, HI 96744-3536

E-Mail: tuggle@apacs.com
http://www.antiquewireless.org/otb/dxxtal.htm

Fig. 1. The 'Lyonodyne-17, &n example of 3 well-designed DX orystal set.

Long distance reception with crystal radios is ormmin
becoming a serious pursuit among hams and othep rad
hobbyists. They are discovering that the DX cajitésl of
these receivers have been greatly underrated. heen
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T1 Stanley audio transformer Part Number 221-&98
Pri 100 ohm Sec. 100M (100k) ohm
(Fair Radio Sales number T3/AM-20)
T2 Bogen T725 4 watt P/A transformer (Cheuk hottom
of this page)
R1 250k ohm variable resistor #
R2  2to 3 Meg ohm variable resistor
SW1 12 position single pole rotary switch (Ra8lwack)
SW2 12 position single pole rotary switch (Radi@é&k)
SW3 6 position single pole rotary switch (Radia&t)
SW4 DPST Toggle switch
SW5 SPST Toggle switch
C1 .1 uf capacitor
C2 4.7 uf capacitor non polar (Radio Shack)
C3 2.2 uf capacitor non polar (Radio Shack)
C4 1.0 uf capacitor non polar (Radio Shack)
C5 .5 uf capacitor non polar (Radio Shack)
C6 .05 uf capacitor non polar - (Radio Shack)
C7 .1 uF Capacitor #

Notes: # Not used in UltiMatch, only in UltiMatch 2
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same effect as putting capacitors in series, aoel wérsa for
series inductors. My uncle Elmer (I must have otk
sometime) told me, however, that circuit Q was bigghwvhen
you used as much inductance as your frequency i@iuyeed,
and to let the capacitor do all the "heavy liftingStill, some of
those old variable inductors look pretty elegant Aam sure
they work pretty well, even if they are a bit ma@@mplex to
build.
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switching the absolute phasing, don't worry aboutMany
cannot and it's one less thing for you to concewurself.
Position 1 on SW1 permits use of an efficient 4,08,16"
speaker on very loud signals, or use of headsétswery low
impedance ratings similar to those speakers.

Output Using Input2/Output Combo

The 'High' side terminal of input 2 may be usedhes'return’
for the headset for the xtal detector functiort isidesired to
select a winding ratio ‘inside' the normal selewtioConnect
the headset to the 'high' side output terminain(i®w3) and
it's other lead to the 'high’ side of input 2. S&/then used to
select a tap for the 'low' side of the headset ection, SW2
selects the 'high' side as before. This ‘insidébopexcludes
selection/use of the position '1' 8" speaker @mpsSheadsets
will match up better using this option.

Absolute phasing may then be reversed/corrected\mrsing
the switching order of SW1 and SW2 , thus reverdime
‘high' and 'low" sides of the headphone conectigti®ut need
to disconnect and swap them, once the best ralgct&n is
found by ear. Correct “Absolute phase" refers he the
condition where a pressure ‘push' into the studio gives a
pressure ‘push’ from the speaker or headphone lutbsphase
reversal results in an unnatural result of a 'pgiiing a 'pull'.
Some listeners find clearer & more lifelike vos@unds when
absolute phasing is correct.

Steve Bringhurst

Parts List
(UltiMatch and UltiMatch 2)
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to the headphone being used. The position givindahdest &
clearest sound is usually the best setting. SWi3esl to select
bass response balance for the headset and inpicedewse,
the 1st position is 'direct’. This adjustment viadlve a more
subtle effect than a regular tone control.

Input 2

Input 2 is used for powered devices like tube &nsistor
detectors & amplifier ckts with SW4 in the ‘'low'gition. SW1

is used to select the proper input match for thegued device.
Always start from the highest setting first wheringsthis
function, too low a setting may damage the powetedce.
Using SW2 selects the best match for the headsetfase, or
position 1 can drive a loudspeaker directly. Thedest &
clearest sound is usually obtained when SW1 & SW® a
optimum.

Output

Any set of headphones or single earpiece, suchteleghone
earpiece, may be connected to the ‘output' terminalis

usually preferable to have 2 earpieces connecteseiies,
rather than parallel, & properly phased so thatsthends seem
to occur ‘inside’ ones head between the ears andtheither
ear. Switching the connections to one earpiece eulirect

phasing. Some listeners can hear a definite differein

intelligibility when the headphone connections the t
transformer device are switched around (which ==e@r
‘absolute phase’), the clearer sound has cortestltae phase’
and is of course preferable. It is generally a-time

adjustment, but not always for every station, paogrect .
This can change if the station or studio is caselabout
engineering practices and allows reversed absphase
signals to occur. If you cannot hear a differenchem
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SELECTIVITY ENHANCEMENT CIRCUITS

http://makearadio.com/misc-stuff/dxnotes.php
Dave Schmarder's Hints and tips...

| would like to talk about selectivity enhancemanitcuits
(SEC). Some refer to these as the "Hobbydyne" Fiederick
in Florida came up with the Hobbydyne circuit. Téerliest
publication of a SEC | have seen was in Australizhe early
thirties. Jim Frederick's Sitelere is the Australian pag&o
you see that what appears to be new, sometimésBsi'Jim's
Hobbydyne was new. Also his first (to my knowledgegent
use of the SEC is credited to Jim.

The SEC and Hobbydyne do the same thing. They allow
unloading of the tank circuit, thus increasing theded Q,
which means better selectivity. It also providesetter match
between the tank and diode (and audio circuitshéurdown
the line). This is better than the old fashione¢ whmatching
and unloading - tapping the coil. The basic SECsists of a
small value variable capacitor (usually around 2(s§, and a
small RF choke. | found that a 27 millihenry valisegood.
Some have used a reverse biased diode in plade ahbke.
The choke or diode is to complete a DC path sodgtector
can work properly.

Jim discovered this feature while experimenting hwhis
crystal sets in 2003. He sent me an ie-mail andedvne to
test this circuit. | tested it on my, at that timarrent dx
receiver, my #35 radidt didn't take me very long to see the
value in this discovery. | knew that this was goitegbe a
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regular part of my dx crystal radio designs, sodkied around
for some inexpensive chokes. | found some 27 mkehand
found they worked great. The next development fdom was
his Hobbydyne circuit. Using the SEC described abead the
issue of the resonant frequency shifting when #ilecsivity

was changed. It is easy to understand as the tapeeiwas
being changed and this affected the tuning. Jioilstien was
to add a differential capacitor. A differential eafior is a
variable capacitor with one rotor and two statoks. the

capacitance on one side increases, the other sideeabes.
This part was used mostly in the high end variaisieillators
for better stability.

Jim later made an enhancement to his basic hobkydyn
adding a small trimmer on the ground leg of thdedéntial
capacitor. This allowed for better tracking acrodse
differential capacitor range. | found there are tdabbydyne
hookups. One is what Jim came up with and the dshehat |
came up with. | don't claim any discovery herewits most
likely a wiring error. But, isn't that how some eyday items
were discovered? Below are some circuits showingowsa
SEC configurations. Figure (a. is a directly conteddiode to
the top of the tank. This is the worst possible waylirectly
connect a diode for most builders. Only if a highpedance
load is used at the output, will this method worleliw
Otherwise, you can tap the coil and connect theldio that
tap. That way you won't end up with a bad mismaaod
severe tank loading. This causes loss of sengitigind
selectivity. Figure (b. is a basic SEC. Just a bitmahmer
capacitor and a dc path rf choke. This is a goadepto start,
especially if you don't have a differential capacitThe rest of
the figures show various SEC and the Hobbydyne ections.
It is kind of a take-your-pick situation. Figure. (eas the
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, ULMatch 2 by sie prisgiure:

el
T

Directions for use of Ulti Match 2

Input 1

General directions for using the UltiMatch with stgl
detector receivers; Crystal detector input is matiénput 1
with the diode to SW4 & the detector return to thtder
terminal. 1st position of SW-4 is for higher impeda
detectors and the 2nd position is for lower impeedashetector
ckts & mineral detectors. SW5 selects an overaibrshift to
better match some low impedance headsets at ppe##} is
‘normal’. SW5 doesn't function with SW4 in 'lowl & used
to adjust for lowest strong-signal distortion witbwer
impedance detectors, R2 is adjusted for lowesngtsignal
distortion with very high impedance detectors lRehottky
barrier diodes, otherwise, it's 'normal’ settingrimimum'’ with
the adjustments for 'low' SW4 setting and germanamd
similar detectors on SW4 ‘high' being made with BW2
allows selection of the best match, by ear, ofitipeit device
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UltiMatch and UltiMatch 2(new)

by Steve Bringhurst

This is a "All in one box" unit

This incorporates the Select to Match ("S-T-M") atie
Universal Match-Box ("Uni-Match")

all in one unit. Get the most out of your composént

Original UltiMatchCircuit

Original circuit has been left here so those wheeteready
built the circuit can see easily the differencestlie two
circuits.

This will help if you would like to "convert" to ghnew circuit.

UltiMatch by Steve Bringhurst

UltiMatch 2(new)
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additional tracking capacitor. That is recommenidgau can
spare the capacitor. Another hookup would be far ¥ use
two small capacitors in a quasi differential capaciYou can
manually increase one capacitor while decreasirgvétiue of
the other one. This will give you that capacitiveider effect.

- — i
L 0 Cs b L ca D
i L RFC = RFC
c c c

2 b [
o
—

L
cd

fls

rll

RFC

L= Main Coil, C= Main Tuning Cap, C35 Selectivity Wariahle (20 pf, D= 1N344 etc.
Cd= Differential Gap (20 pfy - Ct= Tracking Cap (10 pft, RFC= 27 mh Choke

Crystal Radio Selectivity Enhancement Circuits (c) 2006, D. Schmarder
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T2 BogenT725 4 watt P/A transformer (Chewkbottom
of this page)

swl 12 position single pole rotary switch (Ra8fack)

sw2 12 position single pole rotary switch (RaSlizack)
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Universal Match-Box
"Uni-Match"
by Steve Bringhurst

Another idea from Steve Bringhurst is the "Uni-Mdtoor
Universal Match-Box. This simple box will match jusbout
any

type headphones to just about any type radio. Rsigded just
for crystal radios, but for just about any typeioad

"Say you want to use your S/Ps or Brush-Cleviteg® or
your Telephonics TDH-39s or?? on a tube or xistgenny,
MK-484 TRF, the output of your regular radio, eetf. You
could do any and all with this." Steve Bringhurst

Uni-Match

I

swl w2

white 12

in out

Starting at the first position on the switches agoing
clockwise the impedance should be approximately
40k, 20K, 10k, 5k, 2.5k. 1.2k, 600, 300, 150,7%al8in ohms)
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CONTRA WOUND COILS

http://makearadio.com/misc-stuff/dxnotes.php
Dave Schmarder's Hints and tips...

Hi Friends. Welcome to my contra coil page. Thdscthat |

am showing on this page are used as the main taits for

crystal radios (and tube radios too). | believet thiais

improved type of tank coil will be one that you Mifant to

incorporate in your next crystal set. | owe theagl®n this
page to Ben Tongue. A while ago he published thisy v
interesting article on his web sit€he articledescribes a radio
he built that has a constant receiving bandwidttose the

MW broadcast band. Reading this article is veryttnahile.

My goal isn't to have constant bandwidth, but inved
performance where it is really needed, at the top @f the
band. There are several difficulties in tuning ttigh end of
the band and | believe the contra coil will improyeur dx
reception.

The contra coil
in its simplest
form is two
equal coils
wound on the
same coil form,
but in opposite
directions. The
coils are
connected in
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series to tune the low end of the band and in fedrar the

high end. How the coil is wound and connected ignetthe

secret lies. With the windings wound as they dre losses are
low and the Q is high. The variable capacitor @iperates in
the sweet spot, further cutting losses. On the leigdh of the

band, the litz strands are doubled with the pdrati@nection.

That's got to be good!

Ben's coils have extra taps for the diode connecfithe tap
used is dependant on the part of the band thamisdt along
with connecting the coils in series or parallel. sfgits the
band into 4 segments. For now, I'm leaving off thps and
going with a hobbydyne type circuit that will alloior
variable tank loading and matching.

The first coil shown is my test prototype cylindzil. | felt |
should build one cylinder type to get the feel ofvhthis coil
will operate. The coil form is a styrene sewer pioeipler. |
bought it at Home DepoThe outside diameter is 4-1/2 inches
(11,5 cm). There are 22 turns of 165/46 litz wire each
winding. Each coil calculates out to 27 feet (8725 including

6 inch (15 cm) wire leads. The stag) (vindings are in the
center, and the finist)(windings are towards the form edges.
When winding the coll, start at the center. Wind thst coil.
Then when winding the second coil, beginning agstirthe
center. The two start windings will wind in the sadirection
around the form. That makes the coil wound revessepntra
wound around the form.

To connect the coils in series connect the stadnef coil to
the finish of the other coil. The other leads arerected to the
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put in for 10k Hi "Z" headphones (Radiwagk)

Notes:
1) The range of C1 can be from .05uf to .22uis ot that
critical.
2) Only ten of the twelve positions are useduvil
4) #1 lead on T1 goes to SW3. It is split and @ad goes to
brown on SW1 and the

other goes to red on SW1. This allows youstidts the
ratio range a full

step for better use of the Stromberg Caré&dements.
5) Experimentation is the key to getting thehtigalues on
this unit.

What is right for you and your set up is wbaunts.
6) See photo below for proper phase ID of the tpink"
wires on the Bogen 725

transformer.

My version of Steve's S-T-M Stanley/Bogen

150

rest of the circuit. For parallel operation, thetstart wires are
connected together as the two finish wire are cctece
together. The connections to the rest of the rad® from
these points.

When the coils are in series, the inductances atlds (the
mutual coupling). This is because the coils arghase. It is
just that the wiring connections jump to differgritsitions on
the forms. When the coils are in parallel, they @s® still in
phase, but at 1/4 the original inductance value.

The inductance is approximately 240 ph in series@hph in
parallel.

It is likely that you will want to use some kind sivitch to go
from series to parallel. Try to find a low loss ®hi such as a
ceramic rotary switch, or use thumb nuts, and biads
mounted on low loss materials. The circuit is shdefow. It

is important that the coil and switch be wired elaas
shown. If your radio doesn't work, check the wirifigst. |
included the physical wiring pictoral below. Thi from my
#64 contra radioThe picture of the switch is the top view,
while the pictoral is how it is wired from the bart.

Design Your Own Contra Coil

Now how do you design your own contra coil? Herehis
place to start. You may want to skip this partrfow and look
below at the pre-designed coils. If your tuning awfor
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matches one of the situations below, you don't ntresl
section.

You will need a few things before you start. Fitspokmark
this page on_crystalradio.neThis link sends you to Dan
Petersen'®rofessor Coylealculator. This takes nearly all the
math out of designing your own coil. You want tdese the
cylinder coil calculatoras this one has the resonance
calculator.

If you build a coil, you should have an L/C mefeause the one
produced by AADE It is important to be able to balance the
inductances of the two coils. If you don't have ,oyeu can
just shoot for the best by using the designs thatve made.

If you want to test the actual tuning ranges, ydll meed an
accurate signal generator, a capacitance meten autpe or
other rf level indicator. If you are building oneilc you can
just put it in your crystal set and check out tineirig range by
listening for the stations.

It is best now to go over some of the basic desigeria, map
out what we have and discover a few truths andugecon
some assumptions. So here we go:

The contra coil has a 4:1 inductance ratio betwsssies and
parallel. 240:60 ph for example.
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S-T-M  Stanley/Bogen
"Select to Match" Impedance Matching Circuit
Circuit Design by Steve Bringhurst "baldy3823"

n o white 12

ra
iolet
1 [2 T

SW2 i —nlue
SWl.Sreen (o

Lk Teen
i ground 5 L _J:_- vellow
Ls hrown 1 s__orange
Ziored L 1 red
fes| ez [c2
Ic: brown

6 hlack
Phones pink (R)
1 pin (L)

to detector

[T

T1 Stanley audio transformer Part Number 221-&98
Pri 100 ohm Sec. 100M (100k) ohm
(Fair Radio Sales number T3/AM-20)
T2 BogenT725 4 watt P/A transformer (Chtwkbottom
of this page)
R1 250k ohm variable resistor
SW1 12 position single pole rotary switch (RaSmack)
SW2 6 position single pole rotary switch (Radi@a&t)
SW3 SPDT toggle switch (Radio Shack)
C1 .1 uf capacitor (Radio Shack)
C2 4.7 uf capacitor non polar (Radio Shack)
C3 2.2 uf capacitor non polar (Radio Shack)
C4 1.0 uf capacitor non polar (Radio Shack)
C5 .5 uf capacitor non polar (Radio Shack)
C6 .05 uf capacitor non polar - not shown newit can be
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The S-T-M is excellent for comparison of headphonis
works very well for one or two sets of phones adl. viewill
run a range of headphones, from magnetic to soaneed.

148

The low end of the tuning range should be 530 Better to
design to 520 khz. The larger the value of youriade
capacitor, the lower this is likely to be.

The high end of the series coil connection shoaltth above
1000 khz. This may not be possible. Just so the candition
is met, all is ok.

The low end of the parallel tuning should overlap series
high end by 30-50 khz.

The tuning ranges should span the dial over a a§tat0-300
degrees.

A variable capacitor as low as 15-280 pF can bel lsg a
higher value is recommended.

The variable capacitor shouldn't be over 500 pF.

Figure on about 25 pF capacitance added by the detector
circuit and coil distributed capacitance.

An air trimmer capacitor of 75 pF is recommendelisThelps
with dial spread.
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If you build the coil too large, you will lose digpread but you
will tune the whole band.

If you make the coil too small, you may not be ablget that
30-50 khz mid band overlap. (This assumes that would
have to increase the trimmer a lot more.)

The higher that the total maximum to the total mmiam
capacitance ratio is, the wider the tuning rangk bvei. This
means that the dial spread would decrease. Lotilegtictures
below in theOther Adjustmentsection

Being that the main tuning capacitor range andikieel added
values (diode circuit and coil distributed capaui) is pre-
determined, it comes down to juggling the coil eaknd the
trimmer capacitor value to get the best spread fuifituning
range.
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R1 250k ohm variable resistor
SW1 12 position single pole rotary switch (Ra8lmck)
C1 .1 uf capacitor
C2 Value of C2 depends on the set up of thedeta.
(all non polar)
1) one 600 ohm impedance element = 1 uf
2) two 600 ohm impedance. elements winguhrallel =
2.2uf
3) two 600 ohm impedance elements wineskeries = .5

uf
4) 10k Hi "Z" headphones = .068uf to .05u
5) two low "Z" elements in series liked®nberg
Carlsons can be run on 2.2 uf, bati#imight be
a better match up.
Notes:

1) 1 uFis a good fixed compromise value foriCgveral
different impedance headsets

will be frequently used.
2) The range of C1 can be from .05uf to .22uis Inot that
critical.
3) Only ten of the twelve positions are usedSbvil
4)  White lead on T1 goes to the rotary switchISwWith
yellow
5) Experimentation is the key to getting thehtigalues on
this unit.

What is right for you and your set up is wbaunts.
6) See photo below for proper phase ID of the tpink"
wires on the Bogen 725

transformer.
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S-T-M
"Select to Match”
by Steve Bringhurst

The "Select to Match" was designed to allow a persm
experiment with different headphones on the sanystair
radio.

If you are using only one set of headphones ordy might
want to build the

dedicated circuit below which will save you spatime and
money.

STM introduction

S-T-M Calrad/Bogen
"Select to Match" Impedance Matching Circuit
Circuit Design by Steve Bringhurst "baldy3823"

red gn

1 R1

en

kS
1o detector y“:u'];w e £

o ground

- 1 red
Phones S et

LRI L

T1 Calrad 45-700 audio transformer (OceawmtEd@ic)
T2 Bogen T725 4 watt P/A transformer (Cheuk hottom
of this page)
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T T
L |c |ct c;|_
L= Coil Under Design - Series & Parallel
C=Main Tuning Capacitor Min & Max Value

Ct= Trimmer Capacitor 75 pf max
Cr= Radio Capacitances, 25 pffixed

Crystal Radio Contra Coil Design
Here is an examplefo start, you have to measure and add the
capacitances for when the tuning cap is at minimamd
maximum. Add 25 pF for the extra radio capacitanédso
include a starting value of 10 pF for the trimmettisg. The
values are reached by rocking the values back @i dintil a
suitable value for the coil is found.

Let us assume a 15-350 variable capacitor plusPB3%pthe
extra capacitances described above. You can see ith¢he
schematic shown above too. This means that theuitcirc
capacitance ranges from 50 to 385 pF. These aréingta
values, and the minimum and maximum values ardylicebe
more like 80 to 415 pF as the trials go on. Thetisg value
for the inductor is 240 and 60ph.

Starting with the low end, plug in a value of 248 pnd 385
pF into Professor Coyle. That is a pretty close B2t Lucky,
huH? Ok, now use the 240ph coil and plug in theimmuim
total capacitance. That comes to 1453 khz. Thitasvide of
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a frequency spread. Instead of going further, wié chiange
the maximum and minimum capacitor value and steet.o

Now plug in a higher value of maximum capacitancel a
adjust the coil value to a 520-530 khz range. Ltey?15 pF.
That drops it down to 504 khz with a 240ph coilt'teeduce
the value of the coil. 225ph brings the frequemcgti521 khz.
Now let's try the minimum value of 80 pF with a p26coil.
That sets it at 1186 khz.

Ok, it is time to try the high range. Since the loange is
225ph, the high coil will be about 56 pH. The londewith
415 pF now tunes 1044 khz. We have more than enough
overlap, but the parallel coil low end tuning raige tad high.

So let's go back and turn up the trimmer 20 moreTp#s will
give us a capacitance range of 100 pF to 435 pbul2&vith
that capacitance tunes 1061 to 509 khz. The 56iilamd 435 Stanley Match built by Mike Tuggle
pF tunes to 1020 khz. That is a 41 khz overlaps Tdoks like

a good value to go, but let's make one more tweak.

How about raising the inductance to 232ph. Thengimange
is pretty good but the low to high band split isite higher
than | like. The capacitance at 100 to 435 pF i®dgo
Remember that the trimmer will take care of themaacies.

So 230 pH and 435 pF tune to 501 khz and at 10Qipés to
1045 khz. The parallel coil is now 58ph. That tudesvn to

120 145



The StanleyMatch is nothing radically different rfroother
phone matching units, just a way to get more fldikjbfrom
the Stanley/UTC TF-1A-10-YY input transformers Istil
available at a bargain from Fair Radio. By soméyni
switching, one can combine two single 100 k-to-a@én units
to get five different input-output impedance pair$he key
component is the 4-pole, 5-position switch. These in the
form of 4-deck rotary switches, as 2-deck switchéth two
independent 5-position sections on each deck, aarsihere
(actually, the sections are 6-position with oneitims blocked
out) -- or possibly as single deck switches withotw
independent sections on each side! On a 4-dedkisseveral
positions will likely need to be blocked out. Thawhat those
tabs at the collar are for.

The 2 x 3 x 5 in. mini-box is about as small asolld suggest
going -- unless you are a micro-circuitry freak /amddon't
mind the smell of insulation burning on your soldgriron.
Even so, | had to pre-wire several of the companéetfore
installing them in the box. Details like exact pod capacitor
value and connector types are user's choice.t hampened to
have ‘'standardized' on 1/4-in. phone plugs and inl/8-
miniature output jack on my sets.

The low impedance (50 - 200 ohms) outputs make uhis
especially suitable for low impedance sound powerenhes.
| suppose you could Bogenize the low impedancetemdatch
higher impedance magnetic phones. I've been dumpy
with SP's and haven't seriously tried other typEse test
points (TP) mounted on the rear apron are for awditage
output measurements if so desired.

144

1002 khz. That is a 43 khz overlap. The trimmer feil you
adjust to 1041 to 998 or 5 channel overlap.

Now a couple of things: First, you won't get thd tiwat close,
but if it is plus or minus 5ph, that is fine. Thirtmer will iron
out the glitches.

Notice that we didn't talk about the high end & Hand in the
parallel coil configuration. This isn't importans at will
always fall above 1700 khz.

You will have good dial spread with these valuelse Bctual
dial spread will depend on the shape of the capagiates
(straight line capacitance, or straight line frammd. You will
have better dial spread than with regular wound coi

If you are unsure, wind the coil on the large sillecan be
taken apart and adjusted if you are real far affs Ibetter to
have less dial spread than not being able to tuméand.

This works with a cylinder wound coil or spider lcoi

So to recap, we found 282/58uh coilwould be good with a
15-350 pF capacitowith a60 pF trimmer (with the fixed 25
pF for the radio and coil capacitance).
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Recently Jeff Welty whipped up this page for cadting
spider contra coil. It is very complete, from emgrthe data to
printing a coil form template.

So hereis the calculator. I'm sure this will take the enisand
doubt out of your coil building.

| wish you the best success with your coil. (arekltoo) :)

Dial Spread

There is a special feature that comes with theraamtils. That
is, the tuning range on each band is somewhat vifithes

means that a capacitor with a big capacitance istio really
needed. But what happens is that the dial spreadtias good
as it could be. Take a look at the two pictureseyThre the
same radio, kind of a before and after shot.

The top picture shows the tuning covers a muchomar part
of the dial scale as the bottom picture. You haviook close
at the numbers as the ranges are a little diffeféme left side
is the low band (530 - 1000) and the right sidenéshigh band
(900 - 1700).

The difference is that | placed a small trimmeramjpr (about
75 pF maximum) across the main variable capadiow the
capacitance ratio of my variable is about 6:1 (SO0).
Before the ratio was about 23:1 on this capac26r475pF).
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Stanley Match
by Mike Tuggle

Santoy-Stateh

by Mike Tuggle

R P2

a02uF
polystyrene l—»%
M’ @ Grounded Primary.

0.5 mey Autotranstormer

FHOMES

i

Pos. 4: 200 kto 200 ohms
Pos. 5: 200Kto 50 ohms

1,72~ Stankey
TF-1 8402, sold

by Fair Raclo

The StanleyMatch combines two of the bargain Fadi®
transformers with a 4-pole, 5-position switch tooyde
several high-to-low impedance matches especialtatsie for
low impedance sound powered phones.

StanleyMatch by Mike Tuggle
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Strombergs are lower AC Impedance than most otbends
powered headsets and can

benefit greatly with this circuit. This will helthém perform
closer to the other "Big Can" decktalkers.

Also works great if using the "mic" elements out of
decktalkers.

"Mic" elements are also lower impedance.

142

1 did try a more aggressive type of band spreadsigg both a
trimmer capacitor along with a padder type. Butsith am
stuck with a fixed 4:1 coil ratio, | had some tré&ubetting the
dial spread to work correctly on both ranges. Hawevith the
way | did the dial spread, | get about a total dfiths of the
knob in each range. A regular coil set, such as#fis just
under 3 turns of the knob to cover the entire baubther

contravantage.

Your actual situation will be different, dependiog the actual
components you use. But after you build your séh a&icontra
coil, investigate using a trimmer to widen yourl digread.
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UTC A27 Transformer

commection to xformer case

ground
diode T 1 : Phones
(radio) 8 ] cz
C ]
R1 3
10 66—
T

Circuit for a UTC A27 Transformer
An excellent very low loss transformer
(This circuit has been revised on 29 January 2004)

Dual Calrad 45-700

red white
o diode
n e
Tl

i phones

ground

red white
Rl W mgw =
T2
oI

Dual Calrad 45-700 xformers
Excellent when using Strombergs Carlson and Dynalec

Decktalkers.
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C2 .47uf capacitor

Typical Dedicated Circuit With Phones
LR

-ﬁ L) (Lw)
to diode green

Shown out of phase or opposed
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BASKET / SPIDERWEB COIL DESIGN
PA2MRX
http://www.pa2mrx.nl/UK/coil%20homebrewing_uk.htm

The tuning circuits of my xtal sets are made outoddf

fashioned type of coils as seen in old magazinespéoto's,
these can be Honeycomb, Basket weave, Spiderwebtaad
forms of coils. In German these are: Honigwaber;bkpule,
Spinnwebenspule. Basket weave coils are also nmeutiin

books as “"Lorenz" coils, and can be made in diffeshapes
and sizes, as the Honeycomb and Spiderweb coils.

These coils were made because of their low ownaizpee,
this gives your coil a higher Q because the winsliage further
apart from eachother, there is more air betweefagfes.

You can make your coils using enameled copper wiresilk
or cotton insulated wire. Better if you make coits the
middlewave band using Litze wire, this wire is maulé of
many insulated smaller wires, from 3 up to 150@nore small
wires. But the more wires, the more expensive tie.w

=

Fig. 20
A honeycomb COI| is not more then a one Iayer déincoil.
Many variations are made of this type of coil. Afteany tests
and research they came to the conclusion thateffiaduction
is going through a maximum when the cross sectias &
rectangular form (Thickness is same as width) likég.19 is
the same, and when the average diameter is the iss@Brethe
thicknes of the winding
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Calculation of Spiderweb/basketweave/cilinder caitn be
done with the "prof. coyle" programme, but | didfitd a
formule to calculate honeycomb coils, these cataria were
so complex they only published the data to crehiese
honeycomb coils. | have the data below as fourmdrbooks:

Used capacitor in table 1 is 1000cm (+/-1100pF)evsize
0,5mm. The coil form has a diameter of 5¢cm, thicsnis 4cm.

# Windings  Wire Length Wavelength

25 4m 180 - 430 meter
35 6m 200 - 550 meter
50 om 250 - 700 meter
75 14m 400 - 1000 meter
100 20m 500 - 1300 meter
150 30m 700 - 2000 meter
200 42m 1000 - 2700 meter
250 50m 1300 - 3600 meter
300 63m 1600 - 4200 meter

Source : Bastelbuch fur radioamateure, 1925

Coilform in table 2 is 5cm in diameter and a width2,5cm.
Own wavelength is the wavelength of the coil with dwn
capacitance.

Self Range with
Winding | WL  Wire WL C 50-1000pF
# mH m mm m m
25 0,05 50 0,56 4 meter 90 - 400
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DEDICATED IMPEDENCE MATCHING CIRCUITS
Darryl Boyd
http://www.crystalradio.net/soundpowered/matchimgéix.sht
ml#Dedicated

This "fixed" setup is designed for standard 600 ohm

impedance elements wired in series.
It is a standard matching transformer circuit.

in diode » green  green .
R1 H T1 to phones
X |
ground » red  white |
of 2

The following is another dedicated circuit for tvé@0 ohm
series wired elements.

The transformer is set up more as a autoformer.

| think it performs a little better than the abameeuit.

ground »

c2

: TeEn white ‘

fo diode £ [—

r1  HIZ Tl Loz to phones

red green
Cc1

Try both circuits. They use the same parts!

T1 Calrad 45-700 audio transformer (Ocean Ededt)
R1 250k ohm pot (a mini pot would work great!)
C1 .1uf capacitor
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35 0,09 90 0,56 6 meter 120 - 550
50 0,16 110 0,56 9 meter 175 - 750
75 0,3 150 0,56 14 meter 250 - 1000
100 06 200 0,56 20 meter 300 - 1500
150 15 280 0,56 30 meter 500 - 2000
200 25 350 04 40 meter 650 - 3000
250 4 400 0,4 50 meter 800 - 3500
300 6 500 04 60 meter 1000 - 4500
400 10 600 04 80 meter 1250 - 6000
500 15 700 0,3 120 meter 1500 - 7000
1000 70 1500 0,2 225 meter 3000 - 15000
Source: Der radioempfangsapparat, 1924

Coils as in the upper tables are made on a coilfasreeen on
description and photo’s below, but you can altexs¢hby
varying number of pegs used.

The Honeycomb coil

Coil form with its measurements are in the follogvin
drawings. You can use your own measurements and th
number of pegs. But the above values are for tbeite here.

You can make your form out of wood, but | made it of

alluminium on a lathe, the pegs are made out dfikgipins,
bought these at the weekly market here, if youtbege with 2
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pointed sides you can make two pegs of ‘m, so yerd rto

buy half of the knitting pins you need for the doitm.

Abb 5%, Der Spalenlkivpsr. st den eingsseteten Dreht-

sifien,

on it, but the width stays the same.

You can use your
own style the make
your coil,
over2/under2,
over2/under3,
over3/under2. Do it
as you like and look
at the results.

Winding  method
seen at the left:
Overl/under 4.
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580°10°
T
B sk
29 il
B T B 1]
e
Abb. 58, 5 .‘;‘;f;‘fr'nf,ﬂ?ef‘“" vou
A Honeycomb coil is
getting larger in diameter
the more layers are wound
MAX.
180°
MAX.
Mbb. 38.
. 2 DoerBlunberd
Jertig montlerts pumgwavrieue.
MiN,
[o2d 18C* 360°
Figure 55—Layouts of a heart-shaped cam.
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| also made a aircoil out of 6mm copper brake gjpiticm in
diameter, 8 windings, space between winding is 6mm.

These type of coils were used very often in oldiodad

equipment.

Self resonance at 17.690Mhz, -3db point at 17.98017.350,
makes a bandwidth of 630Khz.

Q of this coil at 17.690Mhz is 17.690/0.63=28

How do | get | veeery high Q at shortwave,..| thirgver, even
a aircoil | made with a diameter of 25cm had a @w

21-7-2008

| also made myself a coil winder according to thiegéry Coil

Winder manual. With this type of winder you can mak

yourself some nice small radio coils for your pobje

The coil winder in the above links are in principhe same as
the Gingery winder, only the cam has been changeal a

heart shaped one. This type of cam has the adwatiag the
wire does go around the circumference of the awiifan a

triangle shaped fashion, instead of a sinus with tbund

excentric cam. The heart shaped cam gives theacaiuch

higher stability when winding the coil. Below a scdom

WM. Querfurth’s book of the heart shaped cam withround
excentric cam in red to compare the two cams.
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If you use only one side of the coil form, you caimd your
spiderweb coil on this coilform, but you have ta fi with
glue, the needlework will not work here.

November 2010
On a lathe | made two new coilforms to wind coBsth have
two rows of 15 holes in it to put in some knittipgs to wind
the wire around.

The sizes are as mentioned in old books for thds coi
mentioned above, one 4.5cm thick and one 2.5crk thith a
inner diam of 5cm.

Winding method: Over two, directly to other sidedaagain
over two at the other side. (over 2/under 0)
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Honingrat spoel

& 7 Over2/onder0 methode
n /[ 50mm diameter

- / 25mm hreed (wide)

" / 2x15 pins

" #

“

»n

»

" L Windingen
| wound the smallest coil mentioned above (2.5crdeyi
Precisely according the description in the bookshw25
windings. The value should be 50pH, but after | sneed it
with my AADE meter and another LCR bridge the vahas
around 122uH. Same for wire length, | took 4 metand
wound the coil till I got no wire left,..8 windingsith a value
of 12uH. So just wind your coil, measure and puheanore
wire on it or take some windings off till you gethat you
want.

For the above honeycomb coil | made a table four&ituse
when | need to make some coils. | made 3 and puwéiue
and windings on mm-paper, | connected the pointgeba
rough guess of inbetween points.

Then | made the coils | needed and measured thenalsp
put them inside the table. It only goes to 162puldabse |
didn’t wind a bigger one.

Table is for honeycomb coils using the "Over2/Ufder

method, wound onto a 5cm in diameter form, 2.5coewiith
2x15 pins.
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was resonant at 11.110Mhz. -3dB point was at 11.2a0
10.930, this makes a bandwidth of 290khz.

So this is the frequency where the coil is resomith it's
own capacitance. The Q of this coil is 11.110mi28Mmhz=38
Not really a good choise to use for a chort wavestal
receiver.

Its own capacitance is approx. 13pF.

If | use this coil on shortwave, the selectivity wid go any
better then this 290khz. Q is only getting betteradower
frequency.

| also measured the self resonance of my 440x4@espeb
coil of my 2006 BTTF receiver.

Resonant at 2.523Mhz, -3dB point at 2.539 and 2625 this
makes a bandwidth of 34Khz.

The Q of the coil at this frequency is 2.523/0.084=

Here | see that the Q is much better at lower feaqy as i
measured in another chapter on my site.

Self capacitance is around 16pF

If | wanted to make myself a 10-15Mhz shortwavestay
receiver with a bandwidth of around 9Khz, then |

would have to use a coil with a Q of around 1366 means a
self resonance point that is at a much higher Jere

a even lower capacity,..even lower as 5pF,..| si#int to

seperate the station,..won't I.
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Pictures of coils are made by me. © 2005

Fixation of the coils so they do not fall apart ¢éendone using
some needlework, another used methode from thehiegi of

the 20th century is to fix the coil using "zaponder". This a
laquer on a nitrocellulose basis. Long time ago gould make
this yourself by dissolving celluloid film negatiaeinto

ethanol. Beware: film negatives these days aremaate out of
celluloid. Now you submurge the coil into the salotyou get
and after that you get it out of the solution aedit dry. You

also can use "shellac" to fixate the coils, thisaisilable

plentyfull on Ebay,..a kilo for 8 Euro’s or so.

Self resonance of coils

| made a cilinder aircoil with a value of 15pH. Wiut a
capacitor connected | measured the resonance ofcthi It
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The basket weave coil. (lorenz coil)

You can create your basket weave coils using eepiéevood
or something. | used a piece of plexiglass witthiekness of
around 1cm and drilled holes in it, | used steébrta put in
the holes. The nails are placed in a cicle of adoliacm. |
wound the wire around the nails using the overlguhd
methode. But this can be

7-2. REL Over
1/under % Method.

re-arranged by you using
anothe method,..overl/underl, overl/under3,..youeria
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over2fonder methode

Another type of coil is the basket weave coil mading two
rings of nails to wind your wire through. At thghi you see
2x11 steel nails. The methode of winding here &rdtunder2,
but you also can use overl/under2 or something else
Note: Of you follow the wire in the over2/under2 thede,
you get to the starting point after 3 circulatioofsthe wire.
Now you layed down just one layer. This also inefsidhe
coils mentioned above.

This is what they mean by the windings do not seshether,
there is lots of air between every layer, this giyeu a coil
with a better Q.

This way | made several basket weave coils and sifriieese
had one layer after 8 windings.
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In table 1 they used 25 windings and 4meters oéwin a
coilform of 5cm in diameter. These 25 windings ahe
windings,..not the layers. You have to watch ottlag down
25 layers.

A basket weave coil stays the same diameter whéenidth is
getting more.

Below some pictures of coils | made and on theimfo(this is
my first and old coilform)

Coil being made using the form with knitting pins
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