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http://www.skywaves.ar88.net/xtal/xtal.htm
http://www.rtm.ar88.net/


Crystal Radios
A D.I.Y. favorite for more than 100 years

Å A passive radio receiver.

Å No Power Supply

Å No Batteries

Å All the energy that gets to your 
eardrum came from the 
transmitter!

The antenna intercepts electro-magnetic waves 

transforming them into electrical currents in the 

antenna-ground system.

Tuned Circuit
Selects

the desired station

Detector
Solid -State Rectifier

Converts radio -frequency 

signals to audio.

Earphones
.



Editorial Comment

ÅOver the years millions of crystal radios have been 
built.

ÅThe vast majority were simply dreadful performers.

ÅHowever, itôs not that difficult to build a good one.



Marconi  1896

BRANLEY

COHERER

Morse Inker

The only tuning was the natural resonance of the antennas.

Having been trained in telegraphy, Marconi buried half 

of Hertzôs antenna, thus inventing the Marconi antenna.
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Patent 7777
Application filed 12 April 1900

From The Wonders of Wireless Telegraphy

J. A. Fleming, London, 1913

Both the TX and RX are double 

tuned circuits.  The capacity of the 

antenna and the loading inductance, 

T, form the so called ñopen circuit,ò 

while the spark gap in the TX and 

the responder (detector) in the 

receiver are in the ñclosed circuits.ò

Responder

Telephone
Sir Oliver Lodge -1898

Collier telephone receiver used 

in the 1901 transatlantic test



Collier Receiver

https://www.telephonecollecting.org/Bobs%20

phones/Pages/Essays/Early%20Receivers/Ea

rly%20Receivers.htm

https://www.telephonecollecting.org/Bobs%20phones/Pages/Essays/Early%20Receivers/Early%20Receivers.htm
https://www.telephonecollecting.org/Bobs%20phones/Pages/Essays/Early%20Receivers/Early%20Receivers.htm
https://www.telephonecollecting.org/Bobs%20phones/Pages/Essays/Early%20Receivers/Early%20Receivers.htm


The Antennas -Ground System

ÅInverted L

Å20 Ft high x 40 Ft long = A good start

ÅHam ñDipoleò

ÅResponse falls off drastically below the half-wave frequency.

ÅShort the feedline.

ÅUse as a T-antenna against ground.

ÅImprovised
ÅWire wherever you can put it.

ÅRain gutter

ÅBed springs

ÅEtc.

Less than ¼ Wavelength



Ground is where you find it.
ÅA ground rod may or may not be the best ground.

ÅWater pipes

ÅElectrical safety ground



Portable Ground
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The Mysterious Decibel

ÅRelative power measurement on a logarithmic 
scale.

ÅI can hear a 0.00001 volt signal in my best 
headset, but a 2.768 volt signal hurts my ears!

ÅThatôs a voltage ratio of 27,680 to 1.

ÅA power ratio of 109 decibels.
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What Decibels Mean

ÅdB = 10 log P 2 / P1    

ÅdB = 20 log V 2 / V1 

ÅdBm = power relative to 1 milliwatt

Å1 dB  smallest audible change

Å3 dB  modest change - twice the power

Å6 dB  twice the voltage

Å10 dB  10 times power

Å20 dB  100 times power, 10 times voltage

Å30 dB  1000 times power



Headphones

Double-Pole Telephone

ñHead Telephonesò

Western Electric 509W

About 1000 feet 

#40 wire/

ñWatch Caseò

Receiver

2000 Ohms DC is 

the traditional 

headset for radio 

work. Impedance 

is å 10K Ohms.



Audio Transducers

ÅTraditional 2000-ohm ñphonesò
ÅMore expensive ones wound to higher resistance 4-5 K, a plus.

ÅCrystal Earpiece ï (Put a 50 -100K resistor in parallel)

ÅLow-impedance / High Sensitivity (+10-15 dB)

ÅñSound-Poweredò phones

ÅModern Earbuds (Rare-earth magnets)

ÅRequires audio matching transformer $$$

ñCrystalò earpiece

About $9 on Amazon Navy ñDeck Talkerò

Sound-Powered Telephone

Inside a traditional headset



Balanced -Armature Transducer
for More Efficiency

Nathaniel Baldwin

Type ï C

Patented 1910



Headphone Data
http://www.skywaves.ar88.net/xtalset102/headsets.htm

{ƻǳƴŘπtƻǿŜǊŜŘ ΨtƘƻƴŜǎ

Sound -Powered óPhones

Modern ñearbuds,ò even the cheap ones, are 

about as sensitive as the sound -powered óphones.  

Impedance å 30-Ohms per side.

http://www.skywaves.ar88.net/xtalset102/headsets.htm
http://www.skywaves.ar88.net/SoundPwr/soundpwr.html


Testing the óPhones

For high -impedance headsets:

ÅPut the headset on.

ÅHold on to one terminal.

ÅTouch the other terminal to ground.

ÅYou should hear a click.

Use the same test for low -impedance 

Phones connected through a step -up

transformer.



What About the Crystal?
It needs to be some kind of a rectifier, i.e. non -linear

Sir Jagadish Chandra Bose,

professor of physical sciences, 

Presidency College, Calcutta, India

Ca. 1899

The Italian Navy Coherer

ñSelf-restoring Cohererò

ñImperfect Contact Detectorò
Used by Marconi for early Trans-Atlantic Work 1901-1902

Carbon

Mercury

Iron



Fessenden Electrolytic Detector

Reginald Aubrey Fessenden  

1866 ï1932

First Transatlantic Two-way Radio telegraph - 1906



Greenleaf Whittier Pickard
1877-1956

(John Greenleaf Whittierôs grand nephew)

Silicon Detector patent  files 30 Aug 1906

Sorted through thousands of minerals.

Carborundum Detector ï 1909

Catswisker ï 1911

Wireless Specialty Apparatus Co, - 1907



Choosing a Detector

ÅGermanium
ÅDiodes

ÅTransistor junctions

ÅMineral
ÅGalena is most sensitive

Part numbers donôt mean much!

Dump all of them out of your 

junk box and try them in a 

radio.

Germanium - Good Silicon ï No Good

DMM indicates forward drop in millivolts.



Active Rectifiers

High Sensitivity Crystal Set

https://www.arrl.org/files/file/Technology/tis/info/pdf/culter.pdf


Letôs Build a Radio!

Å The simplest radio you can build is just a diode detector and a headset.

Å It will hear the strongest stations, maybe all a once.  

Å Now youknow you have an antenna-ground system, and a working diode and 

headset.

Å Proceed!

Or just use clip leads.  (I got carried away.)



Add a Tuned Circuit

Donôt waste you time on these!

You can do much better!



Whatôs Missing?

$25 on Amazon

Grab the next AA5 radio 

wreck you see for a 

dollar or two.



The Old Standby
Yes, this is in all the books, but it has problems.

See:  CRYSTAL SET DESIGN 102

http://www.skywaves.ar88.net/xtalset102/xtalset102.htm
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Impedance Matching

SOURCE VOLTAGE

10 VOLTS

SOURCE IMPEDANCE

Z S = 10 Ohms 

LOAD IMPEDANCE

Z L

LOAD Z  WATTS OUT PERCENT

1 OHM        0.83        40 

9 OHMS        2.49        99.6

10 OHMS       2.5       100

11 OHMS       2.49         99.6

100 OHMS       0.83         40
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Impedance Mismatch in dB

Å1:1 0 dB

Å2:1  -0.5 dB

Å4:1  -1.9 dB

Å10:1 -4.8 dB

Å100:1 -14 dB

Å1000:1 -24 dB



A better solution with:

Impedance Matching
Å Optimum match to the antenna is problematic.

Å Tuning a 3:1 frequency range.

Å Need to accommodate various antenna lengths.

Å Typical detector/headset circuit is too low an impedance to be a good 

match across the entire tuned circuit.

ÅTapping ñhalf-way downò makes a better match.

Radiation

Resistance

Intercepted

Signal

Voltage

Approximate

Antenna

Capacitance

Antenna Equivalent Circuit

å10K Ohms

AC

Impedance at Resonance å150K Ohms

Short Ant

Low F

Long  Ant

High  F



The Den 2 Set - ca. 1990

I didnôt want to disappoint my Cub Scouts with 

the questionable antennas theyôd have at 

home.



The Den 2 Set - ca. 1990

My design published by The 

Crystal Set Society, 1997.

ÅPerformance with a reasonable antenna:

ÅDaytime:  50 KW stations out to 40-50 miles.

ÅNighttime:  Hundreds of miles

ÅE.g., 900, CHML, Hamilton, Ontario, å 300 miles



The Pretty Good Crystal Set
ca. 2006

With apologies to Garrison Keillor and Ralph's Pretty Good Grocery

Same Circuit ï Better Coil

PGXS II

PGXS II

http://www.skywaves.ar88.net/xtal/PGXS-II_files/PGXS-II.pdf


NJARC 2006 Crystal -Set Clinic

41/2ò ABS pipe coupling

Anchor the end of the wire and maintain tension while 

winding.  Cardboard strip raises the turns to be tapped.



Effective Air -core Coils
ÅMake them big

ÅQ increases by the square of the diameter.

ÅMake them ñsquareò  
ÅAvoid very long or very narrow windings.
ÅRigorously: Winding Length å 2.5 X Diameter

ÅSpace the turns about one wire diameter
ÅClose wound enameled wire suffers eddy current losses to adjacent turns..

ÅInsulated wire
ÅClose-wound turn-spacing å 1 wire diameter.
Å#26-20 hookup wire.
ÅSilver-Teflon wire is great if available.

ÅPVC pipe is just fine

ÅStyrene or ABS is better

COIL WISDOM

COIL WISDOM

http://www.skywaves.ar88.net/Coils/Coilwiz.html


Joe Devonshire 2021

880 WCBS, 1520 WWKB.1130 WBBR, 1010 WINS, 1080 WTIC, 1210 WPHT

From Jefferson, ME  (Half-Way Down East)  about 325 miles from NYC.



A Fancy PGXS

A Christmas Present



Ferrite Cores
Another approach to coils

ÅHigh inductance in a small space.

ÅMagnetic field is contained.
ÅSo, you donôt have to worry about 

nearby conductive objects.

ÅInexpensive
ÅFT-82-61 toroid cores 

Å3 for$10 on Amazon

ÅMinimal wire required.

ÅEasy to make

You need to know what 

magnetic material you have.

(Mix-61 for the broadcast band)



Build Small Radios

ÅCity Mouse, ca. 2006

CRYSTAL SET MOBILE

CRYSTAL SET MOBILE

file:///C:/Users/frog/AppData/Local/Temp/Crystal%20Set%20Mobile2.pdf
http://www.skywaves.ar88.net/xtal/Crystal%20Set%20Mobile2.pdf


City Mouse

More Christmas Presents



My Livingroom Set

HOMEBREW DETECTOR STAND

HOMEBREW 

DETECTOR STAND

Cheater switch selects 

germanium diode.

Å Makes use of 

dollar -store 

earbuds.

Å 20-foot indoor 

antenna woks well 

here in ñcity-

mouseò territory.

http://www.skywaves.ar88.net/Det_Mt/DetStand.htm


The ñBennyò Resistor
Å Pointed out by the late Ben Tongue, captain-of-industry, electrical 

engineer and crystal-set maven.

Å The DC resistance of a matching transform primary is much smaller 

that the AC impedance.

Å The heavy DC load on the diode detector causes distortion and loss.

Å Bypassed resistor in series with the primary solves the problem.

Ben (left) supervising PGXS check out 

at our 2006 clinic.

Ben Tongue on Crystal sets

Ben Tongue on Crystal sets

http://kearman.com/bentongue/xtalset/xtalset.html


The Skywaves Pocket Mouse

 TRAVELING WITH ACRYSTAL SET

TRAVELING WITH A

CRYSTAL SET

file:///C:/Users/frog/AppData/Local/Temp/Traveling%20with%20a%20Crystal%20Set-9.pdf
http://www.skywaves.ar88.net/xtal/Traveling/Traveling%20with%20a%20Crystal%20Set.pdf
http://www.skywaves.ar88.net/xtal/Traveling/Traveling%20with%20a%20Crystal%20Set.pdf


Transformer Wisdom
ÅTransformers are used to match impedances.

ÅPower Out = Power In x Efficiency, but voltages and current change.

ÅImpedance matching is like horseshoes and hand grenades:      
Close Counts!

ÅTransformers donôt have impedances.  They have turns ratios.

100 TURNs 1000 TURNS

1 VOLT AC

@ 1 AMP

(1 WATT)

10 VOLTS AC

@ 0.1 AMP

(1 WATT)

1000 Ohms10 Ohm

IMPEDANCE RATIO = N 2 = 100

(TURNS RATIO) N = TURNS OUT / TURNS N = 10

Power Transformation

Volts out = Volts in x 

N

Impedance

Transformation

1000 Ohm load on the secondary is 

reflected back to the primary as 10 Ohm,



Microphone Input Transformer

Hi-Fi Frequency Response

Triad A -11J  $10.70 in 1953

UTC  O-1 $14

Multiply by 9.66 to cover inflation.



Line-to-Voice-Coil Transformer
a.k.a. Line Matching Transformer

SPECO  T7010

Made in Taiwan

About $15 shipped

On Amazon

Realistic 32-1031

Made in Taiwan

Bogen T-725 

$11 on Amazon Prime


