A S5TULY OF THE PROPERTIES OF

CRYSTAL DETECTOAS

3 by

ROY DAVISON McLELLAR

A thesis submitted for the degpres of

MASTE:Y OF SCIENCE

URIVERSITY OF WASHINGTON

1922



TABLE OF CONTENTS

Intreduction . . « . ¢ « « .« 4 & . e s
Apparatus . . . ¢ . 0 4 - 0. . .
WEbIs L o o 5 ¢ N ow o o ow ok oW
- Mineral déscription Aok W E omom m
GRleNE8 .« « « ¢ « « ¢« s o = o +
PYEAE® & » o« o « » o % v 19 =
SI11COM o « « « o « o « o o o o o
'Eolybdenité ph d o A B kN @ Rk ok
Carborundum « . . . « « ¢ + « = o
Pellomelene . . . . . « . & & « &
Zincite . . . . . (TN
Bormite . . . . . . o . . 0. .
HOXrCcury « « « o o s o ¢« s « » =

DadUCt 101’1 8 - * - - - - - - - - - - - -




PREFACE o

Since the discovery of wireless talegrephy, a great
many types of devices have bean invented for the purposse 6f
detecting oscillating weves of eiectricity. Ore of the most
simple, though reletively efficlent devices, is the use of
& crystel of suitebls substance, plsced in the phone cir-
cuit. The function of the crystel is to permit the oscil-
letions to pess in one direction only. This rectifying
property is shered by several neturasl snd artificisl crystel
substences. The exact nature of the properties, which
enable & crystel to detect, has never been worked ocut.

?his peper is the result of experiments of verlous
kinds, directod so es to link up erystal structurs and compo-
sition with the electrical phenomena a3 detsctors.

In writing this paper, the author has made use of
the ebundent supply of informetion found in the stenderd works
on mineralogy end crystellogrephy. A llst of the publica-
tions nsad,.will be found et the end of thls paper.

| The suythor wishes to express his sppreciation of the
hearty support glven by Prcfessd%‘ﬂenry Lendas. He &lso
wishes to scknowledge the sssistence received from Professor
George B, Goodspeed Jr., unier whose direction the experiments
wore carried out. The suthor wishes to therk ¥r. Sheldon L.
Clover, who first suggested the problem of this psper, end

whose experiments in redio work heve beeon of grest ssslistance.




A STUDY OF THE PROBERTIES Of
CRYSTAL DETECTORS

INTR0DUCTION

. A study of electromegnetic weves seems to show,
without doubt, thet 1licht is due to waves of the same
neture. The weves of light differ from these electro-
megnetic weves, by their very mudh shorter weve length.

It is therefore logicasl, in the study of the slectriecel
phenomena of & crystel, to make use of anelogles with known
optical propesrties.

Crystals ere divided, opticsally, into two groups,
1. Isotropic, or those which permit light to trével through
them with equal velocity in every direction.
2. Anisotropie, or crystels which allow the light to travel
with grester ease through some directions then through others.

Cryataia ers isctropic &nd enisotropic slseo, with
respect to electromegnetic waves. This fect should be
kept in view, in the study of the ability of a crystel to
detect or rectify electromegnetic oscillations.

In general, most mineral, excepting those having
e metallic lustre among ths sulphides and oxides, are non-
conductors of electricity. It 1s chiefly from these two
groups of minerels, thet possible detsctors might be found.
The srtificisl furnsce products elsc offer s field of

considerable possibility for ome in seerch of & rsligble’



crystal detector. i
The crystel thet is used as & detector, is placed
in series with the phone eircuit. It is ususlly clemped
in & cup-sheped metal éonductor, which serves &s & terminal
for the wire-connection.(riguxe 1). The other connaction

is mede by & metal point, cepeble of adjustment fo: pressure.

Figure i.

The electrical oscilletions are allowed to pess
in one direction through the crystsl, but in the other
direction they are cut off. In this menner & potentisl
is built up, which destroys the eguilibrium of the circuit.
The phones remain‘silent as long &3 aguilibriuym 1s established,
but ths Blightest potentisl, on orne side or the othsr,

causes the diaphragm to vibrate, end & sound is heard.



APPARATUS

Every available minersl thet showed esny possi-
bility &s & detector, weas examined and tested on & radio

" receiving set srranged as in Figure 2.
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Figure 2
A serisl B buzzer
U detector crystal % push-button
T tuning-coil M dry cell
C condenser A primary excitation coil
P phones : 3 secondary excitation
¥ buzzer excitation system coll
G ground




The set is so arranged' thet oscillations in the
‘roceivlng circuit cen be induced fram the buzzer circuit,
in cese mome of the nearby sending stations are in operation.
The bgzzer circuit consists of & push-button, buszszer, 8
single dry cell, and & primary excitation coil of seven
turns. In the ground-wire of the redioc receiving set,
there 1s.a secondary coll, which slso contsins seven turms.
W¥her the buzzer is in sction, en osciliating series of waves
are set up in the buzzer circuit. The amall primarj 5911
causas an induced oscilleting series of waves in the whole
radio circult. As it is the function of detectors to
sllow the oscillstions to pess only in one directiom, thers
occurs & relative building up of powsr on one side of the
detector. The magnitude of this distortion im the
eguilibrium of the circuit, is recorded by the vibration of
the diaéhragms in the phones.

The set is tuned so thet no sound of the buzzer
.can‘ﬁb heerd in the phones when am ordinery conductor is
pleced ascross the detector terminels. On the other hend,
when an sctive or detecting crystal is placed ecross the
circuit, & record of the oscilletions of the buzzer is
trensmitted to the ear. The experimentel work is, there-
fore, not depencent upon the broedcasting stations. It
is only necessary to press the push-dutton, and the record
in the phonss immedistely tells.whathef or not the crystal

is detecting. In addition, the set is tyned and ready,




S

without eny sdjustment, to receive any maséage that mey
come in om the stendsrd brosdceasting weve lasngth.

In the work of testing the verlous crystels, it
is found thet, in some ceses, on & given crystal, only &
few points possess the ability to detsct. Two galene
crystels, equel in purity end epperent crystal form, mey
yield totally different results. Ususlly only & few
points, on such & crystel, prove tc be active. It is true,
therefore,‘that & nagetive result on & given minersl does
not prove theat &£ll tests on thet mineral will be negative.

Some crystels will detect only when the pressure
of ths contect point is slight; others require considerabls
pressure to produce results.

Ir the list of minersls tested snd found to be
@otectors, thelr sensitiveness ranged from zerec up to thet
of tha best crystels of galene and pyrite. Crystels theat
are eble to receive radio béoadcast news, clearly end dis-
tiretly, sre called "excellent" detsctors. Crystals
which give persistent, though relatively weak results with
radio broedcesh news, ars tormed "felr" detectors. Other
crystels, which give negative results with redio broadcast
news, yet are zble to detsct the stronger buzzer oscille-
tions, érs called "poor" detectors.

In some ceses, an eleectric potentlallacross the
detector, serves to raise the crystel from the "falr® td'tha

tgxcellent™ cless of detectors. Cerborundum is an example

of this class.




As conductors of elect®ieity, those crystals which
possess & conductlvity approaching that of copper, are termed
Thigh" conductors. ¥hen the substance possesses & con-
ductivity more nearly epproeching thet of galens, it is
sald to have "medium" conductivity. Crystels which show
the approximete conductivity of pyrite, are csllied "low"
conductors. The remaining crystsls ere classed as non-

conductors.




Kame

Aluminum
Antimony
Arsenic
Bismuth
Caditium
Chromium
Cobalt
Copper
Diamond
Gold
Grephite
Iron

Lead
Yegnesium
Vangenese
ﬁarénry
Nickel
Piatiuum
Silbcon
Sulphur
Tellurium
Tin

Tungsten

Composition

Al
§b
As
Bi
Cd
Cr
Co
Cu
c

Au
C

Fe
Pb
Mg
Mn
Heg
Ri
Py
81
S

Te
Bn
w

*% Punctions &s & coherer.
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TABLE I

Crystal
Syastem

Izometric

Rhombohedral
Bhombohedral
fhombohedral

Isomstric
Isomstric
Isometric
Isometric
Isometric
Isometric
Hexagonal
Iscmetric
Isometric
Hexagonal

Isometric

(imorphous)

Isometric
Isometric

Hexagonal

Orthorhombic
Thombohedral

Tetragonal

Isomgtric

Conductivity

High
High
High
Medium
High
High
4igh
High
¥one
High
¥edium
High
High
Low
High
Medium
High
High

Low

tons
Low

High
Hedium

Detectivity

Lacking
Lecking
Lacking
Lacking
Lecking
Lecking
Lecking
Lacking
Lacking
Lecking
Lacking**
Lacking
Lacking
Lecking
Lacking
Poor
Lecking
Lecking
Excellent
Leacking
Lacking
Lacking
Lacking

|
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|
|
|

]
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J
4
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Neme Composition
Zinec Zn
Carborundum  SiC
Alabendite ¥nS
Argentite bgS
Arsenopyrite FeAsS
Bismuthinite 81283
Bornite CugFes
Chalcocite CupB
Chalcopyrite Cu?esz
Cinnaber HgS
Cloanthite Niksy
Cobeltite CoksS
Covellite Cu3
Gelena Pb3
Hessite hgoTe
Linnselits Cog5y
Lollingite  Feksp
Marcesite Felgp
Millerite mis
Molybdenite WoSg
Miccolite - [Niids
Orpiment hsy84
Pentlendite (Pe,Ni)S
Pyrite Fedo
Pyrrhotite Fo;384,.4

Crystal ,
System

Isometrie
Hexagonal
Isomatric
Isomstric
Orthorhombic
Orthorhombie
Isometric
Orthorhombic
Tetragonsal
Hhombohedrel
Isometriec
Isometric
Hexagonal
Isometric
Isometric
Isometric
Orthorhombiec
Orthorhombic
Rhogbahedral'

‘Hexagoneal

Hexsgonal
Monoclinie
Isomstric
Isometric

Hexagonel

High
Low
Fone
LoU.
High
Low
High
Medium
Vedlium
None
High
Yedium
High
Medium
High
High
High
Low
High
Low
High

Nonse

. Bigh

Low

High

Conductivity [Detectivity

Lecking
Fair
Lacking
Poor
Lacking
Lacking
Feir
Poor
Poor
Lecking
Lacking
Lecking
Leecking
Excellent
Lecking
Laning
Lacking
Lacking
Lecking
Excellent
Lacking
Lecking
Lacking
Zzcsllent

Lecking




Neme

femlgar AsS
Smaltite Cok sy
Sphalerite Zns
Stibnite Sho 3z
Sylvenite (Au,hg)Teo
Ullmanite NiSbS
Fartzite ZnS

Composition

Boulangerite PbgSb,S¢4

Bournonite [?hﬁﬁ]sszL,

Enargite
Jemasonite
Proustite
Pyrargyrite
Stannite
Tennantite
Tetrshedrite
Zinkenite
Atacamite
Fluorite
Helite

8al Ammonisac
‘Brookise
Cassiterite
Chromite

Cuprite

Pb23b235

hggSbSy

CugFesSnsy

CugA sy

CﬂsSbSa
PbSboSy

CugCL(CH) 3

CaFo

NaCl

N§,C1
Ti0,
3n0g2
FPaCre0y
Cun0

Crysta;
System

¥onoclinic
Isometric

Isometric

Orthorhambicr

Monoelinie
Isometric
Hexagonel
Orthorhombic
Orthorhombie
Orthorhombic
Orthorhombic
Rhombohedral
Rhombohedral
Isometric
Isomstric
‘Isqpetric
Orthorhombic
Orthorhombic
Isomstric
Isometric
Isométric,
Orthorhamﬁic
Tetragonal

Isometric

“Isometric

Fons
High
None
Yone
High
High

Bone

None
None
Low
Low
Hone
Kone
Low
Y¥edium
Low
Low
None
Hone
Kone

Mone

None
None

None

Conductivity Detectivity

Lecking
Lacking
Lacking
Lecking
Lecking
Lacking
Lecking
Lecking
Lecking
Lecking
Lacking
Lacking
Lacking
Poor

Lacking
Poor

Lecking
Lecking
Lecking
Lacking
Lacking
Poor

Lacking
Lecking
Lacking




Name

Franklinite zn(?e,gm)564

clthite
Heusmannite
Hemztite
Ilmenite
Limonite
Megnetite
¥anganite
Octahedrite

Plattnerite

Psilomslane

Pyrolusite
Rutile
Zincite

Azurite 2CuC0z Cu(0H),
Bismutite Big(OH),COx

Cerussites

Melachite CuCOg Cu(OH)p

Composition

FaQ(0OH)
Fazﬁs

FeTilz
2Pep05 3Ho0

Fez0,
¥nO(0H)
Ti0,
PrOg
H4MnOg+
s

T10,
ZnO

PbCOs

‘Ehodochrosite ﬁn005

Siderits

Smithsonite ,

Anglesite

raC05

ZnC05
Pb!ﬁ4

i0

Crystal
System

Isometrie
Orthorhombic
Tetragonal
thombohedral
fhombohedral
(Amorphous)
Isometric
Orthorhombic
Tetfagonal
Tetragonal
(Amorphous)
Orthorhombic
Tetragonal
Hexsgonel
Monoclinie
(Amorphous)
Orthorhombic
Monoelinic
Fhombeohedral
fhombohedrsl
fhombohedral
Orthorhombic

Brochamtits CuS0y 3Cu(0M), g tharhomble

- Chalecenthite Cu804 5Ho0 Trieclinic

Crocoite

PbCrﬂ4

¥onoclinice

Conductivity

None

Yone

Low

Detectivity

Lacking
Lacking

Lacking

Lacking
Poor

Lacking
Lacking
Lacking
Lacking
Lacking
Fair

Poor

Lacking
Pair

Lacking
Lacking
Lacking
Lacking
Lacking
Lecking
Lacking
Lecking
Lecking
Lacking
Lecking
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Name Composition Crystal Conductivity Detectivity
System
Carnotite K(BOE)¥04326 Ortherhombic lione Lecking
Hubnerite MnWO, #Wonoclinie Hone iaeking
Wimetite (PbC1)Pb,(As0,)x Hewagonal None Lacking
.PyromorphitsIT*CL]F%+fPQ+3 Hexagonal None Lecking
Scheellte Ca¥0, Tetragonal lone Lacking
Ureninite (Rare esrths) Isometric None Lecking
Venadinite (Pb01)Pb4(vo4)5 Hexegonel ¥one Lecking
Vivianite Peg(P04),8H,0 Wonoelinic None Lecking
Wolframite (Fe,Mn)WO, Wonoclinic None Lucking
¥ulfenite Pb¥oly Tetragonal None Lacking

In eddition to the crystsl detectors listed above,

seversl couples were found to be excellent detectors.

Among these are zincite-bornite, zincite-chalcocite, zinecite-

chelcopyrite, and bornite-psilomelens.
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MINERAL DESCRIPTION

GALENA | | |
Galene or lesd glence, is composed of lead sul-
phide. When found with a parfect cubical cleavage, it is
very near to the theoretical Pbs,'though the presence of Ags
in small amounts, does not alter the crystal hebit. It 1s

lead-gray in color and has & metallic lustre.
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FPigure § Figure 4

Celene crystellizes in the isometric or cuble
system, end 1s usuelly foumd in the form of cubes. Occa-
sionaily, erystels sre seen whereln the cube is beveled Dy
an octahedron.(Figure 3) Less commonly, the rhomble
dodecehedron is seen. (Figure 4) GCelene often occurs in
granular form, end is then spoken of as "steel galens.”

The hardness of galene liess betwesn that of the
minerels selenite and caleite, end it 1s therefore one of . i
the aeftor minersls. The specific grevity is 7.5. |

Gelene is & brittle minersl. It bresks imto |

cubicel shapes when clesved, and the cleavegs surfaces are



brillient. For this resson, it 'ls seld to possess perfect

cleavege in three directions et right angles to each other.
¥hen it is fractured, or broken Iin some direction
othsr then the clesvage directions, the surfaces produced
sre slightly curved. This type of breaking 1s ususlly
spoksn of as concholdel or subeonchoidal frecture. It is
on these curfad surfaces thet the most persistent and reli-

ebls results ere obtained &s wireless detsctors.

Among the minersls cepable of detecting oscillating

electric weves, galena is one of the best conductors of
@lectricity. In order that galesns may detect, the contact
point must touch the crystsl with & very delicate pressure.
bs the pressure of the polnt 1is incressed beyond & certeln
point, the detectivity decroasas;.though the conductivity
still continues to increase.

When gelens is pulverized, end held in & suitable
contsiner, it will detect, even'though & moderate pressure
is applied. Gelene is & highly semsitive detsctor and renks
#ith the very best whea it is in perfect edjustment.

The delicete pressure of the contact point, and
its conseguent ease of beling thrown out of adjustment, con-
stitute the chief objection to the use of galens &s & de-

tector for redio work.
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PYRITE
Pyrits is s disulphide of iron. ¥hen fresh, it
is brass-yellow in color. ‘The powdered minmersl is gresnish

or brownish bleck. The lustre 18 metelliec, often brillient.

/

Pigure 5

Pyrite crystallizes in the Isometric system, and
it is found either in the form of cubas or pentagonsl
dodecahedrons. The latter form is often ealled the pyrit-
onedron. (Figure 5) v

Pyrite is ¢ hard miaeral, its hardness lying
between that of the minerals 6rthaclase end quarta. It
is, therefore, too hard to be scratched by & knife-blade.
Tha specifie grevity varies from 4.5 to S.1.

Crystals of pyrite do not cleave imto forms bound-
ed by plene surfeeces. The mineral 1s brittls, snd it fractures
with decidedly curved or conchoidal faces,

Pyrite is e reletively poor conductor of slectric-
dty. A considerable amount of pressure cen ususlly be

epplied to the contact point before it reschses its maximum

of detecting. This is due, pertly to the hardness of the
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crystal, and partly tq the fect thet it 1s & poor conductor
of electricity. When pyrite is pulverigzed, it will not
function as a detector.

Pyrite slowly slters tc & mlneral of the seme
chemical composition. The secondsry minersl is called
mercesite. Crystals may show all gredetions from pyrite
to marcasite, even though the originel shape of the pyrite
crystel is preserved. Great periods of time are reguired
to accomplish this change, yet the process is constantly
going on.

The trensition of pyrite imto mercasite is ac-
complished by &n internal rearrsngement of ths moleculss.
This action is accompenied by en increese in volume, and
the color becomes more pale.

¥hile marcesite is a bettsr conductor of electriec-
ity than pyrite, it will not detect. If the elteration of
pyrite to mercesite has proceeded to any extent, the erystal
is worthless ss & detector.

.Amang &ll of the specimens tested, none of the

crystels of the pyritohedral form were found to be detectors.
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SILICON

Crystalline silicon is an electric furnace product.
It does not occur in nature owing to its greatl affinity‘for
oxygen. It is lead-grey in color, and possesses & very
briliient metellic lustre. The powdered substance 1ls also
lead-grey.

S8ilicon crystellizes in the hexagonsl system, Iin
the form of nesdle-like crystals. They are usually six-sidsa
elongated double-pyramids.

8ilicor is 8 herd substance and possesses ebout
the same hardness a8 pyrite. The specific gravity is 2.42.

Silicon 1s brittle, end it bresks with & concholdal
fracture. it does not possess any definite cleavage.

Crystelline silicen offers a great resistance to
an electric current, snd it 1s an extremely low comductor.

On the brillient crystal feace, it requires a considerable
emount. of pressure to obtain the maximum detectivity. The
herdness and poor.conduetivity account for this phenomena.

| As with ﬁhs other substances, 1t is the conchoidal
sarfaces of silicon which ylsld the most rellsble results as
detectors. The "high spots" and the "low spots” are
noticeably superior to the intermediate polints.

In the powdered form it acts &s & detector, though

great pressure must be applied before the best results are

obteined.
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MOLYBDENITE

Molybdenite is & sulphide of-&clybdenum answering
to the chemical formula ¥oSs . It is lsed-grsy in color,
with & bluish cast on the fresh surfeces. It hss a metai—
lic lustre, &nd resemblas graphita in 1ts appesrance. It
is greasy to the touch, &nd it soils the hands. 1Ir the
powdered form it is bluish-grey. The speeific gravity is
4.7 to 4.8.

Molybdenite crystellizes in the hexagonasl system,
in the form of double-pyramids. It hes & perfect cleavage
in one direction, causing it to breek down imts plete-like
forms or laminse. These laminee asre flexible, and &n
irreguler surface is produced when they are torn across the
cleavage directions.

The detectivity does not appeer to depend upon the
surface touched by the contsect point, though slightly bettsr
results are obtained on the irregular surfaces. The nature
af the surface touched, and not the direetion through the
cryétal; seems to be the ruling factor that produces the

bast results.
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CARBOAUNDUM

Carborundum is e carbide of silicon, SiC. It is
cclorless when pure, though the commercizl variety is color-
. &d brown or black. It hes an sdamentine lustre. The
powdered substance is colcfsd gray or greenish-gray.

Cerborundum is one of the hardest substances known,
being little inferior to diamond in this respect. The
specific gravity 1s 3.23.

Carborundum crystallizes in the hexsgonal system,
in the form of six-sided plates. It has no definite
cleavage, and 1t bresks with & concholdel fracturs.

It is a poor conductor of elsctricity. The
detecting propsrties ere not shown until & strong pressure
is ppplied. It is not satisfsectory for redio work unless
e potentisl of four to six volts is esteblished across the
crystal. When this 1s done, it is one of ths most reli-
eble of crystal detectors, for the pressure of the contact
point pravents it from gettimg out of adjustment.

' Pulverized cerborundum mixed with bormite is a

more sensitive detector than either ingredient taken sepsa-

rately.
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PSILOMELANE

Psilomelane is composed of & hydrous manganate,
and possibly snswers to the formula, H4MnOg . It does not
have & constant composition, and 1t usuelly contains some
potessium or berium. The mineral is black in color, and
hes & dull earthy esppesrance. It does not oceur in erys-
tel form.

Its conductivity is ebout equal to thet of pyrite.
It is irrsgular snd unrelisble in its detecting propertles,
though, occasionally, & spedimén will be found that ylelds
excellent results. Geood rasalps ars obteined with a

psilomelsne-bornite couple.

ZINCITE

Zzincits is an oxide of zinc, Zn0. It is deep
red in color, and has &n adamentine lustre. The potﬁerad
mineral 1s orange in celor.

7ineite crystels belong to the hexagonal system,
though well sheped crystels are seldom met with. Zincite
hes one good cleevege, &nd sometimes other felir cleavage
directions. The frecture is subconchoidel.

Zincite is & poor conductor of electriecity. Iﬁ
is practically & nonconductor on & fractured surface or in
the powdered form. The solid, or darker spots, are the
only cnes that will function as detectors.

¥hen used with & metal contact point, zincite 1s

e week end unsetisfactory detector. 1If & erystal of bornlte
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chelcocite, or chalcopyrite is used to make the contact
with the zincite, & sensitive detector is produced. This

arrangement is spoken of &s & coupls.

BOANITE

Bornite, Cusresd, is & copper-red minersl with e&n
iridescent ternish. It is often celled "pescock copper.”
It is dark-grey in the powdered form. It 1s 8 soft minerel,
end cen sesily be scratched with a knifse.

Bornite crystsllizes in the isometric system, but
good crystels sre rarely sesan. It hes no cleavege, and it
breaks with & concholdel fracture. |

It 1s the best conductor of electricity among &ll
the known detectors. As e detector it is vesuelly un-
satisfactory, &and en exceedingly delicate contaect is re-
guired to mske it function. Apperently it 1s too high &

conductor to meke & good detector.

MEACURY
If & steel point lightly touches the surfece film
of mercury, &n excellent detector is sometimes obteined.
It is guestionable whether mercuyry ls the reel detector in

this cese, It may be ths film of some amslgam that does

the detecting.
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The following minerels are detectors of powerful

escilletions, but rone of them are capable of receiviag

redio broadecast news,-

Argentite Ilmenite
Brookite Pyrolusite
Chelcocite stennite
Chelcopyrite Tetrahedrite
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DEDUCTIONS

En examination of ths table of detectivity‘will
show the relation of composition to detecting power,
8ilicstes, phosphates, halogen salts, sulphates, end ear-
bonates are nonconductors énd nondetactors of wesk oscil-
lations, such &3 ere used in radio work. Crystals that
will detect, are confined to elements, sulphldes, and
oxides. The pressnce of arsenic or anti&osy gppears toc be
injuricus to both conductivity snd detectivity. Seyond
this point, all gaperalizationa on the reletion of compo-
sition to detectivity seem to meet with immddiete and glering
exceptions.

Detectors ere not confined to any crystal system.
Of ths substances found to be detectors, six belong to the
isometric system, ons to the tetregonal, four to the hexegonel,
one to tha rhombohedral, three to the orthorhomble, end the
remainder are amorphous.

The conductivity of electricity through simple
isometric crystels and amorphous substences 1is equal in 21l
directions. These substarces are sald to bes lsotropic
because thelr optical or electromagnetic properties are
independent of the orlentetion.

Crystels of &ll other systems are enisotropic with
respect to thelr conductivity of glsctromsgnetic vibrations.
The maximum or minimum ease of vibratioen lies paraslliel to

the long direction of the crystsal in the tetraegonal, hexegonal,
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end rnomﬁohedral systems. This long direction of the
crystal, (or the shortest in the‘case of tebuler erystals)
is an &axis of selectromagnetic symmetry. Such crystels sre
cslled unisxisl. Crystels belonging to the orthorhombie,
mopoclinic, and trieclinic systems posssas two axes of
‘electcomagnetie symmetry, and are called bi&xi&l.

¥hile pyrite and gelena crystallize in the isomstrle
system, they do not slweys possess the full symmetry of thet
group. A cubs of pyrite is reslly & combination of fomms,
end their interference with each other is shown by the strie-
tions on the crystsl faces. Crystals thet have formed under
& strein srs never truly isotropic, and it 1s practicelly
certain thet & small smount of doubls refraction exists in
& cube of pyrite. It is noticeable thet gslene crystels
which show & strain are more lisble to function &as detec;ors.

¥hen two snistropic crystals are placed in series,
end in ths proper orientation with respect to each other, '
the current is cut off. If one of these crystals is roteted
through ninety degrees,. & good conductor may result. The
efrect is similar tc thet of & Nicol prlsm.

Evidently &n electric current beheves in an unusual
mapner, when it enters & crystal that is snistropic. It
sppears to be plane polarized, just as & ray of light 1is
polarized in the seme type of substance.

It is 8 fact worthy of notice thet the best detect-

ing crystels ars low conductors of electricity.

A
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Detectivity appears to bs produced by & rectifying
ection within the crystel. It 1s possible thaf it is due
to totel internal reflsction of one of the polarized rays.

In genersl, crystel dstectors yield the best results
when conchoidal surfeces are used to make the contact. The
high spots &and the low spots on such & surface are gemerally
superior to the intsrmediste points. The required contact
pressure varies directly with the crystal hardness, and
inversely with the conductivity.

Crystal detectivity appears to be tied up with
molecular structure. m™e ultimste solutien of the problem
would therefore seem to involve & further study of the basic

principles of physicel science.
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