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. Beit known that I, GrReENLEAF WHITTIER

“ .
nents In

Piogarp; a citizen of the United States of
. America, ‘and o resident -of the town of
5 Amesbury, bBtate of Alassachusetis, have

invented gertain new and useful Iniprove-
&)s.cillntiom Detectors .ﬂ_ndP fHeeti-
fiers, the principles of which are set fortl: i
the following specification and accompany-

S |

1R d rﬂ-mng'- ;

his invention relates to improvements in-:

FB

.roctifiers-of alternating or -escillating clec-

13

tromotive. forees useful for various purposes
in the arts, such as the reception.of intelh-

wence conmimunicated by electro-magnetic
Cwaves and cother similay purposes such as

- shi vactification of lower frequency alternat-
. pp durrents than those eniployed m wireless
- telegraphy, ' |

‘I'hé Invention . eonsists in the features

puiicated hereinafter and in the accompany-

inge drawings, 'in which—

Figwre 1 is a complete assembly of the
crystal rectifier deyice, [ig. 2 an edge view

= of a modified form; Fig. 3 a broadside view,

of unother modified form, Fig. 4 a diagra-

RY

=

miatic view .of ‘certain cireuit arrangements;
and . Fig. 5 is a diagram illustrating the con-

“ductance of a crysial of carborundum, and

the critical. values of voltage between wineh | F
| or mnlfective contact,

vreatest efficiency was obtained.

" The invention Ilavolves certainh of the

electrical properties .of conducting crystals,
“which I have: investigated.
‘written by
trical Review,; vol, 48,
- 1906, a: deseription o

r In an article
me and- published in the filec-

y. 694, dated Nov. 24,
} some of these prop-

- erties appears. ' 'This article describes that
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.56 various observations which showed that car-
“ " borundum in the form of true crystals, was | as to

portion of my investigations dealing with
a certain crystal used as a local eurrent
varying :detector for wireless “telegraphy,
that' crystal being the artificial product

silicid of. carbon, knowh 1n the art as car-

borundum, and forming the subject matter
of United States patent to Acheson, No.
492 767 -of 1893, and disclosed as a wireless

used as a concrete mass or body of crystals.

There are various other known crystals
which. possess properties” similar to silield
of carbon and which are included within this
invention. - -~ -~ . - |
" In the course of my investigations, I made

-t

-

I comparatively inefficient when used in a

|
1

‘telegraply detector in United States patent |
to Dunwoody, No. 837,616 of -1906,- when |

mass. or body of ecrystals having tae con-

“ducting leads secured to-the mass of erystals
uas by beimne twisted or bound around the

L

hody.  For these vartous reusons Lhe cal-
boruudum was used, in-the following manner,

which vreatly improved results, particu-

larly as o detector for wireless telegraply,
nid

both as to greater constancy ol action
as 1o Increased sensiiveness. - |

A nuss of erystais of sthexd of earbon und
nupusitles, o8 a substance of commerce, wag
crushed, 1 order to separate out the in-
dividhual ervstals, having o thin, nearty coms-
plefe v hexazonal forin. Those of such

ervstals which were found o produce ex-
| cotient resuits were those sciected as betng

most neariy transiueent or transparent, ad
therefore havine a minhmuim ol Impuinitios,
aind having a diameter of aboui a fenth of
an inch and a thickness of about one fiftieth
of an incli.  IBach crystal was eleetroiyt-
icatiy metal-piated on at feast one of two
conticious eidzes, as with copper o other

snitabie melal, and so that the pinting would

ke cead eontaect with the edge or two
different contizucus edpes of the erysial.
The pialing serves to reduce vesistance and
providde means for estabashing good con-
tact at the contact whicli is to be the neutral
This plated crysial
mav be employed in ail uses of the mventton
in wood contact Dbetween auy  suilable
electridles: or the crystal alone, witheut
prating, niay be used {ry having the cerystal
1n good contact in the cireuit, but one edge
being directiy connected to an elcctrode, as

D in Figs. 2 and 4, the other edye being con-

nected to the clrcuit in any stitabie manner;
relianece- being placed in such case en-ihe
accidental occurrence of a larger avead con-
tact at the latter connsction which thereby
becomes the ncuiral or cffective contact.
Fig. 2 provides an example of a cage wnere
the crysta!l contact with cither C or 1) may
be the effective contact, according to the
accidents of adjustment, because each con-
tact is an edge contact with an electrode.
In order to secure maximum sensitiveness,

onc of the areas. of contact between the

cryvstal and. the electrode . is: very, small;
ot%mrwise, if the ctystal edges.be l:))yurie.d*in
or have large aread contact with. both the
electrodes as hy great pressure or. soft elec-
trodes, the area of contact will be sc large
decresse the resistance and effective
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ampsre, while for a current of 300, .micro-.
amperes the apparent resistance is-as low -as.
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action. © When used without electro-plating,

the apparent resistance is over 8 megohm

for & current of a few tenths of a micro-

bn}y..’z'i(]ﬂ ohms.” .
n

per, secured to. it by a screw 5. As stated

above, the plating is not necessary, this
being because the support for the reetifying
~conductor will naturally have a contact
with it of larger area (thereby becoming the |
neutral ar ineffective contdct) than the

effective small contact behween the recti-
fying : conductor -and. its. codperating. elec-

trode. Thus, for example, no” plating is’
shown ‘in Fig. 2.~ The fusible. métal M of |

Fig. 3 1s.the electrical equivalent of the

-plating P:of Fig. 1; each having for its,|
unction to.insure the contimued existence

of such conditions as will not tend to opposé
the useful action at the effective contact,

which is the small-aread contact with: elec-

trode D. The coating P or fusible -metal M

may be ~re']§aced by any other equivalent-

(provided. that the rectifying conductor has
its effective small good. contdct with its

- codperating electrode D, as by a condicting
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edge of the ciystal.shown) whici iy be
such as to.insure the continued existence at
the other circuit contact with the rectifying

conductor, (ifrespective of accidentdl changes |

in adjustments, or of breakage of the recti-
fying conductor),” of such larger aread con-

tact than that with the codperating clectrode

D, as will not tend to substantially oppose

the useful action at the smaller contact.
- The erystal (shown inedge view at X inI1g.
2) has its lower edge eléctro-piated as with
copper, at P, which rests on the super-base

C.- The base B carries a ¢conducting stand-

ard E, screw-threaded to-receive the deii-

cately-threaded adjusting contact-screw D,

a portion of the lower end of which inakes

- the effective edge contact with the.edge or

minute conducting portion of the crystal X.
In Fig. 2 the lower edge of the crystal X

- engages directly with super-base C without

ob

across the edge-contact terminals of the in-.
60

any plating; and in Fig. 3 the su

in wh | 188
individual crystal of silicid o

per-hase
is cup-shaped and contains fusible metal M
ich the crystal X 1s squorted. This
_ carbon, when
used as specified, has a very marked rectify-

ing effect upon alternating electromotive

forces, -as. discovered in the course of my 1n-

vestigations and observations. Also, the ]

change in conductivity as .the potential

dividual crystal is varied, is characteristic,
as the curve of conductance (for the par-

ticular crystal used in some of my tests) has

" a critical portion between ene volt and one

65

and onestenth volts;, where an increase of ten

per cent.in the electromotive force causes a

erative as a'wireless telegraph detector.wit
“out-a local -source of electromotive force, I

. | devised a circuit arrangement for the crystal
Fig. 1 the insulating. base B has a {possessing said pecpliar property, which iu-
super-base C of conducting material, as.cop--

" InFig. 5isshown ac _ ,
pa,rt'muﬁi.r crystal of carborundum “used i ¢

dum tested by me.
- With the particular rectl

‘the currents rectified by

- e1me13

T 4

T cent.
%mg action of the individual crystal is q{)—
1=

’ -_‘*Qhéhge in the cqhﬂuctaﬂcé’(if more than 100.
c For this resason, although the rec-

cluded not oxly-a local battery, (A, Iig. 4)

but also a potentiometer I}, {(with conduct-
ing rod 1 and slide 2}, in order to quite ac-
curately control the voltage 1n the local cir-
cult when the crystal 1s used as & wireless.

telegraphy detector, in order that the crystal
may- be.operated on the Steepest part of Lhe

‘conductance-curve, and therefore with maxi-
anum efficiency. I find that in practice a

battery and an_adjustment of the potenti-
ometer: which produces -a difference .of po-
tential across the terminals of the crystal of
between one volt and three volts, depending
of course upon the characteristics of the par-

T

L0

B5

timﬂar-crystal" used, produces the ‘best re-

sults; -

‘a conduciance curve of ¢
some of my work, wherein appear the critics!
values of voltage between: which greates:
efficiency was obtained. This curve s taken
from the publication above referred to. 1t
is linportant to note that this curve is not
precisely representative of all erystals; even
of the same substance, with respect to the
quantitative relations between impressed

voltage and conductance; and that in some’

unusual cases the critical value may extend
to approximately as high as three volts, or
as low as one volt and even less, but in the

latter case the efficiency is usually greatly

1 0

impaired. The shape of the curve, however,

is characteristic of a

héerein' disclosed, the positive {(carbon or
copper) pole of the battery (indicated as

“usual by the longer vertical line, at the left,
Fig. 4) 1s connected to. the ¢odperating con-

ducting member D, in order to apply the low

guxiliary electromotive forde, so as to cause
| an auxiliary current to flow into the recti-

fying conductor X 'in a direction from its

effective contact with the co6perating mem-

I specimens of carborun-

fying conductor,

10

114

1156

ber D, which is. the same direction as that of -

when the latter is of carborundumn. - This
connection shown in the drawing Insures the

‘optimum working of the rectjfying conductor
ductance in-

with respect to its optimum con

the conductor X

120

combination with the requisite value of aux-

‘iliary source of direct electromotive force, -

that is to say, insures operation of the recti-

125

fier at the steepest part. of its curve of con- .
ductance for-the rectified current. When .
used as a detector, and with a locdl source of

electromotive force provided Wlth means t0 -
control the same within the limits :of 'Tthel

130
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steepest part ¢f the conductance curve of
the crystal, the individual crystal device
_seems to owe its efficiency not only to the
high poesitive coefficient of conduciinity of
the material, useful under the influence of
heat  caused 1};7 the oscillations; but also .to
the eomparative smallness of the effective

- edge contact which limits the action to and
. eoneentrates it at a very small volume of the
10 erystal, while providing & good and efiective

" contact at the best-conducting exterior por-

“tion of the erystal. Tn a commercially sensi-

tive detector, the operative portion of the

i

crystal is o little pyramidal mass, a thou-
sandth of an ingh or so on an‘ed
talning |
material. . The area of edge contact with

15

the electrode is also extremely small; being:
of the order of a few millionths. of a square.

inch. This of coursé refers to effective
electrical contact, and not physical contact,
which may be. many tines larger.
_course, various forins of echanical liolders
may be eiiiployed with the invention. . |

. When . used as a rectifier of oscillations of
lower frequency than (hose commonly used
in wireless te cFraphy, the action of the
same individual crystal device, with the
ed;gg contacts, or conducting edge contacts
as by metal-plating the neutral contact, is
more efficient, particularly with the very
low {requeacy currents ol the general art.
The actibn of the same device is possible

20
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however as a.rectilying detector of wireless

35 telegraphy oscillations, without a battery,
but this arrangement is not as efficient com-
mercially as with the battery and po‘en-
tiometer, and not-so readily controllable,
upless crystals be used of other substances
than carborundum and possessing the same

40
'" gropert-jf in greater degree, and which may

e oltained by arbitrary trial of. vanous.

substances or by their known and- tabu-
lated or measurable properties. -
It is not yet established as to -What
property of the crystal contributes to 1ts
rectifying cffect, or whether -or not heat
enters into this, or in precisely what way
the auxiliary electromotive force aids the
rectif_}rjnlg effect, except that at a particular
potential, herein specified for one rectifving
conductor hs cerborundum, there 1= &
cerreaponé
ductance curve,
the particular conductor,

the rectifying

-t

15

50

such
ing steepesi portion of
which is . eharacteristic ol
| at which pertion
' efficiency of such
iz greatly enhanced; that 1s to say, the
rectifving - conductor s opergtesdl at. the
steepest part ol its curye of condpetance for
the rectificd curreni. The fact romams,
however, as 1 have dizcovensd; that the de-

9d

60

vice is an efficient rectificr ot rectifying de-
letector LOr 8

tector as well as & control
~ local battery circat.
 ‘¢6 The device herem

ling «

eyt ﬂ‘e; a’ﬂd con-.
about a billionth of .a cubié inch of

Of §

the con- |

conduetor

deseribed, consisting

8

of an individual crystal held firmly and in
good contact at its edges or at least one
edge. between two flat copper-faced elec-
trocles, is much more sensitive and reliable
in operation than a mass or body of crystals;’
connected in circuit either by a wire winding
or by -contacts pressing - against the mass.
The actual advantage of the individual
crystal-edge may be ?{ue to the possible fact
that while the bhody of the crystal -1s gon-
ducting, the surface is insulating even 1o
some extent-covering the edge, so that only
a minuieipart of the edge is condueting.
The use of the suhstance in a controlled dir-
cuit supplied with electromotive force from 80
a local source, is Lest adapted for wireless. .
telegraphy purposes, in that it permits
operation within narrow limits at the steep-. -
ost, part of the conductance ocurve, which 1s
much - more cfiicient than the reetilying
effcet alone, in the case of. crystals not
having the rectilying property in a higher
degree than silicide of carbon. The e of
| an individual ervstal, withedge centacts or
with at least an effective contact with one
edge, in such a controlled cveust, provides
a device which is commercially operative.
Jn brief, the invention conceins, irrespective
of all elze, the individuality of contact <o1th
at least one crvstat edge, v ldeh (hereby com-
stitutes the effective and useful contact.
In rectification, the individual eryvstal s
useful in that it provides limited conductiv-
ity and small area of countact poiats. "l
crystal has clearly defined euges, ard =ome
crystals have limited conductivity uwlony
planes. In some cases, as in that of siliciile
of carbon, or carborundum, the surfaces of
the crystal are of higher resistance than the
edges, which permits the making of very
small aread contaéts. Laminar conductiv-
| ity may exist in some crystals, which vet
further constricts the current path. '
The pressure by the screw 1 (Fig. 1) will
vary in sccordance with the ps rticular crys- 110
tal of which X is composed, but in all cases
‘will be such as to produce good coutact.
The best erystals ave those wriel, 15 Air it
tion to the other desired properties, will witii-
stand ligh tempersture without mjury.
Also the erystals should be stable in air, that
' i3, as free as possible from oxidation; orelse
| they sliould be placed i ol or vacuun W
ted Dramm oxida-
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| iz use, ov otherwise protec
] taen, |
I elain:

120

1. As an element

l | of o moans for receivinr
|_imu] ligence -coinmunicat

e Dy clectiromags
al comduetlizg erys-

netie waves, an individu
tal, .. ) .
clement of 1 means fur Tecelving
wvinicated by “electrontiy-
s, an nulividual cFystal of oW
' !‘J-t';r.{_‘uf

130
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2. i\s .“.*'!l
intellicetfice, comnmin
netle sy | _
conduetivity, and having a conducic:g

aied conducting edges.

1
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- 3. Means for recotving intelligence com- i dueting solid having ‘extremely low condue-
munteated by electromagnetic waves, which | tivity and possessing the property of recti-
comprises an Individual conductine crystal ! fication, In-combination with. an efLCh‘@d& of
of low conduetivity, and an electrode having conducting material In good eleetrical con-
gnod,but mmute contact with the edge of the J tact with a good-conductiy portion of said
crystal. o - | .| rectifying conductor, said: contact beiny

4. A réctifier of alternating olectromotive | effectively minute; and mecuans for Ap]y-
forces;, which comprises an mdividual con- ing a direct electromotive foree across snid
ducting crvstal of ]l .

Yo A rectifying device for alternating elec- | tially wit
tromotive I‘umes, whf(‘h COMPIIREeS an ndi- i
vidual conducting crystal of fmu: conduetiv- | current. -
1ty and having a metallic deposition upon it. i 13. Inanapparatus forrectifving alternat-

i
!

un the limits of the steepest purt of

-

6. Means for recelving intelligence com-
municated by electrymagnetic waves, which | in receiving intelligence communicated by
COmprises a conducting  ervstal having o | electromagnetic waves, the combination wit;

high positive conduetivity coefficient, s local ; a conducting solid having extreniely low con-

30
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high positive coefficion: of cennductivity and

source of electromotive force, anid means for | ductivity and possessing the property of
operating said crystal within the hmits of ! rectification, of means for applying a direct
the steepest part of the conductance curve of | electromotive fores across sajd conductor to
the crystal. - . operate it si bstantiallv within the. limits of
7. Means for vectifving aliernating elee- | the steepest part of its conductance curve.
tromotive forces, which comprizes an indi- | 14. A .wireless telegraph detector, which
vidual conducting crvstal having a metallic. | comprises & réctifving conducting crystal,
deposition upon 1is adye, | & codperating conductor operatively in
5. Means for sectifving (he slteinating ! small-aread - electrical contact with o con-
electromotive forews of aloc rirg] cscillations | ducting surface of said rectifying erystal
I wireless télegraphy, which compuises x| and means for applying aeross said condue-
individual conducting crystal, ond an elec- | tors an electromative laree of a critical value
trode 1n good contact with {he cdge of the | for operating said rectifying conductor sub-
crystal. - | 1 - stantially within the lidts of the steopest
9. Means for, recerving intellivence come I portion of iis conduetance curve.
municated by E:L:ami'm:mgmniu vaves, which : 2 A wireless telegrapiy detector, which
|
i

o R S il

comprisos a condueting crystal having a bigh comprises & rectifyving conducting crysial
ositive coefficiont of conductivity, and a ! of carboiundum, g cooperaimg conductor
ocal source of electromotive fopes {erpt o operatively in small-aread electrical con-
of suitable proportions i operate the cryetud  toot s ih ™ conducting edze of said carho-

*
e

within the limits of tii. Seenest el of 1 runder crvstal, and means for applying

coniductanee curse, aeross sald conductors an  electromotive

U As e menns for receiving intelligonce | foyee of a critienl value for operating said
connnunicated by electromagnetic waves, | rectifving  conduetor substantially within
the combination with an inlividnal con- : the limits of the steepest portion of its con-
ducting ervstal of carborundusm baving a | ductance curve.

‘ nd |16, A rectifying apparatus for alternating
conaueting edges: of un eleetpode having a j and oscillsting electromative forces, whicl
anute rood -contuet wieh the condueting { comprises a-conducting substance possessing
edge of the individyal civatul: a local source [ the {pruperty ol rectification; a codperating

of electramotive Force cohnesicd 1o said elee- ! conductor having an oporative small-areacd

20
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trode and ctvstal: and means for iin'lithing the l contact with a cumlucﬁ.iug strface of said
electronmotive force of said tocal source be- | reclifying substance: and means for apply-
tween one volt dnd three volts,. » Ing  across said coGperating conductors In

It A rectifying devico for alternating | a  definite .direction with. respect to their
electromotive forces, which comprises a con. operative contact, a  divect electromotive
ducting cryvstal of exiremely low conduce--1 foree of .charscteristic voltage for operating
tivity, and having a.metallic depasition on said rectifying conductor within the steepest
one edge; in combination with an electrode | part of its conduetance curve. -
of conducting material b good contact with l * ~ GREENLBAF.WRITTIER: PICKARD,
another edge of the erystal. | Witnessoes: | |

12. A rectilving apparatus for alternating t Epwarp II. Rowsrs,

electromotive forces, wivich COMPrises & ¢on- MyYra S. Rowerr.

.

oW conductivity, l*ectifyingir conductor to operate it substain-
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its curve of conductance for the rectified

Ing clectromotive forces, useful, fo example,
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