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TWEN�SECOBD WE![. G.B.Todd,Rmlc. 
PIEZO-ELECTRIC CRYSTALS. 

QUESTION #1. What crystals possess piezo-electric properties and 
�hich is the best suited for tube transmitters in con
trolling frequency? 

ANSWER #1. Any crystalline body which has double refracting pro
perties and �t'lihose atomic structure is unsymmetrica 1 
is piezo-electrically active. Included in this class 
are: Tour�Bline, Quartz, and Rochelle salts. Of these 
qn.artz is best sui ted for tube tra:r:;.smi tters in control
ling frequency because it will retain its physical di
mensions if kept at a definite temperature; it will 
stand considerable abuse which accompa11ies its use in 
oscillation test circuits when the crystal is heated 
mOI'!lentarily in excess of 45° c. and when it is subject
ed to frequency washing. The crystals will hold the 
original oscillation :frequenc�' for p eriods in excess of 
10 months when operated continuously a high-freq-
ue:ncy transmitter system. Other exacting tests "have 
proven that _quartz is the only material known which is 
satisfactory for use in crystal-controlled vacuum-tube 
circuits. The reason for the non-use of the other cry
stals are: Rochelle salts, although it has ten times 
t�he .oiezo-electric properties of quartz, is not relia
ble. It is fragile, extremely hard to manufacture. and 
its y!hysic�.::l dimen.sions can be easily cha:nged by hand
ling. especially when subjected to contact with water. 
It also will not sta�d any electrical load. For instance 
if used as a resonator in coi.ll:.ecti on with the out nut of 
an oscillator of a few watts capacity it will bre�k dowr 
If the power is increased the salts will return to a 
liquid state. Tourmaline is too expensive to be cons.id
ered as a commercial product, and therefore resort has 
been made to the u.se of qusrtz. which can be obtained it 
reasonable quantities in Brazil, Ivladagascar, Japan and 
the United States. Any qt1artz which has :no fl�ws. inter
growths, or optical twining can be so manufactured that 
it has excellent piezo-electrical properties. 

-:_-iJESTION :f/=2. Explain the piezo-electric quartz crystal ae used for 
frequency ccntrol. 

ANSvVER ;J2. The first discovery that a crystal could be used to hold 
the freq�ency of self-oscillating circuits constant and 
also that crystals could be rna de to eontrol the :frequ
ency of a vsoTlU.m tube circn1it. was mady by Cady. The 
first circuit in which a crystal was used to control 
the circuit, consisted of a self-oscillating vacuum-

circuit w i t h a crystal placed across the grid tun-
i condenser. �hen the circuit was adjusted t o  the 
resonant frequency of the crystal, there was a tendency 
Ln t.he crys·tal to keep the f requency of the circuit 
equal to that oft c tal. If the plate voltage, fila 
me:rrt voltage and load remained the same, the crystal 
would hold constant the frequency of the circuit; but i:f 
one o: more of th? ab;ove conditions were char1ged.! t}le ... 
circu..tt would osc1llate at �ny .:frequency that th ... Cl.� 
auit conditions permitted. �ater a plate feed back o.tr-
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cuit was used order t sin a greater piazo-elea
tria v o ltage for cont:rolling t.he f'raque.<Jcy of the cir
cuit but the operation of thie circuit was limited by 
the same conditions J.1mt are c ited in the first circuit 
Any method that depends upon any self-oscillating con
ditions i n  a vacuum-tube circuit, in addition to piezo-
electric c rol, is danger ous for t;wo reasons: Fi rst , 

because of the danger of frequency shifting; and, seconl 
because it is very easy to crack or chip c ls in 
such circuits. ��his latter tr oub le is exaggerated when 
we tie in the crystal oscillati ng circuit with an un
balance d amplifying system Vilhich the radio-frequency 
curren.t fee d  back from. the amplifyi:t:g ci :rcui t is suffi 

cient to supply eno11gh additional curr e nt t,hrough the 
c stal to cause it to heat Eind crack . ?he first 
ctrcult kn.,:l'rm to t art v:herei:n the crystal with the 
associated amplifying circui t;s comprised a system 

ich crystal '-''Jss the only control for the genera-
tor �reque:ncy. comprised an arrangement rein the 
initial piezo-electric cr.arge on t he grid was amplified 
through three st a ges of resistance coupled amplificatior 
and b;J means of a third c ct plate on the crystal 
this amplified c harge W6S lie d to t crystal in the 
r ht phase relationship to reinforce the ini.t.ial c!1arge 
a by tht3 O(;;ess as:::ist the circuit in generating 
r:adio-frequeEcy crt.r1:ents. Professor Fierce later devel-
oped s ci rc uit ich was ca ble of rat ing by the 
use of crystal control s s ource of eonstant frequency. 
In this cir c u i t , t crystal was placed between gri� 
and plate of a vsct<um tube s:nd a resista nce load was in
serted in pla t e circuit. A grid leak was e oyed tc 
hold t grid at a certain voltage with respect to the 
filsn1ent. This was slightly modified later by repl aci ng 
the plate res ists:-:1ce with an ind uctsnce. Both of these 
circuits fw1ction in the same manner as t old De For-
est ult raudion eircuit ,,,:herein a tuned circuit is er-
posed between id and plate a a cho coil employed 
as a load plate circuit. This c coil waa so 
const ed that it acted ns a cs cit load for all 
frequencies to which t tuned ci:r.::�uit was reeonant. In 
the Pierce circults crystal as 8 tuned 
circuit i 8 preponderance of nee. le the 
n1at,e load for eo�ndition of cscillation ha::.� to be 
capacitive. To accomplish this end. pierce used a very 
large inductance coil the plat·:: (:i r r:ru.it . ?he true 
indue nee and t distributed ca city of the coil sys-
tem u.sed in thL:: cir,:;.tit s to SG.ch bhat it will lle 
resonant to a lo�er fre e�cy t n that of t c 1 

fore circuit will oscillate. In thB case 
resistance used as t first Pierce circuit. it is 
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cause such a circuit there is no tendency for 
ehort-circuitLt::g the high "Volta la cir('l1it should 
t c stal crack or lide out l)etween t.ho eo:r:ttsct 
plates, caus the plates to come in c set v'Jith 
each other . A good outpu.t 'INas obtained v;;ith hL:3h as 
well Ds low frequem:y orys ls when e loyed in the 
circuit sketched 

".UESTT"N #3. Draw a diagram of a crystal-controlled circuit and show 
re crystal is inserted. 
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-uESTION ;¥4. J:xplain in detail an efficient crystal holder as used 
on nsvsl transmitters. 

AIJSVVElt #4. An aff lent crystal ho lder s d e r��tioslly 
sealed c iner where no moisture or airt can come 
into contact with the c r ystal . It is :necessary that 
capscities ot :r than that between t c ;:::tal contact 
plates e ite as small as possible thus eliminating tht 
charging losses occasioned 'by extraneous shuut ca paci
ties. For reliabl,= operation ana 1r:sxirnum output ·che 
crystal (�oLtsct y1lates should be tely touch ing 
the surface of the crysts 1. Lapped su.rfaces on t hese 
plates are to be preferred while t ·�eight of the 

r plat:::; should be pt to a mini:r.um. lJo restriction 
and dc.nvn movement of the upper plat e should be 

tolerated. Light spr pre2sure can ba a lied to this 
pl ate , fo :r st results JiO :r res:�ure er thun the 
weight of the la te is ne ces s:e: rJ . Retain rings of 

lite or o r insulating m"fisrial or ss r etain-
ing pegs c;;n bs employed to hold the c tal in one 
fixed position with resp ect to t;he sid es of the contain· 
er. A holder .b.sving all these features t,ogether with 
mea:r1s for restricting the'· tiH1dency for the c rystal to 
jump cle ar of t. retai:.ning gs when be trsJJsported 
is idea 1 for use in :naval t rsnsrni tters. 7.u-<pe r ience has 
shown that sny air gap between u.pper sur face of crystal 
and the contact pla te mea:ns a gree t reduction in output 1 

and n used in the regular power circuit, the air p 
causes brushing between. the surface of the crystal and 
the p la te , which in turn cau.ses the crystal to heat a:nd 
c�rack. Crystals which have been subjected to t he bru.sh
ing effect sho;'li a d.iscoloration on the surface of the 
crys·tal at the pl ace where the brrcshi!J.,eS '..>ccurred. 

·'UEC:TTON #5. How is the temperature of a crystal maintained constant, 

... U�SWER //=5. One method is to �olace the crystal in a hermeti<.�ally 
seale d contoiHer and by use of thermoBtnt 81ld heat 
unit this co :nta h::.er .:-:rJSi a.l.n the crystal at a pre
determined t:.::mperature. The l':H:'!:::ond methcd is to place 
the crystal in a c 1 �older and to secure this hol-
der on a metal ·ols e that (.}SI1 be maintai:ne d  sts a con-

stant temperrc:d;.ni�e. heat from the plate will be cwn-

ducted through he lower crystal c ct pla te direct 
to t. cr:rs 1. The metal-heating plate can be l::ept at 
a consta':1t tempera�;ure. by circula.t i:ng \Va t er through it • 

rtment i t.h sui table heat lmi t and 
t can be atta to thi plata. A thermostat 
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NOTES 01� I'IEZO-J!LECTRIC CHYSTALS. 

The quartz crystal is hexE:gonal in shape and 
its true form has an apex at each end. 1'he methods of n�ining Bnd 
also t process of grow are such that th� two apexes are rarely 
found on crystals which are purchase d from t he importers. In t;he 
I:'ia j ority of cases it ia lmusu.al to obtain crystals having sides and 
01�e a p�x

.
which �re o� chipped or cr=,cked, due to rough handling or 

poor m1n1ng met,nods. 

In the usual crystal the optical axis is parallel to 
an gina ry line ich is drawn between o a pexes. The electric 
axes are of t o types, ono of which is parallel to a line drawn 
between the corners of t:he hex:agonal s ides and the her is parallel 
to s 1 which is drawn between the opposite flat faces of tha 
hexagonal side .. From this W'3 e that there are three electrical 
axes of the first type and three of the t,��pe !:Hid one optical 
axis. The optical axis is always at ri les or perpendicular 
to any of the electrical axes. 

A 2lsb of quartz is cut from the crystal. making this 
cut a t right angles to ·the opticsl a:ds. Then, in ord·�r to obtain a 
workable crystal, we cut a elice :from t s slab. J:his s lice is so 
cut from the slab that the slicing prorluces a crystal whose sides 
are parallel to one of the second electrical axes and at right .sngles 
to one of t f i elect rica 1 axes. :ie now have a crysta 1 \�hose 
thickness repres,�nts one o:f the first electrical axes, whose length 
repres ents one o::f' t ;�econd e le ctrica 1 axes. a:r!d de pth an 
opt ica 1 axis. 

Having completed cutting of thl� crystal, 'l�hich we 
will term " Curie " or "zero an2;le oat" �;�e find that there are three . 
frequencies to which the c tal will resonate. C:ne frequency c orres� 
ponds to the first electrical axis, one to t eecond electrical I 

axis, and. the other to a frequency whi is be tr.ree:n the two aud is 
te rmed t coupling freqlle:rwy an1 depe:nds on the dim•:msions o:f the 
first two axe�:;. 

In round crystals as sho·1vn by one ph;yEicist, the first 
electrical axis will p:toduce l.04.C :neters r mm. (millimeter). the 
second elect:::·icfll fl s 110.5 ·noters r llimeter, and coupling 
frequency is equal to 0.71 o:: t second electrica l axis dimension 
wave length .. In recta.ngular cr.rstale t meters per millimeter for 
t first axis varies from 103.5 to 105. while for t second it 
varies from 110 to 117 mete;,·�� r millimeter. The meters r n1illi-
meter obtained for coupliL€ fre�uency can b stated, c a use 
it dependB the dimen;:: io,n:::1 of t rec le from whi ::my be 
square or a pe that requir0ments demand. 

) forego fi s ore based on true Curie cut 
and on crystals vvho�?,3 dime:nsion iB tween 20 ""::nd millimeters. If 
any cut is made which is a:n. a le from t,b,e cut, m eters 
per millimeter will greater, especially r X dimension osci-
l la ti on. 

itectangular cr;.l ls are to be ferred to 
stals , first ca use they are c per to make, rmd seoond, 
they w i ll control a greater radio-frequency output without 
or chipping. The latter condition ie probably explained by 
even s t ress co::n,di tions present in round c:rysta ls when they 
lating under the influence of radio-frequency currents. 
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