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TWENTYSECOND WEEK. G.B.Todd,Rmlc,

PIEZO-ZLECTRIC CRYSTALS. KJ

What crystals possess wiezo=-2lectric properties and
vwhich is the best suited for tube transmitters in con-
trolling freguency?

Any crystalline body which has double refracting pro-
verties and whose atomic structure is unsymmetrical

is piezc~electrically sctive., Included in this class
are; Tourmaline, Quartz, and Rochelle saltse. Of these
quartz is best suited for tubke transmitiers in contrel-
ling freguency bvecause it will retain its physicsl di=-
mensions if kept at s definite temperature; it will
stand cousidersble abuse which sccompanies its use in
oscillation test circuits when the crystal is heated
momentarily in excess c¢f 45° ¢, and when it is subject-
ed to fregquency washing. The crystals will hold the
original oscillation frequencr for periods in excess of
10 nmonths when operated continuously in a high-freqg-
uency transmitter systems CUther exacting tests hawve
proven that qusrtz is the only meterial known which is
satisfactory for use in crystal-controlled vacuum-tube
circuits., The reason for the non-use of the sther cry-
stals asre: Rochelle salts, although it has ten times
the piezo-2lectric properties of guartz, is not relia-
ble, It is fragile, extremely hard to manufacture, and
its nhysicsl dlmenﬂlons can be essily changed by qfndn
ling, especially when subjected to contact with water,
It also will nc¢t stand sny 2lectrical load. For instance
if ased as 8 resonator in cenrection with the output of
an oscillator of a few watts cspscity i%t will bYreak dowr
TIf the power is increased the salts will return to s
liguid states Tourmaline is too expensive tc be consid-
ered as a coempercisl product, ana therafere resort has
been msde to the use of guartz, which can be cbtained ir
reasonable guantities in Brazil, ladagascar, Japan and
the United States., Any quartz which has nc Alaws, inter-
growbths, or optiesl twizning can be so manufactured that
it has excellent riezo-electrical properties,

Txplain the piezo-electric qguasrbz crystal sg used for
frecuency cuntrole.

The first discovery that = crystal could be used tc hold
the fraguency of self-oscillating circuits constant and
also that crystsls could be msde to contrel the frequ-
ency of & vacuum tube circuit, was mady by Cady. The
first circuit in which s crystal was used toc eontrol

the circuit, consisted of s self-oscillating vacuum-
tube circuit with a crystsl placed across the grid tun-
ing condsnsers. ¥When the circuit was sdjusted to the
resonant frsguercy of the crystal, there was & tendency
in the crystal to keep the freguency of the eircuit
egqual to that of the crystal, If the plate voltage, fila
ment voltage and load réemained the same, the crystal
would hold constent the fregquency of the circuit; but if
one or more of the shove conditions were bmﬁ¥aed the

circuit would oscillate at any freaguency b “thd clrw
cuit conditions ps rmltted. Later a plste feed back cir=-
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cuit wzs used in owder to ohtsin a gresatsr piezo-elec-
tric voltage for controlling the frsguency of the cir-
cuit bub the operation of this circuilt was limited by
the same conditions *hat are cited in the first circuit
Ary method thst depends uron any self-cscillating con=
ditions in a vacuum-tube circuit, in sddition to piezo-
electric control, is dangerous for two reasonsg: Pirst,
tecause ¢f the dasnger of frequency shifting; and, secon
hecause it ig very easy %o crack or chip crystals in
guch cires a;ts. mhls latter trouble is exaggerated when

-a

we tie ix the crystsl oscillating circuit with an une
bsl sweed aiplifyinv sys*em inn which the radio-freguency
cury ﬁ} t feed back from the amplifyirg circuit is suffie-
cient to supply enough additionsl currsut threugzh the
crystasl to cauge it to heat up znd cracke The first
gircait known o the art wherein thes crystsl with the

asscogiated amplifying circuite comprised a system in
which the crystsl wss the only contrel for the genera-
tor frequeﬁcy, comprised an arrvangement whrerain the
initial piezo-electric charge on the grid was amplified
through three stages of reslctance coupled amplificatiox
and Ly means of & third conbtact plate on the crystal
this amplified charge waz applisd to the crystal in the
right vhase relationship to reinforce the iunitial zharge
and by the process ascist the circenit in generating
radio=freguensy currents. Professor Tierce later devel-
oped 8 circult which wess cespable of genersting by the
use of ¢rystal contrel s scurce ¢f constant freguency.
In this circuit, the crystal wag placed hetween the zrid
and plste of a r&cuum tube @ud a resistance load was in-
gerted in the plate circuits A grid leak was employed tg¢
hold the grid st a certain veltage with respect to the
filsments This was slightly modified later by revlacing
the plate resistsnce with sn inductance. Beth of these
circuits function in the ssme mawmer as the old De For-
est ultraudion clrcuit wherein a tuned circuit is inter-
nposed batween gr%d and Llﬁﬁu aﬁd g choke coll emrprloyed
88 a load in the plste circuit, This choke coil wab S0
gonstructed that it acted as s cﬁpqu; ive lcad for sll
frequeﬂ01es to which the ftuned cireult wes resonant. In
the Pierze ci i ne crystal functions as a tuned
gclirewvit havin nderance of inductsnce, while the
rlate load fo? ths ¢ ition of wecillstion has to be
caepacitive, T0 accomplish this ernd, Pierce usged s very
?drﬁe in ductazce coil in the plste cireuit. The true

nduestance and the dis tr;ngteu capacity of the coil sys-
tem uged in this cireuis ¢ he swrceh that it will be

regonant to a8 lower freg &cy than that of the crystal
wefors the ecircuit will cvseillate. In the case whers
cgistance is usad asg in fqut Tierea eireuit, it is
di trzbutvﬂ ﬁ : razigtanes together wit

’ ilams ; gffurds the capacitive

ne oseillsbion condition. If the
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STOn ;$ﬁ,‘§ti@ms gre observed withk the Tierce circuit
with rezpest to the cspacitive plate load sondition,
sy cryabtal can ve made to trigger off this circult into
the caclllating conditicn, In view of thas fzeot that s
grid lesk is employed and th@ plate losd is s ressistance
or larze inductanece, it is nob poessible %o obtain the
rated power output from a glvan tube witk this circuite.
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SURSTICON #4. Txplain in detail sn efficient crystal holder ss used
on nsval transmitters.

RR 4. An efficient crystsl helder should be s
sealed contasiner where no wmolgture or d
into contasct with the crjstalg It is nec EYTY
capacities other than thet hetween the cry :t 1l contact
plates be kept a“ gmall as posaible thue eliminating the
caarg; 15 losses ggearioned bg sxtransous shunt cspaci-
ties, For Tullabl” eparstlion end maximum output the
cr’stsl contact plates shoawld bhe intimstely touching
the surface cf he br33uula Lapped surfascss on these
plateg ars tc be preferred while the weight of the
upper plats should be kept to a minizum., Ne restriction
of uyp and dowrn movement of the upper vlate should be
tolerated, Light gpring pressure csn e applied to this
plate, but for h@mt~resu;un 1o pressurs obher than the
weight of the plete 1s nscessary. Retaining rings of
hakelite or oiher Lnsuiatiﬁg maharial or brass retaine
ing pege can bLe empleyed to hold the erystal in one
fixed position with respect to the sides ¢f the conbain.
er. & holder heving a1l theaes features together with
mesns for restrieting the tendency for the crystal to
Jump clesr of ‘U% retaining pegs when dbeing tzsquorted
ig 1deal for use in nsval transmititers. Txperience has
shown that =ny alr gap between upper surface of crystal
and the Contact plat@ meang a creqh reduction in output,
and when used in the rvgtlaL power cirouit, the sir gep
causesg brushing between the surface of the crystal =znd
the plate, which in turn czuses the crystal to hesat snd
aracke Cry:tuls which have bheen subje cted to the brughe
ing effeet show a discoloration on the surface ¢f the
crystal at the plab where the Bﬂ*“hlz- veeurred,
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LUESPION #5., How is the temperature of s crystsl msintained constant$

ANSWER  #Be Cne method is to place the crystal in s }ermetiwally
sealed container and by use of thermostat and heatling
unit in this contslirer mmintain the C“JSqu £% 9 prew
determined temperature. The second methed is to place
the crystal in a *W%ta 1elder and to segure this hol-
der ¢n a metsl %Late that g:n be maintained at s con-
stany temrersture, The hest from the plate will be cone-:
ducted through the lmwer crystal contact plate direct
to the ¢ :“tjl. The talwﬂeaflvg priate can bhe kept at
& constant ewverswure‘bj circulating water through it,
o o= aab@ﬂ-wart nent with suitable Le ting unit and
thermostat can he sttsched t thig plats. A thermostat
can be employsd with the wab r—bxrculata* system Ho
tarn on or off the current i hesting uull which is
placad in the water-intake lins to the ﬂlate. This
latter water~cooling mathod was av@1orﬂd at the nsvsl
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lahorstorye The importanges of aewﬂfggtuf imparasture ool
S t
trol is apﬁr@ciaﬁed when operating high-frequency cry=-

ag g change of 10° O, the frequency
i 1»

3 much ag 1 kilos ygle in the and, Txtrame
teapersture changes in temperature with Gﬁ hoard
naval ships W}Pﬁ syniging change ; eney es much a8

£ KCS whic =nga iz very debrimenbzl, Rem Mj is to
vrovide thermostatic control which will meintein urystaﬁ
temperature above that which is ever sncountered througt
out the yesr,
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NOTES ON PIERZ0-IZLECTRIC CRYSTALS.

The gquartz crystal ig hexsgonal in zhape =nd when in
its true form hags an apex at each end., The methods of mining snd
lso $the process of :rowmQ ar2 such that the twoe spexes sre rarely
found on crystals whnich 2re purchased freom the importerz., Im the
ma jority of csses it is unusual to obtain crystals having sidss snd
one apex which sre nct chipped or cr=cked, dus to rough handling or
roor zining methods,

Ir the ususl crystal the optical axis ig parallel to
5N imsginary line which ig drawn between two spexess, The elsciric
axes are of two types, one of which ia pasrsllel to & line drawn
vetwsen the corn=rs of the hexsgonal gides 2nd the other is parallel
to 5 line which is drawn betwsen the opposite flst faswes of the
hexagonal =ides, ?rem this wes note that there sre three slectrical
axes of the first type snd three of the asecond LVpe annd one optical
axis., The optical a: 1s is always at »right angles ¢r perpendicular
to zany ef th=2 electrical axes,

glsb of gusriz is cub from the crystal, msking this
cut at right anzleg to ths opticsl axis, Then,in crder to obdain s
workable crystel, ws cut & slice from this %lab. This sliee is so
cut from the slsb that the slicing produces s crystsl whose sides

are parallel to ene of the second electiricsl axes snd at right sngleg
to one of the first elecarlvql axes, #e now have a crystal whose

fa)

thickrness rwpreeeﬁt* one of the first electrical axes, whose length
represents one of the second electrical sxes, and the depth an
optical axis.

o

Having completed ths cutting of the erystal, which we
will term "Curie” cor "zero snzle cuat" we find that there are three
freguencies ts which the cryftal will resonste, (ne fregusncy corres

-

ondg to the first electrical axis, one to the gecond electricsl :

p )
sxis, snd the other tu e freqhency “which is getweeu the two sud 1is
termed the coupling freguency snd dspsnds on the diwensions of the

first two sxes.

In round c¢rystals, ss shown by one physicist, the first
electriecal axis will produce 104,06 meters TETr Kl (ml’llmetar;, the
gecond electricsl axis 110.5 meters per millimeter, and the coupling

frequeﬂwy ig egual to C.71 0of the aachd electrical axis dimension
wave length., In rectangular crystale the meters per millimeter for
the first axis varies from 103.5 Lo 105, while fer the second it
varies from 110 to 117 meters per millimeter, The metsrs pmr milli=-
meter obbtgined for the coupling freguerncy camn not ve stated, because
it depends upon the dimensions of the rsetanzle from which may be
square or any dshape that the reguirsments demand,

o

The foregoimg figures are based on the true Curie cut
and on crystals whosa dimensicn ig between 20 and 8 millimeters. If
any cub is made w‘lbh is et an angle from the Curie eut, the maters
per miliimeber will be greater, esgpecially for the X dxmﬁ sxoy OSCiw-
llation.

Rectqﬁgwlar crystals are tc ve preferred to round cry-
stals, first becauss they are cheapsr Yo mske, snd second, bacamse
they w111 control a freater dlo-fre~uency cutput without crscking
or chipping, The latter condition is probably sxplzined by the un-
even stress conditions present in rounad brvstals when they are oscil=
lating under the infliuence of radlou?requpvuy currentse



