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CHAPTER )
INTRODUCTION

Certain molecules, celled "slobuler™ molecules, when
first solidified form what are colled "plastie” orystals,
They sre called "glodular” either beseuse they may oxhibit
tn approximete sphoricsl symmotry sbout thelir conter of
strugture or beenuse they mey be smell enough or of sueh
e shape ss to sppeony spherdeslly symmetrie bescsuse of Poe
tation, The flrat cose might beo exewplified by methone
(Clly) which hes the configuration of & regular tetrehedron,
The secoond onse mieht be emex:lified by hydropen chloride
(nel), |

The eryatals fommoed by these "plobular®™ molecules ﬁﬁih ‘
s01141fying sre called "plestic® beesuse of the ease with

which they cen flow through » hole, Theae orystels are =

elmoet elweys cuble in structure,

It is expected thet those "plastic” eryetsls tw
dlepley irregularities in thelr clastic stiffness constants
when compared to similer erdinery molecular formed by re-
lated noneglobulsr molseules, One sueh Wty ﬁ@!
be o much smaller olsatie sti” noss eonstant which sould
be shown by & eorrcaepondingly snaller veloeity of sound,

In 2 ouble erystal longitiiinel or compressionsl waves
travel in the direetion of the rrinecipel sxes with & velveity
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where 049 18 the elastlc stiffness conntent along one of
the principsal sxee, civing the tenelonel stress assosiated
with straln in thw oone divection, ond (2 ) 4o the denaity
of the materinl, In the same trpe of erystal, tranoverse
or shear waves travel slong the prinelrel sxes with a

«Tonls
where (044) 48 the slostic stiffness conatant along one
of the prineipel axes, giving tho shear stress sssocisted
with strain at pight angles to thet direotion, and () is
ecain the density of the materinl, A remsining speeial
onge 1s that of trancverse weves which trevel along the
{110) direetion with voloeity
- uzJley = 032)/28

vhere 012 1s the elastieo otiffhens constant giving the ,
tensionsl strecs eclong one princirle axls sseoclsted with

veloolty

the strein slong snother prinelipal axis,

Longitudinal weves end tranaverse weves oan be ine
duced end dotected in & erystal semnle by mesns of Xequt
and Yeout quarts cryetcl transduceps, respectively, The
veloeity of ultresonic waves in globuler samples can be
meagured by the interforometric mothod, by the pulse nethed,
or by some combinstion of the two (1), Onee the veleoeity
of ultrasound is obioined, 1% ic vossidle to eveluste
the elastie stiffness constants of the ssmple by using
the reletionship betwcen the velocity, the Btiffnes: sondtents,







and the density,

The interferometric method was chosen in preference
to the others beesuse of the ALfficulty in obtaining o
rulse with a rlge tine of the order of a fow tenthe of
mleroseecnds and with onourh power to pemetrote the erystel
aample,

The interferometric mothed eon be used in two ways to
obtaln similar results, The tranasitted weve con be brought
into interference with some of the incident signel whioh
is allowed to bypmes the sanple, or the trensmitted pig-
nsl can interfers with i1te own echves which result from
reflections at the crrotnl faoes,

' In any eane the trensmitted sirmsl 1o :'wmmam Tormty

upon the medium into wiich the traneduces redistes, fop
exsnple, & erystal with o lsttlce strusture whie: mey be

the asound emergy than one ﬁtzim hes o more firm lottioe
structure, such as steol, OSince the trensmitted signal
iz grestly sttenusted 1t fe nscosaary to oxolte the riezce
slement se vigorously ss possible w:thm‘m* mma of m
materisl, Therefore 1t is desirsdle to suprly $he plesos
element with a large smount of vower,

When the transritted wave 1z breught into intorfepe
mee with & part of the ineldent wave, the phess 4iffeps
once is determined by the trensversel time of the
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trengmitted wave throuchihe sam-le, The vhase d4iflerence i1s
A zwt=wl/o .
Weh (L) fixed, the conditions for interfercnee depend
only upon frequeneyj thovelore, 1f the frequenmey is cons
tinuounaly varied, mexima ond minime will oceur ss the phase
Al feprence posges throurh multinles of 2N, Lot scme maximum
be called the mt®; this ceximum ocours st seme frequemey (fy),
Another maximum, the n', w111 cecour at & separete frequency
{fa)s Then
Ad, 2ny1/ca v
and ad, otr,1/c= Mp+rn),
Thess two relations thon determine the wveloeoity
ez L{fyefs)/n,
¥hen the trenspitted wave 1s brought inte interference
with its own reflestions, the phase difference 1o agein
gmmm by the trencversal time of the weve through
the sample, In this cnce the nmssm difference is

where (k) 18 the mumber of rofleetions by the wave fyem

the interfece, With the dlstanee (1) fixed, the conditions -
for interference depend only unoh the frequeney. 28 m
frequency is eontinuousl: varied the phase 41fference will
pass through values which are sultiples aféh The resultant
mwrm mey be the aun of few or of 'm‘ng roefleotions depende
ing on the material, 'n 2 mediur which prestly sttenustoes
the aignel, the ordor cof refleotion for whith the cohoes
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no longer have suffiolont amplitude to cause Interfers
ence will be quite low; however in 2 molium which does
not greatly sttemiste the signel, tho retlected signal
may 56111 be of sufficlent enplitude to producs HeaBUDTs
able interferemes a’tor tens or hundreds of reflectioms (1),
Lot pome maximum be cnlled the m™j this meximum ocours
at some Trequency (1)e Another sexisun, the ﬁ%hg will
ooour at some frequency (fa)s Then
Ad, =roycol/es=omn
and af, 2wrpsmt/o=afins ),
These two relstions then determine the velocity
uf m:t(flwfg)/n,
In both enses. there should be g correction bDeoauase
of the ¢hange of phase otouring st the interfoce between
the quarts orystsl snd the aemplej however, sinee such
& phese shift has been shown 40 be two degrees or loss ﬁ!l;
no attempt need be made to correct Tor 1%, 3¢

possurenont of the wvelcoaity of ultrasomd in glotiiap
eryatals 3o thet of ohisnining e single erysial of laree
size, Uers "large” moens pueh greater than the waves
1ength of the meohanionl vidbration in the uma,_. ™he
wavelength of ultresound is diresetly rroportional %0
the veloelty of the uliresound and inversely propore
tional to the freguencry of the meshanisnl vidration

of the semple,
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Let ue sasume & ocne In whiech o aingle eryetal in the
shape of a cube, sech Tcoe of whieh is one square centimeter,

Lot us further assurme thet the velooity of ultresound in
this soample 18 known to he 1,%x107 meters per second, In
the extrome, one wavolongth is equel 1o m length of the
sanple, For this grse the frecuency must be 0,14 Mo,
Therefore, Mreguenclos of o low megacyoles and levper must
be smployed in order toc observe mere than cne interforence
maximum or minimum,

This thesls discusses the desirn and m’&m@%im of
a power redio freguency osoillator, and the tranafer of
pover te the plezoelenment fropm the redis Crecuency oscile
lator in order o insure sufficient mochonfoel vibration
in the plesoclement to renetvats the length of the sample,
This tronsmitted wave must be of lerve onough anplitude
to be detocted,

It is slse desir-ble to have o widebend response for

minimum may be observed nesy the resonste freguency of

the plezoclement, OSuch s widebend response tan be Obe
teined 47 the effsctive "0 of the guarts orystal e

kopt low; his may bo cccomplished by keeping the power
factor of the orystel lons then unity or by edding &

shint resistonce to the ecryetel with the power feotor

ad justed %o unity, 7his will be disousted further in
Chapter 11X,
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TR DECIOR OF THY SQUIPMENY

£e General Desoription

The radle frequency osclllstor is designed to opers
ate in the reage of frequency from 4% to 32 megeoyeles,
It consiets of four stoges: (1) o Colpitts cselllster
whieh is designed to opernte in the range of froqueney
from 1 to 153 megucyoles, (2) o enthode follower stage,
(3) en smplifier-driver stoge, and () & power smplifies
which triples the oscillator frecuency over the firet two
bends and doubles the “recuoney over the seeeond twe bandea,
Thie stege suprlies power to the tronsmitting plescolement,

It 18 possible ic operate the power tude ns & radio
frequeney oselllstor; however, sny veriation in the rlate

a correspending change in Irequenscy, For this resson, the
eseillator is lsclated from the power steces By & eethode’
follower which drawa no power from the oseillator, As an
niditlionel means of stebilizing the oseillster, 'm rlste
end sercen grid surpliss for the nsoillator m mxm :
by meena of gos tubes, A8 8 reoult of theso pressutions

the system 18 frecuency steble under verring load conditions,
{see Plgure 1).
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C4,5,6 ¢ 100
Cz ¢ 1.5k
Cg,9,10,12,13 ¢ 5k
Cq1 ¢ 20k

C15 ¢ 5=-20

Cig ¢ 39-1100
C17,18 ¢ 470

Ci0 $ 40 ufd,

Coo ¢ 80 ufd.,

Gy ¢ 60 ufd,

L,_g ¢ See Table I.
Lg ¢ 700 uh,

-L10,11,12,13 ¢ 2.5 mh.

Mj ¢ 0-10 RF Amps
M

.o

5 0-200 uAmps

Note:
2

Pl H 5k - L"W.
Py 3 ¢ 50k - 2w,

Ry ¢ 22k
Ry ¢ 330k
Rs o ¢ 100k

Ry ¢ 120k

R5 ¢ 1k - 10w,

Rg ¢ 2k - 10w,

R7 ¢ 10k - 10w,
Rg & 220k

Rip ¢ 4.7k

Ty, ¢ See Table I,

T2 ¢ Power and Filament

" Vy ¢ 0B2

Vo,3,4,5 ¢ OA2

élg. All capacitors in uufd. unless marked,
+ (k) stands for 1000,
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Bs The Oselllator Stages | ‘
The osolililoter otrge 4o n simple Colpitis cliroult
whiech is designed teo operste in four barnds, Soleoction
of a band 48 scoompliched by e bend switeh which changes
induetorns, The tube is o 62K0 power pentode smplifier,
The ganged tuning copnoitors sre verishle from 25 to 110
uufd, Fach gection hes & trismser cspacitor whish can bo
used to extend the renge by 40 wfd, In addition, the
eirouit has spproximetely 30 uwufd, of strey mmzm
whieh tends to lower the notunl urpper limit of ecch band
from the caleulated 1imit,
The svaileble eryotsle operate nt multiples of S mepes
oyelesg therefors, to reduse the mmber of bands, continuocus
tuning over the renge of froguency from 43 to 31 megaeveles
hag not been rigldly adhered to, There is, bowever, an
overlap of st lonst one megeovele rhove snd bolow esoh mUle
tivle of $ megnoyeles,
determined by examining the loop ccurtions whieh are obtsined
from the equivalent oircult, The simultsnecus selution of
these ecuntions givoo the nngiler frecuency »
e TGRE
In this equetion (R) i the dlseet ourrent resistance of
the induetor in ohms, (L) is the seolf inductence of the
eoil 4n henrles, (rp) 1s the rlate rosistenoe of the GAXE
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tube in chme, and (Cy ond Co) are the tuning capsoitances
in Toreds, Por the ususl crae one lota (C3=0o=C) amd
notes that (Pp®R); under theose cenditions the soustion
becomee sprroxvimatel v
wVE
tne can caleulete the inductance Trom this enuntion whteh
w11l be resonment with the tuning covsoltence ad m reqguired
frequenelies, (See Table I),
Ca The Cathode Followori
A 6CA pathode follower after the coclllator stege
sorves two purpogess (1) 1t isolates the ém&:{law stage
from the anplifieredriver stage, and (2) 1t serves ss a
gain control for the anplifier<iriver stage, Over the
frequeney W in which the eathede follower sust operate,
1t 1z quite inefficlient; however, it 1s ndequate to serve
the twofeld purpose mentioned ebove, (dee Figure 2)..
Ds  The AmplifiepreDriver Stage:

..............

eapacltance goupled stoges would gpmﬂf&a& mﬂiﬂm power
and poak voltage %o drive s rover emplifier through &
renge of freguencies from & to 25 msaayalm m mhm
delivered wan, howevop, Tound %o bo imfmm for class
“¢" operation of the rovor stage,

later o single stege of emylificetion emploving &
6ULE power pentode emplifier wes used to dvive a power
asplifiere-tripler, Thic methed wes found to be unsatisface
tory becsuse the atoge woa uneble to deltver suficliont
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power and pock voltepe to dArive o power a&plariar
through & renge of frecusnelon from ¥ to 25 W#yﬁlﬂg
The voltege delivered was, however, found %o bﬁ Lneul-
ficient for elass "C" operation of thoe power ctags.

Later o singls stage of ampliricetion employing o
6016 power pontede ampli’lor was used to drive s power
snplifforetriplor, 7This mothod wes Tound to be unsetiges
faotory begeuse the stuge was unable to deliver suffielent
pesk voltege to drive the power enplifierstripler éwv
the denired beandwidth, The fallure of the elireult to
operate as expected wra larpely due to the Taet thet
the transconductance of tho €0LE tubos was woll undow
the marufeeturer's speoliiicetions, ‘ -
Then the stege was rodesiznod to oparate as 2 ¢lsss
"¢t power sapl&mar. This mﬁhm was mmﬁ to bo satise
raom aftor sol :us wore wound oo that the mpurim |
driver mm &mﬁk the sselllater proTeriy.
power asplifier stege 1z used to triple the ﬁm% two
tendas This required the rewinding of the plete elrouit
industors for the second two bends of mé"'amWw
stage. The pﬁtti tuning eiveuit Tor the qn@&ii&lﬂueriint
stage iz used ss the crid tuning eimmit for the rower ampe :
lifierefrequency multipller stege. This lowers the efficien
ey o!’ both atages; o further dissdvantnge ie n negstive
Yies supply voltege wiich mt. be enplied acrans the Suned







Table I.
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Characteristics of the Inductors for the

Oscillator, the Power Amplifier-Driver, and the

Power Amplifier-Frequency Multiplier

Band Cap. Freq. KxFreg., Ind.Usec, Ind.PA-D, Ind,PA-FM,
uufd, Me, Me, uh, uh, uh,
X 140 1.40 4,20 185 92.5 10.4
: o 1.90 5,70 185 92.5 10.4
2 140 2.90 8,70 43 21.5 2.4
2 75 3496 ¢ 1149 43 21.5 2.4
3 140 6:,00 - 120 10 5.00 1.26
3 15 823 16,5 10 5.00 1.20
4 140 12:0 24,0 265 d.25 0.32
4 75 16.4 32,8 245 1e25 0.32

(K) 1s (3) for bands 1 and 2. (K) is (2) for bands

3 and 4,
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oirenit, These dissdvenioges snro more Shan companssted
for by the elisinstion of en riditionc]l tumed stage whioh
would heve to trach the cselllistor, (See Toble 1T and
Figure 3).
Zw The Power Amplifier<irecuency Multiplier Stages

In the power amp!iflerefrequency multiriler stage,
the plate tuning clrcuit is tunsd to the third harsonie
for the first two bands and to the second harmonie for the
seeond two bandse Harsonle in this ease arplies to the
frequeney of the signel whileh 13 arplied to the grid of
the tube, Effectively, to triple the fundsmental recuensy,
the plate pulse must lie within a renge of 20 to 120 ¢leoe
trical degreosy eimilarly, to double the fundsmental free
queney, the plate pilse must lie within a reange of 90 %o
120 clectrical degrees. Operation of the edreult to obe
tain thias optimm plete pulse angle oan beat be found by
e trdnl and error method since the ma biss 48 o wﬁsﬁ‘
is emwﬁm clasa "C", (Sce Teble IU snd Plgure &3.

4 pover amplifier whose plote oircuit 1o tuned to the
thind hargonle fe 407 effioiont os compored to one which
operates on the fundomental frequency} sizlilarly, the ‘
efficieney for n frequency doubler is 557, Thorefere,
it 18 necossery %o desisn a power snplifier-freguency
multiplier to deliver nore power than & rower asplifier
which would cperate co a otraipht eless 0% seriiffor i
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Table II. Design Characteristics for the 6C16 Power
Amplifier-Driver Stage,

Tube €016
Epp 420 v. Ece =12.5 V. Egm 15 v. Ego 120 v.
Pomin 25 Vo Eopax 2.5 V. Eop A17,5 v. Oy 152,4°

(o]
Oc 92 I,e 17,3 ma, I,p 29,4 ma, Ig N/A
Py 6,15 w. Pin 7.26 w, Py dell w, M 85%
R, 14,2 kohm n 18 "k 9
0 0°  30° 20° %0° 40° £0° P meP
cos @ 1.000 0.985 0,940 0,866 0,766 0.643 0,500 0,342

Eomcos @ 417.5 412 393 362 320 269 209 143
Ey 2.5 6 25 56 98 149 209 275
Iyg ma. 60 60 60 60 50 33 13 4

- Ipacos 9 60 - '59.2° 56,4 ‘52 38,3 21,2 £.5 1.3

Tpa= 1/n[Ip(0)/2 + 2 I, (k/n)]

Ia= 2/0[1p(0)/2 + &, 1y, km/n) cos (m/n)]
Pin= Epplba

Py EomIlm/2

Pqg = Pypy - P

Ry = Eop/Ip
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®omex = *bmin
15+
10+
54
120me,
100mas,
s 80me
0 G e e o 2
E, in \ 60ma, Ep in Volts
e °
Volts \\ 40me. o
= 2 20me
=10+ \
©
=15+ :
20+ FIGURE 3
Constant Current Charsecteristics and Load Line

for the 6CL6 Power Amplifier=Driver Stage
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one desives the seme useble power (4),

The power amplifier ig courled to tho swtesrnel losd
by means of a tremaforoor whose primery serves es the Ine
dugtor of the plate tuning oireult, One slde of the seoonds
ary 1z commocted to ground through o varfable tuning capacitor
while the other side is connectod to & type “N" comneetor
8t the front pensl,

The soeffieient of ecoupling of the trenaformer san
be varied by changing the ongle at whieh the vlene of the
sevondary interseets the flux resulting from s ocurrent in
the primary, The word "tronsformer” is somowhat loosely
used here begsuse of the high frequencies at which 1t opore
astes, A better term would be “inductively ecourled eiroult,”

Any chenge in the coeffisient of coupling will esuae
e corvesponding change in the mutusl inductsnce of the =
trenaformer, The coelficient of courling is releted $0
the inductences in the following monners

............. @ Wﬂﬁ 5 |

One attenpt to messure the mutusl Inductence of the trange
former by moans of ¢ low recuency bridee resulted ina
value of 0,9 uhy This velue would Indleste e cosffislent
T oourling whieh 15 nt loast one order of magnitude
higher then thet normally sttained by this tyve of tyanse
formers This implies thet the walue for the sutusl ine
duotence is probably one order of mesnitude teo high,
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Teble III. Design Characteristics for the 220 Power

"Amplifier-Frequency Multiplier Stage.

Tube 829

Eyp 400 v. Ece =70 v. Egm Q v. Egg 200 v.
Eppin 20 Ve Eepax 20 Ve Eom 380 v. ©p 114,6°
(8 Z§o Ipg 112 ma. I, 206 ma. P3 39,2 W,
Pip 44,8 w. Py 3.6 W. 1 87.5% Ig 12,5 ma.
Py 1,13 w. R, 1840 ohm n 18 k 9

o 0° 38 . a0  owg® . Ce® mghlEpS
cos © 1,000 0.985 0.940 0,866 0.766 0,643 0,500
E,ncos © 320 374 357 329 291 245 190
Eb 20 26 43 Tl 109 155 210
i fiae 600 560 510 - 375 225 . &5 0
I, ,cos e 600 551 479 325 172 29 0
B ate e 65 38 0. - 0ol

I,.=1/n[Iy(0)/2 + £ 1, (k/n)]

K

Ig= 2/n[I(0)/2 + § I, (xm/n)cos(xm/n)

—
1]

g

Fin= Epplps
P1 2 EomIlm/g
Pd :Pin - Pl

P * Zemle

1/n[1.(0)/2 + %ngwhﬂ
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FIGURE 4,
Constant Current Characteristies and Load Line

for the 829 Power Amplifier-Frequency Multiplier







4 §
The ahape of the secondary renders the calouletion of the
matunl induetance imrructicsl,

The cepebility of wvarying the cceffielent of coupling
in this trensformer io used as o mesne of roguleting the
mower coupled to the rlozeoclenent,

Bogosuse waristion in the coupling ond bend switehing
require tepping the rrimery of the trensformer for Toup
dirferent induostances; » coleulntion involving the sutual
induetance and the coolTicient of ecupling hss not been
nade, The m;m izpodance hasy however, boon Tound exw
perimentally (5), See Teble 1V), |

Should more power bhe needed to exelte the plesde
element, the cower factor for the quertz erystal cenm be
insrenged By properly tuning out the ststio espoeitance
of the orystel by means of en Inductence inserted soposs
the input to the erpstel holder, This topie will be dise |
oussed Purther in Chapteras III and IV, & , S




$ &
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Table IV, Output Impedance of the 829 Power Tube

Frequency E Ige Zg

Mec, Voits  Ma. Ohms
5 110 280 392
10 60 770 78
15 30 150 200
25 N/A N/A N/A

30 N/A N/A N/A






CIAPTER IXY
POUER TRANIZPIR T0 THE PIFZOTLIMESR:

riezoeloetrie ervotols have the property of being
atle to trenaform slestnt enl energy into mecheniosl enewrgy
sl mochanleal energy inte cleetriesl cnergys For the pure
rose of this experiment those corvespend te the trenssitting
transdueer and the recciving trensdueer rospectively.

Since this theslis is particularly coneerncd with the ablle
1ty to tranefer vower to the tranonitting trensiuvcer fyom
the oseillator, thies discuseion will be nrimarily concerned
with ﬁu trenanitting transducer,

Froporly, te treat plosoclectrie properties, it 4a
necossary to use tensor notation sinee these properties
are anlsotrople, 1,04, thoy dovend on ddvection (6), Hows
over these plesoelectric properdics csn be trested by approve
imstions which are edequate for the rurpose of this expere
Ineat, | ' o

Aceording to Hueter and Rolt (7) e plesoeloetrie |
sanple which has electrodes stteched to two opnosite sure
faoen soperated By length (L, motors) snd of surface ares
(24 motere?) will oxhibit the prorerties of an clectris

0% €6 /L







2h
The erystal alego beheves like & mechaniesl spring
with an intornel 23i0Tness constant that opposocs an
spplied foree, Sinco the caclllntions are asall, the
ayston obeys Hook's law, The atiffnese gonatant
(Enye newtons/moter®) is given by

¥/s

k= £/ ¢
It can aloo be writien

one 3 Moy
where (%) 18 (P/5), the stress, snd (m;) ta (FAL), the
atrain, The subscript (hi:) takes into account the anle
sotropy of the matorlal,

Ify while the orystal {o comproessed, the slectyodes

are shorte-giveuited to cqualise the potential aoross
the sample, the polardsstion, or charge per unit orosse«
aectional eree, Lo siven by

P12 ogyXye
The subseripts (ik) indicete thet any one of three vairs

of oppoaite fases, {1), cean be cherged by any one of the
aix poasible straine, (k)3 (eq.) 12 the plozcelestrie
atress onna$tﬁt relating the strain (k) 6 o particulsr
rolarisation veator (1),

b 54 thﬂ»faaa iz firnly clanped a0 that 1t sannot
changs In langthy the internal foroee developed por unit
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whors (E4) 1a the flcld strongth veotor and {enq) in
the plesoelestric atress constent releting a civen
rield strength vootor (J) to & perticular atroess
gomponent (h),
The rolations

Pgz ogpeXy ond X,= opgeEy
ean be tranaposed inte more useful forme which apply to
recoiving and tranmomitting tronsducers, respectively,
The following relationships ere neccssary (7):

CUPRENT: 13 5.4r/at emperce
POTENTIALY V1S volts
veroc1Tys u=al/at  metors/scoond
FORCES PE8x newvtens

in this mere practical form the squations for trensmitting
and reseiving plemoeloctrie transducers basome (7)1
TRANSHITTINGy TS 5{!.0»%50‘1:‘13307
REQCTIVINGS 13 5/Leegyeuz Kageu

These are the equstions which are used 4n the desipgn of
piegcoleotric treansducer erystals) thelr primsary purpose
here is to defing the (R'u), which are transforn quane
titios between alectrical snd mechanieoal enorcye

The probles of trmsfaﬂw pover fron uw é&g%i&t&w'
to the plesoelenment is sleplified if one troats the
transducer is assumed to be clamped S0 that 1%t radiates
only from one side, 1% #anm Lo tropted s o four torsinal

notwork (7). (See Plpurs 8),
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PIWIRE 8

Bqulivalent Cirouit of the Trenanitting Crystal

A% the output torminals s mochenicel fovee {F) 4s
arplied over the surfnee (5) preducing e rerticle motion
veloeity (u)s 1If the motion is mesuped to be of the plane
weve type, the redistion reclstance {Zpl)y 45 piven by

T2 Rel,
which 12 equivalent to

43 DIy |
vhere the density of the medium into whioh the transduger
thet medfium,

IT the transfuser is tuned to roscnance, the recstive
elements of the network csneel, This lenves only & resistive
term shunted by the statio capacitance of the erystal,

The voltage arrlied to the input terninal of the trense

This moang that even 417 the eryotel i operatod st 188 Pesotie
ant frequency, the sower faotor will be lose than unity,






The rower facltor for the nlezoclomont et resononce

ie glven by

@ =(1rwiggly
where (Cy) 48 the sistic o pacitance of the oryatal,
(R,) 1s the effestive roplstence of the erystal, end
{w) 1s the anguler Troquency of the orystal at resonanes,
The power feotor determines how such of the power avalle
able %o the transducer can netuslly be ussd, The power
factor ean be made to approach unity 47 the statie capacie
tence 1s tunod out by meens of an induetor elther in pare
allel or in serles with the oryetsl, The power factor
has baen eaaaglataa for 5 and 10 pegoeyele qryatcln OO
ating into various mediums, The induotances neoeded to
onnoel the stotle capncitonce ot the fundsmental froquency
and the avellsable hermonies are llsted in Table ¥,

In the present oiudy we have used both 5 snd 10 megne
eyele Zeput quarts orvetels. These orvyastels when exelited,
rroduee longitudinel, ceuprossional waves in a semple,
These erystals will aleo operets st on odd havmonie, iﬁ_
that, for example, the % megecyole erttal;ﬂua'ﬁlruﬁld
slso at 15 and 25 megaorelen, ty

The impodenee rresented to the oselllator by the
eryatel et resonance vories with the moterisl shzéh beehs

ratiates, The materisl which bocke the orystal in this
exporinent is brass, Conpared to the waxelike tnbatam@aa







into whieh the ervatsl rodintes, thin vresents s rigid
backing. T™e errsisl ecen then be treated an 1 1t wers
rizidly lamped, This asgumpticn, althoush not exactly
truey 48 edecuate Tor the purposes of this experiment,
The resistence (Ry) 18 glven by

o= Lesfc’ ,
where (€) 1z the transfors “noior betwoen mecheniond
and eleotrieal quantitios Alsecusaod corlier is this
cshaptor, Hueter end Bolt define it s

0C = Oy «5/L
vhere (5) is the totel redisting surface, (L) 1o the
thickneas of the ervetal, ond (em) is the nlezoelectrie
stress constent (7). Values for 7, are listed in Table IV,
The ealeulated resistance which the orystal will mt
to the cseillator st different frogquencles end with the
eryatal m‘muﬂg into wericus satorisls are shownm in
Teble VI,

operated st thelr fundementsl frequencies end odd hermoms
les up to and Imeluding 30 megseyoles are liated in Tekle
VIL. ' |







Table VI.

Equivalent Resistance for the 5 and 10

30

Megacyecle Quartz Crystals Operating into Various Mediums,

3
M kg/m

Ro (SMc) Re(lOMc)

Material ¢ m/sec ¢S kg/sec

Quartz  2.65x10° 5.50x10° 4,14x103 5+98x10°
Brass 8.44x10° 3.50x10° 8.39x10° 1.21x106
Steel 7.83x103 4.90x103 1.09x104 1.57x106
Aluminum 2,70x10° 5.10x103 3,91x10° 5,66x105
Camphene 0.96x10° 1.40%10° 3.80x10° 5,48x10 "
Camphor O.99x103 1.40x103 3.94x102 5.68x104
Beeswax 0.96x10° 0.90x10° 2.44x10° 3,52x10%
Butter  0.86x10° 0.80x10° 1.96x10° 2,83x10
Re=.€cS/k2

&£27 (e138/1)%

1.49x105

3.03x10°
3.93x10
1.42x10
1.37x10
1.42x10
8.81x10

W W B U1 W

7.08x10






31

Table VII., Power Factors for the 5 and 10 Megacycle
Crystals Operating into Various Mediums, The Power
Factor is Shown for the First Three 0Odd Harmonies

and the First Two 0dd Harmonics of the 5 and iO Mega-

cyecle Crystals, Respectively,

Material PMe,  15Me, 25Mc, 10Me, 30Mc,
Quartz 0.0028 0.0010° 0.0006 0,0028 0.0009
Brass 0,0014 0,0005 0.0004 0,0014 0.0005
Steel 0.0011 0.0004 0,0002 0.0011  0.0004

Aluminum 00,0029 0.0010 0.,0006 0.0029 0.0010
Camphene 0.0311 0.0100 0.0061 0.0300 0.0100
Cemphor 00,0291 0.0097 0.0058 0.0289 0.,0097
Beeswax 0.0466 0,0156 0.0089 0,0472 0.0156

Butter 0,0586 00,0195 0,0117 0.0582 0,0194
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Previous work by this grour on the welooity of \ﬁtﬁg
agound In cenphens hes shown thet nexinms are speced on the
order of tems of kiloeyeleg;y therelore, Tor ultresonio
waveas of & fow meproyoles, 1t 1s imporative that the osolle
lator have very little frequeney drift, This has boon ape
somrlished by the use of regulatod powep aupgum‘ for the
oselllator and by fseletion of tho osellimter stage frow
the power mliriar stegen by means of & thao raum
stoge,

The output impedmnce of the power tube mﬂ bc
oxaotly mm to the imnedsnes of the erystel, The
eryotel 1weﬁmoe at reaonance 1s a funetion of the netor-

161 Into which the evystal redlates. Yhen an.'gayuﬁax tREES
mdiatmg inte a wWoxelike materinl such ss mm,
impedanse of the orvatel 18 olose %o thet ¢f the Mﬂ&o '
ter; however, whon the oryatal 1o rodisting Lata s m-
stonce such ez sleel, the impedeones of the mm i&

mueh higher and, as a consoquence, pover tranefer m

of the power Subs ocennot be osalo:lnted ezaetly a
knowlodge of the mutusl induotence of the outeput transformer,







%

The amount of usovl rower which the erystal csn pee
ceive 18 a funetion of 1t powaer foetor, Th#.peuar “Ro-
tor can be made to norroneh unity br tuning cul the statie
capacitance oF the eryotsl by mesns of an inductor insorted
in parellel with the erystel, ‘owever, oaloulstions of the
volue of induetance required indleste thet st frocuencies
sbove the Tundemental ths induetenee is megligidle., In
fact the ilnheremt inductence of the wiring mey be suffislont
to sompensate or oven overcomrsnante for the statie capaoi-
toness In the nelchtorhood of § megeeycles it does beecome
necessary te sdd an inductor in parellel with the erystal,

fny compensation which reises the power faotor to unity
will alsc raise the "0" of the orvatals this will norrew
the bond of frequencies to whioh the ervstal will respond,
in this case it may thus become nocossery o add renistance
in versallel with tho erystal te lower it "Q‘ 80 08 6 Obe
tain sufielent bendewidtn, :

,,,,,,,,

mwucmmmmthmmaawmmw&
lator cannet be gated reapldly enough to obtsin s pulse of
radio frequeney with e rise time of only & few am“g .
This might be acecomrlished by geting the pm anpiifiore
frequency sultiplier tube, fny nttcmpt 4o gate the oselllas
tor stage will result in a loss of m@mx &Wlﬁs.

ing me this intereating prroject “or o t.hwh;
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AN ABSTRACT OF THE THESIS

The interferometric method is used to obtain the vel-
ocity of ultrasound in a sample., This method requires the
introduction of a high frequency mechanical vibration into
the sample. This vibration transverses the sample, is de-
tected, and brought into interference with a portion of
the incident signel, or with its own echoes, In either
case, maxima and minima occur as the phase difference passes
through multiples of 2 , as the frequency is continuously
varled, Therefore, it is necessary to have an oscillator
capable of supplying sufficient power to excite the trans-

i mitting transducer, while at the same time, maintaining
frequency stability. The design and operation of such an
oscillator is the primary objective of this thesis.

The radio frequency oscillator consists of four stages:

" (1) a simple Colpitts oscillator, (2) a cathode follower
for isolation purpcses, (3) an amplifier-driver, and (4) a
power amplifier-frequency multiplier, for which the trans-
mitting transducer acts as a load.

The transmitting trensducer presents a load which is
frequency dependent, and which is dependent upon the den-
sity of the material 1ntp whi;h’the grygtalvis_radigting,

the veloecity of ultrasound in that material, and the area

of the transmitting transducer which is in operation,
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If the crystal is operated at resonance, the radiation
impedance reduces to a resistive term; the value of this
term has been calculated, within the accuracy of the know-
ledge of the value of ultrasonic velocities in the mater-
lal and of the material density, for the transmitting
transducer operating into various materials. The results
indicate that substances which are fairly rigid in struc-
ture present a higher value of resistance than the more
wax-like substances such as camphene. One other hindrance
to the transfer of power to the transmitting transducer
is the static capacitance of the crystal., This can effec-
tively be tuned out by means of an inductor placed in par-
allel with the static capacitance of the erystal to form
a resonant load at the operating frequency of the crystal.
If this is not done, the power factor of the crystal may
fall well below unity.
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AN ABSTRACT OF THE THESIS

The interferometric method 1s used to obtain the vel-
ocity of ultrasound in a semple. This method requires the
introduction of a2 high frequency mechanical vibration into
the sample, This vibration transverses the ssmple, is de-
tected, and brought into interference with 2 portion of
the incident signal, or with ite own echoes, In either
case, maxima end minime occur as the phase difference passes
through multiples of 2 , as the frecuency is continuously
veried, Therefore, it is necessary to have an osc¢illator
capable of supplying sufficient power to excite the trans-
mitting trensducer, while at the same time, maintaining
frequency stability. The design and operation of such en
ogcillator 1s the primary objective of this thesis,

The radioc frequency oscillator consists of four stages:

(1) a simple Colpitts oscilletor, (2) & cathode follower

for isolation purposes, (3) en amplifier-driver, and (4) a
power emplifier«frequency multiplier, for which the trans-
mitting transducer acts as a load,

The trensmitting trensducer presents 2 load which is
frequency dependent, end which is dependent upon the den=-
8ity of the materiel intc which the erystel is radiating,
the veloeity of ultrasound in that meterial, and the area

of the transmitting trensducer which is in operation.
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If the crystal is opersted at resonance, the radiation
impedence reduces to a resistive term; the value of this
term has been calculeted, within the accurecy of the know-
ledge of the value of ultrasonic velocities in the mater-
ial and of the material density, for the transmitting
transducer operating intc various materials, The results
indicate that substances which are fairly rigid in struc-
ture present a higher value of resistance then the more
wax-like substances such as camphene, One other hindrance
to the transfer of power to the transmitting transducer
ls the static capecitance of the crystal, This can effec-
tively be tuned out by means of an inductor placed in par-
allel with the static capacltance of the erystal to form
a resonant load at the operating frequeney of the erystal,
If this is not done, the power factor of the crystal may
fall well below unity,
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