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ON THE EQUIVALENT CIRCUIT AND 

PERFORMANCE OF PLATED QUARTZ BARS 
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• ONE OF THE 10ll"ost frequency modes 
of vibralion iu quart1. is that of a long thin 
b:\l' vibrating in the direction of its length. 
This led to the cady usc of this mode in 
COIll'itant frequency oscillatOl"S nnd ill 
fillcr~ whero frequencies of the order of 30 
to 100 kc 11'('1'0 desired . The early burs were 
all X~ut, that is, the faces of the bar were 

all parallcl to the principal axes of the quartz cr . .,..lItal. Lator de­
velopments hu\"c sho\\"jl that rotutiOIl of t he bur about the X -axis 
])el'lnils the choice of special proI)Crt ics with rcsulting improved 
performance in ccrtain applications . 

In the past, bill"S \\·CI"C genemlly operated at. the fundamental fre­
qucncy where the lcngth of the biU· is one-half wavelcngth. By choice 
of the latcral dimensions, the temperature coefficient of frequency 
could be rcdm:cd to a small value, averaging - 0.75 parts per million per 
degrcc Centigrade for the T YPE 676-B bars. The use of adjustable 
bames at. the ends of the bar greatly reduced the damping ctlus('(i by 
supcr.<onic mdiation and reduced changes in fl"Cqucncy caused by 
changes in air pressure. Since there was only one nodal region, at the 
centCr of the bur, mou nting was ~om('\\"hat difficult. and there was a 
tendency for the barto tw ist or displace in thl' mounting under shock. 

Fluu.. I. VI.w of th. 
Ty..- 1190 Quartz Bet. 
w ith co ... . . r. mo .... d . Th. 
bar II I Ul p. nd. d in nylon 
fllam. nll h. ld In I. n l lon 
by coil. d I prlnUI. 
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In Ihi'> TYPE H 90-A Quarlz 13:lr.' 
op<.'I'ation at the second harmonic, with 
:l full wavclcllb<th, provides two nodal 
I'cgions so that a much more stable me­
chanical :1Tl'lUlgcmcnt results, Fm1 her­
more, utilizing qll!U'tz of about the same 
lateral d imensions as before, zero tcm­
pcratul'l.' coefficient of frequency etul be 
obtained foJ' a desired tcmpcrllture, 
FiJlally, in :t tension 1Il0lUlting, the 
mount ing condil ions Clln be maintained 
c."ilcntiIilly lInchanb-ed over loug periods, 
resulting in less frequency drif~ with 
time, 

From tbc piezoelectric relat ions and 
the equations of motion, the electrical 
impedaute and the equ;valent elcctl'icn\ 
circu it can be der ived for :l. bnr, either 
plated or unplated, Since pract ically all 
6uch bars are used with plated elec­
lrodcp, we will consider only thaI. e:lSC. 

Fi~1, we must real ize th:lt q U!lli.Z is 
unisotropic, that is, its properties arc 
dilferent in different directions, Second, 
tbat there are certain a X(!i< of symmetry 
in quartz about wh ich the properties 
repeat. For rotation about ally onc of 
the th ree X-axes, tbe propert.ies repeat 
every 180 degrees. For rottttioll about 
tile Z-axis, or optic uxis, the properties 
repeat evcry 120 degrecs. A familiar 
example of a si.mple anisotropic material 
is wood, where the properties are differ­
cnt along and across the grain. 

The six Fitress-strain equations of 11 

perfectly anisotropic material involve 36 
elastic COllstants. Because of the I'eci­
p1'ocity .. elationsh; p, the numocr of 
independent constants reduces to 21. 
Ne~'t, applying thc cOllEidemtions of 
S)'1l1metry for rotations about any X­
a.:'(is, in q uartz, 8 of the 21 constants 
become zero. F inally, applying the con­
sideration of symmetry for rotation 
about the Z-axis, one more constnut 

I U.oo. ill the new T"rPI: llOO-A F'e<jutney Sundatd .. 

, 
becomes zero and rcla tjollships al'e. 
estttblished between others such that the 
ll umber of independent COllst:l nts i1< 
reduced to six, 

In general, additional st1'e:scs arc 
int rodnced by tIle piezoelectric ciTed, 
so that the s ix general clastic equations 
3l'1.l modified by addit ional iel'llls in­
volving 18 piezoelectric coefiicients, 
whi ch relat.e iJ1C st resses with t he three 
com poneni electric fields . Again apply­
illg symmetry cond itions, tbe nu mber of 
independent piezoelectric coefficients is 
reduced to two. 

If we now consider an X-cuI bar, with 
its long! h along the V-axis, til(' piezo­
electric equnt ious reduce to: 

- y~ = 81~Xz+SllV~+813Z. ( I ) 

- 8]4 l". + dll Ez 
Qz= E~/\'/47r -(/llXr+dllY~ (2 ) 

- d14 l'. 
whcrc: 

}'w"" lougitudjual strain .. change in 
lengt.h pcr unit length _ dl/ I. 

.\"" Yr,Z. ~ The three longiiudinal 5tresses 
- force per Iwit area _ dynes/ cm' . 

l'. = shearing stress'" dynCII/ cm', 
(/11. fit. - piezoclectric CODst.ant.'l 

- ESU ch:lrge/ unit areR/ wllt force 
- sl.atcoulombs/ cm'!dyne or 

strain j uuiL field _ cms/stntvolt 
h: • .., applied field"" volt.:Ige gradicnt 

""' statvoltaj cm. 
1,1, etc. - clastic compliances 

- displacemcnt j dr,ne '" cm'(dyne 
(These nre the 'zero field' values, 
sometimes written wlUI II, super­
script E.) 

Q. - cllllrge per unit nrcR - st.'l.~ 
coulombs/cm'. 

K - The "free" dielectric constant 

To simplify these equat ions, we l\&Iume!l bur 
I.uwing X and Z dimensiolli! much smaller tban 
the length, or }' , dimensioll, 80 that WE! can put 

X.- Z.- l' .-O (3) 
Equations ( I ) lind (2) then OOcollle 

- V. ,. '" l'. + duE. 
Q. -- EJ( j ...... + d" Y. 

(4 ) 
(5) 

This obviously arl ificiaJ s implification 
permits !I solu l ion to he obl;l incd fo r the 
equ ivalent cil'euil, Sinte t.he lellb1.h di­
mension Y is pl'e<iominan t, this theo­
retical solut ion will SC1'yC as :l u~cfu l 
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, 
guide in pmctical cases. It would be 
e:qlCf'LCd 1hat, as the Illteral dimensions 
X and Z nre incrC:ased , the departures 
from thpory would oo(.'Qme more pro­
nOUllced. These dcpali.mes nre not so 
!t«'at n.s to limit the u::cfulncss of the 
!'implificd interpretation unti l the btcrnl 
dimensions reach some 25 per cent of the 
length. 

Equlltion ( I) shoW's that , in addit ion 
to tbe dt'S'ired lengthwise ( I') vibration, 
there will be vibrations in the di rections 
of the width (Z) and th ickness (X ); also 
there will be a shearing vibration in the 
length-width plane ( l'Z). This condition 
may be thought of as a prineipul 
lengthwise vibration of the desired fre­
quency hadng three other modes of 
vibration coupled to it. T he effects of 
Ule other frequencies on the desired 
frequency will depend on the values of 
the frequellcies (detcrmiot.-d by (limen­
sions (md properties of the quartz in 
those dirt:'ction~) and on the mngnitudes 
of the coupling!' bet.ween thCi'e different 
fl'('ql\('n('i~ (dctennilled hy tht': proper­
tie<; of the qUflrtz). 

In h"Cllcrnl, if two mode!" of motion :U1:' 

ill planes at. ]'ight nn~lcs to cfH:h other, 
the eoupliug is wenker thnn if the 1ll0-
tions art> in the Bame pltme. AL,;o, if the 
mod~ of motion arc such as to produce 
8imihv di:.;p1:lccmclLts at the boullchiries, 
thf' eOllpliJlg bctw('('n them ili 1Illlch 
greater than when the boundary dis­
placements nre dis.'~imiitir. 

In Equ:ltion (1" the frequencies of 
the thiclOlCSS (X) nud width (Z ) lOUb';­
tudil1lll vibrations will be much higher 
tJlUti thf' d('Sircd ICllgth (n vibrnlion. 
The frequency of the lcngl,h-width 
( l'Z) shf'llr will dccre:l.'ie rapidly tli<. the 
width is iucreased, approaching the 
length (n frequcncy, und the coupled 
effect bf.("()mes gl'cater. Interpreted in 
this way, tbe si.mplification of Equation 

M ... RCH . ... 'RIl . 194' 

(1) into Equtlt ion (4) j!'; :H'eomplishcd by 
making the (.-oupled frequencies 80 high 
compared with thc lengthwise ( Y) fre­
qucncy that. their effe<>ts nre negligibl(>, 

It cml be I< hOW11 thut the admiltnmi} 
of the crystlll i~: 

E - E~,( (6) 

= _jWEal'Z I( J";' +d~lt(/nW2~ ) 
£&<-\ .,Ill' 8 11 wI' 

2,; 
where II ill the velocity of Wflve prol)llgntion ill 

quarb. 

This cOIlPists of two tNm8, repI'CSCnt­
ing two brnll('hcs in the equinlicllt cir­
cuit. The first \'cpl'est'nts the eapllciUlnee 
Co of the two elcctmdes scpnrM(.'(l b)' 
the quartz, ]110 seeond tenn could be 
represented by the I'Clletflnee or a trans­
llli!';sion linc, I.:!lually, however, the im­
pedancc of thii' bnUlch iR reprc;o:cnted by 
an infillctlHlrt' L. and ellpa('itllllt'C C. 
in 8crics, r(':<Qllnnt fit the rceon:m/ frc­
qucnc)' of Ilw QUIl.rll. :mcl having a 

fig .... 2. S.loltdory modu of .. Ibrollo .. I .. II ....... , 
Th. ,hearl .. , .. Ibrol;on Is • .-clted lIy the .. ",mol • • oc­
trod • . Th ... ,ond 11 . ...... 1 mod. II me,h" .. lcolly . ". 
cited lIy th • • lmHo,lly of d llplocom . .. ! o! lhe . nd • • 
Th. f .... dom . .. lolllu ...... mode con .. ol ... u tl.,d lIy 

th . .. ,"ctrod .. '" d llp.oc,menlo, 

\'-----:::c==-::c:--:::::-:::-=:;:-----"\ 
FUNDAMENTAL 'fZ SHEAR MODE 

FUNDAMENTAL FLE)( URAL MOOE 

SECONO FLEXURAL MODE 
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GENeRAL RADIO EX PeRIMENTER • 
rcactanec slope at this freqllellcy equal 
to that of the tanb"t'llt curve. 

The inductance value can be written 

L = XYZ[~ ]' 
• P? 2d Z - .. 

X 9 X 1011 henries (7) 
The effective ma."s in the mechanical 

system, of a. bar vibrating in tbe direc­
tion of its length, is, one-baH it!' actual 
mass. Consequently, in (7) tbc firl!t 
factor represents the effective nUt."s, or 
mechanical inductance, in thl' mechaJli­
cal system. The second factor repre~ellts 

the transformation from the mechanical 
to the electrical system, and, to com­
munications engineers, it-s representa­
tion as an electromechanical trans­
former with a certaiu transformation 
ratio is appealing." The third factor is 
the conversion from electrostatic t.o 
practical units. 

Similarly, for the eapacitall("'C: 

C1 =~ YS,lI [ 2d Il Z ] ' 
'11'2 XZ 811 

I 
farads 9 X 1011 (8) 

On this bru;;is, the equivalent eitcuit 
t:'ln be drawn as shown in Figure Z. 

If t he mechanical elements arc Utakell 
through" the electromechani cal t rans­
former, we ho.vo 

LI = .xZY 106.8 henries (9) 

·"£lectr<lm.~h.nj~1 T ... """u~ and w."e Fill ...... " 
W. P. lit"""". D. VBD Noot ... md Co., l!H2. 

Zy 
C. = X 0.00322 X 10-12 farads (10) 

where the dimen~ ions X , Y, Z :'IfC in 
ems. 

Throughout the above no account hilS 
been takcn of losses in the mechanical 
system. Due to facto rs such as !!upcr­
sonic radiation, dil'sipation in the mount­
ing, and lo~scs in the quartz, a rcsi~tn.nce 
element f'hou ld be included in the 
mccilallical system. 

For a bar moun ted in air, free of 
reflecting obstructions , the gl'eatcft ell­
ergy loss iR due to sli perwnic radiation 
from the ends of tbe bar. 1£ t be smallest 
dimension is greater than one-half wave­
length in air, this Joss can be calculated 
as follows: 

At each end of the bar a mechanical 
resistance R". = (pv) .. XZ mechanical 
ohms is effective, where (pV)D is the 
specific radiation resistance of air and 
is equal to 43 mech anical ohms per 
square centimeter. 1n the mechanical 
system the two ends are in parallel, 
giving an effective resistance R"./2. 
Taking this mechanicnl resistance 
through the electromechanical trans­
former, we obtain the electrical equiva­
lent 

X 
R'ad = Z 6920 ohms (11 ) 

T he ratio of resOIllUlt reactance. to 

Figu .. 3. Equi",allnt cir.,,;' of Ih' quartz bo •• Allh, I, ft Is shown Ih ' qu l",o l'nl cI"ull with Ih , 11.trom .. 
chanlcal trandarmal ion "hown 01 a fronlforml r ofrollo 1 •• '. If 1101 ml chanlcal quanlhlu Oil " 'oke ll th.allsh" 

th l transform ... 'h I Illdrlcal eqlll"'ollni '; .... It I hoWII at thl tlghl "111111. 

I' <»2 
~ 

J 
~LM • LI 
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resistance, or Q, of the crystal can be 
determined cit her ill t he mechanical 
system or tbe electrical equivalent. I II 
t.be mechanical system, the resonant 
mechanical reactance and lhe mechani­
cal resistanoo arc: 

X", IIJRYpXZ 
Q. ~ /1. - 4(pu).XZ (12) 

At resonance w l' "" nI, so that 
Qm _ ,,-(pv)v 

4(pv)" 
11" (2.654 X 5.'14 X IO~ ) 

<I X 43 
~ 26400 (13) 

in the electrical equivalent circuit we 
have from E<luat.iolls (9) and (11 ) the 
resonant reactance and rcsl."tuncc giving 

Q _ 182.5 X IO'X/ Z _ "G4oo ( 14) 
• 6920X/ Z ~ 

lieder these conditions it is seen that 
the Q is independent of the area of the 
ends of the bar, t.hat is, a "thin" b:lr 
would have the sume Q as a compara­
lively "£at" bar. However, opcmtion 
under these conditions is of no pract ieal 
interest ~ilJ(:c reflections would take 
pltJ.cc from objects l1i.'tH Ihe crystal, and 
the losses arc unnecessarily high. 

One method of red ucing the super­
sonic energy loss and of fixing t he con­
ditions of reflection ncar the crystal is to 
put. baffle plates ncar the ends of the bar 
and adjust the position of the bnrnes for 
quarter-wave rrsonlillcc. 

For nn X-cut. 5O-ke bnr having the 
dim~ns:iOlls X = 9.4, l' = 54.4 , Z '"'" 7.0 
mill, the resistance, whell radiating 
frccly, would be, from Equation (11), 
9290 ohms. The actual measured I'C­

sisilUlcc would be Ilpprcciably higher 
due t.o the effect.'> of radiat ion from other 
surface!';, losses in the mounting, and the 
elTccts of coupled modes of motion. 

VEing properly Ildjustcd bllmes, the 
above radiation resistance can be re-

MARCH _APRil , 1941 

dured by 90 or 95 per cent., becoming 
about 700 ohms. 'l11~ actual mcasured 
resistance undel' these conditions would 
be about 2500 obms, giving a Q of 
98,000. 

These figures indicate that vacuum 
mounting of such a bar will not rcsult 
in an indefinite increase in Q. Here, 
vacuum mount ing could at most remove 
the residual nir-wave loss at the ends 
(700 ohms) plus a small amount due to 
radiation from other surfaces - perhal)!! 
BOO ohms in all, itl the lotal of 2500 
ohms. This would give a Q of nbout, 
98,000 X (2500/ 1700) ~ 147,000. 

The residual loss is largely due to 
coupled modes of motion. It can be sub­
stll ll tinily altered by orienting the bal'. 
While this reduction would be highly 
desirable from the point of vicw of 
obtaining the brreatcst possible Q, other 
fnt.1.ors arc important, such :IS in creased 
temperature cQ('flicicllt. 

An unexpected effect occm''l, as n 
result of the }'Z ~hcar vibration, wh ich 
is the excit:ltioll of :l flexural vibration. 
This flexural vibmtion canuot. 1/<.' ex-

FIII II •• 4 . Showlllll tho •• 1011011 0' tho 'OtOtlOIl onill., 
e, 10 tho ptillcipol o)(is of Ih. q ... ort~ . 

, 

. _.-.' 
}""",_:=_.:. __ --_-_ -/e--, 

e· 

, 
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GE N ER A L RADIO EXPERIME NTER • 
t'iled piez()(!\ectrically with the s imple 
electrode system "0 far considcn .. >d. A 
mechaniCllI coupling exists between the 
flexu l·ftl and shear modes by v irt ue of 
~ i1llil :lr dmplacetnent s at the boundaries. 
This lIl:ly be visualized as shown in Fig­
ure 2. It is evident that lhere is n 
marked similarity of d is plncementf' al 
the ends of the btu', for the fundamental 
"hear nut! t be second f1exurnl mode. 

The flexutal frequency is b';ven by 
J.-m'lZ/ 1,3, where the factor m is l\ com­
plicat.ed function of t he dimelli:1ions of 
the bur fo r nil but. extremely thin har.:. 
An important propc.' rty, however, is 
evident - thM Ihe f1 exutal freq uen cy 
i f lcrease8 with an increase in Z, or width, 
of Hle bar. This mode is the only one in 
which tile frequency cbanb"C8 in this 
d irection with change of dimClleion. 
Whell the width Z is made npproxi­
mately 25 per cent of the length l ', the 
!;eeond flexnral frequency is ('qual to the 
lonp:itudi nn l frcqu~ncy. BeC:lUi'e of tiJ(' 
eom pal'ativcly ~t rang (,Ollpling, the fl ex!!­
rtll frequency e:1U1>('f; fl Illnrkcrl dis­
turb:l..Il('(, of the longitudinal freq uency 
and also enu.::cs n I:lrgc incre:l."e ill the 
tcmpenlt IUoe cocfli cient, 

Furth('r investigation of this region 
for ban;: hnving npPfOximfttcly square 
r' rOSS-tlectioTl h:1.5 1'ho\\'n that the ('oupled 
circuit effect may he utilized to obtain 
Ii frequency-tclJlpC'mture cutve in the 
~hapc of nn im'erted paraboln! At OIlC 
tt:'lIIpcnlt\Il'C, the tcmpe .. at ll l1'~ocml'icllt 
of frequency i" 7.cI'O, and chilllgefl only 
Elowly for temperatures 011 eit h(,I' "ide. 

Ro fnr we have indicMed 3 . reduction 
ill the effects of coupled freq ucnriC'S only 
lIy making the freq uC'Ilcies vcry far 
removed from the dCEired frequency , 
accomplished by keeping the lat('ral 

dimem;ions of the bnr very i'<mnll com­
pm'cd wit h the length. 

.In Equation (1) it iii pO;;:8ible to make 
certain of thc elas l ic ctX'flicients zero, by 
s uitable oricntation of the> ba1'. Equnt ion 
( I) is written with the pnrticular v1l1ucs 
of the clMtic and piezoelectric coeffi­
cient s which npply when the three di­
mensions of the htu :lrO tnken nlollg t he 
three crystallographic :\xes. 

Investigation of the properties or 
l'otMcd bars shows Ihnt for a rotation 
of - 18.5°, the coeflicicnt. 82.( ,'an i8hcs. 
This lUe:-U1S thnt for this rotation no 
s hcftting motion is excited ftnd, con­
sequcntly, 110 flextlml motion will take 
placc. TIHl~ Iwo of the d i~tuJ'bing fre­
quencies lit(' eliminat ed. The motion 
consists of the longitud inal vibratiol1 
desired, accompanied by lateml mot ions 
only. A bft r cui in this mnnner is found 
to have a higher Q than nn un rotated 
bar. It has al.!'!o a l'iuhstallt ially hjgher 
IcmpcrntutC ('ocfficienl (approximately 
- 24 pads pCI' million pe l' degree C, 
inst cnd of - 1 or - 2.), whieh is not too 
troublesome in SOIllO upplicatiolls At 
this nngle the length of tho ba r i.:'3 in the 
direction of minimum Young's l\Jodulus 
ill t be I' Z pl:we. For fl given frequency 
t hi;::; gin!i' lhe !'hortCSl bur, SOJllO (j per 
cent ~hort('r thtm the unmtnted bar. 

At nn anglc of I'olation of + 4 Ui 
degrees, not only i;::; the l..'ocfll cic.nt 824 
zcro, but a).':'o 823' The coefficient 8iz 

is much sm" lIer thfln in the t wo pl'Cvious 
cases . I n t his ca;::;c :l. netlrly pure longi­
tudinal vibration is ohl aincri, wiill a 
small i:ltcr:ll motion ill the X"irection 
on ly.< r\ subs tantially higher Q is ob­
taillcd but at thc expeTlse of n high 
temperature coefficient , flp proximnt ely 
- 77 parts per million per dcgree C. At 
t his angle the length of t he bflr i1:i vcry 

<"Some EIl"'"Tirn..." .• 1 Studi ... or the Vibratiom "r Qua.\I 
PI.tOO'," R. B. WrllPr~ ~Dd D. M. SI"aft. RMt-Arcb l'apet 
No. 3~. U. 8. Burmu of SL&,ldardi. 
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. ~. _ U ' 

-<" r 
, ....... U .... '-'0 .. 
"l~ OU"ff C. or ... u.: I'OI~ TI 

fill .... .5 . Plo. ot Ihl chong' In fr~ ... ncy with 'h i 
'Imp«alu •• for a Typ. 1190- ... Quom Ba •• 

Ilcllrly ill the direct ion of maximum 
Young's !\Iodul~ in the l 'Z plaut', giv­
in~ very ncarly the greatest length for 3. 

bur of givcll frc(JlICllcy. some 30 pt·f 

ceni longel' thflll t he unrotiltcd bar. 
The simple the'()ry out lined 1100"(' i" 

!lot adequate to b:Uldlc the Crule of bars 
the lateral dimensions of wbieh lire 
appreciable compared with the length. 

MARCH-A.PRIL . 19 4. 

In general, CXI>criment. s.bows thtH, the 
Q of bafi'C whose IMl'ml dimcn .. ions are 
of the order of 25 per CCll t of the length 
is somcwhnt greater and that. the tem­
perature cot"fficil'nt {'(lU be mude zero at 
a part icular tC'lIlpcrnturc. T he bar de­
scribed abo\"(' for 5O-ke fundamental 
operation call be operated iu the F.t'coud 
hunnonic mode at 100 ke, thereby 
bringin g the mtio of dimensionS int.o the 
runge giving low tem p<lr:lhu'e eocmeicllt, 
without. using mort) quartz. Bcc!\Usc of 
the mode of vibmtion, two nodal 
regions I1rc obto ined instead of OIlC, 

m3king for II, mudl better mechan ical 
mounting with support at twu points. 
A value of Q of 170,000 elm be oblained , 
in a t hrcfl.d-euspcllsion moullt ing wit h 
bafllC8, of the type $hOW11 in t he photo­
graph of Figu re 1. 

- J . K. Cl.APl' 

THE NEW ELECTRICAL UNITS 

TIl(' change r rom t he old " iutcrn!l­
tiOOftl" units to the new "absolut(''' 
units, wh ich took pluce all J anuary I, 
19-18, was described under t he nbo \'C 
title in t he Cel1eral Nadio Experimenter 
for July-August, 19H . This chaub"tl iu­
volves II revaluation of the units of 
resistallce, inductance, nJ ld capacitanoo 
Il8 giyen in the following table: 
1 internatiOllal ohm _ 1.00Cl.f95 nbs. ohn18 
1 internatiollal henry - 1.000495 nbs. henries 
1 intenul.tionru flU'nd _ .1lOOS05 nbs. farad 

To convert the vulucs of exist ing stand­
a.rd,. to tbc new unit-<I, the present. values 
f'hou ld be multiplied by these factoI'!<. 
To adjust an exisl ing standard to h{l\'c 
its IIlnrked vnlue in t he new un it s, fl 

resistor or inductor is decreased in vullle 
by 0.0-195 per cent, while u capacitor is 
incre9.8ed in value by 0.0495 per eCllt. 

.\ 11 instruments now being IIlIUHI­

f:lcturcd, together with all of their com­
poncnts, arc ndj llsted and cnlibruted in 
tcnns of the new un it.s. The difTerence 
ooLween lhe old and new units is of 
importance only when the accuracy 
lim its nre 0. 1 l)Cr tocnt and 0.25 per cent. 
i n this ac{'uro.cy cltl.."sification there nre 
12 types of General Hadio inst.rulIlents 
and oollllx)Jlell lS, n,s ~h()wn ill the lle­
company illl{ tllblc. All of these flold lIfter 
the approximate dates given in the 
ta.ble will be calibrated in absolute units 
and will be IIlllrked with the abbrevia­
tion 'rabs." plac,ed after or !leur the unit. 
in which the instruillent is calibrated. 
The spread in these dates from February 
15 t.o May I hus becn caused by the fac l 
that orders for parts for a production 
lot of instnuncnts must be placed many 
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months ahead of the final delivery to 
sales stock. It was Ilec~sary in slIch 
items as resistance units, which arc 
manufactured in lots of several thousand 
and arc used in almost all of this group 
of instruments, to arrange that all old 
" international" units be used up at 
about the same time and that new "abso­
lute" unjt.8 be then available. 

New instruments with type nwnbers 
of 1000 and above and new components 
which may have type numbers below 
1()(X) will not be mMked "abs.", even 
though so calibrat ed. 

• 
Typ. l nillo.. 001. 
500 Resistor ... : ........ : ........ A I,ril Hi 
510 De<:ade R esiStance Urut ....... 1\ 8}' I 
602 De<:ade Resistance. 80)1.: . . . . . .. May I 
GM Decade Voltuge Divider ....... May 1 
008 CompeliSfited Decade Rcaist&nce 

Unit ... . ... ........ ... ~'eb. 15 
670 Compell8al-ed Decade Resistor .. Feb. 15 

COpel.ItOl. 
72:1 Preeision CondCWler .......... Allril 15 
509 Standard Condelll!er .......... Mll.rch 15 

Indv<IOI. 
106 Standard Inductlln«l .......... MlI.I"ch 15 

Bridge. 
716 Capacitance Bridge ........... MlI.I"ch 15 
821 Twin-T Impedance Mell8uring 

Circuit ................. . .. M~y 1 
667 Inductance Bridge ........ .... Maroh I 

READJ USTME NT OF OLD INSTRUMEN TS 

The difference of approximately 0.05 
per cent between th{' old and the new 
units will be of little i.mportfl,uce for 
much ordinary mell.Burements work. On 
the other halld, in measuremellts where 
lUI accuracy approaching 0.1 per ceot is 
desired, allowance for the diffefCncc 

between the two systems of un its phould 
be made. It is possible to readjust or 
recill.ibrate bridges and impedance stand­
urds in tbe absolute system of units, and 
ollr Service Dcpartment will quote 
prices upon request. 

- HOBERT F. FIEL!) 

MISCELLANY 
Dr. M. A. EI Said, Sellior Lecturer at 

Fouacl I University, Cairo, Egypt, at the 
request of tile General Radio Company, 
visited the plant during January and 
February to demonstrate new eiectroujc 
circuits particularly adapted to obtain­
ing pl'oducts and quotients of electrical 
voltages. Qne of thl'5C circuits is now 
under development for use in all elec­
t ronic wattmeter. 

The quartz bar illustrated in the 
article by J. IL Clapp is used in the new 
Generaillad io T YPE lI OO-A Prcquency 
Standard. Two models of tbis stnndard, 
the TYPE IIOO-AP Primary Standard 
and the TYPE lIOO-AQ Secondary 
Standard , ure now in production and 
will be described in an early issue of 
t be Experimenlcr. 
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