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For the hreeker.l sodrinll ;'ilot Ur't) can
.ot select tlrc best dar- oi the leeh (or
nonr\) for his r,.cfeational sodingJ .1n

ei
gf.at .11d for susL-aining in !'reak or ndf-
ginal lift cordiiions. I f!.]Ly nlrrile
vaxio tlraL resporids in a ifaction of a

s-a.ond to lrny chanle in 1i.f. aid can 5hor'r
lif. or sink .1orn t. 0.2 ftl..c pernits
.riil.i!.tion of th. L.Lrlelt l..rLect-Ed ne

!ion :just .l-.ove zcfc 41r]. , Tc fac]litale
ripid c€ntcrinq ir d smaLl Neii llngLdnd
irDe i|er:raL, to pronptLl in.ii.aL-e lhen
riillra rr:fl i! fadrrLg and th. fiqrle
eight tl]rn sta.teir or et.n to riLk thc
Lnst foot of .Lrtitude fror a d:rin! i!av.,
tlii!i ?ario rs a t!.lnendous aid. ll.:re in
tlre Berlishrre Hilfs of nest-'rn llassaclru
.eits, tirc J].:nb:r5 oi th€ ierlljliFA q.rr
in,l So.ief,y trdve l-.-.en crtjor-in! rihonc-
ra.lci vario: !fith L-te above virtues fcr
nlarly tlro :rears norr,

TlLis .lcve Lopment qrelr orLt ol ihe au-
r:horrs Lo.g ir.erest in iudio anc Li-fi
ard his cxperie.cc in bu:LLiling cdpaci.tor
nic):otlloncs and eLcctrcstatic L.rudspeahafs
ertendirg r,acli over Iifteen leafs. This
inLrerest coupled lritn recent a.jdirlrLOn to
soaring has spl ne.l thc Berl(lhire Verio.

f FIE RF]RKSHIRE ELECTRIC VARIO

U. S. A.

r'ili.t couL.l b. nore natural tiLan .:rddptinll
rh.: rri l)1 sensitive n;L.rophone .onetfuc

' ("
-req.rencies) involved in nedsuring rele
uf crirb oi a 3aiLplane.

ile borroiied the exr:sting conc.pt of
' o r-

tlLfouqlL d srnaLl dia)ret--r con:itriction o!
*d

phon: of the balanc,-d rype to sen:€ tlie
pr.ssLr.e dilierence at eithejr end of ihc
cdpiLlari tLrle. Our nicrophone does rot
trnnsforn rc.Lrstic energy cr rcunli to
electjrj,caL energy; il do!s L:!]ar'rsfor.m a
JfirLis.ule.lLrnEe of tre:.ur. to d pr'opor-
IionaL clLange in volia!]e. Thus, it sl'ould
properry be L-erneo a capacitance tvpe .lit
I.rcrtirL pr3:sure i-ran5ducer. ite :haL1
her.eiler rof.r io th. dclice ds L:h.l

)a

of t|c co\LpleLe asseflbl! oi fla.li, tran.
.lucer, ..l..ctronics an.i neter lrithout the
lratte.l . l\n anElc plat. adrpLer Lrsed in
r,lo!rL-in! -he instnnent or tlrc botton oI
th! pa.aL of the clLrirrs 2-22 i., aLs.)

. "t"- -:
oJritted in the versior: used i.n tlre I 26.
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In bolh versio..i, a dudt ..,n1: lispLJ,

ra 6 i

..;.
Ldttery on-off 5lrlLcir. the .r.ritcti knotl
13 l_ocaLre.l et rhe Lorleir telt of Lhe neter
Iace. Abo,.'e the :r.,,itch is ihe klloL, of a
zero .Ldj|stinent potentiox..ter. Th. least
readin'J L1i!:ision on the 5 r.ate is 0.2
ttlsec, 'r:ith r:rajor divi:ion! aL i.r.JrdL
teet Der :e.ond for loth tift and 5ink.
lr'lherL .iD.rarr.i ,ir r-hc 25 .t/3ec -!rnqe r atl

divisioni r.e ! fLlse. urft:r.

0n eit|.r scdtc th: ,Lile .on5Lar,t,,
riiclr :r::, Ceii..d a; tirc tine Ior th: lrat-.r
r]c..1te Lo rlach 6l p.rcent or j.t5 LLLtjrar_e
value on Lier:nq sLbjcct--d i:o a Fudd.. Ijre!_sLfe (or fate of cliilr) c|d.ile is fro;L ,l
to L. t..ths !.f a second. Since d tirre
d|ration oi iive tir. ro.stdnLr. is necc:
sdry for thc conpL.rLriolr of !r p-.rcerr of
lh-- ncc.ll.e rLori:ion, Lre .ri sa:': Ltret finaL
n:€dre s.liirlg is rttained i. lron 2 ro

T|c reterJ contxoLsr a4.l :te.t]]ori.;
circuits are !oFted on d 4.12-in. dianetcr
pL:rte ith th.r Ji€ter an.i cortrcts clustef-
:o Lo lit iriL-hi| a stdlrdafd l.r2-in. f,arL..t.openin.j. The trr|s.iucer is rounre.t cn

anoth.! fodr losts bel in.l jt.

itc rhould Lik-- L-o .ncourrgc otners ro
try ih!rr l:rn.ls at Lruitdr:n! Ltri. instru-
f..t. Or'l no.l--l lias buiLr l]]cn lath.-

do
pl.ateJ arrd tosts. Sotr-a 3rpcrience r.rith
clecL-r.nic l.:it Luilding dnd a.cess io a
hi!th-iJip.darce voftrete! a.d os citto:cope
i:- eL:o verl. lr.rl_liut. Holieverr nuch 5ir:-
pl.r appjroacrres can L. .i--v:iscd and Lh,l
,Ldtitlrd. of t.Lerrnce on conp.nerts usecl
i: the circuitr_v is so broart ttraL iL- is
iif!'icJl.! .o fdil co)rprer.,t_} .

DeDenCing ulon Lrhc rEsourccILiLn:i: .rI
t|! buildef dnl L'lLe coitenLs of .i. 5|olijun. hox, irrra co:iL !ii:]1 range Iron 95C
oolrjl:raIc lor naL_erid].s an.l .orpo.ents.
Th3 )rost .rpen:rivc conpor::ni i5 rhe r! !
5il nii.rcameter list-pd ir ILL]:ed Ind|!tri

5o
.oJr!o.eirs nir]. r:LLes: rhar gtr.iepend-
rnq on irrnd r..1 qlraLitt. fn .Lr! de5ign

I-IGUIIF I
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i. ..!icJi,irL ltJs j r.je L! .;f::i5 iL !pJ and
:ri'r!1.: l,r:rr-boar..i L-.rlxrr:fu.s tt-are rs:d to

r:ir. ,_ i.,'i.:l cLrr]1i9ura!i o..i.

Il.Jure J is a 5inplilild :ch,-rndtic dia-
'

I

si'o, the tran5ducef ,riLh .r .jrnal.f cavrty
Lchin.i each :i.]-. oi a tLerilrl., .lectxi_
calfy conductiv,- diaphra.tlJ conn.cted to
eitrer end oi the cilpil.lar:,. A15o shornj.. a:ihunL-inq.rr iiy -ss valve around the
.apiLLs!) tuL,e ,ro5c Liurpose xiLL b€ ,-1-
pLirined Latcr.

I

FIGUIIE,I

taiclin!58 of th..ii.plLra,ln ior rurp.ses of
ilLustrdtion. This Jrod,-l cf thc transdu
c€r fe.rr_ures a clrlrpeil .llalhragi, IrlLh
p..vi:ij.n lor .cju5t:ing rL-5 t-thtn€5:
by f.!.irg cr,e rla5lic body h.1ll jnL.
.he .er,Lral rinll by nLear5 r)f tne .rL-.r:-

model: hav-c b:en used liiLh the di;Lphr.rqn

a: ilr i]... crd ta5hiIe.1 ,.r ,rn.l..y huols,

.rn !.e ci Lhf bo.ly halves.

l.nenqttc Dtogtam

FIi t U E l

The transducer is:ir:Iil-r'e thin pLn5.:
to rrake ii .l.ctricalltt co..lu.tiv.,
sL-r:.chec be.r.r.c]]'Lrlro pert.!at.d !,rtaL
di;ca or pfat.s to iorn a trlr:e€ fLatc cir-
paciL.r. lLllrriri:cd llyrdr aptro). at.ly
a.!0-i-in. thich.15: i5 .r5-'.1 i.n our unit.

Lhcu:iai.lths cI dn in.h t,,, thc :iLiqhLi-i
rni:ed anruldr .:i-i!t :urrilririlrrrrl Ll e cavll)
ir Ll:e fla5tjc bL.).rs.cl.inl 11. filed
rl.rtee. FiitL.re I 3|.ni a !ctdil-p.1 cro55
lj.:ctrorLe.L .1r.!rrnl ol -'ie tf,rlsdL:.er. This
.lran'irLj i: t. 5.aLe c;.1.cpL- fo! tlie Ll.0UN

tc a.laril j:1. 5pd.ia! (diarhra;! lo !rat.)
i]:iea in oun urriLii r:1. Llre !)ia.l.r.r.'1r-:d

In .rny .aen-, Lh. djaphlagrn
bc 5rreli.n.i cnLy tighl]y clouEh
sLrre r i.rinkL.:-:f:e J :L.rblcJ .rrL.i

aile .enter or 2.1'o posiLror !'"t,erl
pr.5.uf: .n ea.h :riJe rs L:h. .ri'e

l:p arlir 10,rrJ Lhc a!:criptirn o: r]]e
tr.rslu..! i.Lrr.,.l5 very illrLiLll tr -lrl
hi_qh y r-..lar.l:.1 lal:1. ii!ir..fr:rlq ilonp.lny
iifr. !fiich all. .()Loys a Lhir liyLar ill.r-
phrrgm. l'h€ drrtin:rti.n .Lic: j. tr]li. n.l.iic
.! sen5inq .hanq.5 :i1 pr3iLi.n .f tl:" ilir-
lhrrg duc t! di:tL.'c'ltj rl t:i.cs:ure-

Ir] L)xr u..iL_,:Le lE.r!! rnb-,L.rr!.. .t

h. lr)ir.r n!.:;ur': .:,rr.l u-!r.t tlr. rir:r.rc
i'.re. ,r.rl rrDr.:Liarlrr h.-re.,r Lh.



iE.:rL:ra r i-iL :rr r. :a. iii:,:1 ;ir.-.:
: Llrr :i.t, . r. il.r titr rr.i._r, i- .1lr-
I,l_rJlr i iliI, n.:rr.rt i: ;iri.:a ,-, :- lrl..rLr:.
rr,aL..Li,., .Lri- or i:irrr:f .ir. o1 :l : J.'i

i.rL'j. rii r. tat. .! rlri:' Jl i,L.irir -o t..

r:r.l r: u-r :f.1f:iir:,r,,r iri c'r.:r.t triLlL:.

irrl :i:L: :li, afd ::,:,r i tirr .trL .,,:r :1,r!,.rr

r.r.:r,r: :..,:,r r:: .: rririiiu,,.l.

.r Lrnr:r,rLl.ir ii . rrlrlur.i i. irC
.-.l..rr.: .r:rrlr.,. lrnrr ,rr, r.:_ riL:r,rf drrN
ifr T,.,,:r r':,r., i2 rc l !,)lr jaLL:r::.
!l : rrr:,1-:r.rf iri rr,,.i rr rr lrC rrr,lr,l
:if': r iL- :r,r r-l .1- .li,rl lr-r',j .,:i:LLr..rL.:!Li
':l Lir r:., .r : .r|cr.iLi/: r::..r1;,rL!: )i :rt:L:r
1:: oii tl., lr'r,lr'r rIr. ,r.!::,t!rLLt, ,lr.: ail
/. ti,rl: l).,rnrL.: 1- t..: r r'r :jr::r :tnr:ir.
!l l] :.,r ,ia ,o1 .:terr rri,.l!ir r..rtiii:l.rrr.r
i.,:l ..r r .iiit rr:fti.rL Iiar :i:n iIi,,r. ,.1:icl:
.;:.:rLl:, _ ,:lrrt iL, rr llrr I r r: I .l i I ': rlrr)
liC ,,r1rnr:r, IrLl ,11:i'1 .. tr: r iir.'r1.,:
L)r :. .--5i:" .-r.i .rlrt rr' iiirr'. rnI!LLrr.

I,r ! 'r.!rr::
i-L L: , ..1t..t:r. !1 :, t,)trl L,.rlL.r. .lrairL
i:r rir :r r')L'--,j:,rl r. i- IfJ] r I t(. L: iLn.
.j.trirl:., t1|'rir!ri: 1' 11 l'irr.1i,rrr .,r|i
?t1r irr-: r:irair. r ::!r: . viLt. .rl , vl]1Lli.

IrL ri::,-L: i r.j ._ r ,r|.iirr: r!;i1.i.L! Lrl
i:l . :::i,lr:,::, ,. . t,: rrra-it (.r i: iL
I -,i.ir.,) f :, .,:rLr;, ,,': ,rir r'!.r:-r I Lr iL L !l
r -i: r: :lir :) .L r :-rr:. :,, i r! Llr:L '.!.
i.trr:rrLJ :r ir.]]r:::.r.1:- r:Ltrr .l: .r 1r:Ll' :i.-

;|i:. r L- r:.r.,-r':i :f, t:._.!l ol lif iriLirlll
:ri tr': ir l,'. :.r!''i'r L::i:nrri!:r:_ iL i:

.r' .1r . :r.ir!:r,r - r .r1iitr.-rr ii'rr,rri
'lii, r.rr r,r'[i!: r]ial re r irrrir:r::!.- l;,trr
ilriJr ii !r]!. !. !Lr:,rit(: L.i: i'r:r:,r,uit..

Tl! !rc: rL,r.: .,ir1'.rfr:,r.r, ,jii.:tir,j !,L,rLr::
ll,: .rapiLL.rrr r; i c,rr5cltri!.ce c; 11:: IlirL:r

r.ri: .: I1uLr, rl! l.:r_,! Ll ir -l::c-rr,: fari:

ir lr Lre,rL: :rL:er-
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Tlre ri.:r !iiiivit., c: the .riaJ,lr-djrr L.j

iiri,.r'.n.:.,:1. ir_. lr._,: ared .!r.i ir!er:-cLl

rir,,r.. T;!; liir]d .r: ridi:ri.rr ;rrr.l iL: |ro-l

.-f.: r.r "i .. r:_,f..;;.r: aliiferir!.1,; L.,r.r r!

. L:|r1 .on.l r Li.rr t!-- : ::..llr: il:: (:l irplrralrr t :i

1ir llrirL ,r!r!r:tl .Ln.l li!i- er.t-rLii L :o trat rL
,,r: l-fao- :i|r,|ort i EiiT i]l r1..trr1. r,,.-

'rli r'.-.L.r il lrr r.lrr::|rLr- tL,rl ali L:rter
:LL iiLl],:tir:t il i: .rLi.v. .o.Ld --1D.:. ts.rf-LaI,j
!r ]1r1,: pra.:lra r:.|rrr:r.ldii.
-r.rn, ir it: riiliLr,,.o be.Lf.r.l!rL ara
:r:i L reLrLfr rritlroL.ii rl.t-'ruinq.

a]-1. . flri ti. rat.r]ir : Lrit_r ab;.r! Jr.i
.r.i:|tJ l!L l:r, taf r! .ri:.t-rr.il

i,l 1: ..r.nir Lr rvilil_.rl-.Le tiLrr:. ;ri5Lur.
ir,r! tjLli rrL:|r'.1 r.r.lu.rirr.r i-e LnLtr!:!

J]le5;J!,! il jrti:rerL.!.

T,r. r:oli, I.Jr.:i r. .urr,f.,l. !rL :dr,irr..,rrr
. L L: di...-r'nrd'')L r. .l : d.jjr,i. .i LiLLLn.::.
il v!,fr L-i!hL di.t1r..rr, ijiLl .l.ir--. - L:::
r.l:aI J r:_alr'.ro,.. !Lr.! t!,., ar :i ii.li .ti.a
i-.lLrarJi ,r:i l. i:rt,.:ri.|.! a 1.1rt.rr .lr!rL;L.i:-
r.,riLi .r :1 :riv.n !r,.:.,Lri: .li':.rr,,r|.;: rrr.l

tior d!c t. rirjiir:3 .rr |o.5i rL.: strorti|.1
-1r .:. .1 t.! rir{..1 f].'.::.

i,r:,JiJ!- ir)r)r Larr t r:3.t.r: :rtIi.tr:rrr

.r i:,r.r irr,rrL!LrinL fu.. ir.: 1.,,11r1. rf ti-
:lril.r L-:: lrn,:t r, .1n I ili.r.L-r, r! !1,.
I'ruf:-lr !.rirr, .: 11.: .i ! L1:.r1. l-r:rL.:r td.:
.,-1f! rf. r'.:rtri.L-i.r:r L. Ii.r,' 1]- n r ItJ
.1rrl .!L .r1 t:ir 'r..rr.d!.rr,.]ri:.:Iil.'n. ot rJ,. di:ifl :rti. L. tl!
-llrL:i:; r...i: ,lrr !rr.l_ .',.rirlcr:,d f- at..
,[]l .:r'rrL..L: .r.I' orsir'lr'r:i.r .iF:nr!::: ,r
!r,il' ,,'de:: r.f Ll I riiarr:rdrl .

ri ,i e -.,rir .rre -l-:
(

I!r -.,r1 ir,r'ir .!i!). I. :, l].j.,:ilr L. L_1.-rL
a ier,er r;.!,rj,rfl i::lt 1.r.,.: :l.ir,riri! drl.r!-

;
tfi.:.lJ t,:i: il,re! iu, li|.]r'c L. L rrrt r.l.
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T1: tfiri!,r vofune ar:.i []re cetilfrr)
diJ)ret.r, are ln. Jl..ljof a.Lerninarts of tn.
sy!Lqi tinLc: ccrstanLs, and L|.r c.rlibration
t:roccaure ri|iailed larcr "rit.l- iho.a, hov v-c

Fiqune ) i: .. det.rircd gcli.lra!i.r of-r\e .rl.c!r:onic .1rc1)it. 'llrc o.cilfutcr
'of , LirlJ . ' ca['d'r:d:rc!. l'^i "tE ir.rodificalioll oi a standa4 Cclpitts cif-
cL"iL :ho!1iL !f ReI. L. Thc )Lo.lifica!1on
colr5i5rrj ol ralsint Llre rcsorrilt fl,clruer.y
to approx-ir:at:lt l0 i.&z by clrdngin.: ttrc
t.lil...ircuit indi'ctarce to l..C nli.inc.:-. )r', ::. rt; ' -r''. -
tutilrll n rulJrlni.rtrLre-driver-tyt. aucio
Lr,lnriorxLer fof ihe enittcr re:r1stilr'Lce
.jlro.ri ir Lhe lanu.Ll. Tli. LridE. rc.istor::
ia and l<. sllould be selectcd srr t};at Lh.-
L(j!a1 ]rc!.1?E.rnc. in ercr l-L:U (inc.l.ud.!nJ
'r. " ' -l , -.c-r ,:n. r.r
.:lro'.- :: c".j.i,-v , d:.dr' .:-11
oi th. tr n:jaLccr halv.; aL tic.xciting
:r-.(ruency. Thir arr.rn'lcrcrrL 5r:nDly .li
vid-.s r'hc briclq. lxcitirg voltag. by.1
!crLar l,rio i1t thc blridg. cuL!rLr. ,liLer
rc.tif:icatiorr thc llc 'roltd.t.-- at :l,c b:ie
oj :,t.) ard ,i_, 5houlc also br .rpproTirariclt
or.-ialf tirl .or:l.oc"L(,r (.!, baLLeft) volt
aijc. Sincr iL rdy hc .l:itJicLrh L-o .rttain
tlrc :pe.jficr ,00 pI capac::tance rjtl,nl
-211 p.rcert, the exciting vo.Ltagc nay
irc .diicd $r loltcred ::i clt;r:$j.nt i- to
nidie the DC ,roLt.1li ror-- ot]t riqh.+ rhe
b,1l-arc:ing Dol:ntiomot.rr til,oirld be .-:irqc
enor:li rn rc::sLancc value to ..conPa::
afl 3;:tr inbalance:j ar:a y--t srall --nou?i:
Lo pro'idc r conlorLailr d.(.Jr--: of Elr.rft
!oLatior lor ths d06ir-^C r'rBi5inrcc charge.

Tl.- ,jqruu,rJfij'.t ,.i.,1(: r', drJ L- -ur
L: .rr. oi r,-u r,r's .,iqr al l.cvAl ili6-r'
dLL,.l,-s !ii.tl, a p-.:-rk in-ver::,.: voLtala IaLrin.j
jj .,._ i: , ca: .

L.)l ' cl . . rrr:. 1 ii.-.,L arci o
lsfd r_lic rectilicc vo.l--a!Je jrt rcdr Eh.
p{iai .rdlLL! of the iC troltate. TL,,r RC tire
c()nsian: of tliir j:ilter ie rregli.lllly sraLL
cirirpdr.d ltith tlc liJrLe .orLs!aft oI LlLejlas]: Jrld capilfer'y, arc pcnrlts d.!ec-
'i!r.J !..r.r. I ct erv.1())-- c16n.j.:r ir Lhc
br iaje output.

Th. diff ant in th. coxron collecior
or enittcr follo-*rer corfigur:ntioi dces llct
provicr arry vofiage Eair buL acts as r
buii-.r: a'nt)liiitrr or iripEdance cnar!'ing d.-
vir.: bei,rteli iho frlJtiv.Ly lLigh iirp.rddnce
lrrid.le ci!.cldt dr:q tlre vrry los inped.rnce
x.t:r. ar1. D, r:ircrous dudio typc NPi:
!il:c.r :riu,sir'ors h.rvinq a curfcr.L .Jain

(', ) :I t- r i r' l:'r. 'r ., -j-''I
A rorc {,rrFcrisiv,, apllf..1olr i: Lc :i. the
intcjt!'il il.. pdcl,al ed pdir' --..il ic.r.i.l,t d.. -
.iar' J l,,r r,:.. tt - : Ll;,. dail . -ii-1.

Tle rdvar:tage ie lorr.r,dri:t:-n ll,:o1rl!
nr.o l:e..aLire ! irL lill 11)r_JerntlL!,. er.ru,-
r.iorL. SiLicor diode!,1rrcl -.r:r3i riior: .rre
,: J +c-,:,: Llrc) LHv fJ I i. r cl.J ,l' in
' : 'rd.-'r:sr 

', i r'i h l .J.p*'Jl,,rq r' ,9 .

the s.rsiti.vitl .l nl]qirlr .ri'!:ch iE ir
J-pole, J-L'J5itid r.!drr' !li.h jncLul.t
thc :utter! cn-oii s::1!clrinq. tle t:'o fc-'''r: r IL, I i:- :l(rl'
ro -.: - r. :f . -r-- r r

anc. in or.l.ir tc) pr.5clL! r .i]ns Lilr:t iJr-
pciance loac toj: tt:c diff-ent r)L,t:.rt i!
Lie tlto activc sEitcl: por:ti.l!. Ir tl:.

t::: o, !1. - - l' -
v-de hcavt eleci:rorr.rlrrti. .:l:Lnti ]ltl ,,(j prr-
vlnt r(:co1e notior,. 0:rr r.t..r Inl, a re-
sisLdnc-- oi 10CU olr,5, hut {rL}Fr rct.r
no!.€jrents c.rn .c ac.crmDdated l,! clrailin:_l
"" I R. tr:c -.J r '--

atcaJr' JIr DC Jn l'i i, r- drir. -.n+-
Lrhr l- r!it,r '!enpiiI.aiure cllenltESJ {.,€ }ra,r..

tle zrjro-sink cr, z.rro-cont.r positiir of
llr r,er-r. .r. ,,.. ix I .l; f- Tl.r, i d, c.,1-
plisied b;. cpering Lre b!-Fs. v.t.Lv.
rrour.i tle catilldr tul)c. 1]Lir irr !ifxct
retrovos Lle r!EiLr,ictj.olr ol -tLe copillirry
arii trovides a rncn lnrlJ.--r di.arctcn paslarc
ior air iirourc -h€ dj.npllr.r,Ja t::u! c'tlafi -
zing --hc pr.:i:ril'c oD tloth side:r. '.riL], tne
v,trlve oprnj L-1,:r halancinn tolerl!ion.t.r
can be a.ljuiiecl iI necerjrarl, Lo bri.nE tl:.--
r.tcr L() zeno positior:. Sirpl-: closing
the ve.Lv. re:itor.s ncn:,al oqerJtior.

Itli.LL. i|rG iri.r]( .loes not inELrxc corL-
stdncy of cafIbratior, j.t do.s Drovid.
assurancs ol rr'.:lxiricJl dlstirction \c-
tlrccn lifr ard sinl'., tlrich ?. (:onsid:r an
irtrpor'Llrt tcattrI,. oL ilLis d--!:i.irn.

Thc valve is bui-Lt int.r a plastic
hlocl ri,i,l tls.r .,ttor.t.. .rn.i tL'rrinr,e.i
''' cali. I .-r t : T-. v:!v-. r. o -
iected r/it| Tygon tulrirlg to the transducer,,
ILask, anLl sLiau'ic Line. Thc vaLve handie
is dccei;siblc lt a qos-ilior just behind
an.i )ofo? thc instr.xr:i, paae.l-. The val.vc
block asserrly j.ri ihornr prlr:j.cLir]g to th,r
right irL Fj.g.. I dncl 2, Fill.rr,rr L slorc il
scafe dfas,ifr,, a.d loJrp.il:ren;ic:r! cf tl:rj
,l .i'tn. .o:hinc s ' riticJr ir,'rr :- d:-
s.nbly, lxc.lL u r.asonabLl' good iit ]]c-
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50- 0 50 Mlcrormpcre Mctcr,
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*ro
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s rde

3-poLe, 3 -posiLioD rotary swit.h
Calectro Cat. No, Z- 165 (o!

. lZ,000 olrm8, 0.5 s.dtt

. 8,200 ohn1.e, 0.5 $att

22,000 ohnls arli tolerance, 0. 5

- 10,000 ohm, Z watt potentionlcte!
Ohmile cU 103 r (or eq ar)

27,000 ohEr, 5'{' lolcradce, 0' i

= 820 ohm, 0,5 watt

= 270 ohm, 0,5 watt

_ 14 volt baltety oJ I I Ni-Cad re-
chargeable .clls, E!cieady No.
BZZ5 {o! equrl)

- l0 fd. Z5 voIL ele(:i:rolyli.

. 0. L fd. papel or Myla!

- A"A47 fd. paper or lvrylar

- O.0l I.l. pap€! or Mylar

I Mh Inductance, J.\l- Miltter
Type ?0Fl03A I {o! equal)

Qt, QZ, O 
l= 

Tra nsistur 2N3569 Subrinialure ALrdio Dri!cr l rans-
Iornlcr Zkr I0k lmpedaoce, Caiec-
tfo cat. Dl-7ll (or eqLrat)

zt

T(AnSdUCer
rc,T-:
-Ll_r_cal

I)ur I

I

Lr

R2

nl
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.ril.r.:r,t ,l!r...11ii.s r! a Jr!J'rio! !r lr.\r
r':rclr :l ! a:r :i': :;iFli,l.,l i!, ri:inq .lllil ll..
:i . ri::]1.':(: il,r .:rp.ln..i..i. r]L:ir l.-:r'teen
i.ri,r'irl iei.ji,L:,: :,-,: 1.,riL afd I irllLl li;
.lI,arLl iir,j ll,I.rll! II; :ll,Lrlrl .riij r)l ,rrlrrl
ir; ill,lii0 ancl 3I,000 ft; 40,0C0 dnd
4.l.,Oall il, .ri ,'. lL.1r 1rr- f+lntlcr:--
ln\'.r. J trfr. !ut Lo Lr norL i iti,,,ilr 1.
,r E ii rlrl e_.tccL, rr Ll nr :. .i!rr.,.l:

r::)Ie ili t:r:. itiLrC: :r,.r-rr.u:, fr} alr.
1r1: ilr.r.)rirn! ol la0u lt cl.,r:r.. 1i: r:ill
!..trr!ll ,.o thii,..,r ir'...fi1! rr'r:r it.Lfer.
tr: r,-,r. i.,.il-l ,r.!culr.,-. l:r. rr, .! . -
i,:rj r'ior. ra.jiri, : 'rr' Ll'r, i -ir':ri .llilc tr li.J:!i
.,.ir l:ar rror tlf: taliL!,,r Iir. tlll
cl:!rsil\ .I air, ;rt !cl l.vrL ! - .l.il0?::7!i
.I t:-t'. jt.::t .:.) nt Lalalj It iL ':, l LL,2::ral
.lr,r't:,/.r l:r' rr air.,l ljlra. 11,. LriL:: a.ar'
riin.: r,ri- :Lr. r!inl iL) iliri,L! llLe ;L!tef
:.t LL ,rd11 r.r il.0(J:-r7:r/1l.irC2lIU -
t-a..":-tl. '!11. I i_, d !ir.rrr::i.J:.Le;i rir'.r:r
.rl i.l ., i_l,r'c.. ,.,:r 1 1e r':t:o .,i .1nr rl(.r::iLir j.
l,irc'r l',1,i.t,' lL.:r| 1n r rd-r! f,.r rrrit
vDrrnl rrr. fl i-r if.l:rr:, .f !,lririrf.r::il f,-
ii':ic:, i.i - r'lLl1. p:r r;it r..r.:r,r:: li'?:l
nr'f!:urq,.Ll .Lr !1,-n:iLt, f,rL:D ::i n.l-r! l1r
!r:,r 10r nrr.:r i:lr'r vo Lrrl! Irirr ru:it n.::: .r'
.- : :: -.r . -:.
;ii -L.L Jr'!:, ,-.r ii1r. i --. 1!.'J .j- ::l-::-.';i,:.
:l n . ilir' -: r L Lr ir.l]L:_ ..Et :.r; vi,lrrr:-.
r rif ,riill L.tjjr.- N.ll::r!-1 L)r ,),!N:i LrL:r:

. I r' ii 
'. rr'- I,

.r:! l-i ..rr:r,.:ry rll: v,rlrre ..-.: .rf ,1r:r
,r. L L::: .1 llr. I L.r,1( l! !r,,JirLi!|.1t t:)

I ::h1,. t; r:, i.r Lr , ,l

r,r: lLr,r. l..rk,r,l: Lt rL rllrrl-I: .r_i,ii:ri:1.,.rI l! L it irr, -.I:Li r :.,1 i| :1. :rr,r, ,1r..
.rlr.i: ir:.,;nr: j; ,:r- :irir r:r:: :1i,lirn.:

, rLL i I I I ,1"r. ii.r.rr ,iI r .. .rrlr t.,r i tri:ti,
Ly

h,r ',, lirtr- :- :: i I ir :'r Lt.-r rnr-
': :ah r' i-,'.

I y ,.i1. , rrly |)r!:-ir:L.r:i:i|at, ,:r, 1..!r

'.ri.r'riirl tr rr" .1 l-1ir.t fl ..i r.rv,. r:
.r .i,..,

1 .:.1i i!lL.rn'ri I ii !irl r:rltr,nr v:ry
''' n]ly l'.1 .N i:r. T,: b:irLf :1.-:t!.1 lLrf !
Ir- i'. 't.1..,: , ,,r..'.i ri.

n1,t:(r.ir_ I ilit, rr iil: :.., LJr. clj.rjrlr
r'r1 . ni trlC ti.r rll.jll,/i,lr li,. U l f:/ril(: rn.i
ri' 7 ljr, L,.',rl.l i .'..:5. . '. rr.-/
ii(l ri! = ii.il'4:.ru i::./sci. :tiir. r.
!i.lL::l 1., l..nvc o.rr !ufL 5.i-l.e rerdin,l iL
I r.:. r.';. :-. ,. :. .,

r:c, ir. r.::'jt:!-i.) Llc ;.j.r{ --r(jpo:jricntlacty..r, I, l.irr r:

i.
J

I

I
/!l

t

i,rr.cl .!l,! /i'.Lv: r ).Drr ,rn.i r..lj, l)ori.r anrl
ll.: ri:ar-ilt ot ll,! 0-ri|.1 , t.r f!..!!:r:t
L:.rii;, ll L O-rir!i. arii :'oLor irr r:l,r i-
.trt'( liL-f ir iiLirn:. !.1-,;L:! arlcl il.r.:
r.t rti il rJl it r'r l.rlreri,iL:lr!s iJrd do r:l
Frcvld.i a 5,-,irici!:.r 1',' rir.ciL::, :,,.1r-ir j
r.i:!n Lr pr.ven. ra::: ,:?.:r :i :Lir.

7o

tsr pa3 s 'l'tue
l l(iUFE 6

iIi,llrll;!'T!:.

,\..o.r !! rnLLrit iI''cr.duc'r :.:. ':'a.]Li-.1r,
i:r]ln: rL.:: to .:faLlc the ir:".-r-.!l':,1 ir!!trr:-
r:.r't LLiir.l ,r :. .a:cxlrt,i u:rf,,!,:ir. ' rr,l
tr L,:ttef iliL:tr.]['i Li]e .: f..r:, ,-i; I lrrl I
1n.j loJre .l L-1 ! arr:i.i qrL irar dr ,-la! t rs Lr Lr!
rr:r Dn :i-Ersiti.ri!), fe:Doneivr!icri:, !rr r-

!irE fitst !-rob:Li,m irrr i1.l.lfr:-: i: lo lr'-
|ii1 et d rrLdri.o:L Ietlr!en !al-' ,ir c :irrli
arJ v(ilrn,r r:t: tf iaa! ,)i air' reri tl -
fla!h. ..r r.rr..l .1 i3Lle r,!- Fr.r?.)rti.:i ()i
'"h-. sLaf.j.1r,(l a-,iLoiiphere r5 ..iir Li.r Ly
ljAcri (I]r,r -ihl:i) iir R:f. 2, T)r L; i: t,rl)l.l
tl. L.npcrai_irrer ijti5iti, aid vii r'rsiti,

I rr: :' '" : l
t]():$a.d i(:crl .rl ir. tiLjucc dro.'.j ri.a Levcl
Lp io a0,ilLr0 ;1,- !1. ratio 3I an) tix)

zz



5/1.,..67 x A,Oa43 = 0.0043 cu in./sec

Thus, !7e have aFived at an air flo$r
raEe to represent cl:imbr:ng at 5 ft/scc
i!fiich is a, ilolr Lhrough the capilfary
Lxbe of 0,0043 cu in./sec.

Our calibTatjon s.hcne invofycs
sinply pushing 0.0043 cu in./sec of
air thxough ahe cdpjllary tube. The
transduccr whieh responds cnly to a dii-
ferencc of pressure on its t\'r{) i;.ides caused
by air flow throuEh L_he capiffaly does ndt
knou cr care $hethof it is acbuulay cfinb-
ing or not. We darangcd a flat pen of
rater vrlth rel,rtively large surface afea
as a r€scrvoir to suppfy a conETolled dnd
iimcd flolr of ndtci to a sndu dianeter
qlass capillary Lube. The rate of ilo\,J
is controlled by ihe filed head oi ele-
vation of the Dan Jbovc the horizontal
"pill",y.I !l -du ncr .r Fn:i-

tiv-. rcedle valve, A convcnienE length
of lrldss capiflary is 12 in, \rJe us.d a
strip of a broken flexiblc stecf tapc
fasLened to the glass tube \,ri!'h aChesive
tape. The schene is sholrn in Fjq. 7. A

To ma,ke this a norc confortable tine t.)
measur€, and to enhanca Ehe aacuracy cf
Jteasutcment of tine wlth a stop watch,
!,rc a].lon the fl,ou l-o continue for a ene-
cise 10 in. We adjust the f lolr !?ith Lhe
needlF valve so tndt irhe colunn of r.rater
Rrcves 10 in. in 15.4 s-"c. AcL'uall.y this
j.s sonelrhdt Cjffr:cuf1- and tcdious to do,
so that anv stop !.,atch lea.ling from 34 to
'7 - fa. - 1 -.r.. l-o, v/ 1, b. !l (d
enougrh for our purposes l,ith al, nost a
3-percenE error. Ta maintain a !!4!!3.11!
ffon over.r.35-scc Period, the hea.l of
sratei nust not iaff .rpprcciabl.y; hencc,
hc .o La csL''r 'c o *- v.j

is advised. the meter l.rill cLcarly sho
thc r€duction in floir a$ the hedd -ial]s,
.nd " iv "rc ar-'ro o 6 he 'rlc

ter.val may bc estlmaced.

'r..:( n.? rrec. /)1.:, flou i-
tablished Lhe transduccr capj.:llary t-ube is
selccled by a cut-an.l-try proccs5 tc sholt
a ful1 scale or 5 ftl.Jec re..djng .ir: the
ncter. Taking advan.dge cf r suqc,.3Lic.
i\ade by Steve DuPont for the usc oI eLec-
t.jcaL rrspd.ghe.ti'i tubing f .rr capil:Larie!,
v/c ,.d Ll,p nlrIic insul ,': r ':_iPt-
Ir\)rn hook-up !rjr-- i15 our capi-Il.d.y L'ube.

. L l r,r ri L -'JLo -o .11

i1o$, thl.cuqh a capiflary is dir".'],y prc-
p.)rtronal- to lhe :Lenlih if the tule dnd
i-.va1set.y as i:he fourth po!€r cjf ihe in-
;,ernaL dianeircr. Thc forr'uld, rre'iiLed
L! l9th centurly scleniiEr-s Ilagcn dnd
!ojscLlillq das.ribinE lg44g! (nonturbulcnr)
f1c{' .hrcugh vcry snall tub:s ior a)ly lias
o!, f].ui.l i.s ae I.lll-.i'rJ5:

4: . EL.IL)tl'=----;-
c

prolsur. Crff-alcnce ) lb/

]-.ncith .I .aDi]lary, ir.
v.ilun. rla$ rrte, cu 1n./

viIc.,si!y, rbiiolLrte,
It.yr:3. lb-se./:q rrL,
i.eide didreter .a:)l-Lla.y,
ir.

TECHN-ICAL SOARING, VoI. l, No.

n _ 015 2 cu in- /in.
.:u 1n./5e.0.004i

lr

l, r,F 'r''?;."'-'"

l -- I r -rg
ii.t..,.

,ii

l]

FTCURE 7

trncd fl.cir of \r.lter Lhacrgh J k:lrur .1!e.r
of t:$]ng yields : nc:rs,.rrcd flor.,' lJic .f
di"pLaced i1ir,. ite usc,.i : cili;,r iuL,e ?,iir:ll
dn lrLsid. dianetcr r: !.139 in. .ir' a.ol52
sq i:1, i:lr;ic. a!.:a. tj:n!: vi l.unc iri eo!41
Lio area Lim,j! l.rnEiilL, i\E hitv. d ca!i.t.Lrly
vo1urc ci 0-0152 cu il. ?cr i.. c: tulE
fengul. Thus, :ne !im. I.)r tirc ,rr.rter fI:-irr
to di:pl.,rc,r C.l.ljl.!2 !u in. j5:

a=
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- b'o o^ r'- d.d -
5ide drameters of cdpiL]ar:ies, mad-^ fron
:tlippe.l \,Jire insulation. The fourth

'06 d. 6 d, e
TlLus it is scon thaL_ a 4:l change rn diarn-
etel frcn IWG No. 18 lro AWC No. l0 \"rilf
eifect a 256:1 change ii1 Xp, ,,rith tha
smdlle! t,rbe prcvtrding thc grcdLer pfes

Assuming our 5 ftlsec clinl,; an air frow
rdie of 0.0043 cu in./sec; and a 0.012-
in. diametel, capillary, 3-in. lonq, \'re
find:

(40.8) ( 2.64 )r r0-e) (3) (4.3 l 10-r)
105 t( lLr "

rn .r Lr nnl ta lh/. r in-
or 0. !96 nilLibars
.ir 0.172 mm HgTAI]LE I

Dianeter
Arrc lio. (in.) d .14

r = 2.1.1 r 1t-9 :.az ,< vi !2 "r', ,r.--yr:

Fcr a :urfac. tclltexatule .i 70'F, Lihrs

t= 2.64'. r(] - fb-se./3q in.

= li.9 x

tF it.{t4il ,al r 10-8

2t 0.132 105 r tl-8

22 t).t)25 i9 1 10-8

24 l.02U 16 r tl-8

21i il.llb b.55 r L!-E

',,1e found ihat A\,iC 24 'rJirc required
erpi-l..lr.y lerqLhs of fractionaL jncher;
!.i{G ll.. 2r:r irc in rhe .rrCel t)f 2 to l
ir. , ,"nlic]r l].rs inuch easr:er to trrrn Lo

-d o .
v-.itrgrrcC nnd f.rund .o be n.arly ne!rL:i-
q 0, u -
nately .lut"F .lr.p in tc pcrature nilL .1e-
cre":i the cl/l ta.ror by somc I per.-.at
fcr t-he !.0J2 in. didmetcr tube.

r,\rhil.e th,- foriruLd r'claling pn.5:ure
drlp to v.ilume fL..r is nlL esscnL_ia - in

3L_.u.tive t.-. :aLsuLatc th. .1cL_udl pr:es5ure
oilleren:e r,r. :,re :icnsjrq. lrie need .ll1y
.-.;ind: valrc flr absclute visclsiLy.1
a1r:in Reyn:. or rb-5cc/5.1 il. drits dL-

5ur.r.rc tfnpefatufc j an.l es.ur1c :itne .ap-
c\ .

La. A reLaL_rcn beL- e€n ajr vi:..sity aild
Lcrnperature rs iourL.l in Rei. l, p. i62.

The inrLiru ent nctef ,,ril1 readiry sholt
elirnb fatei arrd pressure diiferencec of
l/25 or Lhrs f:i.iufe.

I' i5 very erllighLeninll tc ev.rluate

texrperature of the ai:. j.n th-- Ilask. A5-
.oo

jn Cro..l lrorh1ng odel j subsLiiLut€ an un-
rnsulaLad l-pint tir can for L_he rcgu].af
irdsk. the mere L-ouching ot a iinger tc
Lrhc car r{il-l cause the rnetcr needle to

a)

hedt erpdr:iiln of the ai1, in the .;Lr!.
Thi5 exlerir,,cnt points ou. the]:nportar.e
.f suffi.icnL- insulnticn .jo thr. changes
in v.jl.urie due tc exrra:1eou:j Ldnper:rrrre

pr.ssure .ailse.i by nlt:r:tLi.le .haiq.s. Ona
can also d1,dv rlLe infer€n.re rilat vcry ralld
,rli:nb raL_es mLl caus. errors .luc L_o heat
slofed ii1 thc nalls .f L_he ;lesh. l,!. have-L -

The .1s:urn|tion i5 rLd.le thdt node:it .Limil
rnd de5.ent rate:i pelnit tle fLask to a:-
suJne tie tenperatufe Di the aif ilor,,i1g

Thc ,iinc con:Lanl c.n bc .hccked rNlilr
Lhe ;et-up ;hou'n :ir. fig. /. The fla:k
ihouLd irdve L_he sane volunLe as Llr3 one t.
be used rr! L:]re air.ldfL. lr'lith any c.n
:l.rnt flo\,J estibl.ished r'rhich \ri.lL .iau-e

L I -, dl .i',
say half c! nore lull scalej the iLc!.7 1s
srddcnl.y shu, off ar the lctcrck, r'rilh
srnulteneous sL-rrtinE of d 5p].it-second
it.p hatch. Th. e--dLe i11 iffnediatcly
stant to dr.il, be.k torard z-- . lihen j,'
has appar--nl1y rea.hed zerc dno all ne€dlc
motr:cn lra: entirely srrcpped, the stop
rratch rs :i jm.rlraneously :LcltpcC. The

'oPlo
.asc nis ot the o1].l3f of I sec, r€pr---
senL_s at lea5L_ five "iine con.iant'i per

z4



ids and should be divided by five to ar
rive at the ove.aff tinc constanc for the
vario-ff:sk systen. AcUually, a 0.6-sec
time constant nay be uncornfortabl.y short
for many pilots since the mc[er necdle
nay dance wifdly in rough rir. A quick
fix for this is t(., inserts a snall \.rad ol
fiber-gfass eroof in one or both of thc
nipplcs Icddinq ,o thF trJr'.Ju, -r. Thi.
Lr'L.o',,-f !ro rfi---------- l 5cr.
on ejther srde of the diaphrdgnn. ldjust
Fhe !€sponse tine up io f scc cr lrhatever:
is por5onal.Ly comlorliablc,

Incidentally, 'r,o h.rd .ljfficufty per
..o.Orng lhis Uest cn r,eindy Cays (even in-
doors) bccausc snrfl press'rrc ch,1lrges out-
doors car.rs-.d very D-er.cpL_ib-Le nc.dle
s!.rinqs; ue !..ere never ceri.rin r,rhcn ihc
needle rcdched zer"o.

OLheI cllnb rlles cdn be sinulated
fid chccked on the m.iier by chanqinq the
uaic!"i Lolr face a1d, cI caurse, the tir.E
to iraverse the f0-in. capill ry. Alf
clitJ rrles shoufd be strictly p!'opoxtion-
al to tl. leicr flc'J Trles up to the fllaxi-
mun 25 ftlse. \.rjthin rcadirg l-1rnj.ts dnd
accuracy cJf aJ:e scalc chanqino rcsjsLors
in thc n.Ler.ir,cuit.

0l 3oursc it shou! be dpDrcciated
'-l i.r ref e .. I a

:jr.rgle r.ndj.tron cI tcnp.rdturo, hun:iCjty,
iini 2.es$'rr--. thc reel-torlC corldltion:
lri Lilr o L_hc:r ambienl lanqe: Irill .h,uqc Hra
dpp..cnt calibr'ati(jn o: Lh,:] .ather simpfe-
ndnced vdrjo. A rigc.ous treatment cr
matheflatie.Ll aLlaLysj:i of dLl Lhe ncnline-
a.:tics in the Jtnospheric stluci:urc, .lnd''- cr. J pr.c . .r- .ni .ei ol.; .--r.
ironenLs i. qujue beycld che :Jcopc of this
p.ojcct (anri- auihor), but r,. wiLl poi t
()u'i liome oi th. lacL:o.s ,rnd crrse,i t.rr
tl. va iD rrrying f ir tl,- trurh.

A lrrjncipuL €rr.r scur.rc is L-hc non-
lir.ear beiravior. cf Lhe oxDrnsjc'r, cf t\c
ir riitl aftitude. At 2r,.Jil00 fL the ex-

tffrsicn raEe is 16 per.ent h:igher Lh|m a1,
sea L.vl:l; :t 40, 0C ft jt c.ljmnB tc 49
per.crli hiqhe! tharl aL ljea Lcvel, iL'hjs
cffecL'is ptrrLially ccu:rlcre.i by che llc-
dLL.tion of dir visloriLry \,ii r"h I.11.linlr
te(perrture. At 20,000 ft thc viscosrfy
has dropDcd 12 per.ent and ai 4Cr00O jr
it tr$ :0 p.!..n1 -Lo,rer !ir;rn [hc surf.lcc
v.rllie. thc.e is no chnnge in viscosity
Ircm n.a1, 35,!00 fI t(r 100,1100 fri ba-
caus. in th. NISA SualdJrd Ahosphera
che tcnper'ature is ccistlnt i ihis
lcgj( r.
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Another effeci Lhat couniers the in-
creased expansion rd!_e is Lhe faLling
sensitivity duc to tcduction of transis_
tor gain wi.ttr fafling temperature. it
ir qLli.te possible that riophistic.Lted
elccironics additions could bc nadc (at
highcr cost) to inhexenL:ly bdlance arnpfi-
Ijer g;rin with incacaeed cxpdnsion ratio
niLh altiLudc. Honover, if this \"/ere done
on the b<rsis cf [enperature drop alono,
thc varic l}rould be badly fcoLcd on a cold
ddy at. the surfrcc.

Sinc! l.J,: bclieve that fte cxact cali-
bi,ation at -oxLrenc heightlr is of sorLel.rhau

-eco:.dary illpc"ranr., Jnd LhJF our'v.Lri.
.rln probdbly be trust-.d to ltithin : I0 per-
c-ont up tc 2C,000 ft, lre eaaaslly hcpc
that oL-her3 r.ril1 buifd nldels anC dcvcfop
Liheir cvr. v,rriants of thio c!ncc!t. lrhile
Llr: trcje:t up tU nou, hds ,l.Jlt /.ir' i-
p.1lfy with thc dcveloPnent of a novel.
nc[hoc of n[ocsuren nt of clinb rate, lre
arc no!.r d.tivcly pursuing methods of slrp-
p].erne4ting thc busic device ith dudj.
iJ . dr..l rJL*r ^n, oy cnpcn^J:ior. W
jll keEir you po:rted.

ilc KNan^.'LEDCET,IENT

lle:rh.]u-Ld l:r:l(a rc.rcknc f.dge th.
assjstJnce a4d enc.ur'rEar. f or ma-y
.--n:- 1. -!. DaL ..- .a. -!
,n n cr' !, ! ,Fnt ol rhi- vd|io. to
Ted corCon.ind llick Scdce ,.or 5uEgestr:crr
about _DerloufiLance and .onsljj,uct:ron; r.o
Chuck Ltale:r fcr i spir'alicn artd ictail€d
contrr:buli! e on .-he by-parjs valve ,in!r
Lhc ai L:)1c aier flo!| scbcme Ior .:r1i-
braiicn, oLrl. sin.;e.e Lh.lr.krj. In aidirion,
the aid of B:il-l l,jrL,itz .LId MitL' Uusbuch
o; Lirc ccrer.al. ElcclTic con9rny,5 orlntrnce
Syetems, Circuit l)csr-.ln Dlcr.Lneor, lng lii;f f ,is llrdterully ackn.HLoLlg.d lor fine prinrjt
ot :r.r.:;istor circuii desiOn.
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