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rravirlq been uilhout auLlibLe rdte of
.r inb jnfo;fla1|(lr for a hile, rnd :tr'r
'".i.n". iroL'r., ith it for somc time' if i:
F.n-\"

:riention r_o a ne.dl.. fl1ere '1r' 
several

fr1. ardio variometers .n rhe rarketJ but
li viu like to 3rcnC iine playinE '-or'nd
-'ti tLlno. Like this' havc scne knoriL-
r.1,,. ii.ie.Lronlc'' an.l shop pracli'e,
:one trclrfuf ffjends, dn'L valu' y'un tlrie
at .bou. zer'.! vou shouLd b' nlle tc con€
r) qiLh an trnsL-luncl- vouJl-l i€trflv apPne

"i--. "r't'cu. 
rnu.h .rf a cap|]'aL jnvciitmcnt'

lhrs .n€ .onr-alls about {i25 oorth ')f parL-'j,

if you bLlY thcn neL'.

.' \
mFrer Denf.4nnnnc. Tfi.3 varion€rcr ri]s
a..iolr"n f.,.' lh,- Purpole o: gcttrr'E duCi

.rr.r qcttifq an in.lica:i.r .]: Liit ab've
i Lhr:5h.t.l l,'hile .fujsinq--not rF' e:r-

.. "-i't ,.ri*l n1mbers lt as i'r'r !4-
ir.a::LL-i.Ill :1 lonv.ntj rndl (e crl!-) vrl'i',
i;h;i=Pzl, r d noLi a5 the s!l' rate-

'

:rc far i.dicit.s iL-: fcfg-tarn :tabiliL-v

. , q o,

tirolv satrsia.Lrofy vdrioneter' One "n-.ern, Lciole rcLrurl f:Ljght reslrng, rias

d6
og

tha; "usuar"), but pcrforman.e seened L'o

be iriust filrhtr' (i.rL our opinion)--rone-
Irhat fastcr thai lhc PZL' but not so iast
as ro be distra.teo by turlulenca (totar-
- g,/ .- 1
rr tict<s. ,,,'nicl dl hlgh xat.5 sounds like
: tone. Since -he Pc cr jn each tjch is
t].c sdne, th. v!:Lu e is ds lrood at Lolt
rre,:uencies i1s at hicjl and nore indeperd-

' I ac
(in c.lrLr'3sl Lc a s1ne-'dve outPut).

So, ,-he tdsl. requircn nts ' start-
e.l ![th Ncrc: r t]cker, at ledst shoft-
Lenr, sL_aaj.L1ty (no n.Liceablc driit 

'ILLFinc !-h€ tirna tor a:3rd turiLs), tnreshotd

c ).

iinri. i: :Jror,1l in !i.r. 1. Af.cr buy:inq
!_hc t\-.rfri:t.n:, tlre oth€r' briCqe 'esi:t-.rrcc:i !.Er. ,rive rea5onrbLe baL-
rnce r:rl dl'alt sufl:LcienL cu cnt a:'i'j'rr_
tr ma in eech l-.g) to provjd. :- nigL

l0ll'a) f.r the thorrni:t.ls, considerinll
LL. vcltdge Jnd parL_. dvaiL.bl.e (d 25 ohn
zcro baLancc pr)t r,,rouLd p.obably have b€en
ni.c). there rs the feeLing -.hat conslC-
.rrbLe fuck r,,rs inv.rLv:.1 in inoun.ing .tLe
lh.rnist.r: jn the rir fLqr Lio a4d i'ron
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!1 Zlner. diodeJ 4!0 mlrl, -' Lj.7 vorts
ll.-rs Diodas (N.jt4)
qr -Q. LoFpolr€i silj.con NPN

E
lu.lio val]!n]::ter ef ectrcni. sch-cmatic.
/1I Inteqrare.t . ir.ur:t djifcrentj.Ll

amplifi er

ar

Therm:r:rtols, - 2CCU ohns .r rr noomtenp.!atlLre (Fenuatt c!12"r2)
Fire.1 re:iisLr.]rs dre t//' or t/tN
lratt Lrnlcss othex,,[s€ in.i]:.r r..l :.esisiors R2 rhrouqh R, ne.d ncl
bc tLigh p.ccisr:on. blrr shcuLC bF."
i3l&, erc. Vrlues d!De]1.j on .rrin,: } ,,, p=, d c ?r. rf-
r:Fro s=*r.Ie - ttrrE!h.tt, R.- =v, lr m

5,8

( 2\r 567 )

',.,rar, 
irs ) ( 2102)

rL !'r:nnsjstor (several

Zer.o ..nter i]ric.odnme reri .t-..seRr. t! give lul.l-scdta .t€Itecrlon
at .lb.ut 6 vcti:i
lirn:.e s?i tch, lPSl
ah-.rr sr\rit.h, SpST

:;Lt.rcitors rr€ cefani. Cis. f_ rilv.rlts)

FIGLTRE I

the fLasl-.--our ray is 3ho!.r i Fig. 2.
th: :ren:iij'ivity Lrurned .ut t. irc a htL_le

ljvc branch \,r.Ls cl1os.r1 f.r Up. Vcry :Lrt
ir:l.e diffcrence ilr ou.'put a5 not.d Ior a
lct.r:l. briilge cui,leit of lC, 4tl, or 5u na;
ho cvefJ rdih 20 na, .erl.ltivity lias d.fi-.o
have a1 ele3tronrc vdriomeLei, i.- shdrLd
be a sulLe metr€r tc qet the ncccsse.y
:ir:lnrdl:rom rLi. inotef cr:rcurt a:1d n.t
!.n]rxy :rbolrLi Lltermisto. mountjng aL all.

At bridge bdLnnce (zcro sinli)J the
output of the first difi.rlnaial nnp1r:-
fler is arcunC 6 vc:].s. Thc ratio,of the
resisiors &/R3 (= lls./R.) 15 .ho:.n to
gei, thj.s fu]l-scdl. ourrput. l-ox our
Lher dstor o:idg. and d cie-pu.t f]ask
th-. values shom gave fulf outpur (+ a

voJ.ts) ar- about + t:0it (.ir - 500) flrn.
The g.11 of th€ diife.ential anptr:fier
i3 &/1 so tie bridge .ai b. .h:cked out
.rnd the ranq. ,rnd li, -rn.j R, .l,.iermrne.l bv

across .'h€ bridge output. (For our bridqe,
1500 ._pn corrcsponds to :bcut I rna cr J{lil
mv. )

The output voltage of thrs fir,et
oper.ltionaf amptjiier :rls r linca! fun.,
tion oi the brjdge outpur... I cr!.ujrs

aiLplificr is a functicn oI .arr:os oI pas-
:ive elenents (rasistors) a!r.l rs unilffecr-
ed Ly drift in olen-l.oop qai , surr]Ly
/ l . r. .p,

volLaqe-,'o-f r€quency .onv€r!-er. Thc
actj.ln i; .r. fclLorisi flr. cp inp a.r,:: r.
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Sketch of tl'eriListor n.uniing.
I. Lucitc, L-in. thick )r l-in. squ;rc
\,ri.th ho-Lc A, l/8 in diameter il ccnterJ
..nccntrrc liiLih holes A' an.1 1", dnd
r:azz\e., D. II. T\ro L-1n Lucit., ! 1n.
x I in. (a:sernbLcd p.xpendicurarry on
rppo:iie sicles of I); llo1es A' and A"
thread.C (i fn. 20) tc r..ept tubes III;
hol.e; l' dfd C' LirF u! vJi.h E nnd C,
respecLively; fte thrc; bLocl,,s held tc-
qcthar !DLh 4 40 s.r,e\rs (ihrouqh ho].€5
l, B7 and C, a/); thern]:stcr connecriions
nlade to thc 4-40 5cr.Lr5. III. hrlet/

Ieng$, thlea.led (l-20) tc tit intc A/
dnd A ; rir-tight seel bclrr"€cn parts I
and IrI by th. l-in. o-rinqs; n zzte) D,
1/32-in. diarner:er I l/8-jn. rcnq; op-
posiLe enCs (holes E) connc.t lo capacirry
dnd sLatic. One thc:rristor has Leads to
screus through hol.cs C/C7 of top slde of
I; oth,-r thormislor cn bottonL side of I
lrith Leads L-o scr.ws through holl:s 3/E'].
T : d. bv
Hol,. AJ about L/B in. apari:, cenrered
under nozzle:J D; lea.ls are prcsscd (seal-
cd) b.L .:en o-rinqs and pdrt I; p.sition-
inlr ol lhcrmistors .lircctLy in lire lrith
nozz:l.es D is impor!'ant for f.Lst dnd syn

:

tioned pztrperly b.torc compressinq 0-
rings (by tj.shteninq .rf screlrs Lhrough
hofes B.1nd C); aligninent cdn b. checlied
scmerhat by looking inio hoLe E, througlLD-- s- t
sh.ruld afso be chelked u rh,. i,ridlra
cir.ulL us.ng a calibra!'e.i air flov,
(anothcx vario or a 0 50 cclriin ilo
mcter) r'hich can be genefated by siphol-
ing a'.er' ffon a tiottle.

t.:

voLLagre ccnpardtor, cornparinlr the ou.put
of thc t'irsL- op amp (Doint B on the sche-
natjc) with .he referen.e voLtagc fr.m
Re (point A). Assume lhat VB i5 fess than
VA and QL is cu- off. Nor,,, r: cfinb is
begun VB iLl begin to increasc as Cr is

od o.r or1. q oo ts _

ceeLls Va, the outpLlt ol the eonpaxdtor
rbruptLy slriL_.hes fror lori to hilrh. This
trrggefs the one shoL (Q2, Q:, 'le 

) which
fires fol a ?arlod determined by R.€ dnd
Cs. Durinq ll'tis period Q1 i5 turncd on
(satffated) and the v.Itage at its crjl-
Lector is vcry loie. So Cr begrins to

,, 
-. 
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:rLi/ ,/
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.ij:ich.-1..ic Lhrouqh li17 and Q!, an.t r5 soc|
r-. Vs iall: bc:tuli Va, ihe ..rm:arat.rr, .rut-

rfd a1 le-rjn:i to cltar_-e u! :qrir..

Sii.. L'hc av.ralte .:urlr:1L r!tr. Cr is
pfc:ofti.)nal t. far:e .f rLrrlltr, .Lnd t-hr

tne .rll. shc'. (.on:rtrnL) rjnc:l
thc lcreti.i.in r.!rLc, the |e!..i1:ion r,trt.
i: r tLj1.rtion .t' rdL. of .firl:r. atnci-

b.fo', about 5C ILrrL.) l,th.n Lhe ilnry .y.te
,i ih€ one :rhot Lrre. to ercecd ab(:Irr, 6rj
p.rc.r'L', it diLl bcg .t,rn ilnd ilte ;fprr-
.rlt .LLric fr--au.ncy lrifl d.r.ua1ly .1..r!!-.r..
ftis coi!rrde1,.:ti.n h:: s.rE et!..r or th.
chor.-. !i R11 dn.l C1 . Th.!e t!,x) !!rLLro,L

ay
nr.rm DiLch -.rr:th i:he valur:i .ho n oe qet
'0

Th-. volt.ge silittin.i, ,...'l i ch rtL.!,:.I
thc usc ot t-hc ncr.mal sailtLane Liertericir
,,".: a..onptishcd liith thr z-lnel ili.ae .ir-
cui- ;lr.r,m. dL th-. t(,0-c€nier oi r_hc Ii.tlrc.
In r.1.Lr'tion Lrc :it:i t,.ovidin,j th. jnL-er-
re.liai.. volL:.Ige r.quircdJ it a15. di.r-dte:r
very staLle ot.ri,tiorL; tlrrt rs, rosD.nse
tairly jr.icpendenir.if the baL:terr:.s o1r-

vrtLs c!, so. L1o:i: rf ,'he curler-r Leinq
dlalrn !rhen L-hcre is nr) or.LLpuL si.I:ral. (-a1
!1usr'vc oi Lhe brjdllc cufrent) 15 .ronrum-
ed irl rhe z-.rLer .liod. cir,.ujr-. T.Lal
cullor.l flon tha hr-reries i. abouL 60 qa
in siali '. around .l.llil rnn in a b.-one. uiLh
the v(ilurn alr the !r.ry up (nhj.f i; prcrry
I.uc). Sere1,:l. ct LLe .ar;.ritors al,e ob-

:-
tr.fefen.e r.rhcf L-\. rtrik. butL_on rc Dre:saC.

)

aL.d Lrlast:lc cifcuit hondJ e1.Lu:iive of
tLc Lh.rn:r:stor inount, lJouLd ijt r:n a br.ur
tapcr:,ag rbout 1-in. tni.k, 4-in. oiC.,

lyp.,r|r'te.-fibb.r box bohjnC the .o.kpit.
'Ln; l,-n.l includcs Lhree .LJ-in. diarLetcr
p!r!! (zor.. s-Et, thr..hoL.1, voLumc)r trlo
S?iLr.hr: (on off dn.i range), an.r I 5/8-
i:1. r l /4-in. nicro.lmneter.j1l.u. nl.l Llt. met.:r js use.1 icr i; settjng
LtL. zcru belore ta,,. olfj .Lnd a.L:uattv i3
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n.r.l. re,i.lily Liy 3r!nd. r.I.i--n.e i,. tha
IZLJ arrd Li riLe !.,.hile .l.r_. oi L_he cln

ihe rir:uir-fy, nurr|ci Of el.,rtloni.

.rfd;nnpljfr:.(r. For :).anDl e J Lhe ihre:-
iroLr p.r ..Il.l bc -.linind'r,r. fnd th...ho C
3e!_ rrjth the z!r,. p.rt, rrobiblr; rr.l Lh-c
r!r. frr:q.5 ar-E al.so !r.rr.1aly unr..rer:ary.
Bur thi! i: tne iray !. hiptencd Lo rur .!r
L-oq-ci.h. r. rt r.,.rrk5 and r,1e Lilie havirlt it
on -'he -in:lJ ar!.l ,r|:.1:l probally heep t y
lrq ii dntil the br.!'rn prler. bag .Lnd
:rc! t:h trlpe !iive5 .rr.


