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at ha ro1 . ti . o alott 

Slw <il'ilt tn.;r bel the '?Joult of c . n~s in .supply volta .o ·:rJ.th til~ , ·or of 
~ 

tho 

o£ nct:l:l tivo foodbo. k lll.S boon c.:.lpla.' to t"Cldu o d ii'ting nd. aloo to ~uco 

t'lo f f oot of t~.:b ell l"'Otoristioa Gtl go.in. Zoro lino fluotuo.tions I::J:i.:l/ 'bo 

ii.uo w GlGctro: . .o.gnotio piek up, rl'bmtion of the tube olo:.2.onta1 the .. ~ noiae 

llCl"'OO any l"{)SiS Ol' 1n tb uit" or to ir-. gular or periodie ()ll.CJ:. a in 

aion f · th oathode. D.c. anplific" tt.o ou.:U.ing 

i'w:othor :.1pl1i."iad o.nd rooeb an a p~ cio.'blo v ..... lu in the :..J.ttiU"• Tl 1 Ocfttivv 

f'ocdoook ·~fior oo::1ponsu. ::. veey uoll foli" drift offoota ocourring in tho 

fi omplif'yt s Dto.gos but ia wr;r soneitt o to .clrift arising in th 1nir.io.l 

uta co . e t.o e ngoa in oat.lOd.o f'cronco pot, 1tia.ls Furth r scnoitiv:lty 

with those c~l 

elo~ drift and zoro li e uot tion. 

Coupling botwoo ata.nos im . cl throu ,.h co onsors · tioh 

-·ont c'Wi t. off tG ot"igino.tin(~ in an\'f of r o t ubas .. 'fun ,oio AO -
l .. 

oc· o1 100 eouplod o.":l.''lifiors !!'JlY' be deo~ to pcoo o. va J'lQ.i. ow bond 



of t~queootes and ·~lude w othax~. Tni-i wm:O.d bldioate ~ho.n an ~U. 

tier cart 1m built t1'lllt woUld amplify o~ tho ai.~ f · quoncy1 would bl~ 
- -

drlf~ etfcc,t, oo~ tho ne.tlt%'0 of' axt~:cy- lOld ~quonc.;r variat1-0ll3, &1d 

vo\tl4 bloe~ tube And thel"m')l noi$G wtdel OO.'}l oo <kmGid~ 'Vet? bigb 

.~ vm:'!atlons .. 
~ ... 

An A.e. 0,pero.ted n.a. ~ter tn ~h tho dil'Oet ¢ur:ront Gis:nol 

is eenv~rted into c.n 1ll~t1ng l!ignal prioll" w being ompl.:l.:a«< ~~d have 

tb~ ~vanta.goo of .a.,c. ampllf'i~tion .. . Wlth tmwo e.~ngc..s it !a hoped 

~t t.be scm-sitiv!ty- .avallablQ £o.r D-.C. ampUf!oettion ~ bo incrOlli.sed from 

tive to: tento. ··. : 'l'lwl~ 1~ ·Qri.d<mo ln. th~ llte:ratux 
2
•'ttmt ouch mn inG'bl"U•· 

taOnt tw;~ ~en cteml¢ . 
. paat o:lzbt ~:ra. In this ¥"Q£$~Q !ktssrs. SchG~t.akoy and Fea.rou indicate 

tl»t they beV4 '::t~i~ .t.ru.oeaas·M !n c~t~:t!;Jili n ~tab1~J '1Vihtr<Atin3 ~ed. 

cmpuoi:ta.t:tw COll~tortt fol! tihe eqnversion .of a dil:."eet ~ent into an 

Qltel"r6U.ng s~. ~f~rtt of tutu natm-o has~ h€ien. ~Gd out at tho 

Uniwrsity ot ~-.tP1i~ ~lul"peal I.ehomt.ory· ·a.nd: a prol.i:tdno.ey unpublis .... . - . 
bod :tr'~J.')Ort, I} I~P-21U, r.a.a bOOl'l ~do on. tho ~'Sults Qt thi$ We>rit~ '.Ch~J1 

vopla.eo:l th~ ~lll)pper unit. .in a ~ aelt~oing potGntiomotor t:vptJ 

a;mpilliel'-J ,.,.,older rit.h ~ vib~ting ~d ol<)ctror.m;.oJ>. X14ia (llla~-neter 

U$GS a vibmt~Uli ~ and 1". ~i."l-r).e ~ta.g0 o£ ~lW.cation, .a t~ 959 pontode. 

Thcd.r repo~ !nd!eates iJ.i1a.t thaJ; be.ve an a-mplifier of ~t stabUi.ty in 

Which the. drift. t0JOOtm:tG to lese; th:m -0.1! mill1voltli in t:t·mnty-... t~ hours 

v.ltll a 1oll· otlm inplt ro$istor~ It wUl ~· a c~· nt of 10"""
1
' ~.~pore!.'\! 

to l% llC "ey in tlmnty...tour $econda .. 

A aim.ti.a~ tYW of ampUti•r ittf being da:volopGd in this. lao'btU!\ltory 
. -

to ep&rat!;:}, if pos.si~le,. in oonj~citon with th0 IM.$s $pect-rom tor ·and a 
doseribed in the toll~ pages. 



t heo 'Y or the 
' ' 

/ lla1d 
. .. .. ., 

... , '· ., 

pla. t es of tlla eonde or th . vo1tago .aero- · the oondctnser t-t.Ul follo~1 tho 

relation 

v = o;c 
4lld this voltage dll ~ppeu.r b13tt~on grid and c-o.thodo o:t th ·~ · cm!ln tube.,. 

It U:ds ca.pacitv.ne of th cond er 0.1 nges , the 'IJol.ta.g,. pp0.!lrl.n o.e 

the input of the 

iS" varied in sinusoidal m1.:~.nnor1 ll have a uothod. of eonvorting a D.c. 
signo.J., ~pplied to t e plates of the vib t · condenser, into a hi ~l 

Applied to tho rid of th~ ~· ou t 

nee ary to i olato th~ vib ting condonsor tho grid of tho tub dth 

an air conde1wii.lr.. This air condenser :provents the c l c frQID lccldne off 

tho \.-ibrot ,., eo denser b tt tr. suits the alt o :1a.ti. g siena.l to tho grid.. I · 

al.ao pr von'ha c rgos pi.ckod up by t !1o grid of tho tube from affect g ,t..o 

chi.l'go n plied to tho a.ltomating coudenaer.. It is nee{Jsso. that tho toto.l 

Fi g. l 

tho vibro.tin cond . . sor, 

t l<~t iG 11_ + iCc :t.~ ~. hi -~ !lit C!Otii:P4ir ,ifO.f1, 

t '- f£ - dJin. 1 pEldluiC\1 _, ~~~ 

7h vn:riabl ca:~ citanco i..l 

mdo up o~ ~Ml tmvil o£ aroo A1 under 

o£ 



tt'l()' ;platos ihich re;nin parallel throueneut tho oyele. I£ t.ho di to.ne0 

botl'roan tho plawa at re1.9t 1!J ·do tlwn 

c = 1 
f . ••• 

. 41rdo 
and V0 • · 4 1tdoQ 

A 

It th·:: displae:~;~;ent e.t .any inst-ant from tba $t8.tiormr.r ~!tian bt> desi~tod 

t1bero a is tho m.tUdtmw a.mplitud& of' the vib.mt:ton.., 

The. :J.:na'ttQ,flU.meou.~ val>lO of t.ho d:t.otanc« bot'v~Dtm tb.~ pmtes is given 

de - a . sin wt. 

$0 that. 'the voltage a . poaring o .. c,ross the pla:t es .of. t.i.o eor.don$01.' will 

V :: A1fQ ( a0 ..,. n cin ~rt ) 
A 

• 4 fl".Q:!h. - ~·· .. ·. . · a sin ·ilt 
-• :• a 't A A . . .. 

or V ;: V0 ..... A!'!J., u sd.n ·'Wt, 
A 

This vol~ than i~ the sum.:1ati.on ·of a D.c .•. md an A.c. e~t with 

R. I·i. s . ·value . . ft . •. 
A 

Tbs eonvemion .ofi'icielle~-- or the vibrating ~d 1s ;ivcn by 

Vs •yt. "!·i· ::: ,, A . 2 ·. • ...&... :: 0.10? a. 
Vd.e. 4 n-~ lf2 d.0 do 

-r · 
This l"olation indica~· toot the ~ eon\lel"siott ()ft.ioiency possible w!tb 

this i deal ease, woUld ba 7(:f)t <:mc'l.~ · en the~ ~lituda of 
•' 

vibration equals the rest distance between pla.t~s . 

l'hQ 1doal case o£ eontirluouW,;r ~Gl pla.tos eo.nnot be COOJ:plet,.ely 

~ized. in Ollr dasign which us0s a ~oD,g Vibrating !r~S.'<ri cla.."llpGd at on,$ end 



... , ... 

tho eonvoroion ef".ficioney wUl. b low· rod d the veto of tho signal 

distc ,. d.. i.!ot:l<.>Ver with the t . or reed t~ting and drive discussed il'l 

tho plat of t.bo f'irGt tubo is 

rt ol.os to pu~ sinusoidal indicating that tho idolll caoo ia b<.d.ng 

npproa..ohoo. 

'lho a.c. output of this .first tube will be independent of ctll"rent 

changos \dthin t.~c tubo \ibich a.ro oot of the o :rat~ treqt cy. It dU 

dapani o~ on th? D. o. input, thG conva:reion a£f'1eioncy of tho reed o.nd tho 

ill n of the a~. 

m,_oetrorllOto..x.: 

~!) nb:ratin!J reed usocl ia o£ hi ;uy polished. opri.llz :o l dth 

X 1., 6 em, X 0.,0S5 em.. 'i'he a.nV'll is bmss1 . 1 . 25 Cl: 

qu ro. In order to duco t ho ef ... oets of contact potootial. b ·' tl o l"Ood 

nd tho unv:U are plated with a. vory t en tdth 

t ho input sho . thoro is e charge on the pl tes or the oo on~er as a 

rci;.JW.t of this contact potontin1 due to t ho dif:f:.nrlanc:o in thonlOdyr c 

l!.tn rgi s of t.1o ol ctrons in t o tal of tho r d and a.nv:U. . The conto.ct 

potential is do pendent o · · rfo.~o conditi on.., and ei o s 1.n tb so d.ll 'tl . r:r 

this potential .. Th s sur.:t'aoo factors include oxidation, tarfli,,.hing, el e:an.

Unoss, and adso tion of ga.sos or va urs by tho rLOtal of tho surfo.eo,. Tl'lo 

ua of hi polisil gold p tin rcdueos tho co.-npononts of t.ho e .,act 

potential w.rint.ion du to ox.id tion or tarnishing. forG o rat.ion th 

reed ·:;.nd c.nvU a c carofully elaanod uith ab oluto al cohol und ther a.f*tor 



hand).; only Vlth ti sue 

bG o e~ ted in partiz l vacuum or in a.n ntmosphoro of 

boon done at Chic · go·, to ·"duee t hoso oi'f~:cts ot~ Il:lOro., 

rrh.e is held rigidly in a. br.lBG vise. The anvil G us :lded 

f 

.t'aotcn d 1-P.r tour scrc..'WS. Thick rubb r opo; ers bot en 

tho pol.ystyre · a.nd th pi~ anablo tho condonacr spacing d , to oc -.rlcd 

d all<' :for ndjuatt1e11t of the anvil 1nto a . roJ.l.el position o.oove tho to.eoo. 

'l·~he ~eel is driven quite. satisia.etor.Uy by a ;::oJ.l ·~ 1.000 elcetro-

uee 1ntarferGnco d pic p f:t"'!: e;s.."tomnl. souroos 

it s decided to z·ivo the reed at, and tun the at.1plii·ior to 

f cqueney. Ori~lly tho driving !'roqu ney used 'm.a 60 cycl s 1" ·second 

but t~G aa.t:tsfa.eto amplifiGl' operation has neon achieved with frequ~y 

ot 4$0 eyQ1(9S . r a ond. This higher f 

beyond tho 1n t circuit to 1 rod, docroosil~ tho ovo.mll tir-

; cons · t o£ tho circuit. 'l'his was considered necossa.ry s· 100 cossivc la 

ncountQred 1n t he origina.l eircuits using 60 cycle drive. 

It has b en f o'Und that a reod whose lengt.h r!$S boon adjusted t.o 

vib t0 at 75 Q,YCleo ~ SCCOn!i will 
_j_ H -------- ------ -------- ----·. -- --- ... -·. -.. -- ..... ------. -· . ... .... .. -...... 

Fig. 2 

.also vibrote at 450 rclos r sacol"'.d, 

s ~ tioos t 10 f''Ulldam · ltal f quc:ney, 

with red 

1ndic:l.tod in tho dia.ot'tl • 'l'ho aingle node i' a.ppl00.1t:i1110:toJ;sr l/6 o£ the 

b 
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1.25 C.:£J . sq 

eo .W..tion.a o e ntinuously po. Uol pl.{ :tes. a r·on.tionod p viouoly thio 

gives ( vi !•uting cond scr in i' 1i0.1 ·~ho 'I; 1.r .nti·Jn in oapa.oit 10 is V0r'jf 

."' u.rly p.1r inu oidal .funot1<m of ti!Go., 

I i. vocy dit'f oul' to aee to 

&li"""'"''"ro:r'.O'l.r. of the ampl1tud1:t of vibra ion nithout s :t£11 inatl: .:.onto but 

e. £, 1 ::ty a.coumto pprozc:U, tion would bQ 0 .. 2 j) 'i'hi$ 1voa a .60 value o 

t.oly 2 .... .. so t ot 

qu ey. 

in t, gl :> t! 

p Um• oh ;:n: to 1e ono aide of tbo vioo o \ ocKi to r.-..oU!lt tho cou :1ng r 

oo.ado 01'11 In t,ho pr00' t t:l.OC1@1 thi Cl'ltiro roor OOL'l.bzy is counted :in 
]..1. 

....,(3\'U.il:l ti rt. box al011 ~rl. t.h t e · 1t 10 ol ni tor a.nd tho coupljLg v.ir 

Th r 

soal and tl . 

top of tho ehu:. In thi 

a 954; io r.xru.n cd •• d hield cl upon tho b tor it is ho that 

thi tu .ey bo mounted dt.1in thia or a l r 
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tor amploy cOtl!)loto no~ ti a t'oedbc.ok so tha-t ino.cet.trv,oi due to non

lirwori ty in t w.nplitier or rccov.d:lng :inst:n:scnt w1.ll. bo ttinfmi.zed. 

Since the oonvemion o£f:l.e1el.1cy or the vibrating remd r:e:y be eorJSide a.e 

~ of the gain of the '"':JP].itiol" • changes in ·it "lue .o tJf.lplitude: or fre-. 

qua: changes of the dr'lvor dll :not cause inaeeurae "' u1 tile out;:ut.. 

Tho action of the c ~ot o.mpl.i.fior is dO""C :~bed be. ani a. block 

diagram o.f it 1s ahotm em page i4. A d:iJoeot current vo.ltago applied to the 

pl.Atoa ot tho vibrating ccaleJ:lS. r is oonvertcxl into di . t .and alternating 

cccponento. The nl.te "\ting c ncnt ot the Vtitt.~ · io amplificrl. through 

a st.a.ble fo audio OJP).ifior wh "" out ·G. is eouplcd to full ~e 

).:lbtlsed ctif r . This roetifi s1p.l a~ to ·~11 grid of a oothod!J 

toll :r whoso out t. is fed ~ lsrP rut. ot ~ witb the in 'to th 

lower end of the inp11t grid leak g:i.Vitlg Cfltl1l].ote negat1va fGOOback ompli

f:iOI'. This feedback vol~ mll have a 'Value givan by ti .. e oqua.tion 

V G V 
f . b. (G +"i1 input 

so tl't.at £o~ l.o.rgs gain G of tho a:oplitiol!' it may bo to. n o.a a. measure of' 

t . ~t sigtl.'ll. Thus an elJlpl.Uior with l.llrgo voltage 0lin is used to 

pxovi a conatant and accurate current ampl.Uicat ion oncy. Tbe C\lrt'O!lt 

gn.in 1G giwn b'J th~ l"O.tio ot the input and out t rosiato.ncos. 

. e.G. :: Rinput/ Routput 

Tl1e te buek sigml ~ bo moo~ by somo ~Jensitivo vol:t.m.oter. During 

tbe d · l~t. of the instl"Ull10nt a Broun o.r:;plitier-eh~corder tD.S used 

with a. full calo ~of 3 mill.1volts. For riX.'tst. oPk howover, tho use 

ct a tentlal divider all<Mld a ~ outpllt si~ ot 100 ttdlllvolt.s to 
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b e m.casured by tho ~ .. 

The cirouit for t he elo.crtronio tecdba<:k e.mp:l.iaer used in eonjunetion 

\dth the v:tbrotitJ.g rvcd is shet1n on~ J5. Tho ~t current nowing 

tht'Ol.lgb t"re :toll Otitl rosistonee d~ps a v()].taga acro.ss this resiata.ne 

t-lhich is a ppli to tho vibrating 

poncnt of tho ~tage f'rc:n this eo :t: 

Qil{.jlf.lDlil'-lr. Th cl.t rl"lD.tinG oan

or io Q iliad to the .grid o! tho 

first tube, a 9S4, throu~ tlts oondoneer c.,., '.rhis tube is opern.tcd td.th -
plate .and scroon -voltagoa at l<:M 'Y'~~ueo tal: fNll t.he point B t~lich is 

90 vo~ts llbove gz"''..md. This give a fairly sta.blo t'irSt sta.gB with a volt-

shielded eablo to tho following stages wbich nre built up on 

ctu~is. Tho occoud and thitd etagos haw a occbinad voltago ~ o£ 2000 

using ~'le 12SFS •a .. The ll.wt aropl.itYing etcn;e uoos :4. &16 beam ~'ier o.mpli

f1er w1 th :t''lrl.1d.mnm 8ilin o£ zs. This l.attor go.in is adjustable b'IJ oeano of the 

tenti~ter in tho grid c:Uouit oi tho tube. 

pbasoo ~titior is ~ w:Ltb the n!d oS the di.agl'O.tl on tbe nEl7tt. pago 

in \>.J1116h \i8 considGr t ur triodeG - T
5

, '1'6 , Tt,•, T
7

• An o.lten:Jati.ng volto.go 

:L ap:ril.1e.1 to the grids of t.ho .four tttbos .£ran tour tra.nsfo oor ooeollierios. 

Tt e nrin:nrios are e~tcd in paro.llel. and X'eeOiVO thoir ror fl'Ul the 

:ltivo; the pl.Qte and grid of T6 are both positive; · 

tl oae ot_ Tg arc both negative; and tbe plat.e of T
7 

is positi cmd the grid 

mt.gativc, llll with :re · t to cathode.. For this insu e only rr;, conduoto 
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since •r
7 

is prevented !ro.:1 doiricr so by a utfiGion~ negtltiva gr~.d. During 

t e 110Xt. halt cyele $l.1 aig.na will be reversed and T6 will conduct. This is 

sh 'fn diagre.:r.ati~ :tn fig. 5. 

The uctton of this cirouitr then is to cha.reo the Colldemscr C posit:tvo~ 

t lO grid of the cathode 

erosa the eoupl.f..ng tmnsfo r nro 1nwrahangod. for t.lm inot o depicted 

m figure 4 so that the t'Ubo.s T
5 

and T
7 

dll conduct during tho a.l.:tel'Qlto 

llalt cycles. !he cooo ~w C io charg~ · gati.v~ in this case o.,;pl;t-:tng a 

tl(Jgative voltngo to the grid or t.ho catnooe rol.lmror. 'the elanonts of too 

phased cti.f'ior tubes aro an-anged to a.ssura a fec.dba.ck signal of the pro r 

r:ola.r:tt7. lfho A. C. o~ through tho :unp'lifie1" is redueod to such a. low 

vo.lue that th •rJ3 is no ckl.nger ot overloading wh!eh ould result 1n non-linearity 

and oscUle.t.ien. 

There ia a. completG voltage eain o£ about 20 fi'an the grid of t 1e 6 V 6 

to tho grid of the cathode i'ollo~r. The gain of tho 12JS co.thode follower 

ia o.n3. The eompleto gain of tho anpUi"ier will be the product or the gain.; 

ot tho vo.rious stages. 

Voltage gain G : .2 % l. 5 X 2<X.X) X l5 X 0. 8 : 7CXXl. Thia 1NJ:3 be taken 

a.s a o.'l.Ximum value aince hll ga.in ;i.n tho 6 V 6 stage io seldom used. 

Tho purpoGe o£ tho potentia t-or circuit 1n the f~ l.ine is to 

provide a. fino ad.juotm.ont for the e ol.ling aut o£ tho conta-ct potential. 

developed bot\TGOn the latea of the vilmi.tiug eondonser. 

Fluctuations duo to cath<Xie ·perature e.bo.ngos are reduced tv heating 

tho til.a."JJOts of all critiet:U. tubes fro1n stD.bUized direct eurront provided 

by the rogul.JJ.t wer su~ ply shQt on go 16 This su~ is of the stan 
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ciNu:Lt 1r:hleh aupplies a. nog:1tiw l.OS volto tor tho oethodo follu~ ia slumn 

alet>.Ja tb. tbe regulo.too wwl:f. S111eo tho eurroot d...~ tram too lOS volt llno 

ia small1 cutf'ici t ru ~ ~s abta:lned !.\'om the lnU' ~o rootU'iOJ" 

m~ wlt-h c. eondtmser 1npttt RC f'il.ter. A ec:~wtent 105 volta !3 obtcined 

tlCross the voltage regulator tu'b!l c.s :i.nd!ee.tod. 

The ~~ ur.tw 90l.tago and tho p.\:ls ed rOQtitier vol~ ~obtained 

.fl:'om the oscillator and the ~-r cireuit shcrdn en }llgc 16.. Tho pri!;n:ey

ot a /fJ69 &"'r!!!Ql'ld trr!Wfcmncr ia used to couple bet 100n plate and grid of the 

oseil.lator. The troqueney range is determit- by ~e eomewer ~FOGo this 

ehoke. W'itllin. this rango the ~ '!fl be 'fl'al"ied through 90 cycles t.rlth 

the 3000 ob.r.J belipot, bl the grid eireutt. This · abl.os tlle oac:il.l:ltor to be 

tunod to tbo n=.tural troqu.ency of ·t.ho ~. ~ 6V6 ,'1C'Jr amp.l.ificrs aupp~ 

en undi"'torb£'11 ~o YOlts to drive tho vibrating rood, nod an undintort.ed 125 

volts tdth 1?5 volts max1tlum to the p.'1ascd :reetifior ri;t;.nrics. -rite i®'flt. 

ta tho soemd pati~or ~1$r is taKen hat:l e. phe.so shifting circuit. This 

corroeta tor tho cu.t'IU:ta.tivo pht;tao shUt ~out tm a:mplit1er so tMt tho 

plate and grid volt4gos ot the l2SG7 t"OetUi.aro arc ~&t:cy in 

degreea out ot :Jha.Go as tho caGe 'C:Jl:W bo, 

Tho t.bree pot'Jer oupplietl and tba ooo1lla.tor unit a.ro buil;t up on a 17u 

X l/~rt X 1-.n · C} "'S'Sf.o with G J.411 front panel.. The 9$4 U ~ted ill C. shioldeci 

bo."t U th~ reed cbllmber a:nd tile rest Of the ampl.;ltie:- i.e asuerj)].ed Oll. (l l61f 

and the output it was found tleeessary to uso singlo "Wire slUeldad ca.blo for the 

line f'J~C>m tho plate ot the 954 to the ,;rrid of the first l2SF5 c.nd for the 

teooooek l.i.M. 
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~li~t.:W~ 

With t.bo ~option of th~ battery 1.1aod itl t,b() tm.l~g out potontio-. 

Tho power suppllos for tho 1;t.ni t ~rG tua1ed on by I:le&!$ of '\. After theoe 

nava wnma:t up £CJ"1! one lllinuto~ the ~>l!f'ier J?IOlJ!.lr ms;y b~! put into operation 

·:tq t~a o£ s2 tihiob eoonents the !ilont@ni» of ~he o/'.>4 int.o the bet!tcr lin$. 

Tbi$ pr.aeedufiJ ~tms e~~ .a.dvirreblo in ol"dGT tho; voo :4"'lit hl $Ul"{le of 

eul'rmt- t'SOuld net rn $ tb:tr::>t.~l the f;ilamont ot t.bis crltioal tube. Tho aam 
eontrdl, P.ot.,l., allO\\ld b~ 1sat 8-t th.e l.C~~~ md ~fo1 .. e. ercJ .t'urthcr .a,dj'tlstrw:mts 

are rn.ad-e . The zero .sat:t~ ~ tbe olttpu.t :met~r il llO\l bt; m.td$ b'IJ m:;ons of' 

Pot. 2 in the cathode tellowe.r l!ne.. A ont.hodo rq eoe,llioneepe eonuectei 

to binding post ff.l ahr.itif.ll tho output o£ the f.'i.re;t tbt"ee e~"'ea 'td.th no f~

baak. A ama.ll aigaal t1JXY be pruliBed through the aopl:U'ier by a.djuoment of 

the b:Uanoing out potontionleter. ille beqt1euoy ot tho ose1Uc.k>r '1' tlatl 

ba ·t;uuoo to t.he Ut'\tum tl'oqUane~ of tbo reed by oojuetit.ng lor t'axlnit1 -

p.litud& .ot the a~ \mvo sh~ an. the scopo.. (i'lte ~l'l ma.;.v noa be t~W<:. 

up and the or..plifior is r~ .f'or opern:t.ion. Tho outrmt · t;~ oo ~tolttl 

~d.th a c.n. .. ,o. eonneet.ed to the ®tptlt b~ posts.. TOO aa~i'J r.w be Qll ... 

justod to av eoo ni(~nt .-oo;tt:ton on tho OJ;rt,put l.'1l.;lter aeoJ.Iiil 4'J"l.tb Pot.3 o£ 

tho 001.:-uwing ottt o!muit .. 
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It bo ... .. 91 f'P :20.., tit ·t tho dri£t t.o A: 

Fl~'AtoJ;:r l t::illiv<1.tt p-;.;,l" hot~:'.. Tno roc~ al-zown. in bia figure ~ 1.1ttdo 

be 

drift aator. This e~ s £evouro.b)3 w.t.tl1 otl r D .. C. l'cod'baci~ Anplifi.et>S 

in re be at t:1c present t1oo tb.i.ob ba o < 

o rn ing at optitfD:xo e:C£1Qieney. «J.bio reS\llt,_ hOL'reVW., falJ.G f •. ,. ~3h0 Q! 

t 0 .. 2 raUl.i: J. · dr:U't tr:cr.rty--"'cr. hours ordod \·1th Jw Chic ~ o~ 

~· nt WJod in. tb· t ·ro eltlot ~ @tarrs. 

attvo ogr lJ or rot'ino

uy)p'lico.tions, a.s rlth tho 

o fl trruloter, 1-t io not f lt thnt tJ1 · unt cJ' !h·ift '• obtnincd . s 

t!: l'ln 

.oro ~ · flue~tionr; dieat 

tenth of .,... r:dlli~Qlt. \fit.h 

·r to be lo.as 

of tb.is roar .of oa.entt d~ 

to l$ a,eo :trncy or bct'tcr~ ~.ith < loll 

to the 

. ",.,.,..O c~q. I'ho <t~ ·i'I-:O t of t! .e g' ·"'4'1'.....,..,..., 

· 0nt sine... :i:· tlo ,..Ut-l"hl& o • t 10 roet/' .cd al't.:.:r•! 

I£ ~ ~o.t' GO itJ: it;y HOt (!: SiX ., 'thO: 0 . _ ;:. Of the ~.,..........., be filtc d 

tl o output. 

It 'i4a!i a~.: n:tdercd desirubl~ to otuey tl response or · w -r' lit'ior to 

s:l ~ JJ> • • J' co .. I!liticm:a ~ to those 

iOI a " .. "'llt u1.c;r~l £!.'Q."n the mao ~ctrcr.:~tU<J.~. A Sl~ c,AUJ!.........,-~ 

a954 teo£ tl o 954 
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tly ·t;o tho :lnpu-h of 

of 

otoor oireuit .lG!'m.n:.. are .gr;~ldea .. 

tf..""i<l ther io no il: p..t Sl.crw.l. · 

ho· r, " f'f! io rt. 

• All 

siti , 

0\lrl' t. 

\ibiCh !\ets ·. · ~. in t. signal. Sig~ ~ :p to l,!J volts haW ovelopc 

U.Cl"''SS lw 10U m1 1t. f'O'ist.enee w:dng this mth.od. Figur~ 10. go 21 . 

abo · t t . .roeo..."d.lng of 'V1lrl.. fri.zod out t si~S f tJl.) el.GC vl"'Olot ,~ 

-~-·~·ior. The rut.>r o£ the ·'-'"'"'·'""" od .for ooe r "'ii'!.ngs 

leas tl 

t. .UJ,.L..J:;.J.,W.t r~. A one volt oi8fl,'ll. om tuo t<nl volt cignala 

.:;; a:n tbi.., ::uu:w rre._ S • W.o 00: · ·• o f"·~ tu:.o require up to tJ:d.1--ty oocOI!.da 

si~ 

.. oro line fl'lWtuo.M.ona. tho.t a signo.l of. the orc!er of 

lO !n.Uli' lt.' .. to 1;g a:ceurn . or botto • s to un 

ml'l""f'(::!nf, ot l ... 13 !l""!l.-.no:rn th ;tor e on 

l.O a~ores ~ .ibich ei v · 

· R. I rop of 30 l'ts across the in . :t s.i:ltanec.. Tlua · li.'~J';tr tor ... 

n.:lplli'ior will hond1 ' a· ' ls up to 40 volta. but overloods d l groo.tar mr t .. 







tha d vuil-

et {;.'f.:o: ont , p.. ;:_ ~tJ by a l:a.cto ot i'i c o~ ten.. 'i:® 

d1$e~ws:..ons r tv .. c.: I~@ .gas · ~o: t..bat tl., o~ . _.c.Pfonna:roce of thits 

l.b .. ->a~tg d 

,.,.l~ that 

$61 ~-1tiv:tty, b ·. 

.. 115'i~, ;aing c loll 'l. i.~ rooiot.or, bas ee~~u:y 

·• ticual t a D. C. ·:c dbaek ,Pli.f:J.er .. Gri' ter 

llc1.s tot. 73t biXm llt~inod. "V.\1:~ 

to a~r; -d.matel.y- ) ·rrliJ.livol: ... s <o:·:"'d tho t~n-s :ta..et,or to 11 e . ~oc.-d O£K)- tim-;; ely 

and hiG .. ati-a of tt,tCto le!l.ti...:.. ·t,,t., .. 

~dti¢.<~1 'thirs b · • 

... thoe~t:rr 

.......... _._...,"'!.'u,l .o.nU th'.;:Je co: ·· cd uitb 

:.oru\.i."lg roell bno:i e~- t-- 't1 

!n:ii iducl.1 tubo p€r "<U"JO.tlC 

t5l.r -·OOd 

ut toe · ~k a!liflJ£1or t.b1 t~ 

~.ttJ. ;;w • d t a ~ l:l.ta c on a.djus to ~- trbal.wwo 

po-tntu &t :ii:doh -be ~to -e,~lt 1 .... .i.ndape'ld o-f hoat<tr ctu?l"'Ut Vi r:f.o.ti 

!Vvt' s;,nll. ro..nge.. ~i<l able dif'fi<Nlty ha.c b-een ounto in. tih · selec-

tion of 954' 3 '~ aeh dll ~\#1~-u 

plni :Qi "':Jw 91':.4 by the ~.c ... opOr1ltGd '""·--.t,.....,"' .... r.oior is tlw.t it ln e-a. ltr.'! ... oiso 

1- cl.. This s sid rob ot a tabla 954 to foll 

tl v b :"tlt.ing fj,'h.is ::te tmo to . ~ of o.U othGr tu · in 

tho w plifior o • · uit. Le s all'bl abould £ · the ... noise 



developed aero.,s a.v l"Csistor. Those fo.ctoro should ~ ke t his elect "'r"<etor

J.ifi r oasi to so cc than t o o i.na.r'.Y' fuadback plifior. This 

ahoul.u justifl' in part the additional c ploodty of t h0 airouit~~ 

Jork e.in1 at impro ing · h rfor.. n eo of thio ampllti r is being 

aon inn< o \"[ith tho pr sent circuit a OF ll alternating sigru:U. originating 

in tho pl'ul.aod etifie:t•s a~"' 1n t ho fesdoook. Uno o.nd ir; ap,.l:ted to t he 

input grid. It scams to bo duo to laotrc>$tatic unbalance bot" oon t ho two 

trm1atorme:rs feeding the grids of T6 and mtust he alimina.tod, The time lag in 

t he circuit could be groat~ r ueed if t ho feedback could euceessfully 

applied to t.ha lO"W"er side of t he Vibrating O:)ndenaer with tho lo\. r end of . 
t ho lOll input resistance grou.rJ.ded.. In this Cllse tho upper ond of t ho resis

tor and tha input l~a~s. l'tould a.lwayo b$ at sooe ltage · pproximo.toly oqual 

to tho feedback voltage. The capacitance a:doting bqt toan t heo leads and 

t he ground of t he brass case eould bo deganeroted by shielding thoao lea.ds 

a.nd the reed asa<mbly and applying the feedback to t.hia shield also. ThCJ 

caao tould rGmain at ground poto tial. Those rooditications would haw 'the 

oi'i'ect of decreasing still mo ths t:iJ::Ie lag of the circuit. :!ith thio 

typo of shielding no oapo.c.itative lim.i.t would bo placed on tho length of 

t h input lea.dtJ., 

Tha IJtltisfactory application of those suggost:\one should produce 

an instrumc.mt with iruproved reaponao having a no tisfying g ro aigna.l 

output. If this is oompletod a. larger input resistance ooy be ' 2l.oy . 
giving t he desirod incrGase in sllnait1vity. 
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t .. - l~. s Volt ~ Call 

. ~. 

c3 ... . oos • 
c - 30 ~. 450 v. 

~ 

c, -~ '. 45 • 

c7 ... 50 ~Zlt .. 25\t. 

c8 - SO • 257. 

c9 - .<X>06 t • 

C:t '' 20 • l~5()v. 

Cu.- 30 r:tf• ltSOv• 

C:t2- 0.1 mf ~ 

'lT o.; mt. 

c .. 16 of. 60CN. 

c16- .m mr .. 
c1r 3o m:.; 4; • 

c1(.; so ... 450v. 

e r '\ 

C2:3- 6 .. 425v. 

C24- 40 ' ' 2$0V. 

C20- ; 015 • 

cz6- .009 ~· 
ozr . 01 rnr •. 

c 

c29 ... • ca mf • 

c30- 25 .. ;ov. 

c3lw 2$ ., 5t • 

c32- .Ol" • 

c33- • 5 • 6tXN .. 

1 - J nn.,.~re :fuse 

L1 - l.O.. 200X I rnm.ond Ch~ -
~ - ,3o...6SI li n .-.:ond c oke 

ot .. 1- 500 K oh WU'io.bla 

Pot. 2- l.(l"{ ellc1 tlCl.ipot. 

ot.
3 

... l 

t . 4- 2S K t • "tl. po-...cntia::tJ.tor 

ot . !)' l :oo~ POWr.tticr...o··· r 

11 1 - 10 obr.:l. tr:tcto . n roci~eo 

~ - 109 cl Vieto.. o 

~ - 10 om 

.. ';'~) ... .3 .. 

6 ... l lilr,)8Pntl 

n, ... 30"..0 o1 

Rs - 300 ~ 

"9 - 200 ~ 

elv s 
50 K o . 

13- 100 K ohm 

R14- 50 K ohrl 



"1.$ ... ~00 K 

6- 750 

R1r 250 K 

Rl&- 250 1>. ohm 

R_t - ZSO K obm. 

250 K 

Rz~ 50 ohm 

Rr.23... ;o oh:ll 

~· 100 o."'tm. 

no.;- 1~'-.0 cl 

F-2'7" 1000 ~ 

- 1000 ohm 

..:1"" 30 K cl1i 

..... 10 K o1tl 

R:33- lSO I\: om~ 

- lO<X> l!il 

a,5- .30 K ohm 

- 100 .. 

r;..,... 5000 cft:l 

s.ooo d."G 

R41 ... l.OOO · 

El:2'"'" , .. @ oht1 

oioion 

::,44.,.. OJO 1!,\l· ~a hell:. 

Rl s- 5 .,. . goJ:!mS 

PtA• 250 K l.llt<n 

R_:ro- 50 I\ -o li:1 1-1.;v.. V~"'.u.bl 

"$1.- 600_ OX.l 

... S P. S .. T .. 

T.) .... l2SF5 

T4 ... 6V6 

f_s -l2SC'7 

T6 - v7 

li' "ljC: ·a .... "' ... 
m9 ... S'Ul.tG 

?10"* 6nl~ 

1-u-6Bt.G 

u - ·G 

~lJ- l2Slf7 

Tl4- Vi. ... 105 

1· n ls-

1:\l - . 150 



Ti9 ... R 75 

•£20- l2J.5 

... 21- 6V6 

t:,'l 6~r6 -2:2- ~ 

nsi'o~ If 20;39 
ey US volts 25 ey~c 

Seeo dnry Li . . ~liis rit 200 u •. D. C. 
Seooncler.r $ "'rol.ts 3 . ~~rea 
$t.,)CO!J!1 ";/ 6~) 4 i.'Ll!)C.r'ell ' .,.'}; 

Sedc?)~ 6. ) volts 2 a~Jreo c.~. 

l' - llar:oond trona.fo ~ II 269 

Tr 4- ......... ....,.. . . ..._..... ~.~ro.tluf "'r ·1 Zl:t. 

'0~5- Uni .. ~-.><:!U.. 

tr6 ... Po • Un1voOraal output trons!'o ... ·it eo tnoct in MI".>llel .. 


