
( '·' ' .. 1 

. PERFORMANCE or 'A LOUDSPEAKER . 

·.· .. AS ··DETERMINED. BY INPUT .MEASUREMENTS 

. ,, ' 

· ·A t.hes1a eubm1 t\ed to the taoul t.1ea ot 
1'11~ Schooi: :Of Eng1rtf)er1ng and ·Archit.eoture 
.~> .' '. an4 .. the Grad\late Sohool ot ; · · 
~ · >--:- ·: ~he Un1 vere1 tJ ot Kansas 

; 
i ' • ' . ' ; . ,· ' 

,· 
, ___ , -., : • ·. i. 

, ' 

i ! .. . : " ~ . ~ t ~ ; • l 

. 1; . ; .. 
' ' ~ 

. : -. 

For · · ,, :·, 

. ·., .' 
. \' 

' . .. 

· ·~ THE D~EE OF ELECTRICAL ENGINEER · 

:·, 

' .. ! . : 

: . 
·' ~J.: 

. ~ ~· 

:'" l. •I 

HAROLD WILL~.~ ANDERSON 

1929 . 
>; ,· 



Wh(J \ft'lte~ worla,n1 S..n 1'922 in th• DeYelopment and llesearoh 

»•~n•1i:t ot ~he Ame,lcan 'i•lephont and ~el.egraph C<>mpan;r on a 

P;rt'lble.m oono~u:~ins tbe telephone iteoeS.Yer di&phragm • . 'l'he aolu• 

4'tpn. attempted '1fl,tt b'e~ '1PO!l &n eleot~ical analog at · trequeno1ee 

zwat ~t ot .. eeotiance of the mechanical oeo1llatoq ayatem oon-

ii•tS.ns ot the 41.aPll~· WQfk ~t th&$ t1mo we.e: based upon a ears.es 
. ~ . . 

oircut;b of tes~atanoe•· lndUQt!ance, &lld oapaoi.t1, 

$bi.of th1tt expedenc•• the writer baa hoped to do similar 

\VQri. upon • louds»e&ker. an4 the '11.b~eot •f.! acoord ingq ohoaen 

tor thilJ ths•le. .Du.rtns thtt wortc, an e1eotlioal analoS7 ot a 
i 

l*J!ialltl q1r0t11t am>eare4 to otter· a more complete explanation ot 

~M phenom~n qt resone.ti(UJ than the aeries oir°'t11h 9.'he meri ta 

ot the paia.U.e.~ BJ'St• a.r• presented in thi• report. 
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Kethocle an. ln oomnlon 1188 to:r tht 4ete~mination ot the ·perfo:manae 

0,J eleott!o mot01'8 enttrelJ trom. measu.remente ot power input. . ~1~a1 

oom1t1()ne U:nAer ·~oh arQ.ch 1!K9a£1Uranente ot input .~be mde aret with 

the mO\&~ nmd.ng wtth0ut :t.oe.d. td~ !ta moving iarts blocked to ooneti• 

tu.te & :resl1'~Qt '' 1mpeda.n0t 4etermi:na1J1on, $.nd with the motor rmmh18 

at a ~~tioulai: ,~~« ot w11~ch t11Q'magnl1N.4$ m:r be"4etermthed b7 the teat. 

tn.i91a·• l:ennelit *14 PltN• fiponed·upou a somawba,t;·comi)arab'le test• ot 

ttl.i:Phcm.e ·~"<#tS.wrs'• ··Jmpe&m<te ~11lf•enta at tarlO\\$ rteC1'18nc1ea were 

~e ta.pon r~~11'er1* or;·'1b.1oh tlie· t.iaphre.pe VJ9t(fat · tlrst rree to vibrate 

~;la,er:8'6~1oa;111 &mip$4·•. ~- pte,a~1}' repo;-1 ool'JBerne .the testing 

ot··t,·1ou.o.spea1t!ns tQlepholl$ r~e~'fer fu thie uanner. for :reasons whioh 

"1.ll. &PP•t: ~tet, .e,«·Ba<li.Qla. ~fll 100 ·1oua.epeaker was ohoeen tor thia 

·test1
•• 

Sbl.O•· ~the: aotta.apeaket: ·t.• a· ·ap~oial to~ ot electrio motor, a cul· 
oueston' · ot the teG'Cing at· lt ··will be ·preceded', to:r canparleon, nth some 

; . ' ; ' 

t•rtta; ~ncetcilns·th~ od.im.1'7 rooter· •... ···~-. pnrpo~e; or· the. ordina.17 
. ' 

ltlOi;O~ ls t(f·O~Ye~ a 'r@a.O~bl:7 ~~&•·pan of' aneleotrlc po•er input 

.into·:• tneehe.i11~1 (nttp'\l.~·':1zt'tb.t··tom 01,' a ·torque at some desired speed·, 

A motor la "U.SuallJ OlJemted on •it eyetan of ooneta.nt YOltage and• 1n.1he 
,·. • . . ' 

t,'*St of alte~ ttng IUTtnt• oons~t trequ.enc7. Eoonomlo conaiderationa 
_., . 

o)lsene<l tn th~ d$s1sn. of a motor will preecri.be that the max1mwn flux 

• JU.bUograp~ 1. 

1 



a-.e1t7 ·•t l.t•. 1!$8t).etle flrctl.S.t ·J.'Bach well towan the point ot eatun.-

\lon, $~t tbt l'lua denss.t_y. u some of the common types ot motore 
' -

. ' 

tll.roupout. tll.e eiltlre tans• of perto~ce, lt follows that ht.Sb 4ene1• 

tle1 •7 l!• ~o\U1temcl hl. nsu,lar operation;'. ·Mo.tor pex-forma.noe lom&- '. 

t~11 tJ.Q~~J.v 4.epe114a· u.pon an -ppl'Oaeb.. ·to ea:ttimtion ot the naenetio 
4"lt~11~;, :\'1~ .Ol41•"7 •0t.,,; .$1 thus a· o.eviqe sp~oif'tcall,y des Jan.id tor 

o~ra'1t)1il a\. -.:P\nt<m.le4• 'Voltage• : A()eord1ne11, an lnveet!ptton· of 

ttt .pe,rfo~¢t, thtoUSb tdl\~anente or· •1ctctrioa1 tnput woul.d include 
~po,•J:J.-t·~t;ttamrlt at lte 4$tialtt J'&tea.· voltage.,· tt ·~7.be obserTedt 

--~~ ..... #J.t,' ~· ittpu.1f t1flta' at thl• '· tolt$g$ 'could be oomp1etei7 reoorded 
; 1 · ~ , , , 1 1 I • 

ei~ ·~u ,ot· a · louAsp'alC"t te :to otmtert aleotrio 'pawer of tel•--

pb.on~ ~equ.~1--·. ~to $f$QU.ltitt·. power•' with 'reaeonablt ettloleno7 and 1n 

'4<'C~~.i "1'1l' the pe¢u.1~ r•Q.U~$m,ht•f of th• loo.dsp8alcer•1 eenice. 

~o ~ht.,e#t~'b: p~ctlQe.'bltt th• .. itnldf1I>ai\lte~ aho~ pertom '1n1f'orm17 oTer 

2 . 

a· w.l~!IJ ~&.of' trequSnor, asq 80 to v.ooo ~les.• Lilcewiael reasonable 

proport~OMU.t7 b~tw$«i OU.bit\ .and ·f.npu.t. ·1,e •• ·constant e:rt1o1ent)y1 ·ahould 

bt -~•"bt\tnea. 1'&'W11en mtntrm:un and: ma..x~ e~retn&a ot power. t1na.l ly, it 

lhoul<l~~~- onl.3" those trequ.enetQs· pte$ent in lte input'. , as.nae the 

).~~eeJ.tel'.' le belriS (}cua14erea..as'•· GP'°1al toi;n ot' motor, 11{ e11ould at 

the o~fiet. :be'; noted tbat ti. · l~depee.ker, 1hife operaid.ng amona ~ iar--

t1ou.le,f .~roun,dtnga, .hat 'upon· itself 'an unCba.ttging absorbent· ioa;d, 

~ Mie output·$$ ~ the ·torm ·ot nbrati04s transndttea. from a ttound 

~atl~.·-~faC9t 1t tf1A'1 to some txtient ~e •11lcene4 to a tan motor. :of 

• !h1e>'Uf#lout this report frequency will be tftated 
11erel7 as a number of' eycles1 the usual time period 

· ot one eeoond la to be underetood. 



~t w~toh the 1084 tot .&\1 ~"ioular f'U'roundinss depends upon the 

llOWGt lnpu.t to the •otor. 

Ot *ht . ideal "qttirementa listed abO•e• tba t ot unitormi t7 o~ 

r~1p0,n.ae o••r a wll\t 'b~« ot trequen~ies ie tht one tram •hich prao-
t~~i .J.o't;l.dap~kers f.'v~t• turthe.et. .9;lu;t oritedon for the qualit1 
.9f a. iou41J~E1, tlt)pende, therefore, to a larse extent upon lt11 

r•~tlW ~ep~ne,e ':'~· tariou.1. ~$q\J.Gne)1es. . Pmotlea.1 testing thus•:' .. 
)~OqD:\&~ mo1tl7 •. l\etttnd.:nation ot re la tit~ perfornanoe at 41tferent 

#t.qu~~~•.• ~l 'fs}¥t l.0't«4t!t,_1tel' ah~ respor4 ae nea:ri, aa prao• 
ti°''bie .~ p~oponton to the ~l~u.d• qt !te input i-equ1J:1ea th&t 
: t' ~· ; - ·', -:' ' ' i:, _· ' : '_ - '' - '. ' ' - ' ·_ : ' -- . ' . . ' :' ' ' ' ' : . . - : 

~"' ~~~~.•lt.e~tlr11 na&netlo fl~ be of w.tt1o1ent s11a to 
)l~tJt~• •t~tlOA 4Ulins notma.l ope•t~ !h$ csond1t1Qn. ot greatest 

flux A_~nQit7 1.11 pi-o4••4 1dth. lOU4 ei~l• at low trequ.•ncy. ·Since 
; -; .. ' ' ,' ' ' --~ - . - _t : --_· : ,: • ' _. . ' ' - - • ·, ·: ! - - • • t 

· o.-.-~t;- ~PP~Ohit>S aatuiatton sho\lld 000'\U" onl,r in txtreme oas.es, 
av•mse <>P!ration '91}1 talc• pJ.ao• ~a:r below 1;b.e point of satumtion. 

'»•st~~ .·tnq. tb.~8 bt\f 401.1• "4th ·"111· e.ppl.iec:l toltMt 1n a om.s1demble 

~·• At .an:t $tl.Qh w~taee1 ~pu._ #19t\$Ul'Elllen,ts ma;r oonaist ot deter-

•'tiol\• O.f .~rent ·~ ~el* tac:tot, OJ:' the~r ~qul-.alent. Wherefore, . ' 

•t~O.~ins -.o thit po~-te .f)f p21opo11t1cn8.lit1 at Drious taluee of 
.• . 

~9W$2r'• ~u.1! m(.!fa~einents. •t 1'.e~tnt ~rely •omplez ~pe&.m.oe determi• 

~tione~ ro., :t(llf1~~--~03'~ h091~ver, a ee.ries ot 1m~denoe tests at 

~Utter.it; t~eq~IQ~ $hould be •de w~th :tJO~ definitt ootl41t1on of 

tripu.t.t ~o.np~s®t \1P~61 Ope~tionJ en mput Wrluet that '411 pro-. 

due• a ·•1$\61 ot. ~verase ~~enstb. etiou.l<t be Chosen, 



· .... ··.·'lbt:.i•Ud•l'$altet'ob'.oleA tpr .. tb.11 teat•• ~'the balanced-arma.ture 

1'1P•• eciUiJ>~:wlish ·~ bonto•lra4*~t1ng "1rtaoe tlexlb~ imppb~ted at 
" .·.' ·; • 1 - ' . . . : _:• "' .: .. , • . • ' ·, ·. ,_- - . '- .-·--.'.·~,.'~_-:_., _:·_, .. - •· ·,_ ' , - ," ' ; > . t ' I, ; ·• . I_ - • ' '. '. . • -. , ·. '. • . _; , - ,-_ • , . ', . • I , . - ' tt• ~-· · $q()b. 8' 'luadepeatet eeettlf)¢ EJ'l>'1JO:t.ally tl~UJirable for tbe ·test 

4 

\'iotrt~l-11~ ll•oe.ua.e ot'npitee~ttne·a ~: ot'.meolu~ntsm oondua1v• to the 

Pbtn0$Gtt~t1qf.1lghtl~Pf!Jd -~·so~<te~. S!nO•' thia ·-ceu1t wae to .. be baaed 

lUlQtl •... ~t;im(m.tel t1Pt ·Of iOu.68.pea,tce, :raihem thim"& Oan'b!natlon Of the 

4~o~~f i\114 a~ t..\Uttl~ri• 'tth•· tllt~a-· •" *'' tbt outset 4tsa Q1JleOtec1. 'l'hia •1 ·~~f#r:·t<hUltl w '~t• '\>E)'11 ·~ ablQat ·UllneceEIStJ.~ pree&U.ticm 'because ot 
tij.·:·itf,·:~~t)t~~, .. ~e·ln·wli!o~ th··~ost ·prom~t. reaorvint·'effe()ta were 

t~···· '· ,, 
· it'fui: lt~-n:ti. ()f. ·etseentt:;.t. part a ot tho ·:1.0ud.ept6ker ten&d 11 

a*· ;a $'ls•• *• '~" t'leld "~t ·tJ119t·. u~~Ped. .pa~nent rr&nget ':A di:ric1e1 

be~ltt th$· l):roJst)'b ~ trd!: ot· .·'1·ort lt'oh' pol.e pleoes ~. " ;fh~' ',eon·. iron 

-~- Q. ~- •u1'Pt>rt«t .~t its·:.o~iit~r· ·~7!.·.\ fl•t eprlns whloh:. utend•r to 

a tit1n~.,.·-· hou~rig at the flont" aild )>&ck ot tlie un!.t' . By 'htating 
, thh f;~l).Sf(e.J.tSf) atl)p0lt.1ttg ~p~~t\$11 ··the :a,·Dna,turf ft\1 OSCllJatG· in th8' 

pl~t Q,. 1Jh..; •a:ie1;10 tte1a.·.:. Qoil'"l> 't• wu.U\ wd.e.117 abou.'b"~e armature. 

xr·tll~· a•tur6 a.ten.a.a ·e.t'. t.te u1tapoid~t1ott. batweent'he pol.ea·.and the wind• 

b6 · earr!~ uo ~~cmt, luitn f!l'U.lf.. Sh®ld. dJ:dd.e oqm~ a.mons· th• tout.· 
. p'6Jetf\iiJa 'hdB ot tiie"pole pie<)~e-. .. , tro~a ·aC)til26 u.po~ tb.~t a~iiatue 

wOU.l<li :'1lt'9fort1 )t \1alatlc$4, ·and th•· a~ature waa.ld. .stand ln eciuillbrium. 

r~fti.ttif.e'~la~f)d ~ndttiQ# ' o·r.·J:est.- ,th18 loudspeaker ~a nc~tved:.it• 

IJStll$.• Ul ~ll· 'be notl()et\: t.hat durillg this comU.tlon the armatut-e 11 





free trom fl~ b.eyond th• traaYerae main field at its ends. ~e 

p:resen<'• ot .~ ourrerl'(t .tn. the \Vind1ns will Ce.use. according to 1 ta 

41teot ion• • ~engthwllt t~ tb.tQUSh the armature. and a shlftlng 

ot tle).4 at its enc\s. :h tlt,itl4 between the arrne.tu.re and a OJ.agoral 

i-1' ot 1;ht ·proJ(!loting ~· ot the po'-• pieces will be atrengthenad, 

wnlle tb&'t •t tl'uJ ptO~e.oting •n'l• l7ing on the other cUagonal will 

'be weaken.cl, A. O\lr1"$1\~· tJ:u.~OU&h the aimatur~ wbuliJ18, therefore, will 

prod.uc• a to,que upon th• •tma't;U•,h It the current la al term ting• 

an a1'91'll&t1na torqu• will Jtell\llt.. osoills.tions ot tll& a=a.ture 

ate "fi%'Nltm~ttect t~• !.ts uppe~ •114 th:rogh link B to epttinB leftr F, 

whlth ben4,a t\t lt$ lower end. Link Ch "41.lch le flexibly t.ttached 

at an ~terniea.t•te po.bit on tht1 le'fer, aonneota to the apex of oone 

lh oeoUlat~ont ot the arma:ture are thua t~emitted to the ocne from 

\\Vhf.ch th•1 -..,. be radiated ae sOu.nd wavea. 'lhe 'base ot the cont 1• 

S\lppoi-te4 b7 a eot1J lea th er ring J .wbioh 1• cemented to the cone and 

olampt)d •t tta outer ed.SEh 'lb1$ a19t$m tor the reproduction ot eound 
1• $Ot1l!t •bat aompUated. Ko'fins P'rts oonslt!st ot the arm tu.re, pe.rta 

ot two ap_.1ngs,, two· connect1ll8 U.nk:a, the OC11.t, and part ot the ring 

of l.ea.ther at I.ta baaev WM,e combination ot mass, sprlnea1 and :ad1• 

&tins S'Q.t:faoe wl.11 have ltt1 o\vn periods of resonance, and will ca.use 

varia.t lone wt th trequenc1 ot ~e louAepeaker• s pertormanoe, 

6 



U>tr.DSP&KEB. .TESTS 
~ ·- . • - ; ~- . ' .. ,. ,. ,·' . . . • ' : .. . .. . ' 

• , · i _ ( • ,' ~ - ( - • . ~ ; ' :. : . • . ·, t ~ "; ;·. - ' ~ .. '. .. ~ ·:_ - _ : ~ ' • ' ' . ~ : . ·: ! . . - ~ - : . ~ 

· Xt"hi\·s 'been t'r~wa~ ·eta tad. th&.t. tht 10\idspeater test~. :tor 
'. ~- . ~ ' . ~ :. · :. ' '. · ·~ . ~ ~ -- ' .. ,'. < ~ ; ·, < , : - ~_: ; '. .~. '. .. _' _.: . .- ~. ;, · ·'; ·' ' :·~ ! •. ' , I , • ' , - , • - : • ' 

th ... la r .. e. PG.· .. ft .. woul.· · . . · 4 l>t taae4 $1l'blre17 upon m&aSQl'ements of 1npu.t 
• ' . ' . . - ' • ' . 

~pe~qe, ·· ~iii a1c11 ,-a~~eht~,. applle4 be~&nc7 and ~it~ 
•1··,9·' ~i··,1. 'a.;nd. ' the wro~ttiP ~to \Viltoh s- le'. ~aiatec1 
tnal":bfl ~4. :u:ea~rnente '.- bE1.:nuute with. the armtu.-re' of the 
1"1diJ>l$lt•z.· blOolted ao that ~~ne. · of its. parta Could moYe. · tbe _o~ 

·, ' ' ' ,, : • ~ . ' \ ' ( : ' :: ' ' ': ' . :- • . • : _ ~ ; ' ·, • ... • : . ' . . ' • ' .'.· ·_ _:: . .: '. ) ' • .. : ' • ' • ;' - \ •• ' ' • ' ' ' f • ' .• 

po$1te extre.ntQ to 'this cso:td.1tlon miSht be obtatned by a ranoYal ot ' 

tht:· k.~-· radts.~i!tS. r.tt EQ1.d the : inibst1 ~tion ot an equtsient ' mass. 
~~l>tlt,al: ~ :·mµe~ -&•tte~ tJu1thod ~f · o~tai~ the no•lo&d:oomltlon · 

..,~l<l be. ·~:pe,;s.i~on ~f, the 1~-~~e~· 1n ' v~ouum. · lna~ch· aEJ the 

~a:~-· lnto .• b,!,.oh a lou.dsptak;r 'wot'ktJ te' the' atmosphere, load te'ata ' 

misht: be : .4c. at ' 41. tteren.t ~ t~ prea~e8. . 'lhua a compr8hens1 ve aerie 8 

7 

Of teate upon • i°'14epet\ker *>Uld be0 

e>f Peat lqth. ' 'l'he p~eeent report 

lll ·Oonoerned ·trith ~- reeulta .(>f but· two - ner a range or frequency1 

Ort. ·r0.n. ~ith thtt loudspea.ker radiatil18 ·aoWid tJ'om a partioul&r position 

$.ii th• t1nite':i-S1t,.:bro&.acastins at\ldlo, ' the other with _1ta 'arm&ture blocked. 
. .... . : . . . .;_ :. ' "'.\ ' ·. ·. ' . < ' .. · . . .. . _:. . 1 ~ -.. ~ .· . ; ,-. ; , • »urine all teats· the yoltase applied to the impedance bridge was ma. intained 

,., a ' ®nstani; value ot' 1.4 wlts.; ~i. was 'measured with a thermo-couple 

pl-.nometeir ao~ot·ea. throu$b a ete~oWn trSnetormer~ 



l 

'1\e ; :iinPe~~ ot tht lOWi~e&k.er :~a tound · ~o lte b910n4 .. the . ' • . . . . ,' . . ' ' . ~ . ' ·. ' . . ' 

-'"'. ~fan~• &q1ee' rnqo1mte~ ·· .. t : lO\Y trepenelea, tht . ~~otan4e 
•the~· ~,~~' 11ieatatanOt Or th& brt4Se pre1•ed to 'be, 1~~ ilmlt~ll6 . . , . ' . . - . . . - : ,_ ... - · -- . . ; 

te.'1t•• ttt.· tl11U.t~(te w$e thoueh~ -~~ ~e t.PP~~ittateiY o~,-·e1shth 
~ . 1' .- . • • ' . . ·. , ·• . ,· ' I . • •. ·, : . ' • • ' I . !,. I ' ' ' ' 

1lt· .• , :mUhlum.:to\b:t otte~ea. w ·'1.f:J loUdapea.l(e:r. A.~coz~U.ngly, • 
• ·• · . , · ! • ' ·:- ·.· . · • • • ', · , · •. _, • : • 

· ·.: .. ·' • . . • I . ·.• .. . . · , :• " ; : .. : . . . . ' ; . · ' \ . tS"alUffotnter ·to ).~ Plac>ed l)ttween the brld~ •1¥1 loudspealcer waa oho sen. n• "ln~ on '111t Bidt . ~ ~ • . b~id~ Jiad 0.55 ot tlUJ ~8r ot •turn• 
' . ' · ·:·- . ' ' '. . . . . , - .· . . ' 

ot •11~ ivlxidlns to whi~ tht l~·speat$~: was oonn.E)oted. ~~~ •. , negleoting 
• • ' • • • · ' . . ·• :- ' • > 

\he losstu1· al14 l~kag;I. ·~otanot 'c)t ·tb.8 · trai\etOrmer. the aotu.1 ~p~da.no• 
• . . ·• . • ·• • . • • ' < ·,. . . . : ' - ._. . . ' . • ' .. ; ~ • '' • ' ' . .. • . . . • ' • ' '1 

,, : • - • • . . ' i . · · .. , • I, 

ot tint: 1on48P•alt"t .OU.UL be. obt,a_tned b.1 lln1l t!pl.flng .the 8sumients b,-

ll> don~~f of' a~~~· the · ·~· of·11Jle· ~~'t1P~•1 . ot thlt · ~bo,, ~tt.o. 
, ;· 

Xnas·~~ -: ~·i; ~e pte$ent tep~tt ·iii ~on~•rned entil'fq .with relat1Ye taluea 

ot ·linp~ol at ·· ·r1oiis trequenQl$~,·- ~ a.bo• co.natmt -~~ · not been uaed. 

At .\ee1u, 'upoh, the ioud998.\l(eJ.¥. PtOSr~a .eed, . lt was found to hav• at certain 

~~le• 'm0t-e ina~t-• ~n ~ bem\ ~u~hiatea. · Jather.dban obanse 
-~· ·~ianstormer ~etwo.en tlie "l>-#~~ and lou~Bl,>e&ker. the . 1nductanoe of the 

l>f1de• •a ~ppl•e>nted when. il8•es~:ry with an .tr-~ore in4uctance ot o.1oa 
~. lhi. : Vlatfpla.c~d lel-eiai f.~~t " rrom th• 'bridge .~· r. ·position which 

.: .: . ' . : - ' ' ' . _· . ~ 

wo'\\l<l '1~ f~edom from a:>u.pling with the Y1Snclings of the ..ariometer, and 

•• 1onntuite4. '4 tll a twiate4 l)e.$.r ot wireth Wheneyer th1e extra in4uctanoa 

wae us•d.· as a i;e,ri ot the bri,dge, oornot1on was md• tor the ree1atanoe ot 

''' 1dn<linB• 



lt .. -.e. Jt,t~ t~l'flt p]Anne4 to . ~~ a. surve7 ot impedance meaeure• 
. . ' . -. ·. ·_ • . ' . '; .. . . ~ -. ' -_ -· • ' - . ' ; , . .. - . 

. inenta ·~- th• l®Aepeaket ~ : OP1xat1o;n. . ~Yer a ocnsiderable range 

~t ft~qU.~c~,. ·tn·. otdtr tba,11 resicna ·.·or t~e trequenc7 band Whel't) ex-

t16~~~.Gti· Yl.~1~ )fl most ·~~~t.'1, m'-6ht l>e ~~term1ne~ • . · lm;ped&nce 

t&1tt.e·1· wli~ 'pl()ttQd. asa,121e~ -~.,.equenv were .t~ected ;to to rm ,.·. enooth 
.. _.·,. · . . - _·. . ·._.· - • .' . . , · • ' :·' . . · -. ' 

·: · PtQl!ll#en•· ·Ptak ·aotie.~ _.e· 1e1":, -the · ·trecttt~7 ot •iddle o ·~re ,. 
: l)tefio.ut ·~cr•nor-respon.1• <furve had.. indlae.ted large output., A 

. . . 

· ··~on(l .• OQth \mt l~u~$ pro$ltJ.ent p$ek· w$$ ·expe,oted at tloubl~ t)l• 
' · ... · : · .. . · . . . .·· .. : .· ·.. . . ' . . ' . . ... .. · . . . '·~'. '.' . ..: ·. . . . . 
.. 

1 
freqµ.e~t ot 1i.llct. fir~ peath · J'or the :a,pproxtma.tt ~etermina.tion it 

·. !mp,:>~~~, .t.~e(iaew~t• "114 th&,· '~ .ot ~$\1.l'anente, the calib~t1on 

. 'olt\til of ~ile osolllatot ·~$'®4 : : $0.tl:rel;r adl)qua.te. on th.le, '*art, 

to.u :·w_ t.rin~ene•r 19ttinS1 were ·g.i~··.at interva1e ot 20 oyolee, 

' · toi tll• tin._ · t11e•em1 hUndred . ~01e·s, , AOt1ord tns to plan, .. a . pre- \ 
. ' : : 

'iS.tm~ . ·t,req\1~1: .. rill -~f frSJlQ,:. extentllns !!'om 100 to 500 oroles~ 
• ' • -· - : - ' • • ' ·, • - - 0.,, i ' - ' I • -, • ' 

' ·w ·reau.i1ftt ~t t~J.e ~ · "'r$ 4:iaaoua.g1ng. . lt. was not api-rm~ .. 

·h<>•·ai f.Nrv6 :~uld11e plotted. :~~ them• ~ reader nay be in• 
. . . . . 

t~re!tted. ~~. ~' 'PQ.1.nt · bl ~r.-~1ns ·tQ, ~rve• 1 of Figs. 11-.nd . 

iit-. :In -~~h final -~ves· ot .~et&~$ &ri4 ~•otmoe are ehown. 

· -;;· lf: ~e&tltlt ~-~tet>.• that m~ ·points on o,trdinatea •ex-rated b7 
!O ~cl•• *>ul.4, bs~ust ot the $bet ot .-.11 ~aka :present, . 

4p~a:ii q~~ti lf..11f.n,elUS$bl~, . . AdJaotn.t pc>int~ e.t 20-oyCl~ _-~ interva,le . 
;·. 

· · ~ou1a:~oceta.r ·· .. n•l' the -hot> Ind bottbm ~t ene of tho znaey ano~l paaka 

. present 111 'thtt oums· •. 
~ ; ·' . 
• .- ,. 

i . •' 

~he conalusion ba.eed upon the ts.rat test at ao 070le . trequ.enc7 

mtervala _..., that ·tlla ptominent peak exPeoted lay at approximateJ.7 

9 · 



'10 
,.\ ~·· 

,; _I ; f. ' 

'.290 t1'Jies;:,a~. ~t :'fhe met!iiturements at Ult hlshor ~equenciea were 
. -_ -- ; -·. '•, ... · .. 

badly in t~l'Ol'• Wht latter see.med subetanti&ted when attempts were 
' ' . - - • , ' . '. 

m~t ~ Ohe~k some Of th& hi8her fJ'Gquency meattU-emen~ s ~ A tt.,mpt a to 
'°; } ; ; ~; ' ; ' t • • t 

reprodu.~e th.$ tU-st ?J1Etamu:emente tailed badl7. Because of this in• 
:, ; •; ~ \ • • .' ' I ' 

•'b1llt1 to·~-~ 1Jltlal5Ul'e~ts,· 1-· rwi·-.e· mde at two-cycle' intervals. 
i ~ I' I ;• j I . i I ; - - ~ ,' -: ·,· j f ~~ } • ' I - ' ; 

tbil t'e•le4 tlm,;, th& trail imp~dM.oe of thla loudspeaker• When plotted 
. • i-' . " \; ', ', ~ . ~· i : : ; ;- ; 

~i~ · f#e({Qtnc)t1 wou.14 not product thci, e 1t1ooth prominent peaks whioh 
. : ·' •' -~ \ ·,- ·' \ . . ''·· ' ~ 

hail l>••il. IX9•ote4• ~•h.at tne· ou.1leet, (Jons1.dere.ble t1mt; •s loat be,.. 
I 1' \ 

1 
1
• ' I 

M'18E[\1Ql'l¢ •• »•ett. on tflf l>a!is. ot a premb., obtained :t1"0m readinS 
. I· 'I .. 

qf ~oh· t•'laJ. oa CrM•tt telephone re~t1vers.• 9?h• !mpedanoe•hequency 
• ;· ~, ; ' : I ' ' I • 

,. I r .~ . '. f. . '\ : ! '~ - ) ·, ~ ; 

,,. .• ) '-. ,! 

•fl ~-!f,~b1 h!sh(!r trequt1Jb1es. An ~~t1on was nO\'f forthcoming for the 

-t~ct ··tl~\ ·-ants made. ~t ~tte·rent t!mee with the ~eme ~~1Uator 
. •. '"-, l 

'ad~tm~ilri proaw;" "14tq dltftr•t resul1nh A sU.Qht ehlft !n the 

fl'ecnie~.r ot tht O$Q1llatot1 •us(Jd w ya,zie.tlon ot t~pfJrature or e>perating 
' ' ... 

roJ~se- mtsht ca.use th.• loU4$pesJter to Oba.nge from •ay tht oreat to ·the 
! • ~, ' . - • ~ - : • ' : • ! ' : 

,. •• oi ·Qnt. ct· the nume.rou.e ptakl found 1n its cbaracterist:l.o. 

~- 10Ud$Peaker 1-4 th~s· tar been P1atsed. in the ea.me rooin as the 
: ';' '\: 

._of>"1llator ·~· 5.mpedan,oe brl4.se. ·:it bad been oovered with a la1er ot 
f • I 1 : -! >'-~ . ' 

mater.lal ~to mTe a. 10a· co•t'flot~t ot sound i-etloctlon. '1lia, it 
• • • f ,_:· 

· •• \bought, plao$d a dC*tinl~ and reasomble 10Bd upon the lou4speaker, 
•, . •'" ' 



11 

. ·. 

f' ~. ,. 

•n<l rtc!tuoe4t:t.1ie ~ttimlty of the operator ot 'the bridge . to d1st111GU1eh 
. . . . 

·b~twee,n· ioundil· frasa• the. ·· hee4 :' race! tera·· ot ·.the· bridge and those , from the 
-. . • i . · .. ' . ' 

· i.,~4t1peak&~i · , Xt: V.e tleoidec:l at: this Point ·to tetennine whether the oo•er-

tn1·· OVttl.~ tht 101l4$1>E&ke~· Qa.1ised ';an eritirel7 det1n1 te an:l. oonstant oondl tlon 
' ' : ' ' .. I, • : :, ~ • • , ' "'~~ \ ' , ' ' • , \ • • , j ' . • • . ' ' ' ' ' \ ' 

Qt·· ;i.oad.1118• · !ht C.01'ed.ng Ul\186 , was in· the shape of a hor1 i'lontal halt cylinder 
. . ' ~ . . _- - ., . . . .. ·, . : . .. - ' : . : . . ' . 

·~~nS liUf ax!• at rl'1t angl.$·s to 'that Of the cone of th(f lou4epealcer. .A.t 
' • • • • - , '- , , ._ · . •: - " ! .- . I 

tbl #r&q\1$1191: .ot h16b.EUJt. rea1etaric•h a al!ght rotation ot the lou.dspeeJcer 

1U14•,;. lta ~n~ p~d\14ed a· ~on111d.~m'b.l<t· Obanao 1n 1.ts impedance. !o aeoure 
.A . ' . . . . . 

· 1J'o~st~r¥t .e."dlo of .tbt t1n1•~rsiv 1 · wl\ere it was placed on the aound-
. ,·' ( ' ' 

·tre-.t'« floe>~ ~t *11 Qbltqua pos1.tton with respeot to the walla eo th&t no 
' ' ;·· : ._ • ··. , 

le.rst "'1.t'f&CQ wo\tld tetl«'t bl.Ok toward it. lta pos1t1on Sn the room waa 
'.· · . .. . • -. · ,, • l ' . ' .· • ' • • ' 

%10~G<l · ' so ~!at i.t mte;ht b<t · accura~al:,r ~eplac~ . for 9UQoeedlng teats. ln 

· thi.IJ · i-oom1 the pla~ins ot • b~.tci between 1 t and the rus on . ,tnioh it· rested 

woul<l ~use an apprE1cia'blt) ()bang• in pertotrnanee. A mnaU. obJ eot placed 
' , 

J.n tonri. ot the flott.dapeaker WOu.id also Change it. !'hu.a, a loa.d teat upon 

• lO'U4epee,k~t ~tteetJ.t dapeil4a upon am inolttdee the aoouat 10 oharaoter-
· ' -. . ' . . . 

tatloe J>f lts S\.U'i'ound!nga. '!his ·1e a ta.ct whioh was not 1n1ft1aientl1 
' '1 • ' ~ • 

1-c;>Fjieed du.titJS thf) ·earlier att•~s a' qatmt1 tative tests non the 
1·, ' ' 

).oW!epe~~er. 

_HaY!ng thue !$dfit p1Y,Uainai7 teats upon the 1Qtl.depeaker• a run waa 

pl.$,~4 ··~om wbioh more US$fUl re~ults mf.gb.t be obtained,. · lt ,.,a to 

oo•er the frequeti~ ban\ ti:om 100 'to 500: oyotes. Previous f\Uls had shown 

at wld.Cb. tari ot this band hnpedanoe was 11keq to fluctuate most :apidl71 



. .~ ~ ' 

. ·.~· :.~Dr ~his ia~·~ of · th'l ·range :ttequene~. -.s ObartBad in ·steps <>'t'· ! 

pp' .. ~7q1,. l l~@ep"eri p1".)gr9•9 •in' Ute· trequ~t .. be.nd was m·de ~ in· on~: · 

4i~~:b1®., .. f>.o 1Jbat . ~dual Cb&nserr ln the:.calib:ation o~ 'the osoillator 

1#.ou.ld../bt .~.:read®'~ tl\~ to.at ... : ·;Polntifvmich WE>re : to be adjao~1f on ·the 

J?.1ot.~ed. c.urv~ w~rtt. · . bY ~tuEt::o~ _sequency of test; rrad.e adjacent in time. ·· · 

fJ!b~ :WO'?-l.d. : ~v~ b-~tw~f'n · them• ·th.r)~tore• · the saallest ·poeaible Ohan69 in 
, . 

the ~11b.X.'at1&rf t;~ t11e · q.,tiJ&tot·· ·· ,~"u~te• l of figs •. II 'and III are 

plotttt from ·~ ' heul,ta st th1e ,. teot. 

r' : t 
i 







DISOUSSIO~ OF BESULTS· · 
• • f 1' : ' ( ·. ;:. ~ . _... . . ;. . I • . 

'. . ; ' ~ - ·. . 

. '. ... '-~t\1-1~e. C>~ !mp~~- .m~&t~Ern~n1;s nade, upon the ;loudspeaker . , 

f4tJh :' lts· e;~.ti:trtJ . blOQk~ «irt'$ ellQ?Jn .. :by .. mirve~ 2 of :Figs •. 11 .~· IIl11 . 

'1'luu~~L~Pr...-e~$t'1 fo~ the WJ;'t·otie t~eq~!ee · merely .the .. 1nhe,r~1l. 1m~ . . ' . . .. ' . • .. , . ' .. ' . ' • , . • . . ' • ' . . . 

10 

P,~~e qt.\the '14.!l(J.~ng ·on ltt1 :-~~~1 · oo~~ ~tra.aiure.o Ot this. 1mi;>e4&no•». 
·the .~td.1.t;:,.0$ ·r.ap~~:e,~t$ 11~ · ·POVlf:-~ c.001Ponent .Uicll consiets, ; in tnta 
Qa;S.~ : Of no ou.~u.~, ·~t•retly ()f' :: th• . ~o$e~o , in. tht;t · W!n~ing -.nd oore,. , 

When th& -~~ of i?b.a 1ou4SP~er J~s been p·a~t<l S.n oi>era.tin& 

OO!ld1~1Q,n, · ~P~C.$ will bafti b$en. Cbt.mged ae indicated by C1r'8S~: 1, 

fh.:t .· ·~~lmge .to l>~t>d®e" i-;tttt)'O.la.r o~ant 111 the w!nd.1ng wU.l now 

be i.>~pcsed . vaator~llu not onl.7 ·)7 tht · l~.herent impedance. drop. co:rre-

~pontUns to . ~ts ftequeno7, imt. &ilso .. by. the ~ount•r eleotromotlve toroe 
, . 

du.• ,,...? , tltfi .rnoUon ot ihe loudQP~r armatuf'e., , !ht;t o.irte.re!ln.ce b_e\wo.en· 

~ta• . l. an4 a le: thu.e o.n $pj;\9.l'ent impad.a.rtct whioh te rea.111 the man1• 
teste,tf.on . 0~ t.h.~ lOQ.dSpea~rt 9 O~t$lt elaot:romoti fe to roe ·&ecompanyin&" 

1i~ ¢o~,e~$1on 01: e pa.t-'fi ot . lte inpu.t . into med:umioal power. '111a dit-

tar~• iJ:t dE)e~~~ -.s mottonai , ~ch\n.ee., .9!11.e work ot this report 

'•· ~e~ UPOti th• postu.~t<J that. -th(! ~€1'1itu.de and phaee ot thie motional 

Imp~' are or~teda tcu~ tht deteminat1on ot the pe:ttQ!mMoe ot the 
i0Uc1.~~er.,_ 



' l,i', tor the tl:'eqttenOy ret!t.on· above ~10 cy<>les. <mrtes l ot 
C ~ •, ;:' •: ", ~ ;~· <- '· ', ;' ,· ' .. ' ( -.t.- 1:: t - r.·, I ~ " 1. !. . -.,, - ' , ' : ' : 

~~·: ln 'th•· ~011er ~rt or .. t)le frequenoy range, it may be obeerYed . ' ~ ,: .... ;. '; ' i ~' '., :." :- ·. -·- ·. ... . ' . i • ;- ... : ... : >. : ~ '' ~- ~ .• . . '. . . ~ . ' . . ·, • 

that. a pa.ml.Itel nso.na_"tt. Clrettit ,1n aerleEJ w:ttb. the blocked impedance 
! -· . ,_ .·,. I- } • . . . ,•. : : ·_ . ;· -: '; . ,. . . •. ' , ·, -~ • ,. _,:• ~ • : ':_ ~- .' ' , " • ~. •. : '. '_. . • • l_ • ' • ' ' 

ot reso~e w111 be discussed• fhe. circuit to eimu.late motional 
:·':'· _;·;--~'.:.._·,.' '.._.-.. . -··-l-~~::; ::·;-'..- -·:'< - __ --' :.·'. ' ' •' -.·:· __ · 'i··.-_- .. -__ -., '<: ... - ' 

· irapeda.nc• Will consist· of two .b~ches 1 on$ :1mttCt1ve and the other 
• _ .• _ "' ' :. .: '. \ . ' • " ·, · ' •. • : . ', - • ··. ' . . - •. ' . ·. - • - . . ~. ~.- ; . . . '! • - -· ' • . \' ' . • ' • 

•:oaof.tlve, b~~ wt.th 1oes'1E.J .wh!ch w1ll.'appeai- s.e rea:t.stanoe. nu; 
.-1 ·,' • ' : .•. ' '.· ' . ; - •.•. ,· :. ~ ' •· :> .. .:-'._ _·- --. \; ' .. : ' '· . • _! ,. • • 

.. ourr~· o~. ~~· indu•rtive b-.n«n, ."111 ~s 'behi~. the impressed voltage 

l>i.tutang1(J who• 4''1at!on ttom. Ji0°. 4tPen4B· upon the extent of the · 
; >.. • ' ~ - . ' ,_-._,,_. ' '.. '. -· :- : ·' .· .. .:· -. ·. ' " . ; ,' ; • ' ·, ·.. • ., i .·, . ' . '· 

' 
lOsr, J.6\4. the voltage by eo0 , At low trequ.(!nci•e th• QU.rrent. ot the 

•, ' .'. ' :-· _··-;,\_ -·. ~ . • . .. .... ., .· . • ':.' - .. '· ,' ·_. ~ • • . -· ' ... - ~ ' \ ' . . : • ·. ' • ' . ' . 

1~u~l'!e .. 13~Cb.. "11.1 bt JA.rge ..... ~t •·• .:r,~01 is 1nor~~e4 .. 1t will 
re«uo~,: tb.• .vat~tion wt.th trequ.11101 being eyperbol!.o tor a pure tn-

•• • ,,,-- :· - • 1, : - ~ ;; ·~ ' • " ' - ' ' ' ·, \ : ; - ' ' • • ' - • • ' • • • 

4U.Cte.nQ$~ A' .~ow frequenclet 'bhe ~Q.frent. ot the Gal8Cit1,.e. ~ranch w111 ' ~:_: • ·- .- ' :' • • ·, '. • • ' • ' .. '.. •. ' • . ' . ' . 

tJ.tenC¥.~ .A.t 1a>.• tteqU.t1n<t7 •t Wh!Cb. ~uotlYe.a.nA 4)9.tacittve ~rents 
' . ;. ' " ~ : ' . '·... . •. _ ~.· . . .' . - ·' . ·, ' _. ' ' . ~ l .,: - . . : ' : ' • t' f, ' • . ' ". • ~ • . ' ' ' .• : 

are eq~1t re.sonane• w111 oc~. "1louSh the !ndu.otenoe. and oapaoit;r. 
,. .; .'' .,·· .. - ·.· :' ._· ·.. .., ...... : . • ' - • '· .. ·· ,. '.. . . : ·. ' 

art. •011 ta.lcins 11ol'nlal current, !U.i1' .Ottttent will be trmU beeaust 
• ' .,.,.: ';; ,: . '•. ' '_•. \ .,· .•. '."' " , , ' ·. • .' f .I 

~lnB open.t:ton o:t the ,lOuaspe~er. th$ mo'tEment of its a~ture 

4op"n:ts u~n 't;ht> tor0e dEi~el~ed bi current in lta wUUJ.1ng, aiid upon 

Ul,e torcsee resul1$1ns trom f:ta rnotlon. ~te movanent .ttl. ot coa.ree, 
'' ·. •· • - -.. '. . • - . 

bf oppo•EJA. b7 tll$ aounter tore)es aoting by virtue of power output a.u4 
.. ~' 

16 
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Jo~et,s~· . :ieu·dea ihe,ee · re·•u.$ttrt. rotaes~ the mowment ot t~ loud-
·, .. ·,_·"'·;· ., \ ·¥ ; . 

$l>•~V &1'ftatlltt! ;le i~\lmoetl b7 ·other tactorh. In the nee of · 
I·.,;, • ' ;'- - • ' \ !' ' . , -_ ; • ; \ .·, < ;"; ' ; •; • • '- ' , • > • • ' • • 

iti~ l~uaa~e~,·w!.th whicsh :the< }lteeent ·~per le aonoemed, the latter 
•• ·., A ,· : , •.· .·. _ .· · : ; , • : ' - ' : i _• , -· l I_ , • : t 

•~w·r~ .an· tCJ:' •t les.st oortabl .ft-$qu.en.e1~s tar more effective in 
; ' -. . ; . ' ' ' '' . ' ~ . ,- -.: i . . '; t ' . ' 

1~tJ.'1eno!1.ug .tha mot~0,n ·~t th•: !i~t'1l'e .than. are the former. These 

~ttar .ta.otor# ·;eld.et bi .vittu.• .of the naes ot the moving z:e.r:'s and 
> l : ; ::_, - -_,· '.·; • -. -. :~ : • , . •. , . ;:_ - . ' ; ' • ,: ', .· ·- I '- ~ . ' 

~~ ·•l:l-•tt<; l'~ototi~ I.Otoe• :of ~$ ·epr1ftl$ which are bmt durms 

tnote:ne.·n.tm o;~ · th~ ••'~·· 

:Jr()t &~lN$l& r.>ff tb.e htflu~not of th~ men· of the moving parts. 
< ~- _. _. - - - • ~ ' • • - • - • ' " • ' . • • 

~•enetl't : of . th~ a~a.tut '1111$ S:e ~ aue. ·to., slngle trequenc1 ot et~ 
101.-ge will .)e ~tti$1d~re4, ~t .·the. tixne ·1n:batta,l COMidered star' 

when U>.e $.rtna.tlJ.~e ~rt at·. one e~remdt1 ot the ~tstwe · thtoue;h which 

lt Oa¢l.1:ll\te•·• .. A~ 'th1s 1nutm.• . lt ~ill 'be at the point or, cb.!\nsins 
• . : .: ._---· · -_. _- ' - ·•. . . --_ - . ··'i;: : < ' - -, 

' 
lt$ di.t-M:~lon · ot tn0V9ltent, .and will; ther.etott, be ~t rest.· 'Du.ring 

• ' . . -__ ·. ,: - ' - _,. . . • - -_ . ' ·' ·•.' ·:· I . ' , . ' ~ • . 

tbe. 1uobeed1~ . (!tJA..Wr 03"01~.- ~lie '.. m.1• ·will be aooelsra.teo ... and •ill 

. . mver:.1t'o:v.t(1. .-.,lthin it in.,rea,sing . ~ou.nte .of tdnet1o energy. · .. ~a, . 

du.tin& .·tht«J quartet ~·$i pos~r ·• .lll .b•· ·taken to plac, .the· mes 1n 

tnoU.~· : : l)url.i1g. the· next que.~.er. cycle!. the mass which ha' boen p~oed 
. • , 

tn .motion will 'lt• ·d'°elera.te.a ·to . sero wlooi t,-, ·and 1ts k1nE9tio ·energy 
'-. . ,' ·. '. • _· . . • •, . ' ' ' . . ' . . . : . 

w1 ii '. 'J1e: ·en~lml7 spent. 

»u.rtns thirf Qon.st•1'•frequeno7 9ecl lla tlon.. any dloplaoement o t 

th$ al\na,ture· tran its midpoeition •11'1. n&ult in. bending of. pprtngs. 

At, the· begbm.418 ot the t:lme 5..ntef\tal. ~naideral in the abo'VB ans.J.7a1e, 

. th• ruuatu.re .ae at· ont·"·.~~1t7 :Of tl.le· tli~te.nce .t~ which it · .. .. 

osoillatea • . At thia Snatantaneous poi,ltion, enex-gv .ar.torase in the 



18 

8Pt1nse w111 · ~e sx1mu$, and t\lt'ther maranent w111 cause a reduction 

ot thi• enera.- At the eni ot a quarter 07cle this enera will be re-
c1.u.~e4 to ·aero. ;puring the 11econd quarter oyole, storage 1n the epr1nga 

1'$.11 •ae.in Of.10\l~ ae the aJlDatu.re 1a defleoted f:r.an its midpoultion in 

tit oppoe~tt ~reotion .. l't tra7 be noted tbs. t dnrirJB the first quarter 

9P.Jt ot the tlm8 pel'tod• unbending of 1;he spring aocomia nied accelera.-

il~O!l o.t' the mass. l>ut1116 the seoond quarter c1c1e. 4eoelara.tion ot the 

•st a.ooompanle4 1'en4!.ns or tb.EJ llPt:inS • '1>.ua, these two p roceasea are 

eo re1ate'1 111 pb$se that tb.4' d.isoh\rge ot the ener81 of one ma1 oontri• 

~t• to tbe Cb&_.st of the other. 

Qons14ttbs asa!n merel7 the aoet1erat1011 and 4eoelera.t1an ot the 

inase, a. particular 4ttrtns toro(t w111 produce· lees dS.Splaoement ae lta 

treqtlel107 ta inqreaaed and the time ot continu.oua action in one 41reo-, 

· t1Qn ta oot~sponc.lingly deoreaeed•' Aa indloated bJ' the :tormula. for the 

(liett\JlOt tra'fe1e4 b7 a bo41 durina acceleziatlon; displacement will nry 

ae the- •quaX'$ of tim•• or inwrsel7 ae the equare ot trequeno7, Since 
the n:wrib41r ot 4l1'Pls.oements _pet;t liecond are increasing 4ireotq with 

~quen07, the ~et ~esu.lt ot: an ittcree.11 ot treq\lenc7 la an inverae 

t~~t~Otl ln ~$ dletatU'8<tmveled. :per aeoond, Or the "81001t)t Of 
:. . /i 

~ a•tur~i ~· Oone14ef mxt the hypc)tb.etioal cause ot a spring stru.cture 

entitelf tree from SfJa and friction. A. tarticular drl vine to roe would 

now pt'Qduot a cletinlt• defle.ctiont an4 this process would be whcll]# 

b14•P&n1ent of ,~.i·.ruh . 'Phe. etteot of an lnorease 1n trequsno7 would be 

. lllf)l'Glf to inc~ea.se the number of d.elfectiona per second. 'l'he result. 

therefore, ot a ohana• ot fi'eqneno7 would. be a direction ta.riation in. 



iJie·'<Lletanoe traveled.' pet eeO()nd'., ot the ·•&l0olt1 ot the armature• ' . 
. . 

· '.. :: · :b · ptetledine ': l'*ragiaaph aoncem.~d ·the etteot . of' ·TarlatS.on or the 

·rie·qiteft.ey: ot 'an latama'ting drl"finS 'force of · constant m:dmwn value 

· U.fbn the· motion··or 'fiwo 'bypothet1oal. twes:ot et~tures. · · Xn the case 

· '<>t : pure naa,e• ftlooltt· Yar1ed !nverse1,-· a.a frequency. In the · case of 

·r.. ·~r. #p'1.i1~h : ·teloolt," faried ·dtreotli· as frequem;r. · Drl.ing ·tome 

&ft.cl Yfllooltt nay b,e reepeottw11· compared.· to the &P.Plied Yoltage and 

: ~rent· Of an· •).Qotrl.S o$r0u1tt .. Fl'Om the 'f'~wpoint of Tariat1on of 
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· :~a-~7,. uass bEtoomee ana.1ogout · to indtlotenae, an¢ a epr1ne becomes ·· 

:inalo~U:e tcrcai»iolfyi in the case ot the loudspEaker ot th1a reportf 

an. ai.tel'na1d.ng Ui~:ne fo :.:oa Pl:loduced b.V" a cu~ent ·in the winding aota 

·u.pol\: a mechanl,ti with aprhlge* xn· an electrlo o1roult. where a common 

v'>ltal& llf :e,p;pl!e4 to @ '1nductanoe ·a?ld 04pacit1. ·a parallel arraneement 
I 

rrius"t :~~11tt : Jn l\ich a cU.rou1t, ·at ~ome trequ.enoy inducti'fe ourren.t will 
,.J· -· 

4Jqual ·oaxaoit1t·e· Qu.rrent 1 and the· ciroa.1t as ·a whoJ.e will ·appear nonre-

, •qttv•j: Shill.a'tlyj •t eome :treq'ci.enct tlie velootty vhich would. be takBn 

:·by th4fmaes a10ne ls equal to that wh1Ch would be takmi by 'the· apritJB 

~none• · · ll'l '.baa been preyiOU.s17 indicated that mass and spring delteot ione 

are ·so· xel.ated Sn ·:Pbase·-th&t ·one receives energy du.tins the 'disoharge ot 

·tllt.· othet• ·!hGretote,· at the frequancy or equal nlooity, a condition 

' '<>t :J.'eaomnce wlll exist. lnorQ" :will be 1nt6rehanged between the msa 

~ind ap~ns, ··anti. ·the 4:dt!na ·tome will IUPP4' marel1 loeaea e.nd power for 

· · out~-.. 'Whotisb tllle ~on41tlcm ot inecMnf.<sl ra~mnce iB· easily explained 

'b1 eletttrlal aM.10Q1 ezp!am:bion at other than tefOnaniJ ·trequenoy -11 

'oiore 4ltfi~lt • ·- In the $1ectrica1 ct\$9 the 1nd1.tatance and aapa.c1 ty ma.r 
.~ - , 
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ttaoh ·. talat, '\lie1t 1~per. : ~nQntJ'· b\it in '.the mecha.iiical case i the msa and 

epJf1D8 'must ·;~fa. a common ':. veloclt1•; ·Ao .a, tJ.rst approximation .it might 

ee;• '.that· thi• · '\elOOJt7 wulA· be ithe aMrage ot th$ llnothetically separate 

$Bti and ~s.ng,. .. Xi :b$e beonshcml. ab01"G·tha.t the velocity of .the .mass. 

aij "ihe ®~.· ··ot· tb.t · ~a.uotance, \ .\\()u14 •r.r inve~oely with · frequency. 

~t-11 . '1le tel.ocslty :of .. th~ . ~prt·ns.: as ~· · ourl'ent .. or the .capaoit7• would 

;'llr; A11!eotl7 filth : f~equf)nct• . lf .. tb.&ae .valoq1tiea are a~b1tmr1ly ocne!dered 

lO ·•t 1tte :'eeon~t ···~"iquency or: 204 .wql.&a, a:b lOO cyolee their average 

will ba l.2.&l· ·~ " a.t. ·500 f1Ql&t:J , it wUl be ·11'•1?• , !!ms, within this tre-
• . 

qu.ency ~se.; t.v~o.4&se.. toloclty"dQte not var1 widely. The first ree.lintion 

ot ·thia ~t··~Q .e.~ :a · snn>r1ee : to the writerJ .and, because or. the apparent• 

q ·$teat A~f1&t.10n · ,rom·the ~e~lte · ot acin,ial :teats of telephone reoe1Ters, 
eeaid· t<:> :tnva.~tdAt& ootAPlete]¥ the amlow; Just slven. However, the d1t-

terenoe-._ ·b,Qtween tbi:t.,abtive." o0M.lus10.ne ot. Marl:.r ooneta.nt average Telooi t7 

and the' ,,~d.de~~71ns 'felooS. ttea . or. tam1·.i~r toots, may .be attnbuted to 

unl.$.b.r.oondi:t!;ona.·; ntsouaeion· .ot·~rallel lndu.otanoe and Ct\JXl,oity bas been 

on tlU.\ ·\)aaels Of Constant appJJ~~d T·Oltase. \ Though '00nt~ta.nt TOli;age m7 be 

appl1.e4 -du.ring a · ;~st o~ A · l,ud.sp-.~r. :aucb at the · on~ upon llhich thle re-
. . 

po~t ·t1fbasedr· the ~tation in ·the :ratio ·Of it~ ·total to motional impedance 

1"11'.. '9t1~l\ ln·a ~re:a .rluct\19.tion .in the CO?ttPonent of. vol-tage wh1ch would 

fX1Bt aoro.ss ··the ·moti .. 1.•j,mpeda.l'109t·, J()r, cb.Oclting .·pu.rpoees, mes.nremen~a 

ot .. the ·1m1>li;W4$ .. 9# ·!1~~,i~ ot., the l~~ep-1cer or this .repo~ .•ere made 
. , . ... 

, ~ i, 

w&J:e rnu? ttpl~t)d by the1~ Jesp•otive frequ.eno1es to ·ob ta.in veloo1 ties. «!a 



' · " jl'lac·~ ·: th~ ;· ' ·o'.n>the abon bad:e:, ;th~'·'.'w&:te · f.irtb.er. multiplied b;)r ' ; ·. ' 

. ·a~t~cr l'~~~ Qobaiatln8' \ot :thE{ rat':t~ . ot' .. the total, t~ th~ . mo.tto~l 

: ·~ea.a.nae'.,' i. ~se ''ctata ·W ' the ' ~~Sii1t~ · «)t ;tlie·, eom.Puta ti'on~ ·a~e· siven 

'Jn; talh:$ ··~·: it -~; be obeaned i that 'wit1\ exeei>tlon' of . ~e Olf.lWeet 

. t~<i\ie·i\~i :tne uio4tttect ·ve.looitY' d.oea· not Ye.rt ·riciel;r witilm" 'the 'tre-
(tf~: · ~- .. j :_ :_ .- · : : -: .","'- - ', ..... ~.. ..... . ~.: ~ :- . . \ '. :·' ' ' :: ' ' ' ' i ' \ ·. ' : . ' . ' ' ' ' : ' . ' : ' . ', . ' ' : ' . : ' ' ' ! ' ' . : 

'~1\07 ~IJi Whil(woU.ld e~em to ' a\lb.ste.nt1ate· the analogy whiah· baa 
.,,:·i $eti '®.\1ift.eci•'· . . . . . . . . . 
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TABLE. :t: · 

A'VERAGI VEt.OQITtESWIT!OONSTANT MOTIONAL-IMPEDANCE: DROP 

. I~ r: '•-· .t'· •. •• t) 

-·-- g .. 1 ' f: ·~ •• 
~11 

...... ra. . • 1 iii t «t:S o aa. _ .... 'ia: u . ! ; $~, lj 
.~;:I ,·. •1 
.~, !ti J t) ~ . 

~~o ·':it ~ 0 CD CD • " -401 t~~ IH -~- Ms " Jd !I ~l ~'Ori 
,. I>. 8 as.1' ex: ·· Pt 

100 e.o aoo 40"1 70 s.a 1160 
120 1.'1 204 46V 95 s.2 885 140 1•6 224 629 125 .-.a 950 
160 141:9 SC>4i 604 167 3.6 1100 
190 2.2 :S96 V49 2'70 a.a 1100 
191 $~8 1536 909 409 2.2 1190 100 a., 680 USO '706 l.'7 1140 
204 8~· '684 1218 830 1.5 1000 
210 l•G ses "197 614 1.8 685 
210 • .• 5 · 550 G92 • 420 1.6 900 
22'1 2.1 122 48$ 360 1.3 '700 ea. a.o 469 531 1615 3.2 1500 140 1.s 360 SGS 240 e., 860 160 .. & 130 62'7 100 6.3 685 
800 .e eo 628 2P/ e.s 2100 



,.- .. · · . APPENDIX : : . '· , · 
. ","' . -.-. ·_ . :.'·' - '! - .... 

\iot$.~l ~pedan~• vecton ;ot:>a o·~on '. eteel~iaphra8m.: teie- . 

. ~·,¥e~1~ia '1'oi- ~-nO~ia~ ~lid~ ·ana'. b~ioW that of me~it.1 
. \ .:.·.; ., : 

reeom:11<.H:J will, lf plotted. ftom a:. htglt l)Oln'b, form a tU.rcular 

1~~· · Jroi 'tb.e iowi8P•k•r of. ·thi$· reporis, the motional' imp~~. 

yeotore' Of. ·the. #l1n J'Gp"eented in F~a, . ll and Ill are plotted. 1n 
i ~ • I ' \. ,\ ' .. ,. . 

; ; . ' ~ \ 

.. ~not latll• l>tmen 100 and !03 eyoles. oontorms fairly oloeel7 
: \: • ' f I I ! ' I 

to the ch'o\\la.r locu.1 which he. s been obtained in the oaae ot the 
_; '; i 

l)Ommon telepho:nt m.e1ter. le7ond thle, harever, the loc\\e leaTea 

th«* c;trcu.la~ as-o to fOJ'tll a fer.tea Of three oonvolu1;ion8. These ha.Ye 

been explatud. ~7 Di-•. X:enn&l:J.J' as representing oso illa.tiona ot 
tou~le4 UJeollatuoa1 e7st*na.•~ . ~ •• e eeooniary oeoillationa are 

also '1n4lca.t$4. b7 the 'ei.U. tupe.-imt>oeed peake in the h!sh•trequency 

. :Pari -',Jt<'th~ fre$ ):eeietance "&lid' reaOt~ce curves Of F:lge. II and IIX• 

ft\a··oente'r of the ef.rcUlat .,....belc>W 203 o1-01ea' U.$8 to ;the ·tight ot 

tie O~l81n 'and 150 ~elow the hOtl.,ntal ... a3i.ta~ ·.·such a cirOu.le·. ·s.t Can• 
- _;-. :ft 

pieted., 'would haft a,pp:ro:d.nate lSmtts on t:he resistance eeale ot -ao 
i ___ :_ - ' '. :·' .;_. -~ . '-. ' - ·. - - ~ - ._ : " : \ ' _,- . ~ '. ' ''. - ·_: ~ --~. ' '\ . : . ' - ' - : ' . - - ' ' $tld ·aso ohms, anct on the reaotance soale of •530 and 340 ohms • 

. . , l ' ~ 

. * JU.bl.1ogi-allb7. 1, 

.•,• BibU.ogn.pb;v 4;. 
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TABLE II 

IMPEDANCE DATA 

Armature Armature Motional 
F?'e- free blocked impedance 

quency R X· R x R x 
100 300 279 292 211 8 68 
120 318 31+2 296 251 22 91 
130 331 368 299 268 32 100 
11~0 ' J4j 403 302 287 41 116 
1.59 365 427 306 306 59 121 
,60 374 476 311 J21+ 63 152 
170 403 527 313 31~2 90 185 
'71~ 422 555 311~ J49 108 '.? t~6 
176 433 564 315 )5) 1 l 8 211 
178 4'+4 577 316 356 120 221 
'80 459 59i 317 359 142 2)2 
rs t 467 598 317 362 150 2J6 
t82 475 605 }17 363 158 242 
183 482 6l3 3l8 365 t 61~ 248 
184 491 62?. 318 367 173 255 
t85 502 6JO :.n9 }69 183 ' 261 
186 513 639 319 37Q 194 269 
t87 523 648 319 372 204 276 
188 540 659 •: ~20 374 220 285 
189 550 668 320 376 2JO 292 
190 571 679 320 378 ?.5 1 301 
t91 592 690 32 t 379 271 311 
19?. 615 700 321 )81 291+ 319 
193 645 710 322 383 32; 327 
194 679 720 322 384 357 336 
t95 709 7?.'3 .}22 )86 387 337 
H~6 753 12n 323 388 4)0 )38 
197 803 724 323 390 480 }34 
t98 853 715 324 392 529 323 
199 909 692 324 ~9) 585 299 
200 981 658 3?.l~ 395 65"'( 263 
201 10)3 619 325 )97 708 222 
202 W90 557 325 399 765 158 
203 11J4 472 325 400 809 72 
204 1155 . 383 326 402 829 -19 
205 1150 269 326 404 824· -135 
206 t H?3 190 327 406 796 -216 
207 1054 94 327. 408 727 -}14 
208 966 35 327 40? 639 -:174 
209 890 10 328 411 562 -401 
2l0 797 14 328 413 469 -399 
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TABLE II (concluded) 

Armature Armature Motional 
Fre- ... free blooked impedanoe 

quen_oy R x R x R x 
.2 t t 726 23 :129 415 397 -392 
212 646 95 329 417 J17 -~22 
213 573 155 }30 418 243 -263 
2t4 594 202 330 420 264 -218 
2t5 636 200 }JO )~22 306 -222 
216 653 155 331 424 ~22 -~69 
217 620 H2 33·1 425 289 -)1) 
2t8 561 104 :;:;2 427 229 -323 
219 507 129 ;i~2 ·~·29 l '"(5 -300 
Z?20 648 185 }32 431 150 -246 
221 11-75 267 3J:? l~ 3?. 11~2 -165 
2:4a 56.0 )15 3:-13 4)4 227 - 119 
22;; 555 3t7 3)4 436 221 -119 
221+ 61+9 249 3}4 436 315 -189 
225 625 133 335 440 290 -J07 
226 537 95 :i35 441 202 -J46 
227 470 110 3)S 4l+~ 135 -3}3 
228. ·422 142 336 a45 86 -303 
229 -;rr 17 ·t 336 ·~46 6f -275 
")0 u .. 379 201+ 337 lt-l~B 42 -244 
232 367 262 3J8 452 29 -190 
2)14- 428 Jt6 ., 338 455 90 -139 
2J6 1n9 ;07 339 459 80 -152 
240 1~90 277 ~l~O 1+66 150 -189 
245 387 275 3i~, 1Vl5 44 -200 
?.50 31+1+ J~n 3h6 483 -~ -162 
260 343 400 J50 5\J 1 -7 -101 
270 Jlt-7 456 355 519 -8 -63 
280 364 503 359 5;_)6 5 -33 
300 396 582 ;68 ·57t 28 1 1 

'. 
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