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PREFACE

m m‘iter worksd in 1922 fm ﬁm Dwelopmant and Research
Demriment of tha Amsrim Taelephone and Pelegraph Company on a
~prablem conceming the telephone reselvey diaphragm, The solu-
$ion gttm’p’ce& was based upon an elestrical analogy at frequencies
near that of resonance t')f."the mechani.cal osoillatory eystem con-
sisting of the aia.phmgn. quk at thw time was: ‘na.sea upon a series
oircult of msiatazma. indumame; and oapacity. o

S_inw this axperi.enca, the wrs.ter has hnped to do similar
work upon & loudspesker, and the eubject wag accordingly chosen
for ﬁhﬁa theeis. During the work, an electrical anslogy of a
mmii@l aiimzs.ﬁ appeared o offer a mo‘ré ec;mplete explanation of
the phenomenon of resomanse than the series oircult. The merits

 of the parallel system are presented in this veport.
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| PERFOMMAIOE OF A LOUDSPEAKER AS DETERMINED BY INPUT MEASURDMENTS

| -xmn‘omcmm | ..
‘ . »‘x
ﬁethoﬁe are in common use for tha netarmination of the perfomnne

of eleatri:s motora enﬁraly fro:n msaaurmenta of power mput. i‘ypwal
' mmﬂions undey whieh guch meammenta of mput my be ma.da aret wihh
the motoy mnning withcu‘b 3.0&(1. wi‘lzxx its maving parta blockea to aonatb-
tute & geaistanqe or impedance datemimﬂon, and with the motor running
t & partisulsr lad of which the magnitude my be determined by the test.
:n':‘xm-;»keniiem and Piorae reported upon a sonewhat somparable test® of
»telephma mcaivers. ‘Inpedanoe meammeute at mr:lcma rrequeneiea wore
mede upon rewéi?era of whiqh tha ﬁiaphrasms wera at ﬁ.rat free to vibrate
and mtar mauhanicany ﬂamped. iﬁw prasen'a réaport comerna the testing
: af a zau&speaking %elephm recaiver in thie mummer. Fox'rreaaons which
will appeax* Iatar, a Badiola moael 100 Ioudspeaker was ohoeen for this

et

31:199 tha ;smdapeaker is a syeeial form of electrio motor, a die-

ﬁ,vauaeion of the tasting of !:b 'ain be preceded. for ewpar&eon. with some

kremrka mmemiug tha oniirary mtors “The’ puryosa of the onﬂmry

motcr is to eawert a reaaomhiy larga part af an electric power input

: in'bo 8 méehanioal mtpu% .*.n tha fPorm of & totqne at some desired apaed.
motur is uena,ny opera.ted orn a ayeim of oonatanta voltage and, 1n the

, \uase ox‘ altemating mrrent, aonntam rreqaency. Boonomio considerations

_ o‘bserved. in tha dess,gn of a. motor will prascriba that the maximmn £lux
~ * Bibliography 1.



density of its mamétia circuit reach well toward the point of satura-
tion. Bince :‘éha flux dénsity,‘ in some of '!;he'cmmon typen of motors

for systems of constant po.tential: and frequency, will not ohange greatly
throughout the entire range of ﬁarfomce. it follows that high densi-
$ies my ha emounﬁamd in regular operation, Motor perfomme some=
timaa aamny dapanﬂ.a upen - an approach to0 saturation of the nagnetic
siroulte. Tne ordinazy motor is thus & device spaoif’icany Geaigned ror
apérmea st & partioular voltage. Adcordingly, an 5.nvestlption of
$ts performance through measirensits of eleotrical imput would include
imn‘ermnﬁ-%ea’ﬁﬁmdma%‘ ite dofinite rated voltagd. 1% ':’iv;y'tie‘o’béervac.
"hawmrer. thet fnput date at this voltage conld ba oomplataly recorded
89 complex immﬁmwaa. ' ' | -

- Tne purposs v.o:z'-a»xomma&w 18 ‘6o sonvert elsstric pover of tele-
mm; frequensies into nooustie power, with reasonabdle efficiency and in
nocordanne with the pedulisr requirements of the loudspeaker's service.
o the extent practicsble, the loudepeaker ehould perfors uniformly over
. a-wide range of frequenny, Bay 60 %o 7,000 sysles.® ZIikewise, reasonable
proportionality betwoen output and ‘mp@, '4,6.; constant efficiensy, should
be maintained betwesn minimus and maximm ¢xtremés of power. Finally, 1%
‘shonld yadiate only those frequéntiies present in ite input, Since the
lquép‘eak‘ar is boing considered as o special form of motor, it chould at
~ the axxﬁjée?%-;ﬁe‘~ noted that the loudepenker, while operating among any rar-
ticular mroundmgs, has upon itself an unohé.nging abgorbent load,
Though it output s in the form of vibiations transmitted from a sound
radiating surface, it my to some éxtént be ‘1ikensd to a fan motor, of

* Throughout this report frequency will be stated

merely as & number of cyoles; the usual time period
of one second is to be undorstood.



af whiﬁh tha 1@& for any pa.z-i;iwlar mroundin@ depends upon the
pawer 1nput to the ma‘mr. }

Of‘ %ha 1&9&1 requiremeata J.iated above, that of uniformity of
mapm:ae over a wide hana of frequencies 5.9 tha ons £rom which prac-
ti»aa.l 10@&39%&{9:& deviate mrtheah Tha oritorion for the quality
_‘ar & lmdspeaker aapenﬁs. the:erore, f;o a large extent upon its
za;gt;vg regponge g{h yarm;s g‘:egnanc;agg Praotical testing thue
fbbuomewé ‘mostly & aatémimﬁ@ uﬁ"mhﬁva perr'ormrma at different
v';mcmamiem fﬁha“b the Joulepeaker should respond a8 nesrly as prac-
| tica‘ela m prapa;rtion to the mgaiimde of its inpub requires that
garta aa,rzys.ng altamating madmetic flux be of suffiolent size to -
pravanﬁ u&tmﬁon during xmml ‘operation, m condition of greateat
flux density is produced with loud signals @'“ low frequency. BSince
: densmj appxoééhing ‘aamtim'éhoﬁld ’om only in extreme cases,
avamga oparaﬁm will. mka leaae i‘ar hel.ow the point of saturation,
maating may thug *ba done with sny e.ppliad voltaga 1n a omamembxe
ranges At any euch mlﬁage, input measuraments may conaiet of deter-
ming tions of gurrent and power factor, or thelir equivalent. 'l’txerefore.
@gggraing' to this postulate of proportiondlity at yarious walues of
power, inpm: moasurement s my become mereiy complex impedance determie
n@tiqnag_‘ ,S’p?gma;ggm@; howevery & sgories otr impedence t‘eata ab
Aiﬁér@ﬁ frequencies should be mede with some definite condition of
input. To reymsen‘c typioal operstion, en tnpub valus that will proe

auee & signal of a.verage strength should be chesan,



%vz’lélﬁsﬁeﬁkex‘lﬁﬁbsm for thia teat was of the balanced-srmature
type, aéiiiﬂppgfq with's conical radisting surface flexibly supported at
158 edges Such " londepsaker seomsd ampesially dseireble for the test
&ab&f@ipiéﬁaﬂ‘b@aﬁaa of réprosenting’a typs 6f methanism condusive to the
phanumamn of ligh*&ly—damped rosonante,  Since this dest was to be based
upon &' fundementel typé of Joudspesker rathem than's ocubinadion of the
device and an suxiliary, the £ilter was at the outset discounected, This
wp lated found to tave been an slmost wnnscessary precaution because of
| %he m i‘tmmmy mge in whith tha mop% prominﬂne yosonant effects were

it o o RS o

" 'fhe Arvengesent of essentlal parts of the loudspesker tested ie
stown $n Pig, Iu The £ic)d of e Uechaped permanent manget'A divides
batwsen $he projecting emds of ‘soft iron pole pleces BB, The'soft- iron
simature 0 4p supported at i%s conter by & £1st spring which' axtends' to
& non~mgetic houeing at the front and back of the unit. By twisting
“thia ‘&ramvarse supporting epring, the Awmturs my ossillate in the
plans of the magietls £ields Ooil D 15 wound sxlally about' the ammsbure,
i ﬁxé | amtum ‘ptands at ite ﬁi&dbbéitibﬂ; betwoon the poles and the wind-
 ing earries no ourrent, min flux should Aivide equslly among the four
. pmjet}%ing #nda of the pole pieeam Foma a.o*bing upon the armbure
would; ‘ﬁmamfnrs. be ‘&alaucéﬁo an& %ha‘ afmature woald stand in equilibrium,
!‘mm thia baﬂama& mndi‘airm of rest, ‘bhs.a loudspeaker has raceived its
nawes © Eb ezili ‘be not:iaad that during this condition the armature is






free from £lux beyond the transverse main field at its ends. The
presence of & current éiﬁ‘ishe winding will cause, according to ite
direstion, & lengthwise fiux through the amature, and & shifting
of field at ite ends, $he £ield between the armsture and a diagomal
rair oi‘v the projecting ends of the pole pileces will be atrengthened,
vhile that at the projecting .811’!18 lying on the other dlagonal will

be weakened. A current through the ammature winding, therefore, will
produce a Horque upon the armature. If the ourrent is altermting,
 an alternating torque will result. Osoillations of the armature

are transmitted from 1%s upper erd throgh link E to spring lever F,
vhich ﬁanda at its lower end. ILink G, which is flexlbly attached

at an intermediste point on this lever; connoots to the apex of cons
Hs Osciliations of the amature are thus Sranemitted to the ome from
which they may be radiated as sound wa\faae The base of the cone is
gupported by & eoft leather ring J.which is cemented to the cone and
olamped at its outer edge. This system for the reprodustion of sound
is eonswliat domplisted, Moving mr‘bé oonsist of the armature, parts
of two springs, two connesting links, the cone, and part of the ring
of laé.thar at 1ts bvame. This comhinationvof mass, springs, and radi-
ating surface will have ‘-ﬁa own periods of yesonance, aﬁd will cause

~variations with frequency of the loudspesker's performance.



- . JOUDSPEAKER TESTR . . ..

o 1% has been previ.oualy s‘ba.ted tha.t the 1oudspea.ker teat for
this rapor‘k weuld ha baaad entirew upcm meamrments of mput
impadaxwe. I)urins . measnmaenta. appuaa frequemy and voltage
my ‘ba mied‘ ana tne mromings imm which sound is radia'bed |
may be eha,ngaa. Maasummeni:e my be mwde with the arm‘hu‘e of tha
mxﬁapaaker 'bloukeﬁ. so thaﬁ none of ﬂza parha coum move. 'me op~
poai*ba extrma to ’chi.s nmdibim mi.ghﬁ; be o‘bta.med by a ramoval of’
, *bha soum ra&iabing mrt and. tha substitu‘bion of an equivalent mass,
Doubtxeas a mh ‘batter mebhod of o’btaining tb.e no-load condition ’
woum be opemtion oi' the 1oudspeaker in veouwum. Inasmuch as the
maﬁiﬁm inta which & louaspaaker worka is the atmoephere. load tests .
m:*.gh*& ba mﬂ.e at different air presmes. Thue & comprehanslve aeries
of tesﬁs upon a 1mxdapaaker would be of great 1ength. The present report
ia acnﬁemed with %he reau}.‘!;a of hut two rung over & range of t‘requency;
ana m with %ha loudspaakar ra.diat ing aound from a partiouhr posuion
in *ahe Univemi‘by broaﬁua.ating atudlo, 'bhe other with ita armature blocked,
‘During all tests the voltage appnad to the impedance bridga vas maintained
a‘k a consts,nt value of 1.4 vclta. @hia was measured with & tharmo-coupla

@lmomeﬁer cannau’ce& througx & staMm tranatormer.



-

%e 1mpedams of the 1mdepaaker wa.s fouml ta lia 'heyond the
ranga ﬂf ﬁhe mpe&amsa hrmge of the Ia.bora‘ha'y. Because of the
Mgé impeéan@& ang:tas enammtered at 1ow frequenoies. the induotanae
mi:har ‘than %ha resia‘aanea of the bridge proved ta ho m limiting
i‘aﬁ%ﬂra Ita irﬁm’bmna was ‘hhought to ba appro:imtely one-»es.ghth
¢ tha maxitmm ta be oi‘faree. by the loudapeaker. Aocoxdingly.
tmnafarm&r i:o be pla@ea 'bétwean the ’bridga and loudspeaker waa ohosen.
I‘!w winé.ing tm ‘hha aiﬁe of the briﬂge had. 0.35 of the number or furns
of 'ﬁha win&ins to which ‘bha lmspaakar was oonneotea. 'l'nus, negleoting
ths mseea an& lealage mc%anca of the ﬁmnsfermer. the aotual mped.anoo
of tha 1ouﬁepaakar mm e ohtaimd ‘by multiplymg the maaummanta by
a eanstant ai‘ 3,16, tha ac_x;uare of the raoiproca.l oi‘ the abova mtio.
Imaum.h aa -l;he pteaent reyort 15 concemed entiraly with ralat:he values
of 1mpedanue ab mrious fregxenaiaa, tha above conatan‘a haa not ‘been used.
As teeta upon tha 1oxxaspea&ar progreaeed.. i:k was fouml ‘bo have at car&ain
freqnemias mure Smdm:tmoe than had 'baen a.nticipated, Ba.thar than change
‘bha tmfomar haﬁween the ‘bridge aud 1oudapaaker. the. mductance of the
‘bz-idge me &xpplementea when necesaary with an sir-oore inductance of 0, 109’
henry @his ma placed aeveml feat from the dridge in a posi’cion whioh
'would mmre freeaom £rom cupling with the windings of the variometer, and

was connectéd with & twisted palr of wires, Whenever this extra industance

was used as a part of the dridge, correction was made for the resistance of
its win‘_dinsa



It wes at first ;:Iannad ta neke o snrvey of hnpedance mea.gure~

ments wim the laudsyeaker in opera.tion over & omsiderable ranga
of fmqmnay, in oxdez- that regiane of the freqmmy 'band :mere ox~
glomﬁm waul& be mogt f‘miﬁﬁzl, might ba deteminad. Impeda.uce
Mueﬁ whan yl.ﬁttaﬁ againat freqwnay wers amected to form a anooth
pmmme:ﬂ; paak aomswhare below the fraqaemsy of migdle 0 whers a
" fpmﬁbus freqwmywreapauae carve had indjoated large output, A
aéeané. amaoth ’buﬁ lem ymminen‘h pea,k: ma emcted at dou‘ble the

B fraqmmy af *&he ﬁrst péak. Fo:.’ 4he’ approxima.ta detemination it
:4 lmpov%anb freqaenaiea and the Tange 0f messurements, the ealibration
| ohart of the ms.nmw aaema mmly adequate, On this chart,
coil ana s:ondensaz' ea%inga ware given at intervals of 20 ‘oyolas,

far the fivet soveral hundred ayoles, Aacordiug %0 plan, & pre-
h liminar.;;r fraqum:f van wes m&é. extenning from 100 to 500 oyoles,

' m resulta of thig yrun wers dimouragmg. it was not appa.ren_t

”!mw g mwe eoum be plotted mrm;g*n %ham, The ’reader may bs in-

' terested a'b %Ma poink in xei‘erring %0. curves 1 of Figs. II and

3 Ing in whtuh final durves of teeiaﬁeme and reactsnce are shown.
" "‘3.‘!: ia rea&ily apparen# ﬁw.t mera peints on ordimtes aapa,mted by
; : 30 :;ycsles woum, Becauae of the mimber of mn peake present,
’ appaa.x qui‘ﬁe mxintelugiblm Adjacent points at 20~cyolw intervala
"6ould “oocur near the top end bottom of e of the many mmnll pesks

‘prasent in t‘hé ourves,

| 'J!he acncluaion haaaa *upon 'bhe firs‘b taat at 20 oycle frequency

mtervala was that the pmminen*b poeek expeoted la.y &t approximately
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; _306 ayales; and ‘khat t’na mea.suremanﬁe at the highor rraqusnciee were

\, _‘baaly m armh Wh.e latter eeemad subatantis%ed whan a.tﬁemptn were
4mda '!sa aheuk some ox‘ -bhe higmr ﬁ‘reqnemy measurements. Attempta to
| reprmhae *&hs first maamrementa fs,iled 'ba&ly. Because of 'khie 111-

| a‘bizity ta e&mak me&wemnﬁ;; ;s ;'un wa.a mda e.t two--cyula intervala.
@his revaale& m‘is ’&ha frea impedance of thia 1oudapea.ker. when plotted

mizza% frequemay. waula no*k prc:duca the amooth prominent peaks which

o haﬁ bean maaﬁe&« ‘Bmw a.‘k ﬁ'ne ou‘haet. coneiderable time was lost be-

aa-usa wax'k ma planne& cm *bha *hasie ot a premiae obtaineﬁ from reading
; af aueh %esta an erﬁimry ‘kelephane receivere The mpeaanoe-rrequonoy
, )gham%@riatin af tzhia lmmﬂpeaket consiéfza&, as 18 eﬂaem; in Figs, 2
. ‘am ﬁ, of praminent peaka cf raemama with mbamiary peaks snperimpoaad
;M nﬂarby higher f‘reqnenniea. an m:planaﬁion wae now rorthooming for the
| :‘.“faatz ‘bhat mwanems made a.t dif‘faran'b Mmaa with the same owilla.tox'
’adﬁuaﬁments praatmed. widaly a.irfarem rasulta. A ali@t shi:rt in the
R 'frec;aenuy a:‘ ‘bha eaanla.tox'. used by wrie.tion of tanpara'bnre or operating
| ‘vmnaga, migh’s mse the 1omiapeaker -Im al'nga from say the oreat %0 the
' ‘mee ﬁf ona of the m:meroua paaka i‘aunél in 1ts uharauteriatim
- %e lbu&apeaker had tims far bean x)laaeﬁ In the same room as the
. nseina.tax‘ emd impeaance briﬁge. It ha.d heen oovere& with 9. 1a.yar of
mteria.& kmvm ﬁa have & Jm coaffics.ent of smmd reﬂeation. 'mn, 1%
| 'v'ma ‘thought, plaqsﬁ a. deﬁnite and reasomble Ioad upon the lounapeaker.

i w}mzogmphy 1, 2, and B,
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‘m recaeed. ‘hLa ﬁif'ﬁmlky of m oyemtar or the bridge to diati.nguiah
) 'ha%wem smnﬁs fram e hoed receivexrs of the bridge and thoae from the
'mmegeakar. It we daamecl at thi.s point to da‘bemine whemer the cover-
m over 'bha };auﬁsgmker uaused an en'&irely dafini%e anﬂ. constent condition
af laaéing; ame uovez*ing uaeﬁ waa 1n the shape of & horiaontal ha.lf oylim‘ler
mving H:s axia at right anglaa %;o tha.i'- of the sone of the lm:a.speaker. A%
"%he freqaamy af hiahaat resietmme, Y alight rotation of the 1mdapee.ker
unier ﬁsa w%xv pmamed v. eonsiﬁemble change in Ma impedance. mo seoure
more dafin:ite raaul'aa, the lauaspea.ker wae movea %o the hi.ghly damped
' mma.amg s’ﬁudic oi“ the Umvez*sity. where ﬂ.t was placed on the sound-
%reaﬁ;ae. flmr at an abziqae pasition with raspaat to the walle so that no
I&rge auri‘e.ue wmxw. reflect ‘hs.nkz tow&rd it. 1te posttion §n the romm was
'mf;ed g0 ,t‘m“e“ﬁ:‘ night be ascurately replased for susceeding tests, In
‘this room, the placing of & board bgfswqén 1% and the rug on shich it rested
wml& wﬁae an appraciahle e‘h&nga‘in perfarmaﬁce. A mi;vqb:} ect placed
in fcmrﬁ ef the %ondepeaker wcrum slsa &mnge it« Thus, a load faat upon
& 1w.dspeaker mnii’eeiﬂy dependa upon and 1nolu&ea the acoustio oharaoter«-
 tatics of its mrrcmlings, Phip s a fact which was not gufflotontly

| ree«:gnize& ewring the earl:ter atﬁmp-be a% quantitative tests uon the
loudspeaksr. y ‘

Ka,ving -i;hus mede pmlimimxw tests upon the lowlspeakar, & run wae

plannad i‘x‘cm which more useful results might be obtalned, 1% was to
cover the frequency bamd fr;om 100 %o 300 eyoles. Previous runs had ehéwn
&% which part of this band impedance was likely to Pluctuate most rapidly)



and over this jart of the range Prequanoy was changed in sbeps of

_ @Q,,Qﬁ'ﬁljﬁm -H.GX',SWE'!’(‘PW@Q“ .‘m the: frequency bend wa.é reide’ in one -
direstion,. 8o that gmdul Ghanges in the calibrwticn of 'the osoillator
would be sprend over the toots fmn‘asf which were to ba adjaseny on 'the
zéloﬁi;éd ousre werg, . by mtusof ggg,ueaw of test, mde sdjadent in time P
They m@;@n@ botweon them ‘theré_fore;~ the smallest poseible change in
the calibation of the eootliator. Ourves 1 of Fige. II and TIX aro
plotted from the x?es‘leta of thia’f%aa‘b.} |
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DISCUSSION OF RESULTS

Pesults of ;gpeWQf_magwanaﬁts nﬁde, nnoiz;thé :l_omlspaéker o | \
wt%h"iﬁ:s mmﬁa}hléekea m.%e ehow by, curves £ of Flge. XI and IIX.
Mwaa repmamt far the mrims frequengies merely the inherent ime
geaa;zga of the wiuﬁina on. iﬁs,st‘ael, sore structure.0 OFf this impedance,
tha res&atwae ropregents the power omponent w&i&a}x consists, in this
:cava'a: of no oﬁmt, entirely of .the losses in the winding and cores
¥hen the ameura of the loudspesker has been pladed in operating
condition, impedance will hava been' cbangeé. as indieated 'by’ ourves: 1,

The yoltage to ﬁﬁnﬂmaa rartioviar cuiranﬁ in the wimung will now

be om)qaed vauﬁoria.i}.;r no% tmiy 'by the inherent impedance dmp corre~
‘apon&mg o iizs ﬂaqumy. Wt 8ls0. by the counter eleotromo*bive foroe
dua to tha maﬁm of ‘khe 19\16.8;5&,&@:* armature, The difioranc.e botwoen.
mvaa 1 and 3 5.3 thus an apparmt inpedanse which ie really the mani-
fastation of the B.O;zétspealasria scunter elaatwomotive forcs eseompenying
tha sbmsrsim of & pard of.ita input into mechanical power, This 4if-
forence ia vﬁaaignata& a8 mcti@ﬁ&l .mmé.? The worke of this report
15 besed upon the postulate that the magnitude end phase of this motional
mpeae.nce are ﬁz‘iteria for the detemination of the mrfonnance of the

‘ icuﬁspeaker.

~ ® Bibliography 1.



If fnr ‘Bha frequemy regs.on a‘bom 210 cyolee, curves 1 of .
S‘igs‘ AT a.n& III ware &mwn ae anooth a.verage mvea a:lmnar to
tho:ae in %ha zwer part of the fraqueney range, it may be a'baerved 4
i;hat 8 mmliel s.*esomn‘a circaiﬁ in meries witb. the blocked. 1mpeda.nee
mul& aizmla‘ha the mﬁticnal impedences On this basis, the phenomenon
g_f X‘QSWQ?VW?&% discusseds The. gixjuu&ﬁ to simlste motional
npetance will cansist of two brenches, mne infuotive and the other
oapaoitive, both lﬁiﬁh& losses vhich will appsar a# resistance, The
ﬁuvrm‘ﬁ" of %ﬁ& inﬂﬁa‘&iva bianch vrs.ll‘lag behind the impressed voltage
by an angle whoss deviation from 90° ﬁapanda upon the extent of the
lose, E’he mm:arﬁ in the capasitive 'bmm would in the sbsence of

1088 Lesd. the voltage by 0% A% low frequenotes the curvent of the
~ Anduotive bra.neh }w&lﬁ._’b‘g lazgo, bub as frsquoncy fs inoressed it will

reduge, the variation with frequensy being hyperbolie for & pure in-

dugtanse, At low sr‘eqamxes ’the purrent of the capacitive mm will

“be mn, mt oz* a. pure ﬂa,mai’cy it win. inorease directly with fre-
guency. A% the frequency at which. inductive and capacitive gurrents

are equal, rosomance will ooour. Though the indugtenso and capsoity

are oach taking normal gurrent, 1ine owrent will be smll because
3 gf_.{m équam‘;y and phase opposition of Ms'aomponmts.
| Durins Qpera.ﬁoa of the 1audapaaker, the movement of ite a.rmatnre
&epems upon the force aevelope& 'by cmrrenb in ite winding. a.no. upon
'khe foms resulﬁug from ita motion. I’ca movement wim. of course,
ba opposad by the aomter fore.ea autmg by virtus of powor ontput and

16
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‘iaa’aas‘ . msmes ﬁmae maietﬂe fames. %he moment of the lond.-
speaker amme ds influenced by othar motora; In the oase of

the ‘lovdspeaker with ‘which the present taper is conserned, the labter
factors ave for at least ’Qé:‘fi‘za.sn\freqqaneiea far more effective in
1?‘1?1&5&&:{?:3 %h@ motion of the :qwﬁte than are the former, Theme
2@%@: Anctors exist by vvim§ of the maes of the moving peris and
%ﬁa elast io restoring fomaa ‘of the springs which are bent during
movements of the ammibure.

FW mmlys&a of the influence of the ma8e of the maving parts,
.mnvenen’t: of '&ha e.ma.tm Va‘nieh ia tue to & single frequency of eteady
woitage will be qmside.rea.-. et ‘bhe tims interval conaidered atart
vhen the armature is at one extremeity of tho dtetanse through which
1 oocillates, At this instant it will be at the point of changing
its direction of m@mmt;,mﬂ, will, ‘thagefo‘ré', be at rests During
the guccesding wr’&ar ayele, *ﬁhe mpe will be accelorated, and will
have:stored within it inereasing amc:u:ﬂze of kinetic snergy. Thue, -
during ¥his quarter cycle, power will be taken to place the mess in
motions - Puring the next guarter ¢ycle, the mase which has boen placed
1n motion will he decelerated %o sero velooily, and ite kinetlc energy
will be entirely spent. | | |

| During %hia‘ gonstant=frequenoy oscillation, any displacement of
the anmiure fran its midpusirtioin_ wﬁ.il mmli; {n bending of springs.
A% thé-%egimmg of the time interval qo‘nsiaered in the abow analyels,
‘ ‘khe anmbuyre waa at ong m&w of ths diatam:e through which it
osoillates. A% thig instantanaocus poalﬁ.om enexrgy storage in the
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gprings will be maximum, and further movement will cause a raducfion
of thig energyr At theeond of a quarter cycle this energy will de re-
duved to gero. During the second quarter cycle, storage in the springs
wilri‘sgain voour as the emature is deflected £xom its midposition in
the opposite direction. It may be noted that during the firet quarter
gycle of the time period unbending of the spring accomm nied accelera~
tion of the mass. During the second quarter cyole, decelexation of the
mees aeoompauié'd bending of the spring. Thusg, these two processes are
go related in phase that the discharge of the energy of one may contri-
Wite to the charge of the other. -

Qonsidering again merely the aoceleration and Qecsleration of the
mss, & particular driving force will produce less ddsplacement as ite
frequensy is inereased and the time of contiziqoue aotid;; in one direo-
tion is correspondingly decreased; As indiocated by the formula for the
distance traveled by a body during acceleration, displacement will vary
as the s@ara of tin;a, or inversely as the square of frequenoy, Since
the nurber of 4isplacenents per second are inoreasing direotly with
| fraqﬁanoy, $the net result of an inoreass of frequency is an inverse
redugtion in the distande-traveled f.pe'r second, or the velooity of
the amm:a{jf" Consider next the hypothetioal cause of & spring structurs
entirﬂy free from mass and friction. A partioular driving force would
ﬁw produce a definite deflection; and this process would be whollf
 independent of time'xr @ha effece/or an inorease in frequancy worumf‘ba
merely to increase iﬁae tmmber of delfections per second. The result,
tharofore, of a change of frequensy would be s direction wariation in
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the distanse traveled por second, or the velooity of the armature.

S e prééa&ing*pﬁragéaph gondemed the effect of variation of the
fréquenay of an latermating driving force of sonstant maximum value
-'m!:m"{zhaf motion of two hypothetical types of structures. In the case
- of pure mase, velocity warled inversely as frequensy, In the case of
Y ::ure spring; veloolty wérléed airaotly as fremamy-.~ Driving fore
 and vedoelty may be vespectively compared to the applied voltags and

Gurrent’ of maieam«s‘amum. From the viewpoint of variation of
Cfrequency, mHss bBatomes analogous to indnctance, and a spring becomes
- analogous to ¢apacitys In the case of the loudspesker of this report,

an alternating dpiving forve produced by a current in the winding acts
upon & mochanisa with springs. In an electyle circult where a common
voltage is applied 4o an inductence and oe.paci‘ty. a parallel arrangement
mus exiet,  In puch & oircuit, af;‘ gome frequency inductive ourrent will
‘Bqual 'ﬁ;ﬁ&iﬂ?e’m:'antg and the cirenit as & whole will appear nonre-
‘actives Similariys 'Iesfi gomd frequency the veloolty vhich would be taken
by the mass alone 48 squal to that which would be takem by the spring
alone:  In has been previously indicated that mmos and spring delfections
‘are 80 related in phase that one receives energy during the discharge of
{he other. ‘Thereforé, at the frequensy of éque,l‘ velocity, a condition
"of pésonance will exist, Energy will be intez?changea between the mass
emd. spring, and the driving forse will supply merely lomses end power for
‘outputs Though this sondition of mechénieel yessmnes ie easily explained
by eleatrical analogy, axpiax;é.tion gt other than reéam.nt frequency is
‘more 'difﬁmlt.'-" In the elestrical case the industence and eapecity may "
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eash take their pm;aer carrent; but in the mecha.ﬁ;cal cace the mass and
ep?iﬁgfm%emaa common: velocity. AS & first spproximation it might

BEem @haiz- this- wlooity would be the averaga of the hypothetically separate
méﬁ-mﬁ-'mwgr It has been shm.-above-thatr&he velocdty of the mass,

ag the eurrent of the industence,: would vary inverssly with frequency.
| Lifmifaia{ the velooity of the gpring, as the current of the capacity, would
vary directly with requoncy: . If thooe velooitios are arbitrarily sonsidered
10 ot the resonant frequensy of 204 ocyoles, at 100 eyoles their average

will be 12.6, and at 300 oyoles it will ha.;lhaﬁ . Thus, within thie fro~
quency mmge‘; gvarage velocity dogs not vary widely. The first realigation
of this fact ¢ame &6 a surprise to the writer; and, because of the apparent-
f."{ygz?ea-‘b: doviation from the results of sotual tests of telephone rScolvers,
seemed to Anvalidate completoly the anslogy Just given. Howevor, the dif-
faronce, between tha-above . conslusions of nsariy oconstant average velooity
ana. the widely-warying velocities of fanii-ngr tests, may be attributed to
unlike somditions, . Discugsion of parsllel induotansce and eapacity has been
on the basis of constant spplied voltege. Though oonstant voltage may be
spplied during a %Yest o_f a mnaepeakar guch ag the one wpon which this re-
pm.»%‘. {8 bassd,- the wariation $n~ thé'ratio of ;H;a :toﬁal to motional impedance
will remuld in'a lavge flustuation in the oonipmmt ¢f voltage which would
m‘éﬁ 200088 %mf-motim'l 4..1@30.9.&9&- Por checking purposes, measurements
of.“;hhg,fmlig&udé gg vﬂamtim of the -lqud,‘speaker of this report were made
with songtant applied éélta.;ge_,.of» different frequéncieég 'x'haée valueo

were mu?‘tipl;aé. by thetr xa'a:;eciﬁ;e frequencies to obtain velosities. To



“place’ them on the above basis, they werd further miltiplied by
 ahobher Tactor Gonelsting of the ¥atld of the tobal to the motiomal -
impedance. These data and the results of the computations sre given
“in’ fable T. It my be observed that with exeeption of the lowest
“frequendy the modified velocity doss not vary widely within' the fre-
Eueney yauge, This would séem to sabstantiate the amalogy which has

]
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TABLE I

AVERAGE VELOCITIES WITH CONSTANT MOTIONAL-IMPEDANCE DROP

o

8 cycles per

1 Frequenc;

ﬂﬁaﬂwﬁe
 Neasured =

~ deflections

o

a

O

A‘ég‘.wieaity .

In mills

$3:3

204
224
304
396
536
680
684
B25
650
522
468
360
130

pexr second,

%E

407
467
529
604
749
909
1180
1218
797
692
483
531
562
527
623

\

Ratio of

- preceding

B.3

2.3

orrectod

impedances.,

07310@1'57
/ sec.

vE.
A na 4

oo



- APPEFDIX' . .
.. 100TS OF MOTIONAL THPFDANCE VECTORS.

. Motioml impedance veetbrn af & comon a’ceei—dia.phra.gn tele-
1yphon6 raeeive fﬁr frequenniea a.‘bova and balow that of mechanical
momnoa will, u pmtea from 8 ainsle point, farma oircula.r ‘
laeua . Fﬁr the 1ov.&spaaker of thie raport. ‘the motiona.l impedanoe
;veatara af a‘:he mn repraaentaa 1n F!gs. n and m are plotted in
msng. sme n;:per mu of thia cme, 1.9.. tnat part for the fx-e-
quency re.nae bamen 100 and 203 cyeles. ncnfbrms fairly cloaely

to the airouk-.r zocns whic'hv ba.s been ob‘bainad in the case of the
'.vcommn zalephona meiver. Ba;sroml thta. howevar, the lnaua leaves
'tha oiroular am to fom a aeriaa of three oonvolutions. These he.ve

| ‘been axplamd by Dr. Kennelly a8 represeming osciliations of
mplea meohanical ayatems." 'L‘heea saaondary oaoilhticms are

‘alao .tnds.qated ‘by ﬁze emall mzparimpoaed paake in the hish-frequency
ezt 0f the £roe resisbande and reactance curves of Figs. II and IIf.

' fhe Sonter of the of roular ara bolow 203 oycles 1ies to the right of
the origin sad m"'ham?r the hai»izoﬁtal”s.iig’; "such a eiroule, if Som-
"plated. waul& have approxinate nmits o tha resistance scale of =20
| 'am 850 ohma, and on the raaata.nca geale of =550 and 340 ohme,

* Bibliography 1,
o Bivliography 4.
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Fre-
quency

100
120
130
149
150
169
170
174
176
178
180
181
182
183
184
185
186
187
188
189 -
190
191
192
193
194
195
196
197
198
199
200
201
202
. 203
- 204
205
206
207
208
209
210

IMPEDANCE DATA

Armature

free
R X
300 279
318 342
331 368
- 343 4903
365 427
374 476
403 527
L2a 555
433 564
4l 577
459 59
LT 598
475 69
482 613
491 622
502 630
513 639
523 648
540 659
550 - 668
571 679
592 690
615 700
645 710
679 729
709 723
753 726
803 724
853 715
209 692
ag 1 658
10335 619
1099 557
1134 472
1155 383
1150 269
1123 190
1054 94
966 35
8990 10
797 14

TABLE 1II

Arnmature
blocked
R X
292 211
296 251
- 299 268
302 287
306 306
311 324
313 342
314 349
315 353
316 356
27 259
a7 362
37 363
318 365
318 367
319 369
319 379
319 372
< A20 374
320 376
320 378
321 379
- 321 381
322 383
322 284
322 386
323 388
323 390
324 392
324 293
324 395
325 297
225 399
3235 400
326 402
326 404
327 406
327, 408
327 400
328 411
328 413

Motional
impedance
R X
8 68
22 91
32 100
41 116
59 121
63 152
90 185
108 206
118 211
128 221
142 232
150 236
158 242
164 248
173 255
183 - 261
194 269
204 276
220 285
230 292
251 301
271 311
294 319
323 327
357 336
387 337
430 338
480 334
529 323
585 299
657 263
708 222
765 158
809 72
829 ~-19
824. -135
796 -216
727 -314
639 ~374
562 ~401
469 -399
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Fre-
quency

211
212 .
213
214
215
216
217
218
219
229
221
222
223
- 224
225
226
227
228 -
229
230
232
234
236
240
345
250
260
270
280
300

TABLE II (concluded)

Armature

- free

R - X

726 23
646 295
573 155
594 202
636 200
653 155
620 {2
561 104
507 129
648 185
475 26T
569 315
555 317
649 249
625 153
537 95
479 110
42 142
337 171
373 2304
367 a6z
428 316
419 307
490 277
387 275
344 321
343 400
347 456
364 503
396 582

Araature
blocked
R X
329 L5
329 % lré
339 418
330 420
330 422
351 424
331 425
332 427
332 429
332 439
333 432
333 434
354 436
334 438
335 449
335 441
235 443
336 445
336 446
337 448
338 452
338 455
339 459
240 466
343 475
346 483
350 591
355 519
359 536
368 -BT1

Motional
impedance
R X
297 -792
217 =322
243  -263
264 ~-218
306 ~-222
322 -269
289 ~313
229 -323
175 =300
150 -246
142 ~165
227 -119
221 -119
315 - 189
290 -307
202 ~-346
135 =333
86 -3035
61 -275
42 -244
23 -190
20 -139
80 - 152
150 - 189
44 -200
-2 -162
-7 =101
-8 -63
5 ~33
28 L]
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