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Teacher and Innovator
:e¶d liNe tR QRte tKe receQt SaVV-

iQJ RI ZRrld-reQRZQed SrR-VRuQd 
iQQRvatRr aQd lRQJtime 0,7 SrR-
IeVVRr $mar %RVe� 7Ke VRuQd aQd
electrical eQJiQeer IRuQded %RVe 
audiR cRmSaQ\ iQ ��6�� 

1eZV RI KiV deatK iQ -ul\, at aJe 
�3, came aV tKiV iVVue ZaV iQ SrR-
ductiRQ� 6iQce tKat time, mucK KaV 
EeeQ ZritteQ aERut %RVe¶V cRQtriEu-
tiRQV� -aQ 'iddeQ, editRr�SuEliVKer 
RI Linear Audio, Zill e[SlRre %RVe¶V 
leJac\ mRre deeSl\ iQ aQ article iQ 
Qe[t mRQtK¶V iVVue RI audioXpress.

,Q tKe meaQtime, Kere iV a Vmall 
triEute tR %RVe� +iV maQ\ accRm-
SliVKmeQtV iQclude iQveQtiQJ tKe 
�0� 'irect�5eIlectiQJ 6SeaNer 6\V-
tem iQ ��6�� 7Ke VSeaNerV Zere 
amRQJ tKe IirVt tR utili]e tKe VSace 
arRuQd tKem, SrRduciQJ a mi[ RI 
direct aQd reIlected VRuQd tKat re-
created tKe d\QamicV RI cRQcert Kall 
acRuVticV� 2tKer SRSular iQQRvatiRQV 
IRllRZed, iQcludiQJ tKe %RVe QRiVe-
caQceliQJ KeadSKRQeV aQd tKe %RVe 
:ave radiR� 

%ut %RVe ZaV alVR a cRmmitted 
aQd EelRved teacKer� ,Q �0��, Ke 
Jave 0,7 tKe maMRrit\ RI VtRcN iQ 
tKe %RVe cRmSaQ\, aV QRQvRtiQJ 
VKareV� 7Ke divideQdV muVt Ee uVed 
tR VuSSRrt 0,7¶V educatiRQal aQd
reVearcK miVViRQV� 

7R Kear %RVe tell KiV RZQ VtRr\, 
ZatcK KiV ���6 talN titled ³([Seri-
eQceV RI aQ $cademiciaQ iQ ,QduV-
tr\,́  availaEle RQ tKe 0,7 ZeEVite at 
KttS���videR�mit�edu�

5eJardV,
0ar\ :ilVRQ
editRr#audiR[SreVV�cRm

Editor’s Note: Figures 2 and 3
in Vance Dickason’s Test Bench 
column (“Beston’s Horn-Loaded 
Transducer,” audiR;SreVV, July 
2013) were incorrect. The correct 
figures for the Beston Technology 
RT004A ribbon tweeter are available
online at audioamateur.com/errata-
corrections-updates.
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VSeaNerV ²³SartV iV SartV´ %\ 0iNe .laVcR aQd 6teve 7ataruQiV �8Qited 6tateV�

3KRtR �� $ t\Sical (-7-$ tKermal circuit 
EreaNer iV VKRZQ� �3KRtR cRurteV\ RI (-7-$ 
(QJiQeeriQJ 7ecKQRlRJ\�

Loudspeaker Failures 
and Protections (Part 2)

3rRtectiRQ tecKQiTueV tR SreveQt RverSRZer damaJe

,Q laVt mRQtK¶V ar tic le aERut 
VSeaNer IailureV, Ze iQtrRduced 
tKe tRSic E\ deVcriEiQJ ZKat Rc-
curV iQ \Rur VSeaNer ZKeQ it iV 

SuVKed tR itV mecKaQical aQd tKermal 
limitV� :e alVR meQtiRQed tKat tKere iV 
a QeZ JeQeratiRQ RI eIIective aQd SRZ-
erIul VSeaNer SrRMectiRQ tecKQRlRJ\� 

6RSKiVticated lRudVSeaNer SrRtectiRQ 
ViJQal SrRceVViQJ IRr cRQcert VRuQd ZaV 
SiRQeered E\ 0e\er 6RuQd aQd $SRJee 
6RuQd iQ tKe ���0V� 1RZ tKeVe cRmSle[ 
tecKQiTueV Kave IRuQd tKeir Za\ iQtR 
VmartSKRQeV, laStRSV, taEletV, %luetRRtK 
VSeaNerV, aQd dRcNiQJ VtatiRQV� 7KiV 
mRQtK Ze Zill diVcuVV SaVVive SrRtectiRQ 
tecKQiTueV uVed EetZeeQ tKe amSliIier 
aQd tKe VSeaNer� 

)Rr VSeaNer deViJQerV, lRudVSeaNer 
RverSRZer SrRtectiRQ KaV alZa\V EeeQ 
a SrRElem, Sarticularl\ iQ delicate KiJK-
IreTueQc\ driverV� $V vRice cRil adKeVive 
temSerature caSaEilitieV Kave iQcreaVed, 
VR KaV amSliIier SRZer RutSut� :Kile Ier-
rRIluidV Kave KelSed mRve Keat RII tKe 
vRice cRil, KiJKer SRZer amSliIier cliS-
SiQJ aQd Zide d\Qamic raQJe SrRJram 
VRurceV �e�J�, &'V aQd lRVVleVV diJital 
recRrdiQJ� Kave raiVed tKe Ear RQ ZKat 
VSeaNerV muVt tRlerate�

SPEAKER PROTECTION
,Q tKe ���0V, 0iNe .laVcR RZQed aQ 

audiR cRmSaQ\ tKat SiRQeered diVcR 
VSeaNerV� 7Ke VSeaNerV Qeeded tR Kave 
KiJK VeQVitivit\, Zide EaQdZidtK, aQd 
KiJK SRZer KaQdliQJ at a cRVt-eIIective 
Srice tR cRmSete ZitK tKe eVtaEliVKed 
SrR audiR VSeaNer EraQdV� 0iNe Zill taNe 
Rver tKe Qarrative IrRm Kere�

$t tKe time, tKe EiJ EraQdV Zere 
Srimaril\ VelliQJ tKeir SrRductV tR SrR-
IeVViRQalV� %ut m\ Iirm VRld SrRductV 

tR audiR retailerV, ZKicK VRld tKem tR 
'-V aQd cluE RZQerV� $ltKRuJK tKe '-V 
NQeZ tKeir muVic, tKe\ Zere QRt aV ZiVe 
aERut JettiQJ KiJK VRuQd SreVVure lev-
elV �63/V� Rut RI tKeir Jear� 5emem-
Eer, �0 \earV aJR SRZer amSliIierV did 
QRt RverlRad JraceIull\ aQd tKe\ cre-
ated eveQ mRre VeriRuV iVVueV �e�J�, 
turQtaEle acRuVtic IeedEacN aQd recRrd 
ZarSV, ZKicK SrRvided VuEVRQic VSeaNer 
SrRElemV��

:itK tKat iQ miQd, , Euilt iQ ³JlREal 
SrRtectiRQ´ RI tKe eQtire VSeaNer V\Vtem, 
iQcludiQJ tKe ZRRIerV aQd crRVVRver Qet-
ZRrN, aQd IaVt ³lRcal SrRtectiRQ´ RI tKe 
midraQJe aQd tZeeterV�

)Rr tKe Rverall SrRtectiRQ, , uVed a 
tKermal autR reVettiQJ circuit EreaN-
er RQ tKe eQtire VSeaNer V\Vtem �Vee 
Photo 1�� (-7-$ (QJiQeeriQJ 7ecKQRl-
RJ\ ZaV tKe veQdRr at tKe time, aQd iQ 
Iact, it Vtill maNeV tKiV t\Se RI SrRduct 
tRda\� 

,QVide tKe circuit ZaV aQ iQterQal cRil 
ZitK aQ imSedaQce tKat ZRuld VKiIt uS-
Zard aV it Keated� , emSiricall\ Velected 

tKe EreaNer¶V value tR SrRtect tKe SrRd-
uct, eQaEliQJ it tR VKut RII EeIRre tKe 
VSeaNer ZaV SermaQeQtl\ damaJed� 
7Ke VSeaNer ZRuld turQ EacN RQ iQ a 
miQute Rr tZR, aIter tKe EreaNer cRil 
aQd tKe VSeaNer¶V vRice cRilV cRRled 
dRZQ� 

:Kile tKiV metKRd iV QRt IRr audiR-
SKile Rr VtudiR mRQitRr uVe, tKe device 
SreveQted Iield IailureV tKat ZRuld Ee 
devaVtatiQJ tR a '-� 7Ke ErieI iQterruS-
tiRQ ZaV VRrt RI a VlaS RQ tKe '-¶V KaQd 
ratKer tKaQ a deatK ElRZ tR tKe lRud-
VSeaNerV aQd tKe Sart\� 

$Vide IrRm a EreaNer tKat ZRuld VKut 
dRZQ tKe VSeaNer iI it ZaV driveQ tRR 
Kard Rver aQ e[teQded time, tKe cRm-
SreVViRQ driverV Zere Vtill JettiQJ dam-
aJed EecauVe tKe EreaNer time cRQ-
VtaQtV Zere iQteQtiRQall\ VlRZ actiQJ� 
,Q RtKer ZRrdV, tKe EreaNerV Zere aEle
tR SrRtect tKe ZRRIerV Eut tKe\ did QRt 
adeTuatel\ SrRtect tKe mid- aQd KiJK-
IreTueQc\ driverV IrRm tKe SeaN ViJQal 
levelV� 

7Ke arra\ RI Sie]R tZeeterV cRuld Vur-
vive iI Ze Sut a reViVtRr iQ VerieV tR ZRrN 
aV aQ ultraVRQic VtaEili]iQJ QetZRrN� 7Ke 
Sie]R tZeeterV Kave a IalliQJ imSed-
aQce at ultraVRQic IreTueQcieV aQd VRme 
amSliIier RutSut VtaJe SrRtectiRQ cir-
cuitV ³cKattered´ ZKeQ RverdriveQ iQtR 
tKiV lRVV\ caSacitive lRZ-imSedaQce lRad 
ZitKRut a VerieV reViVtRr, ZKicK teQded tR 
EurQ Rut MuVt aERut ever\tKiQJ� 

:e uVed *eQeral (lectric¶V QeZ �iQ 
tKe mid-���0V�� metal R[ide variVtRr 
�029� tR SrRtect tKe midraQJe cRm-
SreVViRQ driver �Vee Photo 2�� $t 
tKe time, Ze Kad a uQiTue SrRtectiRQ 
VcKeme IRr tKe 029, ZKicK ZRrNed Eet-
ter tKaQ EacN-tR-EacN =eQer diRdeV� 
=eQer diRdeV are Kard cliSSerV tKat 

3aVVive 6SeaNer 3rRtectiRQ



audiR;SreVV  6eStemEer �0�3    9

iV e[ceeded, tKe RutSut drRSV� :itK tKe 
time cRQVtaQtV, tKe reVult iV imSerceS-
tiEle� <Ru dRQ¶t Kear itV RSeratiRQ, Eut 
\Ru caQ avRid damaJiQJ tKe driver aQd 
e[SerieQciQJ aQ\ VuEVeTueQt diVtRrtiRQ�

7KiV VRuQdV JRRd, SluV \Ru QRZ Kave 
a liJKt EulE iQ \Rur Eill RI materialV� 7Ke 
liJKt EulE iV t\Sicall\ uVed RQl\ IRr itV 
SRVitive temSerature cReIIicieQt �37&� 
eIIect, Eut it caQ alVR Ee uVed aV aQ 
RverlRad iQdicatRr iI it iV mRuQted tR a 
SaQel ZKere it caQ Ee VeeQ� $Q /(' iQ 
VerieV ZitK a reViVtRr caQ alVR Ee uVed 
aV aQ RverlRad iQdicatRr, Eut it dReV QRt 
Kave aQ\ 37& eIIect� 7Ke cKRice Ee-
tZeeQ a VKuQt reViVtRr aQd a liJKt EulE 
reViVtRr, Rr tKe cKRice tR uVe QRtKiQJ at 
all iQ Sarallel ZitK tKe 337& device, de-
SeQdV RQ tKe VSeaNer deViJQer¶V SrRtec-
tiRQ SKilRVRSK\�

)Rr a cRmSreVViRQ driver¶V EiamSliIied 
VSeaNerV, \Ru cRuld alVR uVe a VerieV 
caSacitRr Vet tR rRll RII tKe ViJQal aQ 
Rctave EelRZ tKe crRVVRver SRiQt� 7KiV 
tecKQiTue SrRvideV tKe cRmSreVViRQ 
driver ZitK VRme SrRtectiRQ IrRm Kum, 
'& RIIVetV IrRm tKe amSliIier, aQd RtKer 
uQiQteQded eQerJ\� 

VRuQd terriEle ZKeQ tKe\ cut iQ� :e 
VRRQ reali]ed tKe 029¶V -Rule SRZer 
diVViSatiRQ ratiQJV Kad tR Ee tKe larJeVt 
SRVViEle Rr tKe\ ZRuld Iail� :e eveQtu-
all\ Sut a cRSSer Keat taE RQ RQe RI tKe 
leadV aQd uVed larJe cRSSer traceV RQ 
tKe circuit ERard� 7KiV QRt RQl\ eQaEled 
tKe deviceV tR Vurvive, Eut VRmeZKat 
maiQtaiQed tKeir RSeratiQJ cKaracteriV-
ticV ZKile tKe\ Zere iQ uVe� 

(lectrR-9Rice, &RmmuQit\ 3rRIeV-
ViRQal /RudVSeaNerV, aQd &erZiQ-9eJa 
adRSted liJKt EulE SrRtectiRQ, ZKicK iV 
Vtill SRSular tRda\ iQ KiJK-RutSut lRud-
VSeaNer SrRductV �Vee Photo 3�� ,Q tKe 
���0V, 5a\cKem �QRZ 7\cR (lectrRQ-
icV� iQtrRduced itV 3Rl\6ZitcK SRl\meric 
SRVitive temSerature cReIIicieQt �337&� 
SrRtectiRQ device �Vee Photo 4�� 7Ke 
VimSleVt cRQIiJuratiRQ cRQViVtV RI a 
3Rl\6ZitcK 337& device iQ VerieV ZitK a 
KiJK-IreTueQc\ driver� 6Rme deViJQerV 
ZRuld liNe tR reduce tKe SRZer E\ a 
Vmaller Ii[ed amRuQt iQ caVe RI Rver-
driviQJ, iQ ZKicK caVe tKe 337& iV uVed 
ZitK a Sarallel VKuQt reViVtRr �ideall\, 
iQ tKe IRrm RI liJKt EulEV aV a VRrt RI 
a SaVVive limiter�� :KeQ tKe tKreVKRld 

,Q tKe eQVuiQJ \earV, tKere Kave 
EeeQ Veveral amEitiRuV VemicRQduc-
tRr deViJQV iQteQded tR SrRtect tKe 
VSeaNerV, aQd tKe SrRtectiRQ circuit ZaV 
driveQ E\ tKe amSliIier¶V ViJQal SRZer� 
7Ke mRVt receQt aQd SerKaSV mRVt am-
EitiRuV aQd eIIective cRmmerciali]ed 
SrRduct iV (miQeQce 6SeaNer¶V '-IeQd� 
7Ke '-IeQd iV a SrRJrammaEle VtaQd-
alRQe uQit deViJQed tR SrRtect SaVVive 

3KRtR �� $ metal R[ide variVtRr caQ SrRtect 
tKe midraQJe cRmSreVViRQ driver� �3KRtR 
cRurteV\ RI (3&26 $*�

3KRtR 3�  /RudVSeaNer SrRtectiRQ liJKt 
EulEV are VRmetimeV uVed iQ KiJK-RutSut 
VSeaNer SrRductV� �3KRtR cRurteV\ RI -%/�

3KRtR ��  7Ke 3Rl\6ZitcK KelSV SrRtect 
VeQVitive electrRQicV IrRm damaJe cauVed 
E\ RvercurreQt aQd RvertemSerature 
eveQtV� �3KRtR cRurteV\ RI 7\cR (lectrRQicV�

www.linearsystems.com 1-800-359-4023
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Low Noise <1.5nV
Monolithic Dual 
Low Capacitance: 4pf
Significantly Lower Gate-Drain Capacitance
Provides Lower Intermodulation Distortion
Smaller Die Size and Reduced Need for Idss Grades 
Facilitate HighFacilitate High-Volume Production
Parts Samples and Detailed Data Sheet Available

LSK489
Earlier Dual JFET

(U401) Noise

New LSK489
Dual N-Ch JFET

Lower Noise

en
-N

oi
se

 Vo
lta

ge
 (n

V/
Sq

.R
t.H

z

f=Frequency(Hz)
10 100 1000 10000

0

2

4

6

8

10

12

14

16

1.5 nV Low Noise Dual JFET
4pf Low Capacitance

A  New Part Introduction for 2012

http://www.linearsystems.com


10 audiR;SreVV  0���3 audiR;SreVV�cRm

PROTECTION LIMITATIONS
$Vide IrRm VRSKiVticated aQd e[SeQ-

Vive VRlutiRQV �e�J�, tKe '-IeQd�, SaVVive 
VRlutiRQV are VRmeZKat clumV\ aQd Kave 
VRme QeJative imSactV RQ VRuQd Tualit\� 
%ecauVe tKe\ muVt Iace tKe Iull EruQt RI 
tKe amSliIier, rREuVt cRmSRQeQtV VKRuld 
Ee uVed, Eut tKe\ are e[SeQVive�

1e[t mRQtK, iQ 3art 3 RI tKiV article 
VerieV, Ze Zill diVcuVV tKe advaQced ViJ-
Qal SrRceVViQJ VSeaNer SrRtectiRQ aQd 
e[SlRre active SrRtectiRQ aQd tKe SV\cKR-
acRuVtic tecKQiTueV uVed tR iQcreaVe aS-
SareQt lRudQeVV� aX

RESOURCE
'-IeQd /RudVSeaNer 3rRtectiRQ 7ecKQRlRJ\, 
³$ERut '-IeQd,́  ZZZ�d-IeQd�Qet�

SRZer tKat iV reTueVted IrRm tKe am-
SliIier tKrRuJK tKe uVe RI KiJK-eIIicieQc\ 
diJital IactRriQJ �Vee Photo 5��

3KRtR 5� (miQeQce¶V '-IeQd 6$300 eQaEleV 
\Ru tR Vet tKe tKreVKRldV� '-IeQd mRQitRrV 
aQd limitV tKe amRuQt RI iQSut SRZer it 
SaVVeV tKrRuJK tR tKe lRudVSeaNer� �3KRtR 
cRurteV\ RI (miQeQce 6SeaNer�

THE PPTC AND SPEAKER PROTECTION
3Rl\6ZitcK iV tKe trade Qame IRr a SRl\meric SRVitive tem-

Serature cReIIicieQt �337&� RvercurreQt SrRtectiRQ device, 
ZKicK actV aV a VelI-reSairiQJ IuVe E\ QRQliQearl\ JRiQJ IrRm 
a lRZ-reViVtaQce tR a KiJK-reViVtaQce Vtate iQ reVSRQVe tR aQ 
RvercurreQt� 7KiV iV called ³triSSiQJ´ tKe device� ,Q tKe triSSed 
Vtate, tKe device reViVtaQce iV SrRSRrtiRQal tR tKe VTuare RI 
tKe aSSlied vRltaJe²uQtil tKe device reViVtaQce reacKeV itV 
ma[imum �Vee Figure 1�� 7KiV iV ZKere VRme RI tKe mRre iQ-
e[SeQVive 337&V Iail tR meaVure uS� :Kile JeQericall\ reIerred 
tR aV ³reVettaEle IuVeV,́  tecKQicall\ tKe\ are QRt IuVeV� 7Ke\ 
are QRQliQear SRVitive-temSerature cReIIicieQt tKermiVtRrV�

$t QRrmal RSeratiQJ temSeratureV, tKeVe SRl\VZitcK devic-
eV Kave reViVtaQceV IrRm 30 tR �00 mΩ� 7Ke\ eVVeQtiall\ Kave 
QR caSacitive Rr iQductive reactaQce QRr Zill tKe\ cauVe aQ\ 
meaVuraEle diVtRrtiRQ Rver tKe audiR raQJe RI IreTueQcieV� 
7Ke 337& ratiQJ VKRuld Ee Velected VR itV time-tR-triS at aQ\ 
Sarticular curreQt iV leVV tKaQ tKe time reTuired tR damaJe tKe 
driver at tKat curreQt� 

:KeQ tKe curreQt IlRZiQJ tKrRuJK tKe 337& device e[ceedV 
tKe curreQt limit RI � $, IRr e[amSle, tKe 337& device ZarmV 
uS aERve a tKreVKRld temSerature� 7Ke cr\VtalliQe Vtructure 
VtartV tR deJrade aQd tKe 337& device¶V reViVtaQce VuddeQl\ 
³triSV´ �i�e�, itV reViVtaQce iQcreaVeV IrRm a IeZ RKmV tR a 
IeZ NilRKmV�� 7Ke time-tR-triS varieV EaVed RQ KRZ mucK 
vRltaJe iV SreVeQt� ³/RZ-Iault´ curreQtV RI tZR tR tKree timeV 
tKe ³KRld´ curreQt taNe VRme time tR Keat uS tKe 337& aQd 

deSeQd RQ lRcal Keat traQVIer �e�J�, cRSSer taEV Rr ³ZiQJV´�� 
+iJK-Iault curreQtV, Va\ �0 timeV tKe KRld curreQt, triS mucK 
IaVter, ViQce tKere iV QR time IRr tKe Keat tR Ee cRQducted 
aZa\ IrRm tKe device�

,I tRR mucK curreQt SaVVeV tKrRuJK tKe device, tKe device 
Zill EeJiQ tR Keat due tR ,ð5 KeatiQJ� $V tKe device KeatV, it 
Zill e[SaQd� $V it e[SaQdV, tKe carERQ SarticleV Zill VeSarate 
aQd cKaQJe SKaVe aQd tKe device¶V reViVtaQce Zill iQcreaVe� 
7KiV Zill cauVe tKe device tR Keat IaVter aQd e[SaQd mRre, 
IurtKer raiViQJ tKe reViVtaQce� 7KiV iQcreaVe iQ reViVtaQce iV 
VuIIicieQt tR VuEVtaQtiall\ reduce tKe circuit¶V curreQt� $ Vmall 
amRuQt RI curreQt Zill Vtill IlRZ tKrRuJK tKe device aQd iV VuI-
IicieQt tR maiQtaiQ tKe device¶V temSerature aQd NeeS it at tKe 
KiJK reViVtaQce level�

:KeQ tKe SRZer aQd Iault are remRved, tKe 3Rl\6ZitcK 
device Zill cRRl� $V tKe device cRRlV, it cRQtractV tR itV RriJiQal 
VKaSe aQd returQV tR a lRZ reViVtaQce level ZKere it caQ KRld 
tKe curreQt VSeciIied IRr tKe device� 7Ke actual time tR reVet 
Zill var\ EaVed RQ tKe rate at ZKicK Keat caQ traQVIer Rut RI 
tKe device, Eut it t\Sicall\ Zill taNe � tR � miQ�

5a\cKem¶V �QRZ 7\cR (lectrRQicV¶V� 3Rl\6ZitcK iV a Eit e[-
SeQVive IRr mRVt cRQVumer VSeaNer SrRductV� 7Kere are alVR 
VRme iQe[SeQVive &KiQeVe-made 337& deviceV, VRme RI ZKicK 
are marJiQal iQ VtaEilit\ aQd diVtRrtiRQ, Eut tKe\ cRVt a IractiRQ 
RI tKe 5a\cKem device¶V Srice� 7Kere Kave EeeQ SateQt VuitV 
iQ tKe SaVt, Eut at tKiV SRiQt, tKe RriJiQal SateQtV Kave e[Sired 

aQd tKe JeQeral deViJQ iV iQ tKe SuElic dRmaiQ� 
5a\cKem itVelI ZaV VRld iQ ���� aQd 5a\cKem 

337& deviceV are QRZ maQuIactured aQd VRld E\ 
7\cR (lectrRQicV, a 7( cRQQectivit\ cRmSaQ\� 7Rda\ 
tKere are Veveral veQdRrV IRr tKiV cRmSRQeQt �e�J�, 
6ea 	 /aQd IrRm 6ea *alleRQ, 6emiIuVe IrRm $7& 
6emitec, )u]etec IrRm )u]etec 7ecKQRlRJ\, 3Rl\IuVe 
IrRm /ittelIuVe, aQd 0ultiIuVe IrRm %RurQV�, Eut 
SrRduct cKaracteriVticV var\ deSeQdiQJ RQ tKe veQ-
dRr¶V VSeciIic imSlemeQtatiRQ RI tKe tecKQRlRJ\�

• SPK

Typical circuit Shunt resistent circuit

Polyswitch device

Polyswitch
deviceR+ R+

RPS

RSH

RPS

• RXEF

lRudVSeaNerV IrRm e[ceVVive SRZer 
cRQditiRQV� 7Ke uVer VetV tKe tKreVK-
RldV aQd '-IeQd mRQitRrV aQd limitV 
tKe amRuQt RI iQSut SRZer it SaVVeV 
tKrRuJK tR tKe lRudVSeaNer� ,t¶V 86% 
cRmSatiEle aQd caQ Ee SrRJrammed 
IrRm a deVNtRS Rr laStRS� 2SeratiQJ 
IrRm a VtaQdard VSeaNer-level ViJQal, 
tKe '-IeQd reTuireV QR au[iliar\ SRZer 
uQleVV it iV EeiQJ uVed iQ lRZ-SRZer 
aSSlicatiRQV� 7KiV SrRtectiRQ device 
ZRrNV E\ reduciQJ tKe SRZer delivered 
tR tKe lRudVSeaNer, ZKile alVR reduciQJ 
tKe Qet electrical curreQt reTuired IrRm 
\Rur amSliIier� ,Q RtKer ZRrdV, tKe '-
IeQd tecKQRlRJ\ dReV QRt diVViSate tKe 
uQdeVired SRZer iQtR Keat Rr liJKt Rut-
Sut� ratKer, it reduceV tKe amRuQt RI 

)iJure �� 7\cR (lectrRQicV RIIerV tZR diIIereQt VcKematic deViJQV IRr 
SRl\meric SRVitive temSerature cReIIicieQt �337&� VSeaNer SrRtectiRQ�

http://www.d-fend.net
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0eir 0RrdecKai attriEuteV tKe cRmSaQ\¶V VucceVV tR itV revRlutiRQar\ deViJQV

Morel Founder Finds Inspiration 
in Innovation

$Q ,QtervieZ ZitK 0eir 0RrdecKai

SHANNON BECKER: What sparked 
your initial interest in audio?

MEIR MORDECHAI: 0uVic KaV alZa\V 
EeeQ a EiJ Sart RI m\ liIe� 7Ke lRve RI 
muVic aQd m\ curiRVit\ aV a cKild tR 
NQRZ KRZ muVical iQVtrumeQtV Sla\ 
aQd SrRduce diIIereQt VRuQdV led me tR 
e[SlRre tKe audiR Iield aQd e[SerimeQt 
ZitK electrRQicV aQd VSeaNerV�  

,¶m Vtill aV SaVViRQate tRda\ aERut 
muVic aV , ZaV tKeQ� , reJularl\ atteQd 
cRQcertV aQd live SerIRrmaQceV tR maNe 
Vure tKat m\ earV are ³tuQed´ tR ZKat 
muVical iQVtrumeQtV VRuQd liNe, uQed-
ited, iQ tKeir Qatural Vtate, iI \Ru Zill�

SHANNON: Describe your first
personal loudspeaker project. Why 
did you build it? Is it still in use?

MEIR: , ZaV relativel\ \RuQJ ZKeQ , 
EeJaQ m\ reVearcK aQd EuildiQJ SrRM-
ectV� ,t ZaV at tKe aJe RI �� ZKeQ , 
tried tR imSrRve a VSeaNer E\ cKaQJiQJ 
itV cRQe IRr aQRtKer tKat , Sut tRJetKer 
IrRm ZRRd veQeer� 

,Q m\ JeQeratiRQ, iQIRrmatiRQ Rr 
electrRQic SrRductV Zere QRt readil\ 
availaEle aV tKe\ are tRda\� 7Ke lacN RI 
acceVV tR valuaEle reVRurceV ZaV SRV-
ViEl\ a Ne\ reaVRQ tKat mRtivated me 
aQd maQ\ RtKerV tR Euild aQd iQQRvate� 

SHANNON: Your company, Morel 
(www.morelhifi.com), headquar-
tered in Israel, has introduced major 
technological and design innovations 
that redefined the state-of-the-art 
loudspeaker technology. Can you dis-
cuss some of them? 

MEIR: 7Ke deVire tR iQQRvate KaV 
alZa\V driveQ me IRrZard� , reali]ed 
a lRQJ time aJR tKat reSlicatiQJ a 
SrRduct ZRuld QRt QeceVVaril\ JeQer-
ate EuViQeVV aQd deIiQitel\ ZRuldQ¶t 

TueVtiRQV aQd aQVZerV

0Rrel IRuQder 0eir 0RrdecKai �leIt� ZitK KiV VRQ 2reQ 0RrdecKai� 2reQ leadV 0Rrel¶V 5	' aQd 
maQ\ RI 0Rrel¶V lateVt iQQRvatiRQV� �3KRtR cRurteV\ RI 0Rrel�

diIIereQtiate me IrRm tKe cRmSetitiRQ� 
7Ke SriQciSleV RI iQveVtiQJ ViJQiIicaQt 
reVRurceV iQ QeZ SrRduct develRSmeQt 
aQd iQ iQQRvatiQJ aQd deViJQiQJ QeZ 
Za\V tR Euild VSeaNerV KaV EeeQ tKe 
cRre value EeKiQd 0Rrel tR tKiV da\ aQd 
cRQtriEuteV Jreatl\ tR Rur VucceVV� 

7Kere are Veveral Ne\ tecKQRlRJieV 
tKat Zere develRSed Rver tKe \earV 
tKat Eecame tKe SlatIRrm IRr Rur SrRd-
uctV� 2ur larJe e[terQal vRice cRilV 
�(9&V� are RQe RI tKe ViJQature ele-
meQtV iQ Rur VSeaNerV� ,t turQed tra-
ditiRQal VSeaNer deViJQ iQVide Rut� 7Ke 
idea ZaV tR Slace tKe maJQetic drive 
V\Vtem ZitKiQ tKe vRice cRil, elimiQat-
iQJ Vtra\ maJQetic Ilu[ E\ eIIectivel\ 
directiQJ all tKe maJQetic eQerJ\ tR tKe 
vRice cRil� 7Ke reVult iV aQ ultra eIIi-
cieQt aQd SRZerIul deViJQ tKat iV KiJKl\ 
cRmSact ZitK eIIicieQt Keat diVViSatiRQ 
aQd reduced cRQe EreaNuS IRr lRZer 
diVtRrtiRQ�

%ecauVe Rur maJQet V\VtemV are 

Slaced ZitKiQ tKe larJe-diameter vRice 
cRilV, Ze alZa\V Kad tR iQveQt QeZ 
Za\V tR acKieve mRre maJQetic eQerJ\ 
IrRm Vmall maJQetV� 'evelRSiQJ tKe 
dRuEle aQd K\Erid maJQet V\VtemV KaV 
eQaEled uV tR cRQtiQue tR eQMR\ tKe 
Jreat acRuVtic EeQeIitV RI tKe larJe-
diameter vRice cRilV� 

7Kere are maQ\ mRre tecKQRlRJieV 
tKat Zere develRSed aQd emSlR\ed iQ 
Rur SrRductV Rver tKe \earV� :e cRQ-
tiQue tR reIiQe tKeVe tecKQRlRJieV ZitK 
QeZl\ develRSed materialV tKat EecRme 
availaEle tR uV� $t tKe Vame time, Ze 
NeeS imSrRviQJ tKe SrRductiRQ SrRceVV 
tR iQcreaVe cRQViVteQc\ aQd eIIicac\� :e 
Qever ceaVe tR reVearcK aQd IiQd QeZ 
Za\V tR imSrRve tKe VRuQd reSrRduc-
tiRQ� it¶V a Qever-eQdiQJ MRurQe\�

SHANNON: Tell us about Morel’s 
very first product. How did it come 
about and is it still being sold 
today?

http://www.morelhifi.com
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MEIR: 7Ke IirVt 0Rrel-EraQded SrRduct 
, made ZaV a �´ mid-EaVV driver, ZKicK 
emSlR\ed a 3´ cRil ZitK a SaSer cRm-
SRVite cRQe aQd a ViQJle Ierrite maJQet 
mRtRr V\Vtem� /ater RQ tKe develRSmeQt
RI tKe dRuEle-maJQet V\Vtem reSlaced 
tKe ViQJle-maJQet V\Vtem, immeQVel\ 
imSrRviQJ tKe SrRduct SerIRrmaQce� 7Ke 
earlier verViRQ RI tKe �´ driver Eecame 
tKe IRuQdatiRQ IRr Veveral SrRductV tKat 
emSlR\ VRme RI tKe RriJiQal attriEuteV RI 
tKe deViJQ tR tKiV da\�

SHANNON: Morel has been in busi-
ness for 38 years. To what do you 
attribute your success?

MEIR: ,t caQ Ee attriEuted tR maQ\ 
deciViRQV made Rver tKe cRurVe RI 
3� \earV, Eut mRVt imSRrtaQtl\ tKe 
cRre valueV , meQtiRQed earlier, tKat , 
adRSted earl\ RQ, aQd tKe SeRSle ZKR 
maNe uS tKiV cRmSaQ\, are at tKe Keart 
RI Rur VucceVV�

, Kave alZa\V iQViVted RQ tRtal deViJQ 
aQd maQuIacturiQJ cRQtrRl� ,t eQaEled 
uV tR Kave tKe Ile[iEilit\ iQ VSeaNer 
deViJQ aQd tKe aEilit\ tR react TuicNl\ 
ZKeQ Qeeded� 7ime aQd time aJaiQ it 
KaV SrRveQ tR Ee tKe EeVt deciViRQ , 
Kave ever made�

2ur IRcuV RQ iQQRvatiRQ aQd e[SlRr-
iQJ QeZ Za\V tR deViJQ VSeaNerV KaV 
alZa\V driveQ uV tR QeZ levelV� 7KiV 
aSSrRacK KaV Sut uV at tKe IRreIrRQt 
ZitK tKe EeVt VSeaNer maQuIacturerV 
aQd alVR diIIereQtiated uV IrRm tKe 
cRmSetitiRQ�

$ lRt RI tKe credit IRr tKat KaV tR JR 
tR tKe maQ\ SeRSle at 0Rrel� :itK-
Rut ever\RQe Kere Ze ZRuld QRt Kave 
acKieved VucK a KiJK deJree RI Vuc-
ceVV tRda\� , cRuld QRt Kave dRQe all 
RI tKiV E\ m\VelI� , Kave EeeQ EleVVed 
tR meet aQd ZRrN ZitK VRme RI tKe 
mRVt ama]iQJ, Kard-ZRrNiQJ iQdividu-
alV tKrRuJKRut m\ liIe� 2ur SrRductiRQ 
ZRrNerV, deViJQerV, eQJiQeerV, ValeV-
SeRSle, maQaJerV, aQd Rur JlREal EuVi-
QeVV SartQerV aErRad are SaVViRQatel\ 
ZRrNiQJ tR SrRmRte Rur cRmSaQ\� 

SHANNON: As Morel’s founder and 
principal designer for many years, 
what has been your best experience?

MEIR: 7Ke MR\ RI deViJQiQJ a SrRd-
uct, maQuIacturiQJ it, aQd IRllRZiQJ itV 
acceStaQce iQ tKe marNetSlace iV VRme-
tKiQJ ver\ VSecial tR me� 7Ke tKrill aQd 
e[citemeQt RI VeeiQJ RtKer SeRSle eQMR\ 
Rur creatiRQ aQd deViJQ iV a IeeliQJ tKat 

$ JlimSVe iQtR a VRRQ-tR-Ee releaVed driver� 0eir 0RrdecKai meticulRuVl\ iQVSectV KiV lateVt 
develRSmeQt²a titaQium-EaVed VuEZRRIer �ZKicK iV a QeZ additiRQ tR tKe 7i driver VerieV� 
duriQJ itV cRQe-aVVemEl\ SrRceVV� �3KRtR cRurteV\ RI 0Rrel�

mailto:solen@solen.ca
http://www.solen.ca
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MEIR: :e are alZa\V ZRrNiQJ RQ variRuV 
SrRMectV� 7Kere iV Qever a dull mRmeQt iQ 
Rur 5eVearcK aQd 'evelRSmeQt deSart-
meQt� 6iQce 0Rrel caterV tR tKe KRme 
audiR, car audiR, aQd raZ driverV marNet 
VeJmeQtV, it VeemV Ze alZa\V Kave QeZ 
SrRductV tR releaVe� 

2ur mRVt receQt iQQRvatiRQ IRr tKe 
',<�2(0 VeJmeQt iV tKe 7i VerieV, 
ZKicK emSlR\V titaQium aV a EREEiQ 

revitali]eV me ZitK tKe eQerJ\ aQd drive 
tR ZRrN RQ tKe Qe[t SrRMect� 

SHANNON: Your son, Oren Mordechai, 
is now responsible for Morel’s unique 
design. How did that come about? 
Did you encourage his interest in 
audio?

MEIR: 2reQ JreZ uS Sracticall\ iQ tKe 
IactRr\, EecauVe tKat iV ZKere , VSeQt 
mRVt RI m\ time� )rRm a ver\ earl\ 
aJe, Ke lRved tR Ee RQ tKe SrRductiRQ 
IlRRr aQd tr\ ever\tKiQJ� , ZRuld QRt 
Va\ , eQcRuraJed KiV iQtereVt²Ke MuVt 
lRveV it aV mucK aV , dR� , am lucN\ 
tR Va\ tKat tRda\ Ke iV dRiQJ e[celleQt 
ZRrN develRSiQJ QeZ SrRductV, veQ-
turiQJ iQtR QeZ materialV aQd iQQRva-
tive deViJQV tKat Kave received iQduV-
tr\ recRJQitiRQ aQd maQ\ SreVtiJiRuV 
aZardV ZRrldZide� 7Kere iV QR EiJJer 
VatiVIactiRQ IRr a IatKer tKaQ tR Vee KiV 
VRQ IRllRZiQJ RQe¶V lead aQd cRQtiQuiQJ 
tKe traditiRQ�

SHANNON: Are you working on or 
planning any new audio innovations?

�IRrmer� IRr Rur RverVi]ed cRilV� 7Ke 
QeZ 7itaQium VerieV SreVeQtV ver\ VSe-
cial VRuQd cKaracteriVticV aQd Saram-
eterV tKat eQaEle VSeaNer deViJQerV tR 
acKieve Eetter reVRlutiRQ aQd d\Qam-
icV iQ Vmaller eQclRVureV� :e are alVR 
develRSiQJ QeZ maJQetic V\VtemV aQd 
cKaVViV VtructureV tKat Zill Ee imSle-
meQted iQ Iuture SrRductV tR Ee re-
leaVed later tKiV \ear� 

,Q-KRuVe vRice cRil ZiQdiQJ KaV EeeQ a IuQdameQtal elemeQt IRr 0Rrel� +ere, a 0Rrel emSlR\ee 
ZiQdV alumiQum Zire RQ aQ alumiQum EREEiQ �IRrmer� tR maQuIacture a tZeeter vRice cRil� 
�3KRtR cRurteV\ RI 0Rrel�

Standard Height, Any Width & Length

Ma k e  Y o u r  C u s t o m  D e s i g n  E n c l o s u r e  O n l i n e !

Height
Width
Lenght
Qty
CAD Browse

Order Now

http://www.siliconray.com

DI Y
Furutech bulk cables & parts make the best 

sounding audio cables at realistic price 
points! Try some!

Alpha S-14 Single-crystal 
copper speaker cable

The Gear Shop at TheMusic.com
800 457 2577 x 22

http://www.themusic.com/gear

FP-201(R) pure OFC spade 
lugs w/Rhodium plating

http://www.siliconray.com
http://www.themusic.com/gear
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SHANNON: Your dream has been 
to create the perfect loudspeaker. 
What achievements have you made 
along the way and how close are 
you to fulfill your dream?

MEIR: 7Ke dream RI creatiQJ tKe Ser-
Iect lRudVSeaNer caQ RQl\ Ee a dream� 
2ver tKe \earV , Kave learQed tKat iQ 
tKe lRudVSeaNer Iield, ZKicK iV Sartl\ 
³VcieQce´ aQd Sartl\ ³art´ tKere iV QR 
VucK tKiQJ aV ³SerIect�́  0\ amEitiRQ iV 
tR create a VSeaNer tKat aSSealV tR tKe 
larJeVt audieQce SRVViEle, ZKile reSrR-
duciQJ muVic iQ itV mRVt Qatural aQd 
autKeQtic IRrm, Iree RI aQ\ diVtRrtiRQ�

2Ql\ tKRVe ZKR Kave e[SerieQced 
VSeaNer EuildiQJ caQ uQderVtaQd tKe 
REVtacleV aQd cRmSrRmiVeV tKat Kave tR 
Ee made iQ Rrder tR acKieve tKiV REMec-
tive� (veQ ZitK 3� \earV RI NQRZ-KRZ 
aQd a Iull\ caSaEle maQuIacturiQJ Iacil-
it\, Ze Vtill VtruJJle tR RvercRme tKe 
SK\Vical ERuQdarieV aQd acRuVtic cKal-
leQJeV tR acKieve tKe VRuQd Ze ZaQt� 

SHANNON: What do you see as some 
of the greatest audio innovations of 
your time?

MEIR: 7Kere Zere maQ\, Eut tKe RQe 
tKat traQVIRrmed tKe iQduVtr\ iV tKe 
traQVitiRQ IrRm aQalRJ tR diJital� , Qever 
liNed tKe IRrmat RI a muVic recRrd, aV it 
iV EulN\ aQd KiJKl\ vulQeraEle tR EeiQJ 
damaJed� $t tKe Vame time, tKiV IRr-
mat SrRduceV KiJK-Tualit\ VRuQd� $V , 
cKild, , alZa\V tKRuJKt tKiV IRrmat Kad 
tR cKaQJe� 7Ke VKiIt tR &'V tR cRmSle-
meQt, \Ru miJKt Va\, tKe viQ\l recRrd 
VuitV me� %ut it Veemed tR me a radical 

cKaQJe at tKe time�
:KetKer \Ru liNe it Rr QRt, QRERd\ 

caQ reIute tKe Iact tKat tKe diJital 
aJe KaV made muVic mRre acceVViEle 
tR SeRSle� %ecauVe RI tKe QeZ diJi-
tal IRrmatV, tKe iQterIace tKat SeRSle 
uVe tRda\ caQ Ee ver\ cRmmRQ, raQJ-
iQJ IrRm a KiJK-eQd &' Sla\er, diJital 
VtreamerV, Rr VmartSKRQeV, aQd VR 
IRrtK� 7Kat¶V remarNaEle�

SHANNON: Do you have any advice 
for audioXpress readers who want 
to build their own sound systems?

MEIR: <Ru dR QRt Qeed tR Kave a VSeaN-
er cRmSaQ\ Rr aQ eQJiQeeriQJ deJree tR 
deViJQ aQd Euild JRRd VSeaNerV� , EeJaQ 
aV a KREE\iVt liNe maQ\ iQ \Rur audi-
eQce SrREaEl\� 5eadiQJ, reVearcKiQJ, 
aQd e[SerimeQtiQJ ZitK diIIereQt cRm-
SRQeQtV aQd ideaV Zere tKe RQl\ Za\V , 
ZaV aEle tR learQ ZKat it taNeV tR Euild 
a JRRd VSeaNer� ,Q tRda\¶V diJital culture 
tKe amRuQt RI iQIRrmatiRQ availaEle iV 
almRVt iQIiQite� uVe it tR \Rur advaQtaJe�

.eeS \Rur deViJQV aV VimSle aV SRV-
ViEle� 6Rme Zill maNe \Ru Eelieve tKat 
a cRmSlicated crRVVRver iV a muVt IRr 
a JRRd VSeaNer tR SerIRrm Zell� , Kave 
alZa\V VSeQt mRVt RI tKe time develRS-
iQJ Tualit\ drive uQitV� 8ViQJ Tualit\ 
cRmSRQeQtV Zill miQimi]e tKe Qeed IRr 
cRrrective meaVureV ZKeQ \Ru Euild 
\Rur crRVVRverV aQd caEiQet� 

$V ZitK aQ\tKiQJ, Kave IuQ dRiQJ 
it� 3ut \Rur VRul aQd Keart iQtR it� , 
ZaV lucN\ eQRuJK tR Ee aEle tR traQV-
IRrm m\ SaVViRQ IRr muVic aQd EuildiQJ 
VSeaNerV iQtR a VucceVVIul EuViQeVV� ,t 
ma\ KaSSeQ tR \Ru� aX

$ tra\ RI VRIt dRme tZeeterV ZRrNV itV Za\ tKrRuJK tKe maQuIacturiQJ liQe at 0Rrel¶V IactRr\ 
iQ ,Vrael� �3KRtR cRurteV\ RI 0Rrel�

NOW 4Hz to 25+kHz
<16dBA >135dBSPL 
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Phantom Powered

Measurement Mic System

www.acopacific.com
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, remRved tKe ZRRdZRrN aQd tKe 
clRtK cRverV� , Slaced tKe SaQelV RQ tRS 
RI tKe VaZKRrVeV aQd, uQder tKe liJKtV, 
tKe SrRElemV Eecame REviRuV� 0aJQetic 
SlaQar lRudVSeaNerV are eVVeQtiall\ cRQ-
veQtiRQal maJQetic driverV ZKRVe mRtRr 
iV uQZRuQd aQd VSread acrRVV tKe Vur-
Iace RI a Iilm diaSKraJm iQ KRSeV RI 
driviQJ tKe VurIace eveQl\� 6RmetimeV 
tKe\¶re Vaid tR Ee ³Iull-raQJe�́  6Rme-
timeV tKe\ VuEmit tR realit\ aQd Kave 
VeSarate EaVV aQd treEle VectiRQV� 

7Kat¶V ZKat :iQe\ did ZitK tKeVe 
0aJJieV, cRQVidered KiV dRZQ-marNet 
lRudVSeaNerV� $ ViQJle VKeet RI teQ-
ViRQed SRl\eVter �, aVVume�, aERut �0´ 
î 56 ,́ iV mRuQted RQ a ��´ î �0´ EaIIle� 
7Ke maJQetV are arra\ed RQ a SerIR-
rated Vteel Slate RQ tKe IrRQtVide �tR let 
tKe VRuQd Rut�� 7Ke EacNVide iV RSeQ, QR 
ER[ �Vee Photo 2 aQd Figure 1��

7Ke ZRRIer VectiRQ iV �´ Zide, ZitK 
�3 lRRSV RI 1R� �� cRSSer Zire Jlued 

By Tom Yeago

Maggies Reclaimed

,¶ve learQed a lRt aERut VtereR 
Jear IrRm ERRNV �NudRV tR 9aQce 
'icNaVRQ¶V RSuV, Loudspeaker 
Design Cookbook, aQd The ARRL 

Handbook, eVSeciall\�� %ut mRVtl\ ,¶m a 
diVciSle RI <RJi %erra, ZKR VaJel\ QRted 
tKat ³<Ru caQ REVerve a lRt E\ lRRNiQJ�́

, am aQ iQveterate ³let¶V lRRN uQder 
tKe KRRd´ NiQd RI Ju\� ,¶ve diVVected 
lRudVSeaNerV IrRm $cRuVtic 5eVearcK 
�IRrmerl\ $5, QRZ Sart RI 92;; ,Q-
terQatiRQal�, ./+ $udiR 6\VtemV, .(), 
%RZerV 	 :ilNiQV, aQd mRVt RI tKe reVt 
RI tKe alSKaEet VRuS tKat iV Rr ZaV tKe 
VtereR iQduVtr\� %erra ZaV riJKt� 0ucK 
RI ZKat ,¶ve learQed came IrRm taNiQJ 
VRmetKiQJ aSart aQd ZRQderiQJ ZK\ it 
ZaV cRQVtructed tKiV Za\ Rr tKat Za\�

, diJreVV� 7Ke 0aJQeSlaQar 0*-,,$V 
�i�e�, tKe 0aJJieV, Verial 1R� ��0�5�� 
drRSSed iQtR m\ laS IrRm Rut RI tKe 
Elue �Vee Photo 1�� 7Ke 0aJQeSlaQar 
EraQd Qame ZaV tKe VSeaNer deViJQ RI 
0aJQeSaQ, a Srivate, KiJK-eQd audiR 
lRudVSeaNer maQuIacturer iQ :Kite %ear 
/aNe, 01� -im :iQe\, 0aJQeSaQ¶V eQ-
JiQeer, cRQceived aQd imSlemeQted tKe 
cRmSaQ\¶V lRudVSeaNer tecKQRlRJ\ iQ 
��6��

, RQl\ receQtl\ received m\ 0aJJieV 
IrRm aQ acTuaiQtaQce� 7Ke maQ ZaV 
a 0etKRdiVt miQiVter ZKRVe ZiIe Kad 
tired RI VcKleSSiQJ tKem IrRm SariVK 
tR SariVK� 7Ke treEle VectiRQV Zere 
ErRNeQ, tKe\ Zere Keav\ aQd tKe\ 
tRRN uS VSace� , tKRuJKt , miJKt Kave 
VRme uVe IRr tKem, VRme da\, VR tKe\ 
Eecame miQe� 

, Kad RtKer irRQV iQ tKe Iire, Eut 
eveQtuall\ , JRt arRuQd tR tKe 0aJJieV 
aQd ZaV SleaVed, RQ tKe ZKRle, ZitK 
ZKat , IRuQd� 7Ke RriJiQal SacNaJiQJ 
Kad EeeQ retaiQed� 2tKer tKaQ a Vlit iQ 
tKe Jrille clRtK RQ tKe EacNVide RI RQe, 
tKe\ Zere iQ IiQe VKaSe, cRVmeticall\�

dRZQ ZitK ZKat lRRNV liNe cRQtact ce-
meQt� ,t cRverV aSSrR[imatel\ �50 iQ�,
uVeV aERut ��0 J RI cRSSer, aQd KaV 
a '& reViVtaQce MuVt VK\ RI 6 Ω� 2tKer 
tKaQ a IeZ VSRtV ZKere tKe Jlue lRRNed 
TueVtiRQaEle, it ZaV MuVt IiQe�

7Kat ZaV QRt true RI tKe treEle Vec-
tiRQV� (acK diaSKraJm¶V edJe Kad tKree 
lRRSV RI Zire aERut �5´ lRQJ, ZKicK 
tRRN uS aSSrR[imatel\ ��5´ at tKe 
edJe RI tKe �0´ î 5�´ SaQel� 7KiV Zire 
ZaV QRt cRSSer, Eut alumiQum� ,t Kad 
turQed tR R[ide, a reVult RI \earV at 
9irJiQia %eacK VeaVide� ,t ZaVQ¶t Zire, 
it ZaV duVt� $Qd 0aJQeSaQ ZRuld Ii[ it 
IRr me IRr aSSrR[imatel\ �600 tR ��00, 
returQ VKiSSiQJ iQcluded� �7Ke\ alVR Vell 
a �50 Nit�� 7Ke\¶re reall\ Qice IRlNV at 
0aJQeSaQ� 7Ke cRmSaQ\ KaV a tRll Iree 
QumEer ��00-���-�6�6�, aQd it Vtill 
VuSSRrt all itV ���0V-era Jear� %ut m\ 
curiRVit\ Kad EeeQ SiTued, VR , RSted tR 
Ii[ it m\VelI�

REPAIRING THE MAGGIES
, NQeZ , ZRuld Kave tR la\ dRZQ 

VRme Zire lRRSV tR eVtaEliVK a tre-
Ele VectiRQ, Eut ZKat tKicNQeVV Zire, 
VSeciIicall\" $lumiQum ZaV Rut RI tKe 
TueVtiRQ VR , EeJaQ revieZiQJ m\ cRS-
Ser RStiRQV�

$ lRRN at tKe crRVVRver VKRZed tKe 
treEle VectiRQ, liNe tKe EaVV, ZaV a 6-Ω 
lRad� 7KiV iQdicated tKe VtRcN Zire �aS-
SrR[imatel\ ��0´ tRtal� ZaV SrREaEl\ 
aERut � milV iQ diameter ZitK a 6-Ω 
'& reViVtaQce� 7Ke VtRcN Zire ZeiJKed 
aERut 0�6 J� $VVRciated maVVeV iQclude 
tKe SRl\eVter Iilm aQd tKe eVtimated 
air lRad, ZKicK ErRuJKt tKe eVtimated 
mRviQJ maVV tR 6�5 J�

$Iter revieZiQJ tKe SrRElem, , Vet-
tled RQ 1R� 36 $:* eQameled cRSSer 
Zire, ZKicK iV, iQ tKe VSRRl , Kave, 
aERut 0��� Ω Ser IRRt� 7KRVe RI \Ru 

3KRtR �� 7Ke reclaimed 0aJQeSlaQar 0*-,,$V 
�0aJJieV� cRQtaiQ ���0V VtaQdard-iVVue cRV-
meticV� 7Ke 0aJJieV¶ iQQardV are VRmetKiQJ 
altRJetKer diIIereQt� 1Rte tKeir reVemElaQce 
tR diviQJ ERardV�

5eEuild a 0aJQeSlaQar 0*-,,$ �0aJJie� /RudVSeaNer
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dRiQJ tKe matK Zill �riJKtl\� calculate 
��0´ RI tKiV Zire at almRVt �0 Ω�

7R VRlve m\ SrRElem, , raQ tZiQ ruQV 
RI 1R� 36 $:* Zire, at 0��� Ω Ser 
IRRt, aQd , Jlued dRZQ IRur lRRSV �QRt 
tKree� E\ dRuEliQJ uS RQ tKe ceQter 
lRRS� 7Kat tRtalV VliJKtl\ mRre tKaQ 
360´ aQd aERut 6�� Ω� 3erIect�

:ell, almRVt SerIect� &RSSer Zire iV 
Keavier tKaQ alumiQum, aQd tKe diIIer-
eQce iQ maVV iV aERut ��5 J �i�e�, � J 
vV� 0�6 J�� $ddiQJ iQ tKe RtKer mRviQJ 
EitV, tKe QeZ tZeeterV cRme tR � J vV� 

6�5 J� 7Kat traQVlateV tR a �-d% deIicit 
iQ RutSut, all tKiQJV EeiQJ eTual�

%ut tKe\¶re QRt eTual� 1RZ tKere are 
IRur lRRSV iQVtead RI tKree, ZKicK iQ-
creaVeV tKe IRrce E\ a tKird, JiviQJ tKe 
cRSSer-Zired uQit mRre RutSut aQd EriQJ-
iQJ tKe reZired uQit ZitKiQ VSittiQJ diV-
taQce RI tKe VtRcN VSeaNerV� $Qd E\ VSit-
tiQJ diVtaQce, , meaQ ZitKiQ a IractiRQ RI 
a deciEel, ZKicK , tKiQN iV iQViJQiIicaQt 
JiveQ QRrmal maQuIacturiQJ variaQce�

6R, , Kad a SlaQ� %ut, , Qeeded tR 
decide KRZ tR e[ecute it�

LAYING DOWN TRACKS
*ettiQJ tKe Zire ZaV QR SrRElem� 

, Kave VSRRlV RI tKiQ Zire IrRm Vmall 
traQVIRrmerV, VteSSer mRtRrV, aQd VR 
IRrtK� 0ucK RI it iV cRQveQieQtl\ cRlRr-
d\ed� 6R , Kad tKe Zire� , VimSl\ Kad tR 
determiQe KRZ tR la\ it dRZQ�

)irVt, , Jave tKe SRl\eVter Iilm a 
JRRd VcruEEiQJ� , uVed cRttRQ VZaEV 
tR ZaVK it ZitK alcRKRl, tKeQ acetRQe� 
:KeQ tKe R[ide aQd tKe Jlue Zere 
mRVtl\ JRQe, , uVed tKe remaiQiQJ IaiQt 
trace aV a Juide IRr tKe QeZ Zire� 7KiV 
iV ViJQiIicaQt, EecauVe tKe Zire VKRuld 
Ee SRVitiRQed e[actl\ EetZeeQ tKe 
maJQet IaceV RQ tKe RtKer Vide RI tKe 
diaSKraJm IRr ma[imum eIIicieQc\ �Vee 
Figure 1��

7KeQ, , laid dRZQ tKe lRRSV, �5´ 
Ser lRRS, iQ VeTueQce� 8ViQJ a lRt RI 
liJKt aQd a Sair RI iQe[SeQVive readiQJ 
JlaVVeV IRr maJQiIicatiRQ, , Jlued dRZQ 
tKe cRSSer, aERut 6´ at a time�

, Sut tKe Zire iQ Slace aQd Keld it 
ZitK a little Siece RI SaiQterV¶ taSe 
ever\ 0�5´ Rr VR, NeeSiQJ tKe tZiQ 
ZireV Sarallel aQd Ilat� , uVed c\aQR-
acr\lic �i�e�, ³VuSer´ Jlue� EecauVe 
it¶V cKeaS, cureV TuicNl\, aQd iV tKiQ 

eQRuJK tR VSread EetZeeQ Zire aQd 
Iilm ZitK caSillar\ actiRQ� +RZever, , 
didQ¶t aSSl\ it directl\ IrRm tKe tuEe� , 
Sut a drRS RQ a Siece RI maVNiQJ taSe 
tKat , Kad Slaced RII tR tKe Vide aQd 
uVed a VKarSeQed EamERR cKRSVticN 
tR traQVIer tKe Jlue tR tKe ZRrN Siece� 
$Iter tKe Jlue Vet, , liIted RII tKe Vmall 
SieceV RI SaiQterV¶ taSe RQe Siece at a 
time aQd Jlued eacK VectiRQ�

7R recaS� )irVt, , laid dRZQ tKe Zire 
aQd Keld it iQ Slace ZitK tiQ\ EitV RI 
taSe� 7KeQ , Jlued tKe VectiRQV Ee-
tZeeQ tKe taSe, careIull\ aSSl\iQJ Vmall 
amRuQtV RI adKeVive tR SreveQt it IrRm 
IlRZiQJ uQder tKe taSe� $Iter it Kard-
eQed, , remRved tKe taSe, aSSlied Jlue  
ZKere tKe taSe Kad EeeQ, aQd mRved 
RQ tR tKe Qe[t 6´ VectiRQ�

7ediRuV" 6ure� 7ime-cRQVumiQJ" <Ru 
EetcKa� 0addeQiQJ" <eV, iI \Ru¶re QRt 
careIul� %ut it ZRrNed� 

TECHNICAL BITS
, ZaQt tR revieZ tKe reZired uQit¶V 

RutSut vV� tKe VtRcN VSeaNer¶V RutSut� 
7Ke mRviQJ maVV iV � J �m\ mRdi-
Iied verViRQ� vV� 6�5 J �VtRcN verViRQ�� 
7Ke '& reViVtaQce iV 6�� Ω �mRdiIied� 
vV� 6-Ω aVVumed �VtRcN�� 7Ke IRrce 
IactRr �%l� iV IRur lRRSV �mRdiIied� vV� 
tKree lRRSV �VtRcN�� ,I \Ru dR tKe mul-
tiSlicatiRQ, \Ru IiQd tKe reZired uQit¶V 
VRuQd SreVVure Zill Ee aERut �5� RI 
tKe VtRcN uQit¶V VRuQd SreVVure, ZKicK 
iV ZitKiQ KalI a deciEel� , caQ live ZitK 
tKat� 2tKer detailV RI tKe mRdiIicatiRQ 
are ZRrtK diVcuVViQJ aV tKeRretical, Eut 
tKe\ are SrREaEl\ QRt ViJQiIicaQt�

8ViQJ tZiQ ruQV RI tKiQQer Zire ma\ 
SrRvide a tiQ\ imSrRvemeQt, EecauVe 
it leadV tR a Iield arRuQd tKe tZR ZireV 
tKat iV Ilatter aQd VTuaVKed dRZQ, aV 
RSSRVed tR tKe maJQetic Iield \Ru¶d 
IiQd arRuQd a ViQJle rRuQd Zire� , ma\ 
VSeculate tKat tKiV IitV iQtR tKe maJQetic 
Iield IrRm tKe maJQetV VliJKtl\ Eetter, 
\ieldiQJ marJiQall\ lRZer diVtRrtiRQ� 7Ke 
tZiQ ZireV alVR Kave mRre VurIace area 
aQd Zill Jlue dRZQ mRre Vecurel\ tKaQ 
a ViQJle rRuQd Zire�

7KeQ tKere¶V tKat IRurtK lRRS, dRu-
Eled uS Rver tKe middle RI tKe tKree 
VtRcN lRRSV� 7KiV cRuld cRQceivaEl\ 
lead tR a VliJKt deIRrmatiRQ RI tKe 
treEle VectiRQ �i�e�, a Eit RI EulJe iQ 
tKe ceQter� tKat cRuld imSrRve lateral 

3KRtR �� 7Ke 0aJJie¶V EacNVide iV VKRZQ 
ZitKRut tKe REVcuriQJ Jrille� $ VtretcKed 
�0´ î 56´ SRl\eVter diaSKraJm RQ a ��´ î 
�0´ EaIIle iV viViEle� 7Ke ZRRIer VectiRQ iV 
�´ î 56´ �QRte tKe Keav\ Zire�� 7Ke treEle 
VectiRQ iV ��5´ î �5´� 7Ke maJQet Vtructure 
iV RQ tKe IrRQtVide, aQd QRt viViEle Kere� 
0aJJieV are iQKereQtl\ ³ViQJle-eQded�´

Perforated steel front plate

Magnets

Stock: Al wire,
single loop

Modified: Cu wire, twin leads,
central section has double loops

0.25" Diaphragm

N S N S N S N

)iJure �� 7KiV iV a VectiRQ tKrRuJK tKe treEle reJiRQV RI tKe revived vV� VtRcN 0aJJieV� 1Rte 
tKe QRQ-V\mmetric maJQetic circuit� $ VecRQd maJQetic Vtructure RQ tKe EacNVide ZRuld Ee 
Qice Eut, uQder tKe circumVtaQceV, iV KuJel\ imSractical� %uildiQJ a Vtructure tR NeeS tZR 
maJQetic arra\V iQ SrR[imit\ ZRuld Ee e[tremel\ cKalleQJiQJ, QRt tR meQtiRQ Keav\ aQd 
e[SeQVive� ,I \Ru¶ve ever taNeQ aSart RQe RI ,QIiQit\¶V (0,7 uQitV, \Ru uQderVtaQd�

http://www.audioXpress.com
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diVSerViRQ� 0a\Ee� ,t cRuld KaSSeQ�
2tKer meaVuremeQtV relate tR tKe 

0aJJieV¶ RriJiQal deViJQ� ,t iV QRtKiQJ , 
caQ taNe credit IRr� 7Ke crRVVRver �;2� 

SreVVure� ,t maNeV SerIect VeQVe�
$ curiRuV tKiQJ aERut tKeVe uQitV iV 

tKat tKe EaVV aQd treEle VectiRQV VKare 
a ViQJle, cRQtiJuRuV memEraQe� 7Ke\ 
caQQRt act iQdeSeQdeQtl\� 6R ZKile tKe 
diIIereQce iQ tKe crRVVRver reJiRQ Zill 
Ee �0�, tKat diIIereQce Zill Ee reVRlved 
RQ tKe diaSKraJm itVelI, QRt iQ tKe at-
mRVSKere iQ IrRQt RI tKe lRudVSeaNer�

2ccaViRQall\, , read RI liVteQerV ZKR 
QRte tKe\ Kave tR Vit a JRRd diVtaQce 
IrRm a lRudVSeaNer EeIRre it VRuQdV Qat-
ural �i�e�, EeIRre tKe variRuV driverV meld 
Rr cRKere�� 7Kere ma\ Ee VRmetKiQJ 
tR tKiV, iI tKe 0aJJieV¶ reSutatiRQ IRr a 
³VeamleVV´ VRuQd Tualit\ ariVeV IrRm 
tKiV SK\Vical Rddit\� 2r ma\Ee QRt, Ee-
cauVe VuEVeTueQt maJQeSlaQarV, alVR 
deVcriEed aV VeamleVV, Kave VectiRQV 
tKat dRQ¶t VKare a cRmmRQ memEraQe�

7Ke lRudVSeaNer�amSliIier iQterIaceV 
are ZRQderIul, QRQreactive 6-Ω lRadV� 
$ Sair Ser Vide Zired iQ VerieV ZRuld 
Ee a terriIic lRad IRr a tuEe amSliIi-
er RQ tKe �-Ω taS� , didQ¶t IiQd tKem 
QRticeaEl\ SRZer-KuQJr\� , uVed aQ 
uQremarNaEle Eut deceQt 50-: VRlid-
Vtate amSliIier aQd it VeldRm reJiVtered 

iV te[tERRN %utterZRrtK tKird-Rrder, 
VR itV 4 iV aSSrR[imatel\ 0��� aQd iV 
dRZQ 3 d% at reVRQaQce� 7Ke imSed-
aQce curve VuJJeVtV tKat tKe lRZ-SaVV 

aQd KiJK-SaVV VectiRQV are 
VliJKtl\ RverlaSSed �Vee 
Figure 2, Figure 3, aQd
Photo 3��

%ecauVe tKe lRad iV a vir-
tuall\ SerIect, QRQreactive 
6-Ω reViVtaQce, \Ru caQ lRRN 
at tKe SKaVe reVSRQVe RI tKe 
VectiRQV aQd Vee KRZ tKe\ 
Zill Ee at a �0� diIIereQce 
tKrRuJKRut tKeir raQJe� 7Ke 
tZR VectiRQV¶ RutSut Zill add 
SRZer aV RSSRVed tR VimSle 

25 Hz 50 Hz 100 Hz 200 Hz 400 Hz 800 Hz 1.6 kHz 3.2 kHz 6.4 kHz 12.8 kHz 25.6 kHz

8 °

6.3 °

5 °

4 °

3.2 °

)iJure 3� ,mSedaQce RI tKe mRdiIied 0aJJieV revealV tKat RtKer tKaQ tKe 0�5-Ω EliS at 
5� +] iQdicatiQJ SaQel reVRQaQce aQd a diS tR 3�� Ω at 3�� N+], Ze¶re lRRNiQJ at aV QRQ-
reactive a lRudVSeaNer aV Ze¶re liNel\ tR IiQd� , raQ a curve IRr tKe tZeeter, QRt VKRZQ, aQd 
tKe\¶re a VRlid 6�� Ω, riViQJ tR 6�� Ω at �5 N+]�

10 µF 30 µF

0.36 mH

Treble

DCR = 6.8 °50 °
TP

1.5 A

0.71 mH

17 µF

0.24 mH

Red

−

Banana
  jacks

Black Bass

DCR = 5.6 °

+

+

+

)iJure �� 7Ke mRdiIied 0aJJie¶V VcKematic VKRZV 
ever\tKiQJ iV VtRcN e[ceSt tKe 50-Ω VKuQt acrRVV tKe 
tZeeter VectiRQ� ,t EriQJV tKe reEuilt 0aJJieV¶ 6�� Ω 
EacN dRZQ tR tKe deViJQed 6 Ω�

3KRtR 3� $ clRVe-uS vieZ RI tKe crRVVRver iV VKRZQ� 7KeVe uQitV Zere Euilt tR a KiJK
VtaQdard� 1Rte all tKe Iilm caSV aQd tKe air cRre� 2tKer tKaQ tKe alumiQum Zire iQ tKe 
treEle VectiRQ, QRt mucK caQ JR ZrRQJ�

mailto:info@audience-av.com
http://audience-av.com
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Ee\RQd tKe 5-: raQJe iQ a �0¶ î 33¶ 
livel\ rRRm�

7Ke\ are diSRleV, VR \Ru caQ alVR 
SerIRrm tKe SarlRr tricN RI ZalNiQJ 
arRuQd tKe Vide iQtR tKe caQcellatiRQ 
Qull� $ma]e \Rur IrieQdV� %ut tKe EaVV 
QeedV rRllRII EecauVe tKe ZaveleQJtKV 
EecRme larJe cRmSared tR tKe EaIIle 
ZidtK� 3luV tKe SaQel reVRQaQce aS-
SearV tR Ee aSSrR[imatel\ 5� +]� 

, IRuQd \Ru caQ VtretcK tKiQJV a Eit 
E\ VitiQJ tKe SaQelV aERut 5�5¶ Rut IrRm 
tKe IrRQt Zall� 7KiV meaQV at 50 +], tKe 
SaQel¶V Rut-RI-SKaVe EacN Zave ERuQceV 
EacN tR emerJe iQ-SKaVe ZitK tKe Zave 
RII tKe SaQel¶V IrRQt� ,t¶V a JimmicN, Eut 
it¶V Eetter tKaQ QRtKiQJ�

5eaderV Zill QRte tKe ��5-$ IuVe IRr 
tKe treEle VectiRQ� 2ZiQJ tR cRSSer¶V 
KiJKer maVV, KiJKer meltiQJ temSera-
ture, aQd additiRQal VurIace area RI tKe 
tZiQ Zire ruQV, , IiJure tKe mRdiIied tre-
Ele VectiRQ caQ VaIel\ KaQdle aERut tZice 
tKe SRZer RI tKe VtRcN mRdel� 6R NeeS-
iQJ tKe ��5-$ IuVe iV mRre tKaQ SrudeQt�

7Ke crRVVRver IrRm tKe �´ Zide 
EaVV VectiRQ tR tKe treEle iV � N+], 
ZKere tKe ZaveleQJtK iV aERut 6��´ 
aQd ver\ VeQViEle� 7Ke deViJQ maNeV 

VeQVe diVSerViRQ-ZiVe aQd SRZer-ZiVe�

COSMETICS
7Ke RaN IramiQJ iV VtaiQed darN 

eQRuJK tR reVemEle ZalQut� 7Ke RSeQ-
Zeave Jrille clRtK iV EeiJe Rr RII-ZKite, 
ZitK mRre te[ture tKaQ tKe liQeQ-lRRN 
tKat ZaV iQ vRJue� , liNe itV uQderVtated 
lRRN�

, Jave tKe RaN a IeZ liJKt cRatV RI 
ruE-RQ SRl\uretKaQe tR VSruce uS tKe 
IiQiVK� , alVR eQVured tKe KRleV IRr tKe 
ZRRdVcreZV Zere Vtill VQuJ� 7Ke EaVeV 
Zere SaiQted Ilat ElacN aQd a Eit dam-
aJed, VR , VSacNled aQd VtreaNed Vev-
eral diIIereQt SaiQt cRlRrV IRr a IaNe-
JraQite IiQiVK tKat¶V IiQe iI \Ru dRQ¶t 
lRRN tRR clRVel\�

, alVR Jave tKe QRrmall\ RSeQ EacNV 
a mRte RI SrRtectiRQ E\ iQVtalliQJ a 
la\er RI ZiQdRZ VcreeQ, Keld E\ EiJ 
³VSliQeV´ RI SRl\Vt\reQe IRrm ElRcNV� ,t 
ZaV QRt SerIect, Eut it SrRvided VRme 
SrRtectiRQ iI tKe\ VKRuld VRmeda\ tiS 
Rver EacNZard�

7Ke SrRMect¶V mRVt IruVtratiQJ aV-
Sect ZaV tKe QarrRZ RaN trim VtriSV 
dRZQ tKe IrRQt RI tKe VSeaNerV� 7Ke\¶re 
VtaSled iQtR Kard SlaVtic SadV Jlued tR 

tKe IrRQt RI tKe EaIIle� 7Ke RQl\ remaiQ-
iQJ MRE ZaV tR tediRuVl\ ZRrN tKe VtaSle 
SrRQJV tKrRuJK tKe Jrille clRtK EacN 
iQtR tKeir RriJiQal KRleV� :Kat a SaiQ�

IN USE
0RderQ 0aJJieV are lRZ-imSedaQce, 

curreQt-VucNiQJ mRQRlitKV� $t 6 Ω, 
tKeVe uQitV are Tuite tractaEle� , liNe 
tKem a lRt, Eut , miVV tKe lRZ-eQd Ire-
TueQcieV RI a JRRd, clRVed-ER[ uQit� , 
VKRuld meQtiRQ 4uad (6/V are m\ all-
time IavRriteV�

, lRaQed tKe 0aJJieV tR a IrieQd ZKR 
Kad QR e[SerieQce ZitK SlaQar lRud-
VSeaNerV� $V Ke¶V Kad little e[SerieQce 
ZitK aQ\tKiQJ RtKer tKaQ veQted ER[eV, 
tKe 0aJJieV Zere VRmetKiQJ eQtirel\ 
diIIereQt� ,Q Iact, Ke iV uQIamiliar ZitK 
turQtaEleV, QRt tR meQtiRQ clRVed-ER[ 
deViJQV� +e reall\ liNed tKe 0aJJieV, 
Eut aIter Vi[ mRQtKV Rr VR it ZaV time 
IRr Kim tR returQ tKem� , VuVSect RQe 
da\ VRRQ tKe 0aJJieV Zill IiQd tKeir 
QicKe aV VRuQd reiQIRrcemeQt ��� iQ a 
Vmall veQue QearE\� 7Ke\ caQ KaQdle 
tKe SRZer aQd tKe Vide QullV RI a diSRle 
are a Qatural Iit IRr tKiV MRE� ,¶ll NeeS 
\Ru SRVted� aX
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driverV Zere Vtill a IeZ decadeV aZa\� 
7R addreVV tKe VtereR ³KRle´ cRmSlaiQtV, 
cRQVRle maQuIacturerV �e�J�, 0aJQavR[, 
$dmiral, =eQitK� added a ³tKird-cKaQQel´ 
VSeaNer, t\Sicall\ a  �´ Rr 6´ î �´ Rval 
VSeaNer Slaced iQ tKe caEiQet¶V ceQter� 
7Ke cRmSRQeQt maQuIacturerV �e�J�, 
)iVKer, +� +� 6cRtt, aQd '\QacR� alVR 
added tKird-cKaQQel VSeaNer termiQalV 
tR tKeir KiJK-eQd amSliIierV� 

%ell /aERratRrieV IirVt uVed tKe ceQter-
VtereR cKaQQel iQ itV VtereR e[SerimeQtV 
iQ ��3�� 7Ke late 3aul .liSVcK autKRred 
Veveral SaSerV RQ deriviQJ tKird-cKaQ-
Qel ViJQalV� 0aQ\ RtKer SrRIeVViRQal 

By Ken Bird

The Single-Tower Stereo

,received a QumEer RI cRmmeQtV 
IrRm SRteQtial EuilderV IRllRZiQJ 
m\ audioXpress article aERut tKe 
tZiQ &aVtleV �³&aVtle 7RZer 2mQi 

6SeaNerV,´ 6eStemEer �0���� 0RVt 
cRmmeQterV Vaid tKe\ IRuQd tKe SrRM-
ect iQtereVtiQJ Eut dauQtiQJ, due tR tKe 
cRmSlicated ZRRdZRrN� 6Rme ',<erV 
Zere cRQcerQed aERut tKe cRVt RI �6 
driverV� +RZever, tKRVe ZKR Keard tKe 
V\Vtem Zere imSreVVed ZitK itV RSeQ 
VRuQd Tualit\� , Jave VRme tKRuJKt 
tR tKeir cRmmeQtV aQd decided tKat a 
VimSler aSSrRacK ZaV Qeeded IRr au-
diRSKileV ZKR ZaQt aQ RmQi VtereR�

STEREO HISTORY LESSON
:KeQ VtereRV EurVt IRrtK iQ tKe late 

��50V, cRmmercial maVV marNet maQu-
IacturerV VtruJJled tR iQcRrSRrate tZR 
VRuQd cKaQQelV iQ a SacNaJe tKat ZaV 
iQe[SeQVive tR maNe, \et retaiQed tKe 
VtereR VRuQd SeRSle ZaQted� 0RVt RI 
tKe deViJQV iQvRlved cRIIiQ-Vi]ed cRQ-
VRle caEiQetV ZitK eQclRVed VSeaNerV RQ 
eacK eQd, VeSarated E\ KRuViQJ IRr tKe 
electrRQicV aQd recRrd cKaQJer� $udiR 
Tualit\ varied E\ maQuIacturer, ZitK 
mRVt RI tKe lRZ-eQd mRdelV cRQtaiQiQJ 
RQl\ ViQJle-eQded tuEe amSliIierV aQd 
���50 VSeaNerV� �, ZaV aQ eQJiQeer ZitK 
a larJe maQuIacturer at tKe time aQd Rur 
��´ ZRRIerV cRVt uV ���50 iQ �,000 Rr 
mRre TuaQtitieV�� 

1R matter tKe V\Vtem¶V iQitial cRVt, tKe 
VtereR eIIect iQ mRVt RI tKem ZaV SRRr� 
6Rme SeRSle cRmSlaiQed tKe\ Keard RQl\ 
RQe cKaQQel Rr tKe RtKer� $Qd eveQ iI \Ru 
did Jet tKe VtereR iQ a ³VZeet VSRt,́  tKere 
Veemed tR Ee a ³KRle´ iQ tKe ceQter� &Rm-
SlaiQtV RI tKiV ³KRle´ Zere alVR Keard IrRm 
uVerV RI VeSarate VtereR VSeaNerV� 7Ke 
VSeaNerV Zere uVuall\ larJe ER[eV SRRrl\ 
Slaced iQ tKe liviQJ rRRmV�

,maJiQJ ZaV a ZRrd QRt uVed iQ earl\-
da\ VtereR� 7RZer deViJQV ZitK mRderQ 

audiRSKileV SuEliVKed articleV RQ Sre- 
aQd SRVt- tKird-cKaQQel VRlutiRQV� %\ 
tKe eQd RI tKe ��60V, tKe audiR ³KRle´ 
iVVue ZaV larJel\ IRrJRtteQ aV VSeaNer 
tecKQRlRJ\ aQd cRQVumer educatiRQ RQ 
VSeaNer SlacemeQt imSrRved� 

7KRuJKtV RQ deviViQJ a VimSler RmQi 
VSeaNer ErRuJKt me EacN tR tKRVe 
earl\ da\V ZKeQ ERtK cKaQQelV Zere 
iQcRrSRrated iQ tKe Vame cRQVRle eQ-
clRVure ZitK ViJQalV IrRm ERtK cKaQQelV 
VeQt tR a tKird cKaQQel� 

:K\ QRt uVe mRderQ driverV tR dR 
tKe Vame iQ a ViQJle-tRZer deViJQ" 
7Ke SrRElem iV KRZ tR derive tKe tKird 
cKaQQel ZitKRut damaJiQJ tKe amSli-
Iier� ,Q tKe earl\ da\V, tKird-cKaQQel 
VRlutiRQV Zere deViJQed IRr tuEe am-
SliIierV aQd uVed multiSle taSV RQ tKe 
RutSut traQVIRrmer tR attaiQ a matri[ed 
leIt aQd riJKt ViJQal� 

MODERN SOLUTION
(liaV 3eNRQeQ, a SarticiSaQt iQ tKe 

ZeE-EaVed ',< $udiR ZeEVite, SrR-
SRVed a Vimilar metKRd RI deriviQJ a 
tKird cKaQQel� +iV SaSer iV availaEle RQ 
tKe ',< $udiR ZeEVite �ZZZ�di\audiR�
cRm��

, liNe 3eNRQeQ¶V aSSrRacK aQd KiV 
detailed aQal\ViV RI iQcRrSRratiQJ tKe 
leIt aQd riJKt ViJQalV ZitKiQ a tKird 
cKaQQel� +iV term IRr tKe metKRd iV 
³vectRr VteeriQJ,́  ZKicK uVeV a 5& Qet-
ZRrN iQ Sarallel ZitK tKe ceQter-cKaQQel 
VSeaNer tR IRrm a SV\cKRacRuVtic Iilter� 
7Ke Iilter¶V actiRQ ³VteerV´ tKe KiJK Ire-
TueQcieV IrRm tKe tKird cKaQQel aQd 
cKaQJeV aSSareQt VRuQd diVtriEutiRQ E\
reduciQJ tKe treEle reVSRQVe� , decided 
tR Euild a mRcN-uS RI KiV deViJQ tR eval-
uate tKe V\Vtem �Vee Photo 1�.

MOCK-UP
7R Euild a mRcN-uS, , uVed SRl\ 

VtuIIed cRIIee caQV IRr eQclRVureV, mated 

3KRtR �� 7Ke cRmSleted ViQJle-tRZer 
VtereR iV VKRZQ Kere�

2Qe eQclRVure ZitK tZR cKaQQelV

http://www.audioXpress.com
http://www.diyaudio.com
http://www.diyaudio.com
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ZitK a �0´ '9& ZRRIer tKat crRVVeV at 
300 +] �Vee Photo 2�� 3eNRQeQ rec-
RmmeQdV a ���-�) caSacitRr iQ VerieV 
ZitK a 5-Ω reViVtRr� ,QcreaViQJ tKe ca-
SacitRr valueV reduceV tKe ceQter cKaQ-
Qel¶V KiJK-IreTueQc\ reVSRQVe aQd caQ 
cKaQJe tKe V\Vtem¶V VRuQdVtaJe� , did 
QRt Vee aQ\ cKaQJe iQ tKe VRuQd uViQJ 
tKe ���-�) caSacitRr, Eut tKere ZaV a 
cKaQJe iQ tKe VRuQd ZitK a �0-�) ca-
SacitRr �Vee tKe RStiRQal circuit iQ Fig-
ure 1�� , VuJJeVt EuilderV e[SerimeQt 
ZitK tKe Iilter EaVed RQ tKe V\Vtem¶V 

alVR Qeed a MiJ VaZ, a KaQdVaZ, Rr 
a VNill VaZ, aQd a rRuter tR Euild tKe 
tRZer �Vee Figure 2�� , uVed Iive VKelI 
SaQelV IRr tKe eQtire SrRMect� 7Ke\ Zere 
RQl\ ����� eacK, maNiQJ tKiV a lRZ-Eud-
Jet SrRMect� 7Ke eQclRVure iV divided iQtR 
tZR cKamEerV, tKe tRS iV � It3 aQd tKe 
ZRRIer cKamEer iV ��� It3� <Ru Zill Qeed 
a Siece RI VcraS �´ î �´ lumEer IRr tKe 
ZRRIer cKamEer¶V iQterQal EraceV� 

6tart E\ cuttiQJ Rut tKe VSeaNer KRleV� 
7Ke Vi]eV Zill var\ deSeQdiQJ RQ tKe 
VSeaNerV \Ru cKRRVe� , made a 3�6´ 
KRle IRr tKe midraQJe ZitK a 6��5¶ Zide 
iQVet tKat ZaV 0��5´ deeS� , alVR made 
a ��5´ KRle IRr tKe tZeeterV� 7Ke ZRRIer 
reTuired a �´ KRle ZitK a �0��5´ Zide 
iQVet� 7KeQ, , made a 3´ KRle iQ tKe 
rear SaQel IRr tKe termiQal cuS� , RSted 
tR rRuter aQ RJee SatterQ tR tKe IrRQt 
aQd EacN edJeV RI tKe Vide SaQelV �Vee
Photo 4�� 

1e[t, , cut Rut tKe ElaQN SaQel� )Rr 
tKe tRS, cut aQ ����5´ î ����5´ Siece� 
7Ke ERttRm Siece VKRuld Ee ����5´ î 
�3��5´ aQd tKe iQterQal SartitiRQ VKRuld 
Ee ����5´ î ���5 �́ , uVed a rRuter aQd 
a -aVSer 0Rdel ��0 circle MiJ tR cut all 
tKe iQVetV aQd tKe KRleV� 

, Eutt Qailed tKe SaQelV ZitK �´ IiQiVK-
iQJ QailV aQd uVed a liEeral aSSlicatiRQ 
RI *Rrilla *lue tR Vecure tKem� , uVed 
cRrQer clamSV tR KRld tKe VideV tRJetKer 
aQd , uVed larJer clamSV tR eQVure tKe 
SaQel ceQterV Zere eveQ� , uVed a ���6 
Eit tR drill SilRt KRleV tR a deStK RI 5��6´ 
IRr tKe QailV �Vee Photo 4�� , uVed a Qail 
Vet tR drive tKe KeadV ���´ deeS aQd 
, Iilled eacK Qail KRle ZitK :eldZRRd 
ZRRd Sutt\� , added tKe SartitiRQ EeIRre 

lRcatiRQ iQ a rRRm� , IRuQd 
tKe Iilter iV a IuQctiRQ RI 
ERtK cRmSRQeQt valueV aQd 
V\Vtem lRcatiRQ� ,Q m\ IiQal 
deViJQ , leIt tKe Iilter Rut 
aQd MuVt cKaQJed tKe V\V-
tem¶V SRVitiRQ uQtil , IRuQd 
tKe ideal lRcatiRQ IRr ma[i-
mum VtereR SerIRrmaQce� 

7Ke ViQJle-tRZer Vte-
reR SrRvideV a Iull-VtereR 
VRuQd V\Vtem iQ aSSrR[i-
matel\  � It� RI VSace, 
ZKicK mRVt rRRmV caQ 
accRmmRdate� 7Ke ideal 
SlacemeQt IRr tKe V\Vtem 
iV ZKere Zall reIlectiRQV 
ZRuld Ee leVV tKaQ �¶ tR 
6¶ IrRm tKe Vide VSeaNerV� 

<et, it ZaV alVR IRuQd tKat cRrQer Slace-
meQt ZaV eTuall\ JRRd, iI QRt Eetter, 
IRr a Zide VtereR eIIect alRQJ ZitK EaVV 
eQKaQcemeQt� 

DRIVERS
'river cKRice iV QRt critical IRr tKiV 

V\Vtem� 7Ke\ VKRuld all Kave tKe Vame 
VSeciIicatiRQ aQd Ee �´ tR 6´ iQ Vi]e ZitK 
a �00-+] tR ��-N+] Rr KiJKer midraQJe 
reVSRQVe� /iNel\ caQdidateV are t\SeV 
ZitK ZKi]]erV cRQeV Rr eveQ VRme autR-
mREile t\SeV ZitK cRa[ial tZeeterV� 7Ke 

tRtal imSedaQce Ser cKaQQel iV aERut 
�� Ω ZKeQ uViQJ �-Ω VSeaNerV� ,I \Ru 
uVe �-Ω VSeaNerV, tKe imSedaQce Zill 
Ee clRVe tR 6 Ω� ,I \Ru uVe tKe Vteer-
iQJ Iilter, it¶V EeVt tR uVe RQl\ �-Ω driv-
erV� 6iQce tKe V\Vtem VtereR eIIect iV 
mRVtl\ deSeQdeQt RQ reIlected VRuQd, 
eIIicieQt midraQJe aQd treEle iV imSRr-
taQt iQ tKe driver� 

, uVed tKe driverV , Kad iQ m\ iQ-
veQtRr\, a �´ 3iRQeer ZitK a �00-tR-
�0,000-+] Zide, Ilat raQJe aQd a 6-tR-
�0-N+] Sie]R tZeeter iQ Sarallel� $ 
*RldZRRd �0´ '9& ZRRIer iQ a Vealed 
cRQIiJuratiRQ KaQdleV tKe EaVV� 7Ke 
tZR-Za\ crRVVRver iV a 6-d% IirVt-Rr-
der at 300 +] �Vee Photo 3�� 7Ke 
3iRQeer VSeaNer iV QR lRQJer availaEle, 
Eut VRme VuEVtituteV are liVted iQ tKe 
6iQJle-6tereR 7RZer 3artV /iVt at tKe 
eQd RI tKiV article�

CONSTRUCTION
&RQVtructiRQ iV eaV\ iI \Ru uVe 

Srecut 0') VKelI SaQelV� <Ru Zill 

3KRtR �� 7KiV mRcN uS VKRZV tKe tKree-cKaQQel V\Vtem�

3KRtR 3� 7KiV V\Vtem uVeV tZR driverV aQd 
a crRVVRver� 

Left channel +
44 µF

0.1 µF

0.1 µF

4" Mid

4" Mid

Piezo
tweeter

Piezo
tweeter

To common speaker
terminals

Dual voice
coil woofer

Center channel

4.2 mH

Right channel +
44 µF

0.1 µF

4" Mid

Optional
filter circuit
(see text)

Piezo
tweeter

+

−

−

)iJure �� 7Ke lRudVSeaNer VcKematic ZitK tKe 
RStiRQal Iilter circuit VKRZV RQl\ RQe ZRRIer cRil 
circuit� <Ru Zill Qeed tR maNe RQe IRr eacK iQSut� 



24 audiR;SreVV  0���3 ZZZ�audiR;SreVV�cRm

SP
EA

K
ER

 S
P

EC
IA

L

, Qailed tKe EacN SaQel iQ Slace� %e Vure 
tR drill a 3��´ KRle iQ tKe SartitiRQ IRr 
tKe ZiriQJ� %eIRre addiQJ tKe tRS aQd 
ERttRm SaQelV, caulN all tKe MRiQtV iQ 
tKe uSSer aQd lRZer eQclRVure cKam-
EerV� 2Qce Qailed iQ Slace, caulN tKe 
ERttRm SaQel MRiQtV tKrRuJK tKe ZRRIer 
KRle� 

,QVtead RI JluiQJ tKe tRS, , Slaced a 
liEeral Eead RI ZKite ZiQdRZ caulNiQJ 
RQ tKe eQclRVure¶V tRS edJeV aQd Qailed 

MRiQt� , added �´ î �´ crRVV EraceV tR 
tKe ZRRIer cKamEer� /Rcate tKe lRQJer 
����5¶ Erace �´ EelRZ tKe ZRRIer aQd 
tKe VKRrted ���5´ Erace 3´ aERve tKe 
ZRRIer� , uVed � 5��´ dr\Zall VcreZV 
cRuQterVuQN 0��5 ,́ alRQJ ZitK Jlue tR 
Vecure tKe EraceV�

2Qce tKe eQclRVure iV Iull\ aVVem-
Eled, uVe :eldZRRd Rr aQRtKer Iiller tR 
Veal all tKe Qail aQd VcreZ KRleV aQd let 
tKe Jlue aQd caulN Vet RverQiJKt EeIRre 
SrRceediQJ ZitK VaQdiQJ aQd aSSl\iQJ 
a IiQiVK �Vee Photo 5��

FINISHING
7Ke eQclRVure caQ Ee SaiQted Rr ve-

Qeered� , SaiQted m\ verViRQ aIter , 
VaQded tKe SaQelV tR remRve tKe e[-
ceVV KRle Iiller aQd VmRRtKed all tKe 
VurIaceV� 7Ke 0') QeedV tR Ee SrRSer-
l\ Srimed EeIRre \Ru aSSl\ SaiQt� , aS-
Slied tZR cRatV RI .,/= Srimer� , uVed 
��0-Jrit VaQdSaSer tR VaQd eacK cRat, 
aQd aSSlied tKe IiQal SaiQt cRat� 

7Ke cRlRr cKRice ZaV EaVed RQ tKe 
iQveQtRr\ RI m\ SaiQt lRcNer� 7Ke ElacN 
trim matcKed tKe VSeaNer JrilleV� 0\ 
³aeVtKeticV critic´ Vaid it reVemEleV a 

tKe tRS, VSaciQJ tKe QailV ever\ � �́ 8Ve 
a raJ tR ZiSe RII tKe e[ceVV caulN� 7KiV 
metKRd IRrmV a JRRd Veal aQd a VtrRQJ 

3KRtR �� 7Ke VKelI SaQelV are read\ IRr 
aVVemEl\� 7Ke ElaQN SaQel �VKRZQ at 
leIt� Zill Ee uVed IRr tKe tRS, ERttRm, 
aQd iQterQal SartitiRQ� 

3KRtR 5� 6imSle Eutt MRiQtV Zere uVed 
iQ tKe aVVemEl\, alRQJ ZitK Jlue aQd �´ 
IiQiVKiQJ QailV�

3KRtR 6� 7Ke eQclRVure iV read\ IRr 
IiQiVKiQJ�

12.75" 11.25"

L + R

Left

Right

14"

48"49.5"

14"

2" × 2" Braces

9.75" × 11.25" 
(Drill 3/8 hole for wiring)

Top view of mid/tweeter
chamber

2 ft3

Terminal cup

Partition

10" Dual
voice coil

)iJure �� 7Ke ViQJle-tRZer VtereR deViJQ iQcludeV tKe dimeQViRQV IRr tKe VSeaNer caEiQet aQd 
SlacemeQt RI tKe �0´ dual vRice cRil�

http://www.audioXpress.com
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termiQal cuS E\ addiQJ aQRtKer Vet RI 
termiQalV� <Ru cRuld alVR Rrder tKe RQe 
VuJJeVted iQ tKe SartV liVt� 2Qe RStiRQ-
al item , alZa\V add tR m\ tRZer VSeaN-
erV iV a carr\ KaQdle mRuQted aERve tKe 
termiQal cuS RQ tKe EacN� :itK RQe KaQd
RQ tKe KaQdle aQd tKe RtKer RQ tKe tRS 
IrRQt, it iV eaV\ tR tilt aQd liIt tKe eQclR-
Vure �Vee Photo 7��

, Slaced �0 R] RI SRl\Iill VtuIIiQJ iQ 
tKe uSSer cKamEer aQd , liQed tKe lRZer 
cKamEer ZitK SRl\Iill ElaQNet material tR 
a �´ deStK� , uVed a JaVNet Eead RI clear 
VilicRQe caulNiQJ aQd �´ dr\Zall VcreZV 
tR mRuQt tKe midraQJe aQd tZeeter 
VSeaNerV� 7Ke ZRRIer JaVNet ZaV 0��5´ 
IRam Seel-aQd-VticN iQVulatiRQ� 7KiV 
eQaEleV eaV\ remRval RI tKe ZRRIer tR 
Vervice tKe crRVVRver� , made tKe iQVet 
JrilleV IrRm IiEerJlaVV Set VcreeQ VtaSled 
tR circular IrameV made IrRm 0aVRQite 
�Vee Photo 8��

PLACEMENT AND SOUND 
QUALITY

7Ke VSeaNer ZRrNV Zell ZKeQ Slaced 
�¶ tR �¶ IrRm tKe EacN Zall aQd ceQtered 
�¶ tR 6¶ IrRm tKe Vide ZallV� ,t iV aQ ideal 
VSeaNer IRr a EedrRRm, a deQ, Rr a dRrm 
rRRm� )Rr larJer rRRmV, \Ru caQ im-
SrRve tKe VSeaNer Tualit\ E\ SlaciQJ it iQ 
a cRrQer ZKere tKe VtereR VSread Zill Ee 
Eetter reIlected aQd tKe EaVV eQKaQced� 
$QRtKer RStiRQ iV tR turQ tKe eQclRVure 
EacNZard, IaciQJ tKe Zall at a �¶ tR 5¶ 
diVtaQce� ,I \Ru liNe aQ air\ RmQidirec-
tiRQal VRuQd, SlacemeQt iV QRt critical� 
1R matter KRZ \Ru SRVitiRQ it, \Ru Zill 
IiQd tKe ViQJle-tRZer VtereR a uQiTue 
audiR e[SerieQce� aX

RESOURCES
%ell 7eleSKRQe /aERratRr\, ³6\mSR-
Vium RI $udiR 3erVSectiveV,´ ��3�, 

ZZZ�aeV�RrJ�

$� &RKeQ, ³(lectri-
cal 7Kird &KaQQel,́  Hi
FI Loudspeakers and 
Enclosures, +a\deQ 
%RRNV, ��6�.

3� .liSVcK, ³7ZR-7racN 
7Kree-&KaQQel 6te-
reR,́  Audio Craft Mag-
azine, $udiR $mateur, 
1RvemEer ��5��

3KRtR �� , added EaQaQa MacNV tR a ViQJle-
VSeaNer cuS tR accRmmRdate ERtK cKaQ-
QelV� 7Ke RStiRQal KaQdle maNeV mRviQJ 
tKe tRZer eaVier� 

BBB³6imSliIied 3KaQtRm 7Kird &KaQQel,́  
Audio Craft Magazine, $udiR $mateur, 
-aQuar\ ��5��

(� 3eNRQeQ, ³6tereRSKRQic 6RuQd IrRm a 
6iQJle /RudVSeaNer,́  ZZZ�di\audiR�cRm�

+� 7remaiQ, ³0etKRd IRr 'eriviQJ a 
7Kird &KaQQel,́  The Audio Cyclopedia,
+RZard :� 6amV, ��6�� 

3KRtR �� 7Ke JrilleV IaVKiRQed IrRm Set VcreeQ RQ a ���´ 
0aVRQite ZRRd Irame VKRZQ RQ tKe riJKt�

Crossover Components
� 7ZR eacK� ���-m+ iQductRrV 

�ZZZ�SartV-e[SreVV�cRm, �66-
5�0�

� 7ZR eacK� ��-�) QRQ-SRlari]ed ca-
SacitRrV �ZZZ�SartV-e[SreVV�cRm, 
0��-35��

Enclosure
� )ive eacK� �5´ î ����5´ î ��´ 

0') VKelI ERardV
� 3¶ leQJtK RI �´ î �´ ZRRd IRr crRVV 

EraceV
� :RRd Jlue
� �´ IiQiVKiQJ QailV
� �´ dr\Zall VcreZV
� 6ilicRQe caulN 
� 3Rl\Iill material

Speakers
� 7Kree Iull-raQJe �´ Rr 5´ �- Rr �-Ω 

VSeaNerV

Speaker Options
� 9iVatRQ )ull 5aQJe 3art �55-�6�0 �0 

tR �0 N+] ZitK ZKi]]er²QR tZeeter 
Qeeded �ZZZ�mcmelectrRQicV�cRm� 

� 3aSer cRQe ZRRIer �ZZZ�SartV-
e[SreVV�cRm, ���-�0��, uVe ZitK 
Sie]R tZeeter �ZZZ�SartV-e[SreVV�
cRm, ��0-0���

� 2Qe �0´ dual vRice cRil ZRRIer 
�ZZZ�SartV-e[SreVV�cRm, *Rld-
ZRRd ��0-36��

Speaker Grilles
� � \d RI IiEerJlaVV Set VcreeQ
� � � î � Siece RI 0aVRQite
� � ER[ RI 0��5´ VtaSleV

Speaker Terminals
� 'ual  termiQa l  �ZZZ�SartV-

e[SreVV�cRm, �60-30��

6iQJle-6tereR 7RZer 3artV /iVt

%ritiVK teleSKRQe NiRVN Rr a &KiQeVe 
maJiciaQ¶V maJic ER[ �Vee Photo 6��

CROSSOVER
, made tKe crRVVRver IrRm a mRdi-

Iied cRmmercial uQit aQd , Kave liVted 
tKe cRmSRQeQtV QeceVVar\ tR duSlicate 
it IRr tKe V\Vtem� ,t iV a IirVt-Rrder, 
6-d% t\Se crRVViQJ at 300 +]� 

INSTALLING THE SPEAKERS
, uVed ��-JauJe Zire tR iQVtall tKe 

uSSer cKamEer VSeaNerV� <Ru RQl\ 
Qeed tR ruQ tKree ZireV uS tR tKe tRS 
cKamEer� , uVed red Zire IRr tKe riJKt 
cKaQQel, JreeQ Zire IRr tKe leIt cKaQ-
Qel, aQd ElacN Zire IRr tKe cRmmRQ 
JrRuQd� :KeQ ZiriQJ, IRllRZ tKe VcKe-
matic VKRZQ iQ Figure 1� (acK Sie]R 
tZeeter reTuired a 0��-�) caSacitRr 
Zired iQ VerieV tR matcK tKe midraQJe 
uQitV �6-d% 63/� , cRQveQtiRQall\ 
Zired tKe dual vRice cRil ZRRIer IRr a 
tZR-cKaQQel V\Vtem� , mRdiIied a 3´ 

http://www.aes.org
http://www.diyaudio.com
http://www.parts-express.com
http://www.parts-express.com
http://www.mcmelectronics.com
http://www.parts-express.com
http://www.parts-express.com
http://www.parts-express.com
http://www.parts-express.com
http://www.parts-express.com
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tR tKe maQuIacturer, tKe driver alVR KaV 
lRZ diVtRrtiRQ� 7Ke uQit¶V cRQVtructiRQ iV 
imSreVVive�

7Ke maQuIacturer liVtV tKe driver¶V 
7Kiele-6mall �7-6� SarameterV aV IRllRZV�

4(6   0���
406   3��
476   0��
)6   ���� +]
5'&   3�5 Ω
6d   �66 cmð
9$6   �3� /

, cKRRVe a clRVed ER[ IRr tKe VuE-
ZRRIer altKRuJK it iV QRt ver\ cRmmRQ 
IRr VuEZRRIerV EecauVe it KaV KiJKer 
reVRQaQce IreTueQc\ cRmSared tR a 
EaVV-reIle[ ER[� %ut it KaV VRme EeQ-
eIitV iQcludiQJ tKe traQVieQt reVSRQVe, 
ZKicK iV mucK Eetter tKaQ aQ\ RtKer 
ER[, aQd tKe VRuQd SreVVure, ZKicK 
decreaVeV E\ RQl\ �� d%�RctaveV� 7KiV 

By George Ntanavaras

The Horizon Subwoofer

7Ke +Rri]RQ lRudVSeaNerV are 
RSeQ-EaI I le VSeaNerV tKat 
caQ Ee uVed aV Iull-VSectrum 
lRudVSeaNerV IRr muVic reSrR-

ductiRQ �Vee m\ article ³7Ke +Rri]RQ 
/RudVSeaNer,´ audioXpress, 6eStemEer 
�0���� %ut iQ a KRme ciQema ZKere 
eIIectV ZitK lRZ IreTueQcieV are cRm-
mRQ, it iV Eetter tR uVe a VuEZRRIer 
IRr tKe lRZ-IreTueQc\ reSrRductiRQ� 
7Ke EeQeIit RI tKe +Rri]RQ lRudVSeaN-
er¶V RSeQ-EaIIle VuEZRRIerV iV tKat 
tKe\ dRQ¶t uVe tKe larJe cRQe mRve-
meQtV QeceVVar\ tR reSrRduce tKe lRZ 
IreTueQcieV, ZKicK dramaticall\ re-
duceV tKeir diVtRrtiRQ�

,Q tKiV article, , Zill deVcriEe tKe SrR-
cedure , IRllRZed tR deViJQ m\ +Rri]RQ 
VuEZRRIer aQd KRZ , uVed '63 tR ad-
MuVt it IRr a VmRRtK iQ-rRRm IreTueQc\ 
reVSRQVe�

, Zill alVR SreVeQt VRme iQtereVtiQJ 
meaVuremeQtV tKat , received uViQJ aQ 
accelerRmeter ZitK itV accRmSaQ\iQJ 
SreamSliIier�SrRceVVRr ZKile evaluatiQJ 
tKe VuEZRRIer¶V SerIRrmaQce� 7KeVe 
meaVuremeQtV cRQcerQ tKe VuEZRRIer¶V 
IreTueQc\ reVSRQVe, tKe viEratiRQ Ee-
KaviRr RI tKe VuEZRRIer ER[, aQd aQ eV-
timatiRQ RI tKe vRice cRil¶V diVSlacemeQt 
RI tKe VuEZRRIer cRQe iQ relatiRQ tR tKe 
vRltaJe drive aQd tKe tRtal KarmRQic 
diVtRrtiRQ �7+'� RI tKe reSrRductiRQ�

DRIVER SELECTION AND 
BOX CONSTRUCTION

7Ke VuEZRRIer deViJQ iV EaVed RQ 
tKe 3eerleVV �30500 VuEZRRIer driver� 
7KiV iV a uQit deViJQed IRr VuEZRRIer 
aSSlicatiRQV� 3eerleVV KaV aQ e[celleQt 
reSutatiRQ IRr itV VuEZRRIer driverV 
aQd itV �30500 iV QR e[ceStiRQ� 

,t KaV aQ ³e[tra-lRQJ VtrRNe´ caSaEil-
it\ IRr lRQJ vRice cRil e[curViRQ aQd aQ 
eIIective �66-cmð SiVtRQ area� $ccRrdiQJ 

caQ Ee cRrrected mRre eaVil\ ZitK elec-
trRQic eTuali]atiRQ� 

, cKRRVe a 9E   35-/ vRlume IRr tKe
VuEZRRIer ER[� 7KiV iV a JRRd cRm-
SrRmiVe EetZeeQ tKe ER[ Vi]e aQd tKe 
Qeeded SRZer amSliIier drive vRltaJe� 

$SSl\iQJ tKe IRllRZiQJ IRrmulaV IrRm 
tKe clRVed-ER[ tKeRr\�

a   9$6�9E   �3��35   3���
47%   476 î 6457�a � ��   0��5
)6%   �47% î IV��476   �0�� +]

:Kere 47% iV tKe clRVed ER[ Tual-
it\ IactRr aQd )6% iV tKe reVRQaQce Ire-
TueQc\�

Figure 1 VKRZV tKe VuEZRRIer ER[ 
deViJQ� 7Ke ER[¶V iQterQal dimeQViRQV 
are 3�0 mm î 3�0 mm î 3�0 mm ZKile 
itV e[terQal dimeQViRQV are 3�0 mm î 
3�0 mm î �6� mm� 7KeVe dimeQViRQV 
Jive aQ aSSrR[imate 66-/ e[terQal vRl-
ume aQd a ��-/ iQterQal vRlume� ,I tKe 

380 mm

340 mm 380 mm

160 mm

420 mm

424 mm
432 mm
462 mm

380 mm 340 mm

Front view Side view

Front Back

Internal brace
140 mm

A

B

D

E
C

F

B

A

)iJure �� 7Ke +Rri]RQ VuEZRRIer ER[ iV VKRZQ iQ a IrRQt vieZ �a� aQd a Vide vieZ �E�� 7Ke 
deViJQ uVeV �0-mm Sl\ZRRd IRr tKe VectiRQV laEeled $±)� $   3�0 mm î ��0 mm� %   3�0 
î ��0 mm� &   3�0 mm î 3�0 mm� ', (, aQd ) eacK   3�0 mm î 3�0 mm� 7Ke cRrQer 
EraceV meaVure �0 î �0 mm î 3�0 mm�

$ VuEZRRIer deViJQed tR cRmSlemeQt tKe +Rri]RQ lRudVSeaNerV

a� E�

http://www.audioXpress.com
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vRlume RccuSied E\ tKe driver itVelI aQd 
tKe iQterQal EraceV iV VuEtracted, tKe 
Qet vRlume iV aERut 35 /� 

, uVed �0-mm Sl\ZRRd ZitK cRr-
Qer EraceV tR cRQVtruct tKe VuEZRRIer 
ER[ �Vee Photo 1�� ,Q tKe middle RI 
tKe ER[, , Jlued aQ iQterQal Erace ZitK 
larJe RSeQiQJV� , did tKiV tR iQcreaVe 
tKe ER[¶V riJidit\ aQd miQimi]e tKe 
SaQel viEratiRQ� , did QRt uVe aQ\ iQter-
Qal VtuIIiQJ iQ tKe VuEZRRIer ER[ ViQce 
it iV uQQeceVVar\ ZKeQ uViQJ electrRQic 
eTuali]atiRQ� 

Photo 2 VKRZV tKe cRmSleted 
VuEZRRIer ZitK tKe IrRQt EaIIle aIter 
, SaiQted it ZitK aQ imitatiRQ-ZRRd 
varQiVK�

, decided tR cRQVtruct tZR VuEZRRIerV 
IRr m\ liVteQiQJ rRRm� 7KiV Zill SrRvide 
aQ e[tra 6-d% RutSut, lRZer diVtRrtiRQ, 
aQd mRre imSRrtaQtl\, a VmRRtKer iQ-
rRRm IreTueQc\ reVSRQVe due tR tKe 

e[citatiRQ RI tKe rRRm IrRm tZR diIIer-
eQt SRVitiRQV�

SUBWOOFER’S PARAMETER 
MEASUREMENTS

$Iter tKe ER[¶V cRQVtructiRQ, , uVed 
tKe $57$ VRItZare �ZZZ�artalaEV�Kr� tR 
meaVure tKe ER[¶V 7-6 SarameterV� 7Ke 
SrRJram¶V demRQVtratiRQ mRde iV Iull\ 
IuQctiRQal, KRZever, it dReV QRt eQaEle 
\Ru tR lRad Rr Vave IileV�

7Ke VRItZare SacNaJe cRQViVtV RI 
tKree VeSarate SartV� 2Qe RI tKem, tKe 
/imS, meaVureV tKe imSedaQce RI a 
lRudVSeaNer driver Rr caEiQet tKeQ au-
tRmaticall\ e[tractV tKe 7-6 SarameterV�

7Ke +Rri]RQ VuEZRRIer¶V imSedaQce 
iV VKRZQ iQ Figure 2� 7Ke ER[¶V reVR-
QaQce RccurV at �0�5 +] ZitK a 5��6-Ω 
ma[imum imSedaQce� 7Ke miQimum 
imSedaQce iV ��� Ω at ��0 +], Eut IRr-
tuQatel\ tKe imSedaQce SKaVe at tKiV 
IreTueQc\ iV clRVe tR ]erR� 

$ Vmall ³JlitcK´ iQ tKe imSedaQce 
curve RccurV at �00 +]� 7KiV iV cauVed 
E\ a VtaQdiQJ Zave cRrreVSRQdiQJ tR 
tKe VuEZRRIer ER[¶V larJe dimeQViRQ, 
ZKicK iV eTual tR 0�3� m� 7Ke VtaQd-
iQJ Zave iV created ZKeQ Ǌ��   0�3� m 
VR I   c�Ǌ   3���0��6   �50 +]� ,t iV 
QRt a cRQcerQ ViQce it RccurV Zell Rut-
Vide tKe VuEZRRIer¶V RSeratiRQ raQJe� 
$QRtKer Vmall ³JlitcK´ iV alVR VKRZQ at 
aERut 550 +]� 7KiV iV SrREaEl\ due tR 
tKe lRudVSeaNer EaVNet� 

$Iter tKe imSedaQce meaVuremeQt, 

tKe SrRJram e[tracted tKe IirVt VuE-
ZRRIer¶V 7-6 SarameterV�

)6%   �0�5 +]
5(   3��3 Ω
=0$;   5��6
47%   0���
4(6   0�5�
406   ����

7Ke VecRQd VuEZRRIer¶V 7-6 SarameterV 
Zere�

)6%   3��� +]
5(   3��3 Ω
=0$;   5���
47%   0���
4(6   0�50
406   ��35

7Ke )6% aQd tKe 47% RI ERtK VuEZRRIer 
ER[eV are clRVe tR tKeir tKeRretical valueV�

ADJUSTMENT OF THE 
SUBWOOFER RESPONSE

7R adMuVt tKe VuEZRRIer¶V IreTueQc\ 
reVSRQVe, , IRllRZed a VteS-E\-VteS SrR-
cedure� , Zill deVcriEe tKiV SrRcedure iQ 
tKe Qe[t SaraJraSKV aQd it cRQViVtV RI 
tKe IRllRZiQJ VteSV�

� (Tuali]e tKe VuEZRRIer¶V Qear-Iield 
IreTueQc\ reVSRQVe

� 2Stimi]e tKe VuEZRRIer¶V lRcatiRQ 
iQ tKe liVteQiQJ rRRm

� 3rRvide addit iRQal electrRQic 

3KRtR �� 7Ke VuEZRRIer ER[¶V iQteriRr iV 
VKRZQ iQ tKe earl\ SKaVeV RI cRQtructiRQ�

3KRtR �� , deViJQed tKe +Rri]RQ VuEZRRIer 
tR ZRrN ZitK m\ +Rri]RQ RSeQ-EaIIle lRud-
VSeaNerV�

Phase
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http://www.artalabs.hr
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±3-dE IreTueQc\ at �� +]� ,t drRSV tR 
±��5 dE at 30 +] aQd ±�6 d% at �0 +]� 
7KiV IreTueQc\ reVSRQVe iV QRt acceSt-
aEle IRr a VuEZRRIer aQd VKRuld Ee cRr-
rected ZitK eTuali]atiRQ�

7Ke eTuali]atiRQ cRuld Ee aSSlied 
uViQJ diIIereQt metKRdV iQcludiQJ� aQ 
aQalRJ circuit �e�J�, a /iQNZit] traQV-
IRrm circuit� Rr diJitall\ �e�J�, a '63 
eTuali]er�� &areIull\ aSSl\ \Rur cKRVeQ 

eTuali]atiRQ tR tKe VuEZRRIerV IRr 
Ilat reVSRQVe at tKe liVteQiQJ SRVitiRQ

� 3erIRrm IiQal VuEZRRIer adMuVt-
meQtV IRr iQteJratiRQ ZitK tKe maiQ 
lRudVSeaNerV

NEAR-FIELD FREQUENCY 
RESPONSE

7Ke VuEZRRIer¶V Qear-Iield IreTueQc\ 
reVSRQVe iV VKRZQ iQ Figure 3a� ,t KaV  

With equalization
(b)

5
dB

0

-5

-10

-15

-20

-25

-30

-35

-40

10 20 50 100 200 500 1,000

No equalization
(a)

Frequency (Hz)

)iJure 3� 7Ke +Rri]RQ VuEZRRIer¶V Qear-Iield reVSRQVe iV VKRZQ ZitKRut eTuali]atiRQ �a� aQd 
ZitK eTuali]atiRQ �E��

dB

0

–5

–10

–15

10 20 50 100 200 500 1,000

Frequency (Hz)

(b) Subwoofer only response after equalization

(a) Subwoofer only response after optimization of the location in the room

0

–5

–10

–15

)iJure �� 7Ke VuEZRRIer¶V reVSRQVeV cRrreVSRQd tR tKe tZR diIIereQt micrRSKRQe SRVi-
tiRQV²aIter IiQdiQJ tKe RStimi]ed lRcatiRQ �a� aQd aIter eTuali]atiRQ �E��

Real Wood Cone Woofers
Now Available 

Designed and Built in the USA 
Please Visit our Website for 

Specs and Pricing 
www.midwestspeaker.com 
Dealer Inquires Welcome 

DIY Kits Available 
2 Way and 3 Way 
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Guitar Speakers *  Grille Cloth 
Miscellaneous Speaker Parts 
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Tel:  651-645-7385 
Fax:  651-645-1110 
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Polk Audio Woofer 
Replacement Coming Soon!

Real Wood Cone Woofers
JBL LE25, 035TIA and  

Peerless Copy Tweeters
We Stock Eminence Speakers!

Midwest Speaker Repair
1901 Oakcrest Ave., Suite #1

Roseville, MN 55113
Tel: 651-645-7385
Fax: 651-645-1110

www.midwestspeaker.com
dealer inquiries welcome

DIY Kits Available
2 Way and 3 Way

Speaker Repair * Refoam Kits
Guitar Speakers * Speaker Cloth

Replacement Speakers * Wire
Diaphragms * Hardware
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metKRd tR SreveQt tKe eTuali]er IrRm 
vRltaJe cliSSiQJ at itV RutSut due tR 
e[ceVV JaiQ�

, alVR ZaQted tR eTuali]e tKe iQ-
rRRm VuEZRRIer reVSRQVe VR , uVed a 
%eKriQJer '&;���6 lRudVSeaNer maQ-
aJemeQt V\Vtem IRr tKe eTuali]atiRQ� 
7KiV iV a verVatile device ZitK tKree 
aQalRJ iQSutV aQd Vi[ aQalRJ RutSutV� 
,t uVeV ��-Eit��6-N+] $'&V aQd '$&V� 

, uVed RQe RI tKe tKree aQalRJ iQ-
SutV aV tKe VuEZRRIer iQSut aQd RQe RI 
tKe RutSutV aV tKe VuEZRRIer RutSut�
7Ke '&;���6 iQcludeV Veveral diIIer-
eQt t\SeV RI IilterV IRr crRVVRverV aQd 
Veveral IilterV IRr eTuali]atiRQ IRr eacK 
iQSut aQd RutSut, iQcludiQJ KiJK-SaVV 
VKelviQJ IilterV, lRZ-SaVV VKelviQJ Iil-
terV, EaQd-SaVV IilterV ZitK variaEle 4, 
dela\V, SKaVe cKaQJe circuitV, aQd VR 
IRrtK�

.QRZiQJ tKe rRRm JaiQ Zill ERRVt tKe 
lRZ IreTueQcieV, , Velected a tarJet re-
VSRQVe tKat KaV a ±3-d% SRiQt at aERut 
30 +] aQd a ±6 d% at �0 +]�

7R EeJiQ, , adMuVted tKe %eKriQJer 
IilterV¶ SarameterV tKeQ meaVured tKe 
Qear-Iield VuEZRRIer reVSRQVe� , did 
tKiV Veveral timeV uQtil , acKieved tKe 
deVired reVult� $ltKRuJK it VRuQdV cRm-
Slicated, tKiV iV a VimSle SrRcedure tR 
SerIRrm aQd Zill QRt taNe mucK time�

, uVed tKe IRllRZiQJ eTuali]atiRQ 
SarameterV tR receive tKe reVSRQVe 
VKRZQ iQ Figure 3b�

� /3-VKelviQJ Iilter at 3� +] ZitK a 
�-d% JaiQ tR ERRVt tKe lRZ Ire-
TueQcieV

� +3-VKelviQJ Iilter at 3�3 +] ZitK a
�-d% JaiQ tR IlatteQ tKe reVSRQVe 
at tKe KiJKer IreTueQcieV

� 6-d%�Rctave lRZ-SaVV Iilter at 
�5� +] tR JeQtl\ cut RII tKe KiJKer 

IreTueQcieV tKat are Rut RI tKe VuE-
ZRRIer¶V raQJe

LOCATION
1e[t, , RStimi]ed tKe lRcatiRQ RI tKe 

tZR VuEZRRIerV iQ m\ liVteQiQJ rRRm� 
%\ tKiV, , meaQ tKat tKere are VRme 
lRcatiRQV iQ ever\ liVteQiQJ rRRm ZKere 
a VuEZRRIer caQ Ee Slaced VR tKe re-
VultiQJ lRZ-IreTueQc\ reVSRQVe iV mucK 

VmRRtKer� 7KiV RStimi]atiRQ iV imSRr-
taQt aQd uVeIul ViQce tKe mRVt Ilat iQ-
rRRm IreTueQc\ reVSRQVe iV Qaturall\ 
Vucceeded ZitKRut aQ\ additiRQal elec-
trRQic eTuali]atiRQ aSSlied� 

,t iV a diIIicult aQd time-cRQVumiQJ 
SrRcedure� )irVt IRr Sractical reaVRQV, 
it iV QRt eaV\ tR mRve tZR EiJ Keav\ 
VuEZRRIerV arRuQd tKe rRRm� 6ec-
RQd aQd mRVt imSRrtaQt, it iV diIIicult 

5
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measurement
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)iJure 5� , uVed aQ accelerRmeter aQd a micrRSKRQe tR cRmSare meaVuremeQtV�
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)iJure 6� , uVed aQ accelerRmeter tR taNe caEiQet viEratiRQ meaVuremeQtV�

3KRtR 3� , uVed tKe $&+-0�-03 accelerRmeter 
V\Vtem tR meaVure tKe VuEZRRIer� 
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tR iQterSret tKe meaVuremeQt reVultV� 
8Vuall\ tKe iQ-rRRm IreTueQc\ reVSRQVe 
meaVuremeQtV at lRZ IreTueQcieV Kave 
a �0- Rr eveQ �5-d% variatiRQ� $lVR, 
larJe meaVuremeQt variatiRQV cRuld 
Rccur E\ mRviQJ tKe micrRSKRQe MuVt a 
IeZ ceQtimeterV�

)Rr tKiV reaVRQ, , decided tR RS-
timi]e tKe reVSRQVe iQ RQl\ a Vmall 
area RI m\ liVteQiQJ SRVitiRQ� 0\ 
liVteQiQJ rRRm¶V dimeQViRQV are aS-
SrR[imatel\ �-tR-5-m ZidtK î �0-m 
leQJtK� $Iter Veveral attemStV, , 
Slaced tKe VuEZRRIerV Qear tKe ZallV 
Eut QRt e[actl\ at tKe cRrQerV� , alVR 
Slaced tKem tR tKe rear RI tKe liVteQ-
iQJ area, Eut ViQce tKe VuEZRRIer Zill 
RQl\ reSrRduce lRZ IreTueQcieV tKiV iV
QRt a SrRElem� , later cRQIirmed tKiV
E\ liVteQiQJ�

7Ke diVtaQce EetZeeQ tKe VuEZRRI-
erV aQd tKe liVteQiQJ SRVitiRQ iV Vimilar 
tR tKe diVtaQce EetZeeQ tKe maiQ lRud-
VSeaNerV aQd tKe liVteQiQJ SRVitiRQ� 

7KiV VetuS¶V reVSRQVe iV VKRZQ iQ 
Figure 4a� 7Ke tZR curveV cRrreVSRQd 
tR tKe tZR micrRSKRQe SRVitiRQV arRuQd 
tKe maiQ liVteQiQJ SRVitiRQ� 7Ke re-
VSRQVe errRrV are ZitKiQ �5 d% IrRm 
�6 tR �00 +], ZKicK , tKiQN iV a JRRd
reVult IRr iQ-rRRm reVSRQVe ZitKRut aQ\ 
electrRQic cRrrectiRQ�

EQUALIZATION AT THE 
LISTENING POSITION

$Iter , determiQed tKe EeVt lRca-
tiRQ IRr tKe VuEZRRIerV iQ m\ liVteQiQJ 
rRRm, , careIull\ aSSlied eTuali]atiRQ, 
uViQJ tKe %eKriQJer IilterV tR IurtKer 
VmRRtK tKe reVSRQVe� , Slaced tKe mi-
crRSKRQe iQ tZR SRVitiRQV ver\ clRVe 
tR tKe maiQ liVteQiQJ SRVitiRQ� 7Ke IiQal
reVult iV VKRZQ iQ Figure 4b� 1RZ tKe 
reVSRQVe errRrV are mucK lRZer� 7R 
acKieve tKiV reVSRQVe , uVed tKe IRllRZ-
iQJ IilterV�

� EaQd-SaVV Iilter at ��� +] ZitK a 
±3�5-d% JaiQ aQd 4   3�5

� EaQd-SaVV Iilter at 6� +] ZitK 3-d% 
JaiQ aQd 4   3�5

� EaQd-SaVV Iilter at �35 +] ZitK �-d% 
JaiQ aQd 4   ��5

� EaQd-SaVV Iilter at �� +] ZitK �-d% 
JaiQ aQd 4   5

1RZ tKe VuEZRRIerV are read\ IRr 

tKe IiQal VteS, iQteJratiRQ ZitK tKe maiQ 
lRudVSeaNerV�

INTEGRATE
THE SUBWOOFER

, uVed aQ aQalRJ active crRVVRver IRr 
tKe VeSaratiRQ RI tKe VSectrum EetZeeQ 
tKe VuEZRRIerV aQd tKe maiQ VSeaNerV� 
7KiV VumV tKe leIt aQd tKe riJKt cKaQ-
QelV tR SrRduce a mRQR EaVV ViJQal aQd 
uVeV a IRurtK-Rrder /iQNZit]-5ile\ lRZ-
SaVV Iilter at 6� +], ZKicK tKeQ driveV 
tKe %eKriQJer '&;���6¶V aQalRJ iQSut 

RI tKe VuEZRRIer� 
, cRQQected tKe tZR VuEZRRIerV iQ 

VerieV tR tKe SRZer amSliIier EecauVe , 
RQl\ Kad RQe availaEle� ,Q tKe Iuture, , 
SlaQ tR Euild tZR KiJK-SRZer amSliIierV 
VR eacK VuEZRRIer caQ Ee driveQ E\ itV 
RZQ amSliIier� ,t iV imSRrtaQt tR adMuVt 
tKe VuEZRRIer¶V levelV iQ relatiRQ tR tKe 
maiQ lRudVSeaNerV tR SrRSerl\ iQteJrate 
it iQtR tKe VRuQd V\Vtem� , acKieved 
tKiV E\ taNiQJ Veveral meaVuremeQtV 
ZitK tKe micrRSKRQe at tKe liVteQiQJ 
SRVitiRQV� 
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iV Zell aERve tKe VuEZRRIer¶V RSeratiQJ raQJe�
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)iJure �� 7KiV VKRZV tKe cRQe diVSlacemeQt meaVuremeQtV at �6 +]�
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$Iter , ZaV VatiVIied ZitK tKe mea-
VuremeQt reVultV, , cRmSleted tKe IiQal 
tuQiQJ E\ liVteQiQJ tR Zell-NQRZQ muVic 
SieceV tR veriI\ tKe cRrrect level adMuVt-
meQtV� , Eelieve tKiV iV QeceVVar\ ViQce 
RQe Rr tZR deciEelV uS Rr dRZQ ZitK 
tKe VuEZRRIer cRuld maNe aQ imSRrtaQt 
diIIereQce�

ACCELEROMETER 
MEASUREMENTS

1e[t, , uVed m\ accelerRmeter V\V-
tem tR meaVure tKe VuEZRRIerV� , de-
ViJQed tKiV V\Vtem a IeZ \earV aJR� 
,t cRQViVtV RI aQ $&+-0�-03 acceler-
Rmeter, tKe accelerRmeter amSliIier, 
ZKicK iV aQ amSliIier�SrRceVVRr tKat 
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)iJure �0� $t 30 +], tKe cRQe diVSlacemeQt meaVuremeQtV VKRZ a ��-mm SeaN diVSlacemeQt�
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)iJure �� , alVR tRRN tKe cRQe diVSlacemeQt meaVuremeQtV at �0 +]�

alVR cRmSuteV tKe acceleratiRQ iQSut 
ViJQal¶V velRcit\ aQd diVSlacemeQt, aQd 
aQ e[terQal ��-9$& SRZer VuSSl\� 7Ke 
cRmSlete V\Vtem iV VKRZQ iQ Photo 3�
,t iV a VliJKtl\ imSrRved verViRQ RI tKe 
deViJQ tKat , SreVeQted iQ m\ article, 
³$ccelerRmeter 7eVtiQJ RI /RudVSeaNer 
'riverV´ �audioXpress, -uQe �0����

, SerIRrmed all tKe meaVuremeQtV  
ZitKRut aQ\ electrRQic eTuali]atiRQ aS-
Slied RQ tKe VuEZRRIerV� 7R EeJiQ, , at-
tacKed tKe accelerRmeter tR tKe ceQter 
RI tKe VuEZRRIer cRQe uViQJ tKiQ dRu-
Ele-Vided taSe aQd meaVured tKe cRQe 
acceleratiRQ� 7Ke cRQe¶V acceleratiRQ 
aQd tKe Iar-Iield VRuQd SreVVure are 
SrRSRrtiRQal tR eacK RtKer� 

Figure 5 VKRZV tKe tZR meaVure-
meQtV� , uVed tKe Qear-Iield metKRd ZitK 
tKe micrRSKRQe a IeZ millimeterV aZa\ 
IrRm tKe cRQe¶V ceQter tR taNe RQe mea-
VuremeQt aQd , uVed tKe $&+ accelerRm-
eter tR taNe tKe VecRQd meaVuremeQt� 

%RtK meaVuremeQtV are almRVt ideQ-
tical uS tR aERut �00 +], ZKere tKe 
deviatiRQ EeJiQV� $ERve �00 +], tKe 
tZR meaVuremeQtV are ver\ diIIereQt� 
7KiV KaSSeQV EecauVe tKe VuEZRRIer 
cRQe ceaVeV tR EeKave liNe a riJid cRQe 
aERve tKiV IreTueQc\ VR tKe accelerRm-
eter meaVureV tKe lRcal acceleratiRQ RI 
tKe Sart RI tKe cRQe ZKere it iV lRcated 
aQd QRt tKe ZKRle cRQe¶V acceleratiRQ�>�@

$QRtKer iQtereVtiQJ REVervatiRQ iV 
tKat VRme Vmall SeaNV iQ tKe Qear-
Iield meaVuremeQtV dR QRt e[iVt iQ tKe 
accelerRmeter meaVuremeQt� 7KeVe 
SeaNV are SrREaEl\ due tR m\ liVteQiQJ 
rRRm¶V VtaQdiQJ ZaveV�

:itK tKe accelerRmeter V\Vtem, , 
tKeQ iQveVtiJated tKe VuEZRRIer ER[¶V 
SaQel viEratiRQ EeKaviRr� 7R dR tKiV, 
, uVed tKiQ dRuEle-Vided taSe tR at-
tacK tKe accelerRmeter tR tKe ceQter 
RI VuEZRRIer caEiQet¶V tRS SaQel� 7R 
taNe tKeVe meaVuremeQtV, , Kad tR 
VKield tKe $&+ accelerRmeter EecauVe 
a 50-+] liQe vRltaJe iQterIereQce ZaV 
SreVeQt� 7KiV ZaV eaVil\ dRQe ZitK a 
5-cm î 5-cm Siece RI alumiQum IRil 
arRuQd tKe accelerRmeter, ZKicK ZaV 
electricall\ cRQQected tR tKe amSliIier 
JrRuQd�

$V aQ e[citatiRQ ViJQal, , uVed SiQN 
QRiVe SrRduced E\ tKe $57$ VRItZare� 
$ SRZer amSliIier drRve tKe VuEZRRIer 
at a KiJK VRuQd level� 7Ke VuEZRRIer 

http://www.audioXpress.com
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ZaV iVRlated IrRm m\ liVteQiQJ rRRm¶V 
ZRRdeQ IlRRr uViQJ tKree Ieet made 
IrRm 6RrERtKaQe �6RrER 6KReV�� 7KeVe 
Ieet are KemiVSKerical ZitK a 50-mm 
diameter aQd a �5-mm KeiJKt�

2Q tKe accelerRmeter SreamSliIier, , 
uVed aQ additiRQal �0-d% JaiQ IRr tKe 
SaQel viEratiRQ meaVuremeQtV EecauVe 
tKe ViJQalV meaVured E\ tKe acceler-
RmeterV are ver\ lRZ iQ level� 7Ke $57$ 
VRItZare¶V ³6cale´ IuQctiRQ cRmSeQ-
Vated IRr tKe additiRQal JaiQ�

7Ke meaVuremeQt reVultV are VKRZQ
iQ Figure 6� 7Ke tRS curve iV tKe ac-
celeratiRQ RI tKe VuEZRRIer cRQe, ZKicK 
iV uVed aV a reIereQce� 7KeQ tKe EacN 
SaQel¶V acceleratiRQ iV VKRZQ, IRllRZed 
E\ tKe Vide SaQel¶V acceleratiRQ, IiQall\ 
tKat RI tKe IrRQt SaQel� 7Ke diIIereQce 
EetZeeQ tKe EacN SaQel¶V viEratiRQ aQd 
tKe IrRQt aQd Vide SaQelV¶ viEratiRQV iV 
ver\ larJe� 2EviRuVl\ tKe Erace , uVed iQ 
tKe ER[¶V ceQter damSeQed tKe tRS aQd 
Vide SaQel viEratiRQV �Vee Photo 1�� ,I 
, Euilt tKe VuEZRRIer ER[ aJaiQ, , ZRuld 
uVe a Vimilar Erace EetZeeQ tKe EacN 
SaQel aQd tKe middle Erace�

$ltKRuJK tKe EacN SaQel¶V viEra-
tiRQ EeKaviRr iV QRt aV JRRd aV tKe 
caEiQet¶V RtKer SaQelV, Figure 7
VKRZV tKere iV QR VeriRuV acRuVtical 
draZEacNV� 7Ke cumulative VSectral 
deca\ �&6'� SlRt RI tKe EacN SaQel¶V 
viEratiRQ iQdicateV VtrRQJ reVRQaQceV 
RQl\ iQ tKe 500-+] reJiRQ, ZKicK iV 
Zell aERve tKe VuEZRRIer¶V RSeratiRQ 
raQJe�

, uVed tKe accelerRmeter V\Vtem tR 
SerIRrm VRme RtKer iQtereVtiQJ mea-
VuremeQtV iQcludiQJ tKe vRice cRil¶V 
diVSlacemeQt �;0$;� RI tKe VuEZRRIer 
cRQe iQ relatiRQ tR tKe aSSlied vRltaJe 
drive aQd tKe 7+' RI tKe reSrRductiRQ� 

7KeVe meaVuremeQtV Zere made 
SRVViEle ZitK tKe $57$ SrRJram¶V 
67(36 caSaEilit\� )Rr mRre iQIRrma-
tiRQ, Vee tKe 5eVRurceV VectiRQ at tKe 
eQd RI tKiV article� 

7Ke SrRJram iQcreaVeV tKe drive 
vRltaJe tR tKe VuEZRRIer iQ VteSV at 
tKe Velected IreTueQc\ aQd uVeV tKe 
micrRSKRQe tR meaVure tKe 7+' RI 
tKe VuEZRRIer¶V VRuQd SreVVure Rut-
Sut� 7Ke accelerRmeter meaVureV tKe 
diVSlacemeQt RI tKe VuEZRRIer¶V vRice 
cRil� $Iter SrRceVViQJ tKe accelerRme-
ter ViJQal, tKe accelerRmeter amSliIier 

SrRvideV tKe vRice cRil¶V diVSlacemeQt 
RutSut� 

, meaVured tKe cRQe diVSlacemeQt 
at Veveral IreTueQcieV tR teVt tKe VuE-
ZRRIer caSaEilitieV� Figure 8 VKRZV 
tKe meaVuremeQt IRr tKe �6-+] Ire-
TueQc\� 7Ke VuEZRRIer QeedV ���5 9506
IRr a SeaN 6-mm diVSlacemeQt ZitK aQ 
��� diVtRrtiRQ� :KeQ tKe drive vRltaJe 
riVeV tR �0 9506 tKe SeaN diVSlacemeQt 
reacKeV ��3 mm Eut QRZ tKe diVtRrtiRQ 
iV almRVt ����

Figure 9 VKRZV tKe �0-+] meaVure-
meQt� 7Ke VuEZRRIer QeedV �5�5 9506
IRr a SeaN �-mm diVSlacemeQt ZitK 
a diVtRrtiRQ RI aERut �0�� :KeQ tKe 
drive vRltaJe riVeV tR �0 9506, tKe cRQe 
diVSlacemeQt reacKeV tKe �-mm SeaN 
Eut tKe diVtRrtiRQ iV QRZ �5��

Figure 10 VKRZV tKe SRiQt ZKere 
tKiQJV Vtart tR imSrRve� 7Ke teVt Ire-
TueQc\ iV QRZ 30 +]� 7Ke VuEZRRIer 
iV driveQ ZitK 30 9506 aQd SrRduceV a 
SeaN diVSlacemeQt RI almRVt �� mm 
ZitK a diVtRrtiRQ RI �0��

$ltKRuJK QRt VKRZQ, tKiQJV imSrRve 
eveQ mRre at �0 +]� $t tKiV IreTueQc\, 
tKe VuEZRRIer iV driveQ ZitK 30 9506,
ZKicK SrRduceV a �0�3-mm SeaN diV-
SlacemeQt ZKile tKe diVtRrtiRQ iV RQl\ 
6�� 2EviRuVl\ mRre vRltaJe drive iV 
Qeeded, Eut uQIRrtuQatel\ tKe SRZer 
amSliIier , uVed IRr tKe teVtV ZaV QRt 
aEle tR SrRvide mRre tKaQ 30 9506�
(veQ iI , Kad a mRre SRZerIul amSliIier, 
it ZRuld Kave EeeQ diIIicult tR cRQtiQue 
tKe teVt due tR tKe KiJK VRuQd levelV 
tKat it ZRuld SrRduce�

+RZever, tKe meaVuremeQtV SrRvide 
iQtereVtiQJ iQViJKt RQ tKe VuEZRRIer¶V 
aEilitieV tR SrRduce lRZ IreTueQcieV at 
larJe SeaN diVSlacemeQtV� aX
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7Ke Elue curve iV ma[imum treEle� 
7Ke \ellRZ curve iV ma[imum EaVV� 
7Ke maJeQta curve iV miQimum 
EaVV� 7Ke red aQd Elue curveV Zere 
made ZitK tKe EaVV cRQtrRl at tKe 
midSRiQt� 7Ke \ellRZ aQd maJeQta 
curveV Zere made ZitK tKe treEle 
cRQtrRl at midSRiQt� $ctuall\, tKe 
EaVV cRQtrRl KaV ver\ little eIIect iQ 
tKiV circuit ZKeQ tKe '((3 VZitcK iV 
RII, ViQce tKe EaVV IreTueQcieV are 
ElRcNed E\ tKe tZR 0��-�) caSaci-
tRrV iQ VerieV, JiviQJ aQ eTuivaleQt 
0�05-�) caSacitRr�
7KeVe curveV alVR VKRZ aQ iQtereVt-

iQJ cKaracteriVtic RI VRme tRQe cRQ-
trRlV� 7Ke midSRiQt VettiQJV RI tKe tRQe 
SRteQtiRmeterV dR QRt SrRduce a Ilat 
reVSRQVe� 7R REtaiQ a Ilat reVSRQVe, 
tKe treEle cRQtrRl ZRuld Kave tR Ee 
Vet EelRZ tKe midSRiQt ZitK tKe EaVV 
cRQtrRl at tKe midSRiQt aQd tKe '((3 
VZitcK RQ�

Figure 3 VKRZV a tKree-SRteQtiRm-
eter �EaVV-mid-treEle� tRQe VtacN uVed 
iQ maQ\ )eQder lead Juitar amSliIi-
erV �e�J�, tKe 7ZiQ 5everE, etc�� 7KiV 
Sarticular verViRQ iV IrRm tKe $%-�63 
cKaVViV�

Figure 4 VKRZV tKe eIIectV RI tKe 
treEle aQd middle cRQtrRlV, ZitK tKe 
%5,*+7 VZitcK RII� 7Ke JreeQ curve iV 

³7RQe´ SreIereQceV var\ amRQJ liVteQerV

Tone Controls (Part 2)
KRllRZ-Vtate electrRQicV %\ 5icKard +RQe\cutt �8Qited 6tateV�

7Ke %a[aQdall EaVV aQd 
treEle tRQe cRQtrRlV iQ-
trRduced iQ laVt mRQtK¶V 
article Kave mRre Rr leVV 

emerJed aV tKe VtaQdard cRQIiJu-
ratiRQ IRr KRme-VtereR amSliIierV, 
altKRuJK tKere ZaV VRme e[Seri-
meQtatiRQ iQ tKe late ��60V ZitK tKe 
additiRQ RI a midraQJe cRQtrRl� 7KiV 
added cRQtrRl did QRt meet ZitK 
marNet acceStaQce, SrREaEl\ IRr 
tZR reaVRQV�

MIDRANGE CONTROL 
DRAWBACKS

)irVt, tKe deIiQitiRQV RI ³midraQJe´ 
are QRt cRQViVteQt IrRm RQe liVteQer tR 
aQRtKer� 6Rme SeRSle tKiQN RI ³mid-
raQJe´ aV tKe IreTueQcieV tKat VRuQd 
tR tKe ear aV iI tKe\ are iQ tKe middle 
RI tKe raQJe RI KeariQJ²aERut 6�0 tR 
�,��0 +]� 6Rme tKiQN RI ³midraQJe´ aV 
tKe IreTueQcieV tKat VRuQd aV iI tKe\ 
are iQ tKe middle RI tKe IuQdameQ-
tal vRice raQJe²aERut �50 tR 300 +]� 
6Rme maQuIacturerV Veem tR tKiQN
tKat ³midraQJe´ iV IrRm �,000 tR 5,000 
+]� 7KeVe diIIereQceV, SluV diIIereQceV 
iQ audiEle IreTueQc\ raQJe IrRm liV-
teQer tR liVteQer, SluV tKe Iact tKat Rur 
ear�EraiQ V\Vtem SerceiveV SitcK iQ a 
ver\ QRQliQear IaVKiRQ, maNe Velect-
iQJ tKe RSeratiQJ raQJe IRr a midraQJe 
cRQtrRl e[tremel\ cKalleQJiQJ IRr a cir-
cuit deViJQer�

7Ke VecRQd reaVRQ iV tKat cKaQJiQJ 
tKe reVSRQVe iQ aQ\ RI tKeVe raQJeV 
caQ Kave draVtic eIIectV RQ muVical 
Tualit\, VR it iV uQliNel\ tKat a caVual 
liVteQer Zill eaVil\ IiQd a ³JRRd´ SRVi-
tiRQ IRr a midraQJe cRQtrRl�

INSTRUMENT AMPLIFIER 
CONTROL STACKS

+RZever, KRllRZ-Vtate Juitar amSli-
IierV RIteQ Kave EaVV-mid-treEle ³tRQe 
VtacNV´ ZitK a %5,*+7 Rr '((3 VZitcK 

added aV Zell� 6iQce Juitar Sla\erV 
are QRt tr\iQJ tR accuratel\ reSrRduce 
recRrded muVic, Eut are iQVtead vRic-
iQJ tKeir RZQ iQVtrumeQtV, e[SerieQced 
Sla\erV Kave little diIIicult\ adMuVtiQJ 
tRQe cRQtrRlV tR tKeir RZQ liNiQJ�

Figure 1 VKRZV a EaVV-treEle tRQe 
VtacN uVed iQ tKe )eQder $$-�6� Jui-
tar amSliIier cKaVViV� 7KiV VtacN KaV a 
'((3 VZitcK �VKRZQ iQ tKe ³RII´ SRVi-
tiRQ�� Figure 2 VKRZV tKe eIIectV RI 
tKe EaVV aQd treEle cRQtrRlV ZKeQ tKe 
'((3 VZitcK iV 21 VR tKat it SlaceV tKe 
lRZer 0��-�) caSacitRr iQ Sarallel ZitK 
tKe middle RQe� 7Ke JreeQ curve VKRZV 
tKe IreTueQc\ reVSRQVe ZitK EaVV aQd 
treEle cRQtrRlV Vet at tKe midSRiQt� 7Ke 
red curve VKRZV ZKat KaSSeQV ZKeQ 
tKe treEle cRQtrRl iV Vet at miQimum� 

)iJure �� 7KiV EaVV-treEle VtacN ZaV uVed iQ tKe 
)eQder $$-�6� Juitar amSliIier�

)iJure �� 7KeVe curveV VKRZ tKe eIIect RI )iJure �¶V tRQe cRQtrRl circuit�

8VaJe aQd )reTueQc\ 5eVSRQVeV
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tKe reVSRQVe ZitK all cRQtrRlV at tKeir 
midSRiQtV� 7Ke red curve iV tKe ma[i-
mum treEle� 7Ke Elue curve iV tKe miQ-
imum treEle� )Rr ERtK curveV, EaVV aQd 
middle Zere leIt at midSRiQt� 7Ke \el-
lRZ curve iV miQimum middle aQd tKe 
maJeQta curve iV ma[imum middle� ,Q 
tKeVe laVt tZR caVeV, EaVV aQd treEle 
Zere at midSRiQt�

1Rte tKat ZitK tKiV circuit alVR, mid-
SRiQt cRQtrRl VettiQJV dR QRt \ield a Ilat 
reVSRQVe� ,Q Iact, it iV Qearl\ imSRV-
ViEle tR Vet tKe cRQtrRlV iQ tKiV circuit 

tR REtaiQ a Ilat reVSRQVe� $lVR 
QRtice tKat tKere iV alZa\V a 
diS iQ tKe midraQJe, eveQ at 
tKe middle cRQtrRl¶V KiJKeVt 
VettiQJ� 7Ke middle cRQtrRl aI-
IectV IreTueQcieV EetZeeQ 300 
aQd 500 +]�

Figure 5 VKRZV ZKat tKe 
EaVV cRQtrRl aQd tKe %5,*+7 
VZitcK dR ZKeQ aSSlied tR tKe 
Vame circuit uVed iQ Figure 3�
7Ke JreeQ curve VKRZV tKe all-
cRQtrRlV-at-midSRiQt cRQditiRQ 
IRr reIereQce� 7Ke red curve 

iV miQimum EaVV ZitK treEle aQd mid-
dle at tKeir midSRiQtV� 7Ke Elue curve 
iV ma[imum EaVV, aJaiQ ZitK treEle 
aQd middle at midSRiQtV� 7Ke \ellRZ 
curve VKRZV tKe eIIect RI VZitcKiQJ tKe 
%5,*+7 VZitcK RQ ZitK all SRteQtiRm-
eterV aQd tKe vRlume cRQtrRl at mid-
SRiQtV� 7Ke %5,*+7 VZitcK¶V eIIect de-
SeQdV RQ tKe vRlume cRQtrRl¶V VettiQJ� 
$t tKe miQimum vRlume VettiQJ, tKe 
%5,*+7 VZitcK Zill Kave a ma[imum 
eIIect� $t tKe ma[imum vRlume, it Zill 
Kave QR eIIect at all�

)iJure 3� 7KiV EaVV-mid-treEle tRQe VtacN ZaV uVed iQ 
tKe )eQder $%-�63 cKaVViV�

)iJure �� 7KeVe curveV VKRZ tKe eIIectV RI tKe treEle aQd middle tRQe cRQtrRlV RI )iJure 3¶V 
circuit�

)iJure 5� 7Ke eIIectV RI tKe EaVV cRQtrRl aQd tKe %5,*+7 VZitcK RI )iJure 3¶V circuit are 
VKRZQ�

LOUDNESS CONTROLS
,Q laVt mRQtK¶V article, , diVcuVVed 

lRudQeVV cRQtrRlV� /et¶V lRRN at tKRVe iQ 
a Eit mRre deStK� )irVt, , VKRuld meQ-
tiRQ tKat lRudQeVV iV QRt tKe Vame aV 
VRuQd SreVVure level �63/�, altKRuJK 
tKe\ are related� 7KiV iV true EecauVe 
lRudQeVV iV a SV\cKRacRuVtic TuaQtit\ 
meaVured iQ SKRQV aQd 63/ iV a SK\Vi-
cal TuaQtit\ meaVured iQ deciEelV �d%� 
63/� ,Q RtKer ZRrdV, lRudQeVV iV tKe 
meaVure RI a certaiQ VeQVatiRQ e[Seri-
eQced E\ a KumaQ ZKeQ liVteQiQJ tR a 
VRuQd VRurce� 6iQce tKe KumaQ Kear-
iQJ aSSaratuV KaV a var\iQJ IreTueQc\ 
reVSRQVe deSeQdiQJ RQ tKe 63/, lRud-
QeVV deSeQdV RQ IreTueQc\ aV Zell aV 
63/� 7KiV Iact iV illuVtrated E\ tKe Vet 
RI curveV VKRZQ iQ Figure 6�

7KiV IiJure iV EaVed RQ tKe ZRrN RI 
+arve\ )letcKer aQd :ildeQ 0uQVRQ RI 
%ell /aERratRrieV, aV uSdated E\ '� :� 
5REiQVRQ aQd 5� 6� 'adVRQ� (acK curve 
reSreVeQtV tKe 63/ tKat a Sure tRQe 
muVt Kave tR VRuQd e[actl\ aV lRud aV 
a ��3-N+] tRQe ZitK aQ 63/ eTual tR tKe 
QumEer VKRZQ RQ tKe liQe� )Rr e[am-
Sle, a �0-+] tRQe muVt Kave a ��0-d% 
63/ tR VRuQd aV lRud aV a ��3-N+] tRQe 

mailto:sales@avellindberg.com
http://www.avellindberg.com
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at �0 d% 63/� 1Rte tKat tKe ear iV mRVt 
VeQVitive at � N+] aQd tKat tKere iV 
alVR aQ iQcreaVe iQ VeQVitivit\ EetZeeQ 
�0 aQd �5 N+]�

, VKRuld alVR SRiQt Rut tZR RtKer 
tKiQJV� )irVt, tKe curveV are QRt Saral-
lel, VR tKe lRZer tKe 63/, tKe Jreater 
tKe iQcreaVe at lRZ IreTueQcieV Qeeded 
tR VRuQd e[actl\ aV lRud aV a JiveQ 
midraQJe tRQe� 6ecRQd, tKeVe curveV 
Zere created IrRm averaJed meaVure-
meQtV RI \RuQJ adultV ZitK QRrmal 
KeariQJ� ,I tKeVe meaVuremeQtV Zere 
made RQ tKree SeRSle, tKree diIIer-
eQt VetV RI curveV ZRuld reVult Ee-
cauVe RI variatiRQV amRQJ tKe KeariQJ 
cKaracteriVticV RI diIIereQt iQdividualV� 
<RuQJer SeRSle, iQ JeQeral, ZRuld Kave 
KiJKer VeQVitivit\, eVSeciall\ at KiJK 
IreTueQcieV� 2Q averaJe, Rlder SeRSle 
ZRuld Kave decreaVed KiJK-IreTueQc\ 
VeQVitivit\, aQd alVR a marNed diS iQ 
KeariQJ VeQVitivit\ Qear � N+]� 6Rme 
Rlder ZRmeQ, iQ Sarticular, ZRuld Kave 
decreaVed VeQVitivit\ at lRZ IreTueQ-
cieV� 7Ke reaVRQV IRr tKeVe variatiRQV 
are NQRZQ, Eut are QRt ZitKiQ tKe 
VcRSe RI tKiV article� 

7Ke imSRrtaQt SRiQt iV tKat ZKeQ 
Ze liVteQ at lRZer levelV, tKe EaVV aQd 
KiJK treEle VRuQd ZeaN� 0aQ\ SieceV RI 
audiR eTuiSmeQt SrRduced iQ tKe SaVt 
iQcluded lRudQeVV cRmSeQVatiRQ circuit-
r\ iQteQded tR ERRVt EaVV aQd KiJK tre-
Ele ZKeQ tKe vRlume cRQtrRl ZaV turQed 
dRZQ� 2IteQ, a ³lRudQeVV´ VZitcK ZaV 
alVR iQcluded VR tKat liVteQerV cRuld diV-
aEle tKe lRudQeVV cRmSeQVatiRQ iI tKe\ 
VR deVired� Figure 7 VKRZV tKe Ire-
TueQc\ reVSRQVe RI a lRudQeVV cRmSeQ-
VatiRQ cRQtrRl IRrmerl\ maQuIactured E\ 
,5&� 7Ke SerceQtaJeV cRrreVSRQd tR tKe 
cRQtrRl¶V VettiQJ, ZKicK alVR acted aV 
tKe vRlume cRQtrRl� 7KeVe cRQtrRlV Zere 
uVed iQ VRme KRme-audiR amSliIierV 
aQd radiR receiverV�

Figure 8 VKRZV tKe cRQtrRl¶V VcKe-
matic diaJram� 7Ke leIt-KaQd SRteQti-
Rmeter Kad a 500-NΩ value� 7Ke RtKer 
tZR Zere �00 NΩ eacK� 7\Sicall\ tKe 
/&� ZaV Ied IrRm RQe tuEe¶V Slate, aQd 
tKe RutSut ZeQt tR tKe IRllRZiQJ tuEe¶V 
Jrid�

$V a lRZer-cRVt alterQative, VRme 
maQuIacturerV uVed taSSed vRlume 
cRQtrRl ZitK caSacitRrV cRQQected tR 
tKe taSV tR create a IreTueQc\ re-
VSRQVe tKat ERRVted EaVV aQd KiJK 

The Largest Consumer 

Audio Show in the U.S.

www.audiofest.net

The Largest Consumer 

Audio Show in the U.S.

www.audiofest.net

October
11-13 2013

DENVER
COLORADO

• Headphones • Turntables • Computer Audio 
• Loudspeakers • Amps and Pre-Amps • Cables 
• Music Servers • Phono Cartridges • Tonearms 
• Room Treatments • Stands and Racks 
• Transports • Tubes • Seminars • Entertainment

From the AFFORDABLE to the ABSURD

10th Annual!

http://www.audiofest.net


audiR;SreVV  6eStemEer �0�3    37

treEle at lRZ vRlume VettiQJV�
7Ke uQderl\iQJ idea RI lRudQeVV 

cRmSeQVatRr cRQtrRlV ZaV tR eQaEle 
tKe ³vRlume cRQtrRl´ tR reall\ cRQtrRl 
lRudQeVV²QRt MuVt audiR level²E\ au-
tRmaticall\ cRmSeQVatiQJ IRr tKe ear¶V 
level-deSeQdeQt IreTueQc\ reVSRQVe� 
7Ke SrRElem ZitK tKat idea iV tKat tKe 
reVt RI tKe audiR cKaiQ²iQcludiQJ tKe 
liVteQer¶V KeariQJ aSSaratuV²iV QRt 
VtaQdardi]ed� $ltKRuJK iQ a taEle radiR 
tKe VSeaNer VeQVitivit\ �deciEel at � : 
at � m� ZRuld Ee NQRZQ E\ tKe circuit 
deViJQer, tKe Vame caQQRt Ee Vaid IRr 
Ki-Ii VSeaNer V\VtemV� ,I tKe VeQVitivit\ 
varieV E\ �� d% IrRm ZKat tKe amSliIier 
deViJQer aVVumed ZKeQ deViJQiQJ tKe 
lRudQeVV cRQtrRl, tKe EaVV aQd treEle 

ERRVt cRuld eaVil\ Ee RII E\ 
6 d% Rr mRre� 7KuV criti-
cal liVteQerV Kave JeQer-
all\ SreIerred tR uVe EaVV 
aQd treEle cRQtrRlV tR maNe 
IreTueQc\-reVSRQVe adMuVt-
meQtV VR tKat tKe\ are iQ 
cRmSlete cRQtrRl RI tKe re-
VultV� ,Q tKiV Za\, tKe\ caQ 
cRmSeQVate IRr tKe vari-
aEilit\ RI tKe VSeaNerV aQd 
tKe liVteQerV¶ KeariQJ�

7Ke uVe RI lRudQeVV 
cRmSeQVatiRQ circuitr\ KaV RIteQ EeeQ 
VRmeZKat liNe tKe uVe RI JraSKic 
eTuali]erV Vet tR a Vmile\ Iace� tRR 
mucK EaVV aQd tRR mucK treEle� )Rr 
tKat reaVRQ, lRudQeVV cRmSeQVatiRQ 
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)iJure �� 7KiV iV tKe circuit RI tKe ,5& /&� lRudQeVV cRQtrRl�

circuitV are Srett\ mucK a relic RI tKe 
SaVt�

,Q m\ Qe[t article, ,¶ll e[amiQe KRl-
lRZ-Vtate d\QamicV SrRceVVRrV, maiQl\ 
cRmSreVVRrV� aX

Member Name� &RVtaV 6arriV

Location� 7KeVValRQiNi, *reece

Education� %6c, %uViQeVV &RmSuterV

Occupation� +e
curreQt l\ ZRrNV 
aV a medical eQ-
JiQeer at %iRlaE 
/S  ' i aJQRV t i c V

Affiliations: +e iV 
a mRQRlitK maJ-
QeticV audiR traQV-
IRrmerV teVter IRr 
0\tKRV $udiR, a 
KiJK-eQd VSeaN-
er maQuIacturer, 
aQd Ke EelRQJV tR 
Veveral  SRSular 
ZeE-EaVed Ki- I i 
IRrumV�

Audio Interests� &RVtaV Vaid Ke iV 
mRVt eQtKuViaVtic aERut SrRMectV tKat 
iQvRlve tuEeV� $ltKRuJK Ke eQMR\V all 
tKiQJV audiR, &RVtaV Vaid Ke SreIerV tR 

0(0%(5 352),/(

&RVtaV 6arriV

ZRrN RQ SRZer tuEe amSliIierV, tuEe 
SreamSliIierV, aQd Juitar amSliIierV�

Most Recent Purchase� &RVtaV re-
ceQtl\ ERuJKt a Sair RI 126 ��$;� 
tuEeV, ZKicK Ke SlaQV tR uVe iQ aQ 
uScRmiQJ SrRMect� 

Current Audio Projects� +e KaV 
Veveral SrRMectV iQ tKe ZRrNV iQ-
cludiQJ a �$3 ViQJle-eQded tuEe 
amSliIier, a 300% 6( SRZer tuEe 
amSliIier, aQd a ViQJle-eQded Juitar 
tuEe amSliIer EaVed RQ a 6/6*& 
SRZer tuEe�

Dream System� &RVtaV Vaid KiV 
dream V\Vtem iQcludeV aQ $ltec 
0Rdel �� &irca ���� ZitK a $udiR 
1Rte 2QJaNu SRZer amSliIier aQd 
aQ $udiR 5eVearcK 5eIereQce � Sre-
amSliIier�
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/RudVSeaNer IeatureV a .etRQe SRl\mer aQQular-VKaSed diaSKraJm

A FaitalPRO Compression Driver 
and the STH100 Horn

%\ 9aQce 'icNaVRQ �8Qited 6tateV�

3KRtR �� )aital¶V +)�06 cRmSreVViRQ driver iV VKRZQ cRuSled ZitK tKe 
67+�00 KRrQ�

test bench

)Rr tKiV mRQtK¶V article, , Sut RQe RI )aital352¶6 QeZ 
cRmSreVViRQ driverV, tKe +)�06 alRQJ ZitK a )aital-
352 67+�00 (lliStical 7ractri[ KRrQ tR tKe teVt �Vee 
Photo 1�� 7Ke +)�06 iV a QeZ editiRQ tR tKe cRm-

SaQ\¶V VerieV RI �´ diameter cRmSreVViRQ driverV tKat uVe 
KetRQe SRl\mer diaSKraJmV� 7Ke eQtire VerieV iV deViJQed 
tR Ee uVed ZitK tKe 67+�00 KRrQ� 

FaitalPRO HF106
7Ke +)�06, liNe tKe eQtire VerieV, iV aQ iQtereVtiQJ cRm-

SreVViRQ driver tKat VKareV Veveral uQiTue IeatureV ZitK 
tKe RtKer mRdelV� ,t iQcludeV a .etRQe SRl\mer aQQular-
VKaSed diaSKraJm aQd aQ aQQular-VKaSed SKaVe SluJ �QRte 
tKe +)�00, tKe +)�0�, aQd tKe +)�05 uVe radial-VKaSed 
SKaVe SluJV�� 7Ke driver¶V tKrRat diameter iV �5�� mm ��´� 

ZitK tKe diaSKraJm cRuSled tR a �� mm ����3´� diameter 
vRice cRil ZRuQd RQ a .aStRQ IRrmer ZitK alumiQum Zire� 
2tKer IeatureV iQclude a QeRd\mium riQJ maJQet, a caVt 
alumiQum ERd\, 60-: $(6-rated SRZer KaQdliQJ ���0-: 
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)iJure �� )aital +)�06�67+�00 Iree-air imSedaQce SlRt

3KRtR �� )aital¶V 67+�00 KRrQ iV VKRZQ ZitKRut a driver�

)iJure �� )aital +)�06�67+�00 RQ-a[iV IreTueQc\ reVSRQVe
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)iJure 3� )aital +)�06�67+�00 KRri]RQtal RQ- aQd RII-a[iV 
IreTueQc\ reVSRQVe �0   VRlid� �5�   dRt� 30�   daVK� �5�   
daVK�dRt� 60�   daVK�
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ma[imum�, aQd VRlderaEle aircraIt termiQalV� 7Ke 
67+�00 KRrQ VuSSlied ZitK tKe +)�06 driver KaV 
a �´ diameter tKrRat ZitK �0� KRri]RQtal î �0� 
vertical VKRrt elliStical tractri[ Ilare �Vee Photo 2��

, uVed tKe /iQear; /06 aQal\]er tR SrRduce 
tKe �00-SRiQt VteSSed ViQe Zave imSedaQce SlRt 
VKRZQ iQ Figure 1� 7Ke VRlid ElacN curve VKRZV 
tKe +)�06 mRuQted RQ tKe 67+�00 KRrQ aQd tKe 
daVKed Elue curve reSreVeQtV tKe cRmSreVViRQ 
driver ZitKRut tKe KRrQ� :itK a meaVured 5��-Ω 
5e, tKe +)�06�67+�00¶V miQimum imSedaQce ZaV 
��65 Ω at ��� N+]�

)Rr tKe Qe[t teVt VeTueQce, , mRuQted tKe 
+)�06�67+�00 cRmEiQatiRQ iQ aQ eQclRVure ZitK 
a �0´ î �5´ EaIIle aQd uVed a �00-SRiQt Jated ViQe 
Zave VZeeS tR meaVure tKe KRri]RQtal aQd vertical 
RQ- aQd RII-a[iV at ���3 9�� m� Figure 2 diVSla\V 
tKe cRmSreVViRQ driver�KRrQ cRmEiQatiRQ¶V RQ-
a[iV IreTueQc\ reVSRQVe� :itK a ��0-d%, �-:��-m 
rated VeQVitivit\, it KaV a ����3-d%, ���3-9��-m 
SeaN RutSut at ��� N+]� 7Ke VRuQd SreVVure level 
�63/� SrRIile meaVureV ���5 d% IrRm � tR �0 N+]� 
�7Ke +)�06¶V recRmmeQded crRVVRver IreTueQc\ iV 
a ��3-N+] miQimum ZitK a VecRQd-Rrder QetZRrN�� 
6iQce tKiV KRrQ¶V cRveraJe iV �0� KRri]RQtal î �0� 
vertical, \Ru ZRuldQ¶t e[Sect mucK diIIereQce iQ 
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)iJure �� )aital +)�06�67+�00 vertical RQ- aQd RII-a[iV IreTueQc\ 
reVSRQVe �0�   VRlid� �5�   dRt� 30�   daVK� �5�   daVK�dRt� 60� 
  daVK�
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)iJure 5� )aital +)�06�67+�00 QRrmali]ed KRri]RQtal RQ- aQd 
RII-a[iV IreTueQc\ reVSRQVe �0�   VRlid� �5�   dRt� 30�   daVK� 
�5�   daVK�dRt� 60�   daVK�

300  Hz 500 1K 2K 5K 10K 20K 40K

dBR

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

Ratio vs Freq

)iJure 6� )aital +)�06�67+�00 QRrmali]ed vertical RQ- aQd RII-
a[iV IreTueQc\ reVSRQVe �0�   VRlid� �5�   dRt� 30�   daVK� 
�5�   daVK�dRt� 60�   daVK�
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)iJure �� )aital +)�06�67+�00 tZR-VamSle 63/ cRmSariVRQ

)iJure �� )aital +)�06�67+�00 6RuQd&KecN diVtRrtiRQ SlRtV
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tKe KRri]RQtal aQd vertical RII-a[iV SlRtV� Figure 3 VKRZV 
tKe KRri]RQtal RrieQtatiRQ� Figure 4 VKRZV tKe vertical RrieQta-
tiRQ� Figure 3¶V SlRt ZitK tKe RII-a[iV QRrmali]ed tR tKe RQ-a[iV 
reVSRQVe iV VKRZQ iQ Figure 5� Figure 4¶V SlRt ZitK tKe 
RII-a[iV QRrmali]ed tR tKe RQ-a[iV reVSRQVe iV VKRZQ iQ 
Figure 6� Figure 7 VKRZV tKe tZR-VamSle 63/ cRmSari-
VRQ� %RtK VamSleV are clRVel\ matcKed�

)Rr tKe remaiQiQJ teVtV, , uVed tKe /iVteQ 6RuQd&KecN 
VRItZare, tKe $mS&RQQect ,6& aQal\]er, a 0��5´ 6&0 mi-
crRSKRQe, aQd a SRZer VuSSl\ tR meaVure tKe diVtRrtiRQ 
aQd JeQerate time-IreTueQc\ SlRtV� )Rr tKe diVtRrtiRQ mea-
VuremeQt, , mRuQted tKe +)�06�67+�00 cRmEiQatiRQ ZitK 
tKe Vame EaIIle , uVed IRr tKe IreTueQc\ reVSRQVe mea-
VuremeQtV� , uVed a SiQN QRiVe VtimuluV tR Vet tKe 63/ tR 
�0� d% at � m ����3 9� aQd Slaced tKe /iVteQ micrRSKRQe 
�0 cm IrRm tKe KRrQ¶V mRutK tR meaVure tKe diVtRrtiRQ� 
7KiV SrRduced tKe diVtRrtiRQ curveV VKRZQ iQ Figure 8�

, uVed 6RuQd&KecN tR Jet a ���3-9��-m imSulVe reVSRQVe 
IRr tKiV driver aQd imSRrted tKe data iQtR /iVteQ¶V 6RuQd0aS 
time-IreTueQc\ VRItZare� Figure 9 VKRZV tKe reVultiQJ cumu-
lative VSectral deca\ �&6'� ZaterIall SlRt� Figure 10 VKRZV 
tKe VKRrt-time )Rurier traQVIRrm �67)7� SlRt� 7Ke 6RuQd0aS 
VRItZare, VuSSlied ZitK 6RuQd&KecN ���0, QR lRQJer VuSSRrtV 
tKe claVVic ³0/66$´ ZaterIall curve RrieQtatiRQ� , uVed tKe de-
Iault RrieQtatiRQ IRr ERtK 6RuQd0aS SlRtV, aQd , Zill cRQtiQue tR 
dR VR iQ tKe Iuture�

, Kave EeeQ tRld tKat tKe .etRQe SRl\mer diaSKraJm 
\ieldV a VmRRtK VuEMective SerIRrmaQce� +RZever, IrRm tKe 
SreviRuV data, tKe +)�06�67+�00 lRRNV liNe a Qice additiRQ 
tR )aital352¶V liQeuS RI SrR VRuQd cRmSreVViRQ driverV� 

)Rr mRre iQIRrmatiRQ, viVit ZZZ�IaitalSrR�cRm, Rr iQ tKe 
86, cRQtact )aital 86$, .eitK *rRQVEell, ��0 :eVt 3arNZa\, 
8Qit �3, 3RmStRQ 3laiQV, 1- 0����, 3KRQe �5�6� ���-06��, 
)a[ ���3� �35-5055, aQd e-mail NJrRQVEell#Iaital�cRm� aX

)iJure �� )aital +)�06�67+�00 6RuQd&KecN &6' ZaterIall SlRt

)iJure �0� )aital +)�06�67+�00 67)7 SlRt
The main feature of

the EVO winding tech-
nology comes with its 
unusually narrow but 
high capacitor reel. 
This geometry results 
in two, acoustically 
clearly perceptible be-
nefits: A much shorter  

and utmost little loss signal path between huge 
contact areas is granted, thus an extremely low 
equivalent series resistance/ESR. Secondly, in or-
der to meet capacitance the number of paralleled  
windings is larger than with regular caps, thus an 
effectively minimized equivalent series inductivity/
ESL.

After the utterly precise EVO winding process, the-
se reels are spilled by hand in especially developed 
MCap*housings. By that, vibrations and microphonic 
effects on the reel are most effective avoided. Further-
more, we only employ purest Polypropylene foil 
vaporized with thickest metal layer possible. Plus 
the unusual asymmetric wire lengths allow both 
mounting girections on PC boards, horizontal and 
vertical.

Now available: MCap®EVO • MCap®EVOAlu.Oil
MCap®EVOSilverGold.Oil

EVOLUTION
through INNOVATION

Mundorf EB GmbH +49 221 977705-0  
Liebigstr. 110                                                 info@mundorf.com                             
50823 Köln • Germany www.mundorf.com                             

http://www.faitalpro.com
mailto:kgronsbell@faital.com
mailto:info@mundorf.com
http://www.mundorf.com
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ACROSS
�� 2Stimi]ed IRr tKe KiJKeVt audiEle IreTueQcieV
�� 3rRvideV ViQJle-tile mulitcRre micrRcRQtrRllerV
�� /RudVSeaNer ZitK tZR Rr mRre ideQtical 

ZRRIerV  RSeratiQJ VimultaQeRuVl\ iQ a 
ViQJle eQclRVure

�� &redited ZitK d\Qamic driverV¶ mRderQ deViJQ
�0� ��tK-ceQtur\ KRrQ lRudVSeaNer
��� 5elateV tR tKe Qatural e[teQViRQ I
 RI a 

real IuQctiRQ I
��� 0eaVureV a rRtatiQJ VKaIt¶V VSeed aQd 

directiRQ  >tZR ZRrdV@
�6� 2Qe cauVe RI riQJiQJ artiIactV iQ ViJQal 

SrRceVViQJ >tZR ZRrdV@
��� $Q audiR eQJiQeeriQJ viViRQar\
��� (QaEleV aQ REMect¶V rRtatiRQ arRuQd a ViQJle a[iV
��� $QQular VKaSed

DOWN
�� 0icrRSKRQe aQd SreamSliIier VSeciIicatiRQ 

>tKree ZRrdV@
3� /Rcated EetZeeQ tKe vRice cRil aQd tKe 

Srimar\ cRQe
5� 7KeVe VSeaNer t\SeV dRQ¶t reTuire VuVSeQViRQV 

Rr vRice cRilV
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(ditRr¶V 1Rte� $QVZerV tR tKiV Su]]le are SRVted at audiR[SreVV�cRm�crRVVZRrd aQd Zill Ee availaEle iQ tKe Qe[t iVVue�

6� /imitV uVe RI daQJerRuV materialV
�� (QvirRQmeQtal IactRrV aIIectiQJ traQVducerV 

>tZR ZRrdV@
��� ,�e�, cumulative VSectral deca\
�3� 8VeV multicKaQQel mi[iQJ tecKQRlRJ\
�5� 7 iV tKe $16, V\mERl IRr cRSSer aQd tKiV 

material
�0� $lt � �3� SrRvideV tKiV uQit¶V V\mERl

Here are the answers to the August 2013 puzzle.
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APHEX RELEASES AUDIO 
XCITER APP UPDATE 

$SKe[, a leader iQ audiR eQKaQce-
meQt tecKQRlRJ\ IRr mRre tKaQ 35 
\earV, KaV uSdated itV SRSular $udiR 
;citer aSS IRr tKe $QdrRid Vmart-
SKRQe aQd taElet SlatIRrm� 7Ke uS-
dated verViRQ SrRvideV a mRre re-
VSRQVive uVer iQterIace aQd Jreater 
VtaEilit\, Ii[iQJ SreviRuV SrRElemV 
ZitK iQ-aSS uSJradeV� 

$udiR ;citer KaV EeeQ SRSular ZitK 
i3KRQe aQd i3ad RZQerV� 7KiV uSdate 
EriQJV $QdrRid uVerV a QeZ liVteQ-
iQJ e[SerieQce ZitK $SKe[¶V SateQt-
ed audiR SrRceVVRr tecKQRlRJ\²tKe 
Vame tecKQRlRJ\ SrRV Kave EeeQ 
uViQJ IRr \earV iQ tKe VtudiR aQd RQ 
VtaJe� 7Ke $udiR ;citer aSS¶V Iamiliar 
iQterIace SrRvideV iQVtaQt acceVV tR 
tKe uVer¶V liErar\, Sla\liVtV, aQd %lue-
tRRtK Sla\EacN VuSSRrt, ZitK VtudiR-
Tualit\ eQKaQced Sla\EacN� 

$Q uSdate IRr tKe $udiR ;citer aSS 
RQ tKe i26 SlatIRrm �i3KRQeV, i3RdV, 
aQd i3adV� iV curreQtl\ iQ tKe ZRrNV� 
7r\ $udiR ;citer IRr $QdrRid SlatIRrmV 
IRr Iree RQ *RRJle3la\ �KttS���Eit�
l\���5t6=���

GLOBAL SPECIALTIES 
RELEASES NEW DIGITAL 
AC/DC POWER SUPPLY

*lREal 6SecialtieV KaV iQtrRduced 
tKe �3�5', a QeZ ruJJed, JeQeral-
SurSRVe $&�'& SRZer VuSSl\ tKat Iea-
tureV variaEle RutSutV RI 0 tR �5 9 
at 5 $ ZitK diJital /(' �JreeQ� diV-
Sla\V IRr mRtRriQJ vRltaJe aQd cur-
reQt RutSutV�

7KiV uQiTue SRZer VuSSl\ iV a lRZ-
cRVt, VSace-VaviQJ VRlutiRQ IRr aS-
SlicatiRQV reTuiriQJ $&�'& vRltaJeV� 
7Ke �3�5' iV VSeciIicall\ deViJQed 

Products & News
IRr educatiRQal uVe aQd SrRtRt\SiQJ, 
cRveriQJ a raQJe RI circuit teVtiQJ aS-
SlicatiRQV� 7KiV VimSle $&�'& SRZer 
VRurce caQ demRQVtrate tKe cRQ-
ceSt RI alterQatiQJ aQd QRQ-alterQat-
iQJ vRltaJeV� ,t caQ alVR Ee uVed IRr 
VimSle e[SerimeQtV SRZeriQJ lamSV, 
reViVtRrV, aQd VR IRrtK� 7Ke uQit iQ-
cludeV a vRltmeter aQd aQ ammeter 
IRr $&�'& vRltaJe aQd curreQt read-
iQJV� 7Ke �3�5' cRVtV �5�0�

)Rr mRre iQIRrmatiRQ, viVit ZZZ�
JlREalVSecialtieV�cRm� 

ADLINK INTRODUCES A 
SIGNAL-ACQUISITION 
MODULE

$'/,1. 7ecKQRlRJ\ QRZ RIIerV tKe 
86%-��05, a IRur-cKaQQel 86% ��0 
d\Qamic ViJQal-acTuiVitiRQ mRdule� 
7Ke mRdule¶V Euilt-iQ ,(3( e[citatiRQ 
curreQt VRurce SrRvideV � m$ RQ eacK 
$, cKaQQel� %1& cRQQectRrV eQaEle 
tKe 86%-��05 tR SrRvide KiJK ac-
curac\ aQd e[celleQt d\Qamic SerIRr-
maQce IRr micrRSKRQe aQd acceler-
Rmeter meaVuremeQt iQ viEratiRQ aQd 
acRuVtic aSSlicatiRQV�

7Ke 86%-��05 RIIerV a SRrtaEle VR-
lutiRQ IRr time-IreTueQc\ aQal\ViV aQd 
reVearcK tKat iQcludeV accurac\ ZitK 

lRZ temSerature driIt, Euilt-iQ aQti-
aliaViQJ IilterV, VuSSRrt IRr Ile[iEle 
triJJer mRde, aQd a 86% SRZer�

7Ke 86%-��05 VuSSRrtV IRur aQ-
alRJ iQSut cKaQQelV VimultaQeRuVl\ 
VamSliQJ uS tR ��� N6�V� ,t deliverV 
�00-d% d\Qamic raQJe aQd ±��-d% 
7+' RI d\Qamic SerIRrmaQce� %uilt-iQ 
aQti-aliaViQJ IilterV eQaEle tKe Iilter 
cutRII IreTueQc\ tR Ee autRmaticall\ 
adMuVted tR tKe VamSliQJ rate, VuS-
SreVViQJ Rut-RI-EaQd QRiVe aQd avRid-
iQJ meaVuremeQt diVtRrtiRQ� 

$'/,1.¶V 86%-��05 alVR VuSSRrtV 
autR-caliEratiRQ IRr eQVured accura-
c\ aQd miQimi]eV temSerature driIt 
iQ tKe Iield� 7Ke 86%-��05¶V lRZ '& 
meaVuremeQt driIt, alRQJ ZitK tem-
Serature deviatiRQ, RStimi]eV accu-
rac\ iQ VSite RI tKe eQvirRQmeQt�

7Ke 86%-��05 SrRvideV a lRcN-
aEle 86% tR eQKaQce cRQQectivit\� 
7Ke iQcluded multi-IuQctiRQal VtaQd 
Iull\ VuSSRrtV deVNtRS, rail, Rr Zall 
mRuQtiQJ� $'/,1.¶V eaV\-tR-uVe 
8-7eVt VRItZare iV iQcluded at QR 
e[tra cKarJe� :itK QR SrRJrammiQJ 
reTuired, tKe 86%-��05 deliverV IaVt, 
eaV\ iQVtrumeQt VetuS aQd Tualit\ 
data acTuiVitiRQ� 7Ke 86%-��05 VuS-
SRrtV :iQdRZV �, :iQdRZV �, aQd 
:iQdRZV ;3 26eV aQd iV Iull\ cRm-
SatiEle ZitK tKird-Sart\ VRItZare 
�e�J�, /aE9,(:, 0$7/$%, aQd 9iVual 
6tudiR�1(7��

)Rr mRre iQIRrmatiRQ, viVit ZZZ�
adliQNtecK�cRm�

XL2-TA RECEIVES TYPE 
APPROVAL

7Ke ;/�-7$ VRuQd level meter KaV 
received &laVV � t\Se-aSSrRval IrRm 
tKe 3K\ViNaliVcK-7ecKQiVcKe %uQde-
VaQVtalt �37%� iQ *ermaQ\� 7Ke ;/�-7$ 
iQ cRmEiQatiRQ ZitK tKe 0��30 mea-
VuremeQt micrRSKRQe, iV RIIiciall\ liVt-
ed aV a t\Se-aSSrRved &laVV � VRuQd 
level meter� 7Ke ;/�-7$ iV VuitaEle 
IRr eQvirRQmeQtal QRiVe, RccuSatiRQal 
KealtK, aQd VRuQd iQVulatiRQ aSSlica-
tiRQV ZKere tKe meaVuremeQtV reTuire 
certiIicatiRQ�

5eceiSt RI tKe t\Se-aSSrRval certiIi-
cate cRQIirmV tKe ;/�-7$ �iQ cRmEiQa-
tiRQ ZitK tKe 0��30 meaVuremeQt 

*lREal 6SecialtieV¶V �3�5' iV a duraEle 
JeQeral-SurSRVe $&�'& SRZer VuSSl\�

$'/,1.¶V 86%-��05 VuSSRrtV IRur aQalRJ 
iQSut cKaQQelV�

7Ke ;/�-7$ 6RuQd /evel 0eter KaV received 
&laVV � aSSrRval�
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micrRSKRQe aQd tKe $6' caEle� RIIerV 
Iull cRmSliaQce ZitK tKe &laVV � VRuQd 
level meter reTuiremeQtV iQ accRr-
daQce ZitK tKe ,QterQatiRQal (lectrR-
tecKQical &RmmiVViRQ �,(&� VtaQdardV 
6�6�� aQd 6��60 aQd meetV tKe 
$mericaQ 1atiRQal 6taQdardV ,QVtitute 
�$16,� 6��� 7\Se � SerIRrmaQce� 7Ke 
;/�-7$ RIIerV certiIied VSectral mea-
VuremeQtV iQ Rctave aQd tKird-Rctave 
reVRlutiRQ, ZKicK IurtKer cRmSl\ ZitK 
&laVV 0 Iilter VSeciIicatiRQV�

7Ke 0��30 meaVuremeQt micrR-
SKRQe cRQQected tR tKe ;/�-7$ via 
tKe $6' caEle cRQIiJuratiRQ eQaEleV 
tKe uVer tR mRQitRr tKe level readiQJV 
RQ tKe iQVtrumeQt diVSla\ ZKile &laVV 
� meaVuremeQtV are taNeQ� 7Ke 17i 
$udiR 3reciViRQ &aliEratRr cRmSleteV 
tKe SRrtaEle meaVuremeQt Nit RIIered 
iQ tKe cRmSact V\Vtem caVe�

&uVtRmerV ma\ uSJrade tKeir ;/� 
aQal\]erV tR a t\Se-aSSrRved ;/�-
7$ E\ addiQJ a retrRIit Nit� &RQtact 
\Rur lRcal 17i $udiR SartQer IRr tKe 
uSJrade� )Rr mRre iQIRrmatiRQ aERut 
tKe ;/� $Qal\]er aQd REtaiQiQJ tKe 

t\Se-aSSrRval 0StiRQ, viVit ZZZ�Qti-
audiR�cRm�;/��

TASCAM SUPPLIES 
PROFESSIONAL-GRADE 
HEADPHONES

7$6&$0, tKe 3rR $udiR 'iviViRQ RI 
7($& $merica, KaV EeeQ VuSSl\iQJ 

aQd revRlutiRQi]iQJ tKe marNet ZitK 
SrRIeVViRQal-Jrade SrRductV IRr de-
cadeV� ,tV mRVt receQt cRQtriEutiRQ iV 
tKe 7+-�000 KeadSKRQeV�

7Ke 7+-�000 KeadSKRQeV RIIer a 
SRZerIul EaVV reVSRQVe, midraQJeV 
tKat rRuQd Rut tKe mi[, cr\VtalliQe 
KiJK-IreTueQc\ raQJeV IRr a VtrRQJ 
SreVeQce aQd clarit\, cRmIRrt IRr 
KRurV RI liVteQiQJ aQd uVe, duraEilit\, 
aQd 7$6&$0 Tualit\�

7$6&$0, creatRr RI tKe RriJiQal 
7+-0� KeadSKRQeV iV taNiQJ itV SrRIeV-
ViRQal-Jrade KeadSKRQeV a VteS Iur-
tKer ZitK tKe 7+-�000� 7Ke 7+-�000¶V 
maiQ IeatureV iQclude� a IRldaEle de-
ViJQ IRr eaV\ cRmSact traQVSRrt, cir-
cumaural ear cuIIV ZitK aQ iQduVtri-
al VtreQJtK Ile[iEle KeadEaQd, aQd a 
clRVed-EacN iVRlatiQJ deViJQ�

7Ke KeadSKRQe VSeciIicatiRQV iQ-
clude a 53-mm driver diameter, 60-Ω 
imSedaQce, �0�-d% �3 VeQVitivit\, 
��-N+]-tR-��-+] IreTueQc\ reVSRQVe, 
aQd �,�00-m: ma[imum SRZer�

)Rr mRre iQIRrmatiRQ, viVit KttS���
taVcam�cRm� aX
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7$6&$0¶V 7+-�000 SrRIeVViRQal-Jrade Kead-
SKRQeV are deViJQed IRr VeriRuV audiRSKileV�
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