Lurrent
all'y

raund 20-cad years
sgc there was a flurry
of activity in audio’s

more academis circles irying

to bridge a yawning divide

that had split :he 2i-§i induslry
auring the 1970s. At the start

cf thzt decade the werld of
high-quality audio was as well
ardered as a Victorian drawing
room. Egurprent revicws in hi-fi
magazines were basad a-aung

a fewr standarc measures of

overturned audio’s applecart by
claiming that measurements
told you little of now a oiacs

af aquipment performed nits
primary role of reproducing
music and were, tharciorz, liftle
petter than useless.

Suddenly it wasn'l
Aecessary by own & lao full of
expensive measurement gear
10 pontificate on equipment
fqualily, Revizws that were baseq
SGLRlY 0N siEning iMpressions

In his latest technical exposé Keith Howard
examines the theories of speaker impedance
and tests out how these can be accurately

measured to prove conventional hi-fi wisdom

the varguard of this was Masli
Otata, a Finrish academic
who, armeng other thirgs,
intraduced the terms transient
intermodulation distcrtion
(TIZ or TIM} and interface
intermodulation diszertion (11D,
to the audio lexicon.

DIFFICULT TO DRIVE
Utalz's zrimary nterest was
amplifiers, which inevitably
led him tc consider why it was

‘Suddenly it wasn't necessary to own o lab full of
expensive measurement gear... reviews based solely on
listening impressions became increasingly commen’

perfarmanca and cuality, and
on 1ne basis o those figuras

a conclusion was reached as
to the item’s worth. If 2 new
amplilier ¢elivered 40 watt into
& ohem at C.01% total harmanic
distartion and tfid sa for three
fuid less than its competiters,
plaudits were assures.

But during the 19705 &
growing nurnber of voiczs were
raized in protest. Actually the
[nunaations of what was to
become known 25 subjectivismm
were lad much earlier, but
it was during tha mid-'7C3
that the idea realiy toox hold.
Around the waorld, a cadre of
manu‘azturers and reviewers

becarne increas:ngly comman,
arnd concapls like mustcality
maved the assessment al hi-li
equiprrent to a new dimension,
Alot of traditionalists crizd
foul, ana sowas eststiished the
subectivisi-objectivist divida,
across which were lo22¢ed - and
cerasenzly ame still lobbed
- harbed comments from
propzgand stz on either side.
I was to build bridges across
this rift that variaus nevel
cistortion mechanicrms were
excosed during thz late 705
ard early '80s, in the hope that
they might offer at lezzt zartial
recancilialion of mezsurement
ard listening expasicncz. In
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that certair loudspezkérs had
arepJtatior for being diffizult

lo drive. There was s growing
vonsensys that a good powar
amplificr snacld have preaigious
nubput currert capabiity bol it
wasn't clezrwry.

On the face of it Ohm's | aw
made the calculstion of output
current rezuirerrart a simple
snes if, fo- nstance, you wented

- anamglifier rated at 70 wat?

ilo € chm to e able to delive-
its full voltage autout capability
inta a 4 ohm load then ils oulaw
stage would need (o doliver 5
peak current of 8.4 amips, Whare
was the mystery o that?

Matti Jiala and two

catleagues, llpo Ma-tkainan
znd AriVarla, answerad thst
guestior in 1983 ir one of
those delicious momrerts

of audio histary whers a
pravailing certainty 's suddenly
undermined. What Ctala and
his co-workers showed wes
thal i 5 complex impedance,
such as thal oresented by most
loudspraders, 5 sugeated

to the right [or wrongj inpul
signz., its ef'ective impezance
can. for short perioas of tima,
Bc much: lowar than revealed
by canventional steney-siate
rmsasuramenls.

Ar example, basza ona
ruck-simplified s’ mulation ul
tre impedznce presented by
a moving-soil loudspezker, is
shown in Figu~z 1. =ere the Glue
line reprasents e current in
g pure resistzree equal to the
spezka~'s vaize-coil resistance,
while the rod Lmz snows the
actual currart througn the
spegkar Surrettin the lztter
case peaks at about thrae bires
thatin the registive lead,

Hars, it seemad, was an
axplanation “or the obsarved
importance of amplifier current
zapsbilily, 1P an amnglifiz-with
Just sufficient output current
te wrve The res sive s of
Figure " ware used ic anve
the speaker wad instead, i




o

A, qu,hw

»,.,

would <lip #c current paaks
on th e typs of signe. snd i~ all
probab lity szund infenior as
gonowd inafolaw-un paper,
(:ala zne anzther co-woke-
tosted throe speaker 5
‘ram Infimity, Yarmzha 2 nd H-’f“
ard ‘ound thatl, on heworsl
sigrial ey could dev sa these
wouid draw cezk cumentz o
4¢3 Rand 7 limes gooater
clive y thar ar 8 shm
resistance”,
Shuortly thereatter othar
Crers dermonsiraled o
“ethad for caculating nezk
curert draw fram 2 speake s
sonvent anaily ~easores A
mzecznee chzrsctaristic”
[."at.“t-.‘i Lo delermir ag i by
rial and arra-}. anz <-is ~ethzc
was then z2velspss noa
[,ast, prazt cabla mazaure~en:

e

2 Slif

draw, but d'd such signals
actually occur
programme and a0 how ,ft enf?
It was cruzisl o Clala's
[hal theso uru‘xpt_:tdl‘ L—;r*

wlhin mus ¢

oorrent flows woulo soeur

the course el repaying m usic,
ane that ey woud occu”
sufficizntly cller to present a
practizakie probler.

3.t Ttala never
demanstratzd that tisw

actualy the nazs

s
,and nziiner
d o Varderkooy a~d Lpshizin
Eeel papeT on how to camzute
a =ceskers pook current
dzmand. Thair pagsra d inzluzz
3~ aszmzle waveor~, culen
from e S0 whicn was sauae-
zaqed zno.gh o resembls
Ltzle's test zigrals o
s naled, this was
al—ost certainly due Lo Tipping

Thie st

‘In 20 years nobedy has iried to
verily if speakers draw unexpectedly
high currents on music signais’

rer_hr.iqa;eu.
Excitng as this:
frzm the outzat q..
wers ra 3oz asout the velid
of Olala’s findings (o tha
replay of musiz signals. twas
alverywell symihosising &
sn.are-ednzs tast = gnal with
tre-sitians trned insochaway
lated -

Az In e Lrrant

somewhzra with 1 tha reco-ding
thai~. “he rcny o nvoki—g
an alrezoy ol ppat 244
valid wxzmz.e of cne that mig-t
cause smizllier current clipsing
i wia aoparzntly loat
0" TTER.
inditherd bz
sl it 20-vea i |t"~r|*"|‘
~obody hzs attemzted lo varily B

1

curment

-l

-l

ABOVE: Fig 1, Simulation of excess current draw by 2 simplified
speaker inad impedanca. The blue trace represents the current in
an equivalent resistance, the red trace that drewn by the simulated
speaker load, the peak valua of which is three times greater
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ABOVE: Fig 2. Graphs shawing impedance madutus (top trace] and phase
(hottom trace} far the BRYY 305 speaker used in the testing
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ghms

whelhar or not stezkers draw
anexpactadly nicn currents on
butif they naye
then ' wnawars of it Those
who have rased doubls aboul
the =ignificance of Otzla’s
lirdin
signals, sich 2o the late Pe
Baxandal.” ana Souglas Sel’,

Tusic sig

onreal worle music

dome s en lhe bagis of

velorms lar
~2zerb.e Otala's
tzsl gignals, anz faiirg tc fing
them. “his tarcly compr ses
hard eviderce the

isoun oo

chserving ~usic we

segtons that

s howe can

i H'Eng A apprecizls
iz that 't 15 '~cossible to
celerming a wudspaaker’s
irslzntanezus irgadance on

the bazis of fae valtage scroes
and current flowing throucn

itz lerminals, intne czsocfs
resistive load, wrere the voltage
and current waveforms 2re
always ir-phase, dividing Lhe
natantanesus vollace oy e
i']':i[l—][][i:]ﬂe(:".]i—i currenl {L gi\xr—:
the resistance value, providez
lhat lhe signal’s zero crossincs
g7 avoidad. Sut thisis ~ot

case w th a complex impedancs
like thet of & loud i
where there is genz:
dife
c.rrart, and the two wavetormrs
are consagaenlly cut of stez. |2
this case dividirg nstartanzaous
voltaga oy instantanecus

arce betwesen vo.1ags and

carrent gves nonsensa rssulls

. LEFT: Fig 4. Calculated load
- -line traces for the BE&W 805,

catcutated from the data of
Figs 2 and 3 respectivety.
Instantanesus voltage is

. plotted on the horizontal
---axis, instantaneous current
= an the vertical axis, and the
# 5cales are chosen such that
“akohm impedance produces
- aload line at 45 degrees

LEFT: Fig 4. Calculated load
line traces for the Modet 22,
calculated from the data of
Figs 2 and 3 respectively.
Instantaneous valtage is
. plotted on the horizontal
axis, instantareous current
an the vertical axis, and the
- scales are chosen such that
- 3 4 ohm impedance produces
2 load line at 45 degrees
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T

LEFT % BELOW: Fig 3. Graphs showing impedance modulus {top trace, left] and, below,

phase {hottom trace) for the MonoPulse Model 22 speaker
gl il |
phase [ il '
i
i i"/—\
15 '
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CHARACTERISTICS
By borrowing & teghnique
used by Baxandail”, ir which
1 aeous votace and
=rt are plotied an an &Y
yoap, e cen perlonm g much
more relevant messdramant,
To nlroduca IFg, lel's firg 3
at the corventarzlly measuren
irrpecdznce cnzacierist os of
the twe loudspeasers that we're
gaing te test here using music
nregrarme: the B&W 805 and
MonoPulse Model 22, wh ¢
werz chasen because tnay wers
beth on hand awaitng review.
The imoedznce medulus
[magnitude) ard chase versus
frequency far the BRW are

CUIT

arThe
sing
these resilts we can caliu

load line “or the lougsoeoks

gz ol the regoonsi
the medulus and chaze
maasuned, and puot flig onan

XY grapn where the Forzantal

zxiz reoresents vellage ard Lhe
vartcal it s reprasenta current
zxcant at thoso fow aquencies
wherz lbe spe:
zuely

ve impedance, eac)

i frequency H2) i
o0 cettain signa.s - and °f, just
asimporizntly, thase signals
arz ¢’ bign enguch amalituas
1¢ causs urexpecisaly high
cdrrents Lo low - than if we

plat instanzanenuds voltage
yords cLorent with the soeaker

TIMTE We
can axpect fo sec resuis fallirg

playing muasic oo

beyond e ares ocoupios oy

leaa lines n Figure 4,

Alternatively
meazuremen: of loudspezxar
impedznce accuralely
renregents the speader oad
encounlerad in pract

ine plol ol

co, ther

slenlaneous valtags
and zurmznlwill slay witar the
lean lire envalope.

't's an mescapable probie~
of daing such a measarement
“hz roneve© oe certain

erynu have choszr a
o Tsic thal will exposs

z zarticuizar loudspes
worst impedance ehay
Jtala's test zignals had to ke
irdividually tailored to cach

T

speaker, which means that

poa<ar will hanzve

{30 @ Qivan TSI
y choosing rrusic which

zignel.

‘By choosing that combines sirong
bass and ireble confent we stund
o good chance of observing any
tendency to exeess current dreow’

load linz wll ke ar elipsz anc

MCasLred JUBNCY TANgE v
e results zhown n Figure 4
Tne axes are scaled here such
wdelog

hal e rmpedssee o

154 znm then tre ma or axis of
the lead ling culipse will liz 20 45
degraes to the honzeatan.

f Otalawas raht ana thesa
tewa speake=s oo prasenl an

uncxpectealy low mpedancs

combines sl org bass ard Teble
content we =tand a good charce
cf obsevirg any tendzncy Lo
current oo

thig ir mind | chose

i

SRIES

0

h

twe tracks fo-the tesling:

W

Jenniter Warnes” Way Zown
Ceec’ lrom fhe Hunter, Private
L Keltners
Dum mprovisgliun from

The Sheffield Lab Drumi & Tracs

Dise, LIk X2 303). Those w

sic 281974 and
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replayed, in mano, thiough sach
of the two speakers, wilh the
signal cu-rent monitcred via
2 0.11 omim series resistance.
Voltage ard current waveforms
were "ecorded as 1é-0it,
44 ThkHz Wava files viz a Lynx
Audio Tochrelogy LZ22 soand
card and the results anslysed
and graphed by software writlen
soccifizally *or this article.
Together these bwe tracks
comprizz almost 13 minutes
of music, scuivalant {o sbous
3£ millicn valtace-cur-znl
measuremant paints for the
analys's A Rotel RA-1C67
used .o drive the speakers, with
ite valumsz control zet such that
it would deliver 20 valt peak on a
fu.l-scale input.

WAS

CURRENT DRAW
The results are shown n Figs
5and 6 [B&W 205 and 7 and
8 [MonoPu.s2 22, 'n ezch
cace the olue line reoresents

th= zrvelope of the load lines

from FigLre 4, and the speckla
pattzrn of red dols represents
lhe combinztions of volage
and current mezsured while
reolaying the chosen tracks.
Fig. 3 sho
the 85 playing tne Jannifer
Wares track. All tha red paints
= rantained within the blue
e-welcpc- with the exception of
g few thal just bust the positve
vollage limil, vrobably duc to
signal-relzted changes in the
speaker's voice-coil resistance
There is no indization here of
urexpected current draw.
Mucothe same zpelies Lo
Figure &, obtained from the
8Uz playing the Kellne- drum
irrprovisslian, Ir this case there
are 3 couple of rod dots just
odtside the upper ano tnwer
bbuncs of tha blug envelage hut
o1l just [theze wi.l probably bz
invisible Ir the printed ve-sion
of the graphl. Tae Mo-cFulse
15 even botte” behaved, with
ne axcess currenl eaisedes

& resull fram

On‘the b&gxé oi lhese results it looks as if the

whistle-blowing on the subject of speaker impedance
was an interesting academic episode but it was really
of little relevance in practice...”

LEFT: Fig b. Instantaneous

- - voltage across and current
‘- through the B&W 805
* speaker playing Jennifer

Warnas' Way Down Deep
(red trace), with the
speaker’s load line envelope
i included for reference (blue
S tracel :

LEFT: Fig 7. Instantaneous
& voltage across and eurrent
7 through the ManaPulse
- : Model 22 speaker playing

. lennifer Warnes” Way Down
Deep [red trace], with the
speaker’s load line envelope

Ll ]
; / i o
| L LA
| A : T
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included for refarence (blue
trace]

recarded on eithar music track.
t's mpartant o repeat

that these results cant be
defnitive hecause there may be
other pieces of music that waule
hese speakers to behave
diffarently. Mcreover, there may
wiell e olher zpeakers thar

arz mere prone to episodes

cageet

of excoos current arow.

Vanderkaoy ana Lipskitz's wars

suggzsied thet toree- or four-
waey spaasers are likely to nave
lower nstantanecus impedance
har two-wavys, 50 the two twe-
SN0a40rs assessed here
mzy nol e th2 mosi prone to
thiz e &5 other speakers
comme my way |l measure them
to s22 whether suastantially
different resulls are otiainec.
Thzt said, an the basiz of
these rosults it looks as if
Utab s whistle-olawing on the
Lol spzauar impedsnce

W

WES an interesting academic
episcde put of little relavance ir
practice. There is "o evidence
here Lhal iradilionsl stzady-
state measirements of saeaker
lcad mpedance underestimats
aspeaker’s hungar for currert,
or tnzt they should 22 junkad for
semcthing moz exotic. @

| LEFT:Fig b. Instantaneous
. voltage across and current

i+ through the BRW 805
" playing Jim Keltner's Brum
Improvisation
{red trace}, with the
.- speaker's load line

© envelope included for
reference {blue trace)

|k LEFT:Fig B. Instantaneous
- voltage across and current
© through the Monogulse

Model 22 speaker playing

Jim Keltner's Drum
lmprovisation

- [red trace), with the
.. speaker's load line
envelope included for
reference (blue trace)

F=BRLARY 20

J5 « www. hifinews.co.uk 73



