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TH IS MONTH WE' LL DI SC U SS VAR IOUS

ki nds of aud io out p ut devices in
clu ding headph on es, elect ro-dy
nami c, magneti c, and permanen t
m ag n et spea ke rs, and t rou
b les hoot ing info rma t io n ab out
each ty pe of reproduce r. But be
fore we get to al l of that, let 's ta ke a
loo k at the ant iq ue of th e mon th.

Looks good, doesn 't work
Early Ze nit h co nso le radios like

the 1940-ish model show n in Fig. 1
we re very popular in the i r day, and
many of th em sti ll are. That Zenith
co uld rece ive seve ra l different
bands, and it has a tuning eye and
assorte d tone co nt rols . That par
ticu lar radio was chosen to mak e a
po int. A lthoug h it 's in good out
ward co ndi t io n, it will never pla y
again . It is beyond repai r be cause
it has no tubes, no speaker, and a
bu rned out t ran sformer. But even
though it 's useless-as a rad io- to
a co llector, it st i ll has val ue as a
disp lay p iece . For exam p le, it
co u ld be used as a prop in a pl ay or
TV show.

The Ze nit h w ill be donate d to
the Go lde n Radi o Buffs of Mary
lan d , In c . Th at o rga n izatio n
doesn't co llect radios and eq ui p
ment ; th eir in terest is in broad
cast i ng and person al iti es. Th ey
have a d isp lay at the Museum of
In du stry in Balt imo re, M D. A few
antiq ue radi os are on d isp lay t he re
to set the mood w hi le reco rd ings
of early rad io programs are pl ayed .
If yo u are interested in joi ni ng the
Golden Radio Buffs , send an SASE
to Gene Leitner at 7506 Iroquoi s
Ave ., Balt imore, MD 21219.

Speaker history
Rep ro du ce rs, l i k e all c hass is

FIG.1

co mpone nts , have seen man y re
fi ne me nts ove r t he years, alt ho ug h
the major innovati on s were mostly
co m ple te d durin g t he 1920's. As
with most advances in radi o, it 's
diffi cu lt to say who invented t he
lou d speak er. A nd, as i n ot he r
areas of elect ro n ics, th e nam es of
many early expe rime nte rs are un
doubtedly lost.

There are th ree basic typ es of
spe ake rs: m agn et ic (not t o be
co nfused w it h ei the r of th e fo ll ow
in g typ es), dyn ami c (also called
electro-dynam ic), and PM (Perm a
nen t M agn et). The names of t he
various ty pes of speakers can be
co nfusi ng . The names of magn eti c

. spea ke rs, fo r example, have many
var iat io ns includ in g the dyn am ic
magn eti c , d iap h rag m and horn ,
co ne and armat ure, etc. A lthoug h
all spea ke rs operate magn eti call y,
re mem be r t hat th e " mag net ic"

typ e of spea ke r differs fro m th e
othe r types in several signif icant
w ay s. W e'l l di scu ss th o se d if
ferences be low.

Th e earl ies t reproducers we re
headph on es, but b y t he m id
1920's, magneti c horn-typ e speak
ers had supp lanted earp ho nes.
Th en came co ne -type speakers,
both single and doubl e. And by
1930 th e e lect ro -dyna m ic lo ud
speake r was th e most popular au
di o o u t p ut d ev ice . Lat er, t he
d ev el opm ent o f n e w a l loys
brou ght ab ou t the pe rma ne nt
magn et , whi ch sim p lif ie d radi o
circu itry, becau se PM spea kers
don 't require a fi eld co i l (w hich is
di scussed below).

Earl y rad ios w e re ofte n so ld
without tubes, chassis, or spea k
er; in fact, th e sche matics of many
early rad ios seldom indicate any
thing after the aud io output t ube .
Th e manufactu rers left it to t he
co nsumer to decid e w hich ty pe of
reprodu cer to use, and great de 
bates raged regarding th e mer its
of vari ou s ty pes of spea ke rs. An d,
because radi os often came w it h
out spea ke rs, th e manu fact u re of
spea ke rs and cab inets, as we ll as
headphones, co nst it uted a th riv
ing bu sin ess of it s own. An exam 
pl e of each of th e four majo r typ es
of reproducer is shown in Fig. 2.
Clockw ise fro m the lower left are
headph on es, a magn eti c speaker,
a dyn ami c speake r, and a PM
speaker.

Early headphones were made by
abo ut half a dozen manu factu rer s,
and all we re basicall y the same .
The headset shown in Fig. 2 is f ro m
abo ut 1920 and was pro bab ly de 
signed to be used by a te lepho ne
o pe ra to r. I t was m ad e by C.



Brandes, In c. , of New York ; that
co m pany later mad e spea ke rs and
rad ios to o . Th e Brandes headset is
m ore co l lec tab le than m any an
ti q ue rad ios.

FIG . 2

That magn eti c head set operates
by means of a d iaph ragm th at is
suspe nded above a magn et. Coi ls
w o und aro und the magn et cause
t h e d iap hragm to v ib rat e w hen
cu rre nt f lows through those co ils.

Head phon es have su rvived to
the present day, but after spea ke rs
b ecame ge ne rally avai lab le, th ey
proved to be m uch more popular
t han headph on es. W hy d id spea k-

ers beco me so pop ular? O ne rea
so n is th at th e ear p ho ne co rd
seve re ly rest r icts yo u r f reedom of
movemen t. And o n ly o ne per so n
can l isten at a t im e, alt ho ugh two
frie nd ly li stener s can sha re a set of
earphones if th ey put the ir heads
togeth er.

So designers began th inking of
be tte r ways for peo p le to enjoy ra
d io broadcasts. O ne meth od wa s
sim p ly to lay the headphon es o n a
tab le and strap a megaphon e to an
ea rp iece . Th at m eth od work ed
and w as probabl y th e beginning of
th e lou dspeaker. But of co u rse it
left m uch to be desired , so design
ers co nt inued th eir searc h fo r a
more perfect rep roducer.

Speake rs
O ne ear ly attempt at bette r

so un d reprod uct ion is th e mag
neti c spe ake r. Ther e are many vari
et ies of magn eti c spea ke r, but, in
ge ne ral, a magn et ic spe ake r uses
an armatu re to move a d iaph ragm,
alt houg h so me use an earpho ne
co i l and a co ne or a horn atta ched
to the d iap h ragm .

FIG . 3

M agn et ic speake rs, esp ec ia l ly
th e various horn types, w ere pop
ul ar durin g th e mi d 1920's. O n e
very p o pul ar m agn eti c speake r
was RCA's model 100-A , w hich is
show n in Fig . 3. Th ere are st i l l
t ho usa nd s o f t ho se speak ers
around , and many co llectors have
o ne o r more.

Th e e lect ro -d y nam ic speak er
became popular in the late 1920's
and earl y 1930's. It req uires a D C
vo ltage t o o pe rate a f ie ld co i l ,
w hich , as its name suggests, gen
erates the magn eti c f ie ld that , in
co nj u nct ion w it h t he vo ic e co i l , '
causes the co ne of the speake r to
move. That f ie ld , of co u rse, is ge n-
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Troubleshooting PM speakers
Un like t he co mplicated spea ke r

array of early rad ios, sma l l PM
speakers can be checked quickl y,
and they have few co mpone nts
t hat can go bad. Th e vo ice co i l
(also called the movin g co i l) and
the audio o utput t ransfo rm er are
t he p rima ry so urces of t ro ub le .
Othe rs in clud e an off -ce nter voice
co il, a warped co ne, and a be nt
fra me, all of w hich w i ll di sto rt the
sound . The labo r invol ved in try
ing to st raighte n a cone or fr am e,
or center a vo ice co il, sim p ly isn 't
wo rth the effort. Just repl ace the
en t ire speake r. But if t he results of
a co ntinuity test are negative,
don't assume that the vo ice co il is
bad. The trouble is most l ike ly at a
term in al , p lug, or other so ldered
connect ion. Th e voice co il rare ly
develops an open in the wi nd ing.

If you' re not sure w hether the
speaker or some othe r co mpo
nent is at fau It , t he easiest way to

the receiver itsel f seem better, so
the co nsumer wou ld be mo re like
ly to recommend t hat b ra nd to
other people.

Radios made by Zen it h, Rad io la,
Bremer Tully, and ot hers could use
various types of speakers. Magnet
ic speake rs were more po pular
with ea rly battery-ope rated sets
such as those mad e by Day to n and
Radio la. Some radios had both a
jack for a magn et ic speaker and
te rm ina ls fo r a dynami c speaker.

Troubleshooting head phones
There is littl e that can go wrong

w it h magn et ic headphon es elec
trical ly. So first check a troubled
set mech ani call y. Remove the caps
o n the earp ieces. The d iaphragm
should fall o ut- and mayb e a few
other t h ings besides. Rem ove any
du st, d irt, orotherfore ign ob jects,
because th ey can p revent the d i
aphragm fro m vibrat ing.

The co il co nnect ions shou ld be
clea rly vi si bl e , so make a co n
t inuity test between th e terminals
and th e p lu g . Th e co i ls m ay be
ope n, b ut t hat's unli k el y. T he
sp l ice leadi ng to t he other ear
pi ece is a l ike ly suspect if o ne side
of th e head set is dea d . Wh en yo u
re-asse mble the earp ieces, pay at
te ntion to t he d iaphragm . Some
have a pai nte d side w hich should
face o ut.

erated in later speakers by a per
m an en t mag net. T he dynam ic
spea ke r also incl udes a hu m- bu ck
ing coi l that cance ls h um int ro 
du ced by t he f ield coi l.

Pros and cons
There was much discuss io n of

the relati ve meri ts of various types
of spea ke rs in t he late 1920's w he n
the popularity of the dyn amic type
was in creasin g. Propone nts of dy
namic speake rs foc use d o n the
faults of th e magn et ic uni ts, w hich
are reall y ju st glorif ied earp hones
t hat produ c e weak, sc ratc hy
sound . They are, how ever, excel
lent co llectab les today. The main
advantages of th e magne t ic units
are th eir lower initi al cos t and t he ir
lack of hum.

But, by th e late 1920's, most lis
tener s used dynam ic speakers and
never noti ced t he hum . And after a
listener heard a dynam ic speaker,
it was d iffi cult to return -to a mag
neti c spea ke r.

H owever, eco no m ics so me
t im es caused a li sten er to b uy a
magn eti c rat he r t ha n a dyn ami c
spe ake r, becau se th e latter ofte n
req u i red a sepa rate power pack
(w ith recti f ier ) to d rive t he f ie ld
coi l. Of co u rse, a we ll- informed
consumer kn ew t hat there was no
n eed to p urchase a se parate
power pack if h is radio's chassis
had p rovi sions fo r a fi eld co i l bu i lt
in.

Pro pon ents of magn eti c speak
ers po inted o ut t hat it was an ad
vantage not to have to d rive a f ie ld
o r hum-bu cking co i l. No storage
ba ttery, rec tif ie r, or fi lter was
need ed . A nd since no hum was
introd uce d, there was no need for
a hum-bu ck ing co i l.

O n the othe r hand , a magnetic
speaker had pro bl em s reproduc
in g low notes. Even with a large
ho rn or co ne, it co u ld n't match
the freq ue ncy respon se of a dy
n am i c speaker. Most peop le
agreed th at magn et ic speakers suf
fi ced fo r te lephone use .twhich is
w he re they began), but not for m u
sica l reprod uction. The slight hum
produced by a dynam ic speaker
was p refe rable to lack of fidelity.

Rece iver manufacturers who
d id n't supply a reproducer with a
rece ive r usua l ly recom me nded
that the consume r buy the more
expensive unit , because that made
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check a small PM speaker is by
substit utio n. Just make sure that
yo u con nect t he spe aker to th e
secondary of t he o utp ut tra ns
fo r me r. Some t ra nsforme rs ar e
mo u nted o n t he chassis, and
others are mo un te d directly on the
speaker f rame.

You m ay be ab le to salvage a
see m i ng ly ope n o utp ut tran s
fo rme r. If a w ind ing fail s a co n
t inuity test, th e problem may be a
so lder join t. Just pee l back some
of the in sulat in g paper to where
t he w ind ing wi re joins the ho okup
lead . If yo u don 't fin d a bad joint
t he re, it's usually cheape r to re
p lace t he t ransformer than to re
pai r it.

Troubleshootin g magnetic
speakers

M any repair s requ ired by mag
neti c speakers are mechani cal. If
t he d riv in g rod is loose, it may only
require t ighteni ng th e nu t. If th e
ce nter of the co ne is to rn, remove
t he rod and re-glue t he co ne. Re
pairin g that ty pe of co ne is mu ch
easier than t rying to attac h a torn
cone to th e vo ice co il of a dynamic
speaker.

Since a magn eti c speaker is built
li ke an earphone, it can be check
ed like an earp ho ne. Co nt inuity
can be measured betwee n th e co il
t e rmin als and t he plu g. Remove
any di rt o r du st t hat may in terfere
w it h operat io n of the d iaph ragm .
T he p i n con necte d to th e di
aphragm and to t he center of th e
cone often b reaks lo ose. A little
gl ue aro und the area shou ld f ix it.

An armat ure-act ivate d magn eti c
speake r mi gh t have a probl em
w it h the armatu re's str ik ing th e
po le p ieces . Th at ge ne rates an
easily-ide nt ifia b le sound th at oc 
curs mostly on low notes. Those
po le pi eces, by the way, are par tl y
w hat limited t he populari ty of th at
type of loudspeaker. M any people
fo und th e m ech an i cal adjust 
ments more t ro ub le t ha n th ey
were worth .

Troubleshooting dynamic
speakers

A dynam ic speaker may suffer
from any prob lem that a PM speak
e r may suffe r fro m, in add ition to
several of its own. Un w anted
vibrations co u ld be caused by a
torn cone, dirt o r metal particles ,

loose mount in g screws, o r ot he r
metal co m po ne nts on t he lou d
speaker's f rame. Unl ike PM speak
ers, most dy namic uni ts provide a
means of centeri ng th e voice co il.

That is don e w it h a devi ce called
a spider, w hich co mes in severa l
variations. Besides cente ring th e
voice co il, the st iff materi al th e sp i
de r is made of helps t he voi ce co il
return to its neu tral positi on when
no signal is app lied. W he n center
ing the vo ice co il wi th a sp ide r,
someti mes it helps to place some
stiff paper aro und th e co il. Do in g .
t hat h el p s ens u re th at th e co i l
won't rub afte r th e sp ide r is ad
juste d .

Un fortunatel y, yo u' ll p robabl y
have to make eve ry effort to repair
a damaged speake r co ne yourself.
The o ld speake r recon er is a dyin g
breed.

Hum probl em s are easy to di ag
nose. A hum bu ckin g co il is w ired
in ser ies w it h th e seco ndary of the
outpu t transformer and the voi ce
co i l. Wh en di sconn ectin g th e
voi ce co il o r ou tput tran sfo rm er
lead s, be caref u l not to rever se
th em in relation to each othe r. You

continued on page 93
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co uld end up wi th twice as mu ch
hum . To determ ine w hether the
hum bucking coi l is o pe rat ing, ju st
by pass it wi th a piece of insulated
wi re. If t he hum level in creases,
the co il is wo rki ng. However, if t he
hum level decreases, check fo r a
rever sed co nnect io n.

Whil e we try to maintain th e au
th en ti ci ty of o u r ant iq ue rad ios,
so met imes we have t o use not
q u ite -o rigi nal re p laceme nts . For
exa m p le, yo u m ight have t o re
pl ace a dyn ami c speake r t hat is
beyond repair w it h a PM spea ke r.
You can co nnect th e voi ce co il of
th e PM unit d irect ly to the o utp ut
transfo rme r. You d on 't have to
worry about the hum bu ckin g co il,
but yo u may have to co nnect a re
sis to r o r a c hoke t o th e p oin t
wh ere th e fi eld coi l was w ired. As
m ention ed above, so me chass is
allow yo u to use a PM speaker jus t
by dis conn ect in g th e f iel d co i l
leads. Check yo ur sche matic.

If yo u're t ro ub leshoot ing an AU
DC rad io, in whi ch th e o utp ut
pla te cu rre nt fl ows th rou gh t he f il
ame nt of t he pil ot lamp, yo u can
spot an ope n vo ice co i l (or a bad
so lde r co n nect io n) by wa tc h ing
the p ilot lamp. Wi th th e vo lume
t u rned up fu l l , t he li gh t shou ld
fl icker wh en yo u t une in a strong
stat io n. That 's d ue to vary ing pl ate
cu rrent f low ing throug h th e pil ot
lamp. If it fli cker s, bu t yo u get no
so u nd o utp ut, d isconn ect o ne
spea ke r lead and check th e co n
t inuity of t he voice coi l. If th ere's
no co nt in uity, f ind th e cause as de 
scribed above.

Othe rwise , t he voice-co i l may
be o ff -cente r. Reco n nect t he
spea ker and th en ap ply li gh t f inger
pressure aro und t he in sid e of the
speake r co ne . If t he prob lem is an
off-ce nter vo ice coi l, as yo u move
yo ur fi ngers arou nd t he' cone, at
some po in t you sho uld hear a
scratching noi se. If there's no way
to ad just t he positi on of the coi l ,
yo u' ll have to replace the spea ke r.

Wrapping up
That 's all for speakers and head

phones; next time we' ll d iscu ss
early radio gadgets and t rends in
cabi net des ig n. R-E

A NTIQUE RA DIO

co n tin ued from page 91

No RAM
Steve Gray also men ti oned , as I

d id, that in RAM -less circ ui ts th e
Z80 cannot use in stru cti ons th at
use th e stack, so PUSHes, POP 's,
CALL's, and interrupts can't be
used . Alt houg h the de monst rat io n
program avo ids that p robl em by
using JUMP's, an alte rnat ive wou ld
have bee n to stas h ca l li ng ad 
dresses in o ne of the othe r Z80
registe rs suc h t he IX or IY. W hy not
try that approac h as it 's a good ex
erc ise?

W hat happen ed was th at the two
d igits we re rever sed ; the co rrect
value shou ld have bee n 0A. Then
the program would loop te n t im es,
as I called for in the text.

Progra mming style

The last co m me nt I go t in th e
m ai l was about th e f irst line of th e
program, XOR A. Since th e ac
cu mu lator is loaded w it h a value in
line 4 of the program, th er e's no
real reaso n to ze ro it w he n th e pro 
gram starts.

Now I'm th e f irst o ne to ad m it
t hat the real hallmark of slick soft 
wa re is economy. N obo dy ge ts
m o re of a kick o ut of hacki ng byt es
off a list ing than I do. And w he n
yo u dea l in th e rea l world wh ere
speed and mem o ry co nst raints are
ve ry important co nsideratio ns, an
ex t ra few bytes o r so here and
there can mean t he d ifferen ce be
tw een a worki ng program and an
embarrassme nt.

On the othe r hand, good pro
gram ming ski lls ' (o r ski lls of any
sort), on ly come about by deve lo p
ing good habits, suc h as ze ro ing a
register at th e begi nn ing of a ro u
tin e, o r p reserv ing t he envi ro n
m ent before jum pin g to a sub
rou tine . Unfo rtun ate ly, habi tual
operat ions like those can't be ap
pl ied bl in dl y. O ur XOR A doesn't
hurt operation of th e program , b ut
it is un necessary and can be de 
let ed if yo u w ish.

In our origi nal discuss ion of the
program, I stated G rossb latt's
Fourt h Law: You have to know the
rules to break the rules . Let's put
thatanotherway: Inthebeginning
you do it by the book, and w he n
yo u think you know the book, yo u
wa nt to throw it o ut the w indow.
But then again, it 's probably bett er
no t to . R-E




