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Background

In April 1980 [ sent a letter to P. G.A.H. Voigt, a British audio pioneer,
about detalls on his tractrix horns. His name had come up in a converaation
I had with Ed Dell about horn loudspeakers. Ed kindly supplied his address

in Canada, [ heard nothing for 1 hs until Aug when a letter

from Voigt's wile arrived. Since the letter covered none of my questions,
I gave him & long distance call which turned out to be the start of many
lottor and talophone exchanges. Kd Nall and [ approachad Volgt sbhout dolng

an interview for Speaker Builder. Volgt at first refused because he said

Figure 1 A young Paul Voigt (with carphones) is seen here demonstrating

a rveflex ( dual high and low frequency) amplifier circult for

that he had too many projects and immediate worries that had to be dealt with,
Then as our letter and telephone conversations progreased, he gradually
relented and told me that we could do the interview in January, 198L

However, over Christmas Voigt developed a painful hernia which would
require surgery and put off any interview. But during January, since he

was confined to sitting position to lessen the pain, he typed several long

on many speak bjects which I had been asking about. Volgt went
into surgery on Fe'bmr’ 3, 1981 and came home on February 8, to recuperate
after an apparently successful operativn. But on February 9, Veigt suffered a
heart attack and disd suddenly at the age of 79.

Mra, Voigt sent me 2 package of all the letters that he bad been working
on. The length and breadth of the material indicates to me that Voigt koew
that his time was running out and this was the time "to set the record etraight".
It is from these lettors and other sources that I have adited to give the

interview that Voigt in PEFSO0 NEVETr ave us.

the "Wireless and Experimental A fation" of Peckh in

1922.
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Introduction their patent rights), I insisted that that not be the case with me,

Paul G Adolp ! Volgt wae born on December 9, 1901 that my patents remain my property, (I to pay the costs of patenting),
in London, England. [lis parents were originally from Germany who and that THEY HAD PREFEHENTIAL RIGHTS AS REGARDS LICENSING.
immigrated to England in the late 1800's and became naturalized English There never was a better incentive to invent things of direct
citizens. His father was an importer of buckram material which was used use to the company.
in ladies' hats. According to Ida Volgt, Paul Volgt's wife, his mother had Apart from my work deslgning radios and test gear etc., by
the “real brains of the family", and was a constant source of encouragement. late 1926, I had developed the first British designed electric recording
Voigt's mother lved to be 103, and Voigt expected to follow her example. system to last for years under practical working conditions. Our

Paul Volgt came from an age of gentlemen which will never be seen again. competitors were ahead of us, but only because they were using U:S,
His app h to loudspeaker design was to use Intuitive physical reasoning designed equipment, and since I used a moving coll cutter 1 had
which apparently was the style of many rescarchers of the early 1900'a. He designed, my records did not have the hystercais distortion natural
was also a loner, though he had many friends, who peraisted towarda'a goal to moving iroh devices.
of audic perfection in the face of contrary ary thought and wisd I had not been there for long before I realized that if the artists
Peter Baxandall said of Voigt [TAA ».I;"T?]. “"He was a splendid chap. ..He and musl:.!ana played and sang into a mike (2 la B.B,C.} whose
demonstrated his corner loudspeaker. 1heard that evening a standard of output was amplified and fed into some kind of electric cutter, that
music reproduction I'd never hsard before". He was a hero to many a better master should result than from the use of an assortment of
DBritishaudiophiles of the first half of this century but a relative unknown in large trumpets. [ was encouraged. And before the end of 1926,
the U.S. I[hope this interview will correct the latter sl-tua!!an. my system (which used 2 moving coil cutter) was in commerclal use

and, with minor imp ta; r ined in use until Edison Dell,

Paul Yolgt was an audio "systems' engineer before the term was
invented. He developed and/or Invented velocity and capaciter microphones, Ltd. (the later name of the Company) died in the slump (April, 1933).
amplifiers, transformers, moving coil cutters and pickups, and horn SB; n':’"'“" your early experiments with microphones.
loudspeakers, all for the quality r=prludnetl.vn of sound. At the end of his VOIGT: Although my Initlal funclion was to develope radio components
cu‘eel‘; he held 32 patents, In many areas he was ahead of his time, and and sets for manufacture, it was not long before | became interested in
by the time the world caught up with him, hie contributions were either electric recording. Just when that interest crystallized I can not say -
1s!l'0'".ll or forgotten, So a# you read this interview, see how many modern without my notes, but in a brochure entitled ' The History of Edison Rell”
concepts and Ideas of hifi had pracursers in Voigt's work. there is a picture of the recording studio in which there is clearly o be
ane VR i e i scen.a swan neck horn Browns loudspeaker. [ had it fixed there anil was using
Vuig'h T S TR e e it 1t as a "backwards" ‘mike. The electrical people had put in a comnccting
and, for that reason wanted to learn engineering. My parcats (phone type} circult to where my. lab was at that fime, and there [ il a
could afford to send me to Dulwich College, 2 miles from home similar loudspeaker used in the right way. No amplificition was ntoded.
(In Lamdon, England). 1 had un soglnnaring alde.  And ao, during and while the spnaker mike (perhaps the 120 ohm winding) may not have

tched th a3
Whe flemy world war, Troun the age of 13, | wan lnarning the basics E © connecting circuit, that was short and the mike certainly

matched the oulput apeaker. Atone time 1 tried carbon mikes, but the

ol englnasring. 1n 192z, 1 graduated in Electrical Engineering

miplitud. t

irom University College, London. e ude distortion made me scrap the idea.

5B: How did

Dy then, that war was over and radio was permitted again. o you build and set up your firat good microphone ?

VOIGT: T had ti
1 was experimenting on the subject, and, my first article appeared in ad a portion of the wall betwsen the studio and the lab removod

the Wireless World, publishing date 10th Dec 1921, i.e. before I and a ahelf put across the opening. On that shelf | put a speclally designed
ceased being a student at University Gollege or having any degree. mike (description to follow) and hid the opening with thin slik or something.
it would have been wrltten while I was 19, (See Figure 1). The mike had a cquare frame which however did not happen to fit the
SB: What was your firat job? opening, so strips of carpet were fitted to close the space around the
Voigh My tirat paid emplayment was at J. E.. Hough, Lid., mike frame. The face of the mike was in the plane of the partitlon wall,
Edison Dell works in 1922, where gramophone records were made Siulating & cloxed wimi.cuw‘

and plastic mouldings for the radio and other trades. The firm was Erom whit I learsiad from the excussion Eequiremonts, # was obvicus
afraid that the ad.vg.tlnt of the B.B.C. would damage the record market Shak suy valucky operited mika frisving iron or imaviig walf) hud b by

and caused them (sensibly) to decide to enter that market thsm:glvc.._ Move about without any lmcla'hle fesiralnt. The ordinacy

I was one of those taken on to get the radlo side started, noraRpement ofa Maphragis: clampsd-acound: e:udgs Wawions
However, knowing that I was an inventor and that there was The diaphragm of the speclal mike was spun of very thin aluminum

sty e bend ol e of kicidig Mevaluable S lden Bghtbe: and was lhe size and shape of a saucer. From its edge there were

(and that it was normal for empl to be obligated to sign away tangential epokes mesting at the hub on the convex side. The curved diaphragm
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was suspended in a clrcular hole In a aguare frame with about 1/8"
clearance around ita periphery. The main suspension was on two threada
about 1 1/2" long spaced about 452 elther side of the vertical center line,
To stop It from Mopping about there were two rubber threads pulling down.
cach at aboul 45° on elther side of the lower part of the center line. There
may have been cotton stuffed into the clearance between the diaphragm and
the frame.

The transducer part consisted of a flat elongated coil mounted with
its plane vertical and on an extrapolation of the diaphragm spin axis,
Using magnets {at first it was permanent magnets out of a magneto, but
later it was an slectro-magnet) fitted with poles that provided a planc
verlical air gap . the end of the coll was located within the pole piece jaws
and freec to move. Thus as the dlaphragm vibrated, the coil vibrated, and
that part of its coil within the magnetic fleld had a voltage induced in them.

This arrangement was not efficient, but as a mike it was easier to put in

some liflcation than to devise a freely supported clreular coil and
magnet system. )

SB8: How did you bacome interestad in loudspeakers?

Volgt: There waa a great nead for a good speaker to use in the
studio. Mu_cickn: wisted much time Ia the recording studio because
they could not tell {rom the gramophones In use at the time just how
good or bad the recording was,

" 3

For laboratory test purposes, ' ted a perfoct I P >

or at least 25 close as possible.  Ia 1924, on the 30th of April, when
the B.B.C. was abouc l& months old, Capt. P.P. Eckersley, an

ex Marconl Engineer, and thea chief Engineer of the B.B.C. gave

tha Radio Saclaty of Great Britaim 3 jecturs on the carly problenie

of the B. B.C. and how they copad with them. * [ had alrsady considered
what perfect (mono) sound should be like if ever we could produce it
and im the di ion which foll 4 the 1

wan able to "“ventilate"
my "HOLE IN THE WALL" theory. The lecture (which took place

in the LE.E. lecture theatre) was reported in the Wireless World

for 28th May, and the discussion in the W.W. for 4th June, 1924.

SB: ©Can you give a brief description of your hole in the wall theory?
Voigt:  In those early days, [ had done 2 mental preliminary sucvay,
not of what bits and pieces should be put together to get good auliv,

but more !un;ilmenhl.ly WHAT WOULD GOOD AUDIO BE LIKE IF WE
EVER GOT IT. '

My 1924 answer to that was my “hole in the wall theory. My
holo-ln-thﬁwllll theory was controversial for a long time. Some
people thought that periect reproduction should sound as though the
sculd originated IN THE ROOM YOU WERE IN. That overlooks that
your room has one set of reverborations and the studio or concert hall
a totally different one. The latter can sasily bo made negligible by
having the announcer come right up to his side of the wall where the
hole is and, as it wers, be talking direct to you through that hole.
That theory and consequent understanding of what to aim for has

been fund tal to my outlook. Iacidentally a non-technlcal Ll
expert,vislting & iricnd whe was having a demonstration s my corner
hara days, wrote up his sxperisace for some musical jourmal
414 not use the word “hole™. He descsibed his listening cxperlence
2 listeaing through 2 WINDOW! .

5B0; What was the "state of the art" of g hones and 1 ‘-. kera in
the carly '20's? .
Voigt: When [ anked leading pde desly, what would the perfect
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sound reproduction sound like, [ found that the "forward" tons was
apparently the ideal.

Now having some scientific knowledge, I could not quite uflderlland
how a mechanical instrument could be expected to produce a tone which
would appear to originate at some point & inches or so in front of the
mouth of the horn, unless this effect were achieved by resonance ar some
form of forward reflectlon which would give a focal polr;t there,

One of the firm's {Ediaon Bell} alogans at the time was "It rings
out loud and clear”, and so we have a clue to the ideas of perfect reproductis
of the 1920'a. !

In the 1920's lloudlpenkeu for radio , etc, mostly began with an
enlarged headph hani

led to & horn. The general idea had dev:

that the. horn was the tcason why the sudic quality was sopoor, [ myself

looked upon horne as an unknown g ity with the 1 duction al axtra
resonances into tha system as a most probable disadvantage. (Editor's
note: This attitude changed rather drastically later.)

* With my "hole in the wall" concept in mind, it was obvious to me that
for bass it was necessary to provide for the .fru oscillation of air volume
through any -_nu:h (real or Imaginary) hole, and therclore the atandard
type of reproducer based upoa the Idea of a "blowa up" carphene with
trumpst attached would not mect the end requirements. Even the so-called

hornless devices, with large diaphragme, were driven by some elactromag-

netic mechanism which,if adjustable and adjusted to be well clear of the pale pieces,

would be inefficient and if too clope, would coliapse onto the pole pleces.

To pravent sither occurrence the diaphragmi had to be stiff, {.2. no
fraedom of movement. Mow 1 had seen 2 Magnavox with a 20" or so horn

aftar World War [ with a moving coll drive. But it sounded like the flat bottom
of 2 white enammelled army mug of thoae days. [ do not suppose for a
moment that its diaphragim was made out of & myg, but that is what it sounded
Itke and with an Iron dlaphragm clamped arcund its cdge that is just about

what you can expect.

SHB: What was your normal approach to research?

Voigt: To get to grips with a problem and work out the answer is
my normal way of trying to achieva pragress. Having worked out
the answer, it is my normal way to compare that answer with the
ESTABLISHED ideas when such already exist. If my answer fits
the established ideas, then what [ have found is that I can safely
use those ideas., [F, on the contrary, my result does not fit the
established ones then, arises the question WHICH 1S CORRECT
or are BOTH WRONG.

Since I am rotten at maths, my approach is rarely the
mathomatical one. The usefulness of maths depends upon the
accuracy of the ASSUMPTIONS on which that maths is based.

5B: How did you start designing moving coil loudspeakers?

¥oigt: . At Ediscn Dell [ was experimenting with moving coil

systems and using my koowledge, I designed the ing coil

cutter for the racording system. [ was familiar with the consequence
of applylng various {leld strengths (magnetic) to current carrying
conductors. )

-
One major result is that the greater the ficld strength, the

‘ groater Is the tltstn;-mlgmtk force for a given current. In those

hf.'. undistorted audie watis were .-:pcnliv.n._ that was one reason
for pushing up the flux density. Another was that the groster the
T y, the greater was the <l gnetic damplag on the
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moving coll (other-things belng unchanged). AND, ther wasa
more subtle one, theoretical, but partly imaginary.

Suppose you could make the field strength so high that the
electro-acoustlc efficiency would average 100% over the whole
audic scale, would it not have a {lat energy response curve with
no peaks or troughs?

While 100% cfficiency ls unattainable in practice, there was
no question in my mind that the nearer you could get in that direction
the better would be the ratlo of average to peak. For example, If
the average was 1/4 of 100%, i.e. 25%, aoy energy peak beyond
6 dB would provide the missing part for a perpetual motion
machine!

The fact that in my lab, I had both d.c. and a.c. maine,
meant that if I designed a huge magnet with electrical excitation, in
those days when valve rectifiers were still unreliable, providing

the excitation presented no difficulties.

(To be continued)

REFERENCES

1. Volgt, P.G.A.H., A Controversial Idea from England, Audic
Engineering, 24, pp 40-41, Oct. 1950.

THE INTERVIEWER
Dr. Bruce C. Edgar ls aSpace Sclentist for The Acrospace

C tion and is | d in the history of loudspeakers,
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continued by Bruce C. Epcar :
e 18A i

SD: What did your first designs of loudspeakers look like?

Voigt: I designed for high flux density on the electro-magnetic

moving coil drive,  The company blacksmith provided a U-shaped

soft iron core, bent, {from memory) out of 2 Inch diameter bar.
-

Onto its straight portions went 4 separate coils, each with a carbon
lamp across it to take care of the "splash" when switching off, and

8o, [or my earliest high power magnet experiments, I had a 1/4

KW* excited field U magnet to experlment with. In due time, [

arranged for a pole-tip system scitable for a cylindrieal coil,

[NOTE, in my achool text book at Dulwich, such coils were called,
Solenoids. MNowadaya that word is used to describe such a coil

plus iron cores to operate switches, etc.)

In my case the coil actuated a lightweight saucer-shaped

aluminum diaphragm, driven via aluminum spokes and supported

Early Volgt moving coil loudspeaker portrayed in a patent

drawing. ( British Patent § 238, 310)

80 as to be able to move very freely. It was surrounded by strips
of mother's old carpets to act as a non-reaonant baffle,
You will notice that the dlaphragma {(see Figurel) I show,

are bascd on the "cap of a aphere” shape, with "spokes' which are $B1 How dld your first loudapeaker perform?
tangential to the surface. Thia arrangement 1 used on the moving

coll mikes I éxperimented with during the develop t of the r ding Volgt: When it was all ready for teat, 1 was looking forward to hearing

) something vastly better than any previous loudspeaker. [ was, upon
system and on the early moving coll loudapeaker drives. It never switching on, very very disappointed. I had never had anything sounding

wcx;l into production, as I had no satisfactory method of making the 8o "tinny". The highs were strong and the lowa very poor.

spokes adhere the spun aluminum diaphragm.
Upon thinking out why such an unexpected result was occurring,
“.rh':n the adhesive between the apokes and the al dlaphragn.'l I realised that when calculating the load which the square inchea of
gave way, It would rattle under working conditiona. When [ had diaphragm area (piston equivalent) were assumed to be working into,

overhauled it carefully and had my maving coll aystem working, 1 I had used the mechanical ohms figure for a plane audio wavefront,

would "tura up the wick”, and, alas, within 5 minutes it would be The disappointing result I was getting, | reslised, was due to

rattling again! to that assumption being -.‘.,.. i iy right for [req ies so high
i Tati a1 i
By e bime Ty plete spocification of iy Joudspenker was that the wavelength was SMALL r to the of the
diaphragm, Lut totally wrong when the diaphragm dimensions were
under study by the patent examiners, they were aware of the work of small relative to the langth, Under those conditions the air,
Rice & Kellogg and that anticly d my pt 8o pletely that I when exposed to the peak pressure of low frequency sound instead

removed from the complete spec. and the claime mentioning the ol reacting wilh back pressure, simply ESCARED. aldeways .aut of the

compression reglon, and ditto all that In reverse during the suction

moving coil syatem, half of the sound cycle.
Such removal meant that manufacture for sale wans out, but K Evidently, some means of PREVENTING those lateral component
not that § had to glve up my “hole in the wall" concept or that [ had motions must be pravided, and that {e how I cams to design my horn,

i vis % Clase to the diaphragm, the obvious way to prevent lateral motlon, la
i x i to wil i coil k .
R st as el it St ke to fit a large diameter pipe, but analyeis of that obvious way shows

. that while the to and from flow of the air propagating the sound is
S$B: Waan this your first patent application?
prevented from lateral motion, it will propagate with a plane wavefront

Voigt: Mo, [ had 6 previous patents granted to me, all on wireless devices. {ar right angles to the jnner surface of the pipe) until it reaches the end

1 was eventoally granted British Patent § 238, 310 for "Improvements to of the pipe 2t which the prevention of the lateral component ceases

abruptly., That allows the transverse escape there and thus a couplin
Sound Repraducers'. That is the one which would have anticlpated Rice-Kellogy Py Pe plng

into an air resistance totally different to the hanical chms resist
if it had been 2 months earlier. As you will see my application date May 20, at the diaphragm.
1924, 80 the Rice-Kellogg application should be in March of that year. 1

Th 1 tranaf, W i
was quite unaware of the work of Rice_Kellogg at that time. The news had e parallel plpe thus, basically, only the ¥
which permits the lateral "escape" pear the diaphragm, to a more

had not reached Britain. distant location. IT DOES NOT ELIMINATE THE DISCONTINUITY.
(Editor's note: Rice and Kellogg were two American engineers, working What is worse, is that at the discontinuity, there is a reflection

{analogous to that in a transmission li.lu:] which travela back to the

for General Electric, who developed the first good electromagnetic moving dlapheagm and tends to make the pipe beha ther lik fpet!
ags n ma, c p wve rather e an organ pipe!

coil loudapeaker. 3}



§B: How did you make the transition from a pipe to a horn?

‘Volgt: Part of the "trick" .Nill:h is nccessary to improve the situation
at the output snd of the straight pipe ls to scrap that shape and put a
slight, e:plndln‘ taper at the diaphragm end. If that taper is “gentle"
enough the lateral motion can be reduced so much that it is eo slight as
not to lotroduce any major loss of reaction pressure.

The sound wave will, when in a slightly {outward) taperlag
pipe, no longer travel with a perfectly flat wavefront. Where the
wavelront travels along the surface of the taper, it will, quite naturally

travel parallel to that tapered I On the opposite side, the tapered
ourface ALSO causcs the wave to travel parallel to it. Thus, the wava-
front edges will diverge as necessary to fit the gentle divergence of the
expanding taper which encloses it. AND, the beginpings of the normal
spherical expansion of a sound wave have commenced.

As the area Increases, its relation to the lower frequency wave-
lengths improves, and, while this is beneficlal from their point of view
when reaching the end of the horn, they have already sulfered a little
because of the pourcr relationship near the ler d g AND,

if the taper remains gentle, the wavefront in the horn wnll only expand
very slowly making the horn inconveniently long if that beneilt is to be
preserved.

" What s wu!k;ll. 18 to increase the cutward taper a# the
distance from the diaphragm increases. This too Ls desirable ; for by
the time the wavefront reaches the opening, ESPECIALLY if there
is a flat balfle around the opening, the taper should have increased
gradually to a 90 degree angle to the axis. The abrupt discontinuity
ded surface leading to the baffle, and the
ill-effects are greatly diminished.

is then red dtoar

Figure 3 Drawing of the Tractrix curve from Instructians of Vulst. - }..... W Rp—

NYEE

5B: How did you draw the horn curve?

Voigt: The curve (see Figure3 ) i easily drawa on drawing board paper
by starting with the decision of the semi-mouth size at the 90° to the axis
taper. Suppose that that size is to be near 30 cms, Place a rule at 90°
to the axis and mark the approximate position of the mouth at 30 cms
from the axia. {Point No. 1}. Mark clearly the ll.ut cm from that point
toward the axis. (Point No. 2). Keeping the lower end of the rule on the
axla, move the lower ¢nd of the rule along the axis, kecping the 30 cm rule
point near the clearly marked top cm. In fact, let the edge of the rule
paes over point no, 2 (which will be 29 ema from the axis.). When point
no. 2 is at 30-1/2 cme along the rule, step the motion along the axis and
mark the next point, no. 3, at the 29-1/2 em mark on the rule. Point no.
3 will be near 28 cma {rom the axis, Move the axis end of the rule along
the axis again so that point no, 3 is at 30-1/2 cma along the rule and mark
point 4 at 29-1/2 ems along the rule.

A curve will be seen to develop. Continue the abova procedura,
Ags the curve flattens out, the steps can be made longer. The wanted
curve ia the curved line through the points.

As [ drew out this curve to make the hest possible t

from the nearly parallel up.tt noar the diaphragm, - In a2 90° angle to the
axis, [ wondered if [ had re-invented the standard logarithmic (exponential)
curve mentioned in some advertisements, (this was in the mid twenties. ).
When I plotted the latter, I found that at the throat where the taper wan
very slight, the diiference was negligible. As the mouth was approached,
however, the taper increased faster than Ili.! legarithmic, and the ‘!tl°
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angle was reached quite scon, so that it seemed shorter. Later, I learned
from our draftsman, that the curye was known in the mechanical world,

and that its pame was a Tractrix.

SB: How did you come to the conclusion that the wavefronts in a horn must
be curved instead of flat?
Voigt: My background was that [ was familiar with basic engineering

principles. It follows from the most elementary of these, that where

the ey« of the wavelront rubs on the inslde surface of the horn, the
wave surface has NO ALTERNATIVE bat to orlent itself.at right angles,
i.e., normal to that surface.

Ty and imaglne the pressure face of @ wavefront endeavouring to
propagate parallel to the axis, then It will have to leave a gap between ita
own circumference and the expanding inner surface of the horn, The
further forward that wavefront goea, the bigger will the gap become.

AUT()-MATICALLY, the pressure wavefront will spread sideways
to fill that gap. With lu’ch a sideway spread, the volume moving forwarde
is reduced and thereby alowed down. Such slowing down slows down the
wavefront, the effect being greatest where the gap is being filled and

- least at the furthest distance from the gap. With a circular horn, the
expanding gap exieta all around the circle, and the furthest distance
available to the wavefront is IN THE MIDDLE, i.e., on the axis. Thus,
inevitably there is a forwardly bulging wavefront, With a circular horn,

will that bulge be 100.000% Spherical? The answer is NO. This will be

aurpri;‘ing to most readers, but it is not a serious matter,

So, to sum up, the difference between the tractrix and the
exponential with its flat waveiront {theory} ia that one was designed by
a 24 year old engineer familiar with the elementary mechanics of

nature, the other by a skilled mathematician, take your cholice!

(Editor's note: On July 5, 1926 Voigt applied for a patent, and he was

granted British Patent # 278, 098 for the Tractrix Horn in 1927.)
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5B: What was the size of your first tractrix horn?

Veoigt: The first horn [ had made for my lab had a 4 foot square mouth
and a 4 inch aquare throat and was about 5 feet long with a monster
magnet. When the 4 foot mouth tractrix was eventually finished, the
speaker's frequency range (with the low frequency cut offl very gentle)
peaked a little before its gradual cutoff but now it wae no longer "tinoy"
i;| auund, its response went down to below 100 cycles per sec (Hz!) and
wag still useful at 50 Hz,

My lab had a "cathederal" ceiling, and, from the previous users,
(Radio set repair), an crection on to which my monsterous loudspeaker
could be raised. It provided the most perfect reproduced sound I had yet
heard up to that time. In those days, Idid a lot of late work, So, in the
eveninge up to midnight when the B. B.C. dance music closed down, 1
had the pleasure of listening to reproduced LIVE music {with NO
commercials) from London's -leading hotels via the B.B.C.

What the above proved, was that my belief that IF a high average

energy elﬁc\cnc,y electricity-to-audic transducer could be produced, thcn..
the energy response curve would not only be smooth, but that the audio
effect would be very satiefying ------- assuming of course, that the
polar distribution diagram of the energy did not concentrate parts of

the energy into compact beams with the listener located in an area ol

major concentration.

In my case, the erection on which my 4 foot mouth horn speaker
was located ran transverse to the room, The horn's axis wans about 9
foot above the floor, and, as [ am only about § foot, Il inches tall, my
ears will \|_m;." been abont 3-1/2 foot BELOW the level of tha-axis. About
4 foot from the horn's mo.ul.h. al:.ng the axis w""--h!_ wall above thc entrance
door. So any normial listening to which [ was exposed was reflected off that
wall, OR it may have come off the back of the diaphragm and been

reflected in different ways.

5B: When did your tractrix horns reach public notice?

Voigt: As regards the word tractrix in connections with horns, that did
not reach readers of the Gramophone till their November 1933 number
when it described a visit to the Inventor's exhibition at which Voigt

Patents Ltd had a stand (see Figured ).

5B: How did you construct your cinema horng?

VOIGT: In the drawings [ made for the carpenter, the forward flare part
wae in 4 pieces bolted together, plywood on frames cut to the correct
shape. The front was square, and so the sections joined at an angle
which from the front was 45° off the vertical, The front opening was

4 foot square while the rear opening of that assembly was 1 foot square.
To that could be bolted neck pleces of the length required for t.'hei._r input
sources, Mow the angle of the ply's relative to each other was not 45°,
In fact the angle varied along the length. So I figured out a jig to hold
the wood at the appropriate phape and then by sawing vertically, the
varying angle would come out automatically. Well, the carpenter could
not see the need for that at ali. Obvicusly the angle was 150, and he had
been in the business for many years.

Well, when people know all the answere [ do not waste time
arguing with them, When [ hayve alerted them [ have done my bit. He
learned the hard wa..y that horns can look like 45° Jolnts, h;at they are not.
He had an awful job making it fit together.

The curves of those horns were based on the tractrix across

the center section. This meant that across the diagonal the tangent would
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Horn Contour Elliw; B3 B Losinl

continued . by Bruce C. Epcaz

SB: What were the developrents
lTeading to the formation cf
Voigt Patents Ltad?

VOIGT: It was in the
1920's while at Edison-Bell
that T learned encucgh akout
magnets to design high-flux-
density Toudspeaker magnets
properly. Those design prin-
ciples were discussed in detail
in my British Patent number
331,209.

Excited field speakers,
made under my patent by Edison- Voigt Excited Field Loudspeaker . 14
Rell, supplied with 40 to &0 Voigt Cinema Horn
watts excitaticn power gave a
flux density of 16,000 te VOIGT: The simplest way to
17,000 oauss across & 2 mm gap, visualize it is to imagine that ions into a corner of a roen,
ard were used for cinema work, @Y cinerma square section horn the horr's performance will be
high «¢uality ©public 4&ddress, 1is facing downward onto the unaffected.
etc. Ediscrn-Bell "died" in the floor and that it is the kottom SB: How did the unusual
slumg (1923), so ny own busi- porticn of a rather distorted reflector in the corner horn
ness was started to keep the Fpyramid. Then it is sawn into come zbout?
speaker alive.3 (See Figure &). - four parts by sawine¢ vertically VOTGT: The next problem T

SB: How did you desion downwards <from one ccrner to faced in desioming the corner
vour donestic corner horn? (See the opposite one. Now if vyecu = horn was that of obtaining an
Figure 6). ' place one of the quarter sect- even daistribution eround the
) room. I knew that the low fre-
quencies coming from the hecrn
would diverge while the higher
tenes would be projected more
or less in a beam, The hicgh
frequency bear would ternd *to
strike the lower concave sect-
ion, and the nrore divergent
lower frecuencies would bLe re-
flacted by the larger concave
csurface. So I aimed at a 30
degree reflection uwp ard down,
so as to cover persons either
sitting or standing, anrd of
course  anyvhere in between.
(Editorial ncte: Vecigt received
British Patent number 404,037
in 1934 for this feature.)

PLASTER -3
DISTRIBUTING !
REFLECTOR

Figure 5 Voigt (lelt) is taking & response curve on a recorder at Voigt

Patents, Ltd. In the late 1930's. From Wireless World, July 21,

1933; " Mr. P.G.A.H.Voigt, for some time chief research

YOIGT CORNLE LOUDSPEARER

engineer of Edison-Bell, Ltd., has acquired the stocks of
Edison-Bell-Volgt ing coil loud kers and electr i Figure b {a) Croes sectlon of the Voigt Domestic Corner Horn. The horn

microphones and bas formed a company, Volgt Patents, Ltd., portion had a responss down to 100Hs, and the bass chamber used

to carry on the manufacture of high grade electroacoustic devices a h/4 tapcred pipt resonant at 50 Hz to supply the “"'ls
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SB: Why dJdid ycu
the &/4 tapered
speaker enclosure?

VOIGT: In 1933-34, I was
very much cencerned with trying
to increase the amount of bass
yocu can get with a fairly srall
cone, That cone was already
driving a.short horn, but the
system was inefficient Lelow
the horn cutoff, Several cubic
feet of space was.available in
the cabinet below the horn, and
the probler was to find a way
tq augment the lowest frequen-
cies within the available vol-
urme. The method finally adoprted
used a tapered folded pipe
(rather like the neck of a
horn) which esxhausted near the
flogr. I named the base de-
partment of the system a bass
chamber and would certainly not
have done so haé I been aware
of the impendino introduction
of what is now cdalled@ the re-
flex cekinet. For that has a
better right teo be called a
chawrber than ry more complex
tavered folded pipe system.4

In these days any kind of
resonance was considered taboo,
I refrained fromn suppying any
details., Its mwain purpose was
te provide bass and that cov-
ered with the name bass chamb-
er, (Editorial note: It even
fooled Percy Wilson, technical
editor of Gramophone, who cal-
led it a Helmholtz
his review3 of the
horn.)

Actually it behaves 1like
the reck part of a very low
frequency horn which stops be-
fore the flare is fitted.
Technically a guarter wave
Jlength resonator will describe
it, But since it exhausts at
floor level in a corner it is
feeding into an eighth sphere
and so it 1is well 1lcaded and
therby highly damped. Addit-
ionally the floor and sides of

develope
pipe Tloud-

Veigt corner

the room act  as a substitute
flare, so the amouth reflection
to- be esxpected from a gquarter

wavelength pipe resonzator is
very much reduced therby wid-
ening the skirts of the re-
sponse co¢n each side of the peak
which itself 1is so much damped
that there is no noticable
boominess.

(See figure 7
planation of the
ripe ernclosure.)

(Editorial note:
granted British Patent
447,749 for the above idea.)

SB: Did vou have any
problems with the response of
the ccrner horn?

for
N4

&n ex-—
tapered

Voigt was

chamker in’

numkber .

The corner hora in a living room setting. The base measured

2 x 2 ft. square, Although not excessively large by today's standards,

Voigt must have encountered resistance from the distaff side. A

1937 ad, written by Voigt, asks " Imagine how fine it would sound

in your own room..... Imagine your wife's remarka! Then write

to us for details of how to get even better results as well as the

approval of the ladies." A corner horn with a white {inish sold for

£ 32 In 1937,

VOIGT: I did have trouble
a bump with our domestic
corner horns. By themselves
they sounded fine, but when
compared with the four foot
mouth straight horns that bump
could be detected easily on the
comparison. I tried &1l kinds
of things, thin ply for the
back boards, saw slots etc.
Every batch of horns for a year

with

or so included some experi-
mental ideas.
In order to help me with

putting the preblem on a proper
footing, I started a year or so
before the war on developing a
tcne burst test of a simple
kind. I made the burst last 100
ms and the space 100 ms by
switching from a shaft at rps
synchronized with the 1lains by

~double beam

gearing off a Baird scanning
disc motor. (Baird was an early
English television experiment-
er.) With this I could show
quite clearly a hangover &t a-
bout 100 Hz. So at least I knew
that our corner horns were nct
aperiodic around the horn limit
frequency. By various experi-
ments, I could push the hang-
over frequency about, but I
could not get rid of it at that
time. I never completed the
total systen or solved the
prekiem; it was some probler
that we had with Hitler that
messed up further preogress.
After the war I brought a
Cossor oscilloscope
and was able to show that at
the bump frequency the phase up
and ‘down  the " horn flare was
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substantially the same. This is’ Figure 7

what occurs in a Helmhelitz re-

sonater. So my belief that < . x O
there was some king of

rescnance was confirmed again. P v

It could be a cavity resonance.

I did start scme experiments

for absorbing it electrically _p.- C
or mechanically, but I was (ﬁ) El
never able to finish them. 4&

SB: How were your speaker

diaphragms made?
VOIGT: What I used for my """"_‘%. ——l

diaphragms was white paper as
used by the draftman on his
drawing boards. It was handy
and available for the asking. I
cut 1t to shape, bent the cone e "

on the appropriate former and (b) .’F 3-F S-F
glued the overlap seam with 4 7 L
celluloid cement.

Of the technigues devel-
oped as between the paper mak-
ers and the mass production
speaker makers, I have no
knowledge. I imagine that the ;
dies for forming the paper were P V P V
not cheap.

Later, when diaphragms
were being made for straight (c.) B'F
hern spezkers for talkies, the
assembled diaphragm was sprayed
with mahogany® coloured shellac
using a hand cperated "FLIT"
‘gun sold for spraying anti-fly
Tiquids, (alse saomething read-
ily obktainabkle.,

To start with, the frame .
around the diaphragms was made —
¢f wood, the cutside bkeing d ,F +A.F
rectangul ar (almost square) ———

while the opening (naturally)

was round. In the early days,

the flexible surround was of .\
chamois leather which could be y %/ .
stuck on. There were two rea- 3 3

sons for changing that. One was

that it was not as elastic as I
thought desirahle. The other
reason was that I had news that
in some cinemas, the mice found

The Voigt quarter wavelength bass loading enclosure relies

it cood tc eat. on the fact that a \/4 closed pipe resonates at the fundamental
As .things improved, the N i . )

frames were made cof die cast and odd harmonics . In (a) the fundamental standing wave has a

aluminum. and for surrouné I " ) .

used & red material which I pressure maximum (P) at the closed end and a velocity maximum

think was a form of crepe rub- ) )

ber. It came from the Malay (V) at the open end. A loudspeaker will be properly loaded if

States and was scld in Enrgland . e ; 5

under the name Linatex. An al- placed at the pressure maximum in (b), but it will radiate at the

uminum ring was used to clamp '

the 1linatex to the paper dia- fundamental and all the odd harmonics. At the third harmonic

phragm. The mice showed no in- . . )

terest in that matexial, but there are two pressure and velocity maximums as shown in (c).

like rubber materials in gen- . . . .

eral there was perishing with Voigt found that if he placed a driver unit a 1/3 of the length

time. This was affected by the

atmosphere. In most cinemas, a down from the closed end (d), the speaker is near a pressure

life of 4 or 5 years was quite

usual, but in seaside towns minimum of the third harmonic, reducing the third harmeonic

might be only half that, In the

domestic corner horns of 1934 eXcitation. By also tapering the pipe, he was able to broaden

ornwards a longer 1ife was nor-

mal. During the later fifties, the response about the fundamental to give an octave and a half

while living in Toronto, I was
introduced to a flexible plas- of bass.
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tic material about 0.4 mm (from
memory) thick, made by DuPont
under the name FAIRPRENE M5550.
It was not quite as elastic as
the Linate:s, but for domestic
work that 1is mnct as important
as in a cinema. When we roved
away from CQttawa, about 18
vears later, it showed no sians
of perishing.

(To be continued.)

Voigt, P.G. A H., Letter to Editor, Radlo-Elecironica, 30,
pp 16, 20, 22, Mar. 1959,

. All About the Reflex Enclosure, Radio-Electronics,
30, p 36, Feb. 1959.

Wilson, P., Cabinets for Speakers - I, Gramophone, 14, p 354, jan. 1937

. The Voigt Loudspeaker, Gr h 10, pz98, Dec. 1933.

©@ copyright, 1981 by SPEAKER BUILDER
MAGAZINE, P. O. Box 494, Peterborough,
Hew Hampshire 03458. Used  with
permission.
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Horn Contour

continued by Bruct C. Epcax
SR: wWhea did youa  invant  the

twin cone diaadragm°
VOLGT 5o dis COJurﬂl the .

advantaas,
to improve

-:J._Y'_lg a t_‘l in cong
‘high freguencies

in  1933.B; vlt did not improve
the high frequ=1zln‘ as mich as
the  light" coil feature 1ater
on. The twin cone. idea was

probably  the: most "borrowed" of
any of my - id=as. I was able to
license U ar[eda]e and Goodmans
to use m?_m 1,n cone. patent in

heir Jloudspeakesrs, aad they
‘both paid their royal tiss
faithfully.. y Because thz War
spoiled the.:high quality sound
ousiness, I was granted an.  ex-
tension of time of the 1life of
ths patent. Howsver pateats “do
not go on for ewver. I did not
have patents in other coungpm
irs. What is tu‘*:-;a_ba ition
dav? Well, Lhere 15 "not a HiFL
shop inthe world which does not
have a fow - twin diaphragm
loudspeakers in.stock. »Aand for
every one_ _in stock, how many
are in use?.50 at least if Rice
and Wellopgg., beat me by a few
weaks for the moving wvoice coil
loudspeaker, . I contributed " the
tv#in diaphragm. (EBditoral note:
Voigt was granted British Pat-
ent no, 413,758 foxr the twin
diaphragm ifdea in 1934.) '

S3: How did . vyou

vour Light Coil Twin
version of the Voigt
soeaker unit? =
VOIGT: During the

while driving on a long
trip to Scotland, my mind re-
turned to the field strengh
consequences. My main starting
point the2n was the 1922 desion
of the Voigt cin=ma speaker for
which I had accomplished 16,000
gauss (the flux density at
which iron ‘shows signs -of
nearing saturation) is the same.
as 1500 miili Teslas. If you
“'Prefer t6 be ‘strictly scien-
tific and call it 1.6 Teslas
‘and  use that value after ex-
~plaining to a customer how im-
- portant

develope
{cona)
loud-

latter
30's,

- it is to have  the
- highest . practieal field.
strergth, he would probably
concluds that you were nuts and
‘think  you were  lying. . And the .
above flux densitv I had ac-
. eomplished with 4) Watts dco
- magnetising. o 2
- Now, -the .only "guidancge"
on  thz subject of speech coils

.across was in
by

1 had come

American  book Olsenb . in

The Horn Speaker, Box 53012,

to- .

an .
«rent,

which it  was proven mathemat-
ically that the optimum mass
for the speech coil was that
which made it equal  to the mass
of the diavhragm. )

' That mav have been correct
ralative to the assumptions on
which his math was based. But
assumption was that high
density was important.
‘the mass oI my aluminum
speach colil  was far less
that of my twin
"{main cone 6" diameter).
__d1readz "quilty" of a
? dev1atlonl from -estab-

my
T30
Anyway,
“wire ¢
than
phragm

use- a
as the
bossib]e

were to
as I‘l\_lCJl
_‘_1t voaTd be’
'jueeze it intd & 2mm gap.
To increase the volume of ° the
phgufficiently “~for -the ""es-
'adﬁiée, "~ ‘tHe" é190—
] : N?g1d ‘would have' to
be”_lncreaséd +remandously.
1929 . design already had a
potihds'of ~wire-oa * 1%, took 40
Watts and weighed about 30
P°§$d=-.
) T o R
yoi Srebeny
' VOT@E@isfs ‘reduced  the
mass of "tWi"’dpéech coil still
more, it would cut the moving
axtsaqrthexphxmuimproving

aceglgmetion .
and:the .
ffequen01as tholgh “as
of average . power.
really be a loss, and
ware;. Liwoulds -it matter?
possibitities “either  w
duced food for cogitatipn,:

- 83: How did yéu ao
redesigning . your speak
thPsa hypotheses?

U VOIGT: With a redhced MASS
of ‘wire, I could  red pa.'the
speech coil .from 6 1ayers k0. 4,
That enabled a reduction of the

if 1

t Bwootheses did

the loss

if there

pro-

gap--from: .2mm to 11/2mm. That
reduztion” would push the flux
density o “furthér “into the
saturation region. In practice
by about 2,000 gauss. " (about a
12% density gain). ..~
‘With only 4 1ayers instead

of 6 -of the same .wire (guage,.

the resistance would go down
66%. - There. are two alternatives
nxi.. - Change the.output trans-

for 390
Then

former from ‘“a secondary
ohims ' to one for .20 ohms.

.the voltage would go down about

12%. and the. current, would go up
by about 12%. The disadvantaqge
‘would be the  change of ' a
transformer. Were there
disadvantages? Sl ;

With 2/3's ~the turns,
ampere-turns . were .down by 2/3's
because - of ‘the reduced number
of turns and uwd by about 12%
because of the increased cur-
ci.e..-only.. down - to 80%

Dallas, Texas 75253 ---

sitting

o € " reduced from 2mm
cone dia-

M

- the |
mﬁ tne transients .
resyohse of 7 the. high
Would there 'to counteract the situation

Thea

‘case,
" possible a reduction of the gap

L its

-4/3rds .
other

the

Decenber 1981

considering those

alone. But hold it.
third factor.
gap, the
up. But,

two  factors
There is a
With the narrower
flux density will oo
by how, much? well,
at the ste®Bring wheel
moving ,car, I had .to
guzstimate. Getting into the
iron saturation region, how
much would the flux density in
tha gap go up when that gap was
_ to 11/2mm? If
the Trest'of the magnetic cir-
cuit was a perfect conductor of
magnetism, on= could expect the
25% gap reduction to give an
approximate 33% increase in
flux density. Suppose, . since
the iron was gdoing into’ satur-
ation at the pole tips, which
were nowhere perfect, that
1/3rd of the above 33% increase
would be available in practice,
then +the third factor would
provide. a 10% boost. 80% plus

one tenth of 80% is 883.
/88: S0 what were the
ifications of = these
mateg?" 5
¥ VOIGT

of a

ram-
oguesti~-

First that with ‘a-*

coil” mass reduction to 66%, the
obv1ous .consequence was that
the force would also ¢o down to
-66% of the previous value, Al-
though this is correct, ‘it is~
.neot  final. If the reduction of
mass 1is obtained by reduction

of wire .length, a
input transformer

change of the
alone helps
and
efficiency drop to
the re=-
coil mass has
inertia 1loss by

reduces the
20%. On the good side,
duction of the
reduced the
33%.

What I
before - is
changing
suit the

did ~not mention

that instead ~ of
the trans former to

reduced resistance
load, a: change in wire guage
can match the load to the ex-
isting transformer. 1In either
the mass reduction makes

width.
increase

That makes possible an
in flux dsnsity. Just

by - how much is guess work until

you can measure it from.a liwve
example. The 1limits are easily
imagined but are probaply fairy
tales. Suppose you hawve a. magic.
wand ' _that eliminated the re-
sistance of. iron to ecarrying
magnetic flux, then a reduction
of the gap width to 3/4ths of
previous width would.allow
the flux density to go un to
of its previous value..
We had ‘already a - force reduct-

ion to .B0% before "considering
‘th2 benefical effect of in-
creased flux, Ths 80% relative
difference,  if multiplied by
4/3 4s 107% compared to the
original 100%  taken as the’
force. .In.practice such a magic
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wand doess not operate in the
saturation region, but it works
much better at lower flux den-
sities. The other imaginary
limit is a lower one. Suppose
that the iron circuit refuses
to carry more flux, then there
is no increase, and the above
80% .figure holds good. Thus,
until practical measurements
are made with the real hard=-
ware, the consequence of re-
ducing the coil mass will 1lie
someéwhere between a downward
change to B80% and an upward
change of 107%.

S0, that
showed that treble
pe reduced and transient ac-
celeration improved without any
major reduction, and possibly
even an increase in electro-
magnetic force.

To me the

cogitation
loss ecould

idea that, for
-good results the coil mass
should equal that of the dia-
phragm might be OK when you

could not "juggle" with  the
flux density. But in my case I
could. Measurements in the 1lab

showed by reducing the gap to
11/2mm, there was a flux den-
gity gain of about 2,000 gauss,
Compared with  the previous
density of slightly owver 16,000
gauss, that was a gain of 1 in

SB: What was the result?

VOIGT: The result? I de-
liberately developed a LIGHT
COIL TWIN variation of the
Voigt loudspeaker. I knew I was
deviating further from the es-
tablished concept than before.
And my title made it clear that
I was doing something deliber-
ately.

The practical result was
that the extreme high fre-
gquencies were so much better,
that for radio reception (a.m.)
whistle fregquency filters had
to be put into the «circuit to
cut out the hetrodyna beat
frequency between adjacent
wave length transmitters. For
gramophone use, the filter
could be cut out if desired,
and by daytime it could be
switched in when receiving the
B.B.C.

My light coil twin corner
horn speakers was submitted for
review and received favorable
reports, i. e. WIRELESS WORLD,

page 5

March 9, 1939. (Editorial note:
After WW II, Voigt consolidated
many of his arguments for a low
mass speech coil and diaphragm
in British Patent no. 667,170
and U.S. Pateat no. 2,615,995.)

JO||\' THE THOUSANDS WHO ARE BUILDING BET-
TER S50OUND SYSTEMS IN A NEW QUARTERLY...

ONE HALF THE CASH you spend an your aud-
io system should be invested in your speakers,
so why not build them yourself? You can save
up to two thirds of the cost of the speak-
ers—which translates to almos! one third of
your outlay for yowr stereo system. Over
110,000 Americans will build their own enclo-
sures this year—and you can loo! Your dream
speaker is probably well within reach if you
build it yourself.

SPEAKER BUILDER Magazine
P.0. Box 494A, Peterborough NH 03458 usa

6. Olson, H.F., Acoustical Engineering, D. Van Nostrand, N.Y., 1940,

pl2s.

@ Copyright, 1981 by SPEAKER BUILDER

MAGAZINE, P. 0. Box 494,
03458.

New  Hampshire
permission.

Peterborough,
Used with
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the research

r r SB: Describe
. developments in the late 30's.

continued

SB: Tell me about your
experiments with stereo.

VOIGT: A few years
the war, I gave a lecture to
the Radio Society of Great
Britain on sound reproduction
and demonstrated with a pair of
my corner horns side by side to
give 180 degree distribution.
The climax to that Jlecture was
the reproduction of a small
live orchestra playing in an-
other room there. Initiallv the
two small speakers were con-—
nected in parallel as would be
correct for mono reproduction.
Then, the two  speakers were
separated by about the distance
between the two mikes (6 feet)
and their circuits were separ-
ated, As far & I know, that
was the first demonstration to
an audience of two <channel re-
production in Britain. The
meeting was reported on in
WIRELESS WORLD, April 10, 1936.
It is a pity that they call two
channel by the name stereo
these days. That is not stereo.
Real stereo needs not only
headphones but mike placing
which has in mind that the
listener will he wearing head-
phones.

However, in my stereo
demonstrations I was following
Blumlein, who in 1931 invented
the stereo record groove
(British Patent no. 394,325).
Blumlein's brilliant idea 1is
now incorporated in every reg-
ular stereo record made. T re=-
garded Blumléin ““as head and
shoulders above. myself in a-
bility. If Blumlein had not
been killed during the war in a
plane accident while developing
a radar system, we would have
had more ideas from him in ad-
dition to the ones which orig-
inated while he was alive.

.SB: How did your associ-
ation with Lowther begin?

VOIGT: I first met Lowther
at RadiOlympia in 1934. It was
young ©O.P. Lowther's ambition
to market the best possible
radiogramophone, which natur-
ally needed the best possible

early

speaker. This meeting developed
into a very friendly alliance
with the Lowther Manufacturing
Company, that made excellent
tuners and amplifiers. These
together with Voigt speakers

made up the Lowther-Voigt Rad-
iocgram, which set a wery high
standard of performance.3

by Bauce C. Evcax

before

VOIGT: In those davs, I
had set a tone burst system,
and was experimenting with
permanent magnets. However, I
was unable to obtain magnets

which provided the flux density
cbtainable with my excited
field units. I had hoped that a
P.M. unit being made in time
for the 1932 annual radio ex-
hibition period would do the
trick. It was so late in coming
that they had to deliver it

direct-to the address where we
had rented space, together with
Lowther, near the Olympia
building. Upon comparing it to

one of our excited field units
it sounded poorly and was re-
moved from view. When I mea-
sured the flux density it was

not up to standard in spite of

the large dimension of the
magnetic overcoat.
It was on Sunday, a few

days after the Radiolympia ex-
hibition had started that Prime

Minister Chamberlin announced
that as Hitler's forces had
invaded Poland, Britain was at

war with Germany. That altered
everything, On the Monday, in-
stead of the public exhibit-

ion, everything was
mantled. I could not

being dis-
resume my

tone burst tests as the noise
might be mistaken for some en-
emy action. Our sales collaps-

ed.
SB: What were vour activ-~
ities during World War II?
VOIGT: With the help of mv
wife who did the drafting and
booking chores, we kept Voigt
patents alive doing maintenance
work on the Voigt- cinema horns.
This work was deemed necessary
fer keeping wp the home front
morale. The admiralty did give
us some research money, which
surprised us because of my
German parents. They could be
quite "sticky" about such mat-

ters. {

SB: Describe vyour postwar
research efforts. :

VOIGr: In 1939, when Hit-

ler walked into Poland, Britain
had sternexr tasks on hand, and
speaker research stopped in its
tracks. by the time the war was
in its last stages, newer mag-
netic materials, known var-
iously as Ticonal, Alcomax and
Alnico V had proved their worth
and were able to provide a
magne tomotive force far ex-
ceeding that obtainable with 40
to 50 watts of electrical ex-
citation. When research could
be resumed, it was with these
newer materials in mind.

This time I concentrated
en producing a P.M. unit with

. page 3
the magnetic material in the
center and as a matter of pol-

icy retained
far as possible.
that it might
practical to
excited -
P.M,, thus
speaker owners
speakers up
expense,

OQur policy on. diaphragms
had ' been similar and when the
twin cone came out in 1933 they
were mounted so as to make them
interchangeable with earlier
single ccnes. Again in 1938
when the 1light coil twin was
introduced, this toco was in-
terchangeable. BAs that reguired
a gap of 1 1/2 mm, liners were
mack =which could be - fitted to
existing magnets. With  these
the flux density went up to the
18,000 - 15,000 gauss region.3

SB: What was the relat-
ionship between yours and Iow-
ther's P.M. loudspeaker re-
search and development?

VOIGT : In the postwar
period, Mr. Chave, once Mr.
Lowther's «c¢hief technician who
had become owner of the firm
shared my opinion that the ex-
cited - field speaker would be
regarded as oksolete and that
thereforee a P.M. version of it
was reqguired.

Mr. Chave pushed on with
experiments he had started with
a P.M. version -of the excited -
field speaker, using the mag-
netic material externally,
while I carried on with my ex-
periments, using an internal
maognet block, At my suggestion
we worked -independently and did
not compare notes till com-
pletion. :

The outcome of Mr. Chave's
work was the Lowther P.M, ser-
ies (British patent no. 618,802
and no. 628,432) and the out-
come of my work was reviewed in
WIRELESS WOFLD, March 1949,
Subsequentiy, the design was
improved still further, but it
is no 1longer in production as
my company became cdormant @ some

the old styling as
the idea was
eventually  be
convert existing
field speakers to
enabling Voigt
to bring  their
to date at minimum

years after I emigrated to
Canada. (See Figure 8.)

The diaphragms used on the
early wther P.M. soeakers

were supplied by my company, so
the speakers were in more ways
than one a true Lowther- Voigt
combination and were sold as
such, Tne diaphragms used by
Lowther's even now differ but
little from the genuine Voigt
diaphragms of the 30's and
40's. the reason is simple. .
When my health started giving
m2  trouble in 1946/47, I rea-
lized that I could no longer
supervise the  manufacture of

{Continued on page 9
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handmade diaphragms and that I
would have to subcontract this
work and that we

only the final test and in-
spection. All special tools and
jigs needed were Toaned to tha
subcontracting firm and i
taught them all the special
techniques involved. That sub-~
contracting .firm was the Low=-

. ther Manufacturing Company and
so wnen I am credited with be-
ing responsible for the P.M.-2,
this is partly correct. But Mr.
Chave 1is responsible for the
transition from the Voigt ex-
cited field to the Lowther P.M.
His work has merit and it would
not be proper for me to accept
all the credit.3

(Editorial note:
the confusion between
and Voigt was inadvertently
started by George Augspurger?
in an article on horn loud-
speakers where hes gave Voigt
credit for the Iowther P.M,
speaker., See also. the letter by
Chave8 with a different opinion
on the subiject.)

SB: What was the nature of
your health problems in 19467

VOIGT : Brieflv, in the
iatter 40's after the war, I
was experiencing sensations of
pressure in my left chest.
Thesa were fatique related and
slewed me down. If at an sxhi-
bition, I walked past the
stands slowly, no one noticed.
But, 1if at a restaurant, I

Part of
- Lowther

could not follow the hezad
waiter to my table in a normal
fashion and it  was extremely

noticable. "

I consulted.a seguence of
medical doctors who applied the
standard tests. They could not
find any reason.for my trouble

and assured me that there was
nothing pqyslcal1y wrong with
me. They made saggest;Oqs and

sventually tried to conﬂlnce me
that I was imagining it aT]. -
Finally, I found an  oste-

opath who diagnosed the Problem

as . being a mal formation of the
spine. A spinal brace was made
for me and initially, produced
a day to day improvement.

8B: What were the
in deciding to move to
in 19507

VOIGT: The war had . .reducad
us to a skeleton basis and I
could ses no chance of recovery
unless I could build up suf-
figient export, ktrade
there was no K,I}tlsh
tax nor rationing.of m
which tended . to

factors
Canada

PMIC‘J?$

s

reduce

no consequence,

It was in April 1950 that
my wife and i crossed the At-
lantic, leaving my business,

would continue

'in better

on which

our
British sales till they. were of

Voigt Patents, Ltd., running on
a skeleton basis in London,
Eng1apd. The purpose of our
crossing was to build up export
sale of my corner horn loud-
speaker on this continent spe-
cifically to make sure that I
did not have "all my eqggs . in
one basket."

My wife had been in
ronto for a year or so
where around 1926,
it was not

‘Ilo_
some-
so for her,
a blind shot and she
had friends therse. I had one
helpful audio contact there and
another in New York. From a
general point of view Toronto
is within 600 miles of 1/3 of
the population of this conti-
nent and from a personal point
of wiew I felt it would be more
satisfying to operate from a
part of the British dominions
than from the U.S. Not only had
they come in Tlate for both
world wars but that inventor
Armstrong had committed suicide
because of Tlegal patent trou-
bles had not been osverlooked in
the British radio journals at
the time.

SB: What happened  to
Canadian venture?

VOIGI': Daefault by a
pany, I thought I could trust,
upset the financial @ situation
and an almost total failurs of
communications ansured that my
Canadian vanture woul d be
doomed. The company ran on its
own momantum into the mid
1950%s but without substantial
export trade, it could not and
did not survive.

I have two
things to be thankxful for., Had
the Canadian wventure suceeded,
there is no doubt that I would
have overtaxed my strength and
long ago becoma the "late" Mr.
Voigt. Instead, I am 79 now and
shape than when I
left England in 1950.

SB: What was your latest
devalopment in Joudspeaker de~
sign? .
) VOIGT: The week bhafore we
sailed, April 1950, I applied
for something for ensuring that

the

com—

important

the spacing between the inner
and outer poles of the P.M.
spaaker magnet would
automatically be accurate upon
assenmbly.

(To be continued)

3, Volgt, P.G.A.H,,

pp 16, 20, 22, Mair. 1959,
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Ly extensive calculations it has heen dem-
onstrated that, in order to amplify the dif-
ferent tones equally, there must be the same
proportion of expansion for cach unit of ex-
tension in length.  The exponential horn ful-
fills these coneditions, and gives a practically
uniform amplification of all frequencies with-
in the range for which it is designed.

LIMIT OF RANGE

It is found, however, that there is a certain
point called the “cuf-off,"" and the exponen-
tial horn will net reproduce frequencies be-
low this point. The “cut-offi” pomt. or low-
est irequc'nc\‘ at which the horn will repros
duce, is dependent on the rate of expansion.
The wider the conical angle, or the greater

the rate of expansion, the higher wu!l he
the “cut-off” point. The horn illustrated will
bring in notes as low as 20 cycles, and the

result s that the music which it gives off
creates the impression that a real orchestra,
or a real singer, is present in the room.
In every instance where a visitor has heard
this outfit, the result has been an instant
desire to obtain something similar,

(To be continued)
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continued by Bruce C Em:

55: What did you do afterx the
failure of Voigt Patents, Ltd.?
VOIGT: I had -various ac-
tivities suzh as teaching e-
lectronics, consul ting, etc.
Taere was a period of employ-
rent while I was working in a
lab of a firm that made office
dictation machines using tape.
This gave ne
gain
tape recording research. Hardly
ili Fi, but very instructive all
the

same. I was very surprised
at the distortion Flgurcs for
slow tape speeds.

Unsuspected tape distort-

ion may well explain why there
are. 50 many records which do

not satisfy the ear when heard:
first class aquip-"

over really

ment. The highs are there,  the
lows -are there, .so is the mid-
-range, buat thay leave = vou

dissatisfied. The sound -of live

music contains a satisfying
richness. which many records

= ¥aeR. _ .
Ia - my op;nion,- ‘freedom

from distortion is even more
-~ important than .a wide frequency
range. I regard a distortion
free system with a range of 40
to 10,000 HZ as better than one
wihich distorts appreciadly
though its rande might be 2
octaves
22000.
is full
tortion.%

The -target, of course,
- range without any dis-

the opportunity to -
first hand experience din-

New York, I was
CoF Paul

- answer,

even

wider and run from 20 = -

" However I did not have

Also during periods of
rest and in Dbetween Jjobs, I
started = to think about the

basiz nature of gravity, elec-
tricity, etc., which were mnore
than enough to keep me out of
mischief.10

In 1960 I was - employed
with the Canadian TFederal Gov-
ernment in ‘radio regulations
{(anti-interference
very  satisfactory time with
that job was spent in the 1lab,
developing - t=st techniques,
apparatus for directinn <find-
ing, ete. This gave me a better
understanding of the relation-
ship between  electricity
magnetisn and "~ the electromag-
netic wave, etc.

Ontario < with-"
time to concentrate on the
riddles of the fundamentals oi
nature. ' ' 3 S
GB: Describe  your

VOIGT
quineéring Society meeting in

Klipsch were first with
corner horns.
the . fellow with ‘the

mobile nike went over to some

one in the audiﬂnce saction and
“replying “for+:

I was saved “Irom”
he told the audience-that-
he was’

“when

u» against hinm." It was
Klipsch himself speaking. -.

" From there
filled in details. I told the
audience that after reading his
first horn paper, I had sent a
copy of our literature as 1
thought it would interest him.
his ad-

Paul

ever

section). A

and _

In 1970 I re= .
‘tired -to a gountry dwgllgng in
- Brighton,

more’

_ _ oeld
meeting
-with Paul ﬁ];psch in-1974.
At the 1974 Audiq_
; asked whethar I - the
- in recognition of his
As I was about to ' .ing achievenments in the pickup,

.sound.} 1l

I picked up and-

dress and sent it to the org-
. anization that . published the .
paper. :

It was nzver acknowledged.
So, I did not kunow if it had
reached him and if he was
very  busy or simply impolite.
He was adble to reply that he
had no recollection of receiv-
ing it, and so a question which
had been in my mind for 30
years had been favorably an-
swered. After the meeting he
invited us all to 1lunch and
later to see some slides.

Anyway Klipsch is no
‘longer just a name to me, and
the reasoa for not acknowledg-
ing  the 1literature may well
have been that it never reached
him. : ; :
{Editorial 'note: Klipsch told
m2-that he 1later tried to find

out the exact claims that were
against ‘him, but he said
that those details could not be
found in his patent papers.
Also at this meeting Paul Voigt
was made an honorary member of
Audio "Engineering Society
pioneer-
recording and . recording of

SB: Can 'you review
progress of your Voigt

-the
speakers

~ from the 30's to the 50's?
applying for his patant?'
my work was:among that ' brought -

: VOIGT: - The - 1929  cinema
speaker had a flux density of
16,000 . gauss across - a 2mm gap
with 40-50 watts field exci-
tation. The axial length of .the
gap was about 5rm. In the lat-
ter 30's for our 1light coil
twin diaphragm. as used in the
domestic corner horn, the gap
was reduced to 1 1/2 mm. That
improved the flux to 18,000 -
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Imagine...
an acoustic gramophone with a
hern mouth area of 16 sq. ft.
Imagine one in which
the horn !ength is |2 feetorsc!
Imagine how fine it would
sound in your own room...
Imagine your wife’s remarks!

Then write to us for details of how
to get even better results as well
as the approval of the ladies.

Our big corner horn occupies less

than 2 fr. x 2 fe. floor space, yet it
flfustroted is even better than the huge horn:
abova: indicated abun

Cabinee Typa Corner Hern
Price, ™ in the white,"" with
D.C. Unie.

£31.5 .0 ex Works

Alts available : H.C. Type
Hern with D.C. Unie. <
£17 . 15 0 ox Works TIMTS R
: THE COURTS, SILVERDALE,
: TDEMHAM, . 5.E.
Complece Lowther/Voige Lok LONDON, S.X.38

Equipmen:s at frem under Syderiham 6666 -
%8.0.0 Regd. Office : 72, Casti St., E.C.1

19,000 gauss with- the @ same ex-
citation. At - the ‘end  of  the
40's with- a new speech ¢oil
design I could go down to a 1
mm gap. By then we had a - per+=
manent . magnet, pbut ‘1 had to
‘design a 20,000 ampere-turn
magnetiser to magnetise it. By
1950 - the flux density was
22,000-23,000 gauss in proto-
types. It never went into pro-
duction because of the failure
of Voigt Patents, Ltd.

SB: Do you have any ad-
vice for the testing of 1loud-
speakers? _ .

VOIGT: The final test
should be the ear test. Some
people are concerned with organ
pedal tones, some with the
clarity or edginess of cymbals
and triangles. But the real
test of a speaker system is
male speech., If that sounds
boxy, boomy or unnatural in any
way, something is wrong some-
where. It may be in the studio
or mike but if the same kind of
unnaturalness persists on all
program material the trouble is
usually in the speaker or en-
closure, 12

And now, one more thing,

go to a live concert in a hall
where there is no PA gear oc-
caisionally 3just to ' keep vour
ideas in 1ine.13

10. Velocity of Electr goctic Waves and the Expanding
Universe, Proc. 'LE.E. {London), Electronics and Power, (March)

109, 1
Il. 49th A.E.S Conventlon, J.A.E.S., 22, p 712, 1974

2. P.G.A.H. Voigt, A Box for Your Speaker, Radlo-Electronics, 30, R A D I O w € g |
pp 51, Jan. 1959.

13, . All About the Reflex, Raia- Electronica, 30,

PP B2, Nov. 1959.
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PLEASE s USING VOIGT
- I op SPEAKERS ON

BAFFLES . . . .
With a baffle, the loading of the air on the
diaphragm s a maximum for wavelengths so
small that the sound is thrown off as a beam.
With increasing wavelengths the loading becomes
lighter and lighter. A properly designed horn
presents a uniform load over its working scale
and therefore permits CORRECT MATCHING.

Since only the ideal case interests us, we
have CONCENTRATED ALL ALONG

on the development of horn loaded
| speakers. Transients, etc, have been
improved by adopting a magnetic field
of much higher intensity than is desirable
45 on a baffle speaker. This also prevents

“*L: boominess in the bass,

Make a point of hearing a Voigt Speaker, and
judge it for yourself. The 1937 ProTaganda Tours
are now being planned. For details ¢

write or 'phone.

THE COURTS - SILVERDALE - LONDS?;E

Telephone : Sydenham 6666,
Registered Office : 22, Castle Street, E.C.1

HAVE YOU HEARD?

Have you heard that Yoigt Speakers are sometimes taken on
propaganda tours, in order to give enthusiasts an opportunity
of hearing them under demestic conditiens?

We have carried out several tours, and are planning further
wours for the Spring.

The demonstrations take place at peoints preferably thirty
miles apart, in the homes of these whe, in exchange for an
evening's demonstration, are prepared to accommodate our
engineer for the night, and to permit us to invite about six
other visitars,
We shall be pleased to make comparison tests against your
equipment, and to play over your own records.
Talk 1t over with your friends this Christmas and then write
to us if you are interestad, mentioning whether you wish to
be YISITOR or HOST. If the latter, ploase give approximate
dimensiens of LE! demonstration room
and distance te nearest garage (A.C.
mains required).

“With the Compliments of the Season

THE COURTS + SILVERDALE - LONDON - 5.E.26
Tel : Sydenham 6666

Hoeyd. Cftee ; 82, Cantle Btreet, B.C.L
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