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T h e  A l t e r n a t o r s ,  o f  t h e  T e l h a r m o n i u m ,  { 9 0 6 ,
Reynold Weidenaar

New York University, Department of Fi lm and Television
721 Broadway, 9th Floor, New York, NY 10003-6807

Thaddeus Cahi l l 's  Telharmonium, as completed in  the Spr ing of  1906
at Holyoke, Mass., generated tones by means of power alternators.
Thei r  const ruct ion and deployment  are descr ibed,  showing how
they produced both equal temperament and just intonation. Of spe-
cial interest is the "phantom" octave, a 6th oetave coaxed from a 5-
octave range of alternators.

construct ion of  the Al ternators f fe  :um. of  currents  generated at  a l l

rhaddeus cahi l l  began construct i ig : l : , f : : l  ]1.:1"^11t:. : ."1'o'  
would be

h is  fu l l -s ized  commerc ia l  Te lharmol  ava l laD. le  a t  tne  ou lpu l ' '

nium, ror rhe generarion "no oiri.l 1?^".11::  ̂ t:.f t",l i: i a sine
bution of electr ical music, in 190i. y".I_", th_e teeth of the inductors had

He f irst demonstrated the instrumJrl i  to be most careful ly curved' This was

to the public and the press i" ur.-rrr, :?*3:1J^ractice 
in the construction

1e06. tne rones were proouceu 
-Cy 

:1,?l:::"1j"?^oil,:i'^.lllri"^Yl'.,t?
a l te rna t i ng  cu r ren t  dynamos  o f  t he  i : : J " : , : ^J l ,  

t n "  raDr rea r ron  o t  t ne

inducror variery. As an iron ,oo;' l].tn o:'",1"1 |1:tt yJ.tl tl:j: numer-
moved pasr an lrectromagneric ri"ri, lJin'Ti'l.t:ill,rf,:t:'dillii'*"*;i t  generated an al ternat ing current in - : - -" , . - -  * , ' -
the armature of  the infructor-  T; ;  fun i t  .a10. measure i ts wave shape'
staror was consrrucred to "".ry uoii . l-^::Yloll*" 

further mill the teeth
rhe elecromagneric field windtngr,"o. :"^: ' l1l l..Tti:^,t:5fv Sj 

exaet volt-
coits, and rhe armarure winaings. Tte lf:, 

":,T:,1"tt j,"^t ' 
^1."^^:t:o 

found
numbe r  of  norrh and sourh p; i ;  : -1 l l^ , - t t .Tl t : t  

d ish al ternators '  in
pieces in the srator corresponoeu"il Xll: l ,the 

armatures and pole-pieces

the number of  rotor teeth.  s ince t iJ 
( instead of  teeth) were eircumferen-

pole pieces were inrerspers"o *iTi i: l tf :?Yit-.d^"?,:*i:t^lgdisks' 
were

armatures,  the stators had to u" "ui  preferable to the foothed-cyl inder
with twiee as many reeth ", tr," iJl :Ti?ffo|L1fi:1l.rto 

o'oouce the low-
t o rs .  The  po le  p ieces  were  ma in -
ta ined in  a s tate of  constant  exc i ta t ion Deployment  of  the Al ternators
by a 185-hp constant-speed dc motar ,  In  the or ig ina l  patent  des ign, . there
which a lso rotated the p i tch shaf ts  were l?  p i tch shaf ts  tuned to the
bear ing the massive a l ternators.  As equal - tempered scale.  Each was to
one rotor  tooth would approach and carry  7 fundamenta l  a l ternators,  6
recede f rom the s tator ,  a  current  3rd-par t ia l  a l ternators,  and 5 s th-
waye would be indueed in  the op-  par t ia l  a l ternators.  The f requency
posi te  armature eoi l .  The current  re la t ionships are shown in  Table 1.4
would r ise continuously from zero to All  the alternators on a shaft were to
maximum posi t ive va lue,  then fa l l  be tuned in  just  in tonat ion.  Each key
through zero to  maximum negat ive would have up to  10 separate e lect r i -
value, and f inal ly r ise again to zero. cal contacts for the various harmon-
Consequently, a sine wave would be ics of i ts note, to conneet the keys to
induced in  the armature co i l .  A l l  the var ious a l ternators,  a l l  on the same
armature windings were in series, so pitch shaft. The pitch of a single al-
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ternator could, of  course, be routed to
more than one key.5

Insofar as the dearth of har-
mon ics  in  the  upper  p i tches 'was con-
cerned,  Cah i l l  asser ted  tha t  th is  was
not  ob jec t ionab le ,  s ince  the i r  p res-
ence wou ld  make the  no tes  "sharp

a n d  c u t t i n g .  "  6  F u r t h e r m o r e ,  s o m e
weak 3rd  and Sth  harmon ics  wou ld
st i l l  be present,  the sine waves of the
h igher  f requenc. ies  no t  be ing  ,  per -
feet ly pure. He admitted that mechan-
i c a l  a n d  e l e c t r i e a l  d i f f i c u l t i e s  m i l i -
ta ted  aga ins t  the i r  p roduc t ion  and
l imitat ions in receiv_ers against their
p r o p e r  t r a n s m i s s i o n . ,

O n l y  8  o f  t h e  p r o j e c t e d  l Z
pitch shafts were eventual ly bui l t  (C,
D.  Eb,  E ,  F ,  G,  A ,  Bb) ,  owing  ro  the i r
huge expense and the pressure to pr l t
the  maeh ine  in to  serv ice .S

Cah i l l  had  executed  a l l  o f  h is
o r i g i n a l  p a t e n t  d e s i g n s  s p e c i f y i n g  a
span o f  7  fundamenta ls  cover ing  6
octaves on one pi tch shaft .  The mas-
sive shafts were mi l lpd to accommo-
date 18 al ternators each and no more,
except for one shaft  that could hold
an add i t iona l  dynamo.  A f te r  they
w€re fabr icated, t t r .  inUispensabi l i ty
of the 7th harmonic for brass srrn-
thes is  sur faced.9  In  o rder  to  avo id
c o n s t r u c t i n g  l o n g e r  s h a f t s  t o  h o l d
add i t iona l  ? th -harmon ic  a l te rna tors
( w h i c h  w o u l d  h a v e  n e c e s s i t a t e d  a
new main f rame,  a  more  power fu l
m o t o r ,  a d d i t i o n a l  s w i t c h b o a r d s -
essent ia l l y  a  rebu i l t  Te lharmon ium) ,
3  ex is t ing  a l te rna tors  were  d ives ted
from each shaft  in order to make
room for 3 7th-harmonic al ternators.
One of those discarded was the low-
est al ternator,  thereby decreasing the
range bridged by the pitch shaft from
6 to 5 octaves (see Table 2).

I f  e a c h  p i t c h  s h a f t  e n c o m -
passed only 5 octaves, and 7/B octave
be added in going up the scale, the
result  is a 6-octave range. yet,  in de-
s e r i b i n g  t h e  m a c h i n e  i n  1 9 0 6 ,  t h e
sc ience wr i te r  Addams S.  McAl l i s te r

s ta ted :  "The  f requenc ies  ob ta ined
vary f rom 40 to  4000 cyc les." l0  That
i s  ve ry  ,nea r l y  7  oc taves .  Fu r the r -
more,  Cahi l l  long af terwards impl ied
that  the inst rument  had a 7-octave
ranger  " . . . expe r ience  

shows  tha t  8
octaves are much preferable to  7. "1I

The miss ing octave is  a t  the
low end of  the range,  s ince Cahi l l
stated that the highest A*alternatcr of
the inst rument  was tuned to 3480
Hz . l2  Tha t  wou ld  p lace  the  f  re -
quencies of  the 5 A-Al ternators be-
low at  1740 H2.870 Hz,  435 Hz.  Zt7.s
Hz, and the lowesi at 108.75 Hz, more
than an octave above the instrument's
putative stretch to 40 Hz.

How could a phantom octave
be cajo led f rom a S-octave p i tch
shaf t? There was indeed a way,
pointed by McAl l is ter 's  carefu l  d is-
c losure:  the f requeneies of  40-4000
Hz were only obtatnett not g:enerated
directll', by alternators tuned to those
fre quen c ies.

A glanee at the scheme of al-
ternator tooth counts {Table 2) shows
that  the lowest  7  a l ternators pos-
sessed teeth in increments of Z U, 6,
8,  10,  12,  14,  16) .  In  addi t ion ro rhe i r
employment  as var ious lower-order
ha rmon ics ,  t hese  a l t e rna to rs  a l so
constitute the Znd through Sth har-
monics of the frequency of a non-ex-
istent ?-toothed alternator. That fun-
damental frequency, an octave below
the 4- toothed a l ternator ,  could be
formed as a difference tone. Any 2 or
3 adjacent  harmonics,  especia l ly  to-
wards the lower compass of  the
series, sounded louder than f irezzo
fotte, will ereate the sound of their
fundamenta l .  Th is  is  generated by
s imple addi t ion and subtract ion.  in
the reproducing system as well as di-
rectly in the ear. In fact, al l  of the
harmonies in  the ser ies wi l l  be pro-
duced as sum and difference tones, or
combinat ion tones.  re in forc ing the
sound of the fundamental. With up to
7 harmonics as the generating set, and
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Vib ra t i on  F requenc

Fundamenta l

i es  o f
Tab le  1 -

Al l  A l ternators
3rd Part ial

(Per fect  Sth)

on one Pitch' Shaft
Sth Part ial

Hz
ffi
2561')
2 0 4 8

(Maior  3rd)
n  ( 2 8 8

80n (2401
6 4 n  ( 1 9 2 )

5 3 6
2 6 0
0 2-{
7 6 8
640
5 1 2
3 E 4
3 2 0
2 5 6

, lEn (144)
4 0 n  (  I  2 0 )

3 2 n

l 6 n

8t t

(  9 6 )

(48  )

( 2 4 1

24n

l 2 n

t ln

3 n

( 7  2 )

(  3 6 )

(  t 8 )

(e)

2An

l 0 n

5 n

( 6 0 )

( 3 0 )

( r s )9 2
6 0
2 E
9 6
n a
- ) L

-{n

: n

2

6
n t  ( 3

* n i s
cyc les

the lowest in pi tch of the fundamental  al ternators.
per revolut ion of the shaft ,  which also equals the

The number of
number of teeth or

l e ieces on each alternator, is shown in parentheses.

Table 2.  'Number of  Teeth on Each Al ternator
Fundamenta ls .
znd, 4th, 8th 3rd & 6th sth ?th

Hz Harmonics Harmonics Harmonics Harmonics
1 3 8 . 4  1 2

G  3  1 0 3 . 8  9 6
E  2 5 8 6 . 5  8 0
c  2 0 b 9 . 2  6 4
g b  1 8  1  0 . 6  5 6
G  1 5 s  1 . 9  4 6
E  t  2 9 3 . 3  4 0
c  t  0 3 4 . 6  3 2
g b  9 0 5 . 2 E  2 8
t i  775.96  24
E  6 4 6 . 3  r  2 0
c  5 1 7 . 3  I  1 6
gb 452.64  t4
c i  3 6 7 . 9 8  t 2
E  3 2 3 . 3 2  l t )
c  2 5 8 . 6 s  8
G  r  9 3 . 9 9  6
c  1 2 9 . 3 3  4
Oscil lat ion frequencies and tooth counts of the 18 alternators on the C-shaft.
Note var iances f rom the design descr ibed in  Cahi l l ' s .  patents  (Table 1) :  the
ranse has been truncated and ihe ?th harmonics added-13

with their amplitudes careful ly regu-
la ted to  progress ive ly  d imin ish up-
w a r d s ,  a  r e a s o n a b l y  c o n v i n c i n g
"two-toothed" fundamental would re-

su l t .  The  i nd i v idua l  p i t ches  wou ld
more or  less b lend,  a l though not  d is-
appear altogether, and would cause a
brand new phantom note to  aPPear.
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O r g a n  b u i l d e r  R o b e r t  H o p e - J o n e s
w r o t e  a f  t h e  T e l h a r m o n i u m :  " I t  i s
interest ing to observe how the'  resul-
tan t  C I fundamenta l ]  i s  s f i l l  heard
w h e n  t h e  g r o u n d  t o n e  h a s  b e e n
p r a c t i c a l l y  a l l  s h u t  o f f  a n d , n o t h i n g
b u t  a  c h o r d  o f  h a r m o n i c s  i s  l e f t
s o u n d i n g .  "  l {

C a h i l l  ' s  p a t e n t  d e s c r i  p t i o n s
make no  ment ion  o f  th is  techn ique.  I t
must be remembered, however.  that i t
\Aras a famil iar scheme with acoust ic
ins t ruments .  He lmho l tz  ment ioned the
phenomenon,  wh ich  was par t i cu la r ly
ev ident  on  the  harmon ium.  Bu i lders
o f  t h i s  s m a l l  r e e d  o r g a n  e v e n  i n -
s ta l led  tuned resonators  to  enhance
t h e  e f f e c t .  l 5

One pi tch shaft  had a S-toothed
a l t e r n a t o r  i n s t a l l e d . l 0  E x a c t l y  w h i c h
shaf t  was  no t  repor ted ,  so  there  is
uncer ta in ty  about  the  p i tch  supp l ied .
S u c h  a  t o o t h  c o u n t  w o u l d  y i e l d  a
major third above the lowest al terna-
to r .  The seeond oc tave  had no  Fn.
Gs, or C# and the f i rst  of  these ca-
v i t ies  was probab ly  the  most  pa in fu l .
A  1 g t h  a l t e r n a t o r  o n  t h e  D - s h a f t
b rought  the  to ta l  complement  (18  x  8 ,
*  1 )  to  145 a l te rna tors .  The numbers
1,44 and 145 were constant ly both re-
por ted  as  the  fu l l  count  th roughout
the  ins t rument 's  en t i re  tenure  a t  Te l -
h a r m o n i c  H a l l  i n  N e w  Y o r k  f r o m
1 9 0 6  t o  1 9 0 8 .

S/ i th  4  miss ing  p i tch  shaf rs ,  a
comple te  lZ - tone tempered sca le  was
u n a v a i l a b l e  o n  t h e  T e l h a r m o n i u m .
The ls t ,  Znd,  and 6 th  oc taves  d id  no t
even possess the ful l  chromatic scale.
However ,  there  was grea t  f lex ib i l i t y
o f  p i tch  se lec t ion  in  the  midrange:  4
separa te  f requenc ies  cou ld  be  tapped
for the notes G and D, and 3 for eaeh
E,  F ,  A ,  Bb,  and C.  These were  em-
p loyed fo r  jus t - in tonat ion  in te rva ls ,
u s u a l l y  m a j o r  o r  m i n o r  t h i r d s ,  i n
v a r i o u s  k e y s .  E v e r y  T e l h a r m o n i c
performance was a compromise, nei-
t h e r  f u l l y  e q u a l - t e m p e r e d  n o r  j u s t -
intoned, but a mix of the two.
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