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1. 
My invention relates generally to electrical 

musical instruments, and more particularly to a 
phase distorting transmission System adapted to 
in prove the electrical transmission of complex 
bass tones in which the tone originates in a wave 
Consisting of sharp impulses, 
In many musical instruments, especially in 

those in which the tone is electrically generated 
by means of certain types of oscillators, frequency 
dividers, etc., in which the original tone is picked 
up electrically from an instrument, such as in an 
electronic piano, or in which the tone is generated 
by an electric generator of the rotating or vibrat 
ing type, the Wave comprises a plurality of equally 
Spaced relatively sharp high annplitude impulses. 
The transmission of tones having this wave form 
presents a number of difficulties in the amplifier, 
in the Speaker, and in its effect upon the ears of 
the listener. This is due to the fact that the high 
amplitude impulse wave of the bass tones causes 
distortion in the amplifying system and tends to 
overload the speaker, causing further distortion, 
and due to the high instantaneous air pressures 
produced by such sound, it frequently has a pain 
ful or at least unpleasant effect upon the ears 
of the listener. 
At extremely low frequencies, in the range from 

16 C. P. S. to 40 C. P. S., which correspond to the 
frequencies produced by the pipe organ 16 and 32 
foot pedal stops, inpulse Waves of the above men 
tioned form, while producing tones having the 
desired series of overtones, nevertheless give the 
listener the impression that he is hearing a rapid 
Succession of discreet pulses (a 'machine gun' 
effect) rather than a cohesive Sustained tone. 
Waves of the above described shape represent 

the resultant of a fundanental and a long series 
of harmonics in which the fundamental and 
harmonics are in a Special phase relation with 
respect to each other, that is, the peaks of all of 
the partials occur at the same instant and add 
up to produce the high peak of the resultant wave. 

It has generally been assumed by experts in the 
field of music and audition that the quality of a 
musical tone is independent of the phase relation 
of the partials of the tone. This is believed to 
be true for musical tones in the middle and upper 
registers but it has been found that this assump 
tion is incorrect as applied to complex tones of 
the low bass range. 

It appears that the ear, in hearing a sharp 
impulse type Wave of low frequency, has the 
ability to resolve the overall repeating frequency 
into the tone quality of the discreet impulses 
which make up the wave pattern of the Overall 
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repeating frequency. Thus, if the low Sub-bass 
frequency be in the form of repetitive impulses, 
the ear experiences little difficulty in resolving 
the effect into a series of easily separable im 
pulses which do not have a pitch in the audio 
sense but rather are heard as a series of repetitive 
transient events. Such an auditory analysis is 
unmusical in that the ear does not readily assign 
a pitch in the even tempered musical Scale to such 
tone. The effect of this phenomenon is similar 
to that produced by a rapid-firing machine gun, 
or other mechanical impulse generator. 

It is thus an object of my invention to provide 
an improved transmission system for electrical 
musical instruments in which a sharp impulse 
type of low frequency wave is subjected to violent 
phase distortion so that the output Wave is of 
entirely different and more complex Shape and 
of considerably lower peak amplitude, while main 
taining substantially the same intensity of the 
harmonics when subsequently translated into 
sound. 
A further object is to provide an audio fre 

quency time delay transmission system in which 
the delay time is not a constant for all frequencies 
but rather is longer for the lower frequencies 
than for the higher frequencies, so that a single 
input pulse results in a plurality of time-Spaced 
output pulses. 
A further object is to provide an audio fre 

quency time delay transmission system which is 
effective sequentially to transmit the higher and 
lower order harmonic components of a repetitive 
bass or Sub-bass input pulse So that the peak 
amplitude of the output wave is materially less 
than the peak amplitude of the input Wave. 
Other objects will appear from the following 

description, reference being had to the accom 
panying drawings in which: 

Figure i is a block and Schematic wiring dia 
gram of an electrical musical instrument in 
corporating the transmission System of the in 
Vention: 

Figure 2 shows a representative wave shape of 
the output of an electro-mechanical or electronic 
generator used for the generation of the low.basS 
frequencies in various musical instruments; 

Figure 3 shows the wave shape of the output 
of the transmission system when its input wave 
is of the shape shown in Fig. 2; and 

Figure 4 is a diagram illustrating the phase 
shift characteristics of one section of the trans 
missionline. - - - 

Referring to Fig. 1, the block to represents a 
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bass tone frequency generator, the output of 
which is a sharp impulse Wave. This generator 
O may comprise an oscillator Such as shown in 

Smiley Reissue Patent No. 20,831. Another form 
which the generator O could assume Would be 
electromagnetic or capacity type pickups applied 
to the strings of a piano or the vibrating reeds 
of a melodeon or reed organ. A further form 
which the generator 0 might assume would be 
a rotary phonic wheel having sharp teeth, pro 
vided with a pickup of either the electromagnetic 
or capacity type. In general, the apparatus 
necessary for the production of a low bass tone 
having the desired harmonic analysis, for ex 
ample, of a rich trombone tone is simple, and may 
be more economically and reliably produced, if 
the generated wave consists of a series of uni 
formly spaced high amplitude impulses, as Com 
pared with the apparatus necessary to generate 
a signal of the same complex harmonic content 
having its partials out of phase with respect to 
each other. 

In fact, it is found that the sharp impulse type 
of wave is a unique wave and is the type of Wave 
which is most easily produced mechanically and 
electrically in musical instrument tone gener 
ators. It is therefore of particular importance 
in the musical instrument art to provide a Wave 
form changing apparatus which is effective to 
convert the impulse type of wave into a more 
complex type of wave without, however, substan 
tially altering the number and relative amplitude 
*of the various partials. One form of electrical 
musical instrument in which the present inven 
tion may be employed to advantage is disclosed in 
my copending application Serial No. 569,568, filed 
December 23, 1944, now Patent No. 2,468,062, is 
sued April 26, 1949. 
The generator, having its output generally of 

the wave shape shown in Fig. 2, is transformer 
coupled to a phase distorting transmission line 
comprising a series of capacitor C2, illustrated 
as fourteen in number, and a terminal capacitor 
:C.f4 at each end of the series. The capacitors C2 
and C4, together with inductances L6, form 
a multiple T-section artificial transmission line 
which terminates in a characteristic impedance 

: comprising a pair of resistors R8, R9. The out 
put end of the artificial line is coupled to a pair 
of triodes 20, comprising a push-pull power out 
put amplifier which may be of any suitable design, 
The output circuits of the triodes 20 are trans 
former coupled to a speaker 24. 
The artificial transmission System comprising 

the series capacitors C2 and CfA and shunt 
inductances L6 has the inherent characteristic 
of non-uniform velocity of propagation for dif 
ferent frequencies. High frequencies have a 
higher velocity of propagation than low fre 
-quencies. Therefore, this type of line is par 
ticularly well adapted for causing phase distor 
tion to occur without objectionable frequency dis 
tortion. Non-objectionable frequency distortion 
is here used in the Sense that, for frequencies 
above the low cutoff frequency, the frequency re 
sponse at the end of the line is substantially the 
same as the frequency response at the beginning 
of the line. However, the phase of the signal 
at the end of the line differs from the phase of 
the signal at the beginning of the line, and the 
extent of this difference in phase decreases with 
increased frequencies. Such phase distorting 
transmission line has a natural low frequency 
scutoff and the various capacitors and induct 
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4. 
ances, together with the terminating resistors, 
may be computed from the following relations: 

in which C =2C12; Fe is the low frequency cut 
Off in C. P. S.; L16 is the inductance of Lil 6 in 
henries; and C19 the capacity of capacitor C2 in 
farads. 

For a suitable bass transmission line the foll 
lowing constants have been found satisfactory: 
L16=7.2 heinries; C12=0.41 microfarads; C14=0.82 
microfarad; R18-2000 ohms; and, Fe=46.3 
C. P. S. 
The phase shift characteristic curve for a single 

Section of such transmission line is shown in Fig. 
4 and from this figure it is seen that maximum 
phase shift of 180 electrical degrees per section 
occurs at the cutoff frequency, which, in the 
above example, Was 46.3 C. P. S. The phase shift 
picdiced at higher ifrequencies Will fall Off 
logarithmically to zero phase shift as an 
a Symptote at infinity. 
The phase shift per section of the artificial 

transmission line is thus unequal for the various 
harmonics of a low frequency complex bass tone, 
and the extent of deviation decreases progressive 
ly for the higher harmonics. The effect of the 
artificial transmission line is therefore to cause 
very Substantial degrees of phase shift among 
the various harmonic overtones produced, and 
the extent of this phase shift may be increased by 
increasing the number of sections in the trans 
mission line. It has been found that a phase dis 
torting transmission line of fifteen sections is suf 
ficient to produce a very pronounced change in 
Wave shape, Such as from the shape of Fig. 2 to 
the wave shape illustrated in Fig. 3. A shorter 
phase distorting transmission line, for example, 
a line of five Sections, is adequate substantially 
to eliminate the “machine gun' effect in low bass 
frequencies and materially to reduce the peak 
amplitude of the output signal. 
The wave shape of Fig. 3 is seen to cross the 

axis many tinnes per cycle and therefore the above 
mentioned “inachine gun' effect is obviated, and 
the ear no longer resolves the tone into its indi 
Vidual impulses, because successive impulses are 
now at a, much higher frequency than that of the 
fundamental. This is readily observed by noting 
the large number of times the secondary impulses 
C1'OSS the axis for each wave length of the output 
Wave. 
A close inspection of the complex basstone wave 

cycle shown in Fig. 3 reveals that it is composed 
of a Series of transients of differing steepness and 
of increasing duration. A physical interpretation 
of the phenomenon involved is that the high fre 
quency harmonics of the original pulse (which 
cause the steepness of its wavefront) travel along 
the phase distorting line very fast, whereas the 
lower frequency harmonics of the bass tone pulse 
Wave are progressively delayed. Consequently, 
it can be observed that the lover frequency har 
monic components follow the higher frequency 
harmonic components in time sequence, as ob 
Served at the end of the line, to form the very 
complicated series of pulses slown in Fig. 3. The 
reduction in peak anipiitude of the output signal 
may be understood by considering that the vari 
ous harmonic frequencies which make up the 
original bass to:he pulse follow one another in 
time Sequence rather than occurring simultane 



2,495,581 
5 

ously and in phase, in which case the individual 
harmonic frequencies are additive and produce 
the very high peak wave shape of the impulse 
signal. 

It is also apparent from Fig. 3 that the peak 
amplitude of the wave is materially less than the 
peak amplitude of the sharp impulse wave of 
Fig. 1. This results in less fatigue of the ear 
and is very beneficial in preventing overloading 
in the amplifier and speaker system, which latter 
consideration is of great importance in the pro 
duction of bass tones, for which relatively power 
ful amplifiers and speakers must be provided. 
While for the sake of simplicity the line is 

shown as having a pure resistive termination, it 
will be clear to those skilled in the art that other 
terminations may be utilized. An "M-derived' 
terminating section, while more costly, is desir 
able in that it reduces reflections in the major 
portion of the band of frequencies passed by the 
line, particularly when 'M' has a value of 0.6. 
From the foregoing it will appear that I have 

provided an improved means and method for 
coupling an electrical generator, generating com 
plex bass tones having a sharp impulse type wave : 
shape, to the output system of an electrical mu 
sical instrument in which the peak amplitude 
of the signal is materially reduced without caus 
ing objectionable frequency distortion. By vio 
lently altering the relative phases of the har 
monics, the "machine gun' effect is completely 
eliminated in the transmission of musical bass 
tones, 
While I have shown and described the invention 

in one of its more simple forms, it will be ap 
parent to those skilled in the art that numerous 
variations and modifications of the invention may 
be made without departing from the underlying 
principles set forth herein. I therefore desire, 
by the following claims, to include within the 
scope of the invention, all modifications and war 
iations by which Substantially the results of the 
invention may be obtained through the use of 
substantially the Same or equivalent means, 
I claim: 
1. For use in an electrical musical instrument 

having a generator of electrical signal waves of 
the sharp impulse type corresponding to musical 
tones of complex quality in the bass and sub-bass 
pitch ranges, the combination of a phase distort 
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ing transmission line for transmitting the signals 
from the generator, said line comprising a plu 
rality of Series connected capacitors and shunt 
connected inductances of such values as to cause 
the various partials of the complex bass tone 
signals to be shifted in phase substantially rela 
tive to one another, and an amplifier and electro 
acoustic translating means coupled to the output 
end of Said line. 

2. The method of improving the tonal charac 
ter of the bass and sub-bass tones of a musical 
instrument in which the tones are of high har 
monic development and are in the form of an 
electrical signal wave comprising sharply peaked 
pulses of high amplitude at the fundamental fre 
quencies of the tones, which comprises relatively 
shifting the phases of the partials of the electric 
signal wave to an extent sufficient to reduce their 
peak amplitudes substantially and to make the 
wave of a complex shape such that it crosses the 
Zero axis at least four times during each cycle 
of the fundamental frequency. 

3. In a musical instrument having electro 
acoustic translating means, the combination of 
a generator of electrical pulses at the frequency 
of a bass or sub-bass tone of the musical scale, 
the output of Said generator being in the form of 
repetitive Waves of relatively sharp peaks, a dif 
ferential phase shifting network coupled to the 
generator and introducing a substantial differen 
tial time delay in the partials composing the 
pulses produced by Said generator, and means for 
coupling the output of said network to the electro 
acoustic translating means, 
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