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My invention relates generally to electrical
Mmusical apparatus and more particularly to elec-
trical means for introducing a vibrato effect in a
musical tone or audio frequency signal.

Musical tones are characterized by their pitch,
intensity envelopes, quality, and by the degree of,
or absence of, vibrato.” Of these characteristics
many musicians consider the vibrato effect more
important than the quality. There is probably
a physiological and psychological basis for this
opinion because a musical tone without vibrato
continuously excites but one or a certain small
group of the elemental sensory organs of the
ear, and these elemental organs, such as the nerve
endings at the bases of the arches of Corti, thus
tend to become fatigued upon the continuous re-
ception of a musical tone of fixed frequency.

On the other hand, a musical tone containing
a vibrato, that is, a cyclical shift in frequency of
approximately 1.5%, at a rate of about 6 per sec-
ond, results in the intermittent excitation of a
large number of different groups of sensory ele-
ments of the ear, so that these elements have an
opportunity to relax or recuperate during inter-
vals between the instants they are being excited.
Furthermore, natural sounds, and the sound of
the human voice, are not characterized by fixed
frequencies, but contain a large number of fre-
quencies, or comprise tones which are continu-
ously changing in frequency. The human ear
has thus developed as an organ which prefers
constantly changing frequencies, or tones in
which the total energy is distributed over a wide
band of frequencies with the intensity of each
frequency relatively low. As a corollary, the hu-
man ear tends to perceive loud tones of fixed fre-
quency, or sounds in which the energy is con-
centrated in a few frequencies, as being harsh
and tiresome.

Whether or not the foregoing physiological and
psychological reasons advanced are the correct
explanation of the accepted desirability of the
vibrato, the fact is that musicians, and the public
generally, greatly favor musical tones having a
vibrato. For example, the most generally ac-
cepted musical tone is that of the violin (repre-
sentative of the bowed string instruments), since
the violinist has the ability to impart a true
vibrato to the tone, that is, a periodic shift in
frequency without any substantial change in en-
ergy level during the vibrato cycle. Since many
musical instruments are inherently of fixed pitch
and provide no means for introducing the vibrato
effect, many attempts have been made to simulate
this effect by producing periodic changes in in-
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tensity of the tones produced. Such changes
in intensity, or energy, are tremulants—and are
inferior substitutes for a vibrato in that the at-
tention of the listener is drawn to the effect
through the periodic change in intensity level,
whereas in the true vibrato the attention of the
listener is not particularly concerned with the
periodic change in frequency, but instead per-
ceives the vibrato as an over-all effect in some
respects similar to the effect produced by a chorus
of instruments playing the same tone on slight
off-pitch frequencies, such as the musical effect
of a string section in a symphony orchestra.

In order fully to appreciate the effect produced
by the vibrato apparatus of the invention, it is
necessary to have a clear understanding of the
energy and frequency characteristics of the
vibrato, particularly as contrasted with the cor-
responding characteristics of the tremulant,.

The vibrato may be defined as a condition
in which the instantaneous frequency of the gen-
erated signal is caused to vary between certain
frequency limits at a rate slow enough for the
ear to perceive the over-all effect as a sound of
constant intensity but of varying pitch. The
tremulant may be defined as a condition in which

‘the instantaneous intensity of the generated sig-

nal is caused to vary between certain amplitude
limits at a rate slow enough for the ear to per-
ceive the over-all effect as a sound of constant
pitch but of varying intensity or loudness. Un-
fortunately, if this variation in loudness is at all
pronounced, the ear will interpret it as a “shake”
in the over-all energy level of the music. This
“energy shake,” peculiar only to the tremulant,
may easily become undesirably obtrusive to the
listener and, under such conditions, draw the
listener’s attention to the modulating frequency
or “beat” at which the tremulant occurs. Ob-
viously, this steady modulation rate persists
whenever any tones are sounded, and, being un-
related to both the frequencies c¢f the musical
tones and to the rhythm beats, tends to be for-
eign to the music and consequently sounds “me-
chanical.” Furthermore, after the listener is
initially conscious of the tremulant modulation
rate he finds it difficult thereafter mentally to
discount the effect even though it be reduced in
extent. From that time on, its presence distracts
from the artistry of the musical selection being

- rendered.

@
&

Considering the vibrato, however, the signal
energy level of the music is perceived to be con-
stant, and consequently, the listener’s attention
is not particwlarly drawn to the pitch modulat-
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ing periodicliy. Most lsteners are not aware of
the modulsting rate, bub rather perceive the vi-
brato eifect merely as & pleasing undulation par.-
ticularly agreeable to the ear, apparently for the
physiologicel reasons heretofore set forth,

If the vibrate pericdicity exceeds 7 c. . 5., the
ear no longer senses the resuléing eflect as one
of varying pitch, but rather hears the original
signal plus other discreet new Irequencies which
are the so-called “side band” frequencies. These
new frequencies, as is well known in the com-
munication art, comprise the signal frequency
plus a relatively long serles of sum and difference
frequencies, iaken with respeci to the modulat-
ing frequency, all of which may be represented
mathematically by a Bessel series of side band
component frequencies,

At such excessively high moedulating rates these
new frequencies, which are harmonically unre-
iated to the signal frequency, produce an effect of
distortion and musical discord. It is for this
reason that music does not sound agreeabie if the
modulation rate exceeds 7 c¢. . 8. When the
modulating rate is less than 5 c¢. p. 8., the rela-
tive pitches of & sequence of staccaie chords be-
come indeterminate (depending upon the instan-
taneous pitch of the signal! at the particular mo-
ment that the staccatc chord is struck), and
may at times sound as if the chords were “out
of tune” relative to each other, even though the
individual tonal components of each chord taken
separately sound perfectly “in tune” with each
other. Thus, for fast staccato music the vibratoe
rate should be nearer the 7 ¢. ». s. rate, but for
slow legato music may lie nearer the 5 ¢. p. s.
rate.

Similarly, if the tremiulant rate materially ex-
ceeds 7 ¢. p. s, the ear no longer transiates the
effect as that of a signal of fixed frequency rising
and falling in loudness, bub rether hears the in-
troduction of additional side bend frequencies.
In the case of a sinusoidal tremulant modulating
envelope, there are only two new side band fre-
quencies produced which are the signal frequency
plus and minus the modulating frequency. Thus,
the difference between the vibrato and tremulant,
taken from s mathematical viewpoint, les in the
greater number snd extent of side band frequen-
cies in the former as compared with the relatively

small number gnd exteni of side band freqiuen-

cles for the latter. However, when the modulai-
ing frequency is less vhan 7 ¢. ». 8. the sound is
1o longer perceived in accordance with the math-
ematical side band concept, o8 represented by
the Bessel series, but instead, the ear rescives
the sound into its pitch _nd modulating fre-
guency, namely, as a cyclically changing pitch in
the case of the vibrato, and as e cyclically chang-
ing loudness in the case of the {remuiant.

In the apparatus of the invention the vibrato
effect is achieved by advancing and retarding the
phase of the signal transmiited {c the electro-
acoustic translating means relative to the phase.
of the generated signal, which latier may be of
a relatively constant frequency. This method of
producing a vibrato is to be distinguished from
the customary method, namely, alternately
sharping and flating the tuning of the primary
tone generator.

For example, in the musical instrument dis-
closed in my prior Patent No. 2,254,284, the vi-
brato effect was produced by & periodically open-
ing and closing switch which, when closed, caused
the oscillator to generate a frequency slightly
higher than its nominal frequency and which,
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when oven, caused the osclllator tc generate a
frequency slightly lower than the nominal fre-
quency. Thus, the osciliator generated a signal
which alternated hetween these two frequencies
ab intervals of ¢ of a second duration. Thus,
in this type of vibrato apparatus the phase of the
signal was not shifted, but instead, frequency
moduiation was accomplished directly by chang-
ing the tuning of the oscillator,

The apparatus of the present invention is par-
ticularly designed for use with tone generators
operating at relatively fixed frequencies. If will
be appreciated by those skilled in the art that
when a signal of constant frequency is phase
modulated, the resulting signal is no longer of a
constant frequency. instead, the instantaneous
frequency is related to the original generated
frequency by a positive or negative increment,
which increment is a function of the rate and
direction in which the phase is being shifted.

For instance, if the primary generator supplies
o steady frequency of 440 c. p. s. and means are
provided for advancing the phase at a rate of 360
elecirical degrees per second, the t{ime interval
between pulses of the iransmitted frequency
would no longer be /a0 of a second, but would
e 1/11 of a second. Similarly, if the phase were
being retarded at a rate of 360 electrical degrees
per second, the frequency would drop %o 439
e. p. 8. during this interval of retarding phase.

Tn the apparatus of the invention a phase
shifting network is provided in the output circuit
of an electrical musical instrument such, for ex-
ample, as an electrical organ, which network may
e extended to produce several thousand electri-
cal degrees of phase shift at relatively high audio
frequencies. This apparatus preferably takes the
form of an artiflcial fransmission line having a
finite cutofl frequency which preferably lies in
the range of 13,000 ¢. p. 5. Such transmission
iine passes most musical tones because the fre-
guencies involved usually lie below the 13,000
¢. ». 5. upper limit. This artificial {ransmission
iine may comprise a plurality of low pass filter
eircuit meshes naving series inductive elements
and shunt capacitative elements. With such
electrical network arranged in T sections, the
phase shift per section is 180 electrical degrees at
the cutoff frequency. At one half of the cutofl
frequency the phase shift is approximately 90°
and ai one guarter the cutoff frequency the
phase shift will be approximately 45°, etc. The
amount of phase shift per section varies with fre-
gquency in an approximately linear manner.

Considered from the equivalent frequency mod-
ulation viewpoint, this means that the amount of
frequency shift imparted through scanning such
transmission line is a constant percentage of the
signal frequency. In the apparatus and circuits
tc he described, several scanning means and mod-
ifications thereof are disclosed, but the funda-
mental prineiple underlying this invention resides
in providing an aréificial transmission line of suf-
ficient length to effect a phase shift which, when
taken at a scanning or modulating periodicity in
the order of 6 c. p. s., produces a freguiency mod-
ulation of sufficient extent to simulate the vibrato.
It is evident that the extent of frequency modu-
iation introduced by the apparatus is a direct
function of the rate at which the phase is shifted.
The extent of frequency modulation produced
will be reduced if the modulating rate is reduced,
and will be increased if the vibrato modulating
rate is increased. This is to be distinguished
from the case of direct generator frequency mod-
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ulation exemplified in my aforesaid patent, in
which the two instantaneous frequencies are inde-
pendent of the rate at which such modulation
takes place.

It will also be evident that if the phase modu-~
lation scanning means is operated very slowly,
the ear will hear no change whatsoever in the
sound except a slow shift in the intensities of in-
dividual frequencies because of the shifting stand-
ing wave pattern occurring in the room in which
the person is listening. The over-all energy will
be constant. If the vibrato switch in the appara-
tus of my aforesaid patent is slowly eonnected
and disconnected, the listener will be aware of a
sudden shift in frequency. Thus, we see that
frequency modulation is a derivative function of
phase modulation taken with respect to time.

As a further example, suppose there were pro-
vided a transmission line having a length suf-
ficient to produce 300 electrical degrees of phase
shift at a frequency of 440 c. p. s. Assume that
the modulating or scanning frequency be 6 com-
plete scannings (up the line and back) per sec-
ond. Under these conditions the phase would
be shifted 300 degrees during a time interval of

142 second or at the rate of 3600 electrical degrees -

per second.

Assuming the phase is shifting uniformly at a
rate of 3600 electrical degrees per second, the in-
stantaneous frequency suddenly shifts from the
steady state frequency of 440 c. p. s. to a new fre-
quency of 450 c. p, s, and remains at this value
for Y%. of a second. When the scanning means
reverses its direction the phase is retarded at the
rate of 3600 electrical degrees per second, thus
causing the frequency modulation to shift sud-
denly and thereby produce an instantaneous pitch
of 430 c. p. s. for the remaining 14, second of the
modulating cycle. This same effect could have
been achieved, as shown in the aforesaid patent,
by shifting the oscillator frequency at a perio-
dicity of 6 c. p. s. and by changing its tuning—
first sharping the tuning to 450 c. p. s. for the
first half of the cycle and then flating to 430
C. p. s. during the remaining half of the vibrato
cycle. From this example it is apparent that, at
a given modulation rate, a phase modulation ap-
paratus produces exactly the same results as the

" direct generator frequency modulation apparatus.

At any other modulation rate for the phase

shift apparatus the frequency shift will corre-
spondingly vary, but in the case of the variable
frequency oscillator, the modulation rate is not a
factor in determining the instantaneous frequen-
cies which are produced,

The shape of the modulating envelope also in-
fluences the instantaneous vibrato frequencies
generated. For the apparatus shown in my
aforesaid patent, the modulating wave shape is
of square contour, that is, the instantaneous fre-
quency is maintained at one value for one half of
the cycle and another value for the other half of
the cycle. In the apparatus of the present inven-
tion the modulating wave shape may also be of
square contour, that is, the phase may be uni-
formly advanced during one half of the cycle and
uniformly retarded during the remaining half
cycle.

For obtaining the most pleasing effects, it ap-
pears that the contour of the modulating envelope
should be generally of such shape that each in-
stantaneous frequency shall be heard during a
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portion of the modulating cycle which is the re- .

ciprocal of the number of such instantaneous fre-
quencies heard. Stated in the terms of phase

3

shift, each change In phase should Dersist
throughout a portion of the modulating cycle
which is the reciprocal of the total number of
phase shifts produced.

It is the primary object of my invention to pro-
vide electrical apparatus for introducing a vibrato
effect into electrical musical tone and voice sig-
nals irrespective of their source. The invention
is thus of general application to musical appara-
tus in which the music is, in one stage of its trans-
mission from the source to the ear of the listener,
in the form of an electrical signal. Thus, for
example, the apparatus of my invention is appli-
cable to the introduction of a vibrato effect in the
electrical output signal of instruments such as
electric organs and electronis pianos having gen-
erating systems incapable of producing a vibrato.
As a further illustration, the apparatus of my in-
vention may be used to introduce a vibrato ef--
fect in the music produced by a phonograph rec-
ord, or in the music being recorded upon a record
or film. Similarly, it may be used to produce vi-
brato effects in orchestral imusic, in which the
orchestra is provided with microphones or simi-
lar pickups, and in which the signal is electri-
cally amplified and translated into sound.

A further object is to provide an improved
vibrato apparatus of general application for
polyphonic musie, which does not introduce crogs.
modulation frequencies in its output.

A further object is to provide an electrica) vi-
brato apparatus in which the degree or periodic-
ity of the vibrato may be readily controlled.

A further object is to provide an improved
electrical vibrato apparatus in which the percent-
age of vibrato shift in frequency is substantially
uniform throughout the range of frequencies in
which the vibrato is a desirable effect.

A further object is to provide an electric vi-
brate apparatus in which the vibrato effect is
limited to frequencies above the bass tone range.

A further object is to provide an improved
means for introducing a vibrato effect in the
musical output of instruments such as the elec-
tronic piano and pipe organ in which the vibrato
is normally absent or of negligible effect.

A further object is to provide an improved
vibrato apparatus of general application which
is simple in construction, reliable in operation,
and which may be economically manufactured.

Other objects will appear from the following
description, reference being had to the accom-
panying drawings in which:

Figure 1 is a block diagram showing a system
incorporating the invention;

Figure 2 is a wiring diagram of a preferred
form of the invention;

Figure 2a is a side elevational view of the rotary
condenser mechanism shown in Fig. 2;

Figure 2b is a central vertical sectional view
thereof taken on the line 2b—20 of Fig. 2a;

Figure 2c is a fragmentary sectional view of the
rotary condenser of Fig. 2:

Figure 3 is a block diagram illustrating the use

5 of the apparatus in conjunction with a tone

signal produced by an electric piano,

Figure 4 is a block diagram of the apparatus
used in public address or similar systems intro-
ducing vibrato;

Figure 5 is a block diagram illustrating the use
of the apparatus in a system for making record-
ings;

Figure 6 is a block diagram illustrating the
use of the apparatus in a radio receiving', re-
cording and reproducing system whereby the




, block diagraim lusirating the
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biain the vibraio effect;

Figure 14 i8 & fragmentary sections
the variable inductance mechanism, being sub-
stantisily o section isken on the line §0—i8 of
Mg, 15;

Figure 18 Is & side elevational view of the
varigble inductance mechanism used in the form
of the invention shown in Fig. 13:

Figure 16 is 2 circuit diagram of a further
modification of the invention;

Figure 17 is & side elevational view of the
variekbie condenser mechanism utilized in the
circuit of Fig. 15;

Figure 18 is an end elevational view of the con-
denser mechanism of Fig. 17; and,

Figures 19 and 20 are circuit diagrams of fur-
ther modified forms of the invention,

As previously indicated, the invention may be
utilized in various systems, one such system be-
ing disclosed in Fig. i and comprising an electric
organ 36 which may be of any suitable construc-
tion, such, for example, as shown in the patent
to Laurens Hammond No. 1,956,35¢. The out-
put of the organ is supplied through conductors
32 to a vibrato apparatus 3¢ hereinafter to be
described, and the output of the latter is trans-
mitted through conduciors 3§ to an amplifier 38
which is coupled to & speaker 8.

The output of the organ which is assumed to
provide musical tones of fixed frequency is modi-
fied by means of the vibraio apparatus 3§ to
phase modulate the outpuj siznals.

The preferred apparatus represented by the
box 34 of Fig. i is shown in detail in Figs. 2, 2a,
2b and 2c. Referring to Fig. 2, the signal is sup-
plied to the apparatus through an output trans-
former T42, the secondary winding L44 of which
has a grounded center tap ané has its end ter-
minals connected respectively to g double-pole

double-throw switch 46. The latter is adapted .

to be operated by a knob 48, this knob being
normally in the position shown in the full lines
for utilizing the vibrato apparatus. When the
switch 46 is in full line position, the primary
winding L58 of a voltage step-up transformer
T52 is connected to the secondary 1.44. 'The sec-
ondary L5§ of the transformer T52 has one ter-
minal grounded, and its other terminal con-
nected to a junction point 36.

Between the junction point 56 and the junction
point 58 are connected in parallel s condenser
C6G, a resistor R62 and s switch 64.
switch 64 is closed, the condenser C60 and re-

‘When the-
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sistance RS2 are rendered ineffective, and when

the switch is open, this resistor and condensger

provide an input impedance for the lower audio

frequencies_ Between: the terminal 56 and
ground is an artificial line designated generally

by the reference charscier §& and constituting

2 phase shifting network.

This artificial line 88 comprises o plurality of
T sections including inductances I
dengers €78,
denser CT8 ig
C3E and CiZ
line ferminabes in
stitutes the charac

82 and con-
ions the ccn-
of condensers
The artificial

repisced by &

ch con-

for rafiection of
tuees & “sink” in W

The purpose of subsiit ers OFf
and C¥13 for the condensers CT8 in some of the
networks is to provide o voltage division so that
&f terminals 82 to 86 between these pairs of con~
densers the amplitude of the signal voltage will
be substantially the same as it is at a terminaj 86
associated with the last section of the line, and
thus make compensation for dissipation effects in
the line,

The terminals 84, 88, 90, 92, 94, 96, §7 and 82
are respectively connected with a group of single-
pole single-throw switches 10f to 108, these
switches being adapted to be closed by s push
button 109. A second group of switches tif to
{18 are adapted to be operated by a push button
11§ and are respectively connected to terminals
83, 86, 89, 90, 91, 93, 95 and 96, while g third simi-
lar group of switches 121 to 128 is adapted to be
operated by a push button {28 and are respectively
connected to terminals 81, 82, 83, 84, 85, 85, 871
and 88,

Switches 01, ({{ and 12! are adapted respec-
tively to make connection with a conductor 131
switches 102, {12 and 122 are adapted to make
connection with a conductor £32; switches 103,
113 and 123 make connection with conductor 133,
and similarly, the remaining corresponding
switches of the three groups respectively make
connection with conductors {34 to {38. The ter-
minal 80 has a conductor 130 connected thereto.

A disc 139 of insulating material has a plurality
of condenser plates (40 to 148 and (&40c to id8a
secured thereto. The condenser plates {44 to 148
are respectively connected with the condenser
piates 140c to i48a and to the conductors 138
to §38.

A condenser plate 14§ rotates about the center
of the disc 139 and is thus successively brought
into capacitative relation with condenser plates
140 to 148 and 148a to (40a. 'This condenser plate
149 thus constitutes a pickup element for effec-
tively scanning the transmission line 66 first in
one direction and then in the opposite direction.
The condenser plate (49 is connected by a con-
ductor 150 with the control grid 152 of s pre-
amplifier tube 154 which may be of the 6J7 type.
This tube 154 is a pentode in which the screen
and suppressor grids are connected to the plate
156 so that the tube operates as a triode. The
cathode 158 is connected to ground through a
sellé;bias resistor R160 shunted by a condenser
ciez.

The conductor 150 is connected to a junction
point 164 through a high value grid resistor R166,
The junction point 58 is connected by a conductor
{68 and an inductance L1710 to the junction point
164, and the latter is connected to ground through
& resistor RI12 shunted by a condenser CIl14.
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The inductance Li70 and condenser Ci74 are of
values relative to resistor RI72 such as to afford
low pass filtering on signals present at the junc-
tion point 164, for example, by cutting off fre-
quencies above 80 c. p. s.

The plate 156 is connected to a suitable source
of plate current, indicated as a terminal 4250 v.,
through the primary LIT6 of a line transformer
Ti18. The secondary Li80 of this transformer
has its center tap grounded and its terminals con-
nected through decoupling resistors Ri82 and
R 184 to the grids 186 and 181 respectively of push-
. pull driver tubes 188 and (89, The cathodes 190
of the tubes 188 and 189 are connected to ground
through a common self-biasing resistor R192.

The tubes 188, (89 form the driver stage of the

10

15

amplifier represented by the block 38 in Fig. 1 .

and thus serve as the means for transmitting the

signal which is ultimately translated into sound

by the loud speaker 40,

The artificial line 66, as shown in Fig. 2, com-
prises 32 low pass T sections which may be de-
signed to have a high frequency cutoff of 13,700
¢. P. s. This is sufficiently high to transmit fre-
quencies encountered in ordinary musie, and is
sufficiently high so that the frequency response
at the various portions along. the transmission
line is substantially linear within the range of the
musical frequencies transmitted. At 13,700 c. p. s.
the phase shift per section is substantially 180
electrical degrees, thus making the total phase
shift in the 32 section line 5760 electrical degrees.
Thus, at 6850 c¢. p. s. the phase shift will be ap-
proximately 2880 electrical degrees; at 3425 c. p. s.
the phase shift will be approximately 1440 elec-
trical degrees; at 1712.5 ¢. p. s., 720 degrees; at
856.25 c. p. s., 360 degrees; and at 428.25 c. p. s.,
180 electrical degrees. These values of the phase
shift are computed on the assumption that the
artificial line 66 is distortionless and has no dis-
sipation. Since such theoretical transmission line
cannot be built economically, the phase shift ac-
tually obtained by a practical apparatus does not
quite attain the values set forth above.

In order to determine the characteristic im-
pedance of the artificial line air core inductances
of suitable values are selected. Let us assume
that an inductance of .186 henries is selected, and
since the desired cutoff frequency is selected to
be 13,700 c. p. s., the characteristic impedance of
the line may be computed from the formula
R=nLfe, in which L is the value, in henries, of
each of the series inductive elements, except for
the first and last sections—which are of one half
section impedance; in which R is the characteris-
tic impedance in ohms; and fc is the cutoff fre-
quency in c. p. s. Using the assumed values of
L and f. . we find that the characteristic imped-
ance of the line selected for illustration is 8,000
ohms.

The capacitance, C, in farads, of each of the
condensers C10 and each pair of condensers CTi,
C13 may be computed according to the formula:

C=in

Substituting the assumed and computed values
in this formula we find that each of the condens-
ers C10 and pairs of condensers CTi and C13 shall
‘have a value of .00290 mfd. The half sections at
the beginning and end of the line will have in-
ductances of one half the values of the remain-
ing inductances.

For an artificial line of the above assumed val-
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mid.; the resistor R62, 40,000 ohms; the induct-
ance Li10, 4.72 henries; the resistor R118, 40,000
ohms; the condenser CIH .5 mfd.; and the re-
sistor R1886, 25 megohms.

The resistor Ri66 should have an impedance
high with respect to the capacitance between the
condenser plate 148 and the condenser plates 140
to {48 and {40a to 148a and the capacitance of
condensers C11, in order to obtain a proper load
impedance for the signals impressed upon the
grid of tube 154 through the rotary condenser
mechanism.

As further illustrative of the values of the cir-
cuit elements which may be employed, the re-
sistor R160 may have a value of 1,000 ohms; the
condenser C162, 30 mfd., and resistors R182, R184,
600 ohms each,

In the operation of the apparatus one of the
xnobs 109, {19 or (29 is depressed to close its as-
sociated switches. Assuming that the push but-
ton 109 has been depressed, the terminals 80, 84,
88, 90, 92, 94, 96, 97, and 98 will be connected
respectively to the palrs of condenser plates
(40—140a to i48-—I148a respectively. Thus, the
Input signal will appear as a voltage on the con-
denser plates (40 to 148 and (40a to 148a, but
the phase of the signal will differ on each pair of
plates. Thus, assuming & sighal of 440 c. p. s. on
plate 140 as having zero phase shift, the signal on
plates 141 and {4la will have its phase advanced
by 23.1°, the cutoff frequency of 13,700 c. p. 5., and
the signal on plates {42 and Mza will have its
phase advanced by 46.2° etc., so that the phase of
the signal on the plates 148 and 148a will be ad-
vanced by a phase angle of 184.8°.

Thus, as the scanning condenser plate {49
moves clockwise from a position adjacent the
plates 140 and (46a to a position adjacent the
plates (48 and 148a, the phase angle of the sig-
nal appearing on the scanning plate 149 will be
advanced through 184.8 electrical degrees, and
while it rotates through the remaining portion
of a revolution (. e. from the position adjacent
plates 148 and 148a to a position adjacent plates
140 and 140a), the phase of the signal picked up
will be retarded by 184.8 electrical degrees, and
be returned to its original zero phase shift con-
dition.

Assuming that the scanning condenser is ro-
tating at 6 c. p. s., it will effect its phase shift of
184.8° in /12 of a second and hence the phase
shift will be at a rate of 2,217.6 electrical degrees
per second, thus alternately producing two instan-
taneous frequencies of 446.2 and 433.8 c. p. s.,
namely & frequency shift of about 2.8% at the fre-
quency of 440 c. p. s. In musical terms this may
be stated as corresponding approximately to a
vibrato in which the frequency shift is between
about one-fourth of a semitone above and below
the nominal frequency. It will be noted that the
percentage of frequency shift thus depends upon

. the speed of rotaiion of the scanning condenser
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ues, the condenser C80 may have a value of .008 78

plate 148,

The width, or degree, of the vibrato effect may
be varied by releasing the knob 109 and depress-~
ing one or the other of the knobs 1189, 129. When,
for example, the “medium vibratc” knob {19 is
depressed to close its associated switches, the
scanning condenser plate 149 is successively cou-
pled to the junction points 80, 83, 86, 89, 90, 91, 93,
85, and 86 as it scans from plate 140 to plate 148.

The operation of the knob 119 thus effectively
shortens the artificial line to one of 24 sections
instead of 32 sections, and hence at the assumed
frequency of 440 c. p. s. would be capable of
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causing a maximum phass shift of 138.8 electrical
degrees, Thus, the phase shift is at the rate of
1,663.2 electrical degrees per second, or the in-
stantaneous frequency change is plus and minus
4.62 ¢. p. s. In other words the gver-all frequency
shift is through approximately 2.1%, or in musical
terms, & vibrato between irequencies spproxi-
mately three-sixteenths of & semitone above and
below the nominal frequency.

When the “small vibrato” knob 128 is depressed
(knobs 108, 118 being in their normal positions
with their switches open), the eondenser plates
140 to 148 are regpectively connected to terminails
36 to 88. Thus, the sections of the artificial line
beyond the junction point 88 are not utilized and
$he maximum phase shift produced is that which
is obtaineq by the eight sections of the line pre-
ceding the junction 80, and the maximum phase
shift obtainable from these eight sections will be
48.15 electrical degrees at 440 c¢. p. s. Therefore,
with the scanning condenser rotating at 6 revolu-
sions per second, the phase of the signal impressed
on this scanning condenser will be alternately ad-
vanced and retarded at a rate of 554.4 electrical
degrees per second, or, the instantaneous ire-
quency change is plus and minus 1.54 ¢. p. s.
Thus, with the knob §29 for the small vibrato de-
pressed, the vibrato shift will be between 441.54
¢. p. 5. and 438.46 ¢. p, s. which constitutes a per-
centage change of approximately 7% which, in
musical terms, constitutes a vibrate with a fre-
guency shift between frequencies one-sixteenth of
5 semitone above and one-sixteenth of a semitone
kelow the normal frequency.

The rotary pickup condenser mechanism may
assume the form shown in Figs. 2a, 2b, and 2c.
Tn these figures there is disclosed a base 200 hav-
ing vertical supports 202 and 268 secured thereto,
two of the latter forming bearings for a shaft 204.
Rigidly secured to the supports 202 by bolts 216
are o pair of discs 206, 207 which are of insulat-
ing material, such as Bakelite, and which are helgd
in spaced relation by separators 208 of conducting
material. A plurality of vpairs of sector shaped
plates 212 are secured to the insulating discs 206
and 207 by the bolts 2108, heing electrically con-
nected through the separators 208.. These sector
plates 212 may have their inner ends bent over
and Atting in notches formed around the central
opening in the dises 206 and 267, as indicated at
214 in Fig. 2b.

A rotor 206 is rigidly secured to the shaft 204,
for example by being clamped thereto by nuts
268. The rotor 2i§ carries a pair of similar sec-
tor shaped plates 226, which together constitute
the pickup condenser plate 148 of Fig. 2, and
which are suitably secured on opposite sides of
the rotor in superposed relation. These plates
928 are clecirically connected to an insulated con-
ductor 222 which projects through 2 Bakelite
gromme; 226 inio a counterbore 224 formed in
The and of the shaft. The other end of the con-
duector 222 is soldered to & conducting tube 228
which projects from the end of the shaft 204,
neing suitably insulated thereirom by a press-fit
sleeve 230. A plurality of wire brushes 232 are
secured to a Dlate 234 mounted on an insulating
nracket 236 carried by one of the vertical sup-
ports 203. The conductor 150 (Fig. 2) is elec-
irically connected to the plate 234 which is
mounted on the insulating.support 236. )

A puiley 238 is secured to the shaft 204 anq is
driven by a belt 239 from & suitable motor which
rotates the shaft 204 at a vibrato speed, in the

orderof 6 r. 1. 8.
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In Heu of having sector shaped plates 242 and
228, the condenser may be formed by applying a
coab of colioidal graphite, such as Aquadag. In
meking the plates 212 the appropriate surfaces of
the dises 208, 297 may be painted with the col-
ioidal graphite and the separate plates formed by
scoring lines through the graphite coating, to
separate the painited surface inito sector shaped
areas. A protective coating of a suitable varnish
or shellac may then be applied to the whole in-
ner surfaces of the discs.

The operation of the circuits and apparatus
shown in Figs. 2a, 2b and 2¢ will now be described
on the assumption that this apparatus is incor-
porated in the system of Fig. 1. Assuming that
the organist desires to introduce a vibrato effect
in the music being rendered, he will operate the
switch knob 48 from the dotted line to the full

. line position shown in Fig. 2, thereby coupling the

output of the organ 30 effectively across the input
to the artificial line 66. The signal thus appears
between the terminal 56 and ground. The lower
audio frequencies, for example, below 80 ¢. p. s.,
are transmitted directly from the terminal 56
through the conductor {68 and impressed upon
the control grid {52 of the amplifier tube 154.

As above pointed out in greater detail the fre-
guencies above the assumed frequency of 80
8. p. s. will be transmitted through the artificial
line in & well known manner and will be prevented
from reflection at the end of this line because of
the utilization of the characteristic line imped-
ance R14. Assuming that the musician desires
5 wide or large vibrato he will depress the knob
t09 whereupon the condenser plates {40, {40a to
148, 148a will be respectively connected to junc-
tion points substantially equally distributed along

~ the full length of the artificial line, thus making
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use of the full extent of the phase shift charac-
teristics thereof. As the rotor 216 revolves at ap-
proximately 6 r. p. s, it successively scans the
artificial line 66, sequentially picking up the sig-
nal appearing thereon, comrmencing near the end
of the line (at the junciion point 80) and trav-
ersing the line to the beginning thereof and then
reburning over the line to the junction 86. It will
be noted that while the artificial line 66 com-
prises 32 sections (plus two terminal half-sec-
tions) the signal is picked up at only nine spaced
sections for the large vibrato. It has been found
+hat the effect upon the ear of picking up the
signal successively from each of the sections and
picking it up from nine equally spaced sections
of the line is substantially identical.

Since the pickup condenser plaites 220 are in
capacitative relation with two adjacent plates 140
to (48 and i40a to {48a as the plates 220 are ro-
tated, the transition from a signal derived from
one of the junction points to the signal at another
of the junction points is gradual rather than
abrupt. This is a contributing factor which
makes it unnecessary to pick up the signal at each
of the sections of the artificial line.

For certain musical selections the organist may,
for the purpose of contrast, desire to eliminate
the vibrato effect. This is accomplished by mov-
ing the knob 48 from the full line to the dotted
iine position, whereupon the output of the organ
is coupled directly to the input of push-pull driver
tubes 188 and 188 through conductors 240, 241.

The extent of the vibrato, that is, the deter-
mination of which of the knobs 109, 1i8 or i28 is
to be operated depends upon the character of the
musical selection to be rendered. For instance,
for music of an ecclesiastical character or for
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hymn playing the small vibrato is found most
useful, whereas for music of a theatrical and or-
chestral character the large vibrato is particu-
larly well adapted. It is sometimes found that in
playing very fast music of an orchestral nature
the large vibrato is excessive and for this purpose
the medium vibrato is provided. The extent of
the medium vibrato is three-fourths that of the
large vibrato whereas the extent of the small
vibrato is one-fourth that of the large vibrato.
Switch $4 may be used either in the full line
closed position shown, in which case the over-all
frequency response i{s approximately linear, or it
may be open, in which case the frequency re-
sponse is relatively reduced in the middle regis-
ter. This latter setting is particularly useful un-
der conditions in which the organist is playing
with both hands upon one manual with the mel-
ody part being carried as the highest note played.
Due to the rising frequency response for the high
frequencies this melody note will tend to predom-
inate over and above the accompaniment. In
music of a homophonic character this emphasis
of the melody is particularly desirable,
In lieu of the use of the apparatus to produce
& vibrato effect in the organ it may be utilized to
_improve the music produced by an electronic
plano. Such system is shown in Fig. 3 as com-
prising a piano 280 electrically coupled to a vibra-
to apparatus 34, the latter being coupled to an
output amplifier 254 feeding a speaker 286. The
electronic piano 250 may be of any suitable type
such as those employing direct electric. pickup of
the mechanical vibrations from the strings, those
utilizing microphonic pickup of the mechanical
vibration from within the sounding board of the
piano, as by means of a vibration microphone, or
by microphonic pickup of the sound vibrations
within the case of a piano which may have been
sound-proofed. The system of Fig. 3 is of par-
ticular utility because the tones produced

through the vibration of the piano strings are’

entirely devoid of vibrato, and their vibration is
of relatively constant frequency. When the vi-
brato effect is introduced into the tones of a
piano, the quality and character of the music is
vitally changed, the change being so pronounced
that the effect is that of a marvelously improved
piano. o

In the system of Fig. 4 the vibrato apparatus
34 has its input coupled through a preamplifier
287 to a microphone 288 and its output coupled
through an amplifier 254 to a speaker 266. The
microphone may, of course, be utilized to pick up
any sound virbations into which it is desired to
Introduce a vibrato effect. For example, in pub-
lic address systems the microphones may be
utilized to pick up the sound produced by various
orchestral instruments, and for special effects,
~ such as dramatic readings, it may be utilized to

introduce the vibrato effect into speech. It is
also particularly useful in imparting a vibrato
effect to the tones produced by fretted instru-
ments, such as guitars,

In the system of Fig. 5 the microphone 288 is
coupled through a preamplifier 287 to the vibrato
apparatus 34. A second microphone 288 is di-
rectly coupled to a mixer and amplifier 260 to
which the vibrato apparatus 34 is also coupled.
The output of the amplifier 268 is fed to a re-
coraing nead 262, the stylus of which operates
upon a record carried by a turntable 264 driven
hy a motor 268, :

" By judicious and artistic use of the vibrato ap-
paratus in recording orchestral selections, that is,

7

by properly balancing the strength of the signals
derived from the microphones 288 and 289, the
music recorded may be greatly improved. This is
because the vibrato effect may thus be readily
introduced into the music produced by instru-
ments inherently incapable of generating the
vibrato signal, while the vibrato is not introduced
in the music produced by such instruments, as

" the violin, which are adequately capable of gen-
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erating a satisfactory vibrato.:

Under some circumstances, it may be desirable
to utilize the vibrato apparatus in conjunction
with a radio receiving, recording, and playback
apparatus of the type shown in Fig. 6, wherein the
output of a radio receiver and amplifier 268 is
coupled through the vibrato apparatus 34 to an
audio frequency power ampliiier 270. The output
of the amplifier 210 may be utilized to supply a
signal to a speaker 212, or upon closure of the
switch 274, may optionally or additionally be sup-
plied to a recording head 276 of a phonograph re-
cording apparatus 278. Thus the record may in-
corporate music having a vibrato effect even
though this effect was absent from the music re-
ceived by the radio receiver.

A further system in which the invention may
be effectively used is illustrated in Fig. 7. This
system is intended as a part of the broadcasting
station in which the sound pickup from the
microphone 288 is coupled to an amplifier 288,
the output of the latter being transmitted through
a vibrato apparatus 34, and g gain control 290,
to a radio transmitter 292. The output of a sec-
ond microphone 294 may likewise be coupled to
the transmitter preferably through an amplifier
296 and a separate gain control 298. With this
system the sound or music being broadcast may
be picked up simultaneously by both microphones
and by proper manipulation of the gain controls
280 and 298, using them as a mixer, the signal
may have the vibrato incorporated or not, or in-
corporated to any desired degree. This system is
particularly useful in broadcasting pipe organ
music,

Pipe organs are generally incapable of pro-
ducing a true vibrato effect, the closest approach
to & vibrato on the pipe organ being accomplished
by the use of the tremulant stops. Pipe organ
music may therefore be greatly improved by the
addition of the vibrato effect. An additional Sys-
;xgn g‘or accomplishing this purpose is shown in

In Fig. 8 a pipe organ console 300 is adapted,
through electrical or other control, to cause pipes
382 to speak. The pipes 302 are mounted with-
in a closed chamber 304 which is substantially
soundproof,

In this system the sound produced by the pipes
is picked up by a microphone 808 which is cou-
Pled through an amplifier 310 to a vibrato ap-
paratus 34,

On the console 300 are located four stops 812
for respectively controlling the operation of sole-
noids $14 which are adapted to operate the con-
trol knobs 48, (09, t18 and 129 respectively of
the vibrato apparatus shown in Fig, 2. The ex-
pression or swell pedal of the organ, instead of
controlling swell shutters operates a gain control
316 which will effectively vary the gain of an
amplifier 318 to which the output of the vibrato
apparatus 34 is coupled. The amplifier 318 sup-
Plies a speaker 320, or, upon closure of switch 322,
may additionally be coupled to a broadcast trans-
mitter 324, '

The pipe organ 300, in addition to having pipes
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302, may have percussion stops, such as chimes,
harp, glockenspiel, celeste, marimba and xylo-
phone. The addition of the vibrato to the tones
produced by these stops greatly enhances their
musica] effectiveness. In this system the usual
pipe organ tremulant apparatus may be elimi-
nated since it would have little, if any, musical
utility. In systems incorporating large pipe or-
gans having two separate pipe chambers, as for
example pipe organs having separate swell cham-
bers for the great and swell manuals, the micro-
phone pickup and vibrato apparatus may be du-
plicated and the console provided with individual
controls so that the vibrato effect may be pro-
duced in the tones controlled by one manual only,
or both manuals, at the will of the organist. Un-
der the latter circumstances, it would be pref-
erable to have the modulating rates of operation
of the vibrato apparatus differ, as for example,
5.8 and 6.2¢. p. s.

The system of Fig. 8 would also be useful in im-
proving the tonal output of reed organs in which
the signal vibrations are picked up either acous-
tically, by a microphone, or electrically, by a ca-
pacitative or electromagnetic pickup from the
reeds.

The apparatus shown in Figs. 2, 2a, 2b and 2¢
is representative of but one of three general types
of apparatus by which a vibrato effect may be
introduced in a signal through the use of a
phase shifting transmission network. These
three types may be generdlly described as: (1)
Systems in which the network or artificial line
remains unchanged and in which the input sig-
nal is impressed upon the line and the output
picked up from the line, at coupling points which,
in effect, have relative oscillatory motion at a
vibrator rate; (2) systems in which the points
of coupling between the artificial line and the
input and output respectively are fixed, and in
which the effective length of the artificial line (as
measured in electrical degrees of phase shift)
is varied at a vibrato rate by sequentially render-
ing a greater or lesser number of sections of the
line effective to transmit the signal; (3) systems
in which the points of coupling of the input and
output to the artificial line are fixed, and in which
the phase shifting characteristics of the indi-
vidual sections of the artificial line are simul-
taneously varied at g vibrato rate.

The apparatus of Pigs. 2, 2a, 2b and 2c is repre-
sentative of group (1) as above -defined. Pigs.
9 to 12 are also examples of apparatus of the
first group. The apparatus of Figs. 19 and 20 are
representative of group (2), while apparatus of
Figs. 13 and 18 are representative of group (3).

In Fig. 9 the artificial line may be of the same
design as in. Fig. 2, and such parts thereof as

~are similar to those previously described have
corresponding reference characters applied there-
_to. The input signal is derived from a conven-
tionally illustrated generator 330 connected to
the input of the line. In this figure each of the
shunt legs of the sections comprises a pair of
series condensers CTi and C18, and the junction
points between the condensers of each pair are
connected in equally spaced relation along a re-
sistor R332 which has a sliding contact 334 co-
operable therewith. Each of the individual sec-
tlons of the resistor R332 is of sufficiently high
value as not appreciably to effect the phase shift-
ing characteristics of the artificial line. The
sliding contactor 334 picks up a phase modulated
signal for an amplifier 338, through which the
signal is transmitted to a speaker 340.
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It will be apparent that as the sliding contactor
334 is shifted back and forth along the resistor
R332 in an oscillatory manner at a vibrato rate,
the phase of the signal transmitted to the am-
plifier 338 will smoothly and gradually shift in
a manner comparable to that occurring in the ap-
paratus in Figs. 2, 2a and 2b. It is not essential
that the contactor 334 make contact with each
incremental section of the resistor R332, but in-
stead, the resistor could have taps at uniform
intervals throughout its length, and the contactor
334 could contact these taps sequentially without
opening the circuit. In general it is rather diffi-
cult to construct a sliding contactor or a series
of sequentially operating switches which will not
introduce undesirable phase shift transients in the
output signal. It is for this reason that the con-
struction of Figs. 2, 2a anda 2b is ordinarily pre-
ferred to that shown in Fig. 9, especially when
& large angular phase shift is required. Further-
more, sliding contactors and switches are subject
to undesirable mechanical wear.

A modified form of the invention in which there
are no sliding contactors or switches is shown in
Fig. 10 in which the artificial line, as before,
comprises series inductances L.68 and shunt con-
densers C10, but in which the signal is electro-
magnetically picked up by means of a coil L342
oscillated along the inductances 1.68 so as succes-
sively to couple with them. The pickup coil 1342
is preferably connected to an indefinitely high
impedance, such as the grid of an amplifier tube
forming part of an amplifier 344. Thus the line
66 will have its phase shifting characteristics un-
affected by the motion of the pickup coil L342.

Physical embodiments of parts of the system of
Fig. 10 are shown in Figs. 11 and 12. The induc-
tances L68 are illustrated as coils mounted upon
a non-magnetic tube 346 carried by suitable sup-
ports 348. The pickup coil L342 is secured to the
end of a tube 350 of non-magnetic material which
has a guide rod 352 likewise of non-magnetic
material projecting from the end thereof. The
rod 352 and tube 350 are suitably guided in bear-
ings 354 mounted in the supports 348. The pick-
up coil L342 is oscillated (successively coupling
with the windings 1.68) by a motor 356 which,
through a crank pin 357, oscillates an arm 358.
The lower end of the latter is pivoted on a fixed
pin 359. The outer end of the arm 358 has a
pin and slot connection 369 with the end of the
tube 350. Conductors 362, connected to the ter-
minals of the pickup coil 1342, are preferably led
through the tube 350 and are attached near the
point of pivot of the arm 358 so as to avoid the
necessity of using any sliding contact arrange-
ment.

It will be clear that if the motor 356 (which
may include a suitable speed reducing gesring)
drives the crank pin 351 at approximately 6
. p. 8., the pickup coil 342, will, in effect scan the
artificial line at the vibrato frequency by suc-
cessively coupling with the inductances 1.68. In
order to prevent undesirable linking between ad-
jacent inductances 1.68, the physical length of the
tube 344 (that is, the total width of the inductance
coils 1L68) should be large in comparison with their
diameters.

A modification of the invention shown in Figs.
13, 14 and 15 is representative of a vibrato appa-
ratus of type (3) defined above. In this appa-
ratus the artificial line comprises a plurality of
variable inductances 1.368 connected in series,
with the usual condensers C18 in the shunt paths.
An amplifier 310 is connected directly across the
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terminating impedance R74. The value of the
terminating impedance R14 is such that it consti-
tutes the characteristic impedance of the arti-
ficial line when the inductances 1368 are at their
intermediate or average values. The physical
construction of the apparatus of Fig, 13 is shown
in Figs. 14 and 15 as comprising a suitable sup-
porting structure 312 upon which the inductance
windings L368 are rigidly mounted. A shaft 814
is pivotally mounted on the supporting structure
312 and has a plurality of levers 318 secured
thereto. Powdered iron cores 818 are secured to

" the ends of the levers 816 and so arranged that, as
the shaft 374 is oscillated, the cores enter their
assoclated inductance windings L368. The shaft
374 is oscillated by a motor 380 (which may in-
clude a speed reducing gearing) through a crank
Pin 382 operating in a slot 383 formed in one of
the levers 376.

It may be seen that, as the motor 388 oscillates
the shaft 374, all of the inductances L368 are
simultaneously varied, thus effectively increasing
and decreasing the length of the artificial line
as measured in electrical degrees. The phase of
the signal supplied to the amplifier 310 is thus
modulated at the vibrato rate with the same ulti-
mate results as are obtained by the forms of the
invention previously described. It will be noted,
however, that as the values of the inductances
L88 are varied the cutoff frequency of the arti-
ficial line changes. '

In the modification of the invention shown in
Figs. 16, 17 and 18 the capacitances of the shunt
path condensers are simultaneously varied.
Thus the artificial line comprises inductances
L88 and variable shunt path condensers C3886.
As in Fig. 13, the amplifier 310 is connected across
the terminating impedance R74. In this case
the value of R4 is such as to constitute the char~
acteristic impedance of the line when the con-
densers C386 are at their average values.

The condensers C368 are preferably multi-plate
gang condensers having a common operating
shaft 388. By making the inductances 168 of

relatively high value, such as 6 henries, the con- ¢

densers C386 may be of relatively small capaci-
tance, such as .000264 mfd. and R14 may then
have a value of 151,000 ochms for a cutoff fre-
quency of 8,000 c. p. s. The shaft 388 is mounted
in suitable bearings on a supporting structure
380 and is driven by a motor 391 through a pinion
382 and gear 393. The motor 391 is breferably
provided with a manually operable speed control
394 whereby the speed of the motor may be ad-
justed to rotate the shaft 388 at any desired
speeds in the vibrato range, for example between
55and 7r. p. s.

In the embodiment of the invention disclosed
in Fig. 18, a conventionally illustrated low im-
pedance signal source 398 is coupled to the arti-
ficial line 66, comprising series inductances 1.68
and shunt condensers C10, the line terminating
in its characteristic impedance in the form of
resistance R14. Amplifier 370 is coupled across
the resistor R14 and supplies the amplified signa] "
to & loudspeaker 340. Resistors R402 and con-
ductors 403 are connected between switch con-
tacts 404 and junction points 400, the latter being
between successive inductances L68. A contactor
408 has one end connected to the ungrounded
terminal of the signal source 398 and is illus-
trated as being flexible angd arranged to make
contact successively with the contact points 404,
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commencing at the end of the artificial line adja~
cent the signal source.

The contactor 408 is operated at a vibrato rate.
As 1t successively engages the contact points 404
it cumulatively short circuits the series induct-
ances L68, thereby varying the length of the
line as measured in electrical degrees of phase
shift. When the contactor 408 is in engagement
with all of the contacts 404 the condensers C10
are connected in parallel with the source 398,
and the source 398 must therefore be of low im-
pedance in comparison with the total impedance
of the condensers C10, and thus prevent sttenu-
ation of the high frequencies through the shunt
paths provided by these condensers. If desired,
inductances could be substituted for the resistors
R402, but for reasons of economy it is preferred
to use resistors.

In the modification of the invention shown in
Fig. 20 the artificial line is coupled to a high
impedance signal source 418, the artificial line
comprising the series inductances 1.68 and pairs
of shunt condensers C4#12 and C4i3. One ter-
minal of each of the condensers C412 and C4i3
is connected to & junction point 414 between suc-
cessive inductances 168 while the other ter-
minals of each of these condensers are connected
to contact points £i6. A contactor is connected
to the grounded end of the characteristic im-
pedance R74 and is illustrated as capable of being
flexed to engage the contacts 21§ successively,
commencing at the output end of the artificial
line and sequentially closing the circuits, and
commencing at the input end of the line, open-
ing these circuits.

An amplifier 370 is coupled across the terminat-
ing Impedance RT4 and supplies & speaker 340.
When the flexible contactor 448 is in its fully
opened position as shown by dotted line #{8g
the phase shift provided by the artificiai line 6%
will be negligible. Under these conditions series
inductances 168 are still in series with the gen-
erator 410. By making the internal impedance
of the audio frequency signal source 410 high

5 compared with that of the inductances 168, the

signal supplied to the amplifier 3710 will be sub-
stantially unaffected by the presence of the series
inductances 168, and thus the attenuation of the
high frequencies by this series inductance path
will be prevented. By making condensers C4i2
and C413 of equal value the extent of phase shift
caused by successively closing the contacts 41§
is made substantially uniform.

It will be seen that in each of the embodimenis
of the invention there is provided a signal trans-
mission line which includes inductive and capac-
itative reactances for producing an electrical
phase shift of the signal, the signal input and
output being coupled to this signal transmission
line, and the extent of phase shift of the signal
produced by the transmission line varried at a
vibrato rate to cause phase modulation of the
signal. This phase modulation is perceived as &
frequency modulation or vibrato effect.

From the foregoing description it will be clear
that the principles of the invention may be in-
corporated in a variety of forms and that the
circuits and apparatus disclosed are merely illus-
trative of suitable embodiments of the inven-
tion. The invention may be embodied in many
other forms, all coming within the scope of the
claims which follow,

I claim: R

1. In an apparatus for improving sounds de-
rived from a source in the form of electrical
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waves, the combination of & multi-gection artiil-
cial line, means to couple the sound signal source
10 sald line, o plurality of junction points substan-
tially uniformly distributed along said line, a coli-
denser plate connected to each of said junection
poinis, o scanning condenser plate cooperable with'
said first condenser plates efectively to scan said
junction points in an osciilatory manner af o
vibrato rate, ang mesns to amplify and transiate
into sound the elecirical signal appearing on said
scanning condenser plaie,

2. In an sppaeratus for improving sound derived
from a source in which the sound is in the form
of an clectrical signal, the combination of an artl-
ficial Une heving substantial phase shift charsc-
teristics in the sudio frequency band and coupled
to said souree, an outputb system including means
for traunslating elscvrical signals into sound, end
meangs Tor successively coupling seid outpub sye-

term: to seid artificial line ot successive points ¢

throughous the length thereof in an effectively os-
cillatory manner at a vibrato rate.

3, In an electrical system for the preduciion
of vibrato, the combination of g source of audio

frequency sighals, an output system, an electrical ¢
network having substantial phase shifting char-

acteristics for frequencies in the audio spectrum,
said network comprising a plurality of reactive
elements connected to couple said audio frequency
source with said output system, thereby to modify
the phase of the signal transmitted to said output
systerr with respect to the phase of the signal
received from said source, and means for produc-
ing a frequency vibrato in the signal transmitted
to said output system by causing a periodic
change in the extent of phase shift produced by
said network, said change being effected at a rate
in the order of 6 ¢. p. 5.

4. In an apparatus for improving sound de-
rived from a source in which the sound is in the
form of an electrical signal, the combination of
an artificial line having substantial phase shift
characteristics in the audio frequency band and
having one end coupled to said source, an output
system coupled to said artificial line at a point
spaced from said end, and means for varying the
phase shift characteristics of said artificial line
at a vibraio periodicity.

5. The combination set forth in claim 4 in
which said artificial line includes a plurality of
inductance coils and condensers, and in which
said means for varying the phase fransmission
characteristics of said line comprises means for
varying the effective inductance of said coils.

6. The combination set Iorth in claim 4 in
which said artificial line includes a plurality of
inductance coiis and condensers, and in which
said means for varying the phase transmission
characteristics of said line comprises means for
varying the effective capacity of said condensers.

7. In an apparatus for improving sound derived
from a source in which the sound is in the form
of an electrical signal, the combination of an
artificial line having substantial phase shift char~
acteristics in the audio frequency band and hav-
ing one end thereof coupled to said source, an
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output system for utilizing the signal and cou- .

pled to the other end of said line, said means for
effectively varying the length of said artificial line
at g vibrato rate.

8. The combination set forth in claim 7 in
which said artificial line comprises a plurality of
sections having series inductances and junction
poinis between successive sections, and means for
varying the effective length of said line compris-

70
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and Increasing the angulsr phase shiff of-
facted by said sections, said alternate increase and
decrease being at a vibrato rate.

8, The combination set forth in clalm 7 in
which said artificial line comprises a plurality of
condensers, snd in which the means for varying
the effective lengih of sald artificlal line com-
prises sppoerabus for successively increasing and
decreasing the effective capacitances of saicd con-
densers slong sald line ab s vibrato rate.

10, The combinstion set forth in claim 7 in
which seid artificial line comprises 2 nlurality of
inductance colls conneeted in series by unction
points end In which said means for varying the
effect;, of lengii: of said artificiel line combprises
& conductor connected to ihe inpud end of szid
ine, and switch means for suceessively connect-
ing said conductor to Jjunction points of said ar-
sificial ling, traversing from the input end to the
sutput end and returning to the input end there-
of in & cyelical manner & o vibraio rate.

11, The combination set forthx in claim 7 in
which said artificial line comprises a plurality of
sections each including & series inductance coil
and & shunt condenser, and in which said means
for varying the effective length of said artificial
line comprises a conductor connected to the out~
put end of said line, and periodically operating
switch means for successively disconnecting said
condensers from said conductor, commencing at
the Input end of said artificial line, proceeding
to the output end thereof, and returning to the
input end, thus, in effect, decreasing and increas-
ing the length of said artificial line in g eyclical
manner and at a vibrato rate.

12. The combination set forth in claim 2 in
which said artificial line comprises a plurality of
sections, each segtion having a parallel high re-
sistance, and in which the means for successively
coupling the output system to said artificial line
comprises a contactor successively making con-
tact along said resistors at a vibrato rate.

13. The combination set forth in claim 2 in
which said artifical line includes a plurality of
series inductance elements, and in which said
means for succesively coupling the output system
to said artificial line comprises an inductive
pickup successively coupled to said series induct-
ance elements.

14, In an apparatus for improving the sound
derived from a source in which the sound is in
the form of an electrical signal, the combination
of an artificial line having substantial phase shift
characteristics in the audio frequency band and
coupled to said source, an output system for uti-
lizing the electrical sound signal and also eoupled
to said line, and means for effectively relatively
shifting the points of coupling of said line, said
source, and said output system in a cyclical man-
ner at a vibrato rate, thereby effectively to
change the length of the artificial line through
which the signal is transmitted.

15. The combination set forth in claim 14 in
which said line includes a plurality of junction
points at which the signal amplitudes are sub-
stantially the same, and in which the said points
of coupling are at said junction points, whereby
compensation is made for signal dissipation in the
line,

16. In an electrical system for the production
of vibrato, the combination of a source of audio
frequency signals, an output system, electrical
means having substantial phase shifting char-
acteristics for frequencies in the audio spectrum,
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said electrical means comprising reactive ele-
ments connected to couple said audio frequency
source with said output system, thereby to modity

" the phase of the signal transmitted to said output
system with respect to the phase of the signal
recelved from said source, and means for pro-
ducing a frequency vibrato in the signal trans-
mitted to said output system by causing a periodic
change in the extent of phase shift produced by
sald electrical means, said change being effected
at a rate in the order of 6 c. p. s.

17. In an apparatus for improving the sound
derived from a source in which the sound is in
the form of an electrical signal, the combination
of an artificial electrical transmission line having
substantial phase shift characteristics in the
audio frequency band, an output system for uti-
lizing the electrical signal, means for coupling

said source and said output system to said ar-

tificial line, and means for effectively changing at
& vibrato rate the degree of phase shift produced
by said artificial line upon the signal transmitted
thereby to said output system,

18. In an apparatus for improving sound sig-
nals derived from a source in the form of electri-
cal waves, the combination of a multi-section
artificial line, means to couple said source to one
end of said line, said artificial line including a
plurality of terminals in different sections at
which the signal appears at substantially ihe
same amplitude, a plurality of condenser seg-
ments positioned adjacent each other in circular
arrangement, means for respectively connecting
said plates to said terminals in a predetermined
order, a rotatable condenser plate successively
cooperable with said condenser segments to pick
up the electrical signals appearing on the latter,
means to rotate said plate at a speed in the order
of 6.c. p. 8., and electroacoustic translating means
coupled to said rotary condenser plate.

19. In an electrical system for the production
of vibrato, the combination. of a source of audio
frequency signals, an output system, s plurality
of electrical networks comprising reactive ele-
ments, said networks being effective to produce
substantial electrical phase shifts in the audio
frequency spectrum, means for coupling said
source and said output system to said electrical
networks, and means for effectively changing at
a vibrato rate the degree of phase shift produced
by said electrical networks.

20. In an apparatus for introducing a vibrato
effect into music derived from a source in which
the music is in the form of an electrical signal;
an artificial line comprising a plurality of induct-
ances connected in series, shunt capacitors, and

& terminating impedance, said artificial line hav-.

ing a plurality of junction points at which the
signal amplitude is substantially the same; means
coupling the input end of said artificial line to
the source of musical signals; a plurality of ca-
pacitor plates; means for connecting said plates
. to said junction points respectively, a scanner
plate movable past said capacitor plates in ca-
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pacitative relation therewith so-as to be affected
by the signal voltages appearing on the latter;
means for moving said scanner plate relative to
said capacitor plates in a cyclical manner at a
frequency in the order of 7 ¢. p. 5. to cause said
scanner plate to be affected by the signals appear-
ing at the junction pointg effectively in an oscil-
latory manner, and an output circuit coupled
to said scanner plate.

21. In an apparatus for introducing a vibrate
effect into music derived from a source in which
the music is in the form of an electrical signal:
an artificial line comprising a plurality of induct-
ances connected in series, shunt capacitors, and
a terminating impedance, said artificial line hav-
ing a plurality of junction points at which the sig-
nal amplitude is substantially the same; means
coupling the input end of said artificial line to the
source of musical signals; a plurality of capaci-
tor plates; selectively operable switching means
for connecting said plates to said junction points
respectively, either to junction points distributed
along substantially the full length of the artificial
line or te junction points distributed along a
portion only of said artificial line; a scanner plate
movable past said capacitor plates in capacitative
relation therewith so as to be affected by the
signal voltages appearing on the latter: means
for moving said scanner plate relative to said ca-
pacitor plates in a cyclical manner at a frequency
in the order of 7 c. p. 5. to cause said scanner
plate to be affected by the signals appearing at
the junction points, effectively in an oscillatory
sequence; and an output circuit coupled to said
scanner plate.

22. In an apparatus for introducing a vibrato
effect into music from a source in which the music
is in the form of an electrical signal, a conduc-
tor, & plurality of inductances connected in series,
& plurality of capacitors connected in shunt be-
tween the junctions of said inductances and said
conductor, a terminating impedance connected
between said conductor and the last of the series
of inductances, said inductances, capacitors, and

5 terminating impedances forming an artificial line

means providing a plurality of junction joints in
said line at which the signal transmitted there-
through is of substantially equal amplitude,
means coupling the input end of said line to
the source of musical signals, a plurality of ca-
pacitor plates respectively connected to said junc-
tion points, a scanner plate cooperable succes-
sively with said capacitor plates, means for mov-
ing said scanner plate relative to said capacitor
plates in a manner to pick up the signals appear-
ing on said capacitor plates effectively commenc-
ing with the beginning of the artificial line pro-
ceeding to the end of the artificial line and re-
turning to the beginning thereof in a cyclical
manner at a periodicity within the range of 5
to 8 ¢. p. 5., and means to amplify and translate
into sound the signal appearing on said scanner
plate.

JOHN M., HANERT.
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JOHY M. HAKERT,

It 1s hereby cortifisd thab errer sppoars in the printed apecification
of the sbove numbered patent reguiring corresitlon as follows: Page T, fipst
column, line 55, Tor “virbotions® vecd --vibretions--; page 8, first col-

us” Insert --signal--; line 38, for
: page B, second column, 1ins 61, for Yvapriedh
read ~-varied--; page 10, first column, line £8, for "sald® second ceour-

fyibrator’ read --vibraso--
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case in the Patent O0ffice.
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