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My present invention relates generally to sound 
transmission circuits and more particularly to a 
novel method of, and means for, transmitting 
audio Waves from a SOund Wave Source to a Sound 
utilization circuit. - 
In radio broadcasting it is desirable to broad 

cast a program by a given station at a higher 
mean modulation level without overloading ob 
jectionably on the loud portions of the program. 
On the ordinary transmitter the level of trans 
mission is not especially limited at the higher fre 
quencies, but is limited uniformly at all frequen 
cies by the condition representative of 100% mod 
ulation of the carrier. A signal having peak values 
in excess of that required to produce 100% modul 
lation is sometimes applied to the transmitter to 
increase the transmitter range. However, when 
this is done the peaks of the audio signal are 
saturated off, thereby resulting in the genera 
tion, transmission and reception of harmonics 
of the audio frequencies. These harmonics are 
tremendously more objectionable than the mere 
limitation of loudness of the received Sound. 
If an ordinary limiting (or saturating) ampli 

fier is used to limit the Swing of extra loud por 
tions of a program, it chops, the waves so that 
new harmonics are produced, just the same as if 
the transmitter were limiting. Also, if the initial 
signal has components of two or more unharmon 
ic frequencies, the conventional saturating am 
plifier will produce new components having fre 
quencies equal to the sums and to the differences 
of the frequencies of the various original frequen 
cies. These new components are particularly dis 
agreeable to the listener, and make the use of a simple limiting amplifier unsatisfactory. 
Accordingly, it may be stated to be one of the 

primary objects of my invention to provide a 
novel method of limiting, comprising dividing the 
original audio signal into a plurality of narrow 
audio bands, limiting the amplitude of the in 
dividual narrow bands, filtering the signal in 
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telephone communication or frequency modula stion. 
A more specific object of the invention is to 

provide the audio signal energy from a given 
source of audio waves into Several, frequency 
bands by means of band-pass filters, each of the 
bands representing slightly less than an Octave, 
or a 2:1 range of frequencies, thereby permitting 
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each limited narrow audio band to remove sub 
stantially all spurious components, and then add 
ing the several limited and filtered audio signals. 
Another important object of my invention is to 

provide a novel method of sound transmission 
to a broadcast station which would allow a station 
of a given power to serve a greater population 
area, and to serve a given area with a more favorable signal-to-noise ratio. 
Another object of this invention is to provide 

a novel method of transmitting audio signals 
which can be used with advantage to increase the 
signal-to-noise ratio for film or disc recording, 
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for some overlap of adjacent bands since the fil 
ters are limited as to the sharpness of cut-off; the 
signal energy in each narrow band, being sepa 
rately amplified by a saturating amplifier so as 
to limit any excessive peaks; and then passing 
the limiting energy of each band through another 
band-pass filter adapted to pass a similar fre 
quency band thereby eliminating the harmonics generated by the Saturating step. 
The novel features which I belive to be charac 

teristic of my invention are set forth in particu 
larity in the appended claims; the invention it 
Self, however, as to both its organization and 
method of operation will best be understood by 
reference to the following description taken in 
connection with the drawing in which I have in 
dicated diagrammatically a circuit organization 
whereby my invention may be carried into effect. In the drawing, 

Fig. 1 schematically shows a system embodying the invention; 
Fig. 2 illustrates the overlapping relation of 

the several audio band-pass filters used before and after the limiting amplifiers; 
Fig. 3 shows a type of limiting amplifier that may be employed; 
Fig. 4 graphically represents the effect of the 

present method in each narrow band. 
In general, according to my invention, I divide 

the original audio signal energy into several 
narrow audio frequency bands by use of filters, 
and then limit the amplitude of the signal en 
ergy of each band separately by any desired type 
of limiting amplifier. Of course, new harmonics, 
as well as "sum and difference' frequencies, are 
generated by each limiter. However, in my sys 
ten the output of each limiting amplifier is again 
filtered by a second band-pass filter to remove 
all spurious components. It is preferred that 
each band include only frequencies which are 
within a 2:1 range. This insures that all new 
spurious components, except those which are 
Sums and/or differences of other sum and/or dif 
ference frequencies, are removed. That this is 
true can be determined readily by calculating 
various harmonics and the sum and difference 

55 frequencies which occur from various assumed 

  

  

  



2 
initial frequencies within a specific band such 
as from 162 to 290 cycles. 
In this example, the lowest harmonic is double 

162 which is 324, and the highest difference fre 
quency obtainable is 128 cycles. These are out 
side the band. Of course the loud passages are 
made less loud by my method, but this is accept 
able. The objectionable spurious frequencies 
usually associated with saturation are not heard. 
It is, also, pointed out that in the several bands O 
given as examples herein, each represents slight 
ly less than an octave. This is to allow for some 
overlap of adjacent bands, since the filters are 
limited in the sharpness of cut-off. If the saturating amplifiers are of the push-pull type, 
or by other means are made symmetrical in their 
operation, each band may be made to include a 
frequency range of slightly less than 3:1, since 
only the second or higher harmonics are gen 
erated. 

Referring, now, to Fig. 1 there is shown a sys 
tem which embodies the invention. The various 
networks are schematically represented, since 
those skilled in the art are fully acquainted with 
the specific nature of the individual circuits 
which may be used. The source of audio waves 
may be a microphone, a reproducer of a receiv 

er, the electric pick-up of a record reproducer or 
a photocell pick-up device. In general, the nu 
meral may indicate some device which con 
verts sound waves into audio frequency waves 
By way of Specific illustration, let it be assumed 
that source f is the microphone of a broadcast 
transmitter. . The audio waves are amplified by amplifier 2. 
They are then applied to a plurality of band pass 
filters F1 to F9, inclusive. The specific paths to 
filters F5 to Fs are omitted, but are suggested by 
dotted arrows. The filters F1 to Fo have respec 
tive pass band characteristics as indicated in 
Fig. 2. From this figure it will be noted that fill 
ter F1 will pass audio signal energy of the narrow 
band of 50 to 90 cycles; F2 passes 90-162 cycles; 
F3 passes 162-290 cycles; F4 passes 290-525 cy 
cles; F5 passes 525-945 cycles; Fis passes 945-1700 
cycles; F1 passes. 1700-3060 cycles; F8 passes 
3060-5500 cycles and Fg passes 5500-9900 cycles. 
The band filters F1 to Fg are well known in the 
art. Each band represents slightly less than an 
Octave, or a 2:1 range of frequency. This is to 
allow for some overlap of adjacent bands, since 
the filters are limited in the sharpness of cut-off. 
The response of each two adjacent filters in the 
overlap region is such that their sum is substan 
tially 100% in order to provide a uniform overall 
response. 
The output of each of filters F1 to F9 is passed 

through a respective limiting amplifier LA1 to 
LA9, respectively. These limiting amplifiers 
may be of any well known form. The signal en 
ergy in each narrow band is separately amplified 
by a saturating, or limiting, amplifier so as to 
limit any excessive peaks. In Fig. 3 there is 
shown a well-known type of limiting amplifier 
which may be employed. This type of amplifier 
limits both the positive and negative Swings, as 
illustrated at SB in Fig. 4. Referring specifically to Fig. 3, the input en 
ergy from a respective band is applied through 
condenser 5 to grid 6 of tube 7. The cathodes of 
tubes 7 and 8 are connected to the upper end of 
resistor. 9. The grid 6 returns to the grounded 
end of cathode resistor 9 by a grid return re 
sistor O. The grid if of tube 8 returns to 
ground, and the plates of tubes 7 and B are con 
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nected to the positive terminal of an energizing 
Source. The limited audio voltage is taken of 
the plate end of plate resistor 2, and transmit 
ted through coupling condenser 3 to the output 
circuit. In operation, tube 7 limits the negative swing 
of the applied signal by the plate current going 
to zero, i. e., to cut-off. The cathode output of 
tube 7 is then applied to tube 8 by way of its 
Cathode, the grid being grounded. The polarity 
of the cathode sutput of tube 7 is the same as 
that applied to its grid, but since this output is 
applied to the cathode of tube 8 instead of to its 
grid, the result is that tube 8 is in effect driven 
with the opposite polarity. Therefore, tube 8 
limits the opposite side of the wave when it 
swings to plate current cut-off. This circuit is 
very advantageous as a limiter in that the clip 
ping level for both tubes is fixed with respect to 
the alternating current axis of the original wave 
applied to tube 7. If the coupling between the 
two stages was not D. C. in character, the clip 
ping level in the Second tube would change with 
the shift in the alternating current axis caused 
by the clipping of Only one side of the wave by 
tube. The output voltage of each limiting amplifier 
is passed through a respective band pass filter. 
Thus, filters Fio to F90 may correspond in con 
struction and characteristics to filters F1 to F9 
respectively. These filters F10 to F90 remove any 
harmonics caused by the prior limiting action, 
as explained previously. The output energies of 
filters. F10 to F90 are fed to mixer 3 where the 
energies are recombined or added to form a COm 
plete sound Wave. After amplification at 4, the 
audio signal energy may be fed to the transmit 
ter apparatus, or to a recording device, or may 
be transmitted over a line. 

In Fig. 4 there is shown the effect of the pres 
ent process on the audio wave. The figure is in 
tended to apply to each narrow band only. The 
wave SA represents the original wave. Limiting 
causes the flattening effect at SB. The effect of 
F0-F90 is to smooth the wave as at Sc. A slight 
amount of phase shift (not shown in the figure) 
may Occur, but a reasonable phase shift in the 
filters would cause no harm. The loud passages 
are made less loud by this method, but that is 
acceptable. The objectionable spurious frequen 
cies usually associated with saturation are not 
heard. 
While I have indicated and described a system 

for carrying my invention into effect, it will be 
apparent to one skilled in the art that my in 
vention is by no means limited to the particular 
organization shown and described, but that many 
modifications may be made without departing 
from the scope of my invention, as set forth in 
the appended claims. 
What I claim is: 1. A method of audio wave transmission which 

comprises dividing the audio wave energy into 
a plurality of narrow overlapping audio bands, 
amplifying each narrow band and concurrently 
limiting such amplification, filtering each ampli 
fied narrow band to remove spurious frequencies 
caused by limiting action, and combining the 
filtered energies of the various bands to provide 
a wave having energy at all frequencies occur 
ring in the original wave. 

2. A method for limiting the amplitude of an 
original audio signal which consists in dividing 
the original audio signal into several narrow 
audio frequency bands, each band extending 
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slightly less than an octave, subjecting the audio 
energy of each narrow band to limiting ampli 
fication, removing any harmonics caused in each 
narrow band by said limiting amplification, and 
recombining the energies of the several narrow bands. 

3. A method of transmitting a sound wave 
which includes converting the Wave into audio 
signal energy, dividing the audio energy into a 
plurality of overlapping narrow bands of slightly 
less than an octave, limiting the amplitude of 
energy in each narrow band, and subjecting the 
limited energy of each narrow band to filtering 
to remove spurious frequencies caused by limiting 
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action, and combining the energies of the nar 
rOW bands to form the Original audio signal wave. 

4. A method of transmitting a sound wave 
which includes converting the wave into audio 
signal energy, dividing the audio energy into a 
plurality of overlapping narrow bands of slightly 
less than an Octave, limiting the amplitude of 
energy in each narrow band, filtering the energy 
of each narrow band to remove spurious frequen 
cies, and recombining the energies of all the 
bands to form the Original signal whereby there 
is secured a reduction of peak amplitudes of the 
Original wave relative to the average amplitude. 

ALDA. W. BEOFORD. 

  


