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, ABSTRACT: An amplitude-modulated RF carrier wave is 
separately mixed with two phase-locked frequency waves, one 
lower than the carrier by'an, amount equal to a desired inter 
mediate frequency, and the other higher by the same amount. 
The two resulting lF‘s are added to give an IF output with an 
improved signal-to-noise ratio over the RF wave. The inven 
tive apparatus includes the necessary means for generating the 
two waves, for mixing, etc. 
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AMPLITUDE MODULATION INTENSIFIER METHOD 
AND APPARATUS 

BACKGROUND OF THE INVENTION 

In recent years there has been a steady decrease of interest 
in pure amplitude modulation for use in propagated audio 
communication. Interest has shifted to modulation methods 
such as single sideband-surpressed carrier, double sideband, 
etc. The dominant reason for this shifting interest in pure am 
plitude modulation is due to the inefficiency of convening 
source power into radiated information power. There are of 
course other reasons for the shifting interest, such as band 
width conservation. However, all of the added complexities 
required to generate special modulated signals were motivated 
predominantly by the desire to propagate the most informa 
tion power from the transmitting antenna. 
The disadvantage to the pure AM signal is that the signal 

power is divided among carrier and upper and lower sidebands 
while the information is contained in one sideband. It does 
seem to be a rather wasteful distribution. Suppose, however, 
that the upper and lower sidebands at the receiver are com 
bined in such a way as to add the voltage amplitudes in phase. 
Since the sideband amplitudes for a theoretical AM signal are 
equal, the result would be to double the sideband voltage 
levels. This provides a 6 db. gain in signal strength or the 
equivalent of quadrupling the received information power. If 
this operation is performed on the desired signal and not on 
the noise. a substantial increase in signal to noise ratio will be 
realized. 

SUMMARY OF THE INVENTION 

A method and apparatus whereby the signal-to-noise ratio 
of an AM signal may be enhanced. The invention apparatus 
compares the frequency spectrum on either side of the signal 
carrier for frequency and phase symmetry. For a theoretical 
AM signal, the beat frequencies between the sidebands and 
the carrier are equal and in phase. The apparatus described 
herein properly conditions and vectorially adds the sideband 
signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I shows the RF frequency spectrum of an AM signal, 
with interference (noise) present. 

FIG. 2 shows a frequency spectrum of a normal IF signal 
derived from the FIG. I signal. 

FIG. 3 shows a frequency spectrum of an inverted IF signal 
derived from the FIG. l signal. . 

FIG. d shows a frequency spectrum of a sum IF signal 
derived from the FIGS. 2 and 3 signals. 

FIGS. 5, 6, and 7 show various signal vector presentation. 
FIG. 8 shows one embodiment ofthe inventive apparatus. 
FIG. 9 shows another embodiment of the invention ap~ 

paratus. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As stated earlier, the inventive apparatus operates on the 
principle of comparing the frequency spectrum above and 
below the carrier for symmetry to the carrier. The ?rst func 
tion that must be performed by the AM discriminator, there 
fore, is to prepare the AM signal so that this comparison can 
be performed. 
Consider the signal whose frequency spectrum is shown in 

FIG. 1. This represents the original AM signal which it is 
desired to discriminate, plus two arbitrarily chosen inter 
ference signals (one in the upper sideband frequency spec 
trum and one in the lower sideband frequency spectrum). For 
the sake of this disclosure, it is assumed that the carrier is 
modulated by a single modulating sine wave. The resulting 
modulated wave will show the carrier with equal height, 
equally spaced sidebands, if displayed on a spectrum analyzer. 

If this signal is heterodyned to a lower intermediate frequen 
cy with a local oscillator whose frequency is less than the 
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2 
original carrier, the frequency spectrum of the intermediate 
frequency signal will appear the same as the original AM 
signal in FIG. ll. The only difference will be that all of the 
signal frequencies will be reduced by an amount equal to the 
local oscillator frequency. This frequency spectrum will be 
referred to as the normal frequency spectrum (see FIG. 2). 

If the original signal is heterodyned with a local oscillator 
whose frequency is higher than the original AM carrier, the 
frequency spectrum of the intermediate frequency will be as 
shown in FIG. 3. Here the frequency spectrum is inverted; i.e., 
those signals which were higher than the original carrier will 
be lower than the intermediate frequency carrier. This 
frequency spectrum will be referred to as the inverted frequen 
cy spectrum. 
The IF carrier frequency in both of the above cases is deter 

mined by the difference in frequency between the original car 
rier and the local oscillator. If both local oscillators are chosen 
such that the IF carriers produced are at exactly the same 
frequency and in phase, a comparison can be performed on 
the sideband symmetry. The lower sideband of the normal 
frequency spectrum is at‘the same frequency and in phase with 
the upper sideband of the inverted frequency spectrum and 
vice versa. The two local oscillator frequencies may be pro 
vided in several ways, two of which will be shown hereinafter. 

If the two IF signals of the FIGS. 2 and 3 are added, the 
frequency spectrum for the resulting signal is as shown in FIG. 

Observation of the frequency spectrum of the FIG. 4 IF sum 
signal indicates that the sideband signals are added while the 
unwanted signals remain unchanged in amplitude. 

In the above-stated description of the the phasing of the AM 
intensi?er the addition has been illustrated in the frequency 
domain for the purpose of simplicity. In this type of descrip 
tion, there is a complete disregard for the phase angle of the 
signals being added. This is obviously a fallacy since two 
signals being added to produce another signal of the same 
frequency with peak amplitude ranging from zero to the sum 
of the peaks depending upon the phasing. It is, therefore, 
necessary to analyze the phasing of the signals to be added. 
This will now be performed with the aid of vector presenta 
tion. 

Consider the vector presentation of the signal shown in FIG. 
5. This represents the normal IF signal. The vertical vector C 
represents the carrier. The rotational direction of the carrier 
vector is clockwise as shown. The'angular velocity is or. The 
upper sideband vector, U, is shown with a clockwise'rotational 
direction, the same as the carrier. Its angular velocity with 
reference to the carrier is (um (2 1r ‘times the modulating 
frequency). Its total angular velocity is therefore arc-I10. It 
should be noted that all vectors with a clockwise rotational 
direction will have total angular velocities greater than the 
carrier; i.e., they will be at a higher frequency than the carrier. 
The interference signal represented by vector B is rotating 
clockwise with an angular velocity relative to the carrier of w.,. 
Its total angular velocity is aid-0B. The lower sideband vector, 
L, is rotating counterclockwise with angular velocity wmrela 
tive to the carrier. 
The total angular velocity of the lower sideband signal is 

therefore (in-mm. It should be noted that both the upper and 
lower sideband vectors have the same angular velocity of mm 
with respect to carrier. The only difference being the direction 
of rotation. The interference vector A is rotating counter 
clockwise with angular velocity relative to the carrier of we‘. 
The total angular velocity of the signal is w,~—m,,. Thus far, the 
normal IF signal vector presentation has been analyzed and 
the groundwork has been laid as to the technique that is em 
ployed to understand the vector presentation. 

FIG. 6 is a vector presentation of the inverted IF signal. The 
rotational direction of the carrier was chosen to remain as in 
FIG. 5 and will remain the same for any instant. All vectors are 
now denoted with a prime to indicate they resulted from the 
inverter IF signal. 
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FIG. 7 is a vector presentation of the IF sum signal. It is the 
result of vectorially adding FIG. 6 and FIG. 7. It can be seen 
that only signals symmetric to the carrier in both phase and 
angular velocity will add directly. The unwanted signals now 
appear as sidebands modulatedon the carrier, but not added 
in magnitude. 

Since the interference now appears as sidebands to the car 
rier, any attempt to repeat the AM intensi?er on the IF Sum 
signal would prove fruitless. The total signal would be in 
creased by 6 db. with no improvement in signal-to-noise ratio. 
The key to the Amplitude Modulation intensi?er is to 

produce two local oscillator signals such that when they 
heterodyne with the original signal, the IF carriers will be at 
the same frequency and in phase with each other. 

FIG. 8 shows a system including the usual antenna 10 for 
receiving AM signals, and may include an RF ampli?er 11, if 
desired. The output of II is fed to mixers l2 and 13. Numeral 
l4 designates a device for providing two local oscillator 
signals oscillator signals symmetrical in frequency to the RF 
carrier. This system includes a local oscillator 20 feeding one 
input of mixer 21. Said mixer 21 has another input fed from a 
carrier synchronized oscillator [8, by way of ampli?er l9. Ob 
viously, ampli?er 19 may be omitted, if the signal (wot) from 
18 is of suf?cient strength. Oscillator 18 is synchronized in 
frequency and phase with the RF carrier output of ampli?er 
11. The output of local oscillator 20 is at the desired IF center 
frequency (f,) of IF ?lters l5 and 16, wherein f;‘—w,.21r. The 
output of mixer 21 is the modulation products of the RF carri 
er and the local oscillator. Band-pass ?lters 22 and 23 provide 
outputs on lines 140 and 14b, which are respectively the dif 
ference and sum modulation products. The signal on line 14a 
is wM—w,). and the signal on the line 14b is (um-Hot). The 
signals on lines 14a and 14b are respectively mixed with the 
RF signals in mixers l2 and 13, which mixers provide outputs 
including the IF signalj}. IF ?lters l5 and 16 each pass saidfm 
and AM sidebands off,. Adder 17 has two inputs connected 
respectively to the outputs of ?lters l5 and 16, vectorially 
adds these two outputs. The sum output of 17 appears on line 
17a, and may pass to the usual second detector. etc. It should 
be noted that the output on 140 is at a frequency lower than 
the carrier of the AM signals by the desired IF, and the [4b 
output is at a frequency higher than the said carrier by the 
same IF. The output of mixer 12 is thus a normal IF spectrum 
as shown in FIGS. 2 or 5, and the output of mixer 13 is an in~ 
verted IF spectrum as shown in FIGS.- 3 or 6. The output on 
line 17a is a signal similar to the original, except that it is at an 
IF and the amplitude of the sidebands, relative to the noise, 
has been increased, giving an obvious signal-to-nois'e improve 
ment. With sidebands of equal amplitude, the information 
power is effectively quadrupled, without affecting the noise 
level to any large degree. 

FIG. 9 is similar to FIG. 8, with primed numerals used to 
show corresponding elements. FIG. 9 differs in the manner in 
which the local frequencies for the mixers are obtained. An 
tenna l0’ and RF ampli?er 11' are the same as in FIG. 8, but 
element 14' includes band-pass ?lter 18' connected between 
11‘ and ampli?er I9’. Local oscillator 20' is connected to one 
input of mixer 21'. The other input of 21‘ is on lead l9'a from 
ampli?er l9’. Band-pass ?lter 18’ passes only the carrier of 
the AM signal. If the output of RF ampli?er 11‘ is sufficient, 
ampli?er 19’ may be omitted. In either event, the mixer of the 
RF carrier from line I9’ and the local oscillator frequency in 
mixer 21 provides an output having sum and difference 
frequencies in like manner to FIG. 8. These frequencies are 
?ltered by band-pass ?lters 22 and 23. Elements l2’, l3’, l4’, 
l5‘, l6’, and 17’ of FIG. 9 correspond exactly to their respec 
tive elements in FIG. 8, and the output on lead 17' a of FIG. 9 
is the same (for the same RF signal) as that on line 17a of FIG. 
8. The same signaI-to-noise improvement as discussed with 
FIG. 8 is obtained. 
While the invention has been discussed with audio commu 

nication in mind, it obviously would be useable with any 
desired AM information. 
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4 
l. A method of intensifying signals carried by an amplitude 

modulated carrier, including the steps of: 
simultaneously mixing said carrier with a ?rst local frequen 

cy higher than said carrier by a predetermined inter 
mediate frequency and a second local frequency lower 
than said carrier by said intermediate frequency, to 
produce ?rst‘ and second intennediate frequency spec 
trums; 

band-pass ?ltering said ?rst and second spectrums to obtain 
two intermediate frequency signals; and ' 

adding said two intermediate frequency signals. 
2. The method as set forth in claim 1 wherein said local 

frequencies are generated by: 
band-pass ?ltering said carrier; 
mixing the resulting wave with the output of a local oscilla 

tor; and 
band-pass ?ltering the resulting mixture to obtain said ?rst 
and second local frequencies. 

3. The method as set forth in claim I wherein said local 
frequencies are generated by: 

synchronizing a ?rst local oscillator with said carrier; 
mixing the resulting wave with the output of a second local 

oscillator, and 
band-pass ?ltering the resulting mixture to obtain said ?rst 
and second local frequencies. 

4. The method as recited in claim 1 wherein said two inter 
mediate frequency signals have fundamental frequencies of 
identical frequency and phase. 

5. An apparatus for intensifying signals carried by an am 
plitude-modulated RF carrier including: RF-receiving means; 

?rst and second mixers each having ?rst and second inputs 
and an output; 

frequency providing means having at least two outputs for 
providing respectively a ?rst local frequency higher than 
said carrier by a predetermined intermediate frequency 
and a second local frequency lower than said carrier by 
said intermediate frequency on said outputs; 

said RF-receiving means connected to said ?rst input of 
each of said mixers, and one each of said outputs of said 
frequency providing means respectively connected to one 
each of said second inputs of said mixers; 

?rst and second IF ?lters each having an input and an out 
put; and adder means having two inputs and an output; 

wherein said output of said ?rst mixer is connected to the 
said input of said ?rst IF ?lter, and said output of said 
second mixer is connected to said input of said second IF 
filter, and ‘said outputs of said ?lters are connected to 
respective inputs of said adder and said frequency provid 
ing means includes: ' ' 

a carrier band-pass ?lter connected to said receiving means; 
a mixer having two inputs and an output, with one of said in 

puts connected to said band-pass ?lter; 
an oscillator having an output connected to the other input 
of said mixer; 

?rst and second band-pass ?lters, each having an input con 
nected to the output of said mixer, and each having an 
output. 

6. The apparatus as de?ned in claim 5, wherein said outputs 
of said ?rst and second IF ?lters have fundamental frequen 
cies identical in frequency and phase. ' 

7. An apparatus for intensifying signals carried by an am 
plitude modulated RF carrier including: - 

RF-receiving means; 
?rst and second mixers each having at least ?rst and second 

inputs and an output; 
frequency providing means having at least two outputs for 

providing a ?rst local frequency higher than said carrier 
by a predetermined intermediate frequency and a second 
local frequency lower than said carrier by said inter 
mediate frequency on said outputs; 

said RF~receiving means connected to said ?rst input of 
each of said mixers and one each of said outputs of said 
frequency-providing means respectively connected to 
one each of said second inputs of said mixers; 
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?rst and second IF ?lters each having an input and an out 
put; and ' 

adder means having two inputs and an output; 
wherein said output of said ?rst mixer is connected to the 

input of said first IF ?lters, and said output of said second 
mixer is connected to said input of said second lF ?lter, 
and said outputs of said ?lters are connected to respective 
inputs of said adder and said frequency-providing means 
includes: 

a carrier synchronized oscillator connected to said receiving 
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s 
means; 

a mixer having two inputs and an output with one of said in 
puts connected to said carrier-synchronized oscillator; 

a local oscillator having an input connected to the other 
input ofsaid mixer; 

?rst and second band-pass ?lters each having an input con 
nected to the output of said mixer, and each having an 
output. 


