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'CartoE Wasrainsdorff, Gendale, Calif. 
Application September 29, 1942, Serial No. 460,077 

(C. 250-20) 9 (Cais. 

The primary object of my invention is to auto 
natically reduce extraneous noise in radio re 
ceivers, particularly those operating on ultra high 
frequencies. 
A further object resides in the provision of a 

device particularly adapted to avoid circuit con 
plexity or the necessity for adjustment to accom 
In Odate. Signals of various strengths. 
A further object of the invention is to provide a 

Clewice Which illnits the inagnitudes of all demoduli 
lated Voltages to a naximum peak value which is 
deterrined by reference to the average strength 
of the received signal as it reaches tine pertion of 
the receiver where demodulation takes piace. 

Still another object is the provision of a device 
of this character in which the peak limiting value 
may be readily adjusted to a value corresponding 
to a desired degree of modulation of the receives 
garirier. It is a feature of the invention that this 
adjustment may be made over a relatively wide 
range of values without adversey disturbing oth. 
er Operating conditions Within the circuit. 
A further object of the invention consists in the 

proVision of a circuit. Which Will discriminate 
against transient disturbances such as short 
bursts of static, by retaining the peak limiting 
action relatively unaffected by such bursts. The 
peak liniting action, however, remains at all 
ties subject to control by the average strength 
of the 'eceived carrier and inits the peaks which 

he passed to values corresponding to the pre 
di percentage of modulation of the in 

coining carrier referred to above. 
Another object of the invention is to provide a 

noise reducing circuit which is capable of adjust 
ment to limit the peak values of demodulated sig 
nal which will be passed by the circuit so that they 
Will not exceed those Which occur with some ad 
iStahly selected degree of carrier modulation 
less than 10% in Odilation, Such as 40% nodula 
tion, for example. The reason for so adjusting 
the device to init at peak values below those 
which accorinpany full nodulation of the carrier is 
that, the intelligibility is impaired to a greater 
degree by the larger peak values of noise than by 
the distortion produced by limiting the peaks of 
the deYodulated sigial to a maximum value less 
than that of the peaks which accompany full 
nodulation. Eistening tests conducted under 
eavy noise conditions have definitely indicated 

that, under such circumstances it is desirable to 
innit all demodulated peak voltages to Values 
which are considerably lower than the maximum 
signal peaks produced by full modulation of the 
Carrier. 
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The circuit of the present invention reduces 

noise during the reception of signals to a maxi 
InUI value connensurate With the strength of 
the received signal, and has a further inherent 
advantage, namely, When the receiving apparatus 
is left in operation but When no carrier or an ex 
tremely Weak carrier is being received the opera 
to Wii receive substantially not output Whatever 
fi'On the circuit. 
The noise reducing circuit of the present inven 

tion coirprises means for generating a unidirec 
tional COIntrol current or voltage, the magnitude 
of Winich is continuously dependent upon the 
aVerage amplitude of the received carrier appear 
ing at the detector input. This unidirectional 
WGitage is applied to a rectifier, Such as a ther 
inionic vacuum tube, in its conducting direction 
With the resulting foW through the rectifier of an 
irreversible current whose magnitude continu 
ously follows the average amplitude of the car 
rier Wave to be denodulated. The signal modul 
lations of the carrier are applied to the circuit 
carrying the irreversible undirectional current 
and are applied thereto with such phasing that 
they tend to reduce this current to zero but are 
prevented by the rectifier from reversing this 
current. The limiting action results from their 
inability to reverse the unidirectional current. 
The circuits through which the signal modula 

tions are applied are independent of the direct 
current circuits and adjusting means are provided 
Which permit, the degree of modulation at Which 
limiting occurs to be varied without materially 
affecting the direct current potentials in the ap 
paratus. This arrangement gives improved flex 
ibility of adjustment not found in earlier devices 
of this character, 
Other objects and advantages of the invention 

will more fully appear as this Specification pro 
ceeds and are set forth in the appended claims. 

I attain these objects by the device described in 
the accompanying drawing, in which Figure 1 is 
a diagrammatic view, showing an embodiment of 
the invention applied to a typical superheterodyne 
receiver. That portion of the receiver circuit di 
agram is shown which includes the Secondary of 
the last intermediate frequency transformer, a 
diode second detector, triode first audio amplifier, 
and those components comprising the noise re 
ducing circuit. This is, by way of example only, 
as it should be understood that the noise reducing 
circuit may readily be installed in any superheter 
odyne or tuned radio frequency receiver, the ex 
act schematic and circuit values depending upon 
the original design of the receiver. 
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Figure 2 is a diagrammatic view of the device 
in a modified form as is hereafter more fully ex 
plained. 
My noise reducing circuit is adaptable to any 

standard receiver of either the superheterodyne 
or tuned radio frequency type. Its installation 
has no effect on the operation of the receiver 
other than that for which the circuit is intended. 

Similar numerals and letters of reference refer 
to like parts throughout the drawing, thus in 
dicates a combined diode second detector, triode 
first audio tube as commonly used in many re 
ceiverS. 2 and 3 comprise the usual cathode 
biasing resistor, by-pass-condenser combination 
for the triode portion of tube . . 4 designates the 
intermediate frequency by-pass condenser, and 
this condenser may be connected to the cathode 
Or to ground depending upon the design of the 
receiver. 5 and 6 designate parts of the inter 
mediate frequency filter and may or may not be 
used, this also depending upon the design of the 
receiver. designates the secondary of the last 
intermediate frequency transformer and e des 
ignates the tuning condenser for the secondary of 
the last intermediate frequency transformer. 9 
and f) represent the usual automatic volume con 
trol filter System. The automatic volume con 
trol voltage may be taken from the point shown, 
or at any other point on the diode load resistor, 
or from a Separate source according to the de 
Sign of the receiver. The point from which the 
automatic volume control voltage is taken is not 
pertinent to the operation of theinvention. 9des 
ignates the volume control resistor as commonly 
used. 20 designates the diode load resistor which 
has been removed from the circuit upon instal 
lation of the invention, the dotted line showing 
its former connection to the diode return load 
and volume control 9 through the blocking con 
denser 5. That portion of the circuit diagram 
lying below the dotted line in the diagram com 
prises the noise reducing circuit which has been 
added. 
In order to obtain a clear understanding of the 

basic operation of the circuit, we may assume, 
for example, that an amplitude modulated car 
rier is received. Then, at point X, there will ex 
ist a negative D. C. voltage, produced by the di 
ode portion of tube , the value of which will be 
dependent upon the average value of the rectified 
intermediate frequency wave. Superimposed 
thereon is an audio frequency wave whose shape 
is that of the signal modulation, and whose peak 
value is dependent upon both the modulation 
percentage and carrier strength of the received 
Wave. This point is where the demodulated sig 
nal output is usually taken through a blocking 
Condenser 5 which feeds the volume control 9 
and the grid of the triode amplifier. Thisis shown 
by the dotted line which indicates removal of 
this connection. 
In installing the present noise reducing cir 

cuit, the Superimposed signal modulations are re 
moved from the D. C. voltage by the low-pass 
Signal frequency blocking filter and 2. There 
is left at point Y a relatively steady negative D. C. 
Voltage whose value is principally dependent 
upon the average strength of the carrier fre 
quency of the received signal. 

If then, a relatively large amount of noise is 
received, at point X there will be a negative D. C. 
voltage as aforementioned, and whose value is 
dependent upon the average value of the rectified 
intermediate frequency wave. Superimposed 
upon this D. C. voltage will be another voltage 
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4. 
Whose peak value is dependent upon the received 
noise. This latter voltage is similarly removed by 
the filter f and 2 leaving at point Y a nega 
tive D. C. voltage whose value is dependent upon 
the combined average strength of the signal and 
the noise. The D. C. voltage generated when 
noise only is being received will ordinarily be 
Small compared with the D. C. voltage generated 
when a carrier is being received by the circuit, 
and this is true even though noise currents hav 
ing large peak values are being received. 
There is a further effect present in that when 

noise alone is being received there is a time lag 
in the rise of the D. C. voltage at the point Y 
dependent upon the time constant of the filter 

and 2, so that the rise in D. C. Voltage at 
the point Y will not occur in such phase as to be 
effective for permitting the passage of noise 
through the apparatus, as hereinafter pointed 
out. 
The low-pass signal frequency blocking filter 

f and 2 may consist of an inductive reactance 
not shown and a capacitance instead of resist 
ance and capacitance as shown. Resistors 3 
and also may be replaced by inductive re 
actances not shown. 
The filtered unidirectional voltage at point Y 

is used to produce a corresponding residual Or 
control current flowing through diode 8. The 
circuit of diode 8 includes a load resistor 3 
which may be replaced by an inductor if desired. 
It will be noted that this negative potential is 
applied in the conductive direction to diode 8 
and that as a result of the unidirectionally con 
ductive characteristics of diode 8, the current 
in this portion of the circuit cannot be reversed 
to any appreciable extent. 

Since the voltage at point Y is negative With 
the particular receiver shown, the voltage is ap 
plied through the load to the Cathode of the 
diode 8. The plate is connected to resistance 
f 7 or reactance not shown and thence to ground 
for the return circuit. 
The audio voltage component developed acroSS 

the load resistor 4 is taken through a blocking 
condenser 6. This condenser may be located as 
shown at 2, point A, in which case the resistor 
4 may or may not be used depending upon the 

design of the particular receiver. 
The audio component through 6 is then ap 

plied to the diode 8 at point W across load T. 
The magnitude of the audio Voltage component 
applied to the plate of the diode 8 will depend 
upon the point on resistor f4 from which thesignal 
is taken. Thus the proper ratio signal voltage to 
control current producing voltage is obtained. 
The D. C. current flowing from point Y through 
the parts 3, 8, and 7 to ground is then in 
creased or decreased in accordance with the au 
dio Voltage at point W, thereby producing an 
audio Voltage of similar Wave shape across the 
points Y and Z, however, the peak value of this 
audio Voltage has been limited by the D. C. volt 
age available at point Y and the unidirectionally 
Conducting characteristics of diode 8. It is this 
developed voltage between points Y and Z, that is 
used to feed the signal frequencies to the input 
of the amplifier through blocking condenser 5. 
The circuit of the present invention operates 

as follows in reducing noise: 
Considering, first, the case where the circuit 

is receiving a modulated carrier, which modu 
lated carrier contains in addition to the mod 
ulated signal which it is desired to receive, noise 
peaks having a magnitude in excess of the mag 
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Initude of the desired signal. The desired signal 
on the modulated carrier may be either sound 
frequencies, higher frequencies or frequencies de 
rived from a local beat oscillator where contin 
uous Wave telegraph signals are being received. 
In Such case, one-half of the modulating en 
Velope of the modulated carrier is cut off by the 
rectifying action of the diode portion of tube . 
The output of this diode portion of tube f (after 
paSSing the intern ediate frequency filter 5-6) 
therefore consists of a steady unidirectional con 
ponent, the magnitude of which is substantially 
dependent on the average magnitude or the un 
modulated magnitude of the carrier at tuned cir 
cuit 7, 8. The output also includes unidirectional 
signal frequency components impressed on the 
steady unidirectional component together with 
noise peaks. The noise peaks, however, mainly 
represent distortions of the signal frequencies on 
one side of the signal, the other side of the noise 
peaks having been cut off in the diode portion 
of tube . 
A signal frequency circuit may be traced to 

include both the diode portion of tube and the 
diode 8, such for example, as the circuit of the 
cathode of tube to the plate of the diode por 
tion through inductance R, resistance 5, the ad 
justable tap on load resistance 4, condenser , 
the plate of rectifier 8, the cathode of rectifier 
8, the condenser 5, load resistance 9, and 
cathode resistor 2 of tube , it will be seen that 
the diode portion of tube and the diode 8 are 
opposite in phase; that is, the circuit leads from 
the cathode to the plate of the rectifier of tube 
and, on the contrary, the circuit passes in order : 

from the plate to the cathode of the rectifier 8. 
Accordingly, any increase in the current flowing 
from the cathode to the plate in the diode por 
tion of tube must tend to produce a decrease in 
the magnitude of current flowing through tube 
f8. Such decrease in current can occur in tube 
8 only if the tube is carrying a current, and 
this current must flow in the tube in its con 
ducting direction. Moreover, the current can 
decrease in tube 8 only to Zero, but cannot be re 
versed. When this residual steady currient is ad 
justed, as by the circuit described, to a value cor 
responding to the average magnitude or unmod 
ulated magnitude of the carrier, any received 
noise peaks passed by the rectifier are cut off 
by their inability to reverse the direction of cur 
rent flow in rectifier 8. 
Now, consider the case if the circuit is oper 

ating with little or no incoming carrier. In this 
situation, no appreciable steady residual current 
will flow through the rectifier 8, except such as 
represents an average of the rectified noise com 
ponents in the output of the diode portion of tube 
, which in turn produces a very small residual 
current compared with the amount of residual 
or control current which is obtained when the 
apparatus is receiving a carrier to be demodul 
lated. Accordingly, the diode f8 passes a resid 
ual or control current which will limit the sig 
nal amplitudes to Small magnitudes, the result be 
ing that whenever a carrier is not being received 
there is substantially no signal frequency out 
put from the receiver. 
The combined diode-triode tube is shown 

with a common Cathode connection for both the 
diode section and triode section of the tube. This 
has the effect of providing a minimum carrier 
level which must be received before any demod. 
ulation will take place. This condition arises be 
cause the common cathode is maintained at a 
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Ode resistor 2 as a convenient means of provid 
ing grid bias for the triode Section of the tube. 
This effect, if not desired, may be eliminated by 
the use of separate cathodes for the diode and 
triode sections, or by grounding the common 
Cathode and Supplying a suitable negative bias to 
the grid of the triode portion of the tube in a 
Convenient part of the grid return circuit in 
Conventional manner. 

In the modification, Figure 2, a three-position 
switch 24 is introduced into the circuit, whereby 
resistors 22 and 23 are controlled. The primary 
purpose of Said control is to regulate noise reduc 
ing action of the System whereby a contact on 
SWitch point completely suspends operation 
of the noise reducing circuit; a contact on Switch 
point 2, on the other hand, retains the system in 
its full operative function, without voice distor 
tion, in conjunction with resistor 22, while con 
tact with SWitch point 3, connecting with resistor 
23 Operates to resist extremely high noise im 
pulses for the reception of Weak signals especially 
during C. W. reception; and also Lider conditions 
Where transmitters are operated in close proxim 
ity to the receiver. As a Suitable substitute for 
Said Switch, a rheostatinay be connected in the 
circuit for the accomplishment of like objectives. 

ihe tube 8 which is shown as a diode, may be 
replaced by a triode, tetrode, pentode, or other 
Vacuum tube, or unidirectionally conducting de 
vice such as a copper oxide rectifier. If a triode, 
tetrode, or pentode is used, the plate may be 
grounded and the signal frequencies at point W 
applied to the grid or grids, the signal frequencies 
being talken at a proper voltage level to stop the 
fioW through the tube at the desired peak limit, 
ing Value. 
Once installed, no adjustment is at any time re 

quired. The circuit is automatic in operation. 
Walrying noise intensity, fading carrier, or no car 
rier, changes in R. F. gain of the receiver or any 
combination thereof have no adverse effect, and 
they do not change the characteristics of the 
device. 
On radiotelegraph reception the key clicks are 

lemoved, yet the keying characteristic of the Sig 
inal is retained. The device does not, block for a 
period of time following the passage of a strong 
noise pulse or click. Nor does the beat oscillator 
used for telegraph reception block the device. 
Audio loSS With the device installied on both radio 
telephone and radio telegraph reception is less 
than when equipped with other devices in com 
On Se. - 

Moreover, because of the wave shape discrim 
inating characteristics, even noises due to ther 
anal agitation in the antenna, and input circuits, 
and shot effect in the receiver are considerably 
reduced. Reaceiver Sensitivity nevertheless re 
mains unchanged. 
The device may readily be produced from ma-. 

terials and equipment the open market affords, 
and at ino great CoSt. it provides a sinoothly op. 
erating electric circuit, requiring littie attentiora, 
is readily installable in Inost existing radio sets, as 
well as sets likely to be produced in the future, 
and at all times and undel' ail Conditions, if the 
set will operate at all, the circuit will render 
maximum performance in the practical elimina 
tion of noise. 

I am aware that changes in construction of 
the device may from time to time readily suggest, 
themselves, but within the scope herein set forth. 
Hence I do not limit my present invention to 
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the exact description of structure herein dis 
closed, but what I do clain is: 

1. In a circuit for demodulating amplitude 
modulated carrier frequency currents, limiting 
means for reducing noise by suppressing disturb 
ances whose peak values exceed by a predeter 
mined ratio the average value of the carrier cur 
rent to be demodulated, comprising in combina 
tion; a demodulator of the rectifying type dis 
posed to produce a uni-directional output Com 
prising demodulated signal components and a di 
rect current component, filter means connected to 
the output of the demodulator for deriving from 
the direct, current component thereof a control 
voltage substantially free from signal ComponentS 
and substantially directly proportional in magni 
tude to the average magnitude of the signal to be 
demodulated, rectifier means capable of prevent 
ing appreciable current flow therethrough in its 
reverse direction and connected to be energized in 
its conducting direction by the control voltage, 
coupling means of the direct current blocking 
type coupled to the demodulator output for ap 
plying a predetermined portion of the demodul 
lated signal components to the circuit of the rec 
tifier means to control the instantaneous magni. 
tude of control current flowing therethrough the 
phasing of the coupling being Such that peaks of 
uni-directional demodulator output tend to re 
duce the control current to Zero, and meanS COll 
pled to the circuit of the rectifier means for de 
riving a signal output theirefroin. 

2. A circuit as in claim 1 in which the coupling 
means of the direct current blocking type is a.d." 
justable. - 

3. In a carrier frequency receiver comprising 
a detector followed by an audio-frequency anapii 
fier, noise reducing means connected intermedi 
ate the detector and audio-frequency amplifier 
thereof comprising rectifying means, a first fil 
tering means connected to Said rectifying means 
for deriving a control voltage Substantially di 
rectly proportional in imagnitude to the average 
magnitude of the received carrier, direct current 
blocking means coupled to said rectifying means 
for modulating the current produced by Said con 
trol voltage with the audio-frequency conponents 
of the output of the half-wave rectifying means, 
a second rectifying means connected to prevent 
reversal of the current fiOWing in the circuit Of 
the control voltage by audio components instan 
taneously exceeding the magnitude thereof, and 
means for applying the control Voltage thus mod 
ulated to the input of the audio-frequency ampli 
fier. 

4. A device for reducing noise appearing in 
the output of a radio or other high frequency 
receiver, said receiver comprising an audio fre 
quency amplifier, said device being of the type in 
which noise reduction is effected by limiting any 
peak of voltage appearing at the input of the am 
plifier to a maximum value of predetermined ratio 
with respect to the average voltage value of the 
signal to be demodulated and amplified, compris 
ing in combination; rectifier and filter means cou 
pled to the output of that portion of the receiver 
immediately preceding the audio frequency am 
plifier portion thereof for deriving a control volt 
age substantially free from audio frequency Com 
ponents and substantially directly proportional 
in magnitude to the average voltage of the signal 
to be demodulated, a second rectifier, means for 
applying the control voltage to the Second recti 
fier in its conducting direction to obtain a flow 
of current therethrough, means for demodulating 
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8 
the received signal coupled to the same portion of 
the receiver circuit as the 'ectifier and filter 
means, coupling means of the direct current 
blocking type for applying a predetermined pro 
portion of the audio frequency components of 
the demodulated signal to the circuit of the Sec 
ond rectifier to control the instantaneous Walue 
of current flow therethrough in Such phase rela 
tionship that peaks of voltage equaling or exceed 
ing a predetermined magnitude in the output of 
the demodulating means will reduce the current 
flowing in the second rectifier to Zero but not ap 
preciably beyond, and means coupling the input 
of the amplifier to the circuit of the Second recti 
fier to derive an audio frequency signal there 
from subject to the limiting action of the Second 
rectifier. 

5. A device for reducing the noise in the output 
of a radio or other high frequency receiver utiliz 
ing a final detector of the rectifying type Com 
prising in combination; filter means coupled to 
the detector output to remove the high frequency 
components therefrom thus to produce a uni-di 
rectionally biased audio-frequency current, addi 
tional filter means for removing the audio-fre 
quency components from the biased audio-fre 
quency current to produce a uni-directional Con 
trol current whose magnitude will be Substan 
tially directly proportional to the average signal 
intensity, a rectifier connected to be energized in 
its conductive direction by the filtered control cur 
rent thus preventing reversal thereof, direct cur 
rent blocking means for applying the audio fre 
quency components of the first named current to 
the circuit of the rectifier to vary the instantane 
ous magnitude of the direct current flowing there 
through, the alternating components being ap 
plied with such polarity that increase in audio 
frequency voltage tends to decrease the current 
fioW through the rectifier in Such a manner that 
peaks of detected voltage equaling or exceeding 
the value of the control current will reduce the 
rectifier current to zero, and means for amplify 
ing and reproducing the audio frequency compo 
ents thus limited of the current flowing in the 
rectifier. 

6. The method of reducing noise appearing at 
the output of a device for receiving signals Con 
sisting of amplitude-modulated carrier frequency 
currents which consists in receiving and uni-di 
rectionally demodulating the received carrier fre 
quency currents, filtering a portion of the de 
modulated currents to Substantially remove all 
components of the signal frequencies therefrom 
and to produce a unidirectional control current 
whose magnitude is substantially directly pro 
portional to the average magnitude of the carrier 
frequency current at the point of demodulation, 
preventing appreciable reversal of the control cur 
rent, taking another portion of the demodulated 
currents and separating the signal frequency Com 
ponents therefrom, modulating the control cur 
rent With the signal frequency components in 
such phase relationship that signal peaks tend to 
reduce or reverse the flow of control current 
thereby limiting the magnitude of Such peaks, and 
deriving the output of the device from the control 
current thus modulated. 

7. The method of reducing noise appearing at 
the output of a device for receiving signals in the 
form of amplitude-modulated carrier frequency 
currents which consists in receiving and uni-di 
rectionally demodulating the received carrier fre 
quency currents, filtering a portion of the de 
modulated currents to substantially remove all 
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Components of the signal frequencies therefrom 
and to produce a unidirectional control current 
whose magnitude is substantially directly pro 
portional to the average magnitude of the carrier 
frequency current at the point of demodulation, 
checking appreciable reversal of the control cur 
rent, taking another portion of the demodulated 
currents and separating the signal components 
therefrom, varying the instantaneous value of the 
Control current by means of the Signal compo 
nents in such phase relationship that signal peaks 
tend to reduce or reverse the flow of control cur 
rent thereby limiting the magnitude of Such peaks, 
and deriving the output of the receiver from the 
control current thus modulated. 

8. The method of reducing noise appearing at 
the output of a demodulator for carrier-frequency 
signaling currents which consists in uni-direc 
tionally demodulating the carrier-frequency cur 
rents, filtering a portion of the demodulated sig 
nals to Substantially remove all components of 
the signal frequencies therefrom and to produce a 
unidirectional control current whose magnitude 
is substantially directly proportional to the aver 
age amplitude of the signal at the point of de 
modulation, preventing appreciable reversal of the 
control current, taking another portion of the de 
modulated signals and separating the signal com 
ponents therefron, modulating the control cur 
rent with the signal components in such phase 
relationship that Signal peaks tend to oppose and 
to reverse the flow of control current thereby lim 
iting the magnitude of such peaks, and deriving 
the output of the demodulator from the control 
current thus modulated. 

9. In a circuit for demodulating amplitude mod 
ulated carrier frequency signals, a diode detec 
tor connected to produce a unidirectional mod 
ulated current, a first low-pass filter connected in 
the detector output circuit for removing the car 
rier frequency components, a second flow-pass fil 
ter connected to the output of the first filter for 
removing the signal components to produce a di 
rect current whose value is substantially propor 
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O 
tional to the average amplitude of the carrier 
frequency signal to be demodulated, a second di 
ode connected to prevent reversal of the direct 
current so produced, a potentiometer connected 
to the output of the first filter for deriving from 
the output thereof a predetermined portion of the 
unidirectional current modulated at signal fre 
quencies, a high-paSS filter connected to the out 
put of the potentiometer for removing direct cur 
rent components therefrom, means connected to 
apply the output of the high-pass filter to con 
trol the instantaneous value of the direct cur 
rent flowing in the circuit of the Second diode in 
Such manner that unidirectional peaks of signal 
frequency passed by the first low-pass filter will 
tend to reduce the instantaneous value of current 
flowing in the circuit of the second diode to zero, 
and amplifier means connected to amplify the re 
Sulting current fowing in the circuit of the Sec 
ond diode to derive a demodulated signal output 
therefrom, whereby peaks of noise appearing in 
the signal output will be limited to magnitudes 
which cannot exceed a value which will reduce 
the Second diode current to zero this limiting 
magnitude being substantially directly propor 
tional to the average strength of the received sig 
nal. 
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