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57 ABSTRACT 
A filter network adapted to be placed in parallel with a 
power supply which provides a high impedance to the 
60 Hz utility frequency but acts like a short circuit to all 
higher frequencies. The network comprises a plurality 
of parallel circuits, each of which comprise a capacitor, 
an inductor and a resistorin series with a second resistor 
coupled in parallel with the inductor. Signal levels 
above 60 Hz in a prototype circuit using seven such 
parallel circuits with a parallel capacitor coupled 
thereto shows that above 60 Hz the signal from the 
power supply is attenuated by 25-30 dB at 1 KHz and 
that the impedance is substantially resistive beyond 1 
KHZ. 
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1. 

A-C POWER LINE FILTER 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to A-C power supplies 

for supplying power to audio signal generating and 
transmission equipment in general and in particular to a 
method and apparatus for providing a low and stable, 
i.e. resistive, impedance A-C power source with respect 
to frequencies above 60 Hz for such equipment. 

2. Description of the Prior Art 
Certain audio equipment is sensitive to high fre 

quency noise induced fluctuations in the impedance of a 
conventional 60 Hz power source providing power to 
the equipment. This sensitivity can adversely affect the 
quality of the audio signals being propagated in the 
equipment. 

SUMMARY OF THE INVENTION 
In view of the foregoing, principal objects of the 

present invention are a method and apparatus for pro 
viding a source of A-C utility power for audio equip 
ment which has a high impedance at and below the 
normal 60Hz utility power frequency and allow, prefer 
ably negligible, and stable impedance at frequencies 
above 60 Hz. 

In accordance with the above objects there is pro 
vided a filter network which is adapted to be coupled in 
parallel with the A-C utility power source supplying 
audio equipment for providing the above described 
impedance levels. 

In one embodiment of the present invention, the filter 
network comprises a plurality of parallel coupled reso 
nant circuits. Each of the resonant circuits has a differ 
ent resonant frequency above 60 Hz and comprises an 
inductor coupled in series with a capacitor. 

In another embodiment of the present invention a 
resistance is coupled in series with the inductor and 
capacitor in each of the resonant circuits for damping 
oscillatory or ringing behavior of the circuit. 

In another embodiment of the present invention a 
resistance is coupled in parallel with the inductor in 
each of the resonant circuits for limiting the normal 
impedance rise due to the inductive impedance of the 
inductor as a function of an increase in frequency. This 
will cause the resonant circuit to be resistive at frequen 
cies above resonance. 

In still other embodiments of the present invention 
switches are provided in series with one or more of the 
resonant circuits for use by operators to selectively 
change the impedance of the filter networks as desired. 
dr 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages 
of the present invention will become apparent from the 
following detailed description of the accompanying 
drawings, in which: 
FIG. 1 is a schematic diagram of a single series reso 

nant LC circuit coupled across the output of a source of 
A-C power; 

FIG. 2 is a representative plot of impedance v. fre 
quency of a single series LC circuit as shown in FIG. 1; 
FIG. 3 is a schematic diagram of a plurality of series 

LC circuits coupled in parallel across the output of a 
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2 
source of A-C power according to the present inven 
tion; 

FIG. 4 is a schematic diagram of the circuit of FIG. 
3 with a resistor in series with each of the LC circuits; 

FIG. 5 is a representative plot of impedance v. fre 
quency of the circuits of FIGS. 3 and 4; 
FIG. 6 is a representative plot of the combined resul 

tant of the impedance v. frequency for the circuits of 
FIGS. 3 and 4; 
FIG. 7 is a schematic showing a resistance in series 

with the LC circuits and in parallel with the inductor 
for dampening oscillations and rendering each of the 
circuits resistive above their respective resonant fre 
quency; 
FIG. 8 is a representative plot of impedance v. fre 

quency showing that the impedance of the circuit of 
FIG.7 can be made relatively constant, i.e. independent 
of frequency, and therefore resistive over a wide fre 
quency range; 
FIG. 9 is a specific embodiment of a filter network 

according to the present invention; and 
FIG. 10 is a plot of impedance and phase shift for the 

circuit of FIG. 9. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

The method and apparatus of the present invention 
comprises a device that when bridging an A-C power 
line will make the A-C power line appear to have a very 
high impedance at the conventional 60 Hz utility fre 
quency and a very low, preferably negligible, impe 
dance to all higher frequencies. As will be further de 
scribed below, the device is placed across the A-C util 
ity power line and therefore is not in the series path 
between the utility power and the equipment being 
powered. 
As will be further described below, the device of the 

present invention comprises multiple series resonant 
circuits which are placed in parallel across the A-C 
utility power line wherein each of the series resonant 
circuits is tuned to a different frequency above 60 Hz. 

Referring to FIG. 1, there is shown a 60 Hz, 120 volt 
source of A-C power 1, coupled to a load 2, such as 
audio signal generating and transmission apparatus, by 
means of a first and a second power supply line 3 and 4. 
Coupled in parallel across the source 1 there is provided 
an LC network designated generally as 5 comprising a 
capacitor C and an inductor L coupled in series. The 
network 5 is tuned to have a resonant frequency FR 
above 60 Hz. 

Referring to FIG. 2, there is shown a representative 
plot of impedance v. frequency for the circuit of FIG. 1 
having a node at the resonant frequency thereof FR 
which is located above 60 Hz. As shown in FIG. 2, the 
impedance of the circuit of FIG. 1 is generally capaci 
tive below the frequency FR as represented by the 
curve Xc and inductive above the frequency FR as 
shown by the curve XL 

Referring to FIG. 3, there is provided in accordance 
with a first embodiment of the present invention a filter 
network designated generally as 10. Network 10 com 
prises a plurality of parallel coupled LC circuits 11, 12, 
13, 14. Each of the circuits 11-14 comprises a switch S, 
a capacitor C and an inductor L coupled in series be 
tween the power supply lines 3 and 4. Each of the cir 
cuits 11-14 are tuned to a different resonant frequency, 
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F, F2, F3 and F4, respectively, all of which are above 
60 Hz. 

Referring to FIG. 4, in another embodiment of the 
present invention a resistance RS may be used in series 
with each of the resonant circuits in order to further 5 
control the impedance of the individual and combined 
LC circuits 11-14 of the network 10 of FIG. 3. Such 
series resistance Rs will change the Q of the circuit 
(Q=X/R) which controls the amount of oscillatory or 
ringing behavior of the circuits by damping such behav- 10 
10. 

Referring to FIG. 5, there is shown a representative 
plot of impedance v. frequency for each of the resonant 
circuits in FIGS. 3 and 4. As shown in FIG. 4, a low or 
zero impedance node exists at each of the frequencies 15 
F1-F4. 

Referring to FIG. 6, there is shown the combined 
resultant of the impedance v. frequency curves of FIG. 
5. When the impedance curves of FIG. 5 are combined, 
it can be seen that the impedance of the circuits of 20 
FIGS. 3 and 4 is substantially reduced between the 
frequencies F1 and F4 as shown by the curves 20, 21 and 
22. 

Referring to FIG. 7, the normal impedance rise due 
to inductive reactance (X) can be limited in value by 25 
placing a resistor RL across the inductor. This will cause 
the impedance to be resistive at frequencies above reso 
nance. Accordingly, there is provided as shown in FIG. 
7 a filter network designated generally as 30 comprising 
a plurality of parallel coupled RLC circuits 31, 32, 33 30 
and 34. In each of the circuits 31-34 there is provided an 
inductor L, a capacitor C and a resistor Rs coupled in 
series. Coupled in parallel with the inductor L there is 
provided a resistor RL. 

Referring to FIG. 8, there is shown a representative 35 
plot of the impedance v. frequency for the circuit of 
FIG. 7, wherein the impedance of the circuit between 
the frequencies F and F4 is substantially independent of 
frequency, i.e. resistive. 

Referring to FIG. 9, there is shown aspecific embodi- 40 
ment of a filter network 40 according to the present 
invention comprising a plurality of parallel coupled 
RLC circuits 41, 42, 43, 44, 45, 46 and 47 and a parallel 
coupled capacitor 48. The circuits 41-47 comprise ca 
pacitors C1-C7, respectively. Coupled in series with the 45 
capacitors C1-C7 there is provided an inductor L1-L7, 
respectively. A plurality of resistors R1-R5 are coupled 
in series with inductors L1-L5, respectively. Coupled 
in parallel with each of the inductors L1-L7 in the 
circuits 41-47 there is provided a plurality of resistors 50 
R6-R12, respectively. The capacitor 48 is also desig 
nated C8. The above-described capacitors, inductors 
and resistors of FIG. 8 have the following typical val 
CS: 
Cs 18 Inf 55 

C6= 1.5 mf 60 

L7's 0.1 mh 65 

R6s24 ohms 
R7=24 ohms 

R8=20 ohms 
R9=20 ohms 
R10-R12=20 ohms 
In each of the embodiments of FIGS. 3-5 and 7 an 

optional switch S may be provided to enable an opera 
tor to selectively remove one or more of the LC circuits 
from the network as desired. 

Referring to FIG. 10, there is shown a plot of gain, 
i.e. attenuation, and phase shift v. frequency for the 
circuit of FIG. 9 wherein the load 2 comprises a resis 
tive circuit of approximately 100K ohms. As will be 
seen from the plot in FIG. 10, the circuit 40 of FIG. 9 
attenuates the output power from the source as a func 
tion of frequency wherein the attenuation begins just 
above 60 Hz and reaches a maximum of 25-30 dB at 1 
KHz and greater such that the impedance of the power 
source as seen by the load 2 decreases toward a very 
low impedance between the supply lines to all frequen 
cies above 60 Hz and is substantially resistive above 1 
KHz. 
While preferred embodiments of the present inven 

tion are described above, it is contemplated that various 
modifications may be made thereto without departing 
from the spirit and scope of the present invention. For 
example, while network 40 is described as comprising 
seven parallel RLC circuits and a parallel capacitor, 
there are no theoretical limits to the number of such 
resonant circuit stages that may be used to extend the 
low impedance range to cover a wider frequency span 
than that achieved with the network 40 of FIG. 8. Ac 
cordingly, it is intended that the embodiments described 
be considered only as illustrative of the present inven 
tion and that the scope thereof should not be limited 
thereto but be determined by reference to the claims 
hereinafter provided and their equivalents. 
What is claimed is: 
1. An apparatus for coupling a source of 60 Hz A-C 

power to audio equipment and for providing a low and 
stable impedance at frequencies above 60 Hz at the 
power supply input of the audio equipment coupled 
thereto, said source having a first and a second power 
supply line, comprising: 
a filter network having a plurality of parallel circuits, 

each of said circuits comprising a resistor, an induc 
tor and a capacitor coupled in series for providing 
a plurality of resonant frequency nodes at frequen 
cies above 60 Hz and an absorption of energy at 
frequencies above 60 Hz; and 

means for coupling each of said circuits in said filter 
network in parallel with said source between said 
first and second power supply lines. 

2. An apparatus according to claim 1 wherein each of 
said circuits further comprises a resistor coupled in 
parallel with said inductor for providing with respect to 
frequencies above a predetermined frequency a substan 
tially zero degree phase shift between the current and 
voltage therein. 

3. An apparatus according to claim 2 wherein each of 
said circuits further comprises a switch means coupled 
in series with selected ones of said series coupled capac 
itors and inductors. 

4. A method of providing a low and stable impedance 
at frequencies above 60 Hz at the power supply input of 
audio equipment coupled to a source of 60 Hz A-C 
power, said source having a first and a second power 
supply line, comprising the step of 

coupling a filter network having a plurality of circuits 
in parallel between said first and second power 
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supply lines, each of said circuits comprising a 
resistor, an inductor and a capacitor coupled in 
series for providing a plurality of resonant fre 
quency nodes at frequencies above 60 Hz and an 
absorption of energy above 60 Hz. 

5. A method according to claim 4 wherein said cou 
pling step further comprises the step of coupling a resis 
tor in parallel with said inductor for providing with 
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6 
respect to frequencies above a predetermined frequency 
a substantially zero degree phase shift between the cur 
rent and voltage therein. 

6. A method according to claim 5 wherein said cou 
pling further comprises the step of coupling a switch 
means in series with selected ones of said series coupled 
capacitors and inductors. 
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