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My present invention relates to attenuators, 
and more particularly to an attenuator arrange 
ment with high impedance. 
Attenuators of various types are commonly 

5 used for controlling the signal input to an 
amplifier to prevent overloading, and to add 
flexibility to the transmission network. For Some 
purposes, such as in connection with a cathode 
ray oscillograph, it is desirable to have an at 
tenuator, with high impedance. In general, the 
ohmic impedance of an attenuator can be Sufi 
ciently high for most purposes, but the Shunt 
capacities which enter into the construction of 
the attenuator often limit the frequency range 
over which the latter can be used. Et is well 
known, for example, to employ Various means 
of compensation so that the attenuator will have 
the same frequency characteristics on different 
taps. If the ohmic impedance of an attenuator 

20 is reduced the problem of compensation for the 
attenuator is reduced, and the problem of com 
pensation for shunt capacities is somewhat 
simplified and the frequency range may be ex 
tended. Usually, it is undesirable to reduce the 

25 ohmic impedance, because of the loading effect 
it produces on the circuit to which the attenuator 
is connected. 

It can be stated, therefore, that it is one of the main objects of my present invention to provide 
an attenuator arrangement which will permit an 
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appreciable decrease in ohmic impedance in the 
attenuator construction proper and at the same 
time will provide an increase in ohmic and 
capacitive impedance in the input circuit Sup 
plying the attenuator. 
Another important object of my present inven 

tion may be stated to reside in the provision of a 
degeneratively connected tube between an input 
circuit, and an output network; and the tube 
utilizing a cathode resistor of relatively low ohmic 
resistance, the output network being adjustably 
connected by a variable tap to the cathode re 
sistor. 
Another object of my invention is to provide a, 

high impedance attenuator; the attenuator con 
prising a tube having a cathode load element of 
relatively low ohmic impedance, an adjustable 
tap being arranged for sliding connection to the 
load element, and the output network being Con 
nected to the adjustable tap through a con 
denser. w - 

The novel features which I believe to be char 
acteristic of my invention are set forth in 
particularity in the appended claims; the in 
vention itself, however, as to both its organiza 

5 

4) 

s 

stood by reference to the following description, 
taken in connection with the drawing, in which 
I have indicated diagrammatically several circuit 
organizations whereby my invention may be car 

80 ried into effect. 

tion and method of operation Will best be under 

(CI. 178-44) 
In the drawing: 
Fig. 1 shows a circuit embodying the invention, 
Fig. 2 illustrates a modification, 
Fig. 3 shows another modification. 
Referring now to the accompanying drawing, 

wherein like reference characters in the figures 
designate similar circuit elements, there is shown 
in Fig. 1 a tube whose control grid is connected 
by condenser 2 to a terminal of a source of input 
voltage. The numeral 3 denotes the alternating 
Current voltage source, and it is to be understood 
that this source may be an input circuit of an 
amplifier, and that the frequency of the source 3 
may be in the audio or radio frequency ranges. 
The cathode of tube is connected to ground 
through the attenuator resistor 4, and the latter 
has a relatively low ohmic impedance. The plate 
of tube is connected to ground through a direct 
Current Source 5, while the grid of the tube is 
shown as provided with a normal negative bias 
by the Source 6; the high impedance 7 being con 
nected between the grid side of condenser 2 and 
the negative terminal of source 6. 
The output circuit, or utilization network, is 

coupled to a desired portion of the cathode load 
element 4. The coupling is made adjustable by 
Connecting One of the terminals of the utilization 
network to a slidable tap C through condenser 
9 and the other terminal of the utilization net 
Work to ground. By varying the tap 8 between 
ground and the cathode end of resistor 4, the 
Voltage amplitude at the utilization network may 
be varied from Zero to any predetermined mag 
nitude. 
The ohmic value of the attenuator resistor 4 

determines the amplitude of the input signal that 
can be applied without overloading. Because the 
circuit employed is degenerative, the input signal 
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is not limited to the normal grid swing which 
could be used if the tube f were operated class A. 
Instead, it may be increased to a value E, which 
is equal to Eg--Ep; where Eg is the normal grid 
voltage permissible for class A operation, and 
Ep is the corresponding voltage which would ap 
pear in the plate circuit with class A operation 
if a resistance, the equivalent of the attenuator 
resistance, were used in the plate circuit. This 
characteristic permits the use of a tube such as 
one of the 954 type, which has a very low input 
capacity, even though it has a low grid bias; and 
the circuit can be designed to handle peak signals i 
of 50 to 100 volts, if necessary. 
The signal voltage appearing across the at 

tenuator resistor output will be of the same phase 
and, in maximum position at the cathode end of 
resistor 4, Will have almost the same amplitude 
as that at... the input electrodes of the tube. The 
maximum amplitude of the output signals is 
governed by the magnitude of the resistance in 
the Cathode circuit. The gain between grid and 
cathode of tube can not be made unity, but 
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2 
can be made at least 0.9 without any difficulty, 
depending on the size of the cathode resistor. 
In this circuit the 

where gim is the mutual conductance of the tube 
under operating conditions, and ZL is the cathode 
resistor 4. In general, the ohmic value of the 
resistor 4 which will permit a large signal input, 
and which will give a gain of 0.9 or better, Will be 
appreciably lower than the values used in high 
impedance attenuators of known types. The 
ohmic value can be reduced to a much lower 
value if a reduction in input signal and gain are 
permissible, and such arrangements will be ob 
vious to those skilled in the art. 
The attenuator can be used in either the audio 

or radio frequency range depending on the ohmic 
value of attenuator resistor A with respect to the 
Stray shunt capacities of the wiring and the utili 
zation network. In general, the ohmic impedance 
looking at attenuator 3 from point 8 should be 
about one-tenth of the impedance, ohmic or ca 
pacitive, looking toward the utilization network, 
for ail frequencies desired to be transmitted uni 
formly. One advantage in the circuit is the pos 
sibility of placing attenuator 4 at a renote point. 
Then, the majority of the shunt capacities from 
wiring, etc., appear across the whole attenuator 
which is connected to the cathode and is shunted 
by the tube impedance. The tube impedance be 
tween cathode and ground is approximately 

gain= 

-- 
- 9m 

Or for a 

1. - 

2,000 mho tube =2x os-500 ohms. 
Thus, the loading of shunt capacities for the re 
mote connection is about 500 ohms. However, if 
the line With its capacity Were connected to point 
8, the shunting effect would be more pronounced 
because attenuator 4 may be 10,000 to 50,000 
ohms depending on the input voltage on the tube. 
Thus, the design of the circuit influences the fre 
Cliency range. 
The impedance of condenser 2 should be about 

one-tenth of the impedance of resistor 7 at the 
lowest frequency it is desired to transmit. The 
impedance of condenser 9 should be about one 
tenth of the impedance of the utilization network 
at the lowest frequency. Resistor 7 may be of 
the Order of 1 megoinn; a normal grid leak. Re 
sistor & may vary from 500 ohms to 50,000 ohms 
depending on the use of the attenuator. The 
prior mentioned formulae for gain and voltage 
input, as well as utilization network impedance, 
and tube choice, all influence the choice of size 
of resistor 4. The high impedance is gained 
through using the input circuit of a vacuum tube. 
The CW - impedance in the cathode circuit per 
Inits a heavier loading. Actually, the tube acts 
like an impedance transformer. 
... Another arrangement which is useful, particu 
larly in video circuits where very low, as well 
as very high, frequencies must be passed, is 
shown in Fig. 2. In this case the gm of the tube 
is probably lower, but a heavy by-pass condenser 
is not necessary to give good low frequency re 
sponse. In Fig. 2, the resistor 4 is in shunt with 
a relatively higher (10 times) resistor f0. Point 

2,200,055 
7' on resistor 0 is selected by trial to give normal 
cathode current. Point 7' could have been on re 
Sistor 4, but it is usually more convenient to use 
a Separate resistor f0. 

In Fig. 3 is shown another modified form of 
the grid bias network. Here, the resistor O is 
connected in series with cathode load resistor 4, 
the signal bypass condenser f is connected in 
shunt with resistor f. Resistor f) is of such 
Value as to produce normal grid bias at point 7. 
While I have indicated and described several 
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Systems for carrying my invention into effect, it 
Will be apparent to one skilled in the art that my 
invention is by no means limited to the particu 
lar organizations shown and described, but that 
many modifications may be made without de 
forth in the appended claims. 
What is claimed is: . . . . 
i. In a signal transmission network, an 

circuit, an output network, a high impedance at 
tenuator arrangement comprising a tube provided 
With at least a cathode, control grid and a plate, 

parting from the scope of my invention, asset 

an unbypassed resistive impedance disposed in 
the Space current path of Said tube and connected 
between the cathode and a point of relatively 
fixed potential, said input circuit being connected 
between the grid and said point of fixed poten 
tial Whereby the total signal voltage developed 
aCrOSS Said impedance is fed back to the grid in 
degenerative phase, means for maintaining the 
plate at a positive potential with respect to said 
fixed potential point, a second resistive impedance 
in said space current path in series between said 
cathode and first impedance, a direct current 

input 
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voltage biasing connection between the grid and 
the junction of said two impedances whereby 
solely the direct current voltage across the sec 
ond impedance biases the grid negative, a signal 
bypass condenser shunted across said second im 
pedance, and capacitative means adjustably cou 
pling said output network to any desired point 
of Said resistive impedance whereby signal volt 
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age fed to the output network can be varied solely 
between Zero and the amplitude of the voltage 
at Said input circuit. - 

2. A signal transmission network with an input 
circuit of high impedance and an output circuit 
of relatively low impedance between which the 
attenuation can be controlled to any amount be 
tween Zero and maximum, comprising a tube pro 
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vided with at least a cathode, control grid and 
plate, an unbypassed resistive impedance in the 
tube space current path, and connected between 
the cathode and a point of relatively fixed poten 
tial, means for maintaining the plate positive 
with respect to said fixed potential point, said 
input circuit being connected between the grid 
and said point of fixed potential whereby a 100%. 
degenerative signal voltage feedback exists to 
said grid, a resistor in said space current path in 
Series with said cathode and impedance, a signal 
bypass condenser shunted across the resistor, a 
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connection between the grid and the junction of 
Said resistor and impedance for applying to said 
grid as its Sole bias the direct current voltage de 
Veloped acroSS said resistor, and a capacitative 
coupling device slidable along said resistive lim 
pedance whereby said output circuit can be con 
nected between any point on said resistive lim 
pedance and said point of fixed potential. 

CARLOS E. BURNETT. 
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