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My invention relates to wide band amplifiers 
such as those employed for the amplification of 
video frequency currents used in television. 

It has for one of its objects to provide a method 
and means for producing uniform amplification 
at all frequencies of such currents from a level 
only slightly in excess of the undesired disturb 
ing, or noise, currents to substantially higher lev 
el notwithstanding the attenuating effects of such 
shunt capacities: as are usually present. 

In television transmitters, camera tubes are 
employed which are exposed to the scene to be 
televised and which produce currents represent 
ing Such scene. This discharge device has very 
high impedance such that the currents flowing 
therefron are not materially affected by the load 
impedance into which the tube operates. These 
currents may have frequencies extending over the 
range from zero to about five megacycles. An ob 
ject of my invention is to provide improved means 
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for producing uniforn amplification for these 
currents throughout this frequency range. 

It so happens, in the use of the camera tube, 
that the currents produced thereby most faith 
fully represent the televised scene if adjusted to 
be as small as possible; i.e., the smaller the cur 
rents the better they represent the televised pic 
ture. Accordingly, one normally adjusts the elec 
tron beam of the camera tube to as low intensity 
as possible and still produce amplifiable output 
currents. Of course, the undesired disturbing, or, 
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so called, noise, currents produced in the ampli 
fier chain define the lower limit, it being neces 
Sary that the camera tube output currents be of 
intensity such that when amplified in the ampli 
fier chain they have an intensity level sufficiently 

35 

above the undesired noise level. These undesired 
currents extend throughout the frequency band 
to be transmitted but the most objectionable of 
them are in the frequency range below two thou 
sand cycles, or substantially below the line repe 
tition rate employed in the scanning process. 

Difficulty is encountered in effecting uniform 
amplification over the band of frequencies to be 
amplified because of the low level of the desired 
signal with respect to the noise level and because 
of the attenuating effects of shunt capacity in 
herently present throughout the amplifier. 
An object of my invention is to overcome this 

difficulty and secure uniform amplification 
throughout the band while minimizing the effects 
of disturbing currents introduced by the ampli 
fier. 
The novel features which I believe to be char 

acteristic of my invention are set forth with par ticularity in the appended claims. My invention 
itself, however, both as to its Organization and 
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method of operation, together with further ob 
jects and advantages thereof, may best be under 
stood by reference to the following description 
taken in connection with the accompanying 
drawing, in which Fig. 1 represents an embodi 
ment of my invention, and Fig. 2a, Fig. 2b, Fig. 
2c and Fig. 2d represent certain characteristics 
pertaining to its operation. 

Referring to Fig. 1 of the drawing, I have 
shown therein an amplification channel extend 
ing from terminals , 2 to terminals 3, 4. The 
terminals , 2 may, of course, be connected to the 
output terminals of a cathode ray, or camera, 
tube used in picking up the scene to be televised 
and these terminals are connected to the input electrodes of an amplifier represented by the rec 
tangle 6. 

Fig. 1 includes three rectangles 5, 6 and , each 
of which may be taken to represent either a single 
stage electron discharge amplifier or a multi 
stage amplifier but in the usual case these rec 
tangles represent a multi-stage amplifier. Prefa 
erably the last stage in each of these amplifiers 
is of the pentode type, such that it has extremely 
high internal output impedance and produces 
output current which is independent of the mag 
nitude of the load impedance. 
The terminal may be considered to be con 

nected to the input grid of such an amplifier and 
the terminal 2 to the cathode through such bias. 
means as may be employed. Operating potential 
for the anodes of the discharge devices repre 
sented by the rectangles 5, 6, and 7 may be sup 
plied through conductors 8, 9, and to respectively 
to the respective anodes of the different dis 
charge devices. 
The network between rectangles 5 and 8 is 

the interstage coupling network connected bear 
tween the anode and the cathode of the last dis 
charge device represented by rectangle 5 and the 
grid and cathode of the first discharge device 
represented by rectangle 6. Similarly, the net 
work 2 between rectangles 6 and 7 represents the 
coupling network connected between the anode 
and cathode of the last discharge device repre 
sented by rectangle 6 and the grid and cathode 
of the first discharge device represented by rec 
tangle 7. The output network 3 may be con 
nected from the anode and cathode of the last. 
discharge device represented by the rectangle 
to the input of any additional stages of amplifl 
cation that may be required. 
As previously stated, the camera tube is one 

having extremely high impedance and thus the 
current produced thereby is not materially af 
fected by the load impedance into which the tube 
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operates. This current, we may consider to be 
represented by the dotted line A of Fig. 2a and it 
is desired that this current be amplified with 
uniform amplification over the frequency band 
to produce a voltage at the output terminals 3 
and 4, which voltage may likewise be represented 
by a straight line, as indicated by the curve A' of Fig. 2d. 
This current flows through the impedance be 

tween terminals and 2. This impedance is made 
up of the input capacitance of the first discharge 
device represented by rectangle 5 which capaci 
tance is indicated by dotted lines at 4, in shunt 
with such impedances as are present across the 
circuit, including, for example, resistance such as 
that indicated at 6 and through which bias 
voltage may be supplied to the grid of the first 
stage of the amplifier 5. Such resistance is nec 
essary to produce a limiting finite impedance at 
low frequencies across the input to the first dis 
charge device of amplifier 5. The voltage across 
these terminals produced by the camera tube 
may, by reason of these impedances, vary with 
frequency as indicated, for example, by the curve 
B of Fig. 2a. 
This voltage is as minute as it is practicable 

to make it and still be amplifiable in the pres 
ence of the noise level of the amplifier, the most 
objectionable of the noise currents introduced 
by the amplifier being at low frequency, below 
the line repetition rate, or below two thousand Cycles. 
Of Course, one way to correct for the attenua 

tion at high frequency, represented by the curve 
B is to connect across the circuit, a series com 
bination of inductance and resistance propor 
tioned with respect to capacity 4 to produce 
uniform impedance at all frequencies to be am 
plified. This, however, is not feasible because 
Such inductance and resistance would have such 
low values that they would so reduce the input 
voltage available for amplification at all fre 
quencies in the band that amplification thereof, 
in the presence of the undesired noise current introduced by the amplifier would be extremely 
difficult, and, in fact, out of the question. 
In accordance with my invention, no attempt 

is made, in this part of the circuit, to effect the 
desired compensation. Instead, a condenser 5 
is employed connected between the terminal 2 
and a point between the two resistors 6 and 

, this condenser being so proportioned relative 
to resistances 6 and 7 as to produce substan 
tial reduction in impedance at the intermediate 
frequencies without materially affecting the im 
pedance at either the low frequencies or, the 
high frequencies. Thus, the voltage across ca 
pacitance 4 may now, by reason of the presence 
of condenser 5, be represented by the curve C 
of Fig. 2d. The attenuation, equal to the differ 
ence between curves B and C, may be effected 
while still maintaining the signal intensity above 
the noise level at all frequencies. 

It will be seen that curve C of Fig.2a lies be 
low curve B to a substantial extent only in the 
intermediate part of the range. At the extreme 
right end of the curve, corresponding to frequen 
cies between about one megacycle and five mega 
cycles, where condenser 5 has substantially zero 
reactance, the two curves substantially coincide. 
In this range of frequencies the shape of both 
Curves is determined primarily by the capaci 
tance 4, the reactance of which at these fre 
quencies is low relative to the resistance of re 
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with respect to resistance f6. 
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flowing between terminals f and 2 flows largely through capacitance f4. 
At frequencies below one megacycle the re 

actance of condensers 4 and 5 both increase 
but since the reactance of capacitance 4 is 
much greater than that of condenser 5 it be 
comes very high relative to resistance 6 while 
the reactance of condenser 5 remains negligible 

This is true at 
about one hundred and fifty thousand cycles. 
Since the reactance of condenser 4, at the fre 
quency corresponding to the point Y of curve 
C, is already large relative to resistance f6, it, 
at this and lower frequencies, has little or no 
effect upon the shape of the curve C. Similarly, 
since the reactance of condenser 5 is negligible at the frequency corrésponding to the point Y; it 
has little effect upon the shape of the curve. C 
at that point Y. The shape of the curve at this 
point Y is determined by the resistance 6 and, 
therefore, curve C in the region of point Y is 
substantially a straight line nearly parallel to 
the horizontal, or frequency, axis of the graph. 
At frequencies below the point Y, the reactance 

of condenser 5 increases and first becomes high 
relative to resistance 6 and finally becomes high 
as compared with resistance T, which is about 
ten times greater than resistance 6. Thus, the 
voltage between terminals and 2 rises with re 
duced frequency until the point X is reached 
where the reactance of condenser 5 is so high 
that it no longer is effective in determining the 
shape of the curve. Below this point X, Curves 
B and C coincide. 
While the use of condenser 5 results in a loss 

of signal input over a region of intermediate 
frequencies, it does not reduce the signal input 
at low frequencies where the noise level is high 
est. It produces the important advantage of 
dividing the signal frequency band in two dis 
tinct portions each having distinctly different 
signal levels and which may be treated Sepa 
rately. Both portions may now be amplified 
until the lower frequency portion, which is of 
higher intensity, becomes of such amplitude that 
further amplification with a given tube comple 
ninent results in distortion due to overloading. 
The lower frequency band may then be attenu 
ated to produce uniform amplification Over the 
entire lower frequency portion of the band with 
out loss in amplification in the higher frequency 
portion of the band, without changing the char 
acteristic relation between voltage and frequency 
in the high frequency portion of the band, and 
without reducing the signal level to a point 
objectionably close to the noise level at low fre quencies. 
Now the entire band may be amplified to such 

a level that circuits may be employed to increase 
the intensities of currents of the highest fre 
quencies in the band to a level of the low fre 
quency currents. Such circuits are of such char 
acter, as will presently be explained, that they 
produce a loss at all frequencies and especially 
the low frequencies. However, by reason of my 
invention, such circuits may be employed after 
sufficient amplification has been had that this 
loss may be tolerated without reducing the signe. 
to a level too close to the noise level of the ann plifier. 
The voltage represented by the curve C is am 

plified by the amplifier 5 and produces a...current 
represented by the curve. I of Fig. 2b at the sistor 6. In this range of frequencies current 75 output of the amplifier 5. This curve I1 has the 
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same shape as the curve C of Fig. 2a since the 
amplifier 5 has uniform amplification at all fre 
quencies involved and its last stage has high in 
ternal impedance to currents in its output cir 
cuit as previously mentioned. 
This current is supplied by amplifier 5 to the 

network coupling that amplifier to the an 
plifier 6. A portion of this current flows through 
resistance 8 and by-pass condenser 9. The 
voltage on the resistance 8 is supplied through 
coupling condenser 20 to the grid of the first 
discharge device of the amplifier 6. Between the 
grid and cathode of this discharge device is con 
nected the series combination of inductance 2 
and resistance 22, which are proportioned rela 
tive to the shunt capacitance 28, effective across 
the input of the amplifier 6 to have uniform ima 
pedance throughout the band to electromotive 
force existing across the combination 2, 22, and 
23. - 

Connected across condenser 20 is a path com 
prising resistance 24, condenser 25, and resist 
ance 26, the elements 8, 20, 24, 25, 26, 2 and 22 
being proportioned relative to resistances f and 

and capacitance 5 to attenuate the low fre 
quency currents in the band, thereby to froduce 
voltage across capacitance 23, which voltage may 
be represented by the curve Es of Fig.2b. 
This is effected by so proportioning the ele-. 

ments that the sum of resistances 8 and 22 
bears the same ratio to resistance that the sum 
of resistances 24 and 26 bears to resistance f, 
and that the capacitance of condenser 5 bears 
to the capacitance of condenser 20. 
In the path 24, 25, and 26, the resistances 24 

and 26 are of equal value and the condenser 25 
is of negligible reactance as compared with the 
Sum of resistances 24 and 26 at the lowest fre 
quency to be amplified; for example, ten cycles 
per second. In other words, the path 24, 25, 26 
is essentially purely resistive throughout the 
band. Resistances 24 and 25 are so large that 
capacity between condenser 25 and ground does 
not materially affect the transmission charac 
teristics of the channel. 
Such proportioning of the elements not only 

produces uniform amplification over the band 
including frequencies up to 150,000 cycles, but it 
also renders the system as will later be shown, in 
dependent of frequency so that no undesired 
phase shifts at the different frequencies are pro 
duced. 
This network produces attenuation at the 

3 
Curves of Fig. 2C. The signal voltage on re 
sistance 2 is supplied through coupling con 
denser 30 to the input of the first discharge de 
vice of amplifier between the grid and cathode 
of which is connected a network comprising an 
inductance 3, resistance 32, resistance 33 and 
bias battery 4, a condenser 35 being connected 
between ground and a point between resistances 
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32 and 33. The resistance 33 may be variable, 
if desired, to correct for changing internal re 
sistance in the source 34 which may be a battery. 

Resistor 27, which comprises a portion of the 
network 2 is connected in the path -through 
which unidirectional anode current to the last 
stage of amplifier 6 is supplied, and has, there 
fore, a high resistance. Only a small fraction 
of the signal current output of the amplifier 6 
flows through this resistor, the remainder of the 
output current flowing through condenser 30 and 
the series parallel combination represented by 
elements. 3, 32, 33, 34, 35 and 36. That is, the 
impedance looking to the right of the juncture 
of resistance 2 and condenser 30 is considerably 
lower than the resistance 27 over the entire range 
of frequencies involved. Condenser 30 serves as 
a blocking condenser to prevent application of 
unidirectional anode voltage to the grid of the 
first stage of amplifier 7. This condenser must 
have a reactance substantially lower than the 
resistance 2 at the lowest frequency considered, 
i. e., ten cycles per second, so that the impedance 
into which amplifier 6 works is determined prin 
cipally by elements 30, 3, 32, 33, 34, 35 and 36 
of the network 2. Since, as has been shown earlier, the 'extreme 
right end of the curves C, Es, and Is is affected 
by the condenser 4, acting together with resis 
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lower frequencies to bring about the uniform 
amplification desired. This attenuation occurs, 
however, after the amplification of amplifier S 
has been had so that the voltage Es is still above 
the noise level of amplifier 6 even at low fre 
quencies where the disturbing currents are the 
most intense. Having produced uniform amplification over 
the low frequency portion of the band; i. e., up 
to 150,000 cycles, it now remains to accentuate 
the high frequencies sufficiently to produce uni 
form amplification over the entire band. The 
band Over which accentuation is to be effected 
and the magnitude of accentuation required is 
now much less than would be the case if all of 
the compensation were to be effected in a single 
stage of the amplifier. 
The voltage represented by the curve Es is am 

plified by amplifier 8 in the presence, of course, 
of such noise currents as are produced by ampli 
fler 6. This amplifier supplies to the network 2 
an output current which is represented by the 
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5 put of amplifier. may be had. 

tor 6, the impedance elements 3 and 32 are 
proportioned in such a manner that the time 
constant of the series combination of elements 
3 and 32 is the same as the time constant of 
the parallel combination of elements 4 and 6 
in order to effect compensation for the phase 
and amplitude of the currents and voltages in 
the upper range of frequencies. 

It is important that the frequency at which 
the network 2 resonates be not lower than 2 
to 3 times the upper limit of the amplifier sys 
tem; i. e., from 10 to 15 megacycles in the em 
bodiment shown, in order that the resonance 
effect shall not affect transmission in the band. 
This resonance is produced primarily by induct 
ance 3 and capacitance 36. Since stray ca 
pacity 36 cannot be reduced appreciably, it is 
necessary that inductance 3 be chosen to reso 
nate with the capacity 36 at a frequency well 
outside of the pass-band of the amplifier. Thus, 
the resistance 32 and the inductance 3, in gen 
eral, have exceptionally low values when the cir 
cuit is adjusted to give nearly exact compensa 
tion. For example, the resistance 32 may be ten 
ohms and the inductance 3 f three microhenries. 
By so proportioning these elements, uniform 

amplification over the entire band up to the in It so happens, 
however, that since the value of resistance 2 and inductance 3 required to produce such und 
form amplification are very small, they reduce 
the intensity of the signal over the entire band. 
However, at this point of the circuit, the previous 
amplification has been sufficient that this loss 
can be tolerated without reducing the signal 
level to a point insufficiently above the noise 
level of amplifier. If, in a particular installation, the signals are 
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reduced to a point insufficiently above the noise 
level of amplifier then resistance 33 and con 
denser 35 may be included in the circuit and 
proportioned relative to resistance 32 in the same 
way that resistance 7 and condenser 5 are 
proportioned relative to resistance 6 thereby to 
increase the impedance at low frequencies to 
produce a voltage across capacitance 36 varying 
with frequency in the manner illustrated by 
curve E of Fig. 2c. Condenser 35 is a Substan 
tial short circuit to resistance 33 at the high fre 
quencies to be accentuated but is of sufficiently 
high reactance at the low frequencies where 
noise currents are most objectionable to render 
resistance 33 effective in series with resistance 
32 to increase the impedance across the channel 
and bring about the increased low frequency am 
plification evidenced by the left end of curve E. 
This voltage E7 is amplified by amplifier 7, 

which produces a current in its output which 
may be represented by the curve I of Fig. 2d. 
This current is supplied to the network 3 which 
is identical in its action to network f. That is, 
it reduces the low frequency voltage supplied to 
the terminals 3 and 4 relative to the high fre 
quency voltage thereby producing transforma 
tion between current at the terminals and 2 
and voltage at the terminals 3 and 4 which is 
uniform at all frequencies in the band of fre 
quencies to be transmitted. This voltage atter 
minals 3 and 4 is represented by the curve A 
of Fig. 2d and may be of an intensity of the 
order of half a volt, well above noise level at all 
frequencies, and such that it may be readily 
amplified to any desired intensity required for 
the transmission of the picture represented 
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The voltage between terminals f and 2 may be expressed by the following equation: 

ity. 
E-R--es- (1) 

Rit 
where I represents the current supplied to the in 
put through terminals and 2: E represents the 
voltage between terminals and 2; R and C rep 10 
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thereby by modulation upon a carrier wave to 
be transmitted by radio. 

It will thus be seen that an important feature 
of my invention resides in the use of the net 
work 5, 6, 7 at the input to amplifier 5. This 
network, in effect, divides the frequency band 
into two portions, the low frequency portion be 
low the frequency represented by point Y of 
Fig. 2a and the high frequency portion above the 
frequency represented by this point Y. This 
permits these two portions to be treated sepa 
rately in the respective networks and f2, the 
network if producing uniform amplification over 
the low frequency portion of the band with an 
output intensity above the noise level of amplifier 
6 and the network 2 accentuating voltages in 
the high frequency portion of the band. Since, 
however, the elements required to accentuate the 
high frequency currents may reduce the intensity 
of the low frequency currents to intensities un 
Satisfactorily small, the elements 35 and 33 may 
be included to maintain the lows sufficiently 
above the noise level of amplifier T. Network 3 
then brings about the uniform amplification over 
the band. - 

I have now generally set forth the character 
of my invention. For a more detailed consider 
ation let us first consider the amplifier 5 and 
the networks between which it operates, and 
the portion of the band of frequencies below the 
point Y of Fig. 2a. This point is at a frequency 
below the frequencies the transmission of which 
is affected by capacitance 4 and above the fre 
quencies the transmission of which is affected by 
Condenser 5. 
Since the network i? compensates for the var 

iation in transmission with frequency caused by 
elements 5, 6, f, it, of course, is designed rel 
ative to that network. 
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resent, respectively, the resistance and capacity 
of the elements of Fig. 1 designated by the refer 
ence numeral Written as a subscript after the 
respective character; w represents frequency mull 
tiplied by the constant 2r where r=3.1416; and 
i represents the imaginary quantity, V-1. 
This nomenclature will be employed through out the following. 
Equation 1 is true only for frequencies below 

the point Y of Fig. 2d.; i. e., below around 
150,000 cycles. 

If G represents the overall mutual conductance 
of amplifier 5 then the current I at the output 
of amplifier 5 may be expressed by the following equation: 

1=GE (2) 
Now, neglecting the capacitance C23 and letting 
L21; i. e., the reactance of inductance 2, equal 
zero, the impedance 211 of network as reviewed 
from amplifier 5 may be spressed as follows: 

Re--Rs 
R9 -- coCao 18 

L"TR-Resi?o Co 
R4+R2s) oC 

R4+Ras 
This equation is true at frequencies at which 
the reactance of condenser 25 is negligible with 
respect to the Sum, R24--R26. 
The voltage E6 at the input to a 

be expressed as follows: 

- --- E= iHR 121 
Ra- oCao d 

Rx--Ra 
Substituting from Equation 2 for I, and from 
Equation 3 for 211. ? 

(3) 

plifier 6 may 

iR--Izel 
coCao 

R.--Ra- ck. 
gE-R2s 

cuCo 

Ra-i-Ras-all. 
Sigfying and substituting from Equation 1 O E: 

Ris 

R+Ris 

JR R.R.G.R.--e.g. 
iR-E-Ras) 

cuCo 

Ru--Ra 
(4) 

    

  



If Raa--R18=aR16, where a is a real constant; 
Ra--Rag=ar17 and C15=aCao, then from Equa 
tion 4 the following is obtained: 

Rail-Rae 
Ra-Ris waC 

GREl TREE 
E= a Co. 

s Ra-28 
C R+Ris-i - - -i O 

(E--Real 
Simplifying, 

E-GRPal 
Thus, it is found that Es, the input voltage 

of amplifier 6, is independent of frequency below 
the frequency Y if the above proportionalities be 
made. Moreover, all of the quantities in Equa- 20 
tion 5 are real quantities, which means that there 
is no phase shift between the current I supplied 
at terminals l and 2 and the voltage Es Sup 
plied to amplifier 6 over the frequency range 
below the point Y. 92S 
This voltage E6 is now amplified by amplifier 

6 and produces current Is in network 2 where 
compensation for the effect of capacitance 4 at 
high frequencies is made. Now, considering frequencies higher than that 30 
Corresponding to point Y, it is necessary, as 
previously stated, that the time constant of the 
elements 3 and 32 equal that of the elements 
6 and 4 or that 

List S5 
i=Rica 

The series circuit comprising inductance 3 and 
resistance 32, having the same time constant as 
the shunt circuit comprising capacitance and 40 
resistance 6, produces exactly equal and Oppo 
site effects upon the transmission through the 
system, and thus, except for the effect of ele 
ments 35 and 33 at low frequencies, uniform am 
plification over the entire band, exists between 45 
the terminals and 2 and the input to amplifier . 

Elements 35 and 33 may be necessary, however, 
in order that the signal voltage be large enough 
at the low frequencies to Override the low fre-, 

(6) is 
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different modifications both in the circuit ar 
rangement and in the instrumentalities employed 
may be made, and I contemplate by the appended 
claims to cover any such modifications as fall 
within the true spirit and scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. In an amplifier for producing uniform ratio 

between input current and output voltage, said 
amplifier having resistance and capacity in shunt 
with its input to which said current is supplied, 
said current having frequencies extending Over a 
Wide band and having. intensities Only slightly 
above the noise level of said amplifier, the meth 
Od which comprises attenuating currents in the 
intermediate frequency, portion of said band 
above the frequency of the most intense noise 
currents of the amplifier without changing the 
characteristic relation between intensity of volt 
age on said resistance and capacity and frequency 
in the high frequency portion of the band, at 
tenuating in a later stage of the amplifier low fre 
Quency currents to produce uniform amplifica 
tion at all frequencies below said high frequency 
portion of the band and thereafter accentuating 
the voltages having frequencies in said high fre 
quency portion of the band by an amount suf 
ficient to overcome the attenuation produced by 
Said shunt resistance and capacity in said high 
frequency, portion of the band, said accentuation 
occurring at a point of said amplifier subsequent 
to a stage following the point where said low fre 
quency accentuation occurs thereby to avoid 
Overloading said last mentioned stage with cur 
rents to be attenuated. 

2. In an amplifier for producing uniform ratio 
between input current and output voltage, said 
amplifier having resistance and capacity in shunt 
with its input to which said current is supplied, 
said current having frequencies extending over a 
wide band, the method which comprises atten 
luating currents in the intermediate frequency 
portion of Said band above the frequency of the 
most intense noise currents of the amplifier with 
out changing the characteristic relation between 
intensity of voltage on said resistance and capac 
ity and frequency in the high frequency portion 
9f the band, amplifying the entire band, reduc ing the voltages having frequencies below said 

quency noise level of the amplifier . In that 50 high frequency portion of the band to uniform 
case after the signals have been transmitted 
through the amplifier, the low frequencies may 
be attenuated sufficiently to match the high fre 
quencies as indicated by curve A' of Fig. 2d and 
thus produce uniform amplification. Over the 55 
band up to the output terminals and signal in 
tensity at the Output well above the noise level 
of any subsequent amplifiers. 
While in this specification and claims I have 

referred to wide band amplifiers and have par-. 60 
ticularly mentioned the frequency band extend 
ing from ten cycles to four or five megacycles, 
it will, of course, be understood that my invention 
is readily applicable to amplifiers operating over 
much narrower bands of frequencies. My inven- 65 
tion finds utility in any amplifier where the sig 
nal level to be amplified and the frequency range 
Over which the amplifier must operate are such 
that the attenuating effects of shunt capacitance 
cannot be compensated in a single network of 70 
the amplifier without undesirably reducing the 
signal level. While have shown a particular embodiment 
of my invention, it will, of course, be understood 
that I do not wish to be limited thereto since. 75 

tensity, again amplifying the entire band, and 
thereafter accentuating the voltages in the high 
frequency portion of said band Sufficiently to 
overcome the effect of said shunt resistance and 
sity in Said high frequency portion of the 

C. 
3.The combination, in an amplifier for electro 

motive forces existing across a capacitance at 
the input to said amplifier, said electromotive 
force having frequencies extending over a wide 
band and having intensity at low frequencies 
9nly slightly above the level of undesired low 
frequency currents, of a resistance across said 
capacity, a portion of said resistance being 
shunted by a second capacity, said portion and 
said second capacity being proportioned to re 
duce voltage across said first capacity above said 
low frequencies without affecting the character 
listic relation between said voltage and frequency 
at high frequencies, means between stages of 
the amplifier to produce uniform amplification 
at all frequencies below said high frequencies 
While maintaining the voltage above the noise 
leveland, means between later stages of said amplifier to accentuate the high frequencies to 

  

  

  



6 
produce uniform amplification at Said frequen cies. 

4. The combination, in a multistage amplifier, 
a circuit at the input to one of the stages of said 
amplifier having shunt resistance and capacity 
producing attenuation of high frequency cur 
rents in the band to be amplified, a circuit be 
tween stages in said amplifier having shunt re 
sistance and capacity, an inductance in series 
with said last resistance, said inductance and 
Said resistance having a time constant equal to 
the time constant of Said first mentioned shunt 
resistance and capacity, a shunt combination 
of resistance and capacitance in series with said 
Second mentioned shunt resistance proportioned 
to reduce the attenuation caused by said induct 
ance and the resistance in series with it of low 
frequency currents thereby to maintain the elec 
tromotive forces at said low frequencies above 
the noise level of the stage of said amplifier Subsequent thereto. 

5. The combination, in a multistage amplifier, 
a circuit at the input to one of the stages of said 
amplifier having shunt resistance and capacity 
producing attenuation of high frequency cur 
rents in the band to be amplified, a circuit be 
tween stages in said amplifier having shunt re 
sistance and capacity, an inductance in series 
with said last resistance, said inductance and said 
resistance having a time constant equal to the 
time constant of said first mentioned shunt re 
sistance and capacity, a shunt combination of 
resistance and capacitance in series with said 
Second mentioned shunt resistance proportioned 
to reduce the attenuation produced by said in 
ductance and the resistance in series with it of 
low frequency currents thereby to maintain the 
electromotive forces at said low frequencies above 
the noise level of the stage of said amplifier sub 
Sequent thereto, and meanslater in said amplifier 
to attenuate the low frequency currents to a level of the high frequency currents. 

6. The combination, in an amplification chan 
nel for currents having frequencies extending 
over a wide band, the high frequency currents in 
Said band being attenuated by the effect of ca 
pacity and resistafce in shunt to said channel, of an amplifier having an output circuit having 
impedance at Said high frequencies determined 
by an inductance and resistance in series across 
said channel and shunted by a capacity, said.in 
ductance and capacity resonating above the band 
of frequencies to be amplified and said induct. 
ance and resistance having a time constant equal 
to the time constant of said first mentioned re sistance and capacity producing said attenua 
tion, but having values so low as to produce un 
desired attenuation at low frequencies and a 
shunt combination of resistance and capacity in 
Series with said inductance and resistance, said combination having sufficient impedance at low 
frequencies to prevent said undesired, attenua 
tion and sufficiently low impedance at high fre 
quencies as not materially to effect the trans 
mission of high frequency currents. 

7. In combination, an amplifier channel hav 
ing shunt resistance and capacity to which cur 
rent to be amplified is supplied, said current hav 
ing such intensities and frequencies extending 
Over a band so wide that the attenuating effect of 
said resistance and capacity at high frequency 
cannot be compensated in a single stage of said 
amplifier without undesirably reducing the in 
tensity level of electromotive force across said re 
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2,280,532 
form amplification ratio over a band of frequen 
cies intermediate in said first mentioned band, 
and means, thereafter, to Compensate the varia 
tion in amplification of Said amplifier with re 
spect to frequency over the portion of Said band 
below said intermediate portion, and a SubSe 
quent stage of Said amplifier having means to 
compensate the variation in amplification Over 
the portion of the band above said intermediate 
frequency portion, thereby to produce uniform 
amplification over the entire band. 

8. The combination, in a wide band amplifier 
having resistance and capacity in shunt with the 
input thereof and additional capacity shunting 
a portion of said resistance, and having an in 
terstage network comprising an interstage coul 
pling capacity shunted by a second resistance 
and having shunt resistance at either side of 
Said coupling capacity, said first resistance, said 
portion and said additional capacity being pro 
portioned to accentuate low frequency current 
with respect to current of intermediate fre 
quency in the band to be amplified, and said 
coupling capacity, second resistance and shunt 
resistances being proportioned relative to said 
additional capacity, said portion and first re 
sistance to attenuate said low frequency Currents 
to produce uniform amplification at allow fre quencies. 

9. The combination, in a wide band amplifier 
having resistance and capacity in shunt with the 
input thereof, and additional capacity shunting a 
portion of said resistance, and having an inter 
stage network comprising a coupling capacity 
shunted by a second resistance and having shunt 
resistance at either side of said coupling ca 
pacity, the ratio of the sum of said shunt resist 
ances to that part of said first resistance not 
shunted by said additional capacity being equal 
to the ratic of said second resistance to said por 
tion of said first resistance, and these ratios both 
being equal to the ratio of said additional ca 
pacity to said series capacity. 

10. The combination, in a wide band amplifier 
having resistance and capacity in shunt with the 
input thereof, and additional capacity shunting 
a portion of said resistance, and having an inter 
stage network comprising an interstage coupling 
capacity shunted by a second resistance and hav 
ing shunt resistance at either side of said cou 
pling capacity, the ratio of the sum of Said shunt 
resistances to that part of said first resistance 
not shunted by said additional capacity being 
equal to the ratio of said second resistance to 
said portion of said first resistance shunted by 
said additional capacity, and these ratios both 
being equal to the ratio of said additional ca 
pacity to said coupling capacity, and an amplis 
fier subsequent to said network amplifying the 
currents of all frequencies in said band, said 
amplifier including means to accentuate the high 
frequency currents sufficiently to compensate for 
attenuation thereof produced by said first resist 
ance and capacity thereby to produce uniform 
amplification over the entire band. 

- 11. The method of amplifying currents having 
frequencies extending over a wide band in a mul 
tistage amplifier having input capacity unde 

70 sirably attenuating high frequency currents -in Said band, which comprises the steps of first ac 
centuating low frequency currents in the band 
relative to currents of intermediate frequency in 
Said band, amplifying the entire band, attenu 
ating said low frequency currents, again ampli sistance and capacity, of means to produce a uni- 75 fying the entire band, accentuating low and high 
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frequency currents relative to intermediate fre 
quency currents, again amplifying the entire 
band and then attenuating said low frequency 
currents to produce uniform amplification at all 
frequencies in the band. 

12. In a multistage amplifier for currents hav 
ing frequencies extending over a wide band and 
having input capacity undesirably attenuating 
high frequency currents in said band, means in 
Said input circuit to accentuate low frequency 
Currents in Said band to a level well above, the 
low frequency noise level of the first stage of said 
amplifier, means to attenuate said low frequency 

7 
currents in a part of said amplifier subsequent to 
said first stage sufficiently to permit amplifica 
tion of the entire band in another stage of said 
amplifier without low frequency Overloading of 
said other stage, means between said other stage 
and a third stage to accentuate both low and 
high frequency currents in said band relative to 
currents of intermediate frequency, and means 

O 
in said amplifier subsequent to said third stage to 
attenuate said low frequency currents to the level 
of said high frequency currents thereby to pro 
duce uniform amplification Over said band. 
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