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1. 
This invention relates in general to electrica 

circuits and more particularly to amplifiers con 
taining a plurality of stages. 

Amplifiers that are used to amplify pulses so 
as to maintain the same shape in the Output volt 

2 
employed in the circuit so that the gain and 
bandwidth desired may be realized with a mini 

age as in the applied Voltage must amplify a wide 
band of frequencies with very nearly uniform 
gain throughout the band. When amplifiers 
must have high gain characteristics it is difficult 
to maintain wide bandwidth characteristics as 
the two functions are usually related in such a 
manner that if one is increased, the other is de 
creased. Furthermore, it can be shown that the 
problem becomes even more difficult when mul 
tiple stages are cascaded. The gain of a multi 
Stage amplifier consisting of n identical stages 
is the gain of one stage to the nth power. It can 
be also shown that the overall bandwidth of n. 
stages of a single-tuned amplifier is 

l vi 
times the bandwith of one stage. Whereas, the 
overall bandwith of f. stages of a double-tuned 
amplifier is 

W 2-1 
times the bandwidth of one stage. These for 
nulas indicate that the bandwidth of two cas 
caded stages of a single-tuned I. F. amplifier 
would have only 643 times the bandwidth of one 
stage and that two cascaded stages of a double 
tuned I. F. amplifier would have 803 times the 
bandwidth of one stage. . 
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In certain types of radio object locating devices, . . 
it is necessary to employ receivers that will faith 
fully detect and amplify pulses having a duration 

mum amount of experimentation and adjust 
ment. 
Other objects, features, and advantages of this 

invention will suggest themselves to those skilled 
in the art and will become apparent from the 
following description of the invention taken in 
connection with the accompanying drawings in 
Which: 

Fig. 1 is a diagram of a double-tuned circuit 
loaded on one side only; 

Fig. 2 is a diagram of a double-tuned circuit 
illustrating its use as a coupling network between 
Successive vacuum tubes; 

Fig. 3 is a graph showing certain relative selec 
tivity curves for a double-tuned circuit loaded on 
one side only; 

Fig. 4 is a graph showing other relative selec 
tivity curves having a double-tuned circuit loaded 
on one side only; and 

Fig. 5 is a graph of a typical selectivity curve. 
Referring now more particularly to Fig. 1 

which shows a double-tuned circuit loaded on 
one side only, resistor Rp represents the equiva 
lent parallel resistance of the primary circuit. 
Capacitor Cp represents the equivalent parallel 
capacitance of the primary circuit. Inductance 
Lp represents the equivalent parallel inductance 
of the primary circuit and k is the coefficient of 
coupling between the primary circuit and the sec 
ondary circuit. Inductance Is represents the 
equivalent parallel inductance of the secondary 
circuit and capacitor Cs represents the equivalent 
parallel capacitance of the secondary circuit. 

It can be shown that the voltage acroSS the 
secondary capacitor (Cs) divided by the voltage 
applied in series with a primary circuit may be 

of the order of one-tenth microsecond and the 40 expressed as 

si?t -7-1 v 7 N7 1 \, (A) * Leto-(-)-(–)(3+2) amplification must be extremely large. It is com 
mon practice under these conditions to use a re 
ceiver having a large number of I. F. stages. 
There is thus presented the problem of obtain 
ing high-gain characteristics simultaneously with 
wide band characteristics, 

It is therefore an object of this invention to 

50 

provide a means for obtaining wide bandwidth in 
an amplifier and simultaneously maintaining 
high gain per stage and overall amplification. It 
is further an object of this invention to provide 

55 

a method of choosing the values of the elements 

where 
=2ar times frequency 

co-2ar times resonant frequency 
c actual frequency 
a resonant frequency 

Q- for primary circuit 
p 

Q = 

k= 

coL 
R for secondary circuit 

WLL =coefficient of coupling 
pavs 
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L= total inductance of primary circuit 
L=total inductance of secondary circuit 
Equation A is a basic equation for a double-tuned 
circuit and appears on page 155 of the "Radio En 
gineer's Handbook' by Frederick E. Terman, pub 
lished by McGraw-Hill Book Co., Inc., in 1943. 
To simplify mathematical computation the 

circuit of Fig. 1 is considered when Cp=1, Lp=l, 
Cs=1, and Lis=i, 
When 
k=coefficient of coupling 
then 

--------1 
cy WLC, O- W L.C. 

Qp=Qprimary= (voRpCp=Rp 
Qs=Qsecondary= ox 

ASSuming Qp to be large and that one ampere is 
applied through the primary Lip, and also making 
the approximation that 

os-1(c)-1)(a)--1) 
2 - ------ 

Equation. A may be reduced to 

k+3+(i) p 

It is observed that the secondary voltage at the 
bandwidth center is entirely independent of Qp 
and depends only on the coefficient of coupling k, 
The absolute value of Equation Bis 

(QV2) 
the stages are transitionally-coupled, i. e., the 
curve is flat-topped, and - - 

where ac=2(a)-co) . (B) 

(C) 

When 
ks 

k; 
Vis--a 

Considering the bandwidth to be the distance 
between the half-power points, or the points 3 
decibels less than the maximum, 

(D) 

Aac=2k, or Ac=k, i.e., k = , or 

coefficient of coupling== 
bandwidth at transitional coupling 

center frequency 
The voltage at the center frequency is : 

k 
hence, the product of voltage times Aaj =1 for 
transitional coupling. But the total capacity of 
the circuit is 2; this leads to the well-known re 
sult that the gain times bandwidth product of a 
double-tuned circuit, loaded on one side only, at 
transitional coupling is twice that of a single 
tuned circuit. 
For fixed Q, transitional coupling is illustrated 

by 

- - k=kos V2 

10 

4. 
Fig. 3 shows relative selectivity curves for 
co-.5, .707, 1, 1.414, 2. The ordinate value 1 
denotes a voltage of QV2 and the abscissa value 
1 denotes a value for ac of 

5 

(QV2) 
This condition is in contrast with the familiar 
behavior of equal-Q double-tuned circuits. It is 
seen that maximum secondary voltage does not 
occur at transitional coupling, nor does the 
height of the peaks remain constant upon Over 
coupling. 

For fixed k, transitional coupling is yielded by 
5 

Fig. 4 shows relative selectivity curves for 

20 9-5, 707, 1, 1414, 2 
O 

The ordinate value 1 denotes a voltage of 

k 

and the abscissa value 1 denotes a value for ac of k, 
It is also noted that with k fixed and Q variable 

the voltage at center-frequency is constant; this 
is indeed evident from Equation B. 
The basic idea of this invention is to have suc 

cessive coupling stages of an I. F. amplifier iden 
tical except for their damping resistors so that 
some will be overcoupled and some undercoupled. 
This method of arranging a plurality of ampli 
fying stages is here termed 'stagger-damping.' 

It is often thought that getting the maximally 
flat selectivity curve shown in Fig. 5 having the 
form 

25 

30 

is desirable, i. e., there is something inherently 
desirable in a flat selectivity curve. One intrinsic 
value of a curve of this form is its relatively sim 

45 ple mathematical character. It is here adopted 
as a means to an end, the end being the high 
stage gain times overall bandwidth. 
By analysis, it can be shown that 

57. 

V54-air 
is the absolute value of the product 

8 O s 
7 . 37t o 55 6-ja:26 sin 4, (a)? 3-ic26 sin + (ii)2 

. . . -- (E) 
a-ki-25 sin (20+(i): 

40 

50 

60 Each factor of Equation E has the form of Equa 
tion B, thus the first factor of Equation E, for 
example, may be realized by a double-tuned Cir 
cuit loaded on one side only and satisfying 

Q=7 (2. Sl f) 
Therefore when considering each Successive stage 

70 of a stagger-damped amplifier having n serially 
connected stages, the Q for each successive stage 
should satisfy the relationship 

27 2k sin 4n 

65 

75 
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where y for each successive stage equals a term 
in an arithmetic series of odd integers beginning 
with 1 for the first stage and ending With (2n-1) 
in the 12th stage. 
Observe the following two very convenient fear 

tures of this stagger-damping Scheme: 
(a) All the transformers have the same coeffl 

cient of coupling, which means that only one 
transformer type is needed throughout and the 
only circuit difference from one stage to another 
is in the value of the shunting resistor. 

(b) The coefficient of coupling is the ratio of 
desired overall bandwidth to center frequency. 
While there has been described herein above 

what is at present considered to be a preferred 
embodiment of this invention, it will be obvious 
to those skilled in the art that various changes 
and modifications may be made therein without 
departing from the scope of the invention as set 
forth in the appended claims. 
The inventich cained is: 
1. In an electronic amplifier a plurality of n. 

serially connected Stages, each of said stages be 
ing tuned to a resonant frequency by means of 
two tuned coupled resonant circuits one of which 
is loaded, each of said stages having a coefficient 
of coupling k between said resonant circuits, said 
loading of each stage having the value such that 
the quality factor, Q, which is equal to worC, is 
approximately equal to 

- - 
2 sin: 

with y equal to an odd integer, beginning with 
one and ending with (2n-1), two is equal to 2r 
times the resonant frequency of said circuits, R. 
is the equivalent shunt resistance in said loaded 
circuit and C is equal to the equivalent shunt 
capacitance of said loaded circuit. 

2. An electron amplifier including in cascaded 
stages each of said stages being tuned to a reso 
nant frequency fo by means of two resonant cir 
cuits, one of which is loaded, the coefficient of 
coupling k for each of these stages being equal to 
5 where 8 is the ratio of the Overall bandwidth of 
said amplifier in cycles per second to fo in cycles 
per second, and the quality factor of each of Said 
stages is equal to 

- - 
97 2k sin 4n. 

where g is a different value for each stage, said 
values being a series of Successive odd integers, 
beginning with one and ending With (2n-1), 

10 
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6 
said amplifier having an overall selectivity volt 
age curve of the form 

St. 

Vain-XAn 
where X=2(a)- wo), w=2at times the frequency of 
the input signal to said amplifier in cycles per 
Second and wo=2nfo. 

3. In an electronic amplifier a plurality of 12 
Serially connected stages, each of Said stages be 
ing tuned to a resonant frequency by means of 
two tuned coupled resonant circuits, each of said 
stages having a coefficient of coupling k between 
Said resonant circuits, said loading of each stage 
having a value such that the ratio of the quality 
factor for that stage to the quality factor that 
would give transitional coupling is 

V2 
in 92 2 sin 4n. 

where g is a series of successive odd integers, be 
ginning with One and ending with (272-1). 

4. In an electronic amplifier a plurality of se 
rially connected double tuned amplifier stages, 
the coupling between successive stages being a 
constant determined by the ratio of the desired 
bandwidth at transitional coupling to the de 
sired center frequency, One of the resonant cir 
cuits in each of said stages being loaded so that 
the danping of each stage has a different value, 
the damping of Some of said stages being greater 
than the value of damping necessary to give tran 
Sitional coupling and the damping of the remain 
der of said stages being less than the value of 
damping necessary to give transitional coupling. 

5. An amplifier in accordance with claim 4 
wherein the damping of each of said stages is a 
function of the number of stages in said ampli 
fler and the damping of each successive stage 
differs by the reciprocal of the sine function of 
the Odd integers of an arithmetic series. 

HENRY WALLMAN. 
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