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The present invention relates to electrical" 
phaseshifting networks, with particular refer 
ence to networks which may be conveniently ad- 1 
.iusted'to produce a zero phase shift at ‘any desired 
frequency in a-given range of ‘frequencies. 
The invention is of particular advantage when 

applied to the frequency determining network of 
an ‘oscillator of 'the resistance-reactahce type, 
which includes a coupling network ‘of the L type, 
having a series arm and a'shunt arm both of 
which include resistive and reactive elements, the 
frequency of oscillation being substantially ‘that 
for which the phase shift'producecl ‘by the net— 
work is zero. Such .a. network may also be used 
in frequency meters. 
As will be explained ‘more fully later, in the 

present invention an adjustable impedance ele 
ment is added to the conventional L ‘network oi‘ 
the resistance-reactance type, .andby means of 
this adjustable element, the frequency of zero 
phase shift may be varied over a certain range, 
while the network may also be designed so that 
the voltage transfer ratio of the network at the 
frequency of zero phase shift is independent of 
the frequency, and is determined by the series 
and shunt arms of "the :network. This is a valu 
able property of the invention because it ‘enables 
‘the frequency of an oscillator to be varied with 
out varying the output level, and, further if the 
adjustable impedance element be adapted to be 
varied in some way under the control of a signal 
( for example, if the element should be a micro 
phone) , substantially pure frequency modulation 
unaccompanied by amplitude modulation will be 
obtained in a very simple manner. 
The invention accordingly provides an electri 

cal phase shifting network including resistive and 
reactive impedance elements arranged in series 
and shunt arms of the network, and comprising 
an additional impedance element connecting a 
point in a series arm with a point in a shunt arm, 
the arrangement‘ being such that the ‘phase shift 
produced by the network is zero at a frequency 
which depends on the magnitude of the addi 
tional element. _ . 

The invention will be described with reference 
‘to the accompanying drawings, in which: 

Fig. -1 shows a schematic circuit‘ diagram of a 
known type of phase shifting vnetwork; 

Fig. 2 shows the network of Fig. 1 modi?ed ac 
cording to the invention, to give one example 
illustrating the invention; > 

Fig. 8 shows a block schematic diagram of the 
most general network according vto the inven 
tion; , . Y. - 5 , r 
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2 
, Fig. 4 shows a schematic circuit diagram which 
includes a group of networks according vto the 
invention; 

Figs. 5 and-6 show characteristic,curvesiof net~ 
. works according to the invention; 

Figs. ‘7, 8, 9-and 10 show schematic diagrams 
of particular networks according to the inven 
‘tion; 

Fig. 11 shows a schematic circuit diagram of 
an oscillator incorporating a network according 
‘to the invention; and 

Figs. 12 and 13 show modi?cations of the net 
works of Fig. 2. 

Fig. 1 shows a coupling network of well'known 
type often employed in a resistance-‘reactance 
type of oscillator. The input terminals ‘I, 2 are 
connected to the output terminals 3, 4 by ‘a series 
arm including a condenser 5 in series with a re- 
sistance 6, and a shunt arm including a con 
denser l' in parallel with a resistance -8. Fig. 2 
shows one particular example of a network ac 
cording to the present invention, and is the same 
as Fig. 1 with the addition "of ‘a ‘resistance 9 
(which may be variable) ‘connecting a point in 
the resistance 6 with a point in the resistance 8. 
It can be shown that by proper proportioning of 
the elements of the network, the phase shift be 
ween the terminals l, 2 ‘and the terminals 3, s 
can be made zero at a particular frequency, vand 
moreover, if the resistance '9 be made'adjustable, 
the frequency of zero phase shift ‘may be varied 
over a certain range. In addition, the ‘elements 
of the network may be so designed that the volt 
age transfer ratio, that is, the'ratio of the “output 
voltage to the input voltage, at the frequency of 
zero phase shift, is constant. 

Fig. 2 is, however, only one possible form of 
the network according to the invention, which is 
indicated more generally in Fig. '3. The series 
arm includes two series impedances represented 
by blocks ‘I8 and H, ‘and the shunt arm includes 
two impedances l2 and F3 connected in series, 
and shunted by another impedance ‘It, still an 
other impedance i5 being connected in series 
with the combination of l2, l3 and M. The ad 
justable impedance It, which is the principal 
characteristic of the invention, is connected be 
tween the junction ‘points of impedances ill and 
l I , and impedance l2 and i3. 
some of the blocks in to 15 may include both 

resistance and rea‘c-tance elements; and the series 
and shunt arms of the network must each of them 
include at least one vresistance element and at 
least one 'reactanee element. . The impedance Hi 
can be ‘either a variable resistance or a variable 
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reactance. The impedance I5 is not an essential 
element and may be omitted, but when used will 
generally be a resistance element. It will be un 
derstood, of course, that reactance elements may 
be condensers or inductances. Usually, also, the 
impedances ll, 12, I3 and I 6 will be all of the 
same kind, that is, they will be all resistances, or 
all reactances of the same sign. 

It will be understood, also, that the networks 
included in Fig. 3 can generally be replaced by 
equivalent networks with the elements arranged 
in other Ways, according to well known principles. 
The elements of the network of Fig. 3 may be 

designed to ful?l desired conditions by solution 
of the network according to well known princi 
ples, but the general solution is involved and 
tedious, and accordingly the solution in one or 
two typical cases will be quoted. It is always 
assumed that the impedance to which the termi 
nals 3 and ii are connected is substantially in 
?nite. 

20 

In the particular case of Fig. 3 shown in Fig. 4, A 
the impedance [9 consists of an element of re 
actance X1 in series with a resistance 1:. The 
impedance Hi consists of an element of reaotance -? 
X2 in series with a resistance m. The imped 
ances ll, [2, l3, l5 and it are resistances y, a, b, 
1'1 and P respectively. It will be understood that 
the reactances X1 and X2 may be represented 
either by condensers or by inductances. 
The following additional symbols will be used: 

K: (P+a+y) /(a+y) 

Voltage transfer ratio e2/e1=L; 

It follows that BM ==d 
It will be ?rst assumed that r2=0 
Then it can be shown that the condition for 

zero phase shift is 

In practice it is usually desirable to be able to 
choose the value of the voltage transfer ratio L. 
It can be shown that at the frequency of zero 
phase shift, and when the network elements have 
been chosen so that L is the same at all such 
zero-phase-shift frequencies, 

Equation 1 may then be written in a slightly dif- _ 
ferent form using Equation 2 

A number of different pairs of values of p and q, 
which satisfy the conditions, are possible. These 
parameters determine the tapping points on the 
series and shunt arms to which the resistance P 
is connected. Such pairs of values may be deter 
mined from one or other of the following equa“ 
tions, which are equivalent 

The frequency of zero phase shift may be de 
termined from Equation 1 or 3 since it occurs 
in the reactances X1 and X2. For example, if f 
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4 
is this frequency and if X1 and X2 are represented 
‘by condensers of capacities C1 and C2 then 

If X1 and X2 are represented by inductances L1 
and L2, then X1X2=4=1r2f2L1La 

It will be noted from Equation 1 that when P 
is in?nite, then the corresponding limiting value 
of the zero-phase-shift frequency is that fre 
quency for which ' 

When P is zero the corresponding limiting value 
of the zero-phase-shift frequency is that fre— 
quency for which 

From Equation 3, since K =1 when P=0. 
Equation 7 indicates that when X1 and X2 are 

negative reactances, 11 may be chosen so that the 
limiting zero-phase-shift frequency is in?nite 
when P=0. Likewise when X1 and X2 are posi 
tive reactances 1'1 may be chosen so that the 
limiting zero-phase-shift frequency is zero when 
P=O. In both cases, of course, X1X2 is zero. 

It is not practicable to give any very de?nite 
directions as to the choice of values for the ele 
ments of the network to ful?l speci?ed conditions, 
because the possibilities of choice are rather wide 
and the procedure will often be determined by 
such factors as the limitations set by the design 
or availability of certain of the elements. How 
ever, the process may be somewhat as follows: 
When designing a network to cover a certain 

frequency range the ?rst step is to choose a value 
of L which is suitable for the circuit associated 
with the network; for example, when the net 
work is used in an oscillator, the value of L will 
be determined at least in part by the gain of the 
associated ampli?er. 
The parameters M, N and A are then chosen to 

satisfy Equation 2. Unless a wide range of varia 
tion of the zero-phase-shift frequency by adjust 
ment of P is required, A may be made zero by 
making r1 zero. The tapping points to which 
the resistance P are to be connected are de 
termined from Equation 4 or 5 from which d is 
found, and therefore B may be determined, since 
M has been already ?xed. 
Any value of 20 may now be selected, and from 

the value of B just determined the corresponding 
value of q is found. If a wide range of variation 
of the zero-phase-shift frequency is desired, a 
large value of p should be chosen. All the 
quantities in Equation 1 are now ?xed except the 
individual values of XiXzRi and R2. v 
Let it be assumed that X1 and X2 are produced 

by condensers C1 and C2. Then the lowest fre 
quency of the range will be obtained for the maxi 
mum practicable value of P, and the highest fre 
quency when P==0. A trial choice of values of 
R1, B2, C1 and C2 should be made on the as 
sumption that P is disconnected, in order to ob 
tain the lowest desired zero-phase-shift frequen 
cy. If R2 can conveniently be given a value small 
compared with the highest practicable value of 
P, then this lowest frequency will not be much 
affected when P is connected and set to its maxi 
mum value. A suitable value of ye may now be 
found from Equation 1 in order to obtain the 
highest desired zero-phase-shift frequency when 
P has its smallest practicable value. Then q is 












