
2,758,285 D. J. LE VINE 

COAXIAL PHASE SHIFTER 

Aug. 7, 1956 

Filed Feb. 2, 1955 

INVENTOR 
AO/W4AA M MA 272 

    

  



United States Patent Office . 2,758,285 
Patented Aug. 7, 1956 

1. 
2,758,285. 

COAXAL PHASE SHIFTER 

Donald J. Le. Vine, Fairlawn, N. J., assignor to, inter 
national Telephone, and Telegraph. Corporation, Nuts. 
ley, N.J., a corporation of Maryland. 
Application February 2, 1955, Serial No. 485,727. 

8 Claims... (C.333-31). 
This invention relates to electrical phase-shifting de 

vices, and more particularly to a nonresonant coaxial 
phase shifter. 

Various devices for shifting the phase of: an electro 
magnetic signal have been used heretofore. 
Waveguide structure, a long tapered dielectric slab may 
be moved from one side of the guide, transverse to the 
direction of propagation, toward the center of the guide, 
thereby changing the phase velocity in that part of the 

Also, a line stretcher may be used in which the 
electrical length of a transmission line is changed by 
varying the physical length of the line. This may be: 
accomplished by telescoping one section of the line-into 

guide. 

the other, in a trombone-like manner. Similarly, varia 
ble resonant structures are known for varying the tuning 
response of a high-frequency electric circuit, as shown, 
for example, in U. S. 2,641,708. 

However, in all such devices as known heretofore, 
various disadvantages are present: 
structure that is resonant tends to limit the broadbands 
edness of the electromagnetic wave energy that may be 
propagated through' such a device. Furthermore, such 
devices are generally discontinuous in nature; that is, they 
are not capable of giving a continuous, uniform variations 
of phase in a cyclical manner without resorting to the 
use of elaborate cam mechanisms or other complicated 
mechanical artifices. Even where such devices are re 
ciprocating in operation, discontinuities occur at the bes 
ginning and end of the cycle. 
is difficult to obtain any but a simple type of phase shift. 

It is an object of the present invention to provide a 
nonresonant coaxial structure for varying the phase of 
a propagated electromagnetic signal. 

It is a further object to provide such a structure that 
is readily adaptable for providing cyclic phase"shifts of a 
wide variety of forms and shapes. 

it is an important feature of this invention that a coaxial 
nonresonant structure is provided in which the phase of a 
propagated electromagnetic signal is varied in a cyclic 
continuous manner by rotating a closed-loop dielectric 
member having a helically wound conductor disposed 
thereabout within a hollow conductor coaxially disposed 
about this closed-loop member. 

It is a further feature that by varying the winding. 
pitch of this conductor about the dielectric member, 
various types of phase shift outputs may be obtained. 

Other objects and features of this invention will be 
readily apparent by reference to the following descrip 
tion taken in conjunction with the drawings in which: 

Fig. 1 is a plan view partly in section of a toroidal. 
member. Wound in a uniformly variable maximum 
minimum manner; 

Fig. 1A shows several possible phase-shift outputs ob 
tained with the winding of Fig.1; 

Fig. 2 is a plan view.partly, insection of, a...toroidal: 
member, according to this invention, wound, with a pitch', 
increasing uniformly to a maximum value; 

Fig. 2A shows a sawtooth, waveform: obtainable; asian: 
output from Fig.2. 

Referring to Fig. 1, a closed-loop dielectric member 1 
preferably in the form of a toroid-is-shown with a con 
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ductor 2, for example, a ribbon-like material such as 
silver, wound about the dielectric member. The thick 
ness of this conductor may be varied depending upon 
the desired electrical characteristics. A hollow conduc 
tor. 3 is disposed in a dielectrically spaced coaxial rela 
tionship about the dielectric member 1 for a fixed length. 
This hollow conductor has flanged elements. 4 and 5 
forming re-entrantend portions of the hollow conductor. 
A coaxial' line with a center conductor 6. and an outer 
conductor 7 may be physically attached to the hollow 
conductor 3 for coupling a propagated electromagnetic 
signal thereto. The center conductor 6 joins the flange 
4 of the hollow conductor 3 at a point which is approxi 
mately a quarter wavelength distant from the ends of 
the hollow conductor, In, a similar manner, a coaxial 
line consisting of a center" conductor 8 and an outer 
conductor 9 may be coupled to the flanged portion 5 of 
the hollow conductor 3 for coupling an electromagnetic 
signal from this coaxial structure. The conductor. 2 may 
be wound about the dielectric member. 1, in many dif 
ferent ways depending upon the waveform of the phase. 
shift desired. As illustrated in Fig. 1, the conductor 
2 is wound in a manner such that its pitch is uniformly 
variable about the circular axis of the toroid, increasing. 
uniformly to a maximum value and then decreasing uni 
formly therefrom to a minimum value. Where the rate 
of change of pitch varies in a linear manner, the ob 
tained output will be a uniform, linear sawtooth wave. 
as shown in the upper curve of Fig. 1A. Where the rate. 
of change of pitch of the helically wound conductor 
varies uniformly in a non-linear manner, such as, for 
example, in a sinusoidal manner, the sine wave output 
shown in the lower, curve of Fig. , 1A, will be obtained. 
It should be recognized that. from , a, theoretical point. of 
view, the propagation. constant is not a simple mather. 
matical function of the winding pitch and the geometry 
of the phase-shift structure. However, over a limited, 
but eminently useful and practical, range of winding 
pitch and structure geometry, the propagation constant 
is substantially, proportional to : the winding, pitch and . 
hence::may, be readily determined using the known theo 
retical relationships. Various means may be employed 
for producing a relative movement between the closed 
loop dielectric member 2 and the hollow conductor 3. 
in general, a ring-drive mechanism it, with guide rollers 
11 and 12 may be used for uniformly rotating the di 
electric member within the hollow conductor. 

In Fig. 2 the dielectric member 13, is shown with the 
conductor 14 wound thereabout with a uniformly varia 
ble pitch increasing to a maximum value. Upon ro 
tating this member 13 within the hollow conductor 15, 
by means of driving mechanism. 6 and guide rollers 17 
and 18, a type of sawtooth wave, having. a gradual rise 
and a sharp drop, as illustrated in Fig. 2A, . will be ob 
tained. In this embodiment of the phase-shift structure, 
a probe" 19“is shown as disposed in an opening 20, for 
coupling electromagnetic, signal energy to the coaxial. 
hollow conductor 5. In a similar manner, probe 2 
disposed in opening 22 serves to couple an electromag 
netic signal from the phase shifter. 

It is readily apparent" that many variations may be 
made-with respect to this invention, and many other em 
bodiments thereof may be proposed, without departing 
from the essential idea thereof. Thus, while the closed 
loop conductor is preferably in the shape of a ring-like 
toroidal dielectric member; other forms of close-loops may 
also be used for special purposes, although this may re 
quire a more elaborate, driving mechanism. For the di 
electric member, any known low-loss, material commonly 
employed for high-frequency purposes may be used. 
Materials such as polyethylene, polystyrene, polytetra 
fluoroethylene and polymonochlorotrifluoroethylene are 
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considered suitable. Also, while the conductor wound 
about the dielectric member may be in the form of a 
wire, in general a ribbon or foil, made of materials such 
as copper or silver, is particularly convenient for wind 
ing purposes. Many of various known drive mecha 
nisms may be used for rotating the helically wound 
dielectric member within the hollow conductor. Thus, a 
constant-speed motor with rim-drive mechanism, as 
used for phonograph turntables, is suitable for this pur 
pose. It is apparent that the phase shift obtained is a 
function of the rate of change of pitch of the velocity 
of the dielectric member and of the relative dimensions 
of the dielectric member and coaxially disposed outer 
conductor. Thus, for low-frequency applications, a 
closer winding of the conductor about the toroid would 
be used 3rd the physical dimensions of the toroid an 
hollow conductor would be increased. 

it is an important feature of this invention that there 
is provided a relatively simple means of obtaining al 
most any of a wide variety of variations in phase. Thus, 
by control of the rate of change of pitch, almost any type 
of phase variation may be obtained subject only to me 
chanical limitations in winding. Thus, the conductor 
may be wound about the dielectric member so that an 
algebraically varying phase shift is obtained. Similarly, 
a trigonometrically or harmonically varying phase shift 
may be obtained. Thus, where p represents the pitch of 
the winding and 6 represents the angle about the cir 
cular axis of the toroid over which the change in elec 
trical length occurs, that is the circumferential distance 
between the input and output of the electromagnetic 
signal energy, the following relationship may be em 
ployed: 

dp 
= K, 

between the limits of 0 and 27t. This results in a linear 
phase shift and an output such as illustrated in the upper 
curve of Fig. 1A for the triangular wave is obtained. 
Where 

dip 
i=K2 sin 6 

a cisoidal, that is, a sinusoidal or cosinusoidal type of 
wave is obtained. For the sawtooth type of wave, using 
the equation 

de 

and integrating positive value of 8 between the limits of 
0 and 2it results in a sawtooth type of wave, and in 
tegrating positive values of K between 0 and T and 
negative values of K between it and 2n results in a tri 
angular type of wave. From the foregoing, it is ap 
parent that many waveforms may be readily determined 
by appropriate mechanical calculation. Although it is 
preferred to rotate the dielectric member at a constant 
speed, for certain applications it may be preferable to 
use a variable speed drive. Similarly, the outer con 
ductor may be rotated if desired and the inner dielectric 
member maintained stationary. The direction of rota 
tion is a matter of choice depending upon the manner of 
winding. While two types of electromagnetic couplings 
to the coaxial phase shifter have been illustrated, other 
types of coupling may also be used in a manner known 
to those skilled in this art. For certain applications, 
also, part of the toroid may be wound uniformly with 
no variation in pitch while other parts of the toroid may 
be wound with a uniform or non-uniform shifting of 
pitch. Also, while the coaxially disposed hollow con 
ductor has been illustrated as extending over approxi 
mately 90 of the circular axis of the toroid, this may 
be varied depending upon the particular applications de 
sired. This coaxial phase shifter may be used whenever 
coaxial lines are considered desirable or suitable for 
transmission purposes, for example, up to frequencies of 
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4 
the order of 10,000 megacycles per second. Its use at 
low frequencies is restricted only by the fact that the 
phase shifter increases in its physical dimensions, and, 
therefore, at very low frequencies, the structure may 
prove too bulky or special types of couplings may be 
required. It should be understood that while the phase 
shift device described herein may be resonant at some 
frequency, within its useful operating range, this device 
operates in a nonresonant manner; that is, the phase 
shift device described herein may be considered from an 
operational point of view to be resonant. 
While I have described above the principles of my 

invention in connection with specific apparatus, it is to 
be clearly understood that this description is made only 

5 by way of example and not as a limitation to the scope 
of my invention as set forth in the objects thereof and 
in the accompanying claims. 

claim: 
1. A coaxial nonresonant structure for varying the 

phase of a propagated electromagnetic signal comprising 
a closed-loop dielectric member, a conductor disposed 
helically with a varying pitch about said dielectric mem 
ber for at least a section thereof, a hollow conductor 
disposed in dieiecifically spaced coaxial relation about 8. 
given length of said closed-loop member, means to pro 
duce a relative movement between said closed-loop mem 
ber and said hollow conductor, and means for coupling 
electromagnetic signal energy to and from said coaxial 
structure. 

2. A coaxial nonresonant structure, according to 
claim 1, wherein the closed-loop dielectric member is ring 
shaped and wherein a ribbon-like conductor is disposed 
helically with a uniformly variable pitch about said di 
electric member. 

3. A coaxial nonresonant structure, according to 
claim , wherein the rate of change of pitch of the helical 
ly disposed conductor increases uniformly to a maximum 
value and then decreases uniformly therefrom. 

4. A coaxial nonresonant structure, according to 
claim 3, wherein the rate of change of pitch of the 
helically disposed conductor increases uniformly to a 
maximum value and then decreases uniformly therefrom 
to a minimum value, said rate of change of pitch vary 
ing in a sinusoidal manner thereby producing a sinu 
soidal phase shift. 

5. A coaxial nonresonant structure, according to 
claim 1, wherein the rate of change of pitch of the 
helically disposed conductor increases uniformly and 
linearly to a maximum value and then decreases uni 
formly and linearly therefrom to a minimum value. 

6. A coaxial nonresonant structure for varying the 
phase of a propagated electromagnetic signal compris 
ing a toroidal dielectric member, a ribbon-like conduc 
tor disposed helically with a continuously variable pitch 
about said dielectric member, the rate of change of said 
pitch increasing uniformly to a maximum value over 
approximately 180° of the circular axis of the toroid 
and then decreasing uniformly for the remaining 180 
of the toroidal circular axis, a hollow conductor disposed 
in dielectrically spaced coaxial relation for about 90 of 
said toroidal member, first coaxial means for coupling 
a propagated electromagnetic signal to said structure and 
second coaxial means for coupling said electromagnetic 
signal therefrom. 

7. A coaxial nonresonant structure, according to 
claim 6, including means for moving said toroidal di 
electric member relative to said hollow conductor. 

8. A coaxial nonresonant structure, according to 
claim 7, wherein said hollow conductor has flanged ele 
ments disposed re-entrantly at end portions thereof and 
said coaxial coupling means are coupled to said flanged 
elements at a point approximately a quarter wavelength 
distant from the ends of the hollow conductor. 

No references cited. 


