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This invention pertains to a phase shift apparatus and, 

more particularly, to an apparatus for shifting the phase 
of a signal in a linear ratio to an input motion. 

It is an object of this invention to provide a phase shift 
apparatus of a small size and rugged construction which 
has a linear relation between input movement and phase 
shift, which requires relatively low driving torque for 
operating the input member and is capable of perform 
ing over a very wide range of frequencies. 

It is an object of this invention to provide a phase 
shift apparatus including a helix of coaxial cable which 
has the Outer cable conductor and a portion of the cable 
insulation removed along the inner helix surface so that 
the inner cable conductor can come into a close registra 
tion with a cylindrical member or slug as it is inserted 
in the helix to vary the dielectric constant of the helix 
and correspondingly change the phase of the signal in 
the helix. 

These and other objects will become more apparent 
When a preferred embodiment of this invention is con 
sidered in connection with the drawing in which: 
FIGURE 1 is a partially schematic view of a helix 

With a plug partially inserted therein; 
FIGURE 2 is a section taken along 2-2 of FIG 

URE 1; 
FIGURE 3 is an elevational view of the coaxial cable 

showing the tapered cut-away of the removed portion; 
al 

FIGURE 4 is a section taken along 4-4 of FIG 
URE 3. 
In the drawing there is shown a coaxial cable 20 hav 

ing outer conductor 22, inner conductor 24, and insula 
tion 26 therebetween. The coaxial cable 20 may be a 
miniature 50 ohm cable which has an outside diameter 
of .085 inch with the dielectric 26 being of polytetra 
flouroethylene resin available from Du Pont under the 
trade name "Teflon.” The cable has the outer conductor 
22 and a portion of the insulation 26 removed along 
a side thereof for a predetermined distance, thereby plac 
ing the inner conductor 24 near the insulation surface. 
Satisfactory results are also obtainable when the insula 
tion 26 is cut away sufficiently to expose inner conductor 
24. The outer conductor 22 is cut away at a taper 28 
both at the beginning and end of the removed portion. 
The cable 20 is then closely wound about a cylindrical 
mandrel (not shown) or other means so that the removed 
cable portions are facing inwardly of the helix 30. The 
Outer conductor 22 of the individual coils of helix 30 are 
Soldered together while the inner conductor 24 of the 
coils of helix 30 are insulated from one another by in 
Sulation 26. The helix in this embodiment is 2.25 inches 
long and has an inner diameter of .450 inch. 
A slug 32 having a tapered end 34 is inserted into helix 

30 and has, in this embodiment, a clearance of about 
.002 inch with the inside helix diameter. The taper 34 
on the inserted end of slug 32 effects a better impedance 
match. The slug preferably has a dielectric constant of 
15 and a loss tangent of .001. The clearance is prefer 
ably small so that the high dielectric constant slug will 
have the maximum effect on the fields around the ex 
posed inner or center conductors 24. 
A screw 36 is attached to the upper end of slug 32 
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and is turned by motor 38 through gear reducer 40. Con 
trols are available on motor 38 to insert slug 32 a de 
sired distance into helix. 30. Insertion of the slug 32 
into helix 30 changes the dielectric constant of the helix 
and this correspondingly changes the phase of the signal 
in the helix. The degree of phase shift corresponds in 
linear relation to the insertion length of slug 32 in helix 
30. 
In the above embodiment phase shift can be provided 

for a wide band of signals, for example from 400 mega 
cycles to 6 kilomegacycles. The total phase shift for 1.8 
inches of slug penetration is 490 at 2.97 kmc. and is 
linear to within plus or minus 3. Maximum insertion 
loss at 3 kmc. is less than 2 decibels. If lower loss is de 
sired, a slug formed of Alite or aluminum oxide of 
equivalent properties can be used. Also, by using a slug 
of high loss matreial a compact variable attenuator is 
provided. 
Although this invention has been disclosed and illus 

trated with reference to particular applications, the prin 
ciples involved are susceptible of numerous other applica 
tions which will be apparent to persons skilled in the art. 
The invention is, therefore, to be limited only as indi 
cated by the scope of the appended claims. 

Having thus described our invention, we claim: 
1. A phase shifter comprising a coaxial cable having 

a center conductor and a coaxial shield for said center 
conductor with insulation therebetween, a circumference 
sector of said cable having a predetermined portion of 
the shield removed, a dielectric member having a pre 
determined dielectric constant movable in increments 
relative said conductive member to cover a total length 
of said conductive member corresponding to said total 
movement and movable in close proximity to said cir 
cumference sector of said cable having said shield por 
tion removed, so that the flux lines from one portion of 
said member are substantially shielded from other por 
tions of said conductive member but are unshielded from 
said flux modifying member. 

2. The phase shifter of claim 1 wherein said circum 
ference sector of said cable having the shield portion re 
moved also has a predetermined portion of said insula 
tion removed. 

3. The phase shifter of claim 2 wherein said cable is 
formed in a helix with the circumference sector of said 
cable having the shield and insulation removed facing 
the center of the helix and forming a substantially smooth 
shaftway through the center of said helix, said dielectric 
member being cylindrical in shape and movable through 
and close fitting with said shaftway. 

4. The phase shifter of claim 2 wherein said shield 
and insulation are removed sufficiently so that said di 
electric member is spaced a predetermined distance from 
said center conductor of said coaxial cable. 

5. An attenuator comprising a coaxial cable having a 
center conductor and a coaxial shield with insulation 
therebetween, a circumference sector of said cable hav 
ing a predetermined portion of the shield removed, a high 
loss member having a predetermined loss characteristic 
movable in increments relative said conductive member 
to cover a total length of Said conductive member cor 
responding to said total movement and movable in close 
proximity to said circumference sector of said cable hav 
ing said shield portion removed, so that the flux lines 
from one portion of said member are substantially 
shielded from other portions of said conductive member 
but are unshielded from said flux modifying member. 

6. The attenuator of claim 5 wherein said circumfer 
ence sector of said cable having the shield portion removed 
also has a predetermined portion of said insulation re 
moved. 
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7. The attenuator of claim 6 wherein said cable is 
formed in a helix with the circumference sector of said 
cable having the shield and insulation removed facing the 
center of the helix and forming a substantially smooth 
shaftway through the center of said helix, said high loss 
member being cylindrical in shape and movable through 
and close fitting with said shaftway. 

8. The attenuator of claim 6 wherein said shield and 
insulation are removed sufficiently so that said high loss 
member is spaced a predetermined distance from said 
center conductor of said coaxial cable. 

9. Apparatus comprising 
a conductive member adapted to carry a signal to be 

modified, 
said conductive member being electrically shielded 
about a predetermined portion of its cross sectional 
circumference and unshielded about the remaining 
portion of its circumference, 

a member having predetermined flux modifying char 
acteristics movable in close proximity to the un 
shielded portion of said conductive member, 

said flux modifying member movable in increments rel 
lative said conductive member to cover a total length 
of said conductive member corresponding to the total 
movement, 

the flux lines from said shielded portion of said con 
ductive member being confined within said shield 
ing and substantially all of the flux lines of the un 
shielded portions covered by the total length of said 
flux modifying member entering said flux modifying 
member. 
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4. 
10. The apparatus of claim 9 wherein said flux modi 

fying member is semi-conductive. 
11. The apparatus of claim 10 wherein the portion 

shielded is at least as large as the portion that is un 
shielded. 

12. The apparatus of claim 11 wherein said conduc 
tive member is formed in a helix with said unshielded 
portion being on the inside of the helix, 

said semi-conductive flux modifying member being mov 
able through the center of said helix closely adja 
cent said unshielded portion. 
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