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This invention relates to an internal magnet coaxial 
line device that employs a magnetized gyromagnetic mate 
rial to impart desired propagating characteristics to Said 
device, and more particularly relates to means for vary 
ing the magnetization of the gyromagnetic material. 
The type of device to which the present invention re 

lates is disclosed and claimed in U.S. Patent 3,072,867, 
issued January 8, 1963 in the name of William C. 
Heithaus, and assigned to applicant's assignee. Briefly 
stated, the internal magnet coaxial line device described 
in said patent is comprised of a section of coaxial trans 
mission line having inner and outer conductors. As is 
known, the coaxial transmission line propagates electro 
magnetic waves in the dominant TEM mode that is char 
acterized by the absence of any circularly polarized com 
ponents. To induce circularly polarized components 
within the transmission line, a portion of the space be 
tween the conductors is filled with a low loss dielectric 
material that has a dielectric constant different from that 
of the remainder of the dielectric medium separating the 
conductors. This added dielectric material induces a cir 
cularly polarized component in the magnetic field of 
waves propating between the conductors, and by placing 
a magnetized member of gyromagnetic material, Such as 
a ferrite or garnet material, in the region of the circu 
larly polarized component, nonreciprocal propagation 
characteristics may be obtained. The gyromagnetic ma 
terial is magnetized by a transversely magnetized perma 
nent magnet that is enclosed within the inner conductor 
of the coaxial line. The outer conductor of the coaxial 
line is comprised of a low reluctance magnetic material 
in order to provide a low reluctance return path for the 
magnetizing field supplied by the internally positioned 
permanent magnet. Because of its small size and weight 
this device has enjoyed considerable commercial success 
for use as an isolator, attenuator, or phase shifter. The 
propagating characteristics of this device, however, are 
fixed once the device has been assembled, inasmuch as 
the internally mounted permanent magnet supplies a fixed 
value of magnetizing field for the gyromagnetic members. 
In some instances, such as in laboratory work, it may be 
desirable to provide different values of isolation, attenu 
ation, or phase shift in a coaxial transmission line circuit. 

It therefore is an object of this invention to provide 
an internal magnet coaxial line device whose propagating 
characteristics may be changed without the addition of 
appreciable physical structure that would increase the size 
and weight to the device. 
Another object of this invention is to provide an in 

ternal magnet coaxial line gyromagnetic device having 
means for varying the magnetization of the gyromagnetic 
mataerial employed within said device. 
A further object of this invention is to provide a small, 

compact coaxial line device whose propagating charac 
teristics may be varied. 
A further object of this invention is to provide variable 

magnetization means in a coaxial line device employing 
a gyromagnetic material that is magnetized by an inter 
nally mounted permanent magnet. 
Another object of this invention is to provide means 

for varying the reluctance of the magnetizing field return 
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path in an internal magnet coaxial line device employing 
magnetizable gyromagnetic material. 

In accordance with one illustrated embodiment of the 
invention, the basic structure of the internal magnet co 
axial line device is comprised of a coaxial transmission 
line section having spaced inner and outer conductors. 
An annular shaped member of low loss dielectric material 
of substantially 180° angular extent is disposed between 
the conductors and is secured to the outer conductor, but 
is free to rotate relative to the inner conductor. Mem 
bers of gyromagnetic material are positioned on the di 
electric material on opposite sides of the center conduc 
tor. A transversely magnetized permanent magnet is dis 
posed within the center conductor in the region of the 
gyromagnetic members and furnishes the transversely 
directed magnetizing field for said members. At respec 
tive regions on the outer conductor beyond the two ends 
of the dielectric material, rotary joints are provided for 
permitting the outer conductor, the dielectric material, 
and the gyromagnetic material to rotate as a unit relative 
to the direction of the magnetizing field provided by the 
internally mounted permanent magnet. This arrangement 
permits the gyromagnetic material to be adjustably posi 
tioned within the magnetizing field from a region of 
strongest magnetization to regions of weaker magnetiza 
tion. Because the propagating characteristics of the de 
vice are a function of the state of magnetization of the 
gyromagnetic material, the propagating characteristics of 
the device may be varied by rotating the outer conductor, 
the dielectric material and the gyromagnetic members rel 
ative to the fixed magnetizing field. 
The present invention will be described by referring to 

the accompanying drawings wherein: 
FIG. 1 is a perspective view, partially cut away, illus 

trating one embodiment of the present invention; 
FIGS. 2 and 3 are sectional views taken at section 2-2 

of FIG. 1 illustrating the relative positions of the internal 
members of the device relative to the magnetizing field, 
for different rotational angles of the adjustably-positioned 
portion of the device; and 

FIGS. 4 and 5 are cross-sectional view illustrating an 
alternative embodiment of the present invention. 

Referring now in more detail to FIGS. 1 and 2 of the 
drawing, an adjustable internal magnet coaxial line de 
vice 10 is comprised of a section of coaxial transmission 
line. having coaxially disposed inner conductor 11 
and outer conductor 12. Inner conductor 11 is sup 
ported coaxially within otuer conductor 12 by means 
of a low loss dielectric bead 14. A dielectric pin 
16 extends diametrically through dielectric bead 14 
and through the end of inner conductor 11, and 
is secured within the end portion 17 of outer conductor 
12 so as to maintain the respective components in fixed 
position relative to each other. An annular shape mem 
ber of low loss dielectric material 20 having an angular 
extent of approximately 180° is disposed between inner 
conductor 11 and outer conductor 12. Dielectric member 
20 has a dielectric constant differing from that of the air 
filled region of the coaxial transmission line and there 
by provides means for distorting the magnetic field pat 
tern of the electromagnetic waves propagating through 
the device and induces in said magnetic field circularly 
polarized components, as is now well understood in the 
art. Dielectric member 20 is stepped in diameter at each 
of its ends to provide impedance transformer means for 
impedance matching purposes. Dielectric member 20 is 
fixedly secured to outer conductor 12 but is free to rotate 
relative to inner conductor 11. Two members of gyro 
magnetic material 21 and 22 are secured to the top planar 
surfaces of dielectric member 20 on opposite sides of in 
ner conductor 11. Members 21 and 22 may be of any 
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of the ferrite, garnet or related materials that are Well 
known for use in non-reciprocal transmission line devices. 
Disposed within inner conductor 11 in the region of gyro 
magnetic members 2 and 22 is a permanent magnet 25 
that provides a transversely directed steady magnetic field 
for magnetizing gyromagnetic members 21 and 22. To 
provide a low reluctance magnetic field return path to 
internal magnet 25, outer conductor 12 is comprised of a 
low reluctance magnetic material such as soft iron. The 
inner surface of outer conductor 12 has a thin coating 27 
of a high conductivity material such as copper to provide 
a highly conductive surface for the propagation of elec 
tromagnetic waves through the device. 
The central region of outer conductor 2 is adapted to 

freely rotate relative to the respective end members 7 
and 17, each of which constitutes continuations of the 
outer conductor of the coaxial transmission line. The ro 
tating joint that permits the rotation of the outer conduc 
tor 12 relative to the end members 17 and 7' is con 
structed in the following manner. The right end of end 
member 17 is undercut to permit outer conductor 2 to 
extend a short distance therein. The portion of outer 
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conductor 12 that extends within end member 17 is pro 
vided with an annular slot 30, and this slot 30 is disposed 
to register with a similar slot 31 within end member 17. 
A retaining snap ring 33 is disposed within slot 3 and 
extends into slot 30 in outer conductor 12, thereby permit 
ting angular rotation of outer conductor 12 relative to 
end member 17. End member 17' is constructed in like 
manner to provide a rotary joint at the other end of the 
outer conductor. 

Because dielectric member 20 is secured to outer con 
ductor 12, it and gyromagnetic members 2 and 22 will 
rotate relative to inner conductor 11 as the outer conduc 
tor 2 is rotated. Indexing means 35 may be provided 
at one of the rotary joints to provide an indication of the 
relative position of dielectric member 20 and gyromag 
netic members 2 and 22 within the device. End mem 
bers 17 and 17 are constructed in such a manner as to 
provide conventional coaxial line connector means at their 
outer ends. 
The operation of the device of FIG. 1 will be explained 

by referring to FIGS. 2 and 3. As illustrated in FIG. 2, 
gyromagnetic members 21 and 22 are positioned along a 
diameter that is parallel to the direction of the magnetiz 
ing field H supplied by internal magnet 25. In this posi 
tion, gyromagnetic members 21 and 22 will be in the 
region of strongest field strength of the magnetizing field. 
With the structural relationship illustrating FIG. 2, the de 
vice 10 will provide certain propagating characteristics 
that are functions of the state of magnetization of gyro 
magnetic members 21 and 22. These propagating charac 
teristics may be changed in the device of this invention 
by rotating outer conductor 12, dielectric member 20 and 
gyromagnetic members 21 and 22 relative to the inner 
conductor 1 and permanent magnet 25 which are fixedly 
positioned. This is illustrated in FIG. 3 wherein it may 
be seen that gyromagnetic members 21 and 22 now lie 
along a diameter that is angularly displaced from the 
transverse direction of magnetizing field H. In these po 
sitions gyromagnetic members 2 and 22 are in the por 
tion of the magnetizing field H that is of reduced strength 
relative to the central region of the field. Because gyro 
magnetic members 25 and 22 now are more weakly mag 
netized they will impart different propagating character 
istics to transmission line device 10. As now may be seen, 
the operating characteristics of the device 10 may be ad 
justed by the rotation of outer conductor 2 to provide 
varying amounts of isolation, attenuation, or phase shift, 
as may be desired. 
An alternative embodiment of the present invention is 

illustrated in FIGS. 4 and 5 wherein the internal compo 
nents of the device 0 are substantially identical to those 
described previously, with the exception that dielectric 
amember 20 is fixedly secured to inner conductor 11, and 
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4. 
outer conductor 2 now is free to rotate relative to fixed 
dielectric member 20. As before, gyromagnetic members 
2E and 22 are secured to the planar surfaces of dielectric 
member 20. In this embodiment, outer conductor 2 
is comprised of two semicircular portions 40 and 4 that 
are joined along a diametrical plane. Member 40 is com 
prised of a material such as iron that has a low magnetic 
reluctance, and member 41 is comprised of a high reluc 
tance material such as copper or brass. The inner sur 
faces of members 40 and 41 are provided with a thin 
conductive coating of a material such as copper 43 to 
assure good electrical conductivity for the propagation 
of electromagnetic waves within the waveguide section. 
This embodiment of the invention also is provided with the 
two rotary joints on the outer conductor 12 in the same 
manner as illustrated in FIG. 1 so that outer conductor 
12 may be rotated angularly with respect to inner con 
ductor 11, permanent magnet 25, dielectric member 20, 
and gyromagnetic members 2 and 22. With the arrange 
ment illustrated in FIG. 4, the semicircular members 40 
and 41 provide parallel magnetic flux return paths 46 
and 47 for the transversely directed magnetizing flux pro 
vided by permanent magnet 25. The magnetic field re 
turn path 46 will be of low reluctance, and magnetic field 
return path 47 will be of higher reluctance, and the total 
reluctance R provided by both members 46 and 47 may 
be represented by the expression 

7172 
r1--r 

wherein r1 and r2 are the respective magnetic reluctances 
of members 40 and 41. As may be seen in FIG. 4, the 
path 46 lies entirely within the low reluctance material of 
member 40 and this path will carry a major portion of the 
magnetizing flux. 

FIG. 5 illustrates the arrangement of the device 10 
after the outer conductor 2 has been rotated 90° rela 
tive to its position illustrated in FIG. 4. As may be seen 
in FIG. 5, one-half of each of the semicircular members 
40 and 41 will lie in each of the magnetic flux return paths 
46 and 47, so that now both of said return paths 46 and 
47 are of a higher reluctance than path 46 that was pro 
vided in FIG. 4. The total reluctance Rt of the magnetic 
return path arrangement of FIG. 5 may be expressed by 
the relationship 

71 72 Y/1 22 
- (3+3)(3+, 

1 22 YI 2 3+3)(3+, 
With given values of reluctance r and r2 for semicircular 
members 40 and 41, the second one of the above expres 
Sions for Rt will be larger in magnitude than the first ex 
pression. Therefore, by varying the angle by which the 
higher reluctance member 41 extends into the flux return 
path 46 the magnetization of gyromagnetic members 21 
and 22 may be decreased, thereby varying the propagating 
characteristics of the device iO. 
Although the internal magnet coaxial line type of de 

vices illustrated in the attached drawing are particularly 
useful as non-reciprocal transmission line devices, the 
teaching of this invention also would be applicable for use 
in a reciprocal transmission line device that may be em 
ployed as a bilateral attenuator or phase shifter. The 
Structure of such devices would be similar to those 
previously illustrated except that the dielectric member 
20 would be of a different shape and/or different di 
electric constant so that it no longer would function as 
an electromagnetic wave magnetic field distorting means. 
The remainder of the device to be used as a reciprocal 
attenuator or phase shifter would be substantially the 
same as previously described so as to permit the rotation 
of outer conductor 12, thereby varying the positions of 
gyromagnetic members 21 and 22 relative to the trans 
versely directed magnetizing field H supplied by internal 

It 
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magnet 25, or to permit the variation of the reluctance 
of the magnetic field return path provided by Outer con 
ductor 12. - 

From the above description it may be seen that the 
advantageous features of small size and weight of the 
internal magnet coaxial line device of the prior art have 
been retained and that the capability of varying the mag 
netization of the gyromagnetic material within the device 
has been added. - 
While the invention has been described in its preferred 

embodiments, it is to be understood that the words which 
have been used are words of description rather than limita 
tion and that changes within the purview of the appended 
claims may be made without departing from the true 
scope and spirit of the invention in its broader aspects. 
What is claimed is: 
1. A coaxial line device having adjustable electromag 

netic wave propagating characteristics comprising, 
a section of coaxial transmission line having inner and 

outer conductors, 
one of said conductors being comprised of a low 

reluctance magnetic material over at least a por 
tion of its angular extent, 

a magnetizable wave propagating gyromagnetic medium 
disposed between said conductors in the region of Said 
low reluctance magnetic material, 

means within the other one of said conductors for mag 
netizing said gyromagnetic medium in a transverse 
direction between said conductors, 

said magnetic material being secured in a fixed 
position relative to the one of said conductors, 
and 

means for rotating one of said conductors relative to the 
other conductor. 

2. A coaxial line device having adjustable electromag 
netic wave propagating characteristics comprising, 

a section of coaxial transmission line having inner and 
outer conductors, 
one of said conductors being comprised of a low 

reluctance magnetic material over at least a por 
tion of its angular extent, 

a magnetizable wave propagating gyromagnetic med 
ium disposed between said conductors in the region 
of said low reluctance magnetic material, 

means within said inner conductor for magnetizing said 
gyromagnetic medium in a transverse direction be 
tween said conductors, 

said magnetic material being secured in a fixed po 
sition relative to the one of said conductors, and 

means for rotating one of said conductors relative to 
the other conductor. 

3. The combination claimed in claim 2 wherein said 
gyromagnetic medium is fixed in position relative to said 
outer conductor, and 

said outer conductor is rotatable relative to said inner 
conductor. 

4. The combination claimed in claim 2 wherein said 
gyromagnetic medium is fixed in position relative to said 
inner conductor, and 

said outer conductor being rotatable relative to said 
inner conductor, 

said outer conductor being comprised of at least two 
angular portions of different magnetic reluctance. 

5. A coaxial line device having adjustable electromag 
netic wave propagating characteristics comprising, 

a section of coaxial transmission line having inner and 
outer conductors, 

said outer conductor being comprised of a low 
reluctance magnetic material over at least a por 
tion of its angular extent, 

magnetizable gyromagnetic material disposed between 
said conductors in the region of said low reluctance 
material, 

a permanent magnet within said inner conductor for 
magnetizing said gyromagnetic material in a direc 

6 
tion transverse to the direction of wave propagation 
through said transmission line, 

means for securing said gyromagnetic material in a 
fixed position relative to one of said conductors, and 

5 means for coaxially rotating one of said conductors 
relative to the other conductor, 

6. A coaxial transmission line device having adjusta 
ble electromagnetic wave propagating characteristics comprising, 

a section of coaxial transmission line having inner and 
outer conductors, 

magnetizable gyromagnetic material disposed between 
said conductors, 

means disposed within said inner conductor for provid 
ing a transversely directed steady magnetic field to 
magnetize said gyromagnetic material, 

said outer conductor being comprised of a low 
reluctance material over at least a portion of 
its angular extent in the region of said gyro 
magnetic material, 

whereby said outer conductor serves as a mag 
AE field return path for the steady magnetic 
eld, 

and means for varying the position of said gyromagnetic 
material relative to the transverse direction of the 
steady magnetic field. 

7. A coaxial transmission line device having adjusta 
ble electromagnetic wave propagating characteristics 
comprising, 
a section of coaxial transmission line having inner and 

outer conductors, 
magnetizable gyromagnetic material disposed between 

said conductors, 
means disposed within said inner conductor for provid 
. .ing a transversely directed steady magnetic field to 

magnetize said gyromagnetic material, 
said outer conductor being comprised of a low 

reluctance material over at least a portion of 
its angular extent in the region of said gyromag 
netic material, 

whereby said outer conductor serves as a magnetic 
field return path for the steady magnetic field, 

and means for varying the reluctance of said magnetic 
field return path. 

8. A coaxial transmission line device having ad 
justable electromagnetic wave propagating characteristics 
Compr1Sling, 
a section of coaxial transmission line having inner and 

outer conductors, 
said outer conductor being comprised of a low re 

luctance magnetic material, 
magnetizable gyromagnetic material disposed between 

said conductors, 
magnetizing means disposed within said inner conduc 

tor for providing a transversely directed steady mag 
netic field to magnetize said gyromagnetic material, 

first and second rotary joints disposed within said outer 
conductor at respective regions adjacent the ends of 
said gyromagnetic material, 

whereby the portion of said outer conductor inter 
mediate said rotary joints is rotatable with re 
spect to said inner conductor, 

said gyromagnetic material being fixed to said ro 
tatable portion of said outer conductor, thereby 
to rotate relative to said magnetizing means 
when the outer conductor is rotated. 

9. A coaxial line device having adjustable electromag 
netic wave propagating characteristics comprising, 

a section of coaxial transmission line having inner and 
outer conductors, 

said outer conductor being comprised of first and sec 
ond angular portions having different magnetic re 
luctances, 

a magnetizable gyromagnetic member disposed be 
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tween said conductors and fixed in position relative 
to said inner conductor, 

magnetizing means disposed within said inner conductor 
for providing a transversely directed magnetic field 
to magnetize said gyromagnetic member, 

first and second rotary joints disposed in said outer 
conductor at respective regions beyond the ends of 
said gyromagnetic member, 

whereby the portion of said outer conductor in 
termediate said rotary joints is adapted to ro 
tate relative to the direction of said magnetic 
field. 

10. A coaxial transmission line device having adjust 
able electromagnetic wave propagating characteristics 
comprising, 

a section of coaxial transmission line having inner and 
outer conductors, 

said outer conductor being comprised of a low 
reluctance magnetic material, 

a member of low loss dielectric material disposed be 
tween said conductors, 

said dielectric member having an annular extent 
to incompletely fill the region between said con 
ductors, 

magnetizable gyromagnetic material disposed adjacent 
said dielectric member in the region between said 
conductors, 

a permanent magnet disposed within said inner con 
ductor and being magnetized in a direction to pro 
vide a transversely directed steady magnetic field 
for magnetizing said gyromagnetic material, 

first and second rotary joints disposed within said 
outer conductor at respective regions adjacent the 
ends of said gyromagnetic material, 
whereby the portion of said outer conductor in 

termediate said rotary joints is rotatable with 
respect to said inner conductor, 

said dielectric member and said gyromagnetic 
material being fixed relative to said rotatable 
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portion of said outer conductor thereby to ro 
tate relative to said permanent magnet when 
said outer conductor is rotated. 

11. A coaxial line device having adjustable electro 
magnetic wave propagating characteristics comprising, 

a section of coaxial transmission line having inner and 
outer conductors, 

said outer conductor being comprised of first and 
second angular portions having different mag 
netic reluctances, 

a member of dielectric material having the shape of 
a Sector of an annulus disposed between said con 
ductors in fixed relationship relative to said inner 
conductor, 

a magnetizable gyromagnetic member disposed be 
tween said conductors adjacent said dielectric mem 
ber and fixed in position relative to said inner con 
ductor, 

a transversely magnetized permanent magnet disposed 
within said inner conductor for providing a trans 
versely directed magnetizing field for said gyromag 
netic member, 

first and second rotary joints disposed in said outer 
conductor at respective regions beyond the ends of 
Said gyromagnetic member, 
whereby the portion of said outer conductor in 

termediate said rotary joints is adapted to ro 
tate relative to the direction of said magnetiz 
ing field. 
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