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[5 7] ABSTRACT 
A mounting assembly for mounting a rectangular ferri 
magnetic toroid core longitudinally within a rectangu 
lar waveguide of a low-power-mode ferrite-core phase 
shifter comprising: 
a. four pegs inserted into four holes positioned in they 
waveguide walls so that one peg is positioned on each 
side of the waveguide at each end of the core and 
acting to restrict lateral movement of the core with 
respect to the waveguide; 

b. dielectric transformers at each end of the core 
partially overlapping each of the four pegs and acting 
to restrict movement in the longitudinal direction of 
the core with respect to the pegs. 

6 Claims, 6 Drawing Figures 
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MOUNTING ASSEMBLY FOR FERRIMAGNETICD w 
CORE IN WAVEGUIDE PHASE SHIFTER 

FIELD OF THE INVENTION 

The present invention relates generally to microwave 
phase shifters and more particularly ferrimagnetic 
cores. ' 

DESCRIPTION OF THE PRIOR ART 

Ferrimagnetic phase shifters have been widely used 
for some time most notably in antenna array applica 
tions. Generally these devices comprise a rod of ferri 
magnetic material mounted within a waveguide section 
and means for producing a magnetic ?eld surrounding 
the material. By varying the strength of the magnetic 
?eld the phase shift caused by ferrimagnetic rod can be 
varied. . ' 

In the phase shifter used to illustrate the present in 
vention a hollow rectangular ferrimagnetic toroid is 
mounted longitudinally within ' a rectangular wave 
guide. A wire mounted in a dielectric slab is inserted in 

‘ the space within the hollow ferrimagnetic toroid. The 
phase is varied by sending a current pulse thorugh the 
wire which acts to induce a magnetic flux in the toroid. 
When thecurrent pulse hasdissipated and thus h= o, 
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there will still'bens'dne remanent magnetic ‘flux-density’ 
B in the toroid due to hysteresis effects, This remanent 
flux density change will cause a change in the propaga 

, tion constants in the toroid. Thus the microwave signal 
will pass through the ferrimagnetic toroid either faster 

. or slower depending on whether the flux density is in 
creased or decreased from its last level. This change in 
the electrical length of the toroid will cause the phase 
shift in the microwave signal. The flux density is pro 
portional to the size of the current pulse through the 
wire. Thus the phase shift can be. varied by varying the 
size of the current pulse. 
This invention‘ concerns itself with mounting the to 

roid of ferrimagnetic material in the longitudinal center 
of a rectangular waveguide. Ferrimagnetic core materi 
als are generally fragile and magnetostrictive and there 
fore must be attached to, and supported in the wave 
guide in a movement restricting manner, yet the 
stresses on the ferrimagnetic materials resulting from 
the differential thermal expansions of the different ma 
terials in the phase shifter must be limited to an accept 
able level. 
The prime problem in such phase shifters results 

from the fact that the thermal expansion of the metal 
of the waveguide is different from the thermal expan 
sion of the ferrimagnetic toroid, thus during changes in 

' the thermal environment the waveguide will expand a 
different amount than the toroids and thus the core will 
have a tendency to slip out of its mounting within the 
‘metal waveguide. A mounting that allows suf?cient 
clearances for thermal and magnetostrictive expansion 
yet restricts the movement of this core is therefore de 
sirable. 

SUMMARY OF THE INVENTION 
Brie?y the invention comprises a mounting to prop 

erly restrict the movement of a ferrimagnetic core of a 
phase shifter while allowing space for thermal and mag 
netostrictive expansion of the core. 
Thus in a phase shifter where a toroid core of ferri 

magnetic material is mounted longitudinally in a wave 
guide, movement of this core is restricted by 
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2 
a. support means, positioned on either side of the 

core, restricting lateral motion of the core and being 
restricted in its own longitudinal movement by pegs 
protruding outwardly from the support means and 
being inserted in the side-walls of the waveguide; 

b. dielectric transfonners at each end of the core, 
completely covering the ends of the core and over 
lapping the ends of the support means restricting 
longitudinal motion of the core with respect to the 
support means. ' 

0. top and bottom walls of the waveguide restricting 
vertical motion of the core. 

OBJECTS OF THE INVENTION 

An object of the present invention is to mount a fer 
riimagnetic core in a waveguide such that movement of 
this core will properly be restricted while still allowing 
space for thermal and magnetostrictive.expansion. 
A further object'is to prevent slipping of the ferri 

magnetic core out of its mountings in a waveguide. 
Other objects, advantages and novel features of the 

present invention will become apparent from the fol 
lowing detailed description of the invention when con 
sidered in conjunction with the accompanyingdrawing. 

BRIEF DESCRIPTION OF THE DRAWING 
FIG. 1 is a top view of an embodiment of the mount 

ing assembly of the present invention with the top re- . 
moved. 
FIG. 2 is a sectioned side view of an embodiment of 

the mounting assembly of the present invention with 
the top removed. ‘ 
FIG. 3 is an end view of an embodiment of the 

mounting assembly of the present invention with the 
top removed. . 

FIG. 4 is a sectioned, perspective, end view of an em 
bodiment of the mounting assembly of the present in 
vention. 

' FIG. 5 is a sectioned, perspective, end view of an em 
bodiment of the mounting assembly of the-present in 
vention with a heat-conducting element for high power 
mode operation. 
FIG. 6 is a top view of an embodiment of the mount 

ing assembly of the present invention with heat 
conducting elements for high-power-mode operation. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shows the basic ferrimagnetic-core phase 
shifter that will be used'to illustrate the present inven 
tion. The walls of the rectangular waveguide 14 are of ' ' 
metal. The rectangular, ferrimagnetic, toroid core 12 is 
positioned in the longitudinal center of the waveguide 
14. The core consists of a bonded stack of one or more 
ferrimagnetic toroids. A wire 24, embedded in a coax 

‘ ial dielectric insert 26, runs down the longitudinal cen 
ter of the toroid core 12, as shown in 'FIG. 4. The wire 
24 acts to conduct the pulse of current which will 
change the remanent flux density B, and thus change 
the phase of the phase shifter by making the toroid ap 
pear electrically longer or shorter to the microwave en 
ergy- - 

On either side of the toroid core, a plurality of dielec 
tric pegs 16 are inserted into holes drilled in the wave 
guide wall such that the peg-heads protrude out at the 
toroid core 12. These pegs 16 act to restrict lateral mo 
tion of the toroid core. Any number of pegs may be 
used on each side of the toroid core. The'only restric 
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tion is that there is a peg positioned in the waveguide 
at each end of the core. (This restriction will be ex 
plained later.) The pegs may be secured with epoxy if 
they ?t too loosely in their respective holes. 
Appropriate clearances are provided between the t0 

roid core 12 and the protruding pegs to allow for ther 
mal and magnetostrictive expansion. Thus, since the 
core is free to move within these clearances, the 
stresses in the core due to expansion are limited to an 
acceptable level. 
A transformer 10 is bonded to each end of the toroid 

core. This transformer 10 is a dielectric, impedance 
rn_atcl_1g1g_,_transformer which acts“ to mAatchmthe high im 
pedance of the empty waveguide to thever'yTcTwTm- ‘ 
pedance of the ferrimagnetic core (dielectric constant 
e==l6). 

Multi-step transformers have been found best suited 
to perform this matching function. The more steps used 
to provide intermediate steps between the two ex 
tremes, the better the broad-band matching character 
istics. - 

In this particular embodiment a two-step impedance 
matching transformer 10 is used, though the invention 
is in no way limited to a two-step transformer. In fact 
any type of impedance-matching microwave trans 
former may be used. 
The transfonner 10 may take any shape, the only re 

striction being that it completely cover the end of the 
toroid core and overlap the sides of the pegs positioned 
at the ends of the toroid core. The purpose of this over 
lap is to restrict the longitudinal movement of the to 
roid core 12 with respect to the pegs 16. The peg-heads 
may be ?attened on the side coming in contact with the 
transformer 10 to provide more surface-area contact. 

In the transformer 10 there is a small groove 20 cut 
laterally across the transformer face that contacts the 
end of the toroid core 12. This groove 20 can be seen 
in the sectioned-side view of FIG. 2. The groove acts to 
feed the wire 24 into the center of the toroid core 12. 

Due to the very high dielectric constant of the ferri 
magnetic material of the core, if there is a low dielec 
tric constant gap between the ferrimagnetic toroid core 
12 and the waveguide ceiling, a number of unwanted 
modes would be set up in the waveguide. Furthermore, 
there would be unwanted absorptions and resonances 
such that the guide could not work over a proper band 

. width. Thus a very tight ?t between the waveguide and 
the toroid core is desired. In order to accomplish this, 
a thin metallic sheet 18, for example of aluminum, ex 
tends completely from one sidewall of the waveguide to 
the other sidewall and acts as the top and bottom of the 
waveguide over and under the toroid. 
The toroid core l2ii's—h1adve slightly higher than the 

adjacent waveguide sidewalls. Thus, when the thin me 
tallic sheet 18 is placed over the core 12 and the wave 
guide walls 14, the toroid core 12 will push-up on the 
metallic sheet while the aluminum cover 22 pushes 
down on the sheet 18, thus giving a very tight contact 
between the waveguide metallic sheet 18 and the toroid 
core 12. . 

When no heat-conducting elements are ?tted be 
tween the toroid core and the waveguide walls, as in 
FIGS. l—-4 then the ferrimagnetic phase-shifter can 

. . . 6 

only be used in a low-power mode such as a receiving 
mode where very little heat builds up in the toroid core. 
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When a ferrimagnetic-core phase-shifter is used in a 

high-power mode, such as a transmitting mode, heat 
conducting elements are de?nitely needed to dissipate 
the large amounts of heat built up in the ferrimagnetic 
core. Thus, as in FIG. 5, a heat-conducting element 
could be positioned on each side of the ferrimagnetic 
core 12 with a peg 29 protruding out of the side of the 1 
heat-conducting element facing the waveguide wall and 
?tting into a hole in the waveguide coinciding with the 
protruding peg. These pegs act to restrict the longitudi 
nal movement of the elements 28 with respect to the 
waveguide walls. An appropriate clearance is allowed 
between the ferrimagnetic core 12 and the heat 
conducting elements 28 for thermal and magnetostric 
tive expansion while restricting lateral motion. 
Again the toroid core 12 is made slightly higher than 

the heat-conducting elements 28 so that the core 12 
will push-up on the metallic sheet 18 forming the wave 
guide ceiling and thus provide a tight contact between 
the waveguide ceiling l8 and the toroid core 12. 
Thus the toroid core 12 is I 
l. restricted by either a heat-conducting element 28 

or a peg 16 from lateral motion; 
2. restricted by the top and bottom metallic 

from vertical motion; 
3. restricted by the transformers 10 from longitudinal 

motion with respect to either the heat-conducting ele 
ment 28 or the peg 16. 
A top view of this mounting assembly with these 

heat-conducting elements 28 for high-power-mode op 
eration is shown in FIG. 6. Obviously, many modi?ca 
tions and variations of the present invention are possi 
ble in light of the above teachings. It is therefore to be 
understood that, within the scope of the appended 
claims, the invention may be practiced otherwise than 
as speci?cally described. 
What is claimed is: 
1. A mounting assembly for mounting a core of ferri~ 

magnetic material within a waveguide of a low-power, 
microwave phase-shifter comprising: 

a waveguide; 
a ferrimagnetic core mounted longitudinally within 

said waveguide; 
a plurality of at least four dielectric pegs inserted in 
holes drilled in the waveguide walls with four of 
said holes lined up with the ends of said core and 
acting to hold said four outer pegs, one hole being 
positioned on each side of the waveguide at each 
end of the core, the heads of said pegs protruding 
toward said ferrimagnetic core but leaving an ap 
propriate clearance between said ferrimagnetic 
core and the peg-heads to allow for thermal expan 
sion and acting to restrict the lateral motion of said 
core; I 

a plurality of dielectric transformers, one bonded to 
each end of said ferrimagnetic core and completely 
covering the ends of said core and overlapping the 
protruding heads of said four outer pegs so as to re 
strict longitudinal motion of said core with respect 
to said four outer pegs. 

2.'A mounting assembly as in claim I wherein the 
side of each protruding head of said four outer pegs 
facing said transformer is ?attened to provide more 

sheet 

5 surface area contact between said transformers and 
said pegs. 

3. A mounting assembly as in claim 1 wherein said 
waveguide is rectangular in shape. 
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4. A mounting assembly as in claim 1 wherein said 
ferrimagnetic core is formed in theshape of a rectangu 
lar toroid. . - . . 

S. A mounting assembly as in claim 1 wherein said 
transformers are two-step, microwave, impedance 
matching, dielectric transformers. 

6. A mounting assembly as in claim 1 wherein said 
waveguide has a top, a bottom, and two side walls, said 
top and bottom walls of said waveguide being formed 
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6 
by a thin metallic sheet, and further wherein the height 
dimension of said ferrimagnetic core is greater than the 
height dimension of the side walls of said waveguide 
such that said thin metallic sheet is vstretched across the 
top of said core thus making va tight contact between ' 
the top and the bottom of said ferrimagnetic core and 
said waveguide walls. 

* * * * 1i 


