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The apparatus of this mventwn mcludes a microwave-

ThlS mventmu relates to medulaters e—f mwrowave

| ﬁeld in and around the rmg eress seetmn end eoneentuc: S
- -with the axis of thering. .~ o
The type of modulation pmwded by the modalator of -
'thls invention may be changed by adjustment from almost
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pure amplitude modulation, through a combination of

. amplitude and frequency modulation to almost pure fre- -

quency modulation. 'This is done simply by stightly chang-.

ing the frequency of resonance of the resonant rmg rela--

10

resonant conductive ring havmg a ferrite component

 This ring assembly is immersed in a modulating magnetic

field and also in a field of the microwave energy which isto.

be modulated. The interaction of the ring and of the

- magnetic field on the microwave field causes modulation

ing magnetic. field. -

A particular embodlment ef the mventlon employs

. round waveguide inside which is placed, transversely, a

composite round ring made of metal and one of the micro-
This composite ring has such dimensions -

wave ferrites.
as to be resonant, or appmmmately resonant, at the micro-
wave frequency employed A ‘microwave generator is
connected to apply microwave energy to one end of the
waveguide and a microwave receiver, detector, and modu-

tive to the frequency of the impinging microwave energy,_ B

or VICEB versa.

~ The pmnmpal purpose of this mventmu is. te provide
a microwave. modulator mcludmg a resonant ring com- .
pesed of conductive material and microwave ferrite ma- -

- tevial, and 1mmersed in a modulated magne‘ue field.

15
of the latter at the frequeucy ef Varlatlen ef the modulat-. E

Another purpose of this invention is to provide a"

modulator including a microwave waveguide containing
- a relatively thin resonant ring including microwave ferrite
~material positioned. in a waveguide : transverse plane a
- modulating magnetic field being apphed to the- -TIng.

A ‘more detajled duSCI‘IPEI{}Il of the lﬂVEIlthIl follows.. o
-~ with drawings, in which: | o

FIGURE 1 is a view c}f one en bedlment of the inven-

N tmn talf;.en partlally n seetien on the line 1—1 of FI(‘
URE2.

20
_ef FIGURE 1.

lation indicator is cenneeted to the other end. . A coil

~ tion by an audio-frequency generator. The modulation

- indicator indicates that the received microwave - energy

- has been modulated at a function of the audio frequeney
~ The several components of this apparams
- various. forms and may be combined in several ways.

may take

 surrounding the round wave guide is connected fer excita-

PTGURE 2 15 a seetmnal wew takeu on the line 2—2 '

- FIGURE 3 is e VIeW of another embed1men‘t of the -

I_'mvenﬁen teken partmlly n sectmn 011 the 1111e 3—-—-—~3 of
- - FIGURE 4. . |

50

- The resonant ring may be solid or split, the conductive

~ part may have any cross section such as circular, rectangu-

- lar or other form and may be surrounded, in.cross sec-
tion, either partly or completely by the ferrite material.
ay simply be-in close

- Alternatively, the ferrite material 1
- proximity or adjacent to the conductive ring material.
The ferrite material may be of various compositions; one

. example, 8800 mc. ps.,
Waveglude 11 is such as to transmit tl:us microwave
- quency. in the dominant ‘mode.

being, for example, that termed ferramic R—1 manufac--_éo

- tured by the General Ceramics Cerporatmn, Keasbey,

New Jersey. The ferrite 1

“February, 1954,
The resonant ring assembly is posmgned tr anwersely'

aterial is, however, resiricted -
- 1o that class termed microwave ferrites, as defined by E.

Albere-Schernberg in the Journa] of APPhEd Physms for 45

~ in the center of a round ‘or rectangular waveguide, or in
a coaxial waveguide, or may be positioned somewhere -

- within an enlarged' portion of a waveguide forming a
tuned or tunable microwave cavity. In all cases, however,
‘one purpose of the resonant or non-resonant component

~in which the resonant rmg is pesriloned is to apply a -

- microwave field .to the rmg ‘The ring may even be posi-

‘generates continuous-wave unmodulated energy. |
. microwave receiver - .and demodulator 13 may consist -

merely of a crystal mixer, such as is desembed in volume
-1 of the Radiation Laboratory series, Radar System Fn-

0 FIGURE 4 13 a eect10nal View taken on ‘the line 4—-—-—4 S
ef FIGURE 3. o

Referring oW to- FIGURE 1, a round hollow micro-

wave waveguide 11 s ce'mected between a microwave

generater i2 and a microwave receiver and demodulator
13, The microwave frequency employed may be, for
and the diameter of the round

comprise a klystron. or magnetron and, for example,

gineering by Ridenour, on page 416. The output of the

~mixer is utilized in a component t4 which may comprise,

for example, an oscilloscope.
- A resonant ring 16 is suspended coax 13,113; in the mund:

._wavegmde 11 by means not shown. As shown in FIG-
~URE 2, the ring is round and, as shown in the sectioned
50 _
. composite. . The inner part, 17, is a ring made of a highly -:' |
-_cenductive metal such as brass

view of FIGURE 1, its cross section is rectangular and -

‘The outer part, 18, is

a ring made of a microwave ferrite and is in contact

' tioned in an unbounded mlerowave field instead of one of

. the guiding structures mentioned. - One way in which -
- this can be done is to position the ring structure at or

~ just outside of one of the individual radlaters of a
microwave antenna such as a linear array or planar array
| If the individual radiator consists of a slot, the

‘resonant ring structure may consist of the edge of the

. slot itself in association with a coating or layer of ferrlte |
~material secured thereon or ad}acent thereto. - |
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with the inner part around its perlphery - As a specific
~example of such a composite resonant ring for use in this - |
invention in the apparatus of FIGURES 1 and 2, thering = -
length is 0.060 inch, the radial dimension of the brass = -
| the radial dimension of the
ferrite cross section is 0.036 inch and the outer diameter
~of the ferrite ring is 0.443 inch.. Such a composite ring

cross section is O. 032 inch,

is found to be electrically resonant in the Vlclnlty of the

| _ehesen frequency of 8800 mc. p.s.

The modulatmg magnetic field in which the resonant '

 ring assembly is immersed may have the same direction as

' - the ting axis, a direction perpendicular thereto,. any inter-

mediate direction, or the field may be eurved so as to

| :fellow the curvature of the perlphery of the ring.

'3  may be coaxial, as when -generated by a coaxial caoil, may
. be transverse, to the waveguide and therefore in the plane

When '

~ the ring is enclosed in a waveguide, for example, the field by the wire coil structure and associated structure.

70

" ~of the ring, or may be generated by current in a single

cenduemr :runnmg thmugh the resonaut ring te farm a’

A wire coil 19 is positioned around the outsme ef the
round waveguide 11, so that when energized its magnetic
field is coaxial at the ring 16. The coil 19 is energized
by an alternating current modulation generator 21 coupled

through a capacitor 28. The frequency and waveform '-

of this *generatm are not.limited in this invention exeept |
As

an example, the . outpat of this generator is sinusoidal and

has a frequency in the audible range: To increase effi-

-clency, especially- at high frequene1es it may be desirable

to siot the waveguide.

fre- .
The generator 12 may -

The



~jected to an alter
- field, the microwave properties of the ferrite component,
o "partlculally its- dielectric constant and permeability at

- cyclic ‘variation at the :

o -applied to the coil 19 from

o '-111 a number of details.

B
)

In thc opcratwn rof thlS cmbcd1mcnt whcn the com-
| pcsnc rmg 16 is exactly tuned to the microwave energy

- impinging on it from the generator 12, substantially all

‘When the ring 16 is ¢ cmplctcly detuned from the TiCro-

| wave frcqulcncy it reflects very little energy and its re-
gﬂcctmn as a discontinuity in the waveguide can be tuned

out if desired. When, however, the ring is almost exactly'

3 102,“ e

4

'structurc mcludmg a mctal ring member and an. ad]cmmﬂ- |
~microwave. ferrite ring member, said resonant ring struc-

~_of the microwave cncrgy is reflected back to the source.

ture being electrically resonant at a selected mlcrcwavc“ .
rfrcqucncy, means for generating an alternating magnetic

- space field having a selected lower frcqucncy less hhan__'
said selected microwave nfrcqucncy, said resonant ring

 structure being immersed in said alternating magnetic

- space field, means gcncratmg and prcpagaung electro-
'-magnctlc field .energy at. apprommatcly said selected -

.tuned to the microwave frequcncy and the ring is sub- -

atmtr field in addition to the microwave

L..I

~ microwave frcqucnc1cs are cyclically changed at the glter-

- - mating field rate or, if not biased as hereinafter described,
- at twice that rate. This modification of microwave proper-
- gies In. turn a

~ so that microwave energy is returned to the source with

-~ that frequency That field not reflected is transmitted to
the recever 13 and similarly undergoes the cyclic varia-

- tion. Thus, modulated microwave energy is received at
- the receiver 13, is demodulated and the modulation made
- ‘said ring structure including an inner metal ring and an

evident at the oscilloscope 14. -
- In order to eliminate frequency dcublmﬂr either the
- ring is slig htly detuned or a direct-current bias may be

a d1rect-currcnt source 22.
FIGURES 3 and 4 ﬂlustratc an embodiment differing

provided with aradiating horn 24 at one end and a tuning
- piston Z6 at the other. A microwave system 27 consisting

“horn 24 and is adapted to transmit microwave radiation

- ing equipment, 25, is connected to the receiver.

Tects the microwave reflectivity of the ring -

odulating fr equency or at twice

10

microwave frequency,. said resonant ring structure. being

immersed in said clectrcmagnctlc field energy, the plane

- of said resonant ring structure being normal to the direc-

. - whereby the electromagnetic field energy propagated past
15
-is a function of said selected. lcwcr frcqucncy

tion of propagation of said clcctrcmagnctlc field energy,
the resonant ring structure is modulated at a ratc Whlch |

2.- A microwave modulator ccmpnsmg means gcncrat-'
ing microwave energy at a selected microcwave frequency,

~ microwave clcctromagnct1c field bccndmg means, means |

20

propagating said microwave energy bounded by sald field

bounding means, a microwave resonant ring structure
funed to substantlally said selected microwave frequcncy,g

outer microwave ferrite ring in engagement with each
other throughout the circumference of each, said ring struc-

‘ture being contained within said boundmg means, means

~ generating an alternating magnetic field at a sclcctcd fre-

A 1cctangular wavcguldc 23 1s° .

quency in the space occuplcd by said ring structure, where-

| by the microwave energy impinging upon said resonant

o0
. of a transmitter togcthcr with an antenna, duplexing com- -_1:1 equency.
~ ponent and receiver is positioned at a distance from the.
o - waveguide, means prcpagatmg elcctrcmagnctlc field en-
- .. to the horn and to receive radiation of the same order .

~ of frequency from the horn. A demecdulator with wutiliz-

A Teso-

mant split ring 28 is positioned coaxially in a transverse
- microwave ferrite ring havmg complete ‘mutual circum-

plane of the waveguide 23. The ring gap 29 is so posi-
- tioned, facing one of the narrow waveguide sides, that the

-+ ring is reflective when resonant to the impinging micro-

wave energy. The ring is round in its cross section, the
~core 31 being made of brass and the material 32 surround-
‘ing the core ccnsmtmg of a microwave ferrite.

- yoke structure 33 having pole faces 34 and 36 and pro-

- Vided with a magnetlzm cml 37 cxcﬁed from a mcdula—

- _rucn ﬂcncratcr 38.

A trans-
verse magnetic field is applied to the ring by a magnetic

40

ring structure 1S mcdulated at a functlon of sald selected |
3. A microwave mcdulator compnsmg, a mlcrcwave _'

ergy having a selected microwave frcquency through said

- waveguide, 2 microwave-resonant ring structure positioned -
coamally in a transverse planc of said waveguide, said

ring structure mcludm g an inner metal ring and an outer

ferential engagement, said ring structure being tuned ap-
__ _proxunatcly to said selected microwave frequency, means
“applying ‘an alternating magnetic

ield having a selected

- frequency to said ring structure whcl eby said ﬁcld en-'

45

In ‘the {cpcmtmn of thc cmb0d1mcnts of FIGURES 3 .

by approximately an odd number of quarter wavelengths

generator 27.

| “This embodiment has the great practical advantagc that |
. in-addition to the primary function of the piston 28, its
-adjustment can be changed to compensate for small de-

| o “par

| turcs of ’nhc rmg du:ncnsmns fmm thc resonant dimcn-
- ‘310115 | -

 flected by the piston 26. toward the source.
several : passages of the energy past the ring 28 modulation
of the energy is augmented. This modulated energy is

- and 4, the coil 37 is supplied with alternating current from '

' generator 38. The piston 26 is spaced from the ring 28 50

o in the wavcguldc of the mlcrowavc energy Jgencratcd by-.f

- ergy 1s modulated.

- 4,- A microwave mcdu’lator c’cmpr:sm g a mlcrowavc
wavcnmdc, means prcpagatmg electromagnetic energy into

one end of said waveguide in .the dominant mode, said -
‘energy having a selected microwave frequency, a micro-
wave-resonaant ring positioned ccamally in a transverse
plane of said wavcguldc, said ring having a metal inner -
cylinder and a microwave ferrite outer cylinder fitted tight-
1y thereto, said ring being resonant at a frequency ap-

- proximating said sclcctcd.-
- applying an alternating magnetic field having a selected -

1icr0wavc' frequency, means

~ frequency to said ring whereby said energy is modulated.

55 -

thn microwave encrgy is radiated frcm the trans-'-:
~mitter and antenna of the component 27 the energy so
- radiated is received by the horn 24 and impinges on the
" ring 28. Part of this energy passes the ring and is re-
"Thus in the

60

.radiated by the horn 24. The energy reradiated by horn 65

24 is separated from the transmitted energy by the du- =
- plexer of component 27 and is impressed on the receiver

' '.’-':catcd on an osc:tallcscc}pc or 1s cthcnwme utﬂlzcd
What is claimed 1is: | | | |
1 A m:lcrcwavc mcdulator comprisin-g, a zrcscnuant ring

~ thereof as energy modulated at the frequency of generator
38 or at double that frequency. The received signal repre-
| . senting the energy radiated from the horn is demodulated
by the component 25 and the demodulated signal is indi--

70

75

5. A microwave modulator in accordance with claim

4 in which the direction of said alternating magnctlc field

is the direction of the ring axis.

6. A microwave modulator in accordancc with claim o

4 m which the direction of said altcrnatmg magnctlc ﬁeld' _-

is in said transverse plane. o
T, A microwave modulator in acccrdancc Wlth clalm 4

in which: said microwave Wavcguldc 1s -ctrcular. |
8. A microwave modulator in accordance with clalm .
4 in which said microwave waveguide is rcctangular
9. A microwave modulator comprising a microwave
waveguide having a conductive adjustable piston short -
circuiting one end, means applying. clcctromagnctlc field

energy to propagate into the other cnd of said waveguide,

said field energy having a selected microwave frequency,

a microwave-resonant ring positioned coaxially within said -
waveguide in a transverse plane thereof, said transverse

~ plane being posnwncd at a distance from said piston of - !
~ approximately an odd number of quarter wavelengths
of field energy in the waveguide, said ring including a

ccnductwc core surrounded by microwave fcmtc ma-



. be apprommately resonant to said selected microwave

8,102,243

: 'fﬁftenal' said ring bemg mterrupted'in its circomference by - 11. A microwave modulator in accordancn ‘With cl:u_m . .

" a gap, said interrupted ring having such dimensions as to 9 in Which said microwave Wavegmde is rectangular
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