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matching. This is because the eigenreflection coefficients

of both devices are separated by 90° on the unit circle.

Furthermore, it was shown that this condition is identi-

cally satisfied for all freq~uencies for a 2-branch coupler,

provided that the ratio of the in-line to branch-line admit-

tance levels is fi. This fact was used to construct a

compact stripline hybrid operating at 400 MHz using lines

which are a quarter wavelength long at 1 GHz.

VII. APPENDIX

It is obvious that the results in the text can readily be

generalized to the case of the n-port circulator where the n

eigenvalue phase angles must be separated by 360/n

degrees on the unit circle for perfect circulation, Here the

results will only be stated for the five-port circulator at the

reference plane where *O= 180°. The eigenadmittances at

such a plane arejYj =jco, jY1 ~,jY~,jY!12, andjY~. The

real and imaginary parts of the equivalent admittance are

Yy– Y:* Y; – Y:~
G*=

2
.tan36°=

2
. tan 72°

Yf+Y:~ Y:+ Y:2
Y*=

2 ‘- 2 “

It is apparent that two conditions on the eigenadmittancm

must be satisfied before a circulator can be obtained by

matching alone. In the general n-port case, n – 3 condi-

tions must be satisfied.
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Field Theory Treatment of H--Plane Waveguid(:
Junction with Triangular Ferrite Post

ABDEL-MESSIAS KHILLA AND INGO WOLFF

Abstract—Tbia paper presents an exact field theory treatment for the

H-plane waveguide junction with three-sided ferrite prism. The treatment

is gerre~ beii independent of the geometrical symmetry of the jnnetio%

the number of ports, and the location of the ferrite post inside the junction.

The solution of the wave eqoatioIMs in the ferrite post and in the surromrd-

ing region is written in the form of an infinite summation of cyfindrieal

modes. The fields at the ferrite-air interface are matched nsfng the

point-matching teehaique. This resnlts in two amplitudes for the cyfindrieal

modes describing the fields in the air region in the form of a matrix.

The fields at the arbitrary boundary between the air regfon and the

wavegoides are also matched using the point-matching technique. Thfs

results in a fiite system of nonhomogeneous equations in the field

ampfitodea.

The three-port wavegoide junction circulator with central triangular

ferrite post is analyzed using this technique.

Two speeKIc mrangementa are considered. In the fhst arrangement the

points of the triaagfes are in the centers of the waveguides, and in the

second the sides of the trianglea are in tbe centers of the wavegoidex. The

Manuscript received June 8, 1977; revised October 11, 1977.
The authors are with the Department of Electrical Engineering, Uni-

versity of Duisburg, Dnisburg, Germany.

method used in this paper can also he appfied to study the effect of tble

ferrite-peat geometry on the cirenlator performanm in order to seek th[e

best possible cireufator atroetore.

Excellent agreement fms been found between pubfislhed experimental

meaanrements and the nnmerical resrdts obtained by this teefroique in the

ease of a wavegtdde jonction circulator with cylindrical fmrite post.

I. INTRODUCTION

T HE VERSATILITY of the most widely used ferrite

junction circulator is indicated by the fact that in

addition to its use as a circulator, it can also be used as an

isolator or as a switch. It can be constructed in either a

rectangular waveguide or stripline technique. The wave-

guide version usually uses a H-plane junction.

The problem of the waveguide circulator design has

been overcome by numerical techniques for some simpler

structures such as latching circulators, simple ferrite-rod Y

and T junctions, and various inhomogeneous ferrite cylin-

ders (ferrite post [8]), ferrite tube-dielectric rod-dielectric

sleeve, and ferrite post–metal pin~ielectric sleeve [1 ]~31).
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Fig. 1. Schematic representation of M-port nonsyrnmetrical waveguide
junction with a triangular ferrite post.

Resonant modes of partial-height ferrite junction circula-

tors were studied recently [4]–[6]. The resonance modes of

a demagnetized triangular ferrite post which correspond

to the eigenexcitation were classified [7], under the

assumption of a completely open-circuited condition at

the sidewalls of the ferrite post, which is not the case in

the waveguide circulators.

The method of analysis adopted in this paper is to

match the cylindrical modes in the triangular ferrite post

to the cylindrical modes outside the post, which in turn

are matched to the complete set of modes of the rectangu-

lar waveguides. An infinite set of equations results, each

involving an infinite number of unknowns (the amplitudes

of rectangular waveguide and cylindrical modes). An in-

finite number of equations is required to obtain an exact

solution. In this problem, as in most problems solved by

model methods, a closed form exact solution is not possi-

ble. However, results to a reasonable degree of accuracy

can be obtained by taking into account a sufficient numb-

er of cylindrical modes at the ferrite-air interface, as well

as waveguide modes and cylindrical modes at the com-

mon boundaries between the junction and the waveguide.

The junction consists of M rectangular waveguides

(waveguide width 2(a)) intersecting as shown schemati-

cally in Fig. 2. These identical waveguides are assumed to

propagate only the dominant TEIO mode, while all higher

modes are cut off. A full-height rectangular ferrite post is

placed inside the junction and the dc magnetic field is

applied normal to the plane of the junction. The system is

assumed to be free of any losses, and the electromagnetic

field components have a time dependence in the form of

an exponential function: exp(jut). It is further assumed

that the output ports are perfectly matched,

This technique is applied to the H-plane Y junction

with a triangular equilateral ferrite post. Two specific

cases are considered. In the first case, the points of the

triangles are in the centers of the waveguides, whereas in

the second case the sides of the triangles are in the centers

of the waveguides.

II. FIELD ANALYSIS

All fields are assumed to be independent of the z

coordinate, and they are taken to have a time dependence

exp (jtit). Rectangular and circular cylindrical coordinate

systems (x,y, z) and (r, Q, z) are employed (as shown in

Fig, 1).

A complete expansion for fields in the ferrite (r<

rn (Q)), therefore [8], is

E,(r, @)= E@(r, @)= Hz(r, @)=O (4)

where

and

p, k diagonal and off-diagonal~1 – kI

Peff = ~ ? permeability tensor elements in

the (x–y) plane

‘f= ~cO’%/l10 ~eff

q is the relative permittivity of the ferrite material, and

the coefficients an are the unknown field amplitudes.

Similarly, the fields outside the ferrite post (r> r~ (0))

are of the form



XHILLA AND WOLFF: H-PLANE WAVEGUIDE JUNCTION ;~;g1

H, (r, 0) = : =: rz[ bnJn (kar) -!- c. Y. (kar) ]
an CQ

-exp ( –jn@) (7)

E,(r, @)= E@(r, @)= Hz(r, @)=O (8)

where

k.=a%

Ya = q=

b. and c. are the field amplitudes.

The continuity condition for E= (r, Q) and Ht~m(r, ~) can

be applied at any point r= r~ along the ferrite–air inter-

face to give

S anJn(kfrm)ew(-j~~m)
~=—~

= i %Jn (&m)exp(-j@m)
~=—~

+.=$ ~% y. (krm) fw ( –j@m) (9)

. exp ( –j@~)

. ~ by. ( ~J.(k.rm)”sin(%m)
~=—~ am

1
–jJ~ (k.r~). cos (~1~) exp ( ‘jn@~)

cc

{
+ S ‘. ‘a & ‘n (karm)” ‘in(~lm)~=—~ am

)
–jY~ (kar~)’ cos (@ln) exp( –jn@~). (10)

@l~ is the angle between the side of the ferrite triangle

and Ho(rm, @~), Olm is positive when it takes the same
direction as @~, and negative otherwise.

Since the number of unknowns involved in these equa-

tions is infinite, an infinite number of matching points are

required for an exact solution. In this case, a closed-form

exact solution is not possible. However, results to a rea-

sonable degree of accuracy can be obtained by taking a

sufficient number of cylindrical modes into account.

Consider nf cylindrical modes and qf matching points at

each side of the triangular ferrite post such that

2nf + 1=3qj. (11)

Equations (9) and (10) can then be written in the form c~f

quadratic matrices

A.a=B.b+C”c (]:~)

A1.a=Bl.b+Cl.c (1:1)

where

A=[A//], Al, = Ji (kfrl) exp ( –ji@/)

B=[Bzi], Bli = Ji (karl) exp ( ‘ji~~)

C=[cli], Cl, = ~. (karl) exp ( –~i~l)

Al=[Alli],

[
A I/i= Yf” J;(kfrl)

{

*k.
; sm(@ll)-jcos(@l[)

)

+ &Ji (kfrl)
fl

{
. sin(@ll)–j+cos(@ ll)

)]

oexp ( –j@l)

Bl=[Bll, ],

1
– J/(karl) cos(@ll) “exp( –ji@l)

Cl=[cl[, ],

Clli= Ya.
[

&Yi(karl)sin(@ll)
al

1–~(k.rl)cos (Qll) .exp( –ji@l)

a= [ai], b=[bi], c=[cil
with

i=—n
f, –nf+l, –nf+2,. . . n~ f>

and

1=1,2,3,.. ” ,39P

Equations (12) and (13) can be combined as

c=z.b (“1’4)

where the matrix Z is given by

Z=(A-l C–A1-l C1)-l.(A1-l B1– A-l B). (15)

The incident electromagnetic field components at port 1
are given by

Ez(xl, yl) =sin{(l +yl/a)~/2}

.exp(–jklxl) (1(5)

k,
H-y (XIJ’1)= – ~po— sin{(l +yl/a)7r/2}

.exp(–jklxl) (1’7)
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Fig. 2. Schematic representation of the Y junction with a triangular
ferrite post.

~x (%Y1) = Joa—cos{(l+yl/a)m/2}

“ exp(–jklxl) (18)

where

A complete expansion for the scattered field in the ith

waveguide can be written as

‘~ (xi$Yi)= ~$, ~;sin{(l ‘Yi/a)m7/2}

oexp (jknxi) (19)

‘~ (xi,Yi)= & ~~, b%sin{(l ‘Y,/a)m7/2}

“ exp (jkmxi) (20)

.exp (jk~xi) (21)

where

d{ is the complex transmission coefficient from port 1 to

the fth port, d;, d;,” “ ‘ are the complex amplitudes of the

evanescent modes in the ith waveguide, and Xi,yi are

rectangular coordinates at port i.

The matching of the fields given by (5)–(7) with the

waveguide fields given by (16) –(21) along the “walls”

between the air region and the waveguides depends on the

geometry of the junction. As an example, a Y junction is

treated.

A cylindrical wall whose axis coincides with the junc-

tion axis is chosen to be the “wall” between the air

surrounding the ferrite post and the waveguides (Fig. 2).

The boundary conditions on this cylindrical wall of

radius (r 1 = 2a/W ) are, for the ith waveguide

)1E= (rl, @’) Ii. = E. (xi~Yi waveguide i (22)

H@(~I, @i)lalr=– H. (Xi,yz)”sin@i+Hy (Xi>yz)

“ Cos‘i lwave~de i (23)

where

xi=2acos@,/fi

y,=2asin@,/ti

0’=0, +(1 +i).2T/3, 2r/3 < @i< 477/3.

Using the previous field expressions (5)-(7) and (16)-(21)

with (22) and (23) gives

~ d~sin{(l +yi/a)rnn/2}exp (jk~xi)
~=1

- ~ b#n(2aka/fi )exp(-jn@i)
~.—~

- 5 C. Ym(2ak./~ )exp(-jn@i)
~.. *

= – ~li sin{(l +Yi/a)T/z}exp( –jklxi) (24)

l/WoO ~ d~[ kmsin{(l +yi/a)m~/2}cos@j
~=1

–jnm/2a. cos {(1 +yi/a)m~/2}sin@z]

. exp ( –jk~xi) +jY. s bnJL (2%/fi )
~.—~

. exp ( –jn@i )

= ~lj. l/upO. [ kl sin{(l +yi/a)m/2}cos@1

+jn/2a. cos{(l +yi/a)n/2}sin@l]

. exp ( –jklxi) (25)

where 81, is the Kronecker delta and i= 1, 2, and 3

(3- port). An infinite number of equations are required to

obtain an exact solution. However, results to a reasonable

degree of accuracy can be obtained by taking a sufficient

number of waveguide and cylindrical modes into account.

Consider ~ waveguide modes, n. cylindrical modes,

and qW matching points in each waveguide such that

2n~+ 1 =3qW=3~. (26)

Equations (24) and (25) can be written in the form of

quadratic matrices:

D.d+E.b+F.c=P (27)

D1.d+El.b+Fl.c=Pl (28)

where
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D~l = sin {(1 +ylk/a)17T/2} exp (jklxl~), Equations (27) and (28) with (14) can be combined as

D 1~1= I/tipO. [kl Sin {(l+ Y1~/a)lT/2} cos ‘Ik

–jl/2a. cos {(1 +yl~/a)lm/2} sin @l~l exp ( –jklxl~),

[

D --1[:1=[++‘2’);E+FZ

>~ --- ;-il-11’lz

Equation (29) is in a form convenient for computing, in

that the matrix Z is a function only of the ferrite proper-

ties, geometry, and location in the Y junction, while D, E,

F, D 1, E 1, Fl, P, and P 1 are functions only of tlhe
waveguide geometry.

For the empty waveguide Y junction, the matrix Z is

zero and the solution will give the scattering matrix of an

empty Y junction, The truncation of the infinite series in

the simultaneous equations (24) and (25) amounts to

taking only a finite number of waveguide modes and

cylindrical modes on the assumption that the neglected

modes have much smaller amplitudes.

The conditions to indicate the accuracy of the results

are as follows.

1) The rapidity of the convergence of the infinite series

represents the fields. This can be indicated by observing

the change in the mode amplitudes with the change of the

number of matching points or with the change of the

number of the waveguide and cylindrical modes. When

the change in the mode amplitudes is insignificant, then

the number of waveguide and cylindrical modes are con-

sidered to be sufficient.

2) The output power from the three-ports should equal

the incident power

(30)

‘1=1::1; III. TESTING OFTHE ANALYSIS

The empty and cylindrical ferrite post three-port junc-

Fl~n =jY~ Y:(2ak./fi ) exp ( ‘jn@j), tions are taken to test the analysis.

[A A. Numerical Results of the Empty Three-Port Junction

NP=~;

~

P;= –sin {(1 +ylk/a)n/2} exp (–jklxl~),

P:= P:=O,

!=l

P 11

Pl= Pl; ;

P 1:

Pl~ = l/q.tO. [k, sin {(1 +ylk/a)7/2}. cos @lk

+j~/2a” cos {(1 +yl~/a)~/2}” sin !l?l~]

The solution for the scattering matrix (29) for a Y

junction with ferrite post has been derived. For the empty

waveguide Y junction, the matrix Z is zero and the

solution of (29) will give the scattering matrix of the

empty Y junction. The cases of 3, 5, and 7 matching

points on the boundary in each waveguide are considered.

Accordingly, 3, 5, and 7 waveguide modes, and 5, 8, auld

11 cylindrical modes are retained, respectively. In all three

cases, the power condition (30) is satisfied to an accuracy
of k 10-8. However, the lowest order waveguide amd

cylindrical modes varied considerably when taking 3 allld

5 points, while the difference between these modes in the

cases of 5 and 7 points is small (0,03 dB).

The arguments of the scattering matrix eigenvalues are
[5]

s ew (–Wd, eo=sll+s~’+s,3

P1; =P1:=O, 81 =Sll +S12 exp (j120°)+s13 exp (–j120°)

i=l,2, and3

k=l,2,..., qW
O_l =sll +s12 exp (–j120°)+s13 exp (j120°) (31)

1=1,2,.. ”,mW where

n=–n., –n. +1, ”-”, na. sll= d:, S,2 = d?, and s,, =d~.
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Fig. 3. Arguments of the scattering matrix eigenvalues for the empty
3-port junction: ------values computed from this theory, —
measured values given by [8], and . . . . . . computed values given by
[8].

The numerical results are shown in Fig. 3. The experimen-

tal results of Davies [8] and their theoretical calculations

based on his analysis are also indicated in the same figure.

The numerical results, based on the technique adopted in

this paper, are found to be in excellent agreement with the

previously published experimental results of Davies [8].

B. Numerical Results of Three-Port Junction with Central

Cylindrical Ferrite Post

The matrix Z is constructed for the case of a cylindrical

ferrite post (’I”H-109) of radius 0.35 cm, and the numeri-

cal results of (29) are obtained. The cases of 3, 5, 7, and 9

matching points on the boundary in each waveguide are

considered. It has been found that the values of the

scattering matrix elements are dependent on the number

of the waveguide modes and the corresponding cylindrical

modes considered on the boundary between the wave-

guides and the air region (Fig. 4). They are independent of

the number of the cylindrical modes considered on the

ferrite–air interface; that is due to the fact that the indi-

vidual modes are exactly matched along the ferrite-air

interface for cylindrical ferrite posts, which is not the case

for triangular ferrite post as will be seen later.

The convergence behavior of the scattering matrix ele-

ments is shown in Fig. 4. We see from Fig, 4 that 7

waveguide modes and 11 cylindrical modes are considered

to be sufficient. The numerical values of the scattering

matrix elements are obtained over the waveguide

frequency range and are indicated in Fig. 5. The experi-

mental results of Castillo and Davis [1] and their theoreti-

cal calculations based on the analysis of Davies are also

indicated in the same figure. The numerical results are

found to be in excellent agreement with the previously

published experimental results of Castillo et al. [ 1].

C. Y Junction with a Triangular Ferrite Post

The construction of the matrices A, B, C, A 1, B 1, and

C 1 of (15) is required in order to have the matrix Z. The

elements of these matrices are dependent on the matching

points m along the ferrite-air interface (Fig. 6.).

18 I
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Fig. 4. Convergence behavior of the scattering matrix elements for a
TT1 -109 ferrite rod. K is the considered number of waveguide modes,
and n= is the corresponding number of cylindrical modes on the
waveguide-air boundary (f= 10 GHz).

5 <

m
-07
c’

.- 10
% 12 — /
3 15 —
a 20 -
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Fig. 5. Performance of a TN- 109 ferrite rod: . . . . . . values computed
from this theory, — measured values given by [1], and
o . . . 0 0 . computed values given by [1].
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(b) (al

Fig. 6. Y junction with a triangular ferrite post.

For a matching point rn at the ferrite side results in case

of:

1) Points of the triangles are in the centers of the

waveguides (Fig. 6(a))

r~ = b/ COS @,m

@~=@,m +(i– l)2n/3, –T/3 < a~m < T/3.

2) Sides of the triangles are in the centers of the wave-

guides (Fig. 6(b))

r~ =b/ cos Qlm

@~=@lM+(i– l)2T/3+~/3,

–77/3 <@ln < T/3 and i= 1,2, and 3.

D. Numerical Results of Triangular Post Y-Junction Circu-

lator

The cases of 9, 11, 13, and 15 matching points on each

side of the triangular ferrite are considered. Accordingly,

14, 17, 20, and 23 cylindrical modes at the ferrite–air

interface are retained, respectively, In each case, 3, 5, 7,

and 9 matching points in the boundary in each waveguide

are considered. Accordingly, 3, 5, 7, and 9 waveguide

modes and 5, 8, 11, and 14 cylindrical modes at the

waveguide–air boundary are retained, respectively.

In all cases the power condition (30) is satisfied to an

accuracy of * 10– 7. The convergence behavior of the

scattering matrix elements is shown in Fig. 7. It should be

noted that the values of the scattering matrix elements are

heavily dependent on the number of the cylindrical modes

considered for matching the fields on the ferrite-air inter-

face. It is clear from Fig. 7 that 20 cylindrical modes for

matching the fields at the ferrite-air interface, 7 wave-

guide modes, and 11 cylindrical modes for matching the

fields on the waveguide–air boundary are considered to be
sufficient, and are taken in the following numerical re-

sults. The numerical solution of the triangular ferrite post

circulator is divided into two parts. The first considers the

circulator characteristics, i.e., the scattering matrix, while

— Reflection Loss

— — Isolat ion Loss

------ Insertion Loss

J,

9(\
1“ ‘

b=O.28 Cl_P

Material: TT1 --109

\’.
\’J..

\“<------------------------------— nf=l L
—. ——— ———. — —

E
~z ;$!

— ———.———————.—.= . _--~.———————. \ ii’
&-- 17

Namber of modes ~, na

Fig. 7. Convergence behavior of the scattering matrix elements fcw a
TT1-109 triangular ferrite post. w is the considered number of
waveguide modes, n. is the corresponding number of cylin~i~:al
modes on the waveguide-air boundary, and nf is the considered

number of cylindrical modes on the ferriteair interface (~= 9 GHz).

the second considers the field distribution inside the junc-

tion.

I) Circulator Characteristics: Numerical results are ob-
tained for a TT1- 109 ferrite sample. The internal dc

magnetic field is 200/(4n 10– 3, A/m. Fig. 8(a) shows the

numerical results for the first arrangement, i.e., the points

of the triangles are in the centers of the waveguides, and

Fig, 8(b) shows the numerical results of the scattering

matrix for the second arrangement. The frequency of the

best isolation for the two arrangements is the same (-10

GHz). Their values for maximum isolation are – 25 d!B

and – 17 dB, respectively. It is to be noted that the

performances obtained with the first arrangement are

superior to those obtained with the second arrangement

for the same dc magnetic field,

Comparing these results with the corresponding results

of the cylindrical ferrite post circulator which have the

same circulation direction at the same circulaticm

frequency (Fig, 8(a)), it is clear that the performances

obtained with the triangular ferrite post are better than

those obtained with the cylindrical ferrite post.

2) Field Distributions: Once the constants a., be, and c.

are known, the electromagnetic field components at any
point (r, ~) within the junction are determined. Figs. 9(a)

and (b) show the electric field and the tangential magnetic

field component at the ferrite-air interface, respectively.

The numerical values for both fields are obtained, as well
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Fig, 8(a). — Performance of a TN-109 triangular ferrite post for
arrangement (a), and ------ performance of TN-109 cylindrical
ferrite rod. (b) Performance of a TT1-109 triangular ferrite post for the
arrangement (b).
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Angle 0

Fig. 9(a). The electric field distribution along the ferrite-air inter-
face: ------ evaluated from the solution of the wave equation in the
ferrite, and — evaluated from the solution of the wave equation
in the air surrounding the ferrite on the ferrite-air interface. (b) The
magnetic field distribution along the ferrite-air interface: ______

evaluated from the solution of the wave equation in the ferrite, and
evaluated from the solution of the wave equation in the

air surrounding the ferrite on the ferrite-air interface.

from the solution of the wave equation in the ferrite post

as from the solution in the surrounding air at the ferrite-

air interface. The figures indicate that the electric field

and the tangential magnetic field component are matched

perfectly at the sides of the triangular ferrite. However, at

the points of the triangular ferrite they are quite different,

Increasing the number of matching points, i.e., the num-

ber of the cylindrical modes at the ferrite–air interface, in
fact, corrects this situation. Nevertheless, it is not possible

to match the fields at the edges exactly using the point-

matching method.

Fig. 10 shows the electric field distribution in the Y

junction with triangular ferrite post in the first arrange-

ment (Fig. 8(a)) using a sample TT1- 109 at the circulation

frequency (10 GHz). This figure indicates that the electric

field almost attains a minimum value at the isolated

waveguide axis. At the axis of the input and the output

ports, the electric fields are approximately equal although

their phases are different.
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Port 3 output

\

Fig. 10. The electric-field distribution inside the Y junction with a
‘IT1- 109 triangular ferrite post.

IV. CONCLUSION

The analysis given can be applied to the M-port wave-

guide junction when empty, or with general geometrical

post of ferrite, dielectric, or conducting material. Com-

parison of theory with previously published experimental

results on reciprocal three-port junctions and nonrecipro-

cal three-port junctions with cylindrical ferrite posts gives

excellent agreement. The agreement includes the eigen-

value arguments of the nondegenerate or degenerate ei-

genvalues for reciprocal three-port junctions and the

frequency of best isolation, the value of isolation at this

frequency, and also the general shape of the reflection-

coefficient characteristics for nonreciprocal three-port

junctions with cylindrical ferrite post.

To demonstrate the value of the adopted technique for

a junction with a general geometrical full-height post, the

triangular ferrite post in a Y junction is taken as an

example, Two arrangements of the triangular ferrite post

in the junction are studied. The first arrangement, in

which the points of the triangles are in the centers of the

waveguides, gives better characteristics: namely, higher

isolation and reflection loss, and smaller insertion loss at

the circulation frequency than that from the second

arrangement in which the sides of the triangles are in the

centers of the waveguides. Moreover, the obtained char-

acteristics for the Y junction with a triangular ferrite post

are better than the characteristics in the case of a cylindri-

cal ferrite post for the same circulation frequency.

The power of this technique is further strengthened by

the fact that it reveals information from which the electrc~-

magnetic field components inside the junction are ob-

tained. Furthermore, it can be used to study the effect c~f

the ferrite geometry on the circulator performance; it

means that it is possible to optimize the form of the cram

section of the ferrite to find the best possible circulator

structure.
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