ABSTRACT

A new methodology has been evolved by the use of multiple rectangular cavities
to model the rectangular waveguide based circuit elements. The methodology involves in
replacing all the apertures and discontinuities of the rectangular waveguide based
structures, with equivalent magnetic current densities so that the given structure can be
analysed using only Magnetic Field Integral Equation (MFIE). To make the MFIE
applicable to the generalised waveguide structures problem, the given structure is
modeled using rectangular cavities. As it is necessary to use a number of such cavities in
order to study these complicated waveguide structures, the present method is named as
MULTIPLE CAVITY MODELING TECHNIQUE (MCMT). The interfacing apertures
between different regions (waveguide-cavity, cavity-cavity) are then replaced by
equivalent magnetic current densities. The magnetic field scattered inside the cavity
region due to this source is determined by using the cavity Green’s function of the
electric vector potential. The cavity Green’s function has been derived by solving the
Helmholtz equation for the electric vector potential for unit magnetic current source. The
scattered magnetic field in the waveguide region due to the presence of the transverse
magnetic current densities are solved by rigorous mode matching method. By applying
the continuity condition of the tangential magnetic field at the interfacing apertures, and
expanding the unknown magnetic current densities in ‘terms of piecewise
linear(triangular) basis function by using the Method of Moments, the problem is reduced

to solving the simultaneous linear equations.

Using the methodology some of waveguide based structures corresponding to two
port and three port networks are studied in this thesis. This includes the two port
matching circuits consisting of inductive, capacitive and resonant windows, inductive and
capacitive posts which are present in a single are double diaphragm, filters such as
resonant iris filters, E plane metal insert filters, and rectangular iris coupled rectangular
cavity filters. The three port network includes the simple H plane and E plane T-
junctions, iris loaded equal and unequal power divider. The thesis provides a complete

and accurate analysis of these problems. Algorithms have been developed for the



determination of the reflection coefficient for the two port network and all the scattering

parameters for the three port network. The thesis is broadly divided into following heads:

e INTRODUCTION presents an extensive survey of the literature on the different
methodologies used for the analysis of different two port, three port and four
networks which includes both the waveguide circuit elements as well as waveguide
based slot radiators. It also discusses the shortfalls of different methods and the

requirement for carrying out the present work.

e CHAPTER | presents the derivation of the cavity Green’s function for the electric
vector potential to be used in solving the Magnetic Field Integral Equations. Different

forms of representation and different methodology of deriving the same are discussed.

e The use of Multiple Cavity Modeling Technique is first applied to a simple
rectangular piece of waveguide in the CHAPTER Il. The waveguide piece is
modeled with one;two and three cavities apd showed that in all the cases excellent
results comparable to that of the exact value can be obtained. This work has been

done as a confidence building move.

e CHAPTER IIl is devoted to the analysis of waveguide based two port matching
circuit elements. After proving application of the present methodology through
experimental validation, the chapter carries out the study the characteristics of the
different windows and posts and complex diaphragm structures by various parametric

variations.

* Analysis of a class of rectangular waveguide based filters is carried out in the
CHAPTER IV using the Multiple Cavity Modeling Technique. The results from the

present theory re compared with the results obtained from the other methods.

« Extensive studies to prove the applicability of the Multiple Cavity Modeling
Technique to three port network is carried in the CHAPTER V. The simple H plane



and E plane waveguide T-junction is taken up for this purpose and are modeled with
two, three and four cavities. The scattering parameters obtained by the use of present

methodology are compared with the experimental results.

CHAPTER VI is devoted to the new class of waveguide three port network : the iris
loaded equal and unequal waveguide power divider. The present methodology is
applied to obtain the scattering parameters of the network and are compared with the
results obtained from the other theoretic;” method as well as from the experimental

measurements.

CONCLUSION summarizes the outcome of the thesis. The scope for the future work
based on the multiple cavity modeling work is given for extending the utilisation of
MCMT.



	DOCTOR OF PHILOSOPHY

	PROF.AJAY CHAKRABARTY & Dr.K.RAMCHAND

	CERTIFICATE

	ACKNOWLEDGEMENTS

	ABSTRACT

	INTRODUCTION

	CHAPTER I DERIVATION OF CAVITY GREEN’S FUNCTION FOR ELECTRIC VECTOR POTENTIAL

	V2G'v+k2Gcv=-rt.x-x„)#(y-y0)S(:-z<,)	-O-1?)


	* 551^+r-”)*^z>sin{if ^++}

	Jcos{^ (y+w)| c°s|^ O' + w)j dy

	g“(2)=-^sin{ if(*° h}*

	Tmn sin{2rm„r}

	g'"{zh~itsit,{-2T{x°+l)hs{^{y°+w)}

	cos{rmn(/-z)}cos{rffl„(? + z0)}

	Tm„ sin{2rm„r} i '


	[ mn t ,0 [i

	sin{rm,(<-zQ)}.sin{rmnz} rm„ sin{2r„„/}

	sin{rm„(t-z)}-sin{rm„z0} rm„ sin{2rra/}

	K*=k;+k;+k2

	kl T

	(2-Jo)





	?, = ^

	^o=V/n

	CHAPTER II APPLICATION OF MULTIPLE CAVITY MODELING TECHNIQUE ^SIMPLE RECTANGULAR WAVEGUIDE


	...(2.8)

	...(2.16)

	=	=h‘„xu2	...(2.17) C	=A™ xi,	...(2.18) C. = =CX“r	...(2.19)


	in{if(jc+a)}cos{S°,+i)i

	+ uy	Jsin|^-(JC + a))}-7’PM^l^—iy + b^Mdy


	I Jf \2 AU I1'* TR,A YXW * TR,A ry(?>+

	Xm-jYX(p)XTR/y4)T(?)Xcos (x + a) j sin j-^(y + b)'

	where CLmn and C”n are given by C* =I I ^Vn


	c- =11 ~ab

	H =^-WxE + M\

		( cos{rm„(z0-0}cos{rm„(z+/)} Z<Z„' rm„sin{r„„/}[cos{r„„(z-o}cos{rm„(z0 +0} z>z0,

	-cos{2rm„(}

	rm„ sin{2rm„;}

	-cos{2r mnt} Tm„ sin{2r„,„r}


	4ab 2a 2b x m r^r(p) x raw yyfe) x

	Region.!

	(a)

	-	Hf2 (Ml) - Hf2 (My) + Hf2 (Mi) + Hfz (Mx) = 0


	r.u

	Derivation of TRIAXX, TRIAXY, TRIAYX and TRIAYY



	[2a	J Ajmx

	J A, mx

	cos|—-(% + a)J ~ cos{ff(^-i +«)J

	k2 Aab rmn sin(2rm„0

	cos{rmn(z, -0}	(sin{rmn (z2 -/)} - sin{rmn(z, -/)})

	[sin{rmn(z,.+1 -/)} -2sin{rm„(z,. -*)} + sin{rmn(zM -/)}] for j*l,/*W

	-sin{rm„(zx -0} --^--^-(cos{rm„(z2 -/)} - cos{rm„(z, -/)})

	Tmn


	a, rm„

	[cos{rm„(z,.+1 -0} -2cos{rmn(z,. -0} + cos{rm„(zM -o}] for i*\,i*N

	A, rmn

	CHAPTER III APPLICATION OF MULTIPLE CAVITY MODELING TECHNIQUE -	ANALYSIS OF RECTANGULAR WINDOWS IN WAVEGUIDE

	Hcxtyl (M J ) + HcxlyI(Ml) + Hcxtyl(-Mx )+Hf(-My ) H f (Mf ) + Hf (My) + Hf (~MX) + Hf (~My )

	H f (M2 ) + Hcf(My ) + Hf(-Mx ) + Hf(-My ) Hf (Mx) + Hf (My) + Hf (-Mx ) + Hf (~My J

	Hxwgd2 (M3x ) + H”gd2 (My) + Hwgdl (Ml) + H"sd2 (My)	.. .(3.7)

	Hwx8dX (Mx) + Hf (Mx) + Hwxgd{ (My) + Hf (My) + H?gdl (Mx) +

	Hwgd\Mx) +Hf(M{) + H;8dl(My) +Hf(My) + H”8dl(M$) +

	H;gdl (My)~ Hf (Ml) - Hf (My)= 0

	Region!

	Regjpn-2

	Region!

	Regipoi

	At apsHuCfi-l




	y,.2 =(H-„(/f"',(M2)}=yir,

	Yv = (w1,(H^(M3)) = n!i

	yw =(w3,(//c0'2(a/3)+//^3(m3))


	y3.. =(w3 ,(//c0,3(m6))=^






	^7,7 = (W7, (//'O'4 (M? ) + tf"S"2 (M, ) }

	r:,8 =(w7)(//^2(M8))=r8^

	//;g£/1 (-A/,*) + H^x ) Hwygd] (-Mf) + {-M()

	Hf2 (-Ml) + Hf2 (-Ml) + H?2 (Ml) + Hf2 (Ml) HT2 (~Ml) + Hf2 (-Ml) + H?2 (Ml) + Hf2 (Ml)


	M KJ M 0

	[-n.il ln,2] [-n.3] 0

	k<] k«l fa] [-n,4l

	0 0 [-n,3] M

	n,4 =(«'),(^0'2(W4)) = !'«

	n.. =(w(,(«*!(«<)+«‘,',(w<))

	Esgion (3)

	(c)




	y.,3 =(w„(//'0"(M3))=i'lr,

	n.2 ={>V2.(H‘v'(M2) + Hcv2(M2)} Yu=(w1,(H”\M,))=Yl, Y2.4 ={w1.(.Ha>’2(MA)) = Yl2 YU = (w2,(HC,y2W6)) = Y[2 Yu = (n„(Hc*'(M,) + H'*3(M,)) n.4 ={^Hm2(Mt)) = Yl, Y>J={w„(H'»,(Ms)) = Y;3 n. 4 ={w„(Hc,y\M,)*Har\Mi)) YA} = {w„(H‘^(Ms)) = Ysta

	J« =(^.(.Hcv2(.Ms))=rIA

	I'm =(waH'**(Mt) + H-*‘,(Mt)}

	(C)


	+H‘v2(MI) + Hf'(MJ) +

	CHAPTER VI APPLICATION OF MULTIPLE CAVITY MODELING TECHNIQUE -WAVEGUIDE POWER DIVIDERS

	CONCLUSION


	References

	VrN jh N <=?<?; 3










