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Chap. 10 | Rectangular cavity resonators

* Rectangular cavity resonators
- Hollow, rectangular metal box with sides of a, b, d
- Conducting walls
> Leading to multiple reflections = Standing waves
(--Linear superposition of two EM waves of same frequency in opposite directions)
» No wave propagation, but confinement in an enclosed cavity
» Standing waves formed in all directions (x, y, and z) = Strong resonance!

- Both TM and TE waves can be supported

* EM waves within the cavity

: Solutions of wave equations with given boundary condition

( , , 82 az 82 ,
V'E+k’E = | | E+k'E=0
(axz dy’ 07’ ] .
3 ) 5 ) Tangential E-fields, Et = 0!
V’H+k’H = | | H+kKH=0
L (axz Jdy° 09z’ j

E=aF +akE +alL

where - -
_ Normal H-fields, Hn, = 0!
H=aH +aH, +taH,

-

Medium 1 Medium 2 )
(dielectric) (Conductor)
E, =0 E, =0
a,xH,=Jg H, =0
a, D;=p D,,=0
H, =0
W,




Chap. 10 | Rectangular cavity resonators

- Why should we practice to drive the TM & TE waves in a resonator?
- In the textbook, only results shown with qualitative explanation = some important information missing!

- Many useful EM concepts used in derivation!

r T™M wave 1 r TE wave
4 E ( o
L = Z20(mﬂ)(p_ﬂjc()s(mﬂxjsm(nﬂy)sm(pnz> L _JOUH ([ nT cos| 22 \gin| Y |sin| P22
h a d a b d > h? b a b d
3
Eo(nm\ pr) . (mrx ”ﬂ)’j (PﬂZ) JouH ,( mm mmx niwy Pz
J E =——2 ~— |sin cos| — |cos| —— —_ 20 ' ) L
= U e oo oo ) ||| e i e o 25
. (mrx)\ . (nmy prtz )
E =FE ,sin SIn| —— |COS| —— H
=i 2 Jan{ 55 oo 222 o B (Y ) ) e
( h a d a b d
Hx:Ja)é‘ffzo(nﬂjsin(mﬂx)cos(”_m)cos(p_mj ) Hzo(mtj(ﬁjcos(mﬂxjsm(nﬂx)ws(pﬂxj
< h b d b d y h2 b d a b d
H, = ]a)effzo(mﬂ)cos(mﬂx)sin(nﬂx)cos(pﬂx) v N nmx) . ( prx
\ h a a b d _=H ,cos . COS 5 Sin e




Chap. 10 | Derivation for E-fields for cavity resonators (1/3)

* Derivation for E-fields

- Separation of variables

SR & : o A
—+—+— |E_+k’E.=0 --«(1) where|E, =X (x)Y(y)Z(z) ---(2)
ox~ dy" 0z . y
- By plugging (2) into (1), we get
9 X 9°Y 0°Z ,
ax(zx)Y(y)Z(z)+X(x) ayEY)Z(Z)+X(x)Y(y) azgz) FEPX (x)Y (v)Z(z2)

- By dividing above equation by X(x)Y(y)Z(z), we get

1 90°X(x)

1 9°Y(y) |

2
1 0°Z(z) RN

X(x) ox* Y(y) 9y’

.--(3)

Z(z) 97° I

- Equation (3) to be satisfied for all x, y, z, we obtain the following three ODEs |:>

s 0> 9° 9 P A
axz ayz azz X X
0> d° 0
| | E +k°E. =0
(ax2 ayZ azz j y + y
0> 9> 0
| | E +k’E =0
(axz ayz azz j Z T Z
\_ | Y,

We are solving this first, then

apply the similar approaches to others

\_

-

\

0° X (x)

Y. k. =0

1
X(x)
1 9°
(y) oy
1
(

~
A~~~
~
~—"

h<

Z(z) 97’

where k? + ky2 +k; =k’

~




Chap. 10 | Derivation for E-fields for cavity resonators (2/3)

* Derivation for E-fields

- General solution to the equation for Ez: A combination of sinusoidal functions!

E.(x.y,2)=X(x)Y (y)Z(z)

- Now, from B.C. where tangential E-fields should be zero,
Fy — O
y=b
> Y(y) = 0 at y = 0. Then we get,

Ez (X,y,z)

=0 at <

¥(0)=

A,.=0]

» Y(y) =0aty=b. Then we get,

, and at -

(A

z.,xe

x=0

\xza

cosk x+ A, sin kxx) (A

~

\

Y(b)=A, ,sinkb=0 — kb=nr — k =

ni

~

J

- Similarly applying the B.C. for X(x), we should get

and

cosk y+ A, sin kyy)(Aw cosk,z+ A, sinkz )

E. (x,b?z) =0

- Thus, the solution form be simplified as

.--(6)

-

\_

< ,k€

E_(x,y,z)=sink_ xsin kyy(E

cosk,z+E,_ sin kzz)

.+(7)

J

where EZ,Ze:A A A

z,2e" 77,x0" "z,y0

and E._=A A

7,20° "z, x0" "Z,y0



Chap. 10 | Derivation for E-fields for cavity resonators (3/3)

* Derivation for E-fields

- By going through the same procedures for Ex and Ey, we can obtain the following set of equations

E_(x,y,z)=sin k,ysink z(E, , cosk x+E, , sink x) .
4 — sink_xsink.z( ' k=" k=" k=L
E (x,y,z)=sinkxsink z(E,  cosk,y+E,  sin kyz) .-(8) where k. === k= 7 ;

L, (x,y,z)=sink_ xsin kyy(Ew cosk z+E_, sin kzz) (m, n, p: Integers)

- We can substitute equation (8) into (9) (Gauss Law) - Equation (9) should hold at all points within the cavity and at the walls

, a ) _i-e' At (O, y, Z), (Xa O,Z), (X’ y’ O)
OE E. OE
ox dy 0z 2 R A i =E, ,sinkysmkz=0 —>|E_ =0
dx dy 9dz|, ’ |
V,2)
JE. . OE OE. OF
ax — S1n kyy S kzZ( kxEx xXe Slnk X+ kxEx X0 COS kx’x) axx I ayy | aZZ — Ey,yo Sin kxx Sin kZZ =0 - Ey,yo =0
aE (x,0,2)
~=sink xsink z(—k E, sink y+kE cosky 0E OE. OE
ay ( y ¥,y Yy Y ) X Y Z :EZZOSinkx’XSinkyy:O — EZZOZO
- ox dy 0z ) ’ | )
- < =sink xsink,y ( kE  snkz+kE  cos kzz)
e

- If we plug above condition back into equation (8), we get (next page)



Chap. 10 | Derivation for H-fields for cavity resonators (1/2)

* Derivation for E-fields

- Equation (8) becomes - Gauss’s law yields the following relation
( () . )
E (x,y,2)=E,cos(k.x)-sin kY, .sln(kZZ) aaEx g aaEy | aaEz — _(kxExO +k,E, o+ szzO)Sinkx’XSin k,ysink z=0
1 E, (x,y,2)= E, sin(kxx)-cos[kyy] -sin(kzz) .++(10) r * * * 1
\ E (x,y,z) =E, sin(kxx) : sin(kyy) : cos(kzz) —>k E_ + kyEyO +kE,=0 --(11)

— Constants are simplified as Exex = Exo, Eye,y = Eyo, Ezez = Ez0 for better readability.

* Derivation for H-fields

- From Faraday’s law (Curl of E in Maxwell’s equations),

VXE =—jouH .
B =IO j (9E. OE
a, a, a Wl

x y Z

Magnetic fields
0 o0 0 . J (OE, OE .
B_x a_y B_Z :_Ja)tu(axHx_l_ayHy_I_asz) |:> y Hy — ( -+ (12) In terms of

Electric fields
E. E E, o j(aEy aExj




Chap. 10 | Derivation for H-fields for cavity resonators (2/2)

* Derivation for H-fields

- Now by substituting electric fields equations (10) into magnetic field equations (12),

' (0E. OE ‘
H = J [ 9E. SN L(k E ,sink xcosk ycosk z—k E ,sink xcosk ycos kzz)
ou\ dy 0z ) ou‘’ y y y

— a)%u (ky E,—kE, )sin k.xcosk ycosk.z

- We can similarly obtain Hy, and H; as above

(

H :L(kE —k E )sin(kxx)-cos(kyy)-cos(kzz)

X y 20 z77y0

Wi
« H = a)%u(kZExo — kszo)cos(kxx)-sin(kyy)-cc)s(kzz) ---(13)
| H_ = a)i,u(kxEyO — kyExO)cos(kxx) - cos(kyy) - sin(kzz)

- Above magnetic fields satisfy the B.C. such that H, = 0!
- Above magnetic fields satisfy V- H =0

g Medium 1 Medium 2 h
(dielectric) (Conductor)

E. =0 E, =0
anZXHIZJS H2t:O
anZODIZIOS Dzn:O

H, =0 H, =0

\_ ),




Chap. 10| TM modes for rectangular cavity resonators (1/2)

—1Complete expressions for E and H-fields in cavity

( E .=E cos(kx): sin(kyy) - sin(kzz)
VE =E sin(k, x) cos(kyy) : sin(kzz)
E.=E, sin(k_x)- sin(kyy) - cos(kzz)

(

H :L(kE —k E )sin(kxx)-cos(kyy)-cos(kzz)

X y—z0 77 —y0

ol
4 Hy = w%;l(szxo — kszo)cos(kxx) - sin(kyy) : cos(kzz)
H = w%u(kxEyo — kyExO)cos(kxx) - cos(kyy) - sin(kzz)
where k_ :m_n', k, :%, k. =%
a

(m,n,p : Interger values)

and kFE +kE  + szzo =0 from Gauss’s Law

x—x0 y—y0

* TM modes

- Hz — O
(k E o —kE.=0 (fromH;=0)
kE . ,+kE,+kE =0 (fromGauss’sLaw)

x—x0 y—y0

.

- Two equations with three variables — Exo, Eyo in terms of Ez

E =-F, kf)fjcz cos(kxx) : sin(kyy) : sin(kzz)
X y

« E,=-E kzky_fzz sin(kxx)-cos(kyy)-sin(kzz)
X y

E =F, sin(kxx) - sin(kyy) - cos(kzz)

H_ = jweE kZIj_ykz sin(kxx)-cos(kyy)-cos(kzz)
X y

H =-jwek kzlf:kz sin(kxx)-cos(kyy)-sin(kzz)

L X Y




Chap. 10| TM modes for rectangular cavity resonators (2/2)

* TM modes (in the textbook notation)
- No power flow in any directions

Yy +k*=h’ . All the E-fields are in time phase
where ¥ = jk. & k> =k?+ kyz + kf — hP=kl+ kyz - E-fields and H-fields are in time quadrature (1/2 phase difference)
1y nw T 1 "
and k,=-—, k ==~ k=" — .~ P,=—Re(ExH')=0
a b d 2

E

CE =——2 (mt)(p—ﬂ)sin(mﬂx)cos
’ h™ \b d a

E =F, sin( mﬂx)sin(n—ﬂyjcos(p—ﬂz)
| a b d
4 . E

H - ]6082 " (m[)sin(mﬂxjcos(nﬂx)cos(pﬂx)
< h b a b d

weEE T T . T
H =_2 Zo(m )cos(m x)sm(nbﬂ)cos(u

d h’ a a d

” E
E =—-—2 (mﬂ)(ﬂ)cos(mﬂx)sin(ﬂ)sin(—
h a d a b d
T

)

)

- Resonant frequency

> By definition,

2 2 2
k2:w2u£:k§+k2+kf:(m—n) | (mr) | (pﬂj
’ a b d

BEGEG

st BNOND)

>~ Lowest resonant frequency for TM wave:
m # 0 & n # 0 (Not to make E; = 0) @ TM110 mode!




Chap. 10| TE & TM modes for rectangular cavity resonators

* TE modes
r \ - Resonant frequency
)
oouUH ni mnrx )\ . ( nrxr , 7 >~ Exactly same as TM modes:
E = / ‘Zz ZO( , )cos( )sm(%jsm(%) ) ) )
a mit ni v/
o] kzza)z,ug:kj+ky2+kj=(—) =(bj I(pd)
Q) mm \ . ( mmwx nw TZ a
E = / ‘u2 =l ( )sm( jcos(—y)cos(p—)
| h a a b d
2 2 2

H (mr T\ . (mrox nwx TX r T AAll T PR —

H =- ;0( j(p—)sm( )cos(—)cos(p—) 2\\ a b d
h a d a d
 H_(nr)\ pr murx | . ( nx pITx
Y Hy = 2\ p g COS p S1il COS y - Different modes with same resonant frequency: Degenerate modes
> Lowest resonant frequency for TE wave:
mmnx nwx )\ . ( pwx
H. =H_, COS( . )COS(T)SIU(T) p#0&((n=0+m=0)(Not to make H, = 0) = TEo17 or TE101 mode!
- Dominant mode of rectangular cavity resonators?
> TEo11, TE101, and TM110 should be compared > Depending on the dimensions of cavity!
> > > > > > -lfa>b>d— TM110 dominant!
7} 1 1 7} 1 1 7} 1 1 |
Jreorn==4ll = | Tl =1 s Sreioi ==l = | Tl = 1| > faio==ull = | t| = -Ifa>d > b — TE101 dominant!
2\ b d 2\ a d 2\ a b .
- If a = b = d — all three are degenerately dominant



Chap. 10 | Quality factor, Q

- Comments on circular cavity resonator

- E and H-fields can be obtained by using cylindrical coordinates
-3 dB

- However, derivation is quite complicated and beyond our scope; Please refer to

microwave engineering for details

< Bandwidth >

* Quality factor, Q

- Energy loss in the cavity resonator

f fe 12

- Cavity stores EM energy in the form of standing waves for particular modes
- Amplification of wave by resonance — infinity, if energy loss = 0 T
- Finite conductivity (o) of the walls — energy loss per reflection (Eventually attenuated Resonant frequency

unless continuously supported)

0=2r Time-average stored energy at a resonant frequency W=W+W, = iRe(SE E"+uH-H *)
Energy lost per cycle i i
By Time-average stored energy at a resonant frequency _ a)K P, = CJSsE‘J JR.ds = CﬁsE‘H R ds
r Energy loss P, |
L J Where Js = surface current density,

H:. tangential H-fields,
Rs: wall resistance
Practice it! (Example 10-17)
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Chap. 9 | Intro to transmission lines

 Transmission line (TR line)
- A pair of electric conductors
- Used as cables for efficient transmission of AC signal at distance at
radio frequency (RF > 30 kHz where wave characteristics matters)

- Why?

> Signal radiates off the regular electric cables at RF — Loss!
(- Antenna [Chap. 12]) <Parallel-plate> <Two-wire> <Coaxial>

> Signal reflected at connectors or joints at RF — Loss!
(- Impedance miss-matching [Sec. 9-7])

Waveguide Transmission lines
- Signal guided within TR lines in form of “TEM” wave Hollow metallic structure .
. g A pair of conductors
Structure through which EM g . . .
opagates - carrying AC electrical signal
- Easy to do “Impedance-matching” — Minimized reflection loss oo p _______ pg ______________________________________________________________________________________
Operating TE and TM modes TEM or quasi-TEM modes
modes
Operating Microwave Radio frequency
frequency (0.3 ~ 300 GH2) (30 kHz ~ 300 GHz)
U, _ .
R, o< |— - Significant loss at microwave frequency
4 R N O, for TR lines!
<Power line: two-wire> <TV cables: coaxial>

Img src: alphaplatforms.com, Sewell Direct



Chap. 9 | Infinite parallel-plate TR line

* Infinite parallel-plate TR line

- Two perfectly conducting plates (o = o) separated by a dielectric medium (u, €)

- All TEM, TM, TE waves propagating in z-direction

- Infinite Iin extent in x-direction

_ | o oE oH
> Fields do not vary in x-direction = —=0, — =

ox o0x

» Electric and magnetic fields for TM modes (H: = 0)

- Wave equation for E;

V’E.+k’E_=0, where E_(y,z)=E_(y)e”

g 2 0 A
d’E!

e WE) =0 (wh =k +y°)
y

\_ .

AN
/7

- Boundary condition (E: = 0 at conducting interface)

E’(y)=0, where y=0 and y=d

<

- Solution

0 (E+#0, H=+0)

-
ni

.

Ef(y)zAnsin(hy)zAnsin(jyj, (n=1.2..)

~

.

o} L

- Transverse field components

rEff =—%(yaa; +jwuaio
Ef——h—lz yafyg—jwuaio
<
H; =—%(Y 817;7, — jawe aaEyf
| H, :—%()f aio +ja)a%




Chap. 9| TEM mode in Parallel-plate TR line

- Special case of TM modes = TEM m

ode

-

-

E (y.2)=A, Sin(ﬂy

Longitudinal: < d

kHZ (y’Z) — O

-

Ex (y,Z): O

—?An cos(

E, (y.2)

Transverse: < .
JWE

H,(y.z)

H,(y,2)=0

Propagation constant:
2
ni
y=~n—k* = (—j —°UE
\\ a4
Cutoff frequency (y = 0)

o h n
" 2mue  2d.ue

(Hz)

—A cos(
h

d
niwy
d

n7ryje_yZ

What if
n = 07?
(h - 0)

=N

.

Longitudinal. <Z;Z((yy’i))::(z)
E.(y.2)=0
E (y.z)=Ee™”

Iransverse: - H (v,2)=— % e 7* where n
H,(y,2)=0

Propagation constant:
2 . A .
Yy =N—-k" = joJue=jp
Cutoff frequency

f.=0

* TMo = TEM!

- TEM is a dominant mode of the parallel-plate! (- lowest f)




Chap. 9| Derivation of TEM mode in TR line (1/2)

* Derivation of the TEM mode

(" )
VXE=—-jouH VX H = jowcE
| 0E7 OE | aﬁr oH,
Ty _ E ...
By oz JouH  ---(a) /8y o = Jwek, ---(e)
3 _8 Z+8Ex =—jouH_  ---(b) ] 8@' BH —ja)gE -+ (1)
X 0z g /éx g
JEx JOE, 8%_8}5_ .
\ Ax oy N }’Khz ©) k/9)6 dy _]})JZZ (®)
\_ y,

- From equations (c), we know that

E.(y

( E (v,z)= O)

- By substituting Ex =

( Hy(y,z)=0)

- Equation (e) also vanishes accordingly, since Ex =

,z2)=C-E)(z). FromB.C., E (d 0or0,z)=0 — C=0

0 into equation (b), we get

H, = 0.

EZ (y’Z) — O BE BH
where < and — =0, —=0
H,(y,2)= ox ox
(by definition) (Assumption)
(Et =0 atthe conducting boundary

.

H =

- From equation (g), we know that

(H,(3.2)= H,H! (2

...(DJ

- By differentiating equation (f) with z,

0°H . OE, A
07 Jz _]wg(]w“H)
é d2 - )
> ~+w ,ueH =0 ---(2)
dz’
\_ £ J

0 (y=0andy =Db)

equation (a)

-------------

(Why ODE, not PDE?)



Chap. 9 | Derivation of TEM mode in TR line (2/2)

« Derivation of the TEM mode

- By solving the ODE,
dz
(- )
~H (y.2)=H,H(z)=Hye "
where f=w./ue )

- By substituting Hx back into equation (f), we get

dzH —jloue |z | @\ UE |z
S toiueH, =0 — H(y.2)=He ") +/H1/€']( )

oH 1 OH 1
~=jJwek, — Lk =- == —
0z jwe dz  jwe
r ™
B (5.0)= e = e
- y

(_ .:BHoe_ﬁZ )

(--there is no reflection!)

[ n summary, TEM wave characterized as
<( E. ()’,Z) =0
L HZ (y’ ) — O
E =E,e " E
< y(y,z) o€ where ,B:a)\@ and ——y=\/gé77
Hx()’aZ):_&e_]ﬁz i
' n
\_

Characteristics of “TEM waves” guided within TR lines

Those of “Uniform plane wave” propagating in an unbounded dielectric



Chap. 9| TR line equations (1/3)

» Surface currents and charges at the plates

- Recall the B.C. for dielectric / conductor interface At the upper plate (y = d)
*dn = —dy
_ : — — — — jBz
E, a, (ayeEy) =Py > P,=—EE =—-€Ee
I‘Ix‘j EO

_ayx(axHx)=Jsu — J,=aH =—-a,—2e

V4

y=d n
Z
y=0 / 11/ At the lower plate (y = 0)

X ) an — ay
s Medium 1 Medium 2 A a, -(aygEy) =Py — Py=EE = gEOe‘jﬁZ
(dielectric) (Conductor) 5
a X\la H )= —> ——a H =a —2e /7
Elt — O Ezt — O _ Yy ( X X) JSl JSZ Z X V4 T]
tangential
a, x H =] S H, =0 — Surface current (Js) & Surface charges (ps)
varies sinusoidally as E, and Hy/
an Dl — IOS D2n = o
Normal
Hln — H2n — O T
\_ W,
( Hl — axHx : :
where - , a@n — surface normal from conductor to dielectric
D =ascE,




Chap. 9| TR line equations (2/3)

* TR line equations

- From curl equations (b) and (e), we have two ODEs as
dE

-

9

.

dz
dH

dz

- = jouH,

L= jweE, --+(2)

.+(1)

Why ODE?
(—Ey and Hx only functions of z)

- If we integrate equation (1) fromy =0toy =d

AN

d

| dz o

d

Ey (y,z)dy -

dv(z)

dV(z)

/7

dz

— jw(ﬂi)[fm (Z)W:I (Jsu: surface current flowing in z-direction)
W

dz

d
— |:]wuj0 Hx dy — ]a),Ude — .]a)lLLJsu (Z)d:|

d
where V(Z) = —fo Ey dy : Potential difference (voltage) between two plates

[Lé

W

u— (H/m) : Inductance per unit length of parallel-plate transmission lin

)

I(z) = J. (z)w : Total current flowing in z-direction in the upper plate

-

\_

dv(z)

dz

= ja)LI(z)

.--(3)

~

J

At y=0, A




Chap. 9| TR line equations (3/3)

* TR line equations

- Similarly, by integrating equation (2) fromx=0tox=w

d pw dl(z)| . v .
d_Z . Hx(y,z)dx = |7 []a)sjo E dy= ]a)SEyw}
dl (z) , W
s :—]a)(egj[—Eyd]
g dI(Z) : A W -
> y = —]a)CV(z) --+(4) where C = {;‘E (F/m) : Capacitance per unit length of parallel-plate transmission line
= Y
. A pair of time-harmonic transmission line equations
Cav() V() f " 4 A
— = joLl(z) 2 =—@’LCV(z) V(z)=Vee L= u— (H/m)
dz dz ) B W
) ' 1(z)=1,e S
di(z) d’I(z) “ e ctel (F
— — ]C()CV(Z) =~ LC[(Z) where IB =o~NLC = UE =E&— ( m)
\ dz . dz ! d
\_ )
- Characteristic Impedance (By plugging V(z) and /(z) to the paired equations) - Velocity of propagation
—i(v e )= joLle " g (z) L_ s 1 )
dz N zo=—=l— ALy (Q) 4= 5= Te " e ™9
— jBVye " = joLle " \ (2) y J




Chap. 9| Lossy TR lines: Equivalent circuit model (1/3)

» Attenuation in the parallel-plate transmission lines caused by...

- (1) Lossy dielectric (o = 0)

- (2) Imperfectly conducting walls (oc # )

o 1 [nfe
05:05d+056=577'd - (

C

unit length R,
< >
. . 0 AV
t |:: > G
y
_ . 0 A\
Z R

<Circuit representation>

- Conductance (G) between two conductors per unit length

(G = Cg (from right) A
E
e 258 (S/m)
d & d

where o is the conductivity of the dielectric
_ y Y

Will be derived in next class)

0 <ﬁ51)-ds ) <ﬁSgE-ds

C_V_—jLE-dl_—jLE-dl
R:K:—jLE-dl:—jLE-dl
| CJSSJ-dS d}SGE-ds
a )
%RC:—LEodl.ng)SE-dszizg
ac_[>E-ds —jE.dz c G
\_ S L Y,




Chap. 9| Lossy TR lines: Equivalent circuit model (2/3)

» Resistance (R) along the conductors per unit length

l
- In actual cases, conductivity of the plate is finite (0c # o)

- -~.small, yet non-vanishing axial field (Ez) “induced!” ( J, =0 E Z) t

— “Quasi-TEM mode” in lossy transmission line!

- Average power dissipated per unit area due to E;

P =a,p, = %Re(azEZ xa,H) (1)

Cc

- Surface impedance (Zs) by E;

4 )
s E, E, E o
4 = 7 — Z =—=—"=1. --(2) (Intrinsic impedance of the plate)

n.=R +jX, = (1 + j) M, (€2) ---(3) (Refer to lecture note 3-2)
N Vo y

:\/E\/f ﬂfucz 2T fe
H O, o

- How significant is E;?

e.g.) For copper [oc = 5.8 x 107 (S/m)] and € = & for dielectric at f = 3 (GH2z),
E|=53%10"|E | <|E,

E

<

|n.H,
E| |nH,

Y

N,

— E; is thus, a slight perturbation and TEM approximation holds!



Chap. 9| Lossy TR lines: Equivalent circuit model (3/3)

- Ohmic power dissipation - Ohmic power dissipated in a unit length of the plate

W

&):

2

w

Gc

~N

W,

» From Equation (1), we get P =) w—lfwz(&j—llzR
EZ — JSMZS and Hx — ‘]su oo .(4) . o 2 S 144 2 ' (
. By plugging (4) into (1), where [ is total current flowing through Rs/w *R=R +R = 2(
1 1 \_
Py = ERe( 1’ 7,)= 2. "R (Wim?)

 Distributed parameters of parallel-plate transmission line (width = w, separation = d)

Parameter Formula Unit
2 1 RAz LAz
R \/ JH, L2/ m) < Az > o——AN\——Y Y o
W O. | | ‘
A —
L 7, i (H / m) y |:> GAz CAz
W i | 1
Z o o
w
G O — S/ m)
d <Equivalent circuit of a two conductor
transmission line>
o . ,
C 8; (F /| m) (More detail in next class!)



