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Coaxial Line — TEM Mode (1)

TEM mode, ai: 0 (symmetry in ¢
, ? direction)
V.V =0
10, oV, 1 oWV 1 oV
=0 =0
=~ 25 o) o p° o’
1 d dVv
— ———(p/—)=0
pdp " dp
dVv
:>pd—:C V=Clnp+D
Yo,
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Coaxial Line — TEM Mode (2)

—

—

e V=Clnp+D

() ) v(p=a)=v, Cma+D=V,
V(p=b)=0 Clnb+D=0

C = VO = — Vob D — VO h;)b
Ina-Inb | D n>
a d
b
V,In—
V(p)=— V, lnp—l—volnb: 0
b b b
In— In— In—
a d a
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Coaxial Line — TEM Mode (3)

b

V,In—
In—
d

= E=(-VV)e H:lasz
7

h % = Vob gV a¢ gk
VoA

d a
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Coaxial Line — TEM Mode (4)

Per-Unit-Length Capacitance

Q=Q27mp-Det
( \

=27p-¢ Vob : =2np-& Vob
In—# n—
. a a

—~ C- Q 2rz¢

V b

0 ln_
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Coaxial Line — TEM Mode (5)

Per-Unit-Length Inductance

270H , = |
— H¢:L
27
Ry, Mo b b
y=[t—dp=L" 102 | ¥ _H D
2 <P 2rp A | 27 a
Note: L— Vob : =H, = | = 27V,
27p 77111—'0 nlnE
a a

http://webpages.iust.ac.ir/nayyeri/cour ses/mcd/



Microwave Ciruits Design Dr. Vahid Nayyeri

lli =I||(

Coaxial Line — TEM Mode (6)

c- 27 L Mg b
n— 27 A
a
J7; b
Wt P
— L: I 7 = L: 27 na
JLC  Jue ’ C 2re
\ b

In —

a
_ 1 \/;1n9:60/’ur In2
2 Ve a g A

Z,, depends on the relative size of a & b
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Coaxial Line — TEM Mode (7)
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Coaxial Line — TEM Mode (8)

p | (P (ExH" dod
aV_ERe|:J‘aJ‘O ( X )'azp P ¢i|

7N 2
e =T
1 ln— a
a
= E‘E a’ln B
77 max a
ReqU1re ‘E max < ‘Ebr ‘
broken

—> Power capacity:

T 2 b
P, =—|E, | a’ln—
br 77‘ br‘ a na
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Coaxial Line — TEM Mode (9)

Maximum Power Capacity:

| »
P :z‘Ebr‘zaz In> @
n a
For b fixed, from: R, =(
oa
b

= —=1.649 for maximum power capacity
a

L,=30QQ forg, =pu =1
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Coaxial Line — TEM Mode (10)

Conductor Loss:

H=%[IOM‘H 2 .bd¢+J‘2ﬂ'
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Coaxial Line — TEM Mode (11)

. R. 1+b/a
Minimum Conductor Loss: a, = —
2nb In(b/a)
For b fixed, from o, =0
oa
b 3597 ,Z,=76.71Q
a for e, = pu, =1

To balance maximum power capacity Z, = 30€2
and minimum conductor loss Z, = 76.71€2
— Standard Coaxial Line Z, = 50Q

b/a =2.303
fore. = pu, =1
Sometime Z,, = 75€21s used for minimum «,
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Coaxial Line — Higher Order Modes (1)

TE Modes (V. 2h, +k.2h, = 0
oh,
op

-

=0

p=a,b

Polarization degenerate

Leth, (p, ) = [Asin(mg)+ Boos(m@)ICI, (k,p)+ DY, (k.p)]

Boundary Conditions
CJ.'(k.a)+DY,'(k.a)=0
—
CJ_'(kb)+DY.'(kb)=0

In'ka) Yy 'ka) | C)_
J '(kb) Y. 'kb)|D|
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Coaxlial Line — Higher Order Modes (2)

The only nontrivial solution occurs when
J,'(ka) Y,'(k.a)
Jn'(kb) Y, '(kb)

= J_"(k.a)Y."(kb)—J_"(kb)Y. '(k.a)=0

2
a+b

Characteristic equation for TE,, (H,,) mode: k. =

Note : m must be integers because of periodic boundary conditions
h,(p,¢+27)=h,(p,p)
= Asin[m(¢+27)]+ Bcos[m(¢+27x)]= Asin(m@d+2mr)+ B cos(M@+2mr)
= Asin(m¢) + B cos(m¢)

—> M must be integers
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TM Modes

Coaxial Line — Higher Order Modes (3)
Ve +k’e, =0
3

&

p=a,b =0

Boundary Conditions

CJ. (k.a)+ DY, (k.a)=0
—
CcJ,_ (k.b)+ DY, (k.b)=0

|:‘]m(kca) Ym(kca)

=
J (kb) Y (kb)|D|
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Coaxial Line — Higher Order Modes (4)

The only nontrivial solution occurs when
'Jm(kca) Ym(kca)
‘Jm(kcb) Ym(kcb)

— 'Jm(kca)Ym(kcb) _ ‘]m(kcb)Ym(kca) =0

Characteristic equation for TM modes
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Coaxial Line — Higher Order Modes (5)

TE: J,'(ka)Y,' (k) ~J,'(kb),'(ka)=0
T™™: J,,(ka)Y, (kD) —J,,(k.D)Y, (k.a) =0

Since J,'(X) =—J,(X) for Bessel functions
Yp'(X) ==Y, (X)

= TE,, (H,,)mode is degenerate to TM,, (E,,)mode
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Coaxial Line — Higher Order Modes (6)

The first higher order mode is H,, (TE,,) mode with

S &
a+b

o ck, _ C
“ome,  m(a+b)e,

Single mode operation

0< f <

C
m(a+ b)\/g
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