Lect. 23 TM waves (Cheng 10-3.1)

2
E_#0, H_ =0 :TM (Transverse Magnetic) waves V2E — ue 0 E=0
ot

E(x,v,z,t) = E(x, y)e " e/

y=a+jp

Viny(x,y)+h2E(x,y) =0

W =y*+ 0’ us

d2
ﬁEZ (y)+h*E.(y)=0

V2 E_(x,y)+h*E_(x,)=0

X,y "z

Solution : E_(y)= Asin(hy)+ B cos(iy) 2
V)zc,yEz(x’y): 2 +?jEz(x’y)

Boundary conditions: E_(y)=0 aty=0 (1) and y=d (2) r oy

1) B=0

(2) Asin(hd)=0 hd = nrx orh:% ) (y):Ansin(%yj
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Lect. 23 TM waves

Remember p __ L[, oH. . 9E
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E_(y)=A4,sin(hy), hz% H (y)=0
1 jowe ni
_ H =——(—jwe)A coS(hy) = A COS| —
Y Yy nw
E =—=—A4 cos(hy) =— A cos(— —
() PR (hy) — (by) H,(y)=0

Different types of solutions depending on n  => Mode: TM,

For TM, =>h=nn/b =0 Only E, and H, components exist =» TEM wave
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Lect. 23 TM waves

Wave propagation animation for TM; and TM,

Side View(ZD)

Front 49;(2[))

Default View(3D)

E.(»)=0 .
o 10225 2,
E,(y)=——"—4,c05(—~) nlb b
H, (y)=0
Ez(y)=An8in(%y) H,(y)=0

For following animations, E(x,y,z,1)= RG[E(x,y)e‘fﬂzef“”]

H(x,y,z,t) = Re[ﬁ(x, y)e‘jﬂzej“”]
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Side View
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™,
H (y,z,t)=—4 a)—gbcos [%yjsin(cot — fz)
T

™,

H (y,z,t)=-4, web cos( 27 yjsin(a)t — fz)
21 b
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Front View at fixed z
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Lect. 23 TM waves

. nr
For TM, withn >0, (h= 7) Use plane—-wave interpretation

A (7 —e )i = i[e—wz—m e

E. (y,z)zASin(hy)e_jﬁZ = 2

Two plane waves propagating in (+z,-y) and (+z,+y) directions

=> Obligue incident at conductor
(parallel polarization)
Two interfaces: top and bottom
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Lect. 23 TM waves

Why are there modes?

Or, why h cannot be any number but has to satisfy h = nn/b?

— |n y—direction, wave is going through a periodic motion
= it should be same after one period:

exp[-j(2hb)] =1 = h = nn/b, Discrete h (mode) ==> discrete ¢,
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Lect. 23 TM waves

— What happens if ® becomes smaller for a given TM,, mode?

oy = ki (ck=w /ug) => 0  (so that h remains constant) until , =0

(h=k, p=0)

— There exists minimum  for propagation for a given mode

=» cut—off frequency

niw
D &=Knn =h =—
min \ b

= >
2by ue ‘
What happens if f<f_7?

fmin

2_2
nomw

Fromﬂz\/a)z,ug— % , f=ja if o<o,.

exp(—fz) = exp(—az); no propagation!
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h =kcoso;
p=ksing,
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Lect. 23 TM waves

Dispersion Relationship
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