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2. Transverse Electromagnetic Waves
(Enine Elektromanyetik Dalgalar)

H=4a,H, (2)

E and H are perpendicular to each other, and both are transverse to the direction of propaga-
tion. It is a particular case of a transverse electromagnetic (TEM) wave. The phasor form F,

and H, are functions of only the distance z.

Now we consider the propagation of a uniform plane wave along an arbitrary direction
that does not necessarily coincide with a coordinate axis.

The phasor electric field intensity for a uniform plane wave propagating in the 4z direction
is

E(z) = Eje /¥ (3)

E,: constant vector

>

plane of constant phase

(phase front)

y/

z

The phasor electric field intensity for a uniform plane wave propagating in the a,, direction

is
E = E, ¢ /HOPl (4)

a, is the unit vector in the direction of propagation. The position vector R shows any
point M on the phase front and it is given by

ﬁ:éx:c—l—ﬁyy—irﬁzz (5)
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The equation of the plane
H
a, - PM=0
— . —
PM—-R+OP =0
— N — o o
= PM=R-OP=R-4a,|OP|
R — . = R —
a, - PM=a, - (R—a,|OP|)=0
R — —
a, -R—|OP| =0
R = —
a, - R =|0P|

i
E — £, 4P

E =Eje /**R (V/m)

a, - R = constant is a plane of constant phase and uniform amplitude for the wave

E = EO B_jkﬁn.ﬁ

As a special case let a,, = a,.
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E = Eje 7hnR (19)
K = ka, = a,k, +a,k, +a.k. (20)
k: wavenumber vector
k-R=(ak, +ayk, +a.k) (A, +a,y+a,z) (21)
K-R=kyo+kyy+k.z (22)
F = Eo o KR _ Eo oI (kaathyy+kzz) _ Eo R O (23)
Let’s substitute this expression into the homogeneous Helmholtz’s equation:
V2E + k2E =0 (24)
E= E’ —Jkat o—jkyy o—jkzz (25)
Y = e Tkaw o—jkyy o—ikzz (26)
E = Ege 7kt g Ihuy =ik — E 4) (27)
V2E = V2 (Eg 1)) = Ey V20 (28)
5’22/J (921/1 0%
29
o a(e—ykw e_jkyy ) o (—ikew —jkyy —jk
v — kx JRz T JRyY JRzZ 30
. . Jha(e™7me T e MY e E) (30)
o _
x
82¢ a (oY
T 32
91 Ox (8x) (32)
82w 0
ik, 33
S = 5 (k) (53)
0% O
—— = — ke = —jko(—jkY) = K2 34
5oz = ke Jhe(=jks1) 0 (34)
In a similar way
2
Wy
0?1
— =k 36
=~k (36)
0%y 9 0?
Vw— +a¢+af——k§w—k§w—k2w (37)
Vi = (—kx —ky = k)Y (38)
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V?E = Eg V%) = Eg (k2 — k2 — k2) ¢

V2E + k*E = Eo (—k2 — k2 — k)¢ + K*Eoyp = 0

= ki+k§+k§:k2:w2ue

In a charge free region

V.F—
VE=V- (Ee i)
v-(¢&>:¢v A+A-Vi

. E =V- (Eo e—jké%ﬁ)

—

= ¢ PRy E, + E, . Ve /R

tm

14 4

"Ey =0 (E, = constant vector)
V-E=E Ve "R =E . vy

w — e*jkan-R — e*]kzm e*jkyy e*jkzz

V= a0 ayg—f v’
2 ke
& = i
2 ok

Vo = a,(—jk. ) + a,(—jky )¢ + a.(—jk.)Y
Vi = —j(ask, +a,k, +a.k. )y

Ak, +ayk, +a.k, =K = ka,

k= k2 + k2 + k2

Vi = —jkayy
V-E=E; V¢ =Eg- (—jka,)v

V-E=FE - (—jka,)e FR =
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E, is transverse to the direction of propagation. Now, let’s find H.

Vxﬁz—jwuﬁ (65)
— ]_ —
H=-—VxE (66)
Jwp
V XxE =V x (EO e_jkﬁ"'ﬁ> (67)
VX(¢A):¢VXA+W><A (68)
A — EO (69)
b — o—ikanR (70)
V X <ﬁ0 eijké”.ﬁ) = eijkﬁn.ﬁ V X EO + <v€7jkén.ﬁ> X EO (71)
V xEy=0 (E,= constantvector) (72)
V xE = (ve*ﬂfﬁn'ﬁ) x By (73)
Ve kiR = 7y = _jj e ihinRy, (74)
V xE = —jke #aR3 < E, (75)
V x E = —jka, x Eye kanR (76)
V xE = —jka, x E (77)
H=—-——VxE=——(—jk)a, xE (78)
Jwp jwp
— k ~ —
H= "4, xE (79)
Wit
ko2 1 e 1
N e L vk e (80)
T N oo
H=-4a,xE (A/m) (81)
W 1
n= - (@ (82)

7 : intrinsic impedance of the medium (wave impedance; karakteristik empedans)

A uniform plane wave propagating in an arbitrary direction a,,, is a transverse electromag-
netic (TEM) wave with E L H and that both E and H are normal to a,,.
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