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Wave Reflection & Transmission

TEM wave incident normally on a boundary

E;(x) = —Eje~%1¥e~IP1x§p
H;(x) = —Ee_“lxe_jﬁlxz“
M

01, M1, €1 = 05, U, €



Reflection & Transmission Coefficients

Ei(x) = —Eoe_“lxe_jﬁlel

~ Ey _ P
H(x) = ——e @¥e=Jh1x3 _
N1 Et(x) =
Er(x) = H (x) =
H.(x) =
01, U1, €1 o 02, Uz, €
x<0 |

x>0



What to enforce?

E;(x) = —Eje " %1%eJB1%yp
H;(x) = —&e_“lxe_jﬁlxé
M1

E.(x) = —E,Te*1*elB1x5

~ 8 .
H.(x) = L ret1xgibixy
51

0-1; .u'lr 61 o
x <0 I
}{

E,(x) = —Ejre%2Xe=JF2%5

~ E :
Hi (x) = — D re~azxg=iB2xy
N2

02, U2, €
x>0



E;(0) = —Eoy
7.(0) = Ey
l N1

Et (0) = —Ey1y

~ E,
H.(0) = —n—zrz

02, U2, €
x>0



Coefficients

F:772—7’I1
N2 + 1M1

Check our work:

2. Whatif n, = 0?

\f-/
L



— 2
27T o= 12 =1+T
N2+ M

r

Problem 1 2 M

A wave propagates through free space and is normally incident upon a
perfect dielectric with e = 16¢, and u = uy,. What are I' and t?




— 2
N2 — 1M1 _ 42 — 14T

I T=
N2+ M1

Problem 2 2 M

A single delta wave pops into existence at t = 0 halfway between the plates
and moves to the right with amplitude 1000. Assume the area between the
plates is free space.

Where is the wave att = 1s? L, g =00
What will its amplitude be? )

2
v(:o 7("'3"0 m
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Problem 2 2 M

A single delta wave pops into existence at t = 0 halfway between the plates
and moves to the right with amplitude 1000. Assume the area between the
plates is free space.

Where is the wave att = 5.25s? L, o =00
What will its amplitude be? )

2
v(:o 7("'3"0 m
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T2 =M = 12 =1+T
N2+ M
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Problem 2 2 M

A single delta wave pops into existence at t = 0 halfway between the plates
and moves to the right with amplitude 1000. Assume the area between the
plates is free space.

When will the wave be at x = 2.25 * 108m? -0 0 Zc0
What will its amplitude be? )

¢
Y =0 X310 m



— 2
N2~ M2 _ 4.t

I T=
N2+ M1

Problem 3 2

A single delta wave pops into existence at t = 0 in the middle and moves to
the right with amplitude 1000. Assume the area between the plates is free

space.
Where is the wave at t = 1s? What will its amplitude be?

i:o\io
= Mg HW\/?
- ¢ (62,
M= M
1%
M= My
¢
A= 10 ™
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Problem 3 2

A single delta wave pops into existence at t = 0 in the middle and moves to
the right with amplitude 1000. Assume the area between the plates is free

space.
Where is the wave at t = 5.25s? What will its amplitude be?

i:o\io
= Mg HW\/?
- ¢ (62,
M= M
1%
M= My
¢
A= 10 ™
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Problem 3 2

A single delta wave pops into existence at t = 0 in the middle and moves to
the right with amplitude 1000. Assume the area between the plates is free

space.
When will the wave be at x = 2.25 * 103m? What will its amplitude be?

i:o\io
= Mg HW\/?
¥ ¢: (b2,
M= M
=%
M=y
¢
X310 m




= 9192
F =
4AmeyT?
F=q.E+q:(v, X B)
= q2
E =
4AmeyT?

Midterm 1 equations, in one place

E@_}E ) Cig — Qenclosed
gi D-dS = Qenclosed
fff pdV = Qenclosed

¢ B-dS =0
- - aQ
| = .dS = — enclosed
gpJ —

€ =€o(1+ xe)
P =¢€px.E V'5=p
D =¢€,E + P =¢E v.f:_g—p
- - t
]=GE —VZV:£
pp=—V-P €

VXE =0
E=-UV
$F-dl=0

b_> -
Vo, =V(b)—V(a)=—f B di

D -dS=[[[v-Ddv
$E-dl=[[(VXE)-dS

b
j VW -dl=V(b) - V(a)



=CV
g = ﬂBdS UZ%ZM:;L ¢ :
€ o
vEe G=-C R==
1fB 43 .§E dl onf = 8 )
— —= = w = LTt = —
- T b= 7 X
vxE=-28 n:\/_\/; ’ B
ot H=—-M
B = w+\/ue Ho
fE dl = ¢ 62E M = y,H
c - — — —
i V2E=,uew B = puou,H = uH
714 F
e=—=¢— dl _
q cq S=ExH Acos(wt — Bx)2 <> Ae IPX
Y=Ll S=ExH*

ﬁ(ﬁl_ﬁz) :0
ﬁx(ﬁ1—ﬁ2) :js
fl X (M1 —Mz) :fb,s

e=1IR <5>_ERquH}

| — E.E —_ o o . —
at<2€ +2uH H>+V S+] E=0



Midterm 3 equations, in one place

Condition B o 7] T
Perfect e
. . og=10 W /ELL 0 \/E 0 - 00
dielectric € BNGT
Impertect o 9
P Ll | ~wyEm (B2 B~ R~ v | 2 e
dielectric we 2 we € € 2we ANGT T
Good _ ‘
o 1 Wi ~0 T 1
= ~NATTUO | ~ATTUO \/ = 45 ~
conductor T f / f / a VT f o T fpo
Perfect
conductor
v=—=if  V2E = (jou)(o +jwe)E r=2_n =2 gy
=== = (ou)(o+jw = = =
B : J Ny +m Ny +1n




Units

Charge Q: C

Current I: A

Electric field strength E: N/C or V/m
Electric flux density D: C/m?
Polarization field P: C/m?

Electric potential VV: V

Capacitance C: F

Magnetic flux density B: T or Wb/m?
Magnetic field strength H: A/m
Magnetic flux ¥: Wb

Electromotive force €: V
Inductance L: H

Electric permittivity e: F/m
Magnetic permeability u: H/m
Conductivity o: Si/m

Charge density p: C/m?3
Surface charge density p,: C/m?

Current density J: A/m?

Intrinsic impedance n: Ohm
Wave number B: rad/m



Office Hours

Any questions?




