9% 6

9 % 6

9 % :6

9 % <6

©

% 6

©

% 6

STONY
BREWK

UNIVERSITY

9 % 6

9 % C6

9% 6

9% 6

9 % :6

HS % $&&' 0

o H$
'
r&tor 1t
&- '&! - $
3% &-
4 1'&-
65- I
31 - 11

7&0 $ !

3,-

1o g1t

EIR ST
4, -$18!
!

2'13 198

7%,

.8,

1, -,
-$18!

527! " -

(ro
(ro r
4,

’

-&-%&

-5 1& #$

I+ -&

1§ -&-

& !

5 -+ % $, 16! (

$,' -$18!
¢+ &t
1 s -

1,
1'&

A7 76

%1 1!'&
31111t

2&'1,'&!'6 ! !

0B, !"&!"

B && -- I'I$' $ 6

D7 -7t 7,1

D7 -7

STONY
BROWK

UNIVERSITY

6

‘1!

JE=$& 7/'1' CC

& -79% E=

11

1'$1,9!

'&$



7, 6 1#HS1$& - W'
4, & '

B &

1&  "B(7

(r o1

A$|' =_===

' I' &! ‘& #$-

7& -$!' s I

g r'r e NE"-'
AO0'& #%- 8' $ 1" #$-
21 -, - 1 +8 -+ - &
7$,' -$!' 527 - 1

STONY
BREWWK

UNIVERSITY

(&1

CLASS  FREQUENCY

e 300 EHz
30 EHz

HX i3 EHz

S¥ 300 PHz
130 PHz

EUV__; py

N IBT— 300 TH:

IMir  ELRGH

FIR 3T

SHF

UHF

VHF

MF

VLF

VF

ELF

STONY
BREWSK

UNIVERSITY

, I'$& $ I -

WAVELENGTH ENERGY

1 pm
10 pm
100 pm
1 nm
10 nm
100 nm
1 pm
10 pm
100 ym
1 mm
1cem
1 dm
im
1 dam
1 hm
1 km
10 km
100 km
1 Mm
10 Mm

1.24 MeV
124 keV
12.4 keV
1.24 keV
124 eV
124V
1.24 eV
124 meV
12.4 meV
1.24 meV
124 peV
12.4 peV
1.24 peV
124 neV
12.4 neV
1.24 neV
124 peV
12.4 peV
1.24 peV
124 feV

8 1

&!1'$I''1% 16
.8'" +8 1! cnrl

lcml=30GHz

1 mevV=8cnt +! %>
100K=70cmt +! 5 1&
1T~1cm+!5'&1 !



"#$ % $&&'
I'- &

uuuuuuuu

*+ > (#$ !

1 0B(r, ¢
V X E(r, 1) + - 2!
c at

V.B(r, t)

1 0E(r,

V x B(r, 1) — ~ & 1)
c Jt
V-E(r,t)

2.997 x 16m/s
$ -1

wwwwwwwwwww

4
o
drp(r, t)

2% &



B=VxA G!'. 11
l-a—éz—VcD 7 "0
c ot

Vx(VxA)=—-VA+V(V-A) e

9 l 32 47.[ 1 P
YA — ] 1 A
2 £ 711
V-E=4np=-V"® - —— A)
-

UNIVERSITY

va-— 47TJ . .

) ¢ | 2% & 131
V2CD:_4R—p 7 - VAZO
0 rist VA+18_(I):O

c Ot
1 9°d
— = = 4
2 ot TP
511 - " +8

wwwwwwww



" v, '=
71, +86
E(r,7) = Egsin{q-r— wt} + Egpcos{q-r — wr)
= Egsin{q-r—owr + ¢}
7& & * 11 6 E(r, 1) = Ejexp{i(q - r — wt)})
$| 1 !I |& |+ l_ _ %+ |_6

1

E(r,t) = ) ff% E(q, o) expli(q - r — wt)} dw dq

E(q, w):/f‘ E(r, 1) exp{—i(q-r — wt)}dt dr

STONY
BREWWK

uuuuuuuu

o> $ '

"8116-'8!18 1$ ! &$!, !

VxErt = iqxE,r1)
V. Ert) = iq-E(r,1)
JE(r, t .
0 ok
ot
*+ 6

w
q x E(q,w) — ;B(q, w)y = 0
q-B(quw = 0
. W 4
iq x B(q, w) + I:E((L w) = TJ(‘L )
iq-E(q,0) = 4mp(q, w)

STONY
BREWSK

wwwwwwwwwww



98 ' |

I’ZO,J:O 2 ] aZE
VE-—5-— =0 E(r.0)
1 0 2 ar?
__(VXB)—VZE é ,
w
(@~ 3)E=0  Eaw
7& B &' A& F
x.E Electric field E
o~ A
/” /j;‘ _
g5 Magnetic field B
! 1
98 &!' 6 |
Lo 8 ‘. I $" 16
5$- 16, '! = 111 v
1 0E A
"&,'6 \_><B+;§ 77Jtotal
‘_l'T Jtlpe+ci)P+vaM
28 &6 VE = 47(prcc — VP)

STONY
BREWSK

\\\\\\\\\\\



98 & !’

(r -, &! D

11 - H
D=¢E=(1+4nx.)E=E+ 47P
B=puH=(0+4rx,)H=H+ 47M

3 g P_x.E
1t 8 ! M-\ H
3 e=1+4dmxe m=1 ok
1! ,'& ! w=1+4rym -
"&1 !
&' 6 __ _
2% &6
98 &!' I=
2 +11!"- Jiee = Theel (739
-1 TS A -$181!6
BI!$' ! E-B$ $'¢& I=
2181 #$1 Whtree = qJ = oqE
4
g, > —> qxB —’“( | E—wEE)
¢ i
2% &> + ; Ao
»L Ar = —w# (E+i )E
47 C W
igeE = 47pfree = —oqE ,
w
dmo ) €— /
iq(e+i )E—O
W 2&, *- I' $!

STONY
BREWSK

wwwwwwwwwww



c/lugx —> qx E :EB €=c¢
q-B = §$: 0/?:4|
qxB =—ue—E
cq-E =0 B:(E,u)lfznqx E
ax (axE) =q(qE) - ¢’E " (
7

l ' 8' +8 6 E,'=!
3, -

2 0, '

w % DLE 1 OMn, ! -'!

qéé —RE:—C—QHGE S ‘

11$- +86 E,
4 e ' = &

STONY
BREWK

UNIVERSITY

2&, *- I' $!

4mi N!6 -$!8!'H"'#$
e=l+—0 q1cm!=60Wicnm?!
Al $16
4oy
e=1+4n Xbound +1 ) 'tree CGS

Ofree

51

e=1 + Xbound + 1

€ow

2& | && $! '8 $%&6

|
_ ES — 3770
v/ Ho€o €0

STONY
BROWK

wwwwwwww




411 A-11 1+ s - e .
e=14+—0o rr1o- $- 01 !
o $' 01 I 1=

nw kw & *+8 $& '6
q=—"+1— S T
. ; J

- -1'$,8 ! 6
&, - N=Nw)

Rev,:+8 , %!8 !

N $' !
’
- A
2 = mlla (YT,
N 2 : w L n:—kz = €11
- - 4o
i e 2nk — __M]_l
dro \° | &
K = &L 612—|—<—|-) — €
2 w
- -
"SE&D '&1 6

5 Ao dmip,o
N':/i||:€|+l |:I% Ko

w

~ N[zﬁﬂlﬂl]l/z [Ezlil]”z
k/\.«nr\.« _ —

w 2

STONY
BREWSK

wwwwwwwwwww



(1- 16

(1 +6

rig !’ /

(1 H =
. D' E! 1181
-  +8 co(gr-wt)
3 | 116
DBE6' ,'=D"E6 1! ! 8 !'=DF E6!& 8'1
B&& '6 -
Lo nO AP & ! [=21%,p
R I = 5 "E
- 2kw w €
. az?lnlq:?fc):—:'_—f—z
c cn
azjélﬁa,u. —
ne
1116
1 1+ (-3

wwwwwwwwwww



"IN $! +8

"&, 18- )
116

'&! 6 % -!

>M 118 e, m
11 $ 8Q=

P! e'm 118! & *- I
Mg &1 L
S,111+8 IOR$! A

| - =

Al1!8 e !’ 1 18l &l =

Lo eem 1!8 I'" ;),111+8 5N !
rig!lt ,, 111 +881'6

1181 -1 198 !
R O L ¥ - S =
"1, 8 1&$! 118 0M

I 118 "1 -



Al!8 e m

$ s LS 1=
11$- 11'$- R!I1 &% ! & 8 =
B !'6 "+'1 '#% +! -1
r€«1t! -- =
10&!" ;! S=l
7 &! 16
IL6FF+++= =-$% =-$FP-'&!F 1!8T -*T $ 1=1&



7 &,

$!, "

" 38



A'& &,
1! &,
' $
1

& 1$-'! 6

B

2's$"

! D - B

! E - H

86 &

"1 - &, 1$
I-1=B'16
&

-$ -, |

11& &

'$$



A'& 6' !

yU' '=58%-' -1 6

B !8!6 ,+!

@ ' I+ &1

A& - 6!I' &

'& 816 !

Al 6 [r P I 1-|tpJos ), 1! +'



& I'$1 &

B$1 ¢ +-1- &, 6 &$!, " !
‘B " 18 ' D | E
B 18! '& & &! 6 % &> '&$
1
7% &, -
91! 1, & 1 Z=37TTW % &> '&$ |
B $16

'8 $$&



7% &, -

4 1I' 18 3$$&6

*& ' 18!
3 =&&! % =
3 118" I+
=l <=2 % &1
1 &8

1-11 &1 &=
70 R=1/ds 8"
"l d=d, R=Z,=377W



=&& €O

rsr=
=7 1"

AA & '
-0 =; &&=
1,6" $1I'!
D &=
5-=@'$8 / = .l=K=.""- - &l
98 ,; : CC:

$ "
&! % '&
& ;&



