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MAXWELL’'S EQUATIONS IN INTEGRAL FORM

X=E

X=B

Gauss'’s Law (1813)
fE.dA _ Qinside
60

The Electric field through a closed
area is equal to the total charge
inside of the area divided by &,,.

Gauss’s Law for Magnetism (1813)
%B. dA=0

The Magnetic field through a
closed surface is zero (as many
field lines going out as going in). It
means that magnetic monopoles
do not exist.

Faraday’s Law (1831)

3€E.dl f— dA

The Electric field around a closed
loop is just equal to the minus of
the rate of change of Magnetic
field through the loop.

Maxwell - Ampere’s Law (1861)

0E
%B.dl=u01+uoeofa.dA

The Magnetic field around a
closed loop is equal to rate of
change of Electric field through
the loop times p, €, plus the
Electric current in the loop
times u,,.
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Table 13.1: Rough classification of electromagnetic spectrum and its applications.

Class

Wavelength A Frequency f Application

Radio waves

Microwaves

Infrared
Visible
Ultraviolet
X rays

Gamma rays

>1m < 300 MHz Radio & TV broadcast, telecomunications
maritime navigation
Imm—1m 300 MHz — 300 GHz Microwave oven, radar, mobile phones,
4G, Wi-Fi, satellite communications,
GPS, cosmic microwave background
750nm — 1mm 300 GHz — 400 THz Thermal imaging, TV remote control,
night vision, bio imaging, optical fibers
400nm — 750nm 400 THz — 750 THz Human vision, illumination, photography,
microscopes, lasers
10nm — 400 nm 750 THz — 30 PHz Disinfection, dental curing, black lights,
sun tanning, counterfeit detector
0.01nm — 10nm 30PHz — 30 EHz Crystallography, radiation therapy,
medical imaging, security scans
< 0.01nm > 30EHz Radioactive sources, cancer treatments,
PET scans, cargo container screening
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Figure 13.2: Electromagnetic spectrum with rough classification.

I'\Mw\am e_'1t See( 'H\(S(

11



{Jow ‘[’0 crw«h 117}\'{’ Frow\ W\ov(r\g an C,/&C‘/’m‘c C/\m’jef

/lb— Y)\QkQ- an GM WAVP) we can QC(c,/qu‘}'e AN Q_[&GL(;Q C/\qo(,‘

N

' ' r'usz \\creqee
2¢ oMk Atcqu( a‘::e}“ &
€70

TI 1

il
(‘TT




Ig e Y"\O\\Ct an _é .LE/
as abgve ) then light
is croated !




We  have rnde on £4 hoa | - }QuLaﬁ:\z Al gy,
(s The opposite  of /)ﬂqk:‘fy

one .

ﬁg e\ G\‘Q)J ()F 7LA€ Wa ye Cahses E/LCYLin C/\qufg

+ NS 74}\8»/47)& ah q%erm%}y Carye nt-
<

cruJFQ ; m M ﬂ&y\;\\m\g&a

|
< UL e

\




Z/I.jl\"’ VYDY«?C?"ES /\x\ Y}a/\ey,‘col/ hay
QCCOY&“r\jp o NW?jU\k

.
}/Y \\C l"p)c ; V_)
il
F lm\e W Ves:  Sorces -
-

COPS\dCK a f}‘”\c A\ 07\%“””7 ? /*\PO/J\M»«\

[,\/L\o\'k‘ )\0\ matr\f 7




Tn o medinny with €/ (E*%//ﬁ/aﬂ)
/ GO

1

T)‘e rq+)v oF ‘n‘v’\e Sfe.ea( of- / AYL' ’ me”{”hﬁh/,
N

Cow‘yqrd i (/GC(MAW\ 13 f—‘%uq e

f y}>| <@« mr— n=/ooo ZCD
C/ Cl'mfex o~ V&Ff‘ﬁc’{',b{,\




17\ 'IL'Y\Q 7Ln\< (’ 17/\(
I ¥Ve /ro/qj‘%k’_s q ,/,g/mea

i 2 Jr?o,:lgfj_)%u:e,
6, 4 0(| + ?0 =Ifo

D,+y+7 =

p Wt 8, + U +90 = I§0’
/42 <6’€ be canse

Vz{- Hhe VQ|°C“}77 N Y’owef In n, 'H\am l’\\
ﬁt new bvox\/eé;‘w\}’ /\m’ cl\ay\7<a( 0/{/‘644]07«.'

= VP
I\/OPQ f\r\ﬁ/l 7]73_ 15

8141— ?/gb 5“,\%:1%1
AR

L /
ﬂ,S-hQ,;‘ﬂzS{nez SHQHS ’
The law of refractyom




L,'ﬁ)\f' W&F/fdj and e (M(’ILS
Vdﬂec’l"xo}\ L C, e

Vm\qucﬁév\’ N S\ne, =N, s51rB,

W/\GVQ ” w1y are “H\C indic e o
reracho.  Suck 4ot ns C
¢
R
)/E\-
I\C 8 = O ’L_/—‘,-,‘}\CSP\{‘?(Q) <
the re\Cem\eJ =< A H\é’/\ #\c rest Is
mﬁehs)")%) N _,_y] ‘{—rqhgm)ﬁ?ﬂf (re(:maég)

/45 an &)(QY‘\P)? Hor A\~ (f\’\«{> Q?j (}/\/\,/§
i rag/ﬁdta(' )

i /] =
= No Y@F/{(f'ea/

‘H\t /&55 S Ye‘p/‘?ct’ﬂ{~ '?)\\’\

Q




Farbe Material . - Brechungsindex
|rot | Borsilikatglas (Pyrex) | 1.473 (587.6nm)
[ blau__| Weichglas (AR) frseas

[ )

7|ass one 910155 Tvao




fP'é’;’q(’ll)&,\ d'(’ /)j‘}r’-

R

Ny S0 \

I‘r\ cveafeS ('0/ V\|>)’)L#QZ llr\c}’i@SL"S more .

; Nno Il])\+ IS 'Il'(ﬂl\_g‘m,' ed -

91 I'S ‘H\Q Qh-'l'\.ca} Q)\j)e/ oy 8‘, LJ\@_V( ﬂéove “’4"[ 0[// /I7)\7LJ:S

U}\a‘,’ |F Ve F/{ Cl@/.

e then Sin®, >y which s /\_l/',ooss;ye—

So there s he Crihcal an;)& < Nn,>n,




/d LOVQ 2 ) Va8 AﬂVQ ‘)La'l'o\ } l’/\‘)'(—)’m/ Ve ‘(/f(ﬂl,'a,\
skt ; Eber d)a‘h'c Cabfe

Qéef nh~/[ 4
= Ol

Since ©,> QC)
hotal

g ﬁr;\al re gpﬁ{(q\




Iy\ I/QFKOIC(\'J;\ ) 'H’\Q S}oaeal o(\- /lé}\"‘ C/\qn925/ |/:£

But  the Tge%hehw e /:9/\‘/' S*‘m/; ﬁ\f qu:’\

ﬁ.s [ APC‘,@\AS-L ﬁ\f ‘?'ILN'\S "IYL' ‘ibj’oré 74((, /le7L
0”;( Ye”‘l—("hm;+ Fhe )'?}\—}J V’LM'}? and emyd

[ght ot the Sﬂlﬂ@’;w
Ao M’fL 2 fomic fA¢7;7/g,,,[r___

e have

/NAﬂL Char® In 4

C/\arl\je )‘r\
: "V_ﬂve/en
51 ”"I?LGVI;I/?

For e (n)) + wake (n)
Wawlensfls et Staller .

L’?“’ 741"3 move blu / V\r\a/er que/\




el devs Wb refradr s dwpe s s"/’}l—)-/ 0
R

@k 29 ye rate J)

WL\\.\,L l’\g}ﬁ \Fq,(
(‘l” Cb\oh?

Ireey

ble

’

/a/'e_/~
4/9/ 4 Ofelﬂe.hdS on The

0(8/\S1‘)'I7 .

Hblc_f A\~ I'§ ]eYS dehgqo




Shha "v.r‘ n

»

lese dense

MOYR deh S

J

/q 9tr pn

Refraction bends light rays
toward the cooler air.

Cool air
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Refraction bends light dowrvward

toward colder region.

Cold water
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David Morris took the photographs from the hamlet of Gillan, near Falmouth
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