Maxwell’s equation 1n vacuum

V-E=0
Gauss’s laws
V-B=0
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The wave equation
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3D-Plane waves

Y(r) = Asin(k - r)
Y(r) = Beos(k - )

Y(r) = Cexp(ik - r)



The surface of constant phase:

k-r=0¢

Iy, I'2



k-rlzk-rzz

k-(rp —rg) =
I‘1—I'2:R
k-R=0

Dc
0

Vectors k and R are orthogonal to each

other. So the surface swapped

DY a constant

phase 15 a two dimensional p.

ane and the

vector k 1s normal to that plane.






Spatial periodic behaviour of ¥(r)

2 Not to be
Plr) = p(r + Ak) confused with
R unit vector
k=k/k, k=K along the
z direction

Cexp(ik - r) = Cexp(ik - (r + \k))
= C'exp(ik - r) exp(i\k)

—> \k = 27
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Traveling 3D wave

Y(r,t) = Cexp(i(k - r F wt))




Electromagnetic waves In vacuum

1 0°E . 1 6°B
V'B - 2 42

c? Ot? c? Ot

E(r,t) = Eexp(i(k - r — wt))

V’E —

E(r,t) = Eexp(i(kzx + kyy + k22 — wt))

B(r,t) = Bexp(i(kzx + kyy + k22 — wt))



k-k=Fkithk,+ki=Fk =w/c

V- Er,t)=k-E=0

Wave vector K Is perpendicular to E
V- -B(r,t)=k-B=0

Wave vector Kk Is perpendicular to B



V x E(r,t) = oB(r, )

ot
k xE =wB

RXE(ZBCB

B Is perpendicular to E



OE(r, t)
ot

V X B(r: t) — MO0
k x B = —u;E
C

A~ W

1
B xk E=-E

ke C
‘B xk=E

B, k and E make a right handed
Cartesian co-ordinate system



Electromagnetic waves In vacuum
Y
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EM SPECTRUM

I (0
Pay
anURI()

ALY _. —H. ...h_.
RERIESY

anpy
12|01 A
L ()

SAARAM O H _..._ (24 .NM

SIAEMOIA]

L [Ped

BERENTIN| /

[

et Ijrsr A

NN

Uonelped \.\.\

12O1ARI] M)

SART W

SARI

LLITLLT O

=W 00T

ety T

=ty [ = I goor
W (0T

S|

LU T =" T (0 ]

=W 0]

L1 [ o= LU ()]
wr 1= wirf ()00
- ()]

L ()]

Lurd [ = wu 0T
L LI (0]

- d O

i

L wu (]

o, (1

|t ()]

-, (1

_ L]

LI T




Gammarays <107 nm| >3x10" Hz
R-rays 10_2 ~ 10 nm 3X1019~3x1016Hz
Ultraviolet 10 ~ 400 nm 3x101§~8X1014Hz
Visible/Light 400~ 700 nm | 8x10 ~4x10 “Hz
nirared 700 nm ~ 1 mm | 4x10"3x10"H:

Micowave 1 ~ 300 mm | 3x10~10" Hz
Radio >300 mm | <10° Hz




Gamma rays

High energetic beams: materials are transparent to it
Typical energy range: In MeV or more

Rest mass of electron= me ¢2= 0.5 MeV

1MeV=1 Million electron Volts= 1.6 X 10'13Joules
hv=10 2% 10%° =103 Joules ~ MeV
More particle like behaviour

Sources: Nuclear transitions
Pair annihilation-Electron-positron annihilation



X -rays
Typical energy range: in 0.1-100 KeV

Particle like behaviour

Sources: Atomic transitions (inner electrons)
Characteristic X-rays
Energetic electrons fired on a material target
Bremsstrahlung



" Characteristic X rays

H-FEay
Intensity

Ao

Warelength (nm)

Wavelengths of atomic dimensions or less
Good probe for finding structures of substances

Hard X-rays :10-100 KeV
Human body Is transparent : Diagnostic X-rays



Ultraviolet
Typical energy range: in 3-100 eV

Sources: Sun
Atomic transitions (when electrons make

long jumps )

Ozone layer in atmosphere absorbs UV from
the Sun and create lonosphere

Wavelengths < 300 nm Is germicidal
Aquaguard



Visible/Light

Sources: Atomic transitions (outer electrons)

Hot glowing metal filament: Thermal
Continuous radiation : White light

Discharge through gas filled tubes:
Characteristic lines: Line spectra

Wave like behaviour
Interference Is easily shown



Infrared

Sources: Molecules
Rotational and vibrational transitions
CO2and H20 vibrational levels ~ 0.2-0.8 eV

Thermal radiation from human body
peaks around 0.01mm:
many snakes sense these wavelengths

Incandescent lamps radiate 50% of energy
In IR region



Microwave
Communication band extends In microwave

Global System for Mobile (GSM)
operates in 900/1800/1900 MHz bands

Sources:Electron spin/Nuclear spin
21cm(1.420 GHz) line of Hydrogen
Useful in locating hydrogen In space

CMBR: Cosmic Microwave Background Radiation
2.73 K radiation from all direction
Remnant of Hot Big Bang of the past



Polar molecules like water absorb

EM radiations In microwave

Try to align their dipole moment with the
external field, setting the them in rotation.
Usual Microwave ovens use

12.2 cm or 2.45 GHz

H+o P OH+

\@/ 0~6.2x10" C-m

0




Radio

Radio and TV communication
UHF and VHF ~ 1GHz is used for TV and FM

Medium waves ~ 0.5-1.5 MHz
and Short waves ~ 15 MHz
for radio transmission

Sources: Electronic Circults
In space: Radio sources



