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In an e lectromagnet ic wave , e lectr ic and magnet ic f ie ld
vectors are perpend icu lar to each other and at the same
t ime are perpend icu lar to the d irect ion of propagat ion of
the wave . Th is nature of e lectromagnet ic wave is known
as Transverse nature .
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Transverse waves

Long itud ina l  waves



Part ic les of the med ium v ibrate in a d irect ion perpend icu lar to the d irect ion of 
propagat ion of wave .

Particle Motion

Wave propagation

Ԧ𝑣𝑝 ⊥ Ԧ𝑣𝑤, Ԧ𝑣𝑝. Ԧ𝑣𝑤 = 0



Part ic les of a med ium v ibrate in the d irect ion of propagat ion of wave .

Particle Motion

Wave propagation

Ԧ Ԧ Ԧ Ԧ

Ԧ𝑣𝑝 ∥ Ԧ𝑣𝑤 , Ԧ𝑣𝑝 × Ԧ𝑣𝑤 = 0



𝑓 𝑥, 𝑡 = 𝑦(𝑥 ± 𝜔𝑡 + 𝜙)



𝑓 𝑥, 𝑡 = 𝑦(𝑥 + 𝜔𝑡 + 𝜙)

−𝑥

𝑓 𝑥, 𝑡 = 𝑦(𝑥 − 𝜔𝑡 + 𝜙)

+𝑥



𝑥

𝑦

𝑂 𝑃Max imum d isp lacement of each part ic le  from its
und isturbed pos it ion

The d istance between two consecut ive crests or
troughs .  

(𝐴)

(𝜆)

𝐾 =
2𝜋

𝜆
The number of the comp lete cyc le 
of a wave over its  wave length

It i s  the t ime taken for one comp lete osc i l lat ion .

(𝑇)

(𝐾)

𝑦 = 𝐴 sin( (𝐾𝑥 ± 𝜔𝑡 + 𝜙)
𝐸 = 𝐸0 sin(𝐾𝑥 − 𝜔𝑡)
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𝑦

𝑂 𝑃𝑓 =
1

𝑇
It i s  the number of 
osc i l lat ions per un it t ime .

𝜔 =
2𝜋

𝑇
= 2𝜋𝑓

(𝑓)

(𝜔)

𝑦 = 𝐴 sin( (𝐾𝑥 ± 𝜔𝑡 + 𝜙)
𝐸 = 𝐸0 sin(𝐾𝑥 − 𝜔𝑡)

𝑣 =
𝜔

𝑘
= 𝑓𝜆

Descr ibes how d isp laced i s  the wave from
equ i l ibr ium pos it ion .

(𝑣)

(𝜙)



(𝐸) (𝜙 = 0)
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𝐸 = 𝐸0 sin(𝐾𝑥 − 𝜔𝑡)
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𝑇
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𝜆
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𝜆
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𝜆
− 𝑓𝑡
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𝑣 (𝜙 = 0)(𝐸)
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𝐸 = 𝐸0 sin 2𝜋
𝑥

𝜆
− 𝑓𝑡 ො𝑗

𝐵 = 𝐵0 sin 2𝜋
𝑥

𝜆
− 𝑓𝑡 ෡𝑘

Phase constant of  e lectr ic f ie ld and magnet ic
f ie ld w i l l  a lways rema in same



D irect ion of propagat ion

E lectromagnet ic wave propagates in space through osc i l lat ions of e lectr ic and magnet ic
f ie ld ,  perpend icu lar to each other and a lso perpend icu lar to the d irect ion of wave
propagat ion .
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Re lat ion between peak va lue of 𝐸 and 𝐵
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In a ir/vacuum/free space

𝑐 =
1

𝜇0𝜖0
(𝑐 : Speed of l ight)



In any other med ium

𝑣 =
1

𝜇𝑚𝜖𝑚

𝜇𝑟 =
𝜇𝑚
𝜇0

𝜖𝑟 =
𝜖𝑚
𝜖0

𝜖𝑟 d ie lectr ic constant



Speed of l i ght in a i r/vacuum/free space

Speed of l i ght in other med ium

𝑐 =
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𝑣 =
1
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𝜇𝑟 =
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𝜖0

𝜖𝑟 d ie lectr ic constant

Refract ive index of med ium (𝑛)

𝑛 =
𝑐

𝑣
=
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= 𝜇𝑟𝜖𝑟



When l i ght propagates through a mater ia l  med ium of re lat ive perm itt iv ity 𝜀𝑟 and 
re lat ive permeab i l i ty 𝜇𝑟 ,  the ve loc ity of l i ght ,  𝑛 i s  g iven by :
(𝑐 -ve loc ity of l i ght in vacuum)
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When l i ght propagates through a mater ia l  med ium of re lat ive perm itt iv ity 𝜀𝑟 and 
re lat ive permeab i l i ty 𝜇𝑟 ,  the ve loc ity of l i ght ,  𝑛 i s  g iven by :
(𝑐 -ve loc ity of l i ght in vacuum)
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When l i ght propagates through a mater ia l  med ium of re lat ive perm itt iv ity 𝜀𝑟 and 
re lat ive permeab i l i ty 𝜇𝑟 ,  the ve loc ity of l i ght ,  𝑛 i s  g iven by :
(𝑐 -ve loc ity of l i ght in vacuum)
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E lectromagnet ic waves carry energy in osc i l lat ing
e lectr ic and magnet ic f ie ld .

Equa l  amount of energy i s  contr ibuted by e lectr ic
and magnet ic f ie ld .
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𝑈 =
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2
𝐶𝑉 2

𝑈 =
1

2
𝜖0𝐸

2𝐴𝑑

𝑈 =
1

2
𝜖0𝐸

2(𝑉𝑜𝑙 . )

𝑉 = 𝐸 . 𝑑 = 𝐸𝑑 cos 0° = 𝐸𝑑
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2

𝜖0𝐴

𝑑
𝐸𝑑 2

𝑈

𝑉𝑜𝑙 .
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2
𝜖0𝐸

2 𝜇𝐸 =
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2
𝜖0𝐸

2



𝜇𝐸 =
1

2
𝜖0𝐸

2 𝐸 = 𝐸0 sin(𝐾𝑥 − 𝜔𝑡)



𝜇𝐸 =
1

2
𝜖0𝐸

2

𝜇𝐸 =
1

2
𝜖0𝐸0

2 sin2(𝐾𝑥 − 𝜔𝑡)

𝜇𝐸 =
1

2
𝜖0𝐸0

2 sin2(𝐾𝑥 − 𝜔𝑡)

𝜇𝐸 =
1

2
𝜖0𝐸0

2 ×
1

2

𝐸 = 𝐸0 sin(𝐾𝑥 − 𝜔𝑡)

𝜇𝐸 𝑎𝑣𝑔 =
1

4
𝜖0𝐸0

2





𝑈 =
1

2
𝐿𝑖 2

𝐿 = 𝜇0𝑛
2𝐴𝑙 and 𝑖 =

𝐵

𝜇0𝑛
𝑛 = no .  of turns per un it length

𝐵 = 𝜇0𝑛𝑖
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2
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𝜇𝐵 =
1

2

𝐵2

𝜇0
𝐵 = 𝐵0 sin(𝐾𝑥 − 𝜔𝑡)
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2

𝐵0
2

𝜇0
sin2(𝐾𝑥 − 𝜔𝑡)
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2
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1

4

𝐵0
2
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Which of the fo l low ing i s  true

a b c d

𝜇𝐸 𝐴𝑣𝑔 = 𝜇𝐵 𝐴𝑣𝑔 𝜇𝐸 𝐴𝑣𝑔 = 2 𝜇𝐵 𝐴𝑣𝑔 2 𝜇𝐸 𝐴𝑣𝑔 = 𝜇𝐵 𝐴𝑣𝑔 𝜇𝐸 𝐴𝑣𝑔 = 4 𝜇𝐵 𝐴𝑣𝑔



𝜇𝐸 𝐴𝑣𝑔 =
1

4
𝜖0𝐸0

2 𝜇𝐵 𝐴𝑣𝑔 =
1

4𝜇0
𝐵0
2



𝜇𝐸 𝐴𝑣𝑔 =
1

4
𝜖0𝐸0

2 𝜇𝐵 𝐴𝑣𝑔 =
1

4𝜇0
𝐵0
2

𝜇𝐸 𝐴𝑣𝑔 =
1

4
𝜖0 𝐵0𝑐

2
𝐸0

𝐵0
= 𝑐

𝜇𝐸 𝐴𝑣𝑔 =
1

4
𝜖0𝐵0

2 1

𝜇0𝜖0

𝑐 =
1

𝜇0𝜖0

𝜇𝐸 𝐴𝑣𝑔 =
1

4
𝐵0

2 1

𝜇0

𝜇𝐸 𝐴𝑣𝑔 =
1

4𝜇0
𝐵0
2 = 𝜇𝐵 𝐴𝑣𝑔

𝜇𝐸 𝐴𝑣𝑔 = 𝜇𝐵 𝐴𝑣𝑔



Which of the fo l low ing i s  true

b c d

𝜇𝐸 𝐴𝑣𝑔 = 𝜇𝐵 𝐴𝑣𝑔 𝜇𝐸 𝐴𝑣𝑔 = 2 𝜇𝐵 𝐴𝑣𝑔 2 𝜇𝐸 𝐴𝑣𝑔 = 𝜇𝐵 𝐴𝑣𝑔 𝜇𝐸 𝐴𝑣𝑔 = 4 𝜇𝐵 𝐴𝑣𝑔
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