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Momentum of EM waves:

Momentum of EM waves can be found in terms of

° w

* Pointing vector
Momentum im terms of energy
We know

Emme? 00000 ememe———— (1)

Similarly the energy ‘u’ in terms of the effective mass of electromagnetic radiation can be written as

u = mc?
u

mee: e (2)

c
The momentum of the particle of mass ‘m’ and velocity ‘v’ is
p=m» === 3)
Substituting (2) in (3) we get
T @
If the EM wave is travelling along z-axis with velocity ‘c’ it is represented as
C-CE

Substituting for ' in (4) we get
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Magnitude of the momentum is

pe==
This represents the momentum of EM waves in terms of energy “u'.
Momentum im terms of pointing vector:
The pointing vector

$=(ExH)=uck

s
uk = = e 6)

Substituting (6) in (5) we get

We can write the above equation as

P = €oiteS
P = eopo(E x H)
The above equation represents the momentum of EM waves in terms of pointing vector.
Radiation pressure of electromagnetic waves:
When an EM waves strikes the surface, it exerts a force on the surface due to the change in

momentum. The amount of force exerted per unit area on the surface due to the force is called radiation
pressure.

We know the momentum
==k
The magnitude of momentum
f==  ————- o
Similarly we know the pointing vector
f-ucf
The magnitude of the pointing vector is
Ss=uwe 020000 eeme——— )

According to pointing theorem, the clectromagnetic encrgy passing normal to the surface per unit arca
and unit time is given by
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$§me  meeea ©)
Where ‘A’ is the arca and 't’ is the time.
Comparing cquation (2) and (3) we get

llC"'u
At

1

C-—

At
Eez 00000 imEmmm )
e

Substituting (4) in (1) we get
P=ua ————- )
According to Newton's law, the force ‘F’ acting on the surface is given by

L ®)

Substituting (5) in (6) we get,
uAt
=%
F=wA = mm—— )
We know the radiation pressure P, exerted on the surface is given by
F
Prd-z ----- (8)
Substituting (7) in (8) we get,
uA
Prod e
ie Pg=u
Mus the radiation pressare of EM wave is equal to the energy of the striking EM wave.

+
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