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This session :

We use electro - magnetic fields( easybeam ) to read - out a length

Define notations and find a simplified mathematical description

of light fields , suitable to model 460
.
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We can use the electric fieldfor describing the laser beam
.

E- ( × , > it ,
t ) = Eoep cos ( wt - hit 4) .

U(x÷
fast oscillation along sln chaymj
beam axis shape of beam

This describes a par - axial (beam like ) light field
Ue want to use this simpler form :

E = Eo cos ( ut - kz )
.

How can we obtain this ?
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Notation

I : vector

E : unit vector

[ ] : units
, eg .

x Em ] means
,
× Is given in meters

E- ( x , y , z # : electric field ( vector ! ) as a function of space K , ) ,⇒ and time C t )

Eo : electric field amplitude ( real ,
scalar ) L¥ ]

⇒ will redefine as a complex scalar with EF ] later
Ep : unit vector in the direction of polarisation

w : 0=25 . f , angular frequency of oscillation East]
I : vector in the direction of the beam axis

. K = I El = he
Y : phase of set Iran ]

Complex numbers don't have a special notation

( need To understand from context )
%
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hake the equation a bit simpler

1) ignore polarisation , Ep → 1

,

E → E
,
ok If we don't have

polarising elements
2) align coordinate system with beam

K = K . Ez ( along z - axis ) → E . I = K . t

→ cos ( wt - tir + 4) = cos ( ut - kz + 4)

with this we have :

EK
, y ,

Z
, -4 = Eo cos ( wt - k£+4 ) . U (x. ) , z )41
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with an active

area large than the cross section of the¥
P = § Ikihzb ) dxdy -

µ
7

with I = do E
' the intensity of the beam

#

set ZD =o for convenience

EECeo Ed cos
' ( wt ) $ U Zdxd

,

p¥⇐€EtkYm¥DY¥IIeIIY:Y;D
1015 : Too fast for the diode !
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Plane Waves
'

Further simplification : ignore U for the moment .

ie
. ignore theshape of the beam

→ all optics are flat , infinitely large

→ UKI , ⇒ = I

This is called the '

plane Wave
'

model
.

But we don't model plane Waves

( unrealistic ! )
, Instead we use equations for plane Waves as a model for

beams : the power on the axis ( X =y=o ) of the plane Wave

represents the power In the beam .

→ E = Eocos ( ot - Kt )
,

P = ¥to%
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New notation with complex numbers

Now real field : E
'

= Eo
'

cos ( ut - kz + 4)

Redefine E as : E = Eoeiwtkt )

with Eo = Eo
' ei 9

we can always get the real field as E
'

= RefE) ( real part)
Rememberthat In this notation

,
F- is not the actual field

!

( complex numbers never describe physical quantities . )

In this notation : P = ¥ EOEF = ¥ I Eop
For convenience we will use

P . EOETHEOP by adjusting units of Eo to be LTWT
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Swimmy -

We will use this notation To describe last beams :

E= Eoeilutht) , P=/Eop

with the real field given as E '=Refr⇒
Remember : w=2i . f

( =D . f
k= Qc

Simplifications used :

- ignore polarisation
- ignore shape of the beam
- ahjn beam with z - axis
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Next :

What happens when the beam interacts with an

optical element ?
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