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Gaussian Beams
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Necessity for an expression of an electromagnetic field with finite
cross-sectional area > Gaussian Beams
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Gaussian Beams — TEM Solutions

Gauss’ Law:
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Gaussian Beams — TEM Solutions

TEM Approximation:

E(x,y,2) = tEot)(,y, 2) exp(—jkz)

Helmholtz Scalar Equation
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Gaussian Beams — TEM Solutions

Fundamental TEM Solution
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Gaussian Beams
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Gaussian Beams

Radial Profiles at various z Distances from Focal Plane
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Radial Distance, x (zm}

Gaussian Beams

Electric Field Snapshot in Time

Ag =1pm.wu=1pm,zo=3.1415pm. n=1
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Radial Distance, x (;zm)

Gaussian Beams
Intensity Snapshot in Time

Intensity Snapshot - A, =1pm, w; =1pm, z, =3.1416pm, n=1
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Gaussian Beams
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Gaussian Beams

Gaussian Beam Radius of Curvature

Spherical Wave
1
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Gaussian Beams

Fundamental Gaussian Beam

wo r? , [z o kr?
Lioo (7)., 2) = I exp | — exp4 —7j |kz — tan — exp |— —
o)~ o gitgene |t ] et (2)1} e [t

- ey -

v v
amplitude factor longitudinal phase radial phase

Gaussian Beam Radius of Curvature
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Gaussian Beams

Gaussian Beam Longitudinal Phase Shift — Gouy’s Shift
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u /e

Normalized Phase Velocity,

o

Gaussian Beams

Gaussian Beam Longitudinal Phase Shift — Gouy’s Shift
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Hermite-Gaussian Beams
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Some Hermite Polynomials
Hyx) =1
H(x)=2x
Hy(x) = 4x* -2
Hy(x) = 8x> — 12x
H,(x) = 16x* — 48x% + 12
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Hermite-Gaussian Beams Patterns
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Experimental Patterns
of Gaussian Beams
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From A. Yariv and P. Yeh, “Photonics” 61" Ed. Oxford University Press, 2007
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Hermite-Gaussian Beams Patterns

TEM,,
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Laguerre-Gaussian Beams
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Some Laguerre Polynomials
LGx)=1
LTx)=—x+(m+1)
L5 (x) = $[x* = 2(m + 2)x + (m + 1)(m + 2)]
L7(x) = L[ + 3(m + 3)x? = 3(m + 2)(m + 3)x + (m + 1)(m + 2)(m + 3)]
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Laguerre-Gaussian Beams Patterns

TEM(O,0) - cos{mg) TEM(1,0) - cos(md) TEM(Z2,0) - cos(md)
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TEMD,1) - sin(md) TEM[D 2] - sin{mg) TEM(1 17 - sin(mdy)
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Validity of Paraxial Approximation

N+1
P = 1- %, where
kgn w§
N = m-+p, for Hermite-Gaussian beams,
N = 2p+|m|, for Laguerre-Gaussian beams.

{

P ~1  (the closer to 1 the better the paraxial approximation)

P. Vaveliuk et al, “Limits of the paraxial approximation in laser beams”, Opt. Lett., 32, (927-929), 2007
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Gaussian Beams and ABCD Law

Input Output
Plane Plane

__—1 Optical System
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Gaussian Beams and ABCD Law Examples

Input 1 f2 Output
Plane Plane
o “
=] - >
T u d Vv
n a
Thin Lens of

Focal Length f
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Gaussian Beams and ABCD Law

Examples

1
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