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Lasers sources
Some operating characteristics:

Schematic diagram of a He -Ne laser
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Lasers sources
Some operating characteristics:

Schematic diagram of a He -Ne laser

Laser Cathode
output

Helium-neon gas reservoir

Laser bore tube

vl High
coupler G{ass pre e
(cavity length =)  "e/fector
Possible longitudinal resonant modes
Resonant modes
\ Gain profile G(\)
_ /7
mode ~ ﬁ

|

laser modes

Laser cavity configurations
Ry=o plane-parallel Ry=w

~ L -
R\=L2  concentric (spherical)  Ry=12

RI =f CORCAave-Convex R2=L.H

(T



L asers sources

Some operating characteristics: /aser modes
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Lasers sources
Some operating characteristics:  continuous & pulsed

Near IR continuous laser

Transversal mode

Output wavelength:
narrow bandwidth

| Line width:

e e FWHM ~ 0.02 nm
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Lasers sources
Some operating characteristics:
Picosecond pulsed laser
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Intensity, W/ni
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Lasers sources
Some operating characteristics:  continuous & pulsed

Picosecond pulsed laser

Pulse dispersion through media

Input Pulse Dutput Pulse

Dispersion in optical fibers
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Dispersion compensation

Dispersive media
or/and chirped pulse

(gas cell, air, Glass, Chirped mirrors
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crystal)




Lasers sources
Some operating characteristics: temporal coherence

Coherent Waves

Incoherent Waves
(but still monochromatic)

Incoherent Waves
of multiple frequencies
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Lasers sources
Some operating characteristics:  ftemporal coherence

Fhotons produced
by stimulated

light.

E emission have
ﬁ 0000
a definite phase
relationship,
Fhﬂlm = I'I‘I.J producing
Incident coherent
phaton

Packets of emitted light

(Coherence time)

(’:f |' ”' | l|
O‘m”"‘““ H‘whh“”’” |

ST 0 5 R 7 60
Time, t

Qmpmuce

3\@0‘1::4%
z Z
3 5
Mechanical Engineering Department % N



Lasers sources
Some operating characteristics: temporal coherence

Coherence time Two emissions
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Lasers sources
Some operating characteristics:  ftemporal coherence

Temporal coherence length contributes to  interference _ ability
Coherence time Two emissions
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Lasers sources
Some operating characteristics:  spatial coherence

spatially
incoherent coherent coherent

pinhole Wavelength
aperture filter
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Lasers sources
Some operating characteristics: temporal & spatial coherence

Electric fields of
focused laser beams
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Lenses
Snel |l 0s | aw

Light ray propagating through two media

T L

R 3 6 N, andn, are refractive indexes
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Lenses

Snel |l 0s | aw

Angle of incidence and internal reflections:

A

Light
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Outer Cladding: _—

with low refractive index

& t ot al |l Nt e

Fiber optics

Total Internal Reflection
NG Inner Core:

w4 — with high refractive index

Laser in fiber
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Lenses
aw:

refracti on
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Lenses
Types

Convergent lenses

¢

double convex planoconvex CONVEX Meniscus

Divergent lenses
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double concave planoconcave concave meniscus
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Lenses

Types
Focal point
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convergent lens
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Virtual focal point
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Lenses
Imaging properties: real image

Magnification: M =- == ——
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Lenses
Imaging properties: real image formation

Image
size:

Common Gaussian form

of lens equation:
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Lenses
Imaging properties: real image formation

Microscope objectives
Numerical Aperture
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Lenses
Imaging properties: virtual image
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Lenses
Imaging properties: virtual image

::296 Common Gaussian form
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Lenses

Imaging properties: real image formation

Aperture
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Lenses
Imaging properties: real image formation
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Lenses
Some optical aberrations: spherical

Spherical aberration

No-aberration

Spherical aberration
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Lenses

Some optical aberrations:

Coma

Chromatic aberration

Crown

coma & chromatic

Flint
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Lenses
Some optical aberrations: d/ st or t /1 on (need
callbration and software)

Barrel Pincushion Mustache
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Course Projects
Overview

A’Shearography: NDT
AFringe Projection: Shape measurements & NDT

AMEMS metrology: Shape/deformation measurements & NDT
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Course Projects
Overview: shearography

Nondestructive testing: standoff detection
Internal defect detection & measurements

Developed holographic system in the field

Realized opto -electronic head with
pulsed laser




Nondestructive testing: standoff detection
Internal defect detection & measurements
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