Third Year Science

Imaging

Holography



Introduction

¢ Photograph
VI mage intensity distribution of light .

» Does not record direction.
¢ Two-dimensional image.

¢ Hologram

WRecordsintensity & direction of light.
» Information in interference pattern.

» Reconstruct image by passing original light
through hologram.

» Need |laser so that light interferes.
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Diffraction Grating

¢ Series of very closely spaced dlits




Diffraction Grating

PN



Diffraction Grating

&N narrow dlits
V\Width = a
WV Separation = d
¢|ntensity diffraction patternis
, sin”(Nkdsin6)

sin®(kdsin6)
VA2 jsdiffraction pattern from each dlit
A2 o sin®( % kasin®)

(ka)’
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Diffraction Grating

¢|ntensity pattern

Vet of very sharp peaks
¢ at angles given by

sin6 =0, i}%\ld’ iz}%\ld’ i3}%\|d’m

Vv Amplitude of peaks
» modulated by single dit pattern
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Diffraction Grating

Diffraction
S

Single dit

Intensity, | I ST
/envel ope
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Diffraction grating
¢ Can be used to display spectrum

VUsually usefirst order peak
inO — + A
SIHO—i%\Id

W Since angle depends on wavelength
¢ Spectrum spread out.
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Simple Hologram

¢ Two beamscrossat an angle 6

Photogr\aphic plate




Simple Hologram

oExtrapath is

¢ Displacements of two beams are
E, =E, cos(kx — ot)

E, = E, cos(k(x+zsin6)-ot)
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Simple Hologram

¢ Thusdisplacement at film is:
E=E+E =E {cos(lo<—cot)+cos(k[x+ Z]—oot)}

= 2E, cos(k[x+1¢]-wt)cos($k¢)
VUsing thetrig identity
cosA+cosB = 2cos:( A+ B)cos:(A-B)

VAmplitude varies as

Vintensity varies as

| o cos® (4 k) =cos® (1 kzsin®)
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Simple Hologram

¢Plateisdeveloped, and horizontal lines

appear.
¢ Beam a isshonethrough plate

W amplitude varies aspe (Lkzsino)

A

Intensity




1

Sinusoidal Diffraction Grating




Simple Hologram

¢Amplitude of beam is:
E = E, cos® (4 kzsin6)cos(kx— wt)

=1E, {1+ cos(kzsin6)} cos(kx— wt)

SINCe  ¢os?C =1(1+cos2C)

VAnd
E =1E, cos(kx—ot)+1E, cos(kzsin®)cos(kx—wt)

E, cos(kx— ot )+ E, cos(k(x+ zsin6) - ot)

+1E, cos(k(x—zsin®)-ot)
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Simple Hologram

¢ Thethreepartsare:

VBeam continuing in direction of beam a
1 E,cos(k(x+zsino) - ot)

VBeam in direction +0.
1 E,cos(k(x—zsin®)-ot)

VBeam in direction -0.

¢ Three beams emerge, onein direction
0, one at +0 and one at -0.
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Simple Hologram
¢ You will get:

Developed
Photographic plate

laser beam a

+0 recreation of beam b (virtual image)
V-0 beam isreal image




Recording a Hologram

beam
splitter

. . irror

hologr aphic plate

bject
Mirror \. i~

beam




Reconstructing a hologram




In line Hologram

hologr aphic film

¢ Hologram isinterference pattern
between direct beam and light
scattered form object
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In line Hologram

holoaram

¢ Hologram produced by developing film
V| mage seen when original beam shone on
hologram
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Holography

¢ Many different optical arrangements.

¢ Recording requirements:
VL aser light source(coherent light)
NV Holographic film needs small grains.
VGood stability (no movements during
exposur e)
¢ Reconstruction requirements:
WM uch less strict.
N Some do not need laser.
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‘Conventional’ light

WW%K/\/- Short, random wave

trains (Incoherent)

Intensity

/\ Large spread in

Wavelength | Wavelengths

4

.\ /. Light emergesin
N

| many directions




Laser Light

W Long wavetrans
(Coherent)

Intensity

[

Small spread in
JU wavelengths
Wavelength
Narrow, intense
’
light beam

/ Often plane
polarized




Coherence

¢ | nterference needs fixed relationship
between phases.
W Conventional light sour ces produce short
wavetrans at random intervals.
» Random variation of phase
¢ Little interference
VL asersproduce long wavetrains

¢ Phaserelation between light beamsfairly
constant.

» Good Interference

PN
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Applications of Holography

¢ Artistic creations.

eStoring & transporting delicate images
W Russian icons ar e shown as holograms.

¢ Holographic | nterferometry.
WV Strain analysis of objects under stress
WV Used for measuring shape of objects.

¢ Data storage.
WV Contain large amount of visual
Infor mation
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Holographic Interferometery

¢Measuresstrain on an object.

¢ Two methods:

NV Double exposur e holographic
Interferometry.

WReal time holographic interferometry.
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Holographic Interferometery

¢ Double exposure holographic
interferometry.

WV Two holograms on photographic plate.
WV ODbject is stressed between exposur es.

VM ovement of object appears as
Interference fringes.

¢ Light & dark bands across image.
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Holographic Interferometery

¢ Real time holographic inter ferometry.
WV Standard hologram of image made.
WV Reconstruct image on top of object.

WV Stressobject & interferencefringes
appear .
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Double Exposure Interference
Holography

¢Method isasfollows
WV Set up asfor standard holography.
VT ake one exposur e of object.
WV Stress object.
VT ake second exposure.
WV Develop hologram.
W Reconstruct images.

¢ Two images are on top of each other.
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Analysis
OFrom each p0| nt on two images, light

E = _E cos(kx oot)

E, =E, cos(k(x+Ax)-ot)

W Ax ismovement of that point when object
was Stressed.

=E,+E,=E,_ {cos(kx —ot)+cos(k (X +Ax) - ot

=5 COS(k ( X +2ij — mtjcos(k%j



Analysis

¢|ntensity varies as

COS® (kﬂj
2

V| ntensity shows how much (Ax) object
has moved.
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