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Optical beam propagation; free space
Plane waves, lens-less imaging

Fresnel Diffraction, thin transparencies.

Imaging, lenses, eye

Ray optics (YE)

Microscopy

Waveguides, Endoscopy

Midterm ??

Coherence, interferometry, OCT
Periodic structures Professor Makris?
Holography (Lyncee)

Ptychography, Tomography.

Final (written NOT oral)

(Feb 25)
(March 4)
(March 11)
(March 18)
(March 25)

(April 1)
(April 8)
(April 29)
( May 6)
(May 13)_
(May 20)
(May 27)
(June 3)
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Plan for today

Review beam propagation method (BPM)
Plane waves

Angular spectrum

Periodic patterns, gratings

Imaging without a lens: Talbot imaging
Imaging without a lens: Near field

Felix: JIULIAcode for grating diffraction
Homework



Propagation in Free Space
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z=0
E'(x,y,z=0)=|E(x,y,z = 0)| cos(wt + ¢(x,y,z = 0))
For z>0 in complex notation:
E = |E(_x, y’ Z) | e_j¢(xey’z)ejwt
. 27
Slow varying envelope: k= —
E(x’ y, Z) = A(x, y’ Z) ej¢(X,y,X) e]a)te—JkZ w = 27[1/
Where ¢ =

A(x,v,2) = | E(x,y,7) | /Py Detike



Beam propagation equationn
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Plane waves

0A ] (62A+ a2A)
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If A(x,y,z = 0) = A, is constant (no x or y dependence) then > =0
<

The field is then given by E(z) = AjeV*" ™%



Plane waves
VxVxE=-—

IVxH) __ E
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VxVxE=-V’E+V(V*E)=-V’E
This gives us the wave equation

I*E
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This is a vector equation. We can write in terms of each of the elements of the
vector, for example Ex

PE, N P’ E. JE,

2
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Solution to this is the plane wave:

E (x,y,z,1) = Acos(wi —k x -k y —k_z)

Or in complex notation

E (x v,z t) _ Aej(a)t—kxx—kyy—kzz)

Substituting this back into the wave equation

k> =k; +k]+k?=w’ue
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Plane Waves
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k =0 E(x,y,z,t)=Ae’™™
k=2p/ I=w/v



Plane Waves

A1 / r ! —_ J(wt-kz')
k. T0P E(x'y.z't)=Ae
z'=xcosq +zcosq P E = Ae’ (" TFeodrrhena)
X Z

k =kcosq. k =kcosq.

kZ:kj+kj:(27p)2 Pk =k’ -k’

Eigenmodes and eigenvalues?



2D Fourier transform

F(uy)=0f(x,y)e”??P"™ dx dy
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Angular spectrum
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Derivation of BPM

Ex(x,y,z,t): A(x’y’z)ej(Wt—kz)

A P slow envelope
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Plugging back into the wave equation and dropping the oscillatory terms that are
common to all terms we obtain:
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Recognizing that
~k’A=-’lieA

and making the approximation that the second derivative in z of the 4 envelope (slowly
varying in z) is negligible we obtain
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Paraxial Approximation
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Gratings



Periodic structures
Periodic function : f (x,y )= f(x-a,y-a) period a
F(uy)=qf(x,y)e P dxdy
0f(x-a,y -a)e P dxdy = F (u,y Je /2Pt
P F(uy)=F(uy)e’/*ee)
P F(u,y)=0except whenu=n/aand v=m/a
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Fourier Series : f (x,y )= ééFﬂme



Grating
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Talbot Effect
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Talbot effect explanation
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for diffraction order n :

for diffraction order n + 1 :










Imaging without lenses

Near field scanning



Evanescent Waves
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Exponential Decay
k = ] A<A

m \/ &= 27, (27:




Laser lllumination—

Focusing Lens -
Modified

Modified Cantilever
Probe

Objective —
Figure 5§

Near-field imaging




() = sy (z x)A—4/1
x—2 COS T[A, =

2

Example 1: Grating
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Example 1: Grating
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t(x)=%+%cos(2n%),A:4/1
A
d A
I o t(x)

Example 1: Grating
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Example 2: Point source
Point Spread Function (PSF)
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Example 2: Point source
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Example 3: Double slit

. 2
Propagation profile |E A=05A
1 Pag p [E| 1 3000 :
0.8 2500
— s
g S 2000 f
o 06 .5
g o 8 1500}
E 8
=) 0.4 =
8 A 1000
G
0.2 so0l (
-10 0 J U

0 1 1
0 5 10 =200 -100 0 100
z coordinate [pm] X axis



21
A
ld

t(x)

x coordinate [pm]

Lh

Propagation profile [E| =

5
z coordinate [pm]

Example 3: Double slit

1

Detector signal

A=05A
4000 T
3000
20001
1000 |
0 . . .
=200 -100 0 100
X axis



50 -

150

200 [

250 [

300 -

350 |

400

450

500

t(x)

I

o
“1

I
100

L L
200 300

L
400

L
500

x coordinate [pm]

Example 4: Image
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Dither and Z-Motion

E’é‘gm‘gg“ Piezo Tube Figure 3
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Optofluidic Microscope (OFM)

iHlumination

_ Conventional microscope

Xin Heng, David Erickson, Larry R. Baugh, Zahid Yaqgoob, Paul
Sternberg, Demetri Psaltis, Changhuei Yang.

'Optofluidic Microscopy: A Method for Implementing High
Resolution Optical Microscope On A Chip,’
Lab on a Chip, August (2006)




Optofluidic Microscope
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Lensless high-resolution on-chip optofluidic microscopes
for Caenorhabditis elegans and cell imaging (pdf)istCui
XQ, Lee LM, Heng X, Zhong WW, Sternberg PW, Psaltis
D, Yang CH istProceedings of the National Academy of
Sciences of the United States of America, Vol. 105, pp.
10670-10675, August 2008
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