2.1 Complex expression of waves
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2.1 Complex expression of waves
— Complex amplitude, Wavefront

Plane wave traveling in the z-direction
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— Plane wave, spherical wave
2.2 Interference
— Coherence, Interferometer
2.3 Diffraction and wave propagation
— Scalar wave propagation theory
— Fresnhel diffraction, Fraunhofer diffraction
2.4 Imaging through a lens system
— Optical Fourier transform, Coherent optical filtering
— Image formation
2.5 Impulse response (PSF) and transfer function of a lens system
— Pupil function, Point spread function
— Cobherent transfer function, Optical transfer function, Modulation transfer function
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2.6 Resolution of a lens system
— Diffraction limit, Rayleigh criterion, Numerical aperture k: wave number EE k= 2z
Appendix. Geometrical optics, ray-tracing, lens aberration A



Plane wave traveling along the wave vector k ms~sr1 Wavefront
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2.2 Interference
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» Interference of two wavefronts -
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Interference of two plane waves
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Examples of interference fringes
(Measurement of lens aberration)
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(a) Spherical aberration (b) Coma (c) Astigmatism
(Dmax = 0'410 ‘Dma,x = 2;-0 ‘Dmax = 2'1).Q
Gaussian focal plane Gaussian focal plane Central plane

Fig. 742, TwyMav-Grees intorference pattorns from lenses showing primary
i Dus in the wave aberration in the exit pupil. The patterns
above are ohserved, thoss below are caleulated.

(After B. KivosLAke, Trons. Opt, See., Lomdon, 27 (1827), 04.)

M. Born & E. Wolf, Principles of Optics
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When white light source is used, interference signal can be observed OPD

only when OPD ~ 0

Figure 2. OCT imaging of the rabbit
esophagus in vivo (22). (A) This
image allows visualization of the
esophageal layers of the rabbit
including the mucosa (m), the
submucosa (sm), the inner muscular
layer (im), the outer muscular layer
(om), the serosa (s), and the adipose
and vascular supportive tissues (a).
(B) A blood vessel (v) is apparent
within the submucosa of the

i esophagus. (C) Corresponding
histology for (B) (H&E stain). Bars,
500 pm.
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optical coherence tomography,” Science 276, 2037-2039 (1997).

Figure 2 Example of a discrepancy between the optical
coherence tomography and integrated backscatter
intravascular ultrasound diagnosis. (A) Histological image
(Masson’s trichrome staining). (B) Optical coherence
tomography image. (C) Conventional intravascular
ultrasound image. (D) Integrated backscatter intravascular
ultrasound image. A fibrous lesion was detected by optical
coherence tomography as a homogeneous, highly
backscattering (signal-rich) region (arrowhead in B).
However, the fibrous lesion was misclassified as intimal
hyperplasia by the integrated backscatter intravascular
ultrasound image (arrowhead in D) because the fibrous lesion
consisted of fibrosis with minimal collagen fiber. CL =

pid podl | calcification. Bar = 1 mm.
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