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(OPEN BOOKS'AND NOTES =NO INTERNET ACCESS)

‘\'7’\ (1) (a) 10pts - For an object that has a spatial frequency spectrum given by G(fy) as shown below, plot the
spatial frequency spectrum of the image, i.e., Uj(fy), that is formed under a coherent imaging system that has a
numerical aperture of 0.5 2 NA

(b) 10 pts - How would your answer to (a) change if the imaging system was spatially incoherent with a

numerical aperture of 0.5, For part (b) only, you can assume G(f;) refers to the spatial frequency spectrum of
the object’s intensity. This will simplify your analysis.

A denotes the wavelength of light in each case, and f; is the spatial frequency along x direction.
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. gt el (rF) which lases at 245,
-\'H (2) Suppose that you are operating an Excimer laser (with an 35““- material of KrF) Sy
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(@) 7 pts - Calculate the beam diameter of the E
location of the beam waist.

i ¥ istanc xm) fr
K (b) 7 pts - Calculate the radius of curvature of the wavefront of the lascr at the same distance (1 km) from
! the beam waist.
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(3) Suppose that You are working to find cure to cancer.

F;\r “h“ PUTpose, supposc also that you frequently label cells with fluorescent markers to make cancer cells
‘ +1¥ glow among many other healthy cells such that you can tell them apart from the rest of the “good” cells. In one

cxpm’m.cm. assumc that to label these cells you have used a fluorophore that emits light (when pumped
appropnately) at 600 nm wavelength (red color).

(33 7 pts - For this fluorescent cell imaging experiment, using an objcctive lens that has a numerical aperture
(NA) of 0.75, what would be the expected spatial resolution in your images? Just for your information the
typical size of a cancer cell would be ~20-50 pm.

(b) 7 pts - For the same cell imaging expcriment, what would be the diffraction limited spatial resolution in air?
This question assumes that now you have the best objective lens that operates in air, where the refractive index
(n) is 1.0.

(¢) 7 pts - To break the diffraction limit of light, and to achieve a better resolution than your answer to (b), what
would you do? In other words, how would you break the diffraction limit of light? Name at least onc
microscopy technique that can break the diffraction limit of light and briefly discuss how it works.
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£ (4) 7 pts - Using pulsed lasers you can cut steel and rapidly manufacture prototypes. Similarly, using 'Such las.crS
YOu can also remove tissue. In the same context, briefly discuss how the removal of tattoo .and L-ASII\ operation

are different from each other. In other words, can you use the same pulsed laser that is designed for tattoo
removal for LASIK operation? Why / Why not?
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(5) 15 pts — For a plane wave, which one of the following spatial frequency pairs defines an evanescent wave in
air:

(i) (fx fy) =(1.5/),0) ---- Evancscent Wave? Yes or No? Why
(i) (fx, fy)=(0.2/2.,0.1/%) ---- Evancscent Wave? Yes or No? Why
(iii) (fx, fy) = (1/%, 0.01/)) ---- Evancscent Wave? Yes or No? Why

f,, fy refer to spatial frequencies along x and vy, respectively, and X is the wavelength of the light source.
Assume that the refractive index of air is 1.
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(6) (a) Spts - How would you ph sically detect an evanescent wave? : ? N .m?
+\0 (b) Sl;ats - Why would}youpbc):,thcr to detect such evanescent waves? What is uscful and desired about them
Briefly explain your answers.
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