HW12 Ch 9:27 (repeat for light incident at 384,36 (note: each of these three is simple enthahyou
should be able to solve with lecture notes...usedkes equations to check your thinking. )

P12A.
1. Use eq 9.97 and 9.104 to show that for a dovdléayer on a substrate and normal incidence
R:(nn-n”j (eq 9.105).

n, n0+n5nl
2. If n=1.5 (common glass), and you have a choice ofdh@&nmon coating materials: ZnS (n=2.32), CeF
(n=1.63) and MgF (n=1.38), find thewest R possible.
3. If you design your coating fa==550 nm, in the middle of the visible range, R abuaall be true only
for that wavelength for two reasons: the indexndes slightly witth, but more importantly, the
thicknesses will not b®/4 for other wavelengths. Ignore the index chanigke A and plot on the
computer (Maple, Matlab, Mathematica) AiRfor 400 to 700 nm (visible range) for your cheif
materials for the double coating in 2), but dwit2, 4, and 8 total layers. (Note: once you'liesen the
thicknesses of your H and L layers in part 2), dgl{vacuum value of k) will vary with in eq 9.91.)



HW13: 10.2

and a
Problem 13A: Fraunhofer

vs Fresnel diffraction. 0 ‘ P
1

a) For an aperture of radius
a, find the path length differenéé. between the light reaching P from the point atédge (at a) vs from

the center (at 0), using the binomial approximaaod L > a .
2

b) Show that the boundaty > % (which puts us in the Fraunhofer regime) is theesas sayind\L is

small enough (because L is long enough) lisstthan one Fresnel zone fillsthe aperture, i.e. thata does
not reach the edge of the first zone.

Problem 13B: Fresnekones for a long slit

Fresnel diffraction for a very long slit can also
be described in zones. Imagine a screeg at x y

from the slit, which runs out of the page in the Z
direction. We illuminate the aperture of width
2a with plane waves, so there is not phase
variation in the Huygens “emitters” in the
aperture.

a) Assumingx, > y,a, write equations for the positions pf the outside edge of mth zone in terms of

X/

b) Unlike in circular apertures, where treas of the circular zones helps determine the contidburom
each zone, in this essentially one-dimensionallprobwe find thewidth w of each zone.

For the first 10 zones, make the following tabksuaning x, =1001 :

m Ym Om Km Mm W Contribution

Xo

g, is the angle of the boundayy, seen fromx,

K,, is the average obliquity factor for the m'th zdnee the average angle for the zone)

., is the average distance from the mth zong tavhich decreases strength for a spherical wave
W, = 2(Y,, — Yma) » IS the width of the mth zone.

Contribution :Wm—Km
;

m

Now sketch a vibration curve for the Fresnel diffran at %, similar to fig. 10.40 for an aperture opening
up to expose these 10 zones. The “contributicorhfeach zone is proportional to treetical change
during each half turn, as shown by the Z pointhenfigure, and will determine how fast this sysra.

¢) Which of the contribution factors determines triamw fast it spirals?  (This is not the same for
circular case).

d) Find the intensity of light when m zones filetaperature, in terms of the incident intensjtydr m =
1..10.

Lab 13. Create a source of unknown elliptical polarizatoy reflecting a linearly polarized laser beam
(with equal s and p-components by polarizing #&ategrees) from a metal mirror with a large inoide
angle (i.e9; > 8(). Use a quarter-wave plate and a polarizer toroe the Jones vector of the reflected
beam. Find the helicity (right or left handed), dhd orientation of the major axis.

Solution notes: There are two unknowns if you normalize the Joreetor: A/B and phase You

should be able to get two equations from the candihat the final Jones vector is (0 0).

See video at optics.byu.edu/video/ellipola.mov



H14 Ch 7: 38,44 Ch 11:8,11,14 (read Ch11.2.1 astakenly left it off the reading for last lecture)
Notes:

1) on 7.38, use the complex formalism of Ch 11.itMcosw,t in terms of complex exponentials, and
simplify your result until you see the sinc functio Explain how this satisfies the carrier frequer
envelope principle we discussed in class.

2) on 11, you can ignore the fancy definition bt tshutter” or “top hat” function, called a reaifction
here. It's simply given by the drawing. Youruéshould agree with the principle in #14...shouéd b
able to write in terms of a sinc function timesreeér phase term lik€« , where C is a constant

H15 Ch11:15, 22,26 (also find the FT of this convolatibthe square pulse has height A), 30.

P15. Fraunhofer diffraction and Fourier transforms.
Exreen(ﬁy,ﬁz) =C ﬂ E(y,z)e_ik(ygy”gz)dydz. C is a constant.
aperture

a. Slit diffraction. FindE(HX) for an infinitely tall vertical slit of width a egered at the origin, illuminated

uniformly, E(x') =1 over the slit and zero outside the slit (set Q.=Rlot E(HX) vs 6, from-0.1t0 0.1

radians, for the case a =)0 Note that because the slit is infinitely tall afidrhinated the same at all y's, the
answer cannot depend on y. You will see this érttath by showing that the integral in y gives wadelta function
with only one vertical angle allowed: zero. Tliean't change the vertical angle of any photooaintering it.
For the purposes of plotting, ignore the delta fiom; and just plot the one dimension.

b. Rectangular aperture. FirEI(Hx,Hy) for an aperture of vertical height b and horizbniigth a (set C =

1). PIotE(HX,Hy) , 8, in radians, for the case a =}5®=3a. You can use Maple plot3d function:
plot3d(E(tx,ty),tx=-0.1..0.1,ty=-0.1..0.1,grid=[50,50] );



