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Problem 1: (Czerny-Turner Monochromater)
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Problem 2: (Grating Diffraction)
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Problem 3: (Fraunhofer Diffraction by a Rectangular Aperture)

At Hdhe first focal plane use 4 rectangular aperdure.
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Problem 4: (Edge Diffraction)
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Figure 1: Case (a) with an incident plane wave

(a) The diffraction from the edge will follow the Fresnel diffraction assumptions in order to
use the theory of the Cornu spiral with the Fresnel integrals. Since the incident wave is a
plane wave p = oo and ¢ = 60 cm. The wavelength of the incident plane wave is Ay = 589 nm.
Let’s assume the random point 2y along the z-axis in Fig. 1. Then, assume the s-axis such
as s = z — zp. Therefore the origin of s is the point z = 2y. From the Fresnel integral the

field at 2y is given by

o0 k 1
E(z) = C/O exp[—jg(z—zo)zg]dz,

1
= C exp[—jgszg]ds,

—20

1/2

where C' is a constant. Defining the normalized variable u = $(2/\oq)"/* as in the book we

can write the field at point zp in the form

E(z) = E—2 [10.5 = C(—u)] - j10.5 — S(~uo)]].

1(20)
Iu

= %[[0.5 — C(~uo)l +[0.5 = S(—uo)P?,
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where E, and [, is the unobstructed amplitude and intensity while C'(u) and S(u) the
standard Fresnel integrals and wug = 20(2/M\oq)"/2.

Now for zp = 21 = Imm = u; = 21(2/X\q)"/? = 1.6822 and C(—u;) = —0.3277 and
S(—uq) = —0.5666 which results in I(z;)/I, = 0.9114.

Similarly, for zp = 20 = —2mm = uy = 25(2/A0q)"/? = —3.3643 and C(—uy) = +0.4159

and S(—uz) = +0.4570 which results in I(22)/1, = 0.0045.
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Figure 2: Case (b) with an incident spherical (actually cylindrical) wave emerging from point A

(b) The case of the icident light coming through a slit at point A the main difference is that
we have to take into account the relative wavefront that arrives at he edge’s plane. According
to the theory, the sp = 2, distance on the edge plane corresponding to zy at the screen plane

are related (from similar triangles) by the following equation

/
P

20 m’
where it is evident that for p — 0o, 2{ — 2o. Then, assume the s-axis such as s = z — z{, as
before. Therefore the origin of s is the point z = 2{. From the Fresnel integral the field at
zp is given by
E(z) = C/Ooo exp [ —jg(z - 26)2(% + é)wz,
2



0 ko1 1
= C exp | —j=s*(=+ =)|ds,
where C is a constant. Defining the normalized variable u = s[(2/Ao)(1/p + 1/¢)]*/? as in

the book we can write the field at point 2y in the form

E(z) = % 0.5 = C(—up)] = j[0.5 — S(—uo)]],
o) _ Y05~ ct-w)l? +105 - S-uol],

where E, and [, is the unobstructed amplitude and intensity while C'(u) and S(u) the
standard Fresnel integrals and wug = 2[(2/X)(1/p + 1/q)]*/?

Now for zp = 21 = lmm (p = 60cm and ¢ = 120cm), 2] = z1[p/(p + ¢)] = 1/3mm
= u; = 2[(2/X0)(1/p + 1/¢)]"/? = 0.9712 and C(—u;) = —0.7786 and S(—u;) = —0.4095
which results in I(z;)/I, = 1.2310.

Similarly, for zp = 22 = —2mm, (p = 60cm and ¢ = 120cm), 25, = z[p/(p + q)] =
—2/3mm = uy = 25(2/Xoq)"/? = —1.9424 and O(—uy) = +0.4319 and S(—uy) = +0.3536

which results in I(z9)/I, = 0.0130.
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Figure 3: Plot of the intensity pattern I/I, as a function of the screen distance z for a Spherical wave
(blue) and a plane wave (green)
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