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Task 1. Mixed challenges.

a)

b)

d)

Give approximately the wavelength range of the visible part of the electromagnetic spectrum.
What are the corresponding frequencies? What are the wavelength, linear momentum and fre-
quency of an X-ray photon having energy of 8040 eV (Cu Ko, radiation)?

Write down an equation for the electric field component of a plane wave travelling in a trans-
parent homogeneous and uniform medium of refractive index #, for a general direction k and
general polarization state. Explain briefly the connection to the Jones formalism.

Using a negative (concave) thin lens with focal length / = - 0.50 m, an object is imaged with a
magnification of M7= 1/3. Where is the object, and where is the image with respect to the lens?
Make a sketch.

Describe briefly how i) refractive (prism) and ii) diffractive (grating) optics can be used for
dispersion of white light. In particular, explain in both cases whether the dispersive properties
increase or decrease with increasing frequency.
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Task 2. Analysis of optical system (using the geometrical optics approximation)
The system sketched in the figure below consists of a negative lens (fi = -10.0 cm, concave) followed
by a positive lens (2=15.0 cm, convex), separated by L = 14.0 cm. Both lenses have a physical aperture

(diameter) of D. A detector screen (image plane) is placed a distance s2 = 50.0 cm after the last lens.
The object is a distance s before the first lens.

na
Note: We use the Hecht convention with rays described by vectors [ } , where n is the index of
Y

refraction, o the angle with respect to the optical axis, and y the distance from the optical axis.
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a) Write down the expression for the multiplication of matrices needed to calculate the transfer
matrix M from the object to the image plane. The multiplication into a single matrix is given
for your convenience (you are not requested to prove this expression):

1 3s, -3

4 BY |15 50 50
M= |15 50 50
¢ p)7|s2 3y -3

3 5 5

A ray is parallel to the optical axis and has y = 2.00 cm at the object position. What is the posi-
tion y' and angle o of this ray in the image plane?

b) Interms of the matrix elements, what is the condition for imaging? Calculate the distance s1
which fulfills the imaging condition. What is the transversal magnification Mt of the image?
Is the image upright?

¢) Determine what serves as aperture stop for the system. Find the z-position of the entrance pu-
pil.
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Task 3. Diffraction and Fourier optics

f(X) A

o
) L Lanl

24 -A A 24 b ¢
The periodic triangle function f(x) plotted in the figure above can be expressed by the Fourier series

f(x)=ao+Za" cos%,with

n=1

a,=—— (ZCosﬂ—cosnn'—l), ifn=2,6,10, 14, ...
nr 2

an=1/2, ifn=0,

an=0, otherwise.

a) Rewrite f{x) using complex exponentials. Show that the corresponding Fourier transform,
when including terms up to »n < 6, is given by

a 2. a 6
F(k Ok )+=28(k, +—)+-=L5(k, +—
(x)xao (x) 2 (x A) 2 (x A)

Hint: cos(u)= %[exp(iu) +exp(—iu)], andsin(u) = %[exp(iu) —exp(—iu)]

b) A transparency with transmission function #(x,y) = fix)-rect(y/w) is used as a diffraction
grating. w is the width of the grating. Assume that the grating has spatial period A= 2.00 um
and is illuminated with coherent laser light with wavelength A = 633 nm.

Sketch the intensity distribution J(X) on a screen located a distance L = 4.00 m downstream
from the grating (Fraunhofer diffraction regime). Calculate the coordinates and the relative
intensities (with respect to the central maximum at X = 0) of the diffraction peaks for n < 6.
Comment on the Y-dependence of the diffracted intensities when it is given that w >> A.

¢) The grating from c) is placed in the “input” (object) plane of a 4-f correlator. By using a single
slit as low-pass filter, only the 7 = {0, +2} diffraction orders should be allowed to pass the
Fourier plane. Make a qualitative sketch of the system with the slit in the correct position.
If = 0.20 m, what is the minimum and maximum possible width of the slit opening?
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Vektorsterrelser er i uthevet skrift.

Fysiske konstanter:
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' (VEDLEGG)

Ett mol: M(*C)=12,000 g
ks =1,3807 - 102 J/K

g0 = 8,8542 - 1012 C¥/Nm?
e=1,6022-10°C

lu=1,6605 -1

me=9,1094 - 1

R =Na ks =8,3145 I mol K'!
so =47 - 107 N/A?

Na=6,0221 - 102 mol!
0°C=273,15K

0% kg

03 kg

c=2,998 - 103 m/s h=6,6261 - 103*Js g=9,81 m/s?
Elektrisitet og magnetisme:

fE-dA=§EndA=&"'—"- V-D=p

S S Eo
§ B-dA=¢ Bdd=0 V-B=0

N N
fE-ds:E:——d@mz——d— B"dA=—f6B"dA VxE,:_Q]?_

c dt dt < v O ot

d® OE OE

‘¢;B'ds=p'0(1innl +1,), I, =€o_c?t£= 0 ) 81‘” d4 VXB:P‘oJ"‘P’oEo'a—t
S =c%,ExB 1=(S), =%E§ =e,c(E?),
D=¢cE B =pH )

Belger, refraksjon og refleksjon:

19
v21p=-173t‘}’ VE+EU=0  I(r)=|

U(r)=-exp(ik-r)

n,sinf, =n, sin0,

r=r =[Eo,] _n cosb, —n, cos b,
E,)  nmcosb +n, cos,

t. =t =[ﬂ] — 2n,- COSG‘.

T E,)  mcosb +n cos,

Ulr)= ﬁexp(ikr) = 4 exp(ikz) exp
r z

U@ I=1I+1,+211, cosd

|

__n,cos0, —n, cosh,

24y
2

ik
=h= =t
EOi i
0t

&l

n,cosB, +n, cosH,

2n, cosb,

n; cosf, +n, cosb,

= =

! I

P



Side 6 av 6

Jones og Stokes vektorer:

21,
B IEx(t)‘ . 21,21,
E,(f) 21,21,
21, -2I,
Geometrisk optikk:
1,11 1 e e | L 1
s s' f f nmedium R R’Z
1 —P . 1 0
y 0 1 R dy/n, 1
Diffraksjon:

(X+Y)

R S
U(X.Y,2)=——¢e [f U(x,y,O)exp

(x +yH)— itkx+k y)]dxdy

_k£ kY 27

k,=—,k,=—,k=—
z z A
Fouriertransformasjon:

F(k,. k) =[ [ £(x,y)exp(iCk,x+k,y))dsdy

FUf (e —xy)} = exp(ik,x,) F{f (%)}
h(x)= f(x)® g(x) = F{h(x)} = F{f ()} F{g(x)}

(

f{circ 3)}_ 23 (““) w=\JK+E, p=yF+)*, 1i(3,83)=0. _1225}

\a a
( .
Firect i] = w————sm(k"W/z)
w kw/2

u ~ in(k.aN /2)
§(x— — aiba(NH1)2 sin(k,
F {Z (x "a)} ° sink.a/2)

n=l



