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Task 1. Mixed challenges

a)

b)

d)

What must the focal length of a positive thin lens be if the object and the image distances are
90 cm and 45 cm, respectively? What will the transverse magnification be?

A tank of water is covered with a 1 cm thick layer of linseed oil (r, = 1.48), above which is air
(see figure). What angular restrictions must be imposed on a beam of light, originating from
the tank, if no light is to escape at the water-oil interface?

Write down the equation for a spherical wave on complex exponential form. Derive the parax-
ial approximation for a spherical (paraboloidal) wave near the propagation axis (z). Show that
the same expression arises if calculating the propagation of light from a point source using the
Fresnel diffraction formula.

The Fresnel reflectance coefficient for p-polarized light, R, (or R) ), can be written

_tan’(6,-6,)
» " tan’(9,+6,)

Show that the definition of the Brewster angle 8z leads to the condition 6; + 6, = 90°. Here, 6,
6, and 6 denote the angles of the incident, reflected and transmitted beams, respectively. Then
combine with Snell’s law to derive

n
tanf, =C—,
n.

where C is a constant to be determined by you. Finally, make a sketch for a p-polarized beam
in air incident on a glass surface (with index of refraction #; ~ 1.5) at the Brewster angle.
Comment on how the dipole scattering mechanism can account for the Brewster angle.
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Task 2. A pinhole camera

Circular
pinhole with
diameter D

A pinhole camera is illustrated in the figure above. Pinhole cameras are historically the first kind of
cameras. In this task, the pinhole camera has a circular aperture of diameter D and a fixed distance z; =
100 mm from the aperture to the image plane. There is a square-shaped area detector located in the
image plane having side lengths of 70 mm. We assume z, >> z;. The wave length A of the incoming
light can be approximated to 550 nm.

a) In the geometric optics approximation:

Find an expression for the transverse magnification based on the parameters z, and z;.
What will be the imaged height of a 2.0 m tall man standing z, = 8.0 m in front of the
camera?

Where are the aperture stop, entrance pupil, exit pupil, and field stop?

What is the angular field of view?

b) Intuitively, decreasing the diameter D of the aperture increases the resolution.

Explain how, for a comparably large pinhole (~mm), each point of the object will be imaged
to a spot of the same size as the pinhole.

Assume that an approximate resolution criterion is 0.75D (in the sense that if the centers of
the image spots are separated by more than 0.75D, then the corresponding points in the
object plane are resolved). Plot the corresponding resolution as a function of diameter D,
for D in the range 0 to 2 mm. Indicate on the sketch roughly the range of validity of the
geometric optics approximation.

¢) For sufficiently small D, diffraction effects become non-negligible, and at Fresnel numbers F'~
(D/2)* Azi << 1, the imaging must be described in the Fraunhofer (far-field) regime.

Explain in brief terms the Rayleigh resolution criterion.
In the same graph as in task b), plot the Rayleigh resolution as function of D and indicate
its range of validity.
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(Task 2 continues)

d) It can be shown rigorously that there is in fact an optimal diameter Dgptim that optimizes the
resolution, given implicitly by zi = (Doptim/2)*/A (you are not expected to show this).
- Show that with the numbers given in this problem,

Doptim = 0.047 \zi

when both Doptim and z; are expressed in mm. Indicate the location of Doptim on the graph
from b) and c). In what diffraction regime is Doptim?

- How are i) the resolution and ii) the light-gathering properties (the ~number) modified if
the linear dimensions of the camera (notably z; and the detector side lengths) are quadrupled
while the aperture Doptim is rescaled according to the above equation?
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Task 3. Fraunhofer diffraction from a 1D structure with four Gaussian lines.

A 1D diffraction grating consists of 4 identical lines with Gaussian transmission function. The spacings
between the lines are a, 2a, and a, as illustrated in the sketch above.

Each of the lines thus has a transmission function ~exp(-x?/w?), where w is a measure of the width of
the Gaussians.

a) Derive an expression for the far-field (Fraunhofer) diffraction amplitude F(k) in the limit w =
0. Plot the corresponding (relative) intensity distribution I(x).

b) Show that for finite w, the (Fraunhofer) diffracted intensity distribution is given by
I(k,) ~[cos(2k,a) +cos(k,a)])’ -exp(-w’k> / 2).

Make a qualitative sketch explaining how increasing w modifies the diffraction pattern.
Comment on the convolution theorem.

o I3
Hint: I et gy = gta |
a

-0
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Formula sheet for TFY4195 Optics

Vectors are in bold.

Physical constants:

One mole: M('’C)=12¢g
ks =1.3807 - 102 J/K

co = 8.8542 - 10712 C2/Nm?

e=1.6022-10"C
¢=2.998 - 108 m/s

______Electricity and magnetism:

QIIIHI

99EdA 99

fB ds_“’O( mm+ld)’ Id =g

lu=1.6605 - 10?%" kg Na=6.0221 - 10?* mol™

R =Naks=28.3145 I mol! K'! 0°C=273.15K
po=4m - 107 N/A?
me=9.1094 - 10> kg
h=6.6261 - 1034 Js =981 m/s?
V-D=p
V-B=0
dd = f Pu g4 VxE=-8
ot
a'ch OE OE
= — VB =u,J +u.e,—
os o o HoEg EY

§ =, ExB 1=(s), =€L20E02 =ec(E?)
D=cE B=pH
Waves, refraction and reflection:
Vi = 12 ‘;? (V+EYU =0  In=[ve)f I=1+1I,+2LI, cosd
U(r)=exp(ik-r) U(r)= —‘;iexp(ikr) = —fexp(ikz) explik Xty ]

n,sin®, =n, sin6,

v —p | Bor| _ 1cosB —n cosb, o | Eor| _ mcosb, —n,cosb,
*t\E, | 7n,c0s0, +n, cosb, P\ E, , 1,cosb, +n, cos,
L=t = & _ Zni COSei PR Eo: 2”1' COSGI.

* o+ E, . ncosb, +n cosb, P\ E, " n,. cos, +n,cos®,

Jones and Stokes vectors:

B
E,0

21,
21, —21,

|21, 21,

21, -2,
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Geometrical optics:

l_ __]‘_ — _];_ l n]ens nmedium _l_ _ __1___

s s ' f f nmedium Rl RZ

no. 1 -D, ny —n, 10

R = , D ="o"" I, =
y 0 1 R dy/n, 1
Diffraction:
1 . i (X2+Y )
U(X,Y,Z)=Ee”“"e f U(x,y,0)exp —(x +y) —ilkx+k y)}dxdy
1

EX_ kY 2%

Fourier transform:

Flkk,) = [ [ £, ) explilh,x +,y))ddy
FA =)y = explik,xg) F{f ()}
h(x)= ()@ g(x) = Fhx)} = F{f ()} Flex)}

f{circ—p-]}— J('“’) w=IZ+K, p=yx+y, 1i(3.83)=0. _1221}

a a

T {rect ﬁ]]»: w———smlfﬁ’xéz)

w

ul ; in(k.aN / 2)
§(x — — aika(V+1)2 sin(k,
4 {Z G "a)} © sin(ka/2)

n=1



