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MC1 TFY4195 H19

A candle-light is placed 30 cm to the right of a 5 cm diameter positive lens of focal length 15 cm. Using a
screen Paul is attempting to obtain an image of the burning candle. What is true about the image?

Select one alternative:

}( There is an inverted, real, non-magnified image 30 cm to the left of the lens.
7 There is no image

) There is a non-magnified, real image at the focal plane, to the left of the lens.
) There is a virtual, enlarged image to the right of the lens.

) There is a minimized, real image 30 cm to the left of the lens.
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An electromagnetic wave is described by the following expression:
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where the position z has the unit meter [m] and tis the time in seconds [s]. What is the propagation direction, b

speed and wavelength of the wave? gw 7 2 b
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MC3 TFY4195 H19

Light from a HeNe-laser (632.8 nm) passes through a prism made of glass (refractive index n around 1.5). The
prism is placed in air. What ray-path is possible before and after the light passed the glass?

Select one alternative:
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4 MC4 TFY4195 H19

Consider the three far-field diffraction patterns in the upper row. Which of the apertures could have made these
diffraction patterns?

Please match the apertures with the diffraction pappterns:

Three

Two

1 Maximum marks: 5
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5 MC5TFY4195 H19

The object and the image formed using a positive lens of focal length fis depicted in the image below along
with some distances that define their positions relative to the lens.

+

Which of the following equations does NOT describe their positions?
Select one alternative:
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6 MC6 TFY4195 H19
Paul has a white light source and wants to use itin a Michelson interferometer experiment set-up using yellow
light (A = 580nm). He finds a 10 nm pass-band i.e., a filter that transmits light between 575 and 585 nm.
What is the approximate coherence length of such a wavelength filtered light source?
Select one alternative: W an AU BV \\ Lo TUVLEFER o Ve A Wy
0 1, = 340pum LKW € PM POAC L TR LE QranN HA) (
/h . PO N EAWRYS
><c_34'um Q(,: C'At E .,\Q - >\/"( ) e
O lo =3.4pum 5‘( b4 L 3
" Y
o l, = 3.4mm DX _ L (§kb 0 )
'\(‘,C’ 0[{ — =Y Df: - — ﬁct A\ ST
o 1, = 340nm D) ;> = - " x> D10

Maximum marks: 5

411



TFY4195 Optics H19

MC7 TFY4195 H19

Using the yellow light source in problem MC6 (A = 580nm), Paul also wants to test the classical double-slit
experiment. As he knows about spatial coherence he puts a lens to focus the light onto a small pinhole (a thin
circular aperture) which is 500;1,m in diameter. The light passing through the pinhole is then used for the
interference experiment using a sensitive photon counting detector. The double slitis placed 50 cm from the

pinhole. What is the maximum width between the slits he can examine without running into problems related to
the spatial coherence?

Select one alternative:
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MC8 TFY4195 H19

The view graph below shows the principle and essential parameters for a slab wave-guide and the
calculated TE mode dispersion for several design options. If the telecommunication wavelength to be used is
1.55,u,m and the slab waveguide thickness is 400 nm, how many modes can the wave-guiding structure
promote?

A slab waveguide
n, = 1.84 (flint glass)
n, =1.50 (regularglass) -
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® MC9 TFY4195 H19

A left-circularly polarized light-wave is impinging on a glass window of refractive index 1.60 with the incident
angle 58°. What can you say about the reflected light?

rd

Select one alternative: g (LUWSTW M) wle

O The reflected light is right circularly polarized. ( POL AU IR oV AL LS )

YD .=56°
< No light is reflected -z > -7
g "’ o 9 U 4 : L \
© All'light s reflected. SAHT )
ovLy  S-por U

O The reflected light is left circularly polarized. w%m C"E_ - w0 DE )

X All reflected light is linearly polarized. 1 -Pe k

Maximum marks: 5

'f  ReFrALTE  TwbEX  OF AN,
10 MC10 TFY4195 H19 Wb 1 SnaweRl 3) TOTAL  etleun
ABove O AR
A left-circularly polarized light-wave is propagating within a glass of refractive index 1.60 and hits a planar /( NN E
inner surface (with air on the outside). The angle of incidence is 58°. What can you say about the reflected
light?
Select one alternative: 2 w n A Ko b
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© The reflected light is right circularly polarized.
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© No light is reflected

O The reflected light is left circularly polarized.
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MC11 TFY4195 H19

Lars-Martin is carrying out a diffraction experiment in the Optics lab with a HeNe laser (A = 632.8nm) using
a single slit positioned with the long extension vertical. A lens of focal length 1.0 m is placed right after the slit
to assure an appropriate far-field diffraction pattern. He records the intensity distribution in the horizontal
direction by scanning the detector through the diffracted beam 1 m from the slit/lens and the following intensity

pattern is recorded.
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What is the width of the slit?
Select one alternative:
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MC12 TFY4195 H19

Paul continues to explore diffraction experiments with the scanning equipment described in MC11. To analyze
the results, he wants to derive expressions for the intensity distribution of the diffraction patterns of multiple
slits. He learned during the optics lecture that he can calculate the multiple slit diffraction by taking the Fourier
transform of N slits represented by equally spaced Dirac delta-functions, and then multiply with the Fourier
transform of the single slit, according to the convolution theorem of Fourier optics. He arrives at the following

. s;;l((z:é’”s';) . m?;;:f;;) ]2 where f, = Tmf : fis the focal
length of the lens, A is the wavelength of the laser, a is thelwith of eachTsingle slit and finally, s is the
separation between the slits. How many slits did he intend Yo analyse wjth this expression?

Select one alternative:

expression for the intensity distribution: I(m) = [a
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3 EQ1 TFY4195 H19

Victoria is preparing for the optics lab and is figuring out how to set up two (thin) lenses with 4 and 5 cm focal
length to realize and test the principle of a microscope. She decides to use the short focal length as objective
placed on the rail to the left, and then use the 5 cm focal length lens as eye-piece placed to the right. The
object is placed to the very left as shown in the scheme below. Looking from the right she then wants to see the
virtual image of the object 20 cm behind the 5 cm focal length lens as shown below, magnified 10 times.

looking
f=4cm f=5cm from
here
: | )
objectis '
here
somewhere

a) Where shall the object be placed and what must be the distance between the lenses?
b) Ray-trace from the object to the image including intermediate images if apparent.

c) Is this a good design? Please comment...

Fill in your answer here
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4 EQ2 TFY4195 H19

Oddbjgrn got a job at IFE as a technical developer and since he had an A in Optics his first task was to design
an anti-reflective coating for a new type of solar cell cover material made from a very hard and sustainable
transparent glass of high refractive index. Such a coating is made by sputtering a thin layer of SiO, (n = 1.44

)on top of the cover as shown in the scheme below. As the bottom material has a relatively high refractive
index only the two depicted reflections need to be considered.

a) Show that the optical path length difference of the two indicated reflected rays can be written as:
A = 2d - Nogide + cOS O;

b) What is the thinnest possible anti-reflective coating for visible light (A = 550nm)? Itis anticipated the anti-
reflection coating should be operational for small incident angles (i.e. set@; = 0).

c) Estimate and compare the reflected light intensity for the coated and non-coated surface at perpendicular
incidence (6; = 0).

State clearly any (reasonable) approximations you use.
Fill in your answer here
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TFY4195: Useful formula I

Physical constants

c=2,998x10° m/s e, =8.854x107" F/m b, =41x10"7 H/m

EM waves and guided light

The Maxwell equations without currents and charges

With linear transparent (optical) media: D=¢E =¢,n’E and B=p,H

Fresnel’s equations for reflection and transmission

— :[E,_] _ nycos6, —n cosb, % =7 :[5] _ mcos, —m,cosh,
E. ), mcos® +n cos 0, * |E ), mcosh +n,cosb,

- p:[ﬂ] _ 2n, cosb, t_l_:ts:[ﬂ] _ 2n, cos b,
E), m cosf, +n, cos, E;)  mcosb, +n,cosb,

The energy crossing unit area per unit time in the propagation direction

Poynting vector: S =c’g, (E X 1_3) ; 8= %c ne, E; (medium with refractive index n)

The reflectance and transmittance of energy flow across a surface

2 9 97 2 . .
R=r"; T= L[COS 6- ]t“ ; where r and ¢ are reflectance and transmittance coefficients
n, | cosd,
Thin lenses
1 1 1 1 —n, |1 1
—_—t—=— Lens maker formula: — = Pens — Moedim | 2~
Si So f f nmedl’um Rl R2
Coherence lengths
1.22% . .
I, = o spatial coherence length, circular aperture
Nofo
[ = A_f temporal coherence length, rectangular spectrum

Interference of mutually coherent beams

I=1+1,4+2II, cosd



TEFY4195: Useful formula I
Diffraction

ikz iz

e izi(xzﬂ:z) i 3 (§2+z]2) —ii—”(.\‘fﬂf}])
Fresnel approx. U(%J’):M_Ze : J. _[ U(f,n)e ‘ ‘ d&dn

—0 —D

For an array of N slits of width 5 and separation a, the following far-field diffraction
distribution applies.

sin (3

B

; (sinNoa

- ] where oa:laksine and B:lbksine
sino 2 2

11

Polarization and Jones formalism
E =E, cos(kz—ot+g,)

Jones’ vector J =
E =E,, cos(/(z— a)t+¢5),); Ap=¢, -4,

e

5 ‘ac | has field components:
e

0y

=,

2 2 E
EO.\' EOy

E
The polarization ellipse: [—)—
Ox

0y

[5“' ]cos Ao =sin’ A

2E, E,, cos Ad

where tan 2o = = .
(EO.\' - EO )
Jones matrices:
, 1 0 00 11 1 cos’®  sinBcosO
Polarizers — . .3
0 0 01 211 1 sinfcos® sin“ 0
TAhorizontal TAvertical TA +45° TA 6° from horisontal axis
Phase retarders 5|1 0 -3|11 0 i1 0 -z 0 e~ 0
Wave plates ! . e’ . ? € i
0 —i 0 i 0 -1 0 —1 0 v
QwpP Qwp HWP HWP General
SA horizontal SAvertical SA horizontal SAvertical
cosf3 —sin
Rotator p B (9 —0+ ﬁ)

sinB cosf3
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