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2014-03-06 10:00-12:00 am

1. Laser

Resonator Mirrors
s -

Active medium
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Pump ﬂ}:@ E'%
532 nm i

A solid state laser is realized by putting a Ti**-doped sapphire (Ti;Sa) crystal as gain

material into a Fabry-Pérot cavity of length d=30cm and a Finesse F !.;' You may neglect
the Wx of the crystal for your calculations.

!

a) Derive an expression for the free spectral range vpgg of the cavity and caleulate pvpgg
for the given resonator parameters and the speed of light c=3-10°m/s.

b) Sketch qualitatively the resulting mode spectrum of the cavity as a function of the

frequency v. Due to dust on one of the mirrors the Finesse drops. Sketch qualitatively
the new mode .ﬂpﬁctrum into the same graph. What happens to the g:fa::mr and the
spectral half width dv of the cavity when the Finesse drops WKITE of its original value?

c) The Ti:Sa crystal is now pumped using a frequency-doubled Nd:YAG 1.'1:-';‘-_1‘1:1"[ A=

_ | 532 nm).
This generates a gain spectrum (A) within the laser crvstal which ran\TTth-:wribed by
E (AA)?
X MA) =
| N =W Ty
; with Ag=875nm and A\=

62.5nm. The resonator losses can be considered ¢ i
g i 2. | . -onstant with
1 % Whﬂt?nm the minimum wavelength and the maximum wavelength for which
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2. Lorentz Oscillator
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The Lorentz oscillator is a simple classical model to deseribe the dielectric function €lw
of a given material. This model vields a mathematical expression for (w) of a form

f
E{MII:'Eh(I-q-.qE__-n?_i.a-.r
i e Lt

wherelf j the oscillator strength. The figure above shows the real part €; and imaginary
part €3 of this function.

a) Derive an expression for ¢j(w) and es(w) and identify which graph belongs to ¢;(w)
and which one belongs to ex(w).

b) Estimate from the above graphs the cigenfrequency wy, the dielectric background e
the static dielectric constant ¢, and the broadening parameter + of the resonance. State
in one sentence: what is the reason for the dielectric backgmuﬁ:‘:i € to be larger than 17
What is the value of ¢, when the oscillator strength fis Q?

c) State briefly what kind of resonances determine the dielectric function of an optical
glass such as BK-7 and in which spectral region they lie. What is the approximate value

of €2 in the visible spectral range? How does the dielectric function relate to the complex
refractive index mathematically?

d) Sketch qualitatively the real part ¢; (w) of the dielectric function of a metal and mark a

characteristic frequency. State in one sentence what you can say about the transparency
of a metal above and below that frequency.
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3. a) Anti-reflection coating

b)

In order to optimize the coupling of light into a
is anti-reflection coated by a layer of thickne nd refractive index Neoar <Nyens-

The coating is designed to achieve best performa¥te at A,,. For your considerations
you may neglect absorption. sy

i) Derive an expression for the optimum thickness of the coating by analyzing
the interference between the rays reflected from the different interfaces which are

involved. Describe the phase shifts that occur at the different interfaces. You may
assume perpendicular incidence,

ii) In order to achieve complete extinction of the reflected light one has to optimize
the refractive index of the coating such that the interfering reflected rays have
the same amplitude. A first estimate can be deduced from the condition that the
reflection coefficient _p has to be identical for both interfaces. Deduce the relation
between ny.,, and 0. of hutl_]w for perpcudmular incidence. Use the
Fresnel formulas’.

ili) State in one sentence what has to be modified in the Fresnel formulas if the
coating material exhibits a considerable absorption.

TRUE or FALSE?

State whether the following statements are correct or not. Answer with TRUE or
FALSE.

i) The coherence time t. corresponds to the reciprocal |m.1:1n:i1.-.|{1ti
package.

ii) Solids with a chiral symmetry often exhibit optical activity.

iii) The resolution of an optical grating only depends on the density of grooves

iv) In Fraunhofer diffraction the intensity pattern of a single slit can be described
by a sinc function.

e

L ! L r r
yor ,.'“f a wave
oot

v) The spontaneous emission rate depends on the density of photons with an energy
g R ey

of Eg;=E»-E;.

vi) If you can measure the real part of dielectric function at a given wavelength
vou are also able to calculate the imaginary part of it. e

'H ng cos(f) ) — ny cos(fy) _ ngeos(fz) — ny cos(f)
nz cos(f1) + ny cos(fz) TF T 11y cos(Ba) + my cos(f;)
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4. Kerr cell

A laser beam of fixed wavelength ) is impinging on different optical systems.

a) The first system consists of 3 components one of which is a Kerr cell of length d. The

effect of the first system on the polarization of an incident laser beam can be described
by the following product of Jones matrices:

sl 1 0
AR YA R

Identify the single components of the optical system and their characteristic action and
state the order in which light is passing the system. Use the matrices provided below*
and the trigonometric table on page 8. Derive a formula for the change in the refractive
index An, and sketch the dependence of An, on the applied electrical field.

b) The laser of wavelength A=800,nm is propagating along the direction of the z-axis

{, m= 1
Lo dlj

= [gow, ¢

[l L 1 ]
[y -

and impinges on a single Kerr cell. A transverse electrical field E, is applied to this Kerr
crystal of thickness t=1cm and length d=10cm. For a voltage U,=100V vou observe
an additional phase shift of 7 between the x-component and the y-component of the

electrical field of the laser beam. Determine the refractive index I of . thl:" cryvstal for a
Kerr coefficient of s=-100-10""%m? /V?,

question ¢) see next page

: 3 T ) cos® () sin(fl) cos(#
possbie matrins: ( o % ). sn@)cost)  sin'(s) )
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c) The electrical field of the laser beam (A=800nm) is given by £ = 'E_E.‘ J with J being
the Jones vector. The laser is right-hand circularly polarized. The laser impinges on
another Kerr crystal with the same dimensions as in b) but with __@3 = —200-101%m? /=,
Determine the Jones vector of the laser beam after it passed such a Kerr crystal using
an appropriate Jones matrix. What voltage do you have to apply to turn the incoming
right-hand circularly polarized light of the laser beam into linearly polarized light at an
angle of # = 45° with respect to the x-axis? Use the Jones vectors provided below.”

-

. ¢ b [/}
Ninearly polarized l|ght:( ilu:::#; ) right-hand circularly polarized light: :}E ( 1 )
i

left-hand circularly polarized light: v ( ; )

:
o |
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5. Double slit

A plane wave with wave vector k (coming from the left) parallel to z hits a mask contain-

ing two parallel slits along the y-direction as shown below. Each slit is first approximated
by a delta-function.

a) Derive an expression for the pattern of the diffracted intensity (in x-cdirection) as

function of k.a in the Fraunhofer approximation for this double-slit mask using Fourier
transformation.

b) Calculate the zeros and the maxima of the diffraction pattern using the expres-

sion derived in a). Then, sketch the diffraction pattern as function of k.a using these
points.

¢) Now a phase plate is put in front of one slit. retarding the wave by 7.

Calculate again the diffraction pattern. How has it changed compared to the situation
before (in a) + b))?

d) Now the slits have a finite size. Explain briefly what changes in the diffraction pattern

qualitatively.
mask screen
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