Mock Exam on WMPH17001
“Physics of Lasers”



Question 1: Laser Principles (13.5 points)

a) List the three main components of a laser. (1.5 pt)
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b) State two criteria that distinguish spontaneous emission and laser emission from a
suitably pumped material. (1 pt)
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¢) Name two pump mechanisms. (1 pt)
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d) State one criterion that a suitable pump source has to fulfil. (1 pt)
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e) Consider a 3-level laser:
1. Draw the energy level scheme (1 pt).
2. Label the pump transition and the laser transition in each sketch. (1+1 pt)
3. Indicate the requirement for the lifetime of the levels involved in the laser
transition to achieve stationary laser operation (‘long’, ‘short lifetime”). (1+1 pt)
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f) Consider the following energy level diagram for a Helium-Neon-laser:
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1. Is the HeNe-laser a 3- or 4-level laser? Justify your answer briefly. (2 pt)
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2. State one reason why Neon is a good active material for laser action. (1 pt)
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Question 2: Light-Matter Interaction (7 points)

a) Consider a 2-level material with an energy level separation of AE. Calculate the
relative population of the excited state in thermal equilibrium at room temperature, if
the transition energy between the levels is in the visible spectral range. (2 pt)
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b) How many photons per mode of the light field are required such that stimulated
emission dominates (no derivation of expression)? (1 pt)
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c) Briefly discuss why population inversion can not be achieved in a 2-level material.
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d) Explain why stimulated emission was first observed in the microwave region and
only later in the visible region. (2 pt)
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Question 3: Continuous-wave lasers (12.5 points)

a) State the expression of the single-trip gain Go. (1 pt) L
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b) Derive the threshold condition for the critical inversiori ANy based on the
reflectiviies (R and Ry) of the resonator mirrors, the single-trip gain G, and other
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¢) What is the meaning of AN, for laser operation? (1 pt)
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d) Consider a Ruby-laser operating at » = 694 nm. The Ruby-crystal has a length of
L =5 cm, its laser transition has a cross section ¢ = 3-102° ¢m? and other losses
amount to a’ = 0.01 cm™. The mirror reflectivities are Ri=1and R, =0.97.
Calculate the critical inversion. (1 pt)
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e) Consider a 4-level laser in stationary operation. We derived the following
expression relating the stationary inversion AN, the rate for the stimulated transition

Wing and the spontaneous decay time for the upper laser level tspont:
AN,

AN =
1+ TspontVVind
1. Qualitatively sketch this function. (2 pt) 2/
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2. Discuss priefly the limiting cases Wing —» 0 and Wing = « (2 pt)
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f) We found in the lecture that ANp in e) can be expressed as ANo = Rpump:Tspont, With
Rpump Deing the pump rate. For Rpump = 4-10%° cm®s™ and tspon = 10°® s calculate

the induced rate Winq. (1.5 pt)



Question 4: Optical Resonators (13 points)

a) Qualitatively sketch the TEM,4 and the TEMg; transverse modes (in Cartesian
coordinates). (2 pt)

b) What the frequency distance between neighbouring longitudinal resonator modes
for a Fabry-Perot resonator with distance d between mirrors. (1 pt)
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¢) The gain bandwidth of the red 632 nm line of the Helium-Neon-laser is 1.5 GHz.
Assume a Fabry-Perot-type resonator. Determine the distance d between the

resonator mirrors so that maximally a single longitudinal resonator mode is within the
bandwidth of the gain profile. (2 pt)
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d) Assume that you have two mirrors to construct a resonator with distance d
between the mirrors. One of the mirrors is curved, the other one is a plane mirror.
Under which conditions do you obtain a stable resonator and under which an
unstable resonator? (Note: the curved mirror can be convex or concave!) (6 pt)
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e) Consider a Gaussian beam at a wavelength of 1 = 500 nm with a beam waist of
Wo = 160 pm and a Rayleigh length zo = 16 cm.

1. Calculate the angle of divergence g, in the far field (i.e. for z >> z) for a
perfect Gaussian beam. (1 pt)
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2. You buy a laser and the manufacturer specifies M? = 1.2. Which angle of
divergence would you actually measure? (1 pt)
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