
 

Lecture 16 Laser oscillation I

Learning objectives

1 Optimum output coupling

2 Muti_mode lasing

3 Mode locking

4 Methods for mode.locking f
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singlemodelasing
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N_N ⼆ 点 Pumpingrate
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jargne.uslybroadenedgain medium
Below threshold population inversion N_N is proportional to pumping rate

gain IN N_n ftp.n82

As pumping rate is increased N_N is increased
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Furtherincreasing the pumpingwill II cause 8凹 to increase

gain saturation or gaindamping It will only lead to
an increase of output intensity ie

Pe ⼆ Ps 是 1 last lecture

Further increasing the pumping will increase the intracavity

power eventually causing an additional broadeningof my
due to shortening of lifetime by induced transmission

Thegain at other frequencies lui v z.vn.n_n remain
below threshold

SO Ideal homogeneousy broadened laser can only oscillate at
a singlemode



DInhomogneouslybroadenedgainmedium.name

Extreme inhomogeneous case the individual atoms can be regarded as

being all different from each other
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Comments

oiselotw threshold behavior is same as homogeneously
broadened case

At threshold the gain at v is clamped at the threshold
value



Due to inhomogenous broadening atoms do not communicate with

each other There's no reasonwhy gain at other frequencies
should not increase with further pumping

Farmerpumping will lead to oscillation at additional

longitudinal
modes

Gain at each oscillating frequency is clamped

The gain profile curve enquires depressions
at the oscillation

frequencies a.k.a hole burning
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For in homogenousy broadened laser oscillation

can occur at different longitudinalmoles
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So the total output E field.is
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phase of themtnmode 60

Amplitude of the mtnmode

Note If fun is fixed Ect is periodic in time period 告 些
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But in normal cases Gm is random

Mode interference

m
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i low coherence
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Make cavingverysmall modespacing n 晉⼩

only one mode can
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Make the reflector narrow band
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Mode_locking P巧4 Yaniv
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Ptu Cm⼆点 Eq 0can bewrittenas

Ect 巟Ěeilwotm.int
⼆点 to 们 t.SI器

atzrrf.EU兦

fetters

1



Power

P化了 E 以 Elsa 亢 管器器
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The power is emitted in the form of a train of pulses
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The peak power of the pulse plsㄈ S o 1.2

is equal to N times the average power

where N is the number of modes locked together



The peak field amplitude is equal to N times

the amplitude of a singlemode

Pulse width F WH M of P st is to ⼆点
gainbandwith

N 些_modespacing
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Physicdmy to getshorter pulses we needlarger

gainbandwidth
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Passive mode_locking

eg.Kerrlens
Semiconductor
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Transmission
I

I_f_hysneniy

l.me domain

_pulses
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Note Satarable absorber is a much faster shutter

compared to external RF modulation.It allows

for the generation of shortery
s


