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BASIC LASER AMPLIFIER PHYSICS
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Basic Amplification Process:

input amplification, exponential growth

[Each    is a separate atom or molecule; need n2 > n1 for amplification]

Amplification frequency f [Hz]:

E2 � E1 = hf [J]

h = 6.625 × 10-34 [Js]

6hf

amplification 
linear growth

⇒⇒⇒⇒

Pump (repopulates level 2)

Intensity-limited amplification
n2 replacement-rate limited amplification
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(g is gain, α is attenuation)
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“A” AND “B” COEFFICIENTS
Rate Equation:

Stimulated emission and absorption:

Then:          dn2/dt = - An2 - B(n2 � n1) [m-1s-1]   system)

Spontaneous emission between states i and j:
Aij = ω3|Dij|2 (2/3hεc3) [s-1]
Dij [Cm] is a quantum mechanical dipole moment (electric or magnetic)
Decay time τA = A-1

Note: τA ∝ ω -3, so �visible� τ�s are very short, microwave τ�s are long 

B coefficient:  Bij = Fσij ∝ F gij(f) Aij/ω3

Photon flux density F:    F = |E|2/2ηohf    m-2 s-1]
Lorentzian line shape gij(f):  gij(f) = [2/π(∆f)]/[1 + 4(f � fo)2/(∆f)2]
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Assume:     Two-level system, E2 > E1, and ni = atoms m-1 in state i

Spontaneous emission Induced emission

(collisionless

[photons

1














