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Lord Rayleigh
(John William Strutt)
(1842 - 1919)
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Venkata Raman
(1888 - 1970)
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Fiber Raman Amplifier

Raman Amplification

Optical fibre
Input Output
Signal Signal
Pump Laser Pump Laser
(co-pumping) (counter pumping)

Raman amplification requires no special doping in the optical fiber.

It is usually accomplished as “distributed amplification”
- that Is, it happens throughout the length of the actual transmission fiber,

rather than all in one place in a small box.

NRL HoloTech

LN,

P
R i(z@d

i
7&‘(

Seoul National University

S
v

Wk



Excited state

(v > 0) 4 4S"OW
Excited state

A (v=20)

(3) E

Energy
e
(=)
L

Ground state S A

& 2005 Brooks/Cole - Thomson

Fig. 11-14, p.390

125 Seoul National University NRL HoloTech

7&%»-4#



Fig. 11-15, p.390
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Figure 8.4 (a) Potential energy of an electron in the electric field of two nearby protons. The total
energy of a ground-state electron in the hydrogen atom is indicated. (b) Two nearby protons corre-
spond quantum-mechanically to a pair of boxes separated by a barrier.
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Figure 8.6 (a)—(d) The combination of two hydrogen-atom 1s wave functions to form the antisymmetric
H," wave function 4. A stable H;” molecular ion is not formed because now the electron has a smaller
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probability of being between the protons than outside them. (e) If the protons could join together,
the resulting wave function would be the same as the 2p wave function of a He™" ion. In the 2p state

a He™ ion has more energy than in the 2s state.
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U, =Froton potential energy
E; = Electron energy (symmetric state)
30 E.'""' = H," energy (symmetric state)
E, = Electron energy (antisymmetric state)

E, ' = H,* energy (antisymmetric state)
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Figure 8.7 Electron, proton repulsion, and total energies in H,* as a function of nuclear separation R
for the symmetric and antisymmetric states. The antisymmetric state has no minimum in is total
Energy.
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Linus Carl Pauling
(1901 - 1994)

The Nobel Prize in Chemistry 1954
The Nobel Prize in Peace 1963
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Orbital n l m

s 123 0 0

P 234,.. 1 4l

py 234,.. 1 4l

p, 234..1 0

Figure 8.9 Boundary surface diagrams for s and p atomic orbitals. Each orbital can “contain” two elec-
trons. There is a high probability of finding an electron described by one of these orbitals in the shaded
regions. The sign of the wave function in each lobe is indicated.
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Figure 8.10 The formation of ssor, ppa, and ppm bonding molecular orbitals. Two p, atomic orbitals
can combine to form a ppo- molecular orbital in the same way as shown for two p, atomic orbitals

but with a different orientation.
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Figure 8.11 Formation of an H,O
molecule. Overlaps represent spo
covalent bonds. The angle be-
tween the bonds is 104.5°,
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Figure 8.12 In sp” hybridization, an s orbital and three p orbitals in the same atom combine to form
four sp” hybrid orbitals.
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gure 8.13 The bonds in the
-H., (methane) molecule involve
p~ hybrid orbitals.
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(b)

(c)

Figure 8.14 (a) The ethylene (C,H,) molecule. All the atoms
lie in a plane perpendicular to the plane of the paper. (b) Top
view, showing the sp” hybrid orbitals that form o bonds be-
tween the C atoms and between each C atoms. (¢) Side view,
showing the pure p, orbitals that form a 7 bond between
the C atoms.
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Figure 8.15 The benzene molecule. (a) The overlaps between the sp”
hybrid orbitals in the C atoms with each other and with the s orbitals
of the H atoms lead to o bonds. (b) Each C atom has a pure p, orbital
occupied by one electron. (¢) The bonding 7r molecular orbitals formd
by the six p, atomic orbitals constitute a continuous electron probability
distribution around the molecule that contains six delocalized electrons.
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