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Waveguides (recap)




Waveguides (recap) [1]

1. Maxwell: ) 1
(i) V-E=0, (i) ?KEz_E’
i) V-B=0, (iv) VxB=—o
i) V-B=0, ( = 237

2. Expand fields into components:

E(x, y,Z,t) = EO (x,y) el (@t=kz)
Eo=Ex +E, y+E, 2




Waveguides (recap) [1]

3. Transverse components in terms of Ez, Bz:

0 R ,,;;; (¥ +%)
@ 8 T ( )
W) By = o ( Ba; ;Bai)

(Note: replace i by —j above)



Waveguides (recap) [1]

4. Solve for Ez, Bz from here:

[ a2 9° 5 o
(1) _m+ﬁ+(fﬂfﬂ'} _k]EE=Ur

[ 32 9° 5 o
(11) -E-FW-F(IIHKE} —k]BE=0.




Waveguides (recap) [1]

e TE Solutions of the form

B,(x,y,z,t) = By cos (?) COS (n%y) pJ(wt—kz)

i.e. a fwd travelling wave

’ q\ . Cut off fregs:




Cap the ends with metal plates [2]
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Fwd and bkwd waves

Hollow or dielectric-fifled resonant cavity
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Cap the ends with metal plates [2]

This implies that Bf = —Bg , kd = pm and :

B, = —2jBg sin (%) COS (

Hollow or dielectric-fifled resonant cavity
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The frequency of a
waveguide mode earlier was

ck = Jw? — wi,

Now, k is restricted, so

- (2) +(3) + G
Wo = CTL'V d 0 2

Waveguide frequency 8
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Losses in a resonator

e Perfect metal — No losses

* Finite 0 = Boundary conditions get slightly
modified = System supports small range of
frequencies around w,



Waveguide resonator [2]

Hollow or dielectric-filled resonant cavily
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Waveguide resonator [2]

Hollow or dielectric-filled resonant cavily
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Calculating resonator loss allows Q calc. (c) Quiput spectrum .



Resonators in the real world

* Fiber-Bragg mirrors [3]
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Resonators in the real world

* Fiber-based resonator [4]

FBG mirrors
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Laser Physics in brief [5]

Excited electron
Electrons orbiting the

decays dAnd 2miIts
wcleus of an atom / .
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State State
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Laser Physics in brief [5]

Excited State

Meta-Stable Excited State L I ey Fast

Slow

Pump Photon Incaming Photan M
A\ AV AN WWAVAD: ARV AV A

QOutgoing Photons

Ground State -

The presence of a photon encourages another
photon to be emitted: Stimulated emission

N2 _ _AE
Only 2 level system, N, exp( kT)

15




Laser Physics in brief [5]

Mirror

Laser Medium

Partial
Mirror
| #
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So, the resonant frequency of the resonator must

match the energy transition of the gain/laser medium!
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Laser Physics in brief [5]

Doped Fibre

LASER BEAM
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Laser Physics in brief [5]

Outer sheath

Fump Source
Coupled to Cladding
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Gain medium in the fiber? [6]

 Introduce a rare Earth ion into the fiber:

Called “doping” — Erbium Doped Fiber

Energy band
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Applications [7]

* As again medium in a fiber-laser

* As an amplifier in fiber optics: backbone of
ALL telecom!

dichroic Er” dichroic
pump pump
coupler coupler
— B = & =

LD LD
Q80 nm 980 nm

o
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VCSEL

* Vertical Cavity

Surface Emitting Laser [8]

Top Mirror o
(99.0% Reflective)

Laser Cavity

(Length = & 1) Tk

Bottom Mirror '{:_
{99.9% Reflective)

Oxide Lavers

Gain Region
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Electro-optic modulator

Applied
Electric
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GRACE Mission

Sc/ence Goals

High resolution, mean & time
variable gravity field mapping
for Earth System Science
applications.

Mission Systems
Instruments
24 & 32 GHz *KBR (JPL/SSL)
Crosslink *ACC (ONERA)
*SCA (DTU)

*GPS (JPL)
Satellite (JPL/DSS)
Launcher (DLR/Eurockot)
Operations (DLR/GSOC)
Science (CSR/JPL/GFZ)

NASA Stations Oorbit
LEOP & Contingencye. Launch: March 2002
(AlsgMEHurdo) ;Q\ Altitude: 485 km
Poker Flat™ ; gS&bepen Inclination : 89 deg

\ Eccentricity: ~0.001

Raw Data Centre - &

(DLR-DFD) Lifetime: 5 years

¢ Neustrelitx ®. . Non-Repeat Ground Track

Science Data System Mission Control = U Earth Pointed, 3-Axis Stable
(CSR/JPL/GFZ) * (DLR-GSOC)  Weilheim (7 (oo N/




GRACE mission (NASA) [9]




GRACE mission (NASA) [9]

Revealed ground water depletion over North India to be 1 ft (2002-08)
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