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Waveguides (recap)




Waveguides (recap) [1]

1. Maxwell: ) i
(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=E, X+E, y+E, 2




Waveguides (recap) [1]

3. Transverse components in terms of Ez, Bz:

(i) E, = = /.:)i 7 ( aa? —I—w%)
() Ey = (m,fc]i ( aaE aaiz)’
(i) B: = /ﬁ;; — (k 33; ; 6‘;)1
(iv) By = = ﬁ_; — ( 3;* + CE:B;E)-

(Note: replace i by —j above)



Waveguides (recap) [1]

4. Solve for Ez, Bz from here:

[ a2 9° 5 o
(1) _m+ﬁ+(iﬂfﬂ'} _k]EE=Ur

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




Waveguides (recap) [1]

e TE Solutions of the form
mimx nmy

B,(x,y,z,t) = By cos (T) COS (T) o) (Wt—kz)

i.e. a fwd travelling wave

’ .,\ . Cut off fregs:




Cap the ends with metal plates [2]

B, = (Bie /%% + By e/*%) cos (mnx)

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

This implies that Bf = —Bg ,kd = pm and :
B, = —2jB{ sin (%) COS (mnx) COS (n%y) e/t

a

Hollow or dielecirie-fifled resonant caviry The fre quency of a

:/E _ﬂ/ waveguide mode earlier was
1

ck = Jw? — wi,
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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 wy



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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Resonators in the real world

e Fiber-Bragg mirrors [3]

Optical Fiber A, g
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Resonators in the real world

e Fiber-based resonator [4]

FBG mirrors
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Laser Physics in brief [5]

Excited electron
Electrons orbiting the

decays dAnd 2miIcts
wcleus of an atom / .

Y = F .
" | .,ll-., LT

Ground ¥ Excited
State State
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Laser Physics in brief [5]

Excited State

Meta-Stable Excited State L I e Fast
Slow
F‘ump Photon Inceming Photan M

QOutgoing Photons

Ground State -

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

N2 _ _AE
Only 2 level system, v exp(—--)
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Laser Physics in brief [5]

Mirror

Laser Medium

Partial
Mirror
| #
.
/ Laser Beam

ng

/

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
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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

e 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

21



References

[1] Griffiths, Introduction to Electrodynamics, 4t Ed.

[2] Ulaby et al., Fundamentals of applied
electromagnetlcs 6t Ed.

3] http://www.hoestarinsp.com.sg/FBG1-large.jpg
4] http://spie.org/x8609.xm|
5] http://www.orc.soton.ac.uk/61.html

6] http://www.rp-

photonlcs com/erbium doped gain media.html

[7] http://www.rp-

photonics.com/erbium doped fiber amplifiers.html

[8] http://japaneseclass.jp/trends/about/VCSEL

22


http://www.hoestarinsp.com.sg/FBG1-large.jpg
http://spie.org/x8609.xml
http://www.orc.soton.ac.uk/61.html
http://www.rp-photonics.com/erbium_doped_gain_media.html
http://www.rp-photonics.com/erbium_doped_gain_media.html
http://www.rp-photonics.com/erbium_doped_fiber_amplifiers.html
http://www.rp-photonics.com/erbium_doped_fiber_amplifiers.html

	Electromagnetic Resonators
	Waveguides (recap)
	Waveguides (recap) [1]
	Waveguides (recap) [1]
	Waveguides (recap) [1]
	Waveguides (recap) [1]
	Cap the ends with metal plates [2]
	Cap the ends with metal plates [2]
	Losses in a resonator
	Waveguide resonator [2]
	Waveguide resonator [2]
	Resonators in the real world
	Resonators in the real world
	Laser Physics in brief [5]
	Laser Physics in brief [5]
	Laser Physics in brief [5]
	Laser Physics in brief [5]
	Laser Physics in brief [5]
	Gain medium in the fiber? [6]
	Applications [7]
	VCSEL
	References

