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Preface

The underlymg philosophy of this third adition of Larer Flectromics is the same ag in the
revions twir lasers ate very shinple devices and are far simplat than the very complicared
high lrequeney RF or idcrowave transistor circuits, The main purpase of the baok is ©
comvinee the sludent of this fact, [none sense, lasers are a simple movement of the decimal
puini on the frequency scale thiree (o lve places to Ge i, bul much of (e lenninology
and all of the insighl developed by e eaclier pioneers of radio bave been Dunsdaied w the
aptcal domuain.

tated the formation of anew word o desctibe the ficld: phowrin s One would b hard pressed
o define all of itk ramificatgons sinee new ideas, devices, and applications are frequently
being added. Tn a very luose sort of way, the carly history of mdio is being repeated in the
optical frequency demain, and this 3 a theme that will B emploved throughot the ook,
Althongh hoth have 3 common basis in cleetrnmagnetic theery, there are special phenomena
peculiar torthe aptical wavelengths.

Forinstance, a wave intensity of 107 10" watts/m? would have been ineomprehensi-
blz in 1964, but is now attainable wich Talher common ksers and comparatively cheap optics.
Similagly, a 30 femtoseconds (53 x 10 "% 5 pulse reguites more frequency bandwideh for
transmiission than that which was insalled in all of (he clecommunications networks of
1960, Vet such a pulse is rather comman with optical iechniques,

The ability 1o generate zuch short pulses and transmic them over significomt dis-
tances (many hundreds of kilometerst by using low loss fibers and erbivm—~doped fiber



vl Preface

sraplifiers (LAY was 8 major iopetns for the revisions incorporated into this third
editiom,

Chaprer 4 has been changed o emphasize some of the mere sophistieated gepeets ol
glided wave propagarion. such ax dispersion in fbors. solitons, and perturbarion theory. By
nEcessiny. the chiapter 15 an imtroduction inlended wer encounage funther inyesti gation. While
thoxse ame iINpITanE topies [on 8 COTmILnIC Ao $ystor. they nay be peo invodsed fora Arst
coursc in lasers, Thus, the entice chaprer can be skipped 1 the foous of the course 1s on the
gereration portion of photonics.

Chaprer 9 has heen rewritten wnd reorganized o cmphasize the dynamics of the laser:
the approach o OW ascillation, @ switching, and wvarious aspects of moge lacking. The
latter has been grearly expanded, bat, even so, there are impoant. wepics nat included.

Various additions have been included in Chapter 10 on specific laser systems. The
exumple of 1 semiconductor laser pumping a2 YA svstem was carrigd through in some
detail 50 as to emphasize the application of the theoretical tools developed in the previous
chapters and to indicare a significant application of the semiconductor laser The erfium
doped filrer awpiffter (EDEAY is also discussed heee, and a fairly lomg-winded simplified
“prohlem’” fwith aswers} s given to emplasize some of the wnique considerslions of the
topic and to encourage fyclher investigation ol the liesaiuce, The mmultiplicity of levels of e
EDFA serves as ap inoduction 1o painfdbsorprion beiween bands and 1o imable viboonic
lasers such us alevandrte. Tisappbine, and dyve lasers,

Much of the cxpansion in photonics 1s being led by the improvements inthe somicon-
ducbor Jaser, which has become the dominant Laser [or communication and control, [s s
as & pumip for the fiber aanplifiers and solid-state Yasers has also become mast importunt.
Chapter 11 has heen expanded somewhat but 35«61 intemded to be an introduction to a
eollrse devobed entirely tr that laser

Byt students havve a Car grasp of the beanty and cleganee of elechromarnetic themry
but have the mdstal.em view that the word photor somehow woukens s applicability. That
15 unforunafe. The kpwest pewer laser penerates iterally bilhong of photons per second,
ancd thus the elassical feld descrption of it is goite adeguate. Fyen when the shoron Mog
becomes small—say [00to WK s 7. the classical Acld descriphon will handle the practical
ciascs. Many of the advances in semiconducpor 1asers, in particular, can be waced o classical
clectromagnetic thoory of goidance of the modes by the hetepostructores, Chaper 12 s
included to intriduce the student to some of the more advanced topics. possibly to be
studied in a secong gourse.

Chapters |3 and 14 are aimed at the smudent who wanrs 4 gradina) rransingn o g
guantum theory of the lager while the simple thepry is fresh. Chapter 14 36 an afempr fio
provide a hridee between the simple rate eynatnn descriprion of 3 [aser and the mare fonmal
quumtum theory using the density mateix, The two approaches agree. precisely. for the case
af a CW o two-level system. but the former is much easier and more akin o the stmdent's
background, ‘The larer will handle the transienr cases, scattering, two-pholon phenomena
eic., at the expense of considerably more mathematics. The serous sludent should become
aware of the iransition between the two approaches. have confidence in both, and be aware
of the pilfalls and limirations, azain in a sccond sourse, One of the main conclusions i that



Preface vii

a xinple rate equation of laser phennmena i quire adequane: and accnrare mos) of 1he time.
A lew cases that do not follns this nile are incloded.

Many more prohlems are included in this thind edition with the pamary porpose af
convincing the student of (ke ransparent simplicity of the rafe equation approach. Rare
equalions are no mare difiicul than conpled ciccuir equations (or the differeniial equarion
describing the student's finances): There is always a source (asalary and a loss (expanses)
that may or may nol be n steady sugle equilibrbum.
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