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Appendix A
Reference Material

A manlosescontactwith reality if heis not surroundedy his books.
—Frargois Mitterand

A.1 Good Books

If you're goingto build electro-opticalystemdfor a living, you're going to haveto changefields
alot. If you're still in school,usethe opportunityto broadenyour expertise—arexperimental
physicsstudentshouldlearn signal processingand circuit design,and an electricalengineering
student,classicaland quantummechanicslt's well worth devotingan extrasemesteto, if you can
afford it—graduatestudentsusually can. The restof us needgoodreadablebooksthat don't
demandtotal devotion,and maybehelp wanglinga sabbatical.

The bestway to startlearninga newfield is to get a good undegraduate-levetextbookand readit
like a novel. Pay specialattentionto gettingthe very basicconceptsdown perfectly; aswe've seen
in earlierchapterspur confidencen working in a new areadependsntirely on how surewe are
of our tools. For example we’ve seenthat Fourieropticsis an approximationput that the Fourier
decompositiorof an optical field is exact;in electronicsmetalresistorshaveonly Johnsomoise
and capacitorssubtractdc noiselesslyIn this classalso are the classicaltechniqueof otherfields,
e.g.theideaof using UHF modulationto suppressmodehoppingin diode laserswasfirst used

" Quotedin The Times (London),May 10, 1982
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around1930,in the quenchcircuits of superregenerativeeceiverswhosevery high gain detectors
would otherwiseoscillate.

Somefields are harderto learnthis way, of course;statistics,mathematicsand mathematical
physicsarethe hardestfor mostof us. To pick up those,you needto sit down anddo the chapter
problemstoo. The bookslisted hereare an unsystematicampling,consistingof favourite
referencesnd textbooksof the presentauthorand his friends.

Multi-author handbooksconsistof chapterswritten by expertsin their fields, who quite reasonably
think that what they do is the mostinterestingand useful subfieldof themall (evenradiometry).
Thusthey typically suffer from all-inclusivenessand are not alwaysusefulin discriminating
betweenwhat hasbeendoneandwhat you oughtto do. Usethemwith care.

A.1.1 Electro-OpticalSystemd_ore

JohnLesterMiller & EdwardFriedman,Photonics Rules Of Thumb, McGraw-Hill, New York,
1996,I1SBN 0-07-044329-7A coupleof hundredpiecesof well-explainedwisdomfrom the
military-industrial complex.Lots of stuff aboutatmospherigropagationsensorsand management.
Someduplicationof materialwith Accetta& Shumakets Infrared And Electro-Optical Systems
Handbook.

A.1.2 Interferometry

PramodK. Rastogi,ed., Optical Measurement Techniques And Applications, Artech House,
Norwood MA, 1997.A good summaryof interferometricand holographictechniquedor
engineeringneasurementgspeciallyfull-field onessuchas optical testing,electronicspeckle
patterninterferometry(ESPI,alsoknown as TV interferometry),and moiré. Also hassomestuff on
fibre sensorslidar, and particle velocimetry

A.1.3 Building and TestingSystems

Daniel Malacara,ed., Optical Shop Testing, 2nd Ed., Wiley, New York, 1992 ISBN 0471522325
This is the book to readbeforefiguring out a teststrategyfor your latestgizmo. Theres a lot of
optical testinglore here.

PaulR. Yoder Opto-mechanical Systems Design, Marcel Dekker 1986 ISBN 0824773470

An excellentandwidely usedbook on designingoptomechanicasystemstestjigs, andso on.
Yoderhasimmensedesignexperienceandthe book repayscloseattention.A few moreworked
examplesvould makeit a betterself-teachingoook, but theres lots of stuff on mechanical
engineeringavailableelsewhere.

A.1.4 InstrumentConstruction

JohnH. Moore, ChristopherC. Davis, and Michael A. Coplan,Building Scientific Apparatus 2"
Ed., Addison-Wesley RedwoodCity CA, 19891SBN 0201131897.A very readableguideto
building apparatusLots of stuff aboutbasicoptics, mechanicsandvacuum,althoughthe chaged
particle optics stuff is pretty specializedandthe electronicspartisn’t asgood as Horowitz and
Hill.
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A.1.5 Electrodynamics

JohnD. JacksonClassical Electrodynamics 2™ Ed., Wiley, New York, 1975,ISBN 047143132X.
The bestgraduateE&M textbookof all time. Excellentproblems.Thereis a 3 edition due soon,
which extendsthe Jacksonianreatmento free electronlasersand optical fibres.

Lev D. Landau,EvgenyM. Lifshitz andLev P. Pitaevskii,Electrodynamics of Continuous Media,
Pegamon,Oxford, 1984,ISBN 0080302750The Landauand Lifshitz Course of Theoretical
Physics bookscontainan amazingamountof aptly chosenmaterialon all of physics.This book
hasan especiallyaccessiblaliscussiorof crystaloptics.

A.1.6 StatisticalMechanics

Lev D. Landau,EvgenyM. Lifshitz, andLev P. Pitaevskii,Satistical Physics, 3rd. Ed. (2 vols),
Pegamon,Oxford, 1980and 1981,ISBN 0080230725Especiallygood on black body radiation
andthe fluctuation-dissipatiotheorem from a theoreticalphysicspoint of view.

A.1.7 ClassicalOptics

Max Born & Emil Wolf, Principles of Optics, 6th ed. with corrections,CambridgeUniversity
Pressreissuedl998,ISBN 0521639212The standardwvork on optical theory: propagation,
diffraction, coherenceaberrationsyou nameit. If you don’t havea copy, buy one.

EugeneHechtand Alfred Zajac, Optics 3" ed., Addison-Wesley ReadingMA, 1997,ISBN
0201838877Hechtand Zajac, first edition, wasthe presentauthots first undegraduateoptics
text, andthe merefact thatit's goneon throughthreeeditionssaysa lot. It's a greatbook,
especiallystrongon Fourieroptics.

Miles V. Klein & ThomasE. Furtak, Optics 2" Ed., Wiley-InterscienceNew York, 1986.
A goodcomplemento Hechtand Zajac, with more discussionof aberrations.

J.J. StamnesW\aves in Focal Regions, Adam Hilger, 1986 ISBN 0852744684 A really thorough
treatmentof wave propagatiorof all kinds, in situationswherediffraction is important;it isn’t
really aslimited asthetitle would indicate.It’s pretty expensiveput maybeyour technicallibrary
could getoneif you asknicely.

A. GerrardandJ, M. Burch, Introduction To Matrix Methods In Optics, Dover, 1994 ISBN
0486680444 A goodandvery inexpensivepresentatiorof ABCD matrices,Jonesmatrices,and
othermatrix topicsin optics.

A.1.8 AberrationTheory andlensdesign

Rudolf Kingslake,Optical Systems Design, AcademicPressNew York, 1983,ISBN 0124086608.,
and

Rudolf Kingslake,Lens Design Fundamentals, AcademicPressNew York, 1978 ISBN
0124086501 Thesebooksare classicsreflectingthe Conradytradition of handcalculationin
optical design.You cant run a numericaloptimizerwith a deskcalculator so Kingslaketalks a lot
aboutheuristicsandintuitive methodsandthis is worth the price of the books.

VirendraN. Mahajan,Aberration Theory Made Smple, SPIE, BellinghamWA, 1991.A clearand
accessiblaliscussiornof classicalaberrationtheoryin two sectionscoveringwave andray
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aberrationsAs you'd expectfrom sucha split treatment,t’s a bit weakeron the connections
betweenthe two pictures,e.g.the way distortionandfield curvaturedon't usuallycomeoutin a
wave analysis,and on the subtlechangesn terminologybetweenthem.

RobertR. Shannon;The Art And Science Of Optical Design, CambridgeUniversity Press,
Cambridge(UK), 1997,ISBN 052145414X A good moderntreatmentof software-assistedptical
designin all its aspectsgeometricoptics, lens designs aberrationsimagequality, materials,
mounts,environmentakonsiderationsthe works.

A.1.9 Fourier Optics

RonaldN. Bracewell, The Fourier Transform and Its Applications, 2nd Ed., McGraw-Hill, New
York, 1986,ISBN 0070070164A mostintuitive and useful Fourier Transformsbook, written by a
radio astronomemvho is expertin both analogueanddigital signal processingandthe inventor of
the FastHartley Transform.The good humouredand accessiblestyle makesit goodfor self-
teaching,too.

JosephW. Goodman ntroduction to Fourier Optics, 2™ ed., McGraw-Hill, SanFrancisco,1986,
ISBN 0070242542A beautifully written textbookon paraxialFourier optics.

A.1.10 Coherenceheory

JosephW. Goodman Statistical Optics, Wiley-InterscienceNew York, 1985ISBN 0471015024.
A very readablecompleteand accessiblgresentatiorof statisticaloptics,including speckle,
classicaland quantumfluctuations,and the completetheory of imagingwith partially coherent
light. Theres a lot of good stuff in here,but you haveto be comfortablewith fairly advanced
statisticalreasoningo get the mostout of it.

A.1.11 Fibre Sensors

Eric Udd, ed., Fiber Optic Sensors. An introduction for Engineers and Scientists, Wiley-
InterscienceNew York, 1991,ISBN 0-471-83007-0

This oneis a bit long in the tooth now;, becausdibre sensorsare a fast moving field (at leastfor
optics),but it containsa fair amountof lore from experts.Thereis a fair amountof ratherpartisan
boostingof fibre sensorsptheralternativesare not really given their due.

A.1.12 Lasers

Anthony E. Siegman Lasers, University ScienceBooks, Mill Valley CA, 1986ISBN 093570213.
A gigantictomeon all aspectof lasers.Aimed at enteringgraduatestudentswith an electrical
engineeringoackgroundput generallyaccessiblefull of goodintuitive examplesDue to its age,
it’s betteron gasand solid statelasersthan on semiconductoones.

Motoichi Ohtsu,Highly coherent semiconductor lasers, Artech House,Boston,1992,ISBN
0890064628and

Motoichi Ohtsu,ed., Frequency Control of Semiconductor Lasers, Wiley, New York, 1996,ISBN
0471013412Designandexperimentaddataon how to stabilizediode lasers for spectroscopy
frequencystandardsand otheruses.
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A.1.13 Spectroscopy

David S. Kliger, Ultrasensitive Laser Spectroscopy, AcademicPressNew York, 1983ISBN
0124149804 This book is now somewhatated,but remainsa very good presentatiorof the
techniquesanddifficulties encounteredloing ultrasensitiveoptical measurementfkeadableand
full of lore.

Marc D. Levensonand SatoruS. Kano, Introduction to Nonlinear Laser Spectroscopy, reviseded.,
AcademicPressNew York, 1988,ISBN 0-12-444722-8This is now out of print, but is a really
goodbook for comingup to speedn laserspectroscopyuickly, including chapterproblemsand
lab exercises.

A.1.14 Lidar

Albert V. Jelalian,Laser Radar Systems, Artech House,Boston,1992,ISBN 0-89006-554-3

A pretty comprehensivapproacho the problemof detectingobjectsby bouncinglaserbeamsoff
them. Jelalianis readableand clear

A.1.15 Detectors

lan S. McLean, Electronic Imaging In Astronomy: Detectors and Instrumentation, Wiley-Praxis,
Chichester1997,ISBN 0471969729A very readableand informative introductionto high
performancdow light imagingwith CCDs.

A.1.16 Electronics

PaulHorowitz and Winfield Hill, The Art of Electronics 2nd. Ed., CambridgeUniversity Press,
Cambridge , 1989,ISBN 0521370957The primary andindispensableeferencefor every circuit
designer;gettinga bit datedin detail (especiallyin componentsand constructionpractices sinceit
pre-datesvidespreachdoptionof surfacemountandwireless),but still superiorto all others.If
you so muchaswire up an op amp occasionallyyou shouldown this one. It is possibleto learn
circuit designby merelyleavingH&H in the bathroomfor a yeat

RobertA. Pease Troubleshooting Analog Circuits, Butterworth-HeinemanrBoston,1991ISBN
0750691840An entertainingandreadabldook at troubleshootingFull of war stories,and
applicableto a lot of othertypesof systemsbesidesanaloguecircuits.

Jim Williams, ed., Analog Circuit Design: Art, Science, and Personalities, Butterworth-Heinemann,
Boston,1991ISBN 0750691662The lore of analoguedesign,told by mastersof the art.

Jim Williams, ed., The Art and Science of Analog Circuit Design, Butterworth-HeinemanrBoston,
1995,1SBN 0750659056More analoguedesignlore, especiallyabouthigh-impedancehigh
frequencycircuits—veryusefulin front enddesign.

Floyd M. Gardney Phaselock Techniques 2nd ed., Wiley, New York, 1979ISBN 0471042943A
slim but information-richbook primarily aboutanaloguephase-lockedoops. Too old to contain
muchon direct digital synthesisput for PLL signal detection telemetry and Dopplertracking, this
is the book to read.

Mac E. Van Valkenbug, ed. Reference Data For Engineers 8" ed., Sams,Carmel,Indiana, 1995
ISBN 0672227533Lots of practicalstuff aboutdesignof rf, communicationsanalogueanddigital
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circuits, and computersThis edition branchesout from the previousradio-only focus, but theres
still alot of greatrf stuff.

AmericanRadio Relay League, The ARRL Handbook for the Radio Amateur, 76" ed. (annual)
AmericanRadio Relay League NewingtonCT, 1996 ISBN 0872591735Aimed at radio hobbyists
of a wide rangeof skills, soits sectionson modulation,signal processingandwave propagation
containlots of heuristicargumentslts relatively low technicallevel meansthat theres morelore,
but may be frustratingwhenyou’re looking for hardinformation. Old editions(beforeabout1990)
hadlots of rf constructionlore, but neweroneshavemuchless,reflectingthe unfortunatedecline
in homebuiltamateurequipment.

Anatol Zverey Handbook of Filter Synthesis, Wiley, New York, 1967,ISBN 0471986801Zverev
is the classicreferencefor continuoustime filter design,especiallylumpedelementLC ladder
filters. The book is mostly tables,but the plots of filter behaviourfor different designs—ripple,
groupdelay andso on, are easilyworth the price. The discussionof how to synthesizea
bandpasshbandpassor bandstogfilter from a lowpassprototypeis very useful. They don't teach
this stuff in schoolany more. Still in print asof 1998.

Merrill I. Skolnik ed., Radar Handbook, 2" ed., McGraw-Hill, New York, 1990.A goodreference
for more advancedsignal processinglts sharptargetingto radarapplicationsis not a serious
impedimentto learninga lot aboutsignal processingubsystemsndthe tradeoffsinvolved in
designinganinstrument.lt falls into the trap (usualin well-ploughedfields) of wantingto stick
everylittle effectinto one enormousmasterequation,which tendsto obscurewhat the sourcesof
the problemsare.

Jiri Dostal, Operational Amplifiers, 2nd. ed., Butterworth-HeinemanrBoston,1997. An excellent
mixture of rigour and arm waving getsacrossthe subtletiesof op ampsand operationakircuits
with a minimum of wastedeffort and confusion.Well worth readingif you needto designhigh
performanceanaloguecircuits—ADC front ends,say or chage-sensitivgpreamps.

PaulA. Gray & RobertG. Meyer, Analysis and Design of Analog Integrated Circuits, 2nd ed.,
Wiley, New York, 1984,ISBN 0471874930Everyones$ favourite book on building and using
analogudCs. This shouldbe on every circuit designets shelf. The secondedition hasa greatdeal
on IC MOSFETs, which still readsremarkablywell after 15 years.

Howard Johnsorand Martin Graham,High Speed Digital Design, Prentice-Hall,Upper Saddle
River NJ, 1993. Despitethe title, this book is mainly aboutcircuit strays,power supply coupling,
cablecrosstalk,and otherwaysin which digital is really analogue.The authorsgive goodrational
explanationdor a lot of odd circuit behaviouy soit is ironically subtitled, A Handbook of Black
Magic.

Ralph Morrison, Grounding and Shielding Techniques, 4th. Ed., Wiley, New York, 1998, ISBN
0471245186Morrisonis greaton how to copewith havingyour sensitiveanaloguecircuit
surroundedwvith a noisy digital and switching circuit environmentandhow to designinterference
out.

Henry W. Ott, Noise Reduction Techniques In Electronic Systems, 2nd ed., Wiley, New York,
1988,ISBN 0471-85068-3A really solid intro to grounding,shielding,decoupling filtering, and
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how to calculatenoiseandinterference Essentialreadingfor low noisecircuit designersandthose
whoseproductshaveto meetFCC certification(i.e. mostof us).

Aldert van der Ziel, Noise in Solid Sate Devices and Circuits, Wiley, New York, 1986.A
magisterialpresentatiorof the (surprisinglysimple)theory of noisein circuits. If you're doing low
noisedesign,you needa copy. Currentlyout of print, unfortunately

T. H. Wilmshurst,Signal Recovery From Noise In Electronic Instrumentation, 2nd Ed., Hilger,
Boston,1991,ISBN 0750300590 This is the book on to readon pulling signalsout of noise.
Wilmshurstcoverslock-in detection,signalaveraging.and otherusefuland generaltechniques.

A.1.17 MathematicalMethods

Carl M. Bender& StevenA. Orszag,Advanced Mathematical Methods for Scientists and
Engineers, McGraw-Hill, New York, 1978 ISBN 00704452X.This is the presentauthofs favourite
appliedmathematic$ook. It hasasymptoticmethods(e.g. Laplaces method,stationaryphase,
saddlepoint method),perturbationtheory (e.g. boundarylayer theory WKB theory), difference
equationsand differential equationslt’s full of mathematicalore, with lots of illuminating
examplespictures,andexercisesBenderand Orszagunderstandhat rigour is not alwaysthe
objectof the game,and concentraten getting correctresultsusing reliable but not guaranteed
methodswhile gaininginsightinto the problems.

Geoge B. Arfken and Hans-Jugen Weber Mathematical Methods for Physicists, 4th ed.,
Academic,New York, 1995,ISBN 0120598159Good undegraduatebook on classicalanalysisas
appliedto physics,with the usualphysicists mathematicapermissivenessspeciallygood on the
calculusof complexvariablesappliedto physicalproblems.The new edition hasa bunchof
trendierstuff too.

AthanasiusPapoulis,Probability, Statistics, and Stochastic Processes, 3rd ed., McGraw-Hill, 1991,
ISBN 0070484775Papoulisis readableandfull of usefulexamplesouchingon statisticalsignal
processinge.g. Wiener and Kalmanfilters, maximumentropyestimation,maximumlikelihood
tests,Monte Carlo methodsandsignalsin noise.

RogerA. Horn & CharlesR. JohnsonMatrix Analysis, CambridgeUniversity Press,Cambridge,
1987.A clearpresentatiorof advancedinear algebratopics, suchas singularvalue decomposition,
conditionnumbersandso on. It's a mathbook, all right, but they statethe resultsin
algorithmically usefulforms if not explicit algorithms.

I. M. GelfandandS. V. Fomin, Calculus of Variations, RichardA. Silverman(tr.), Prentice-Hall,
EnglewoodCliffs NJ, 1963.Gelfandand Fomin havepackeda really lucid and powerful
expositionof the calculusof variationsinto 226 pages.Thereare enoughproblemsfor self-
teaching,and anybodydoing optical theoryreally oughtto havea good groundingin this subject;
many optical problemsare easierthis way, andthe variationalprinciplesoften furnish convenient
numericalalgorithms,free.

Izrail S. Gradshteyrandlosif M. Ryzhik, Tables of Integrals, Series, and Products, 4th Ed. (Alan
Jeffreytr.) AcademicPressBoston,1980 (reprinted1994),ISBN 012294755X
The mostgigantic analyticalmathtablesin existence G&R is reliable,complete,andwell
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organized;althoughyou will probablyhaveto go througha changeof variablesor two to getyour
integralinto a standardorm, you’ll be ableto find it whenyou do (providing the solutionis
known analytically). An unscientificsamplingsuggestghatit containsremarkablyfew errors.

Daniel Zwillinger, ed., CRC Sandard Mathematical Tables and Formulae (30th Ed) Chemical
RubberCompany BocaRaton,FL, 1996,ISBN 0849324793Much smallerthan G&R, andso
easierto find thingsin, providing they’re there:it's morelike a pocketdictionaryvs. the
unabridgedOxford English Dictionary.

Milton AbramowitzandIrene A. Stegun,Handbook of Mathematical Functions with Formulas,
Graphs, and Mathematical Tables, US National Bureauof StandardApplied MathematicsSeries
vol 55 (AMS-55), U.S. GovernmentPrinting Office, WashingtonDC, 1964. The bestbook
availableon practicalusesof specialfunctions.Tablesare usefulfor checkingmathematical
routines,andthe polynomial approximationsare good for mostsingle-precisiorcomputations.

A.1.18 Software

William H. PressBrian P. Flannery Saul A. Teukolsky and StevenVetterling, Numerical Recipes
in C 2nd ed., CambridgeUniversity Press,Cambridge, 1992,ISBN 0521431085The standard
work on numericalanalysis,with lots of good codeyou canuseright away NR hasmore routines
thanlots of commerciallibraries,and almostnoneare black boxes.If you usetheir codefor
prototyping,their write-upsgive you enoughinformationto write your own routinesto avoid
copyrightproblems.

RichardW. Hamming,Digital Filters, Prentice-Hall, EnglewoodCliffs NJ, 1989,ISBN
0132128128A goodelementarnyintroductionto finite impulseresponsgnonrecursivedigital
filters, from an intuitive point of view. It's at the advancedundegraduatdevel, which makesit
goodfor comingup to speedrapidly. Currently out of print, alas.

E. OranBrighamThe Fast Fourier Transform, Prentice-Hall, EnglewoodCliffs NJ, 19741SBN 0-
13-307496-X An undegraduatdevel presentatiorof the ins and outs of the FFT algorithms
known at thattime. A goodreadablebook, andvery worthwhile if you haveto codeyour own
signal processingsoftwareor analyzeit for roundoffand error propagation.

FormanActon, Numerical Methods That Work, MathematicalAssociationof America, Washington
DC, 19901SBN 0-88385-450-3A salty, opinionatedandvery lucid book on numericalanalysis
with a decidedlypracticaloutlook. Full of lore, including a lovely sectionon what not to compute.
This book was originally publishedin 1970, but is so relevantstill (andso loved) thatthe MAA
republisheda minimally revisedversionin 1990.

Alan V. Oppenheim& RonaldW. ShaferDigital Sgnal Processing, Prentice-Hall,Englewood
Cliffs NJ, 19751SBN 0-13214-635-50Id but good; fairly heavily theoretical.

L. R. Rabiner& B. Gold, Theory and Application of Digital Sgnal Processing, Prentice-Hall,
EnglewoodCliffs NJ, 1974.The advanceccoursefollowing on after Oppenheimand Shafer It is
lessrelentlesslymathematicalwith a fair amountof lore and goodinsightson whenyou'd want to
usethe different algorithms;the sectionson special-purposdardwareare of historicalinterestonly
at this point.



793

Philip J. Davis & Philip Rabinowitz,Methods of Numerical Integration, AcademicPress New
York, 1975,ISBN 0-12206-350-3A really good book on all sortsof humericalintegration.One
of the few booksthat cangive you a commandof the literaturein the whole field. The topic is
somewhaiperipheralto instrumentbuilding, but the hundredsof shortdiscussion®f the
algorithmicingenuityinvolved sheda lot of light on numericalmathematicgenerally and hence
on digital signalprocessingNow unfortunatelyout of print.

Anthony Ralston& Philip Rabinowitz,A First Course in Numerical Analysis, 2nd Ed., McGraw-
Hill, New York, 1978,ISBN 0-07-055158-6.A goodundegraduatebook on numericalanalysis,
that spendso time on technigueghat are mathematicallyneatbut numericallyuselessR&R is a
suitablebook for self-teachingwith good examplesgspeciallyon error analysis.

J.F. Hart, E. W. CheneyC. L. Lawson,H. J. Maehly, C. K. Mesztenyi,J. R. Rice,H. G.
Thachey Jr., and C. Witzgall, Computer Approximations, R. E. Krieger, Malabar FL 1968
(recentlyreprinted),ISBN 0882756427Full of excellentrational function approximationgo both
elementaryand specialfunctions,in a wide variety of precisionfrom 2 digits to 30. All these
approximationdhavebeentestedextensively andthe coefficientswere printed directly from the
computeroutput, with no transcription,so few or no errorsare expected Theseapproximations
arewidely usedandliked. You build theminto C functions,with appropriatecareto get special
valuesright (e.g.cos(v2)=0, and JO(0)=1), and testthem carefully againstseriesrepresentations
andthe high precisionvaluesfound in Abramowitzand Stegun.

SteveMaguire, Writing Solid Code, Microsoft PressRedmondWA, 19931SBN 1556155514.
Maguiretells lots of goodwar storiesaboutwriting C programsthat work and canbe maintained.

JohnJ. BartonandLee R. Nackman,cientific and Engineering C++, Addison-Wesley Reading,
MA, 1994,ISBN 0-201-53393-6A good,accessiblgresentatiorof object-orientedsoftware
designfor instrumentcontrol. The C++-only paradigmis gettinglesscompellingfor
communicationanduserinterfacesbut is still the way to go for control code,especiallyif you
havea rangeof similar devicesand components.

A.1.19 LaserSafety

David Sliney and Myron Wolbarsht,Safety With Lasers and Other Optical Sources, Plenum,1980
ISBN 0306404346A weighty tomewhich lives up to its subtitle,"A Comprehensivéiandbook".
You canfind what you needto protectyour eyesightin here,but it takesa bit of work; they have
lots of tablesand graphs plus step-by-stepnstructionson how to usethem, andlots of
backgroundmaterialon the origin and characterof laserhazards.

A.1.20 Reference

Michael Bass,ed., Handbook of Optics, 2nd Ed. (2 vols), Optical Societyof America,
McGraw-Hill, New York, 1995. An excellenthandbookwith a gooddealof depthin a very broad
rangeof topics. This oneis betterthanmost,andis entertainingandreadable.

" The third alternative,i.e. many, many errorsdueto somesoftwarebug, seemso be excluded
by testingandthe wide useof theseroutinesby others.



794

William L. Wolfe and Geoge J. Zissis, The Infrared Handbook, reviseded., Environmental
Researchnstitute of Michigan, 1985.A somewhadatedbut completepresentatiorof the stateof
the infraredart about1982;the thingsit leavesout are mostly the newestsolid statedetectors,
arrays,andtracking systems.

J. S. Accettaand David L. Shumakereds.,The Infrared and Electro-Optical Systems Handbook (8
vols), Infrared Information, Ann Arbor, 1993 (reprinted1996),ISBN 0819410721 The follow-on
to the Infrared Handbook. This is a really readablecollection, not nearly as handbookyas the first
two.

EdwardD. Palik and Gorachandshosh,eds.,Handbook of Optical Constants of Solids, 2" ed.,
Academic,New York, 1997 ISBN 012544415X and

EdwardD. Palik, ed.,Handbook of Optical Constants of Solids Il, Academic,New York, 1991
ISBN 0125444222Theseare very expensivebut very necessaryf you needto know the minute
detailsof the propertiesof materials,e.g.if you're building semiconductoinspectiontools. For
mundaneuse,the currentedition of the CRC Handbook of Chemistry and Physics hasmost of
what you’ll need.

G. W. C. Kaye & T. H. Laby, Handbook of Physical and Chemical Constants and Some
Mathematical Functions, Longman,London,1986.This is a real instrument-buildes ideaof a
handbookK&L is very usefulwhenyou haveto choosematerials,or calculateheattransfer—it
hasthingslike the specificheatandthermalconductivity of tantalumwire.

C. W. Allen, Astrophysical Quantities, 3rd ed. Athlone, 1985,ISBN 0485111500
Whereelsecanyou find out that thereare about0.1 naked-eyevisible stars(6th magnitudeor
brighter) per squaredegreein the night sky?

ChemicalRubberCompany CRC Handbook of Chemistry and Physics (annual),CRC PressBoca
RatonFL. The "rubberBible" usedto be a hugelist of indifferently editedtablesculled from
ancientscientificand engineerinditerature,but recenteditionsare much better If you havean old
one, considerchuckingit andgettinga new one. Thereare extensivetablesof optical propertiesof
materialsnow, for example.lt is indispensabldor anyonebuilding mixed-technologysystemdike
optical instrumentslts editorsdeserveour thanksfor their fortitude; the amountof duplicated
effort they havesavedpeopleover the yearsis very large indeed.

A.1.21 MechanicalEngineering

EugeneA. Avalloneand TheodoreBaumeisteill, eds.,Marks Standard Handbook for
Mechanical Engineers, 10th ed. McGraw-Hill, 1996 ISBN 0070049971Mechanicalengineerdove
this one. Coversthe whole field, including incinerationand power generationput the depthof
detail and choiceof materialis excellent.

Erik V. Obeg and Christopher]. McCauley eds.,Machinery's Handbook, 25th ed., Industrial
PressNew York, 1996,ISBN 0831125756.Full of good stuff aboutmachineshoppractice.

StepherP. Timoshenko,Theory of Plates and Shells, 2nd Ed., McGraw-Hill, New York, 1959
(recentlyreprinted).A wonderfulmixture of explanationand cookbookformulason deflection,
resonancebuckling, and deformationof structureslf you're designingmechanicapartsthat have
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to be stiff andlight, you needa copy of this one.

A.2 Catalogues and Trade Journals

This sectionis boundto get out of datepretty rapidly, sowe’ll stick to manufacturersvho havea
long establishedhistory of offering good catalogueslf you subscribeto tradejournalssuchas
Photonics Spectra, Laser Focus World, which are both free, and Optics And Photonics News,
which you get from the Optical Societyof America,you’ll be keptup on all the newest
commercialstuff andthe latestfads, togetherwith a lot of usefulbackgroundmaterial.ln
mechanicakngineeringJook at Design News.

Instrumentdesignis a bit of a ghettoasfar as publicationis concernedas Feynmanpointedout in
the quotationon the flyleaf, but you canfind somegood optical instrumentatiorpapersin Optical
Engineering, Applied Optics, and (somewhatessoften) in the Review Of Scientific Instruments,
Journal of Physics E, andthe Journal of Applied Physics. If you don't mind non-refereed
publications,many of the canaryyellow SPIE Proceedingdookshavea lot of instrumentstuff in
them. They’re goodfor finding out what's going on, andto mine for ideas.

The following samplingconsistsonly of resourceghat the presentauthorhasusedhimself,and so
is neithercompletenor entirely basedon merit. The Optical Societyof Americaand SPIE have
goodweb sitesthat havelots of commerciallinks, so you canfind muchmorethere.

A.2.1 National Semiconductodatabooks

Nationalwrites greatdatabooks,eventhoughthey arent as muchfun asthey usedto be, when
the Audio Handbookhad a chaptercalled "Floobydust"and one part’s official name,printedon
the datasheetwasthe "LH0063 Damn FastBuffer Amplifier" (it was,too—6000V/us andzilch
input currentwas absolutelyuniquein 1975). The bestthing aboutNationalis thatthe designers
write the datasheetsand many of the applicationnotes,so that you get the real story, not some
marketroids half-understoodype; andthey print the internal schematic of the 1Cs so thatyou can
figure out how they work and what their limitations arelikely to be. Thesebooksare well worth
buying, if you havent got a tamemanufactures rep to sendthemto you free; if you go overthe
circuit designsin the applicationnotescarefully you cangeta pretty completeeducationin low
frequencyanaloguedesign.

A.2.2 Other AnalogueElectronicsData Books

Philips databookshavea fair amountof lore in themtoo; they havethe very nice featurethat the
relevantapplicationnotesare printed alongwith the datasheetwhich makesfor big but very
usefulbooks.Maxim hasa lot of greatspecialparts,and decentdatasheetsdrom an applications
point of view, but they give few detailsaboutthe internalworkings of the chips,which putsyou at
the mercy of their applicationsengineersMaxim’s leadtimes are often irregular so buy well
aheadf you useMaxim stuff. Linear Technologys are goodtoo, but their applicationnotestend
to clusteraroundfairly idiosyncraticapplicationdlike linearizing RTDs. Analog Devicesbooksare
pretty goodtoo, andtheir rf and dataconvertertechnologyis becomingvery impressive Burr-
Brown’s databookshaveimprovedenormouslyin the last few years,andare now well worth
getting. BB hasreinventeditself asa very crediblesupplier with someunique productsat
competitiveprices.

The hugeMini-Circuits catalogueof RF signal processingcomponentss very unusualin that it
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containshundredsof pagesof actualmeasuregerformancelataon everything,which is
absolutelywonderfulfor doing frequencyplansanddistortion budgets—theconfidencethat comes
from thatis worth a lot. Othersuppliers’catalogueseemskimpy by comparison.

Othergood RF partscataloguesre Alpha Industries,California EasternLabs (NEC), and Watkins-
Johnson.

A.2.3 ElectronicDistributors’ Catalogues

Newark Electronics,Mouser Allied Electronics,andDigi-Key havegoodhard copy catalogues,
andtake phoneordersfor small quantitieshappily Good placesto go for hard-to-findrf partsare
PenstockMouser and RichardsorElectronics.

A.2.4 Mechanicaland Motion Control

You canfind good optomechanicaind motion control partsfrom: Mondo-Tronics
(http://www.robotstore.com)Small Parts,Inc., Maxon Motor, MabuchiMotor, Nidec Motor,
Burleigh, Newport, Spindler& Hoyer, New Focus,and Thor Labs. Thor Labsespeciallyhasa nice
seriesof optomechanicamountsthat arerelatively inexpensive makea nice finished-lookingjob,
andinteroperatewith Spindler& Hoyer's Microbenchseries.

A.2.5 Buyer's Guides

Buyersguidesare usually publishedby trademagazinesThey canbe very useful,becausehey
bring togetherinformation aboutcompanieghat want your businesswhich meansthey usually
havesomeclue aboutthe requirement®f your field. In optics,thereare the Laser Focus World
Buyers Guide, the Photonics Directory, andthe Physics Today Buyer’s Guide. For mechanicsand
motion, look at the Design News Buyer’s Guide.

An hourwith a buyer's guide and a telephonecan saveyou a day anda half's Web browsing.

A.2.6 Optics Catalogues

For historicalaswell as practicalreasonsyou shouldhavethe Schott Optical Glass
Catalogue—now availableonly on floppy disc, mores the pity. The old paperoneis a thing of
greatbeauty andthe cruddy Windows programthey give you now is pretty limited—theres no
way to getat the datatablesexceptby a zillion mouseclicks. If you look on the disc, theres a
flat file containingsummaryoptical dataon eachglasstype, with ny andV, which is helpful but
not enough.

To this out-of-printgemwe shouldaddthe SchottColor Filter GlassCatalogue Hoya Filter Glass
catalogueandthe 3M and Corning optical fibre catalogues.

Someoptics cataloguesare mini-encyclopedia®f optical theory and practice,e.g. Newport
Researcrand Melles Griot. You shouldhavethose,aswell asNew Focus,Dover, Line Tool Co.,
New Focus,Oriel, EdmundScientific, Ealing, Spindler& Hoyer, Optics For Researchand Thor
Labs. Philips and Hamamatsihavevery good applicationsbooksfor their PMTs, loosely basedon
the old RCA PMT book of fond memory Somewhauunusuallyfor a Japaneselectronics
manufacturerHamamatsthasfirst-classmanuals which arewell worth getting. Princeton
Instrumentshasa wonderfulbook on applicationsof CCD cameras.
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A.2.7 Thermalcontrol and measurement

OmegaEngineeringhasan enormous3-volumeseton measuringemperaturepressureand other
industrial-typequantities.Among many otherthings, they sell platinum RTDs, thermocouples,
heatersthermistorstemperatureontrollers,pressurggaugesijce point calibrators,andinstruments.

Minco makespolyimide thin film heaterswhich they’ll build in custompatternsfor you to match
the local heatinput to the local heatloss;in good circumstanceshatwill equalizeyour
temperaturgorofile pretty accurately

Marlow Industries,Ferrotec,Melcor, and Tellurex makethermoelectriccoolers.The Ferrotecand

Tellurex cataloguesare especiallygood.

A.3 Parts And Equipment

Table 16: Basic ElectronicComponents

1. 1/10W 1% Metal Film ResistorqdRN55C style), 50 pieceseach,in valuesspacedabout
10% apart,e.qg.10.0Q, 11.0Q, 12.1Q, 13.0Q, 14.0Q, 15.0Q, 16.2Q, 18.2Q, 20 Q,

22.1Q,249Q, 27.4Q,30.1Q, 33.2Q, 36.5Q, 40.2Q, 43.2Q, 47.5Q, 49.9Q, 56.2Q,
60.4Q, 68.1Q, 75.0Q, 82.5Q, 90.9Q, andsoon in eachdecadeup to 1M Q.

2. Miniature cermettrim pots,singleturn: 1 MQ, 100kQ, 50 kQ, 20 kQ, 10kQ, 5 kQ, 2
kQ, 1 kQ, 500 Q, 200Q
3. Conductiveplastic panelmountpots, linear taper: 100 kQ, 1 kQ

4. COG or NPO Monolithic CeramicCapacitors2.2 pF, 3.3 pF, 4.7 pF, 6.8 pF, 8.2 pF, 10 pF
(andsoon in eachdecadeup to 1 nF)

5. StackedMylar film capacitorssamevaluesfrom 2.2 nF to 0.22 uF

6. X7R Monolithic CeramicCapacitors,10 nF, 47 nF, 100 nF, 220 nF, 470nF, 1 pF

7 50V Low ESR Aluminum Electrolytic Capacitors10 uF, 47 uF, 100 uF, 220 uF, 470 uF,

1000 pF
8. 25V Dipped Solid TantalumCapacitors,1 uF, 4.7uF 10uF
9. SurfaceMount CapacitorPrototypingKit (1206size),2.2 pF to 0.1 pF

10. SurfaceMount ResistorPrototypingKit (0805or 1206size).

11. SurfaceMount Inductor PrototypingKit (10nH-33uH)

12. SurfaceMount Trimmer CapacitorKit (from 1-4pFto 18-60pF)

13. Op Amps (plastic DIP packages)Linear TechnologyLT1028A, National LF356AN,
LF347AN, LM6361, CLC402,and LMC6484N, Burr-Brown OPA-111, Motorola
MC33079P

14. Voltageregulators(TO-92 plasticpackagelM317LZ, LM337LZ

15. OtherLinearICs: (plasticDIP, cheapgrade)LM6321 buffer, LM339A, LM311A, and
Maxim MAX-900 comparatorsAnalog DevicesMAT-04 transistorarray LMC555C
CMOS timer/oscillator

16. Transistors2N3904,2N3906,MPSA14,MPSA64, Toyo-Rohm2SD786, Philips
BFG25A/X, anda few nice power FETs

17. Diodes:1N4148,1N4005,Motorola MBD301, Harris CA3039 matchedquad

18. Logic ICs: 74AHCOONAND gate,02 NOR gate,04 inverter 08 AND gate,14 Schmitt



19.
20.

21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
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inverter 32 OR gate,74 D flip-flop, 112 J-K flip-flop, 163 synchronousinary counter
390 dual decadecounter 374 octal register 4020ripple counter 4049 hex buffer, 4316
analogudransmissiorgate,4352 analoguemultiplexer

Programmabldogic: AMD PALCE22V10Z-20Programmabléirray Logic

Signal ProcessingComponentsmixers, power splitters,and 20 dB directionalcouplers
from Mini Circuitsin your frequencyrange

PackagedRF amplifiers:20 and40 dB gain, at least+10dBmoutput power low noise.
1,2,3,5, 6, 10, 15, 20, 30, and40 dB BNC attenuators50 Q.

T1% LEDs, high efficiency red, green,and amber
CheapPhotodiodesSiemensBPW-34,
Boxes:3.5x6x1.25die-castaluminumonesfrom Bud

12 inch square,2 oz., doubleside copperclad FR-4 boardfrom Kepro

Board: Vero 002857Hgroundperf boardwith padsandgroundplane,Eurocardlayout
Miniature DPDT panelswitches, 250V, 1A.

BNC femalebulkheadconnectorqthe onesthat mountin a single 3/8 inch hole)

BNC patchcords:RG-58A/U for generalpurpose

BNC barreland T connectors50 Q

BNC-bananaand BNC-clip lead adapters

9 and 25 pin D shell connectordor powerandslow signals

Table 17: Prototypingandlab equipment

©ooN>OrWNE

60W temperaturecontrolledsolderingiron

750°F (400°C) conicaltips, fat and narrow iron plated

Secondsmalliron for melting the otherendof SMT chip components
100-150Wsolderingiron for solderinggroundplanes

60/40rosin core solder 0.020inch diameter

Solderingstation,with iron holderandwet cellulosespongefor cleaningiron
3 gaugesof SolderWick

Good quality soldersuckerwith Teflon tip

2X, 3X, 4x eyeloupes

Scalpelwith straightand curvedblades

Really good quality stainlesssteeltweezerswith long, curved,sharpblades
Large and small flush-cuttingdiagonalcutting pliers

Large and 2 sizesof small long nosepliers

Gaspliers

Benchvice for blacksmithing

Combinationwrenches

Screwdrivers

Nutdrivers

Small, bright penlight,e.g. MagLite

RareearthmagnetsSmCoor NdFeB,7 mm and 20mm diametey for holding SOICs
during solderingandfor tweakinginductorsduring tuning

Setof non-metallictuning tools
Straight-cutting,compound-actiorsheetmetal sheargWiss)
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23. Strandedtinned, PVC jacketedhookupwire, 26 gauge,assorteccolours

24, Assortedheatshrink tubing

25. Small heatgun

26. Cannedcompressedir (or a shopair gun, with filtered anddried compressedair)

27. Denaturedethanoland an old soft-bristletoothbrushfor cleaningboards
28. Waterin a large squeezéottle for your solderingiron sponge
29. Freezespray

30. Good prototypingvice with rubberpaddedjaws that openat least20 cm (8 inches),e.ga
wide-jawedPanavise

31. Dremelgrinderand assortecdits

32. Large cordlesshanddrill (9.6V type)

33. Drill Index (completesetof drill bits)

34. Really bright articulateddesklamp (100W tungstern+ 20W circular fluorescenbulbs)

35. Quietlinear benchpowersupply: +-30V @ 2A, +5V@ 10A, with separatelyadjustable
voltageand currentlimits (besideshe regularadjustmenknobs)andripple lessthan
100pVv

36. Good handheldDVM with capacitancefrequency and otherbells and whistles: Fluke 87

37. >500 MHz 4-channelanaloguescopewith 1 mV/div and 1 ns/divrangesandreally good
triggering

38. Goodsetof matchedx10 probeswith all the little clips and grounddoohickeys

39. Synthesizedine or sine/functiongeneratgr0-100 MHz at least

40. Decentpulseor digital delay generatorStanfordResearctDG535

A.4 Laser Safety

It is appallinghow manylaserpeopleare slapdashaboutsafety The US Food and Drug
Administrationrunsa Centerfor Devicesand RadiologicalHealth (CDRH) that publishessafety
standardgor lasers.Elsewherethe InternationalElectrotechnicalCommissionrules are commonly
applied.Your gizmo hasthesehoopsto jump throughbeforeyou cansell it in mostplaces.

The quality of lasersafetylaws in different jurisdictionsvariesfrom sketchythroughusefulto
paranoid(Britain’s and New York States arein the paranoidclass,for example—theauthoris
legally requiredto notify the stateupon moving a He-Neinto the lab nextdoor, andif helived in
Texas,he’d be liable to stateinspectiondike a North Koreannuclearplant). You may needexpert
assistancéf you engagen internationaltradein laserbasedproducts.This sectionis intendedasa
heads-upanddoesnot pretendto be complete.

It's hardto hurt yourselfwith lasersbelow 1 mW (visible), 125 uW (infrared), or milliwatt-level
onesbeyond1400nm, so you canusethemwithout concern.Thesefall belowthe 2 mW Class2
limit for visible lasers,andthe far more complicatedClass1 limit for invisible ones;the humours
of the eye becomeessentiallyopaquefrom 1400 um on, soit’s mainly a cornealburn hazard.For
lasersmore powerful thanthat, or any UV laserwhatsoevertake a lasersafetycourse.The eyeis
peculiarlyvulnerableto laserradiation,becausat’s designedor thermallight, whoseradianceis
relatively low. It takessomesecondf staringdirectly into the sunto permanentlydamagehe
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retina, andthe severepain of doing so evenbriefly providesprotection.

A laserbeamis much moredangerousilts high radiancemeansthat the imageit forms on the
retinahasa hugeflux density;a 10 um spoton the retinahasaround20,000timesthe flux density
thatthe corneaseeslt’s like burningants,only inside your eyeball. Your pupil is a small target,
fortunately but not that small; a direct hit from a Class3b or 4 lasercan permanentlyblind you in
milliseconds.

The usualreasonfor not using lasergogglesis that they are a nuisance Uncomfortable strongly
coloured,and sweat-inducingthey preventyou from seeingthe beamyou’re trying to align and
makelab work harder Your lasersafetyofficer, if any, will usuallyissueyou gogglesgood
enoughto protectyour eyesfrom anythingshortof nuclearweaponswhich (while safe)
compoundghe beamviewing problem.You really only needgogglesstrongenoughto attenuate
the full beamof whateverlasersyou're usingto a few timesbelow the Class1 (invisible) or Class
2 (visible) limits. Gogglesfor IR lasersare usually no problem,becausanostof themare not
strongly coloured.

For example,if you're usinga 1 W Ar* laser thengoggleswith an optical densityof 4.0 will get
you well belowthe 2 mW Class2 limit, but allow easyviewing of the beam.Aligning a 0.5 mW
He-Nebeamis easy andit’s way below the Class2 limit, but for a5 mW oneyou needgoggles
with OD 1.5to OD 2.5. The catchis that suchgogglesmay not be easily available;ask. The
authorat one time usedgogglesintendedfor 694 nm ruby light for He-Ne,wherethey werea
comfortableOD 2.5. If you play this sort of game,do get the safetyofficer's blessing—itsaves
hassledater, and he may havesomegoodwords aboutit. For example,argon lasergogglesneed
only absorbin the green,blue, and UV, but very similar looking greenfrequency-doubleddiode-
pumpedNd:YAG lasersneedhigh absorptionat 800 nm and 1.06pumaswell, sincesignificant
amountsof pump andfundamentalight will accompanythe green.You may not think of this, but
a competentsafetyofficer will consulthis referencesandfind it out.

Bewareof usingordinary gogglesfor high powerlasers,e.g. Q-switchedYAGs, becausehey can
shattey bleach,or melt, noneof which is healthyfor you. For the samereasondon't put your
headright in the beam,evenwith goggleson. lonically colouredglassis very resistanto
bleaching,but may let throughenoughout of bandradiation(e.g. strongthermalUV from an
argon plasmajto toastyour retina. Colloidally-colouredglassand dye-loadedplasticare far less
robust.Although you could probablytorture-testhemyourself,it's a greatdeal saferto usea
CCD camerafor aligning beamsandit works OK too, soit isn't worth the risk.

" Smallpartsof the solardisc visible during a partial solareclipsedo not causethe sameamount
of pain, but sincetheir imageradianceis the sameas the whole disc’s, they can still causeretinal
burns(eclipse blindness). That makesthem much more dangeroughanthe uneclipsedsun.



