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Appendix A
Reference Material

A manlosescontactwith reality if he is not surroundedby his books.
—François Mitterand*

A.1 Good Books
If you’re going to build electro-opticalsystemsfor a living, you’re going to haveto changefields
a lot. If you’re still in school,usethe opportunityto broadenyour expertise—anexperimental
physicsstudentshouldlearnsignalprocessingandcircuit design,andan electricalengineering
student,classicalandquantummechanics.It’s well worth devotingan extrasemesterto, if you can
afford it—graduatestudentsusuallycan.The restof us needgoodreadablebooksthat don’t
demandtotal devotion,andmaybehelp wanglinga sabbatical.

The bestway to start learninga new field is to get a goodundergraduate-leveltextbookandreadit
like a novel.Payspecialattentionto gettingthe very basicconceptsdown perfectly;aswe’ve seen
in earlierchapters,our confidencein working in a new areadependsentirely on how surewe are
of our tools.For example,we’ve seenthat Fourieroptics is an approximation,but that the Fourier
decompositionof an optical field is exact;in electronics,metal resistorshaveonly Johnsonnoise
andcapacitorssubtractdc noiselessly. In this classalsoarethe classicaltechniquesof otherfields,
e.g. the ideaof usingUHF modulationto suppressmodehoppingin diodelaserswasfirst used

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

Somefields areharderto learnthis way, of course;statistics,mathematics,andmathematical
physicsarethe hardestfor mostof us.To pick up those,you needto sit down anddo the chapter
problemstoo. The bookslisted herearean unsystematicsampling,consistingof favourite
referencesandtextbooksof the presentauthorandhis friends.

Multi-author handbooksconsistof chapterswritten by expertsin their fields,who quite reasonably
think that what they do is the most interestingandusefulsubfieldof themall (evenradiometry).
Thusthey typically suffer from all-inclusiveness,andarenot alwaysuseful in discriminating
betweenwhat hasbeendoneandwhat you ought to do. Usethemwith care.

A.1.1 Electro-OpticalSystemsLore
JohnLesterMiller & EdwardFriedman,Photonics Rules Of Thumb, McGraw-Hill, New York,
1996,ISBN 0-07-044329-7.A coupleof hundredpiecesof well-explainedwisdomfrom the
military-industrialcomplex.Lots of stuff aboutatmosphericpropagation,sensors,andmanagement.
Someduplicationof materialwith Accetta& Shumaker’s Infrared And Electro-Optical Systems
Handbook.

A.1.2 Interferometry
PramodK. Rastogi,ed.,Optical Measurement Techniques And Applications, Artech House,
NorwoodMA, 1997.A goodsummaryof interferometricandholographictechniquesfor
engineeringmeasurements,especiallyfull-field onessuchasoptical testing,electronicspeckle
patterninterferometry(ESPI,alsoknown asTV interferometry),andmoiré.Also hassomestuff on
fibre sensors,lidar, andparticlevelocimetry.

A.1.3 Building andTestingSystems
Daniel Malacara,ed.,Optical Shop Testing, 2nd Ed., Wiley, New York, 1992ISBN 0471522325
This is the book to readbeforefiguring out a teststrategyfor your latestgizmo.There’s a lot of
optical testinglore here.

PaulR. Yoder, Opto-mechanical Systems Design, Marcel Dekker, 1986ISBN 0824773470
An excellentandwidely usedbook on designingoptomechanicalsystems,test jigs, andso on.
Yoderhasimmensedesignexperience,andthe book repayscloseattention.A few moreworked
exampleswould makeit a betterself-teachingbook,but there’s lots of stuff on mechanical
engineeringavailableelsewhere.

A.1.4 InstrumentConstruction
JohnH. Moore,ChristopherC. Davis, andMichael A. Coplan,Building Scientific Apparatus 2nd

Ed., Addison-Wesley, RedwoodCity CA, 1989ISBN 0201131897.A very readableguideto
building apparatus.Lots of stuff aboutbasicoptics,mechanics,andvacuum,althoughthe charged
particleopticsstuff is pretty specializedandthe electronicspart isn’t asgoodasHorowitz and
Hill.
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A.1.5 Electrodynamics
JohnD. Jackson,Classical Electrodynamics 2nd Ed., Wiley, New York, 1975,ISBN 047143132X.
The bestgraduateE&M textbookof all time. Excellentproblems.Thereis a 3rd edition duesoon,
which extendsthe Jacksoniantreatmentto free electronlasersandoptical fibres.

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

A.1.6 StatisticalMechanics
Lev D. Landau,EvgenyM. Lifshitz, andLev P. Pitaevskii,Statistical Physics, 3rd. Ed. (2 vols),
Pergamon,Oxford, 1980and1981,ISBN 0080230725.Especiallygoodon black body radiation
andthe fluctuation-dissipationtheorem,from a theoreticalphysicspoint of view.

A.1.7 ClassicalOptics
Max Born & Emil Wolf, Principles of Optics, 6th ed.with corrections,CambridgeUniversity
Press,reissued1998,ISBN 0521639212.The standardwork on optical theory:propagation,
diffraction, coherence,aberrations,you nameit. If you don’t havea copy, buy one.

EugeneHechtandAlfred Zajac,Optics 3nd ed.,Addison-Wesley, ReadingMA, 1997,ISBN
0201838877.HechtandZajac,first edition,wasthe presentauthor’s first undergraduateoptics
text, andthe merefact that it’s goneon throughthreeeditionssaysa lot. It’s a greatbook,
especiallystrongon Fourieroptics.

Miles V. Klein & ThomasE. Furtak,Optics 2nd Ed., Wiley-Interscience,New York, 1986.
A goodcomplementto HechtandZajac,with morediscussionof aberrations.

J. J. Stamnes,Waves in Focal Regions, Adam Hilger, 1986ISBN 0852744684A really thorough
treatmentof wavepropagationof all kinds, in situationswherediffraction is important;it isn’t
really as limited asthe title would indicate.It’s pretty expensive,but maybeyour technicallibrary
could get oneif you asknicely.

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

A.1.8 AberrationTheoryandlensdesign
Rudolf Kingslake,Optical Systems Design, AcademicPress,New York, 1983,ISBN 0124086608.,
and
Rudolf Kingslake,Lens Design Fundamentals, AcademicPress,New York, 1978ISBN
0124086501.Thesebooksareclassics,reflectingthe Conradytradition of handcalculationin
optical design.You can’t run a numericaloptimizerwith a deskcalculator, so Kingslaketalks a lot
aboutheuristicsandintuitive methods,andthis is worth the price of the books.

VirendraN. Mahajan,Aberration Theory Made Simple, SPIE,BellinghamWA, 1991.A clearand
accessiblediscussionof classicalaberrationtheory in two sections,coveringwaveandray
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aberrations.As you’d expectfrom sucha split treatment,it’s a bit weakeron the connections
betweenthe two pictures,e.g. the way distortionandfield curvaturedon’t usuallycomeout in a
waveanalysis,andon the subtlechangesin terminologybetweenthem.

RobertR. Shannon,The Art And Science Of Optical Design, CambridgeUniversity Press,
Cambridge(UK), 1997,ISBN 052145414X.A goodmoderntreatmentof software-assistedoptical
designin all its aspects:geometricoptics,lensdesigns,aberrations,imagequality, materials,
mounts,environmentalconsiderations,the works.

A.1.9 FourierOptics
RonaldN. Bracewell,The Fourier Transform and Its Applications, 2nd Ed., McGraw-Hill, New
York, 1986,ISBN 0070070164.A most intuitive andusefulFourierTransformsbook,written by a
radio astronomerwho is expertin both analogueanddigital signalprocessing,andthe inventorof
the FastHartley Transform.The goodhumouredandaccessiblestyle makesit goodfor self-
teaching,too.

JosephW. Goodman,Introduction to Fourier Optics, 2nd ed., McGraw-Hill, SanFrancisco,1986,
ISBN 0070242542.A beautifully written textbookon paraxialFourieroptics.

A.1.10 Coherencetheory
JosephW. Goodman,Statistical Optics, Wiley-Interscience,New York, 1985ISBN 0471015024.
A very readable,completeandaccessiblepresentationof statisticaloptics,including speckle,
classicalandquantumfluctuations,andthe completetheoryof imagingwith partially coherent
light. There’s a lot of goodstuff in here,but you haveto be comfortablewith fairly advanced
statisticalreasoningto get the mostout of it.

A.1.11 Fibre Sensors
Eric Udd, ed.,Fiber Optic Sensors: An introduction for Engineers and Scientists, Wiley-
Interscience,New York, 1991,ISBN 0-471-83007-0
This oneis a bit long in the tooth now, becausefibre sensorsarea fast moving field (at leastfor
optics),but it containsa fair amountof lore from experts.Thereis a fair amountof ratherpartisan
boostingof fibre sensors;otheralternativesarenot really given their due.

A.1.12 Lasers
Anthony E. Siegman,Lasers, University ScienceBooks,Mill Valley CA, 1986ISBN 0935702113.
A gigantic tomeon all aspectsof lasers.Aimed at enteringgraduatestudentswith an electrical
engineeringbackground,but generallyaccessible;full of goodintuitive examples.Due to its age,
it’s betteron gasandsolid statelasersthanon semiconductorones.

Motoichi Ohtsu,Highly coherent semiconductor lasers, Artech House,Boston,1992,ISBN
0890064628,and
Motoichi Ohtsu,ed.,Frequency Control of Semiconductor Lasers, Wiley, New York, 1996,ISBN
0471013412.Designandexperimentaldataon how to stabilizediodelasers,for spectroscopy,
frequencystandards,andotheruses.
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A.1.13 Spectroscopy
David S. Kliger, Ultrasensitive Laser Spectroscopy, AcademicPress,New York, 1983ISBN
0124149804.This book is now somewhatdated,but remainsa very goodpresentationof the
techniquesanddifficulties encountereddoing ultrasensitiveoptical measurements.Readableand
full of lore.

Marc D. LevensonandSatoruS. Kano, Introduction to Nonlinear Laser Spectroscopy, reviseded.,
AcademicPress,New York, 1988,ISBN 0-12-444722-8This is now out of print, but is a really
goodbook for comingup to speedin laserspectroscopyquickly, 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 comprehensiveapproachto the problemof detectingobjectsby bouncinglaserbeamsoff
them.Jelalianis readableandclear.

A.1.15 Detectors
Ian S. McLean,Electronic Imaging In Astronomy: Detectors and Instrumentation, Wiley-Praxis,
Chichester, 1997,ISBN 0471969729.A very readableandinformative introductionto high
performancelow light imagingwith CCDs.

A.1.16 Electronics
PaulHorowitz andWinfield Hill, The Art of Electronics 2nd.Ed., CambridgeUniversity Press,
Cambridge,1989,ISBN 0521370957.The primary andindispensablereferencefor everycircuit
designer;gettinga bit datedin detail (especiallyin componentsandconstructionpractices,sinceit
pre-dateswidespreadadoptionof surfacemountandwireless),but still superiorto all others.If
you so muchaswire up an op ampoccasionally, you shouldown this one.It is possibleto learn
circuit designby merely leavingH&H in the bathroomfor a year.

RobertA. Pease,Troubleshooting Analog Circuits, Butterworth-Heinemann,Boston,1991ISBN
0750691840.An entertainingandreadablelook at troubleshooting.Full of war stories,and
applicableto a lot of other typesof systemsbesidesanaloguecircuits.

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

Jim Williams, ed.,The Art and Science of Analog Circuit Design, Butterworth-Heinemann,Boston,
1995,ISBN 0750659056.More analoguedesignlore, especiallyabouthigh-impedance,high
frequencycircuits—veryuseful in front enddesign.

Floyd M. Gardner, Phaselock Techniques 2nd ed.,Wiley, New York, 1979ISBN 0471042943.A
slim but information-richbook primarily aboutanaloguephase-lockedloops.Too old to contain
muchon direct digital synthesis,but for PLL signaldetection,telemetry, andDoppler tracking,this
is the book to read.

Mac E. Van Valkenburg, ed. Reference Data For Engineers 8th ed.,Sams,Carmel,Indiana,1995
ISBN 0672227533.Lots of practicalstuff aboutdesignof rf, communications,analogueanddigital
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circuits, andcomputers.This edition branchesout from the previousradio-only focus,but there’s
still a lot of greatrf stuff.

AmericanRadioRelayLeague,The ARRL Handbook for the Radio Amateur, 76th ed. (annual)
AmericanRadioRelayLeague,NewingtonCT, 1996ISBN 0872591735.Aimed at radio hobbyists
of a wide rangeof skills, so its sectionson modulation,signalprocessing,andwavepropagation
containlots of heuristicarguments.Its relatively low technicallevel meansthat there’s morelore,
but may be frustratingwhenyou’re looking for hard information.Old editions(beforeabout1990)
hadlots of rf constructionlore, but neweroneshavemuchless,reflectingthe unfortunatedecline
in homebuiltamateurequipment.

Anatol Zverev, Handbook of Filter Synthesis, Wiley, New York, 1967,ISBN 0471986801.Zverev
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, areeasilyworth the price.The discussionof how to synthesizea
bandpass,bandpass,or bandstopfilter 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, 2nd ed.,McGraw-Hill, New York, 1990.A goodreference
for moreadvancedsignalprocessing.Its sharptargetingto radarapplicationsis not a serious
impedimentto learninga lot aboutsignalprocessingsubsystemsandthe tradeoffsinvolved in
designingan instrument.It falls into the trap (usualin well-ploughedfields) of wantingto stick
every little effect into oneenormousmasterequation,which tendsto obscurewhat the sourcesof
the problemsare.

Jiri Dostal,Operational Amplifiers, 2nd.ed.,Butterworth-Heinemann,Boston,1997.An excellent
mixture of rigour andarm waving getsacrossthe subtletiesof op ampsandoperationalcircuits
with a minimum of wastedeffort andconfusion.Well worth readingif you needto designhigh
performanceanaloguecircuits—ADC front ends,say, or charge-sensitivepreamps.

PaulA. Gray & RobertG. Meyer, Analysis and Design of Analog Integrated Circuits, 2nd ed.,
Wiley, New York, 1984,ISBN 0471874930.Everyone’s favouritebook on building andusing
analogueICs. This shouldbe on everycircuit designer’s shelf.The secondedition hasa greatdeal
on IC MOSFETs, which still readsremarkablywell after 15 years.

HowardJohnsonandMartin Graham,High Speed Digital Design, Prentice-Hall,UpperSaddle
River NJ, 1993.Despitethe title, this book is mainly aboutcircuit strays,powersupplycoupling,
cablecrosstalk,andotherwaysin which digital is really analogue.The authorsgive goodrational
explanationsfor a lot of odd circuit behaviour, so it is ironically subtitled,A Handbook of Black
Magic.

RalphMorrison, Grounding and Shielding Techniques, 4th. Ed., Wiley, New York, 1998,ISBN
0471245186.Morrison is greaton how to copewith havingyour sensitiveanaloguecircuit
surroundedwith a noisy digital andswitchingcircuit environment,andhow to designinterference
out.

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

Aldert van der Ziel, Noise in Solid State Devices and Circuits, Wiley, New York, 1986.A
magisterialpresentationof the (surprisinglysimple) theoryof 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,andotherusefulandgeneraltechniques.

A.1.17 MathematicalMethods
Carl M. Bender& StevenA. Orszag,Advanced Mathematical Methods for Scientists and
Engineers, McGraw-Hill, New York, 1978ISBN 00704452X.This is the presentauthor’s favourite
appliedmathematicsbook. It hasasymptoticmethods(e.g.Laplace’s method,stationaryphase,
saddlepoint method),perturbationtheory(e.g.boundarylayer theory, WKB theory),difference
equationsanddifferential equations.It’s full of mathematicallore, with lots of illuminating
examples,pictures,andexercises.BenderandOrszagunderstandthat rigour is not alwaysthe
objectof the game,andconcentrateon gettingcorrectresultsusingreliablebut not guaranteed
methods,while gaininginsight into the problems.

George B. Arfken andHans-JurgenWeber, Mathematical Methods for Physicists, 4th ed.,
Academic,New York, 1995,ISBN 0120598159.Goodundergraduatebook on classicalanalysisas
appliedto physics,with the usualphysicist’s mathematicalpermissiveness;especiallygoodon the
calculusof complexvariablesappliedto physicalproblems.The new edition hasa bunchof
trendierstuff too.

AthanasiusPapoulis,Probability, Statistics, and Stochastic Processes, 3rd ed., McGraw-Hill, 1991,
ISBN 0070484775.Papoulisis readableandfull of usefulexamplestouchingon statisticalsignal
processing,e.g.WienerandKalmanfilters, maximumentropyestimation,maximumlikelihood
tests,Monte Carlo methods,andsignalsin noise.

RogerA. Horn & CharlesR. Johnson,Matrix Analysis, CambridgeUniversity Press,Cambridge,
1987.A clearpresentationof advancedlinear algebratopics,suchassingularvaluedecomposition,
conditionnumbers,andso on. It’s a mathbook,all right, but they statethe resultsin
algorithmicallyuseful forms if not explicit algorithms.

I. M. GelfandandS. V. Fomin, Calculus of Variations, RichardA. Silverman(tr.), Prentice-Hall,
EnglewoodCliffs NJ, 1963.GelfandandFomin havepackeda really lucid andpowerful
expositionof the calculusof variationsinto 226 pages.Thereareenoughproblemsfor self-
teaching,andanybodydoing optical theoryreally ought to havea goodgroundingin this subject;
manyoptical problemsareeasierthis way, andthe variationalprinciplesoften furnish convenient
numericalalgorithms,free.

Izrail S. GradshteynandIosif M. Ryzhik, Tables of Integrals, Series, and Products, 4th Ed. (Alan
Jeffreytr.) AcademicPress,Boston,1980(reprinted1994),ISBN 012294755X
The mostgiganticanalyticalmathtablesin existence.G&R is reliable,complete,andwell
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organized;althoughyou will probablyhaveto go througha changeof variablesor two to get your
integral into a standardform, you’ll be ableto find it whenyou do (providing the solution is
known analytically).An unscientificsamplingsuggeststhat it containsremarkablyfew errors.

Daniel Zwillinger, ed.,CRC Standard Mathematical Tables and Formulae (30th Ed) Chemical
RubberCompany, BocaRaton,FL, 1996,ISBN 0849324793.Much smallerthanG&R, andso
easierto find things in, providing they’re there:it’s more like a pocketdictionaryvs. the
unabridgedOxford EnglishDictionary.

Milton AbramowitzandIreneA. Stegun,Handbook of Mathematical Functions with Formulas,
Graphs, and Mathematical Tables, US NationalBureauof StandardsApplied MathematicsSeries
vol 55 (AMS-55), U.S. GovernmentPrinting Office, WashingtonDC, 1964.The bestbook
availableon practicalusesof specialfunctions.Tablesareuseful for checkingmathematical
routines,andthe polynomialapproximationsaregoodfor mostsingle-precisioncomputations.

A.1.18 Software
William H. Press,Brian P. Flannery, SaulA. Teukolsky, andStevenVetterling,Numerical Recipes
in C 2nd ed.,CambridgeUniversity Press,Cambridge,1992,ISBN 0521431085.The standard
work on numericalanalysis,with lots of goodcodeyou canuseright away. NR hasmoreroutines
thanlots of commerciallibraries,andalmostnoneareblack 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
0132128128.A goodelementaryintroductionto finite impulseresponse(nonrecursive)digital
filters, from an intuitive point of view. It’s at the advancedundergraduatelevel, which makesit
goodfor comingup to speedrapidly. Currentlyout of print, alas.

E. OranBrigham,The Fast Fourier Transform, Prentice-Hall,EnglewoodCliffs NJ, 1974ISBN 0-
13-307496-X An undergraduatelevel presentationof the ins andoutsof the FFT algorithms
known at that time. A goodreadablebook,andvery worthwhile if you haveto codeyour own
signalprocessingsoftwareor analyzeit for roundoff anderror propagation.

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

Alan V. Oppenheim& RonaldW. ShaferDigital Signal Processing, Prentice-Hall,Englewood
Cliffs NJ, 1975ISBN 0-13214-635-5.Old but good; fairly heavily theoretical.

L. R. Rabiner& B. Gold, Theory and Application of Digital Signal Processing, Prentice-Hall,
EnglewoodCliffs NJ, 1974.The advancedcoursefollowing on after OppenheimandShafer. It is
lessrelentlesslymathematical,with a fair amountof lore andgoodinsightson whenyou’d want to
usethe different algorithms;the sectionson special-purposehardwareareof historical interestonly
at this point.
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Philip J. Davis & Philip Rabinowitz,Methods of Numerical Integration, AcademicPress,New
York, 1975,ISBN 0-12206-350-3.A really goodbook on all sortsof numericalintegration.One
of the few booksthat cangive you a commandof the literaturein the whole field. The topic is
somewhatperipheralto instrumentbuilding, but the hundredsof shortdiscussionsof the
algorithmic ingenuity involved sheda lot of light on numericalmathematicsgenerally, andhence
on digital signalprocessing.Now unfortunatelyout of print.

Anthony Ralston& Philip Rabinowitz,A First Course in Numerical Analysis, 2nd Ed., McGraw-
Hill, New York, 1978,ISBN 0-07-0551158-6.A goodundergraduatebook on numericalanalysis,
that spendsno time on techniquesthat aremathematicallyneatbut numericallyuseless.R&R is a
suitablebook for self-teaching,with goodexamples,especiallyon error analysis.

J. F. Hart, E. W. Cheney, C. L. Lawson,H. J. Maehly, C. K. Mesztenyi,J. R. Rice,H. G.
Thacher, Jr., andC. Witzgall, Computer Approximations, R. E. Krieger, Malabar, FL 1968
(recentlyreprinted),ISBN 0882756427.Full of excellentrational function approximationsto both
elementaryandspecialfunctions,in a wide variety of precisionfrom 2 digits to 30. All these
approximationshavebeentestedextensively, andthe coefficientswereprinteddirectly from the
computeroutput,with no transcription,so few or no errorsareexpected*. Theseapproximations
arewidely usedandliked. You build theminto C functions,with appropriatecareto get special
valuesright (e.g.cos(π/2)=0, andJ0(0)=1),andtest themcarefully againstseriesrepresentations
andthe high precisionvaluesfound in AbramowitzandStegun.

SteveMaguire,Writing Solid Code, Microsoft Press,RedmondWA, 1993ISBN 1556155514.
Maguiretells lots of goodwar storiesaboutwriting C programsthat work andcanbe maintained.

JohnJ. BartonandLee R. Nackman,Scientific and Engineering C++, Addison-Wesley, Reading,
MA, 1994,ISBN 0-201-53393-6.A good,accessiblepresentationof object-orientedsoftware
designfor instrumentcontrol.The C++-only paradigmis getting lesscompellingfor
communicationsanduserinterfaces,but is still the way to go for control code,especiallyif you
havea rangeof similar devicesandcomponents.

A.1.19 LaserSafety
David Sliney andMyron Wolbarsht,Safety With Lasers and Other Optical Sources, Plenum,1980
ISBN 0306404346.A weighty tomewhich lives up to its subtitle,"A ComprehensiveHandbook".
You canfind what you needto protectyour eyesightin here,but it takesa bit of work; they have
lots of tablesandgraphs,plus step-by-stepinstructionson how to usethem,andlots of
backgroundmaterialon the origin andcharacterof laserhazards.

A.1.20 Reference
Michael Bass,ed.,Handbook of Optics, 2nd Ed. (2 vols), Optical Societyof America,
McGraw-Hill, New York, 1995.An excellenthandbook,with a gooddealof depthin a very broad
rangeof topics.This oneis betterthanmost,andis entertainingandreadable.

* The third alternative,i.e. many,manyerrorsdueto somesoftwarebug, seemsto be excluded
by testingandthe wide useof theseroutinesby others.
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William L. Wolfe andGeorge J. Zissis,The Infrared Handbook, reviseded.,Environmental
ResearchInstituteof Michigan,1985.A somewhatdatedbut completepresentationof the stateof
the infraredart about1982; the things it leavesout aremostly the newestsolid statedetectors,
arrays,andtrackingsystems.

J. S. AccettaandDavid L. Shumaker, eds.,The Infrared and Electro-Optical Systems Handbook (8
vols), InfraredInformation,Ann Arbor, 1993(reprinted1996),ISBN 0819410721.The follow-on
to the Infrared Handbook. This is a really readablecollection,not nearlyashandbookyasthe first
two.

EdwardD. Palik andGorachandGhosh,eds.,Handbook of Optical Constants of Solids, 2nd ed.,
Academic,New York, 1997ISBN 012544415X,and
EdwardD. Palik, ed.,Handbook of Optical Constants of Solids II, Academic,New York, 1991
ISBN 0125444222.Thesearevery expensivebut very necessaryif you needto know the minute
detailsof the propertiesof materials,e.g. if you’re building semiconductorinspectiontools.For
mundaneuse,the currentedition of the CRC Handbook of Chemistry and Physics hasmostof
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-builder’s ideaof a
handbook.K&L is very usefulwhenyou haveto choosematerials,or calculateheattransfer—it
hasthings like the specificheatandthermalconductivityof tantalumwire.

C. W. Allen, Astrophysical Quantities, 3rd ed. Athlone,1985,ISBN 0485111500
Whereelsecanyou find out that thereareabout0.1 naked-eyevisible stars(6th magnitudeor
brighter)per squaredegreein the night sky?

ChemicalRubberCompany, CRC Handbook of Chemistry and Physics (annual),CRC Press,Boca
RatonFL. The "rubberBible" usedto be a hugelist of indifferently editedtablesculled from
ancientscientificandengineeringliterature,but recenteditionsaremuchbetter. If you havean old
one,considerchuckingit andgettinga new one.Thereareextensivetablesof optical propertiesof
materialsnow, for example.It is indispensablefor anyonebuilding mixed-technologysystemslike
optical instruments.Its editorsdeserveour thanksfor their fortitude; the amountof duplicated
effort they havesavedpeopleover the yearsis very large indeed.

A.1.21 MechanicalEngineering
EugeneA. AvalloneandTheodoreBaumeisterIII, eds.,Marks’ Standard Handbook for
Mechanical Engineers, 10th ed. McGraw-Hill, 1996ISBN 0070049971.Mechanicalengineerslove
this one.Coversthe whole field, including incinerationandpowergeneration,but the depthof
detail andchoiceof materialis excellent.

Erik V. Oberg andChristopherJ. McCauley, eds.,Machinery’s Handbook, 25th ed., Industrial
Press,New York, 1996,ISBN 0831125756.Full of goodstuff aboutmachineshoppractice.

StephenP. Timoshenko,Theory of Plates and Shells, 2nd Ed., McGraw-Hill, New York, 1959
(recentlyreprinted).A wonderfulmixture of explanationandcookbookformulason deflection,
resonance,buckling,anddeformationof structures.If you’re designingmechanicalpartsthat 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, so we’ll stick to manufacturerswho havea
long establishedhistory of offering goodcatalogues.If you subscribeto tradejournalssuchas
Photonics Spectra, Laser Focus World, which areboth free,andOptics And Photonics News,
which you get from the Optical Societyof America,you’ll be kept up on all the newest
commercialstuff andthe latestfads,togetherwith a lot of usefulbackgroundmaterial.In
mechanicalengineering,look at Design News.

Instrumentdesignis a bit of a ghettoasfar aspublicationis concerned,asFeynmanpointedout in
the quotationon the flyleaf, but you canfind somegoodoptical instrumentationpapersin Optical
Engineering, Applied Optics, and(somewhatlessoften) in the Review Of Scientific Instruments,
Journal of Physics E, andthe Journal of Applied Physics. If you don’t mind non-refereed
publications,manyof the canaryyellow SPIEProceedingsbookshavea lot of instrumentstuff in
them.They’re goodfor finding out what’s going on, andto mine for ideas.

The following samplingconsistsonly of resourcesthat the presentauthorhasusedhimself, andso
is neithercompletenor entirely basedon merit. The Optical Societyof AmericaandSPIEhave
goodweb sitesthat havelots of commerciallinks, so you canfind muchmorethere.

A.2.1 NationalSemiconductordatabooks
Nationalwrites greatdatabooks,eventhoughthey aren’t asmuchfun asthey usedto be,when
the Audio Handbookhada chaptercalled"Floobydust"andonepart’s official name,printedon
the datasheet,wasthe "LH0063 DamnFastBuffer Amplifier" (it was,too—6000V/µs andzilch
input currentwasabsolutelyuniquein 1975).The bestthing aboutNational is that the designers
write the datasheetsandmanyof the applicationnotes,so that you get the real story, not some
marketroid’s half-understoodhype;and they print the internal schematic of the ICs so that you can
figure out how they work andwhat their limitations are likely to be.Thesebooksarewell worth
buying, if you haven’t got a tamemanufacturer’s rep to sendthemto you free; if you go over the
circuit designsin the applicationnotescarefully, you canget a pretty completeeducationin low
frequencyanaloguedesign.

A.2.2 OtherAnalogueElectronicsDataBooks
Philips databookshavea fair amountof lore in themtoo; they havethe very nice featurethat the
relevantapplicationnotesareprintedalongwith the datasheet,which makesfor big but very
usefulbooks.Maxim hasa lot of greatspecialparts,anddecentdatasheetsfrom an applications
point of view, but they give few detailsaboutthe internalworkingsof the chips,which putsyou at
the mercyof their applicationsengineers.Maxim’s leadtimesareoften irregular, so buy well
aheadif you useMaxim stuff. Linear Technology’s aregoodtoo, but their applicationnotestend
to clusteraroundfairly idiosyncraticapplicationslike linearizingRTDs. Analog Devicesbooksare
pretty goodtoo, andtheir rf anddataconvertertechnologyis becomingvery impressive.Burr-
Brown’s databookshaveimprovedenormouslyin the last few years,andarenow well worth
getting.BB hasreinventeditself asa very crediblesupplier, with someuniqueproductsat
competitiveprices.

The hugeMini-Circuits catalogueof RF signalprocessingcomponentsis very unusualin that it
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containshundredsof pagesof actualmeasuredperformancedataon everything,which is
absolutelywonderful for doing frequencyplansanddistortionbudgets—theconfidencethat comes
from that is worth a lot. Othersuppliers’cataloguesseemskimpy by comparison.

OthergoodRF partscataloguesareAlpha Industries,California EasternLabs(NEC), andWatkins-
Johnson.

A.2.3 ElectronicDistributors’ Catalogues
NewarkElectronics,Mouser, Allied Electronics,andDigi-Key havegoodhardcopy catalogues,
andtakephoneordersfor small quantitieshappily. Goodplacesto go for hard-to-findrf partsare
Penstock,Mouser, andRichardsonElectronics.

A.2.4 MechanicalandMotion Control
You canfind goodoptomechanicalandmotion control partsfrom: Mondo-Tronics
(http://www.robotstore.com),Small Parts,Inc., Maxon Motor, MabuchiMotor, Nidec Motor,
Burleigh,Newport,Spindler& Hoyer, New Focus,andThor Labs.Thor Labsespeciallyhasa nice
seriesof optomechanicalmountsthat arerelatively inexpensive,makea nice finished-lookingjob,
andinteroperatewith Spindler& Hoyer’s Microbenchseries.

A.2.5 Buyer’s Guides
Buyersguidesareusuallypublishedby trademagazines.They canbe very useful,becausethey
bring togetherinformationaboutcompaniesthat want your business,which meansthey usually
havesomeclue aboutthe requirementsof your field. In optics,therearethe 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 hour with a buyer’s guideanda telephonecansaveyou a day anda half’s Web browsing.

A.2.6 OpticsCatalogues
For historicalaswell aspracticalreasons,you shouldhavethe Schott Optical Glass
Catalogue—now availableonly on floppy disc,more’s the pity. The old paperoneis a thing of
greatbeauty, andthe cruddyWindowsprogramthey give you now is pretty limited—there’s no
way to get at the datatablesexceptby a zillion mouseclicks. If you look on the disc, there’s a
flat file containingsummaryoptical dataon eachglasstype,with nd andV, which is helpful but
not enough.

To this out-of-print gemwe shouldaddthe SchottColor Filter GlassCatalogue,Hoya Filter Glass
catalogue,andthe 3M andCorningoptical fibre catalogues.

Someopticscataloguesaremini-encyclopediasof optical theoryandpractice,e.g.Newport
ResearchandMelles Griot. You shouldhavethose,aswell asNew Focus,Dover, Line Tool Co.,
New Focus,Oriel, EdmundScientific,Ealing,Spindler& Hoyer, OpticsFor Research,andThor
Labs.Philips andHamamatsuhavevery goodapplicationsbooksfor their PMTs, looselybasedon
the old RCA PMT book of fond memory. Somewhatunusuallyfor a Japaneseelectronics
manufacturer, Hamamatsuhasfirst-classmanuals,which arewell worth getting.Princeton
Instrumentshasa wonderfulbook on applicationsof CCD cameras.
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A.2.7 Thermalcontrol andmeasurement
OmegaEngineeringhasan enormous3-volumeseton measuringtemperature,pressure,andother
industrial-typequantities.Among manyother things,they sell platinumRTDs, thermocouples,
heaters,thermistors,temperaturecontrollers,pressuregauges,ice point calibrators,andinstruments.

Minco makespolyimide thin film heaters,which they’ll build in custompatternsfor you to match
the local heatinput to the local heatloss; in goodcircumstancesthat will equalizeyour
temperatureprofile pretty accurately.

Marlow Industries,Ferrotec,Melcor, andTellurex makethermoelectriccoolers.The Ferrotecand
Tellurex cataloguesareespeciallygood.

A.3 Parts And Equipment

Table16: BasicElectronicComponents

1. 1/10W 1% Metal Film Resistors(RN55Cstyle), 50 pieceseach,in valuesspacedabout
10% apart,e.g.10.0 Ω, 11.0 Ω, 12.1 Ω, 13.0 Ω, 14.0 Ω, 15.0 Ω, 16.2 Ω, 18.2 Ω, 20 Ω,
22.1 Ω, 24.9 Ω, 27.4 Ω, 30.1 Ω, 33.2 Ω, 36.5 Ω, 40.2 Ω, 43.2 Ω, 47.5 Ω, 49.9 Ω, 56.2 Ω,
60.4 Ω, 68.1 Ω, 75.0 Ω, 82.5 Ω, 90.9 Ω, andso on in eachdecadeup to 1M Ω.

2. Miniature cermettrim pots,singleturn: 1 MΩ, 100 kΩ, 50 kΩ, 20 kΩ, 10 kΩ, 5 kΩ, 2
kΩ, 1 kΩ, 500 Ω, 200Ω

3. Conductiveplasticpanelmountpots,linear taper:100 kΩ, 1 kΩ
4. C0G or NPO Monolithic CeramicCapacitors:2.2 pF, 3.3 pF, 4.7 pF, 6.8 pF, 8.2 pF, 10 pF

(andso on in eachdecadeup to 1 nF)
5. StackedMylar film capacitors,samevaluesfrom 2.2 nF to 0.22µF
6. X7R Monolithic CeramicCapacitors,10 nF, 47 nF, 100 nF, 220 nF, 470 nF, 1 µF
7. 50V Low ESRAluminum Electrolytic Capacitors;10 µF, 47 µF, 100 µF, 220 µF, 470 µF,

1000µF.
8. 25V DippedSolid TantalumCapacitors,1 µF, 4.7µF, 10µF.
9. SurfaceMount CapacitorPrototypingKit (1206size),2.2 pF to 0.1 µF
10. SurfaceMount ResistorPrototypingKit (0805or 1206size).
11. SurfaceMount InductorPrototypingKit (10nH-33µH)
12. SurfaceMount Trimmer CapacitorKit (from 1-4pFto 18-60pF)
13. Op Amps (plasticDIP packages).Linear TechnologyLT1028A,NationalLF356AN,

LF347AN, LM6361, CLC402,andLMC6484N,Burr-Brown OPA-111, Motorola
MC33079P

14. Voltageregulators:(TO-92 plasticpackage)LM317LZ, LM337LZ
15. OtherLinear ICs: (plasticDIP, cheapgrade)LM6321 buffer, LM339A, LM311A, and

Maxim MAX-900 comparators,Analog DevicesMAT-04 transistorarray, LMC555C
CMOS timer/oscillator

16. Transistors:2N3904,2N3906,MPSA14,MPSA64,Toyo-Rohm2SD786, Philips
BFG25A/X, anda few nice powerFETs

17. Diodes:1N4148,1N4005,Motorola MBD301, Harris CA3039matchedquad
18. Logic ICs: 74HC00NAND gate,02 NOR gate,04 inverter, 08 AND gate,14 Schmitt
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inverter, 32 OR gate,74 D flip-flop, 112 J-K flip-flop, 163 synchronousbinary counter,
390 dual decadecounter, 374 octal register, 4020ripple counter, 4049hex buffer, 4316
analoguetransmissiongate,4352analoguemultiplexer

19. Programmablelogic: AMD PALCE22V10Z-20ProgrammableArray Logic
20. SignalProcessingComponents:mixers,powersplitters,and20 dB directionalcouplers

from Mini Circuits in your frequencyrange
21. PackagedRF amplifiers:20 and40 dB gain,at least+10dBmoutputpower, low noise.
22. 1, 2, 3, 5, 6, 10, 15, 20, 30, and40 dB BNC attenuators,50 Ω.
23. T1¾ LEDs, high efficiency red,green,andamber
24. CheapPhotodiodes,SiemensBPW-34,
25. Boxes:3.5×6×1.25die-castaluminumonesfrom Bud
26. 12 inch square,2 oz., doublesidecopperclad FR-4 boardfrom Kepro
27. Board:Vero 002857Hgroundperf boardwith padsandgroundplane,Eurocardlayout
28. Miniature DPDT panelswitches,250V, 1A.
29. BNC femalebulkheadconnectors(the onesthat mount in a single3/8 inch hole)
30. BNC patchcords:RG-58A/U for generalpurpose
31. BNC barrelandT connectors,50 Ω
32. BNC-bananaandBNC-clip leadadapters
33. 9 and25 pin D shell connectorsfor powerandslow signals

Table17: Prototypingandlab equipment

1. 60W temperaturecontrolledsolderingiron
2. 750°F(400°C)conical tips, fat andnarrow, iron plated
3. Secondsmall iron for melting the otherendof SMT chip components
4. 100-150Wsolderingiron for solderinggroundplanes
5. 60/40rosin coresolder, 0.020inch diameter
6. Solderingstation,with iron holderandwet cellulosespongefor cleaningiron
7. 3 gaugesof SolderWick
8. Goodquality soldersuckerwith Teflon tip
9. 2x, 3x, 4x eyeloupes
10. Scalpelwith straightandcurvedblades
11. Really goodquality stainlesssteeltweezerswith long, curved,sharpblades
12. Large andsmall flush-cuttingdiagonalcutting pliers
13. Large and2 sizesof small long nosepliers
14. Gaspliers
15. Benchvice for blacksmithing
16. Combinationwrenches
17. Screwdrivers
18. Nutdrivers
19. Small, bright penlight,e.g.MagLite
20. Rareearthmagnets:SmCoor NdFeB,7 mm and20mmdiameter, for holding SOICs

during solderingandfor tweakinginductorsduring tuning
21. Setof non-metallictuning tools
22. Straight-cutting,compound-actionsheetmetalshears(Wiss)
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23. Stranded,tinned,PVC jacketedhookupwire, 26 gauge,assortedcolours
24. Assortedheatshrink tubing
25. Small heatgun
26. Cannedcompressedair (or a shopair gun,with filtered anddried compressedair)
27. Denaturedethanolandan old soft-bristletoothbrushfor cleaningboards
28. Water in a large squeezebottle for your solderingiron sponge
29. Freezespray
30. Goodprototypingvice with rubberpaddedjaws that openat least20 cm (8 inches),e.ga

wide-jawedPanavise
31. Dremelgrinderandassortedbits
32. Large cordlesshanddrill (9.6V type)
33. Drill Index (completesetof drill bits)
34. Really bright articulateddesklamp (100W tungsten+ 20W circular fluorescentbulbs)
35. Quiet linear benchpowersupply:+-30V @ 2A, +5V@ 10A, with separatelyadjustable

voltageandcurrentlimits (besidesthe regularadjustmentknobs)andripple lessthan
100µV

36. GoodhandheldDVM with capacitance,frequency, andotherbells andwhistles:Fluke 87
37. >500 MHz 4-channelanaloguescopewith 1 mV/div and1 ns/div rangesandreally good

triggering
38. Goodsetof matched×10 probeswith all the little clips andgrounddoohickeys
39. Synthesizedsineor sine/functiongenerator, 0-100MHz at least
40. Decentpulseor digital delaygenerator:StanfordResearchDG535

A.4 Laser Safety
It is appallinghow manylaserpeopleareslapdashaboutsafety. The US FoodandDrug

Administrationrunsa Centerfor DevicesandRadiologicalHealth(CDRH) that publishessafety
standardsfor lasers.Elsewhere,the InternationalElectrotechnicalCommissionrulesarecommonly
applied.Your gizmo hasthesehoopsto jump throughbeforeyou cansell it in mostplaces.

The quality of lasersafetylaws in different jurisdictionsvariesfrom sketchythroughuseful to
paranoid(Britain’s andNew York State’s are in the paranoidclass,for example—theauthoris
legally requiredto notify the stateuponmoving a He-Neinto the lab next door, andif he lived in
Texas,he’d be liable to stateinspectionslike a North Koreannuclearplant).You may needexpert
assistanceif you engagein internationaltradein laser-basedproducts.This sectionis intendedasa
heads-upanddoesnot pretendto be complete.

It’s hardto hurt yourselfwith lasersbelow 1 mW (visible), 125 µW (infrared),or milliwatt-level
onesbeyond1400nm, so you canusethemwithout concern.Thesefall below the 2 mW Class2
limit for visible lasers,andthe far morecomplicatedClass1 limit for invisible ones;the humours
of the eyebecomeessentiallyopaquefrom 1400µm on, so it’s mainly a cornealburn hazard.For
lasersmorepowerful thanthat, or any UV laserwhatsoever, takea lasersafetycourse.The eyeis
peculiarlyvulnerableto laserradiation,becauseit’s designedfor thermallight, whoseradianceis
relatively low. It takessomesecondsof staringdirectly into the sunto permanentlydamagethe
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retina,andthe severepain of doing so evenbriefly providesprotection*.

A laserbeamis muchmoredangerous.Its high radiancemeansthat the imageit forms on the
retinahasa hugeflux density;a 10 µm spoton the retinahasaround20,000timesthe flux density
that the corneasees.It’s like burningants,only insideyour eyeball.Your pupil is a small target,
fortunately, but not that small; a direct hit from a Class3b or 4 lasercanpermanentlyblind you in
milliseconds.

The usualreasonfor not usinglasergogglesis that they area nuisance.Uncomfortable,strongly
coloured,andsweat-inducing,they preventyou from seeingthe beamyou’re trying to align and
makelab work harder. Your lasersafetyofficer, if any, will usually issueyou gogglesgood
enoughto protectyour eyesfrom anythingshortof nuclearweapons,which (while safe)
compoundsthe 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 lasersareusuallyno problem,becausemostof themarenot
stronglycoloured.

For example,if you’re usinga 1 W Ar+ laser, thengoggleswith an optical densityof 4.0 will get
you well below the 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 a 5 mW oneyou needgoggles
with OD 1.5 to OD 2.5. The catchis that suchgogglesmay not be easilyavailable;ask.The
authorat onetime 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
hassleslater, andhe may havesomegoodwordsaboutit. For example,argon lasergogglesneed
only absorbin the green,blue,andUV, but very similar looking greenfrequency-doubled,diode-
pumpedNd:YAG lasersneedhigh absorptionat 800 nm and1.06µmaswell, sincesignificant
amountsof pumpandfundamentallight will accompanythe green.You may not think of this, but
a competentsafetyofficer will consulthis referencesandfind it out.

Bewareof usingordinarygogglesfor high power lasers,e.g.Q-switchedYAGs, becausethey can
shatter, bleach,or melt, noneof which is healthyfor you. For the samereason,don’t put your
headright in the beam,evenwith goggleson. Ionically colouredglassis very resistantto
bleaching,but may let throughenoughout of bandradiation(e.g.strongthermalUV from an
argon plasma)to toastyour retina.Colloidally-colouredglassanddye-loadedplasticarefar less
robust.Although you could probablytorture-testthemyourself, it’ s a greatdealsaferto usea
CCD camerafor aligning beams,andit works OK too, so it isn’t worth the risk.

* Smallpartsof thesolardiscvisible duringa partialsolareclipsedo not causethesameamount
of pain, but sincetheir imageradianceis the sameas the whole disc’s, they can still causeretinal
burns(eclipse blindness). That makesthemmuchmoredangerousthanthe uneclipsedsun.


