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We have a habit in writing articles published in scientific journals to make the work as
finished as possible, to cover up all the tracks, to not worry about the blind alleys or
describe how you had the wrong idea first, and so on. So there isn’t any place to publish,
in a dignified manner, what you actually did in order to get to do the work.

—Richard P. Feynman, Nobel lecture 1966
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I PREFACE

You are fools, to say you learn from your mistakes. I learn from the mistakes of other
men.
—Otto von Bismarck

This is a book of lore. The word evokes many images: Merlin singing spells under the
oak trees, a ’San bushman drinking through a reed from a hidden sip well, an angler
trying to hook the wisest old trout in the lake. What I mean by it is altogether more
homely: a mixture of rules of thumb, experience, bits of theory, and an indefinable
feeling for the right way to do things, a sort of technical taste. It is what makes the
difference between merely being able to analyze a design once completed, and being
able to rapidly synthesize a good design to fit a particular purpose. Coursework and
textbooks teach analysis reasonably efficiently, but most contain no lore whatsoever.

One of the odd things about lore is that it lives in the fingers more than in the
brain, like piano playing. In writing this book, I have often run up against the dif-
ference between how I do something and how I think 1 do it or how I remember
having done it once. Since it’s the actual lore of doing that is useful, I have where
possible written or revised each section when I was actually doing that task as part of
my job or was consulting with someone who was doing so. I hope that this gives
those sections a sense of immediacy and authenticity.

Apologia

Lore is usually acquired slowly through experience and apprenticeship. Beginners
pester experts, who help fairly willingly, mostly because they’re kept humble by
stepping in potholes all the time themselves. This mutual aid system works but is slow
and unsystematic. As a beginner, I once spent nearly six months trying to get a laser
interferometer to work properly, a task that would now take about a week. The rea-
son was a breakdown in the apprenticeship system—everyone consulted said “Oh,
that comes with practice” —perfectly true, and by no means unsympathetic, but not
too helpful. Conversations with many others in the field indicate that this experience
is the rule and not the exception.

This book is an attempt to provide a systematic and accessible presentation of the
practical lore of electro-optical instrument design and construction—to be the book I
needed as a graduate student. It is intended for graduate students at all levels, as well
as practicing scientists and engineers: anyone who has electro-optical systems to build
and could use some advice. Its applicability ranges from experimental apparatus to
CD players.

The very attempt reeks of hubris. The range of topics covered here is enormously
broad, and I do not pretend to be master of it all; it presents the work of a huge
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number of others. Lack of space and defect of memory prevent my adequately ac-
knowledging even those contributions whose source I once knew. My defense is that
a work like this can erect bridges between subdisciplines, prevent common mistakes,
and help all those working on an instrument project to see it as a whole. So much
good stuff gets lost in the cracks between physics, electrical engineering, optical en-
gineering, and computer science that a salvage attempt seemed justified. I ask pardon
of those whose work has been acknowledged inadequately and hope that they can
remember once needing this sort of book.

Mission

Designing and constructing electro-optical instruments is without a doubt one of the
most interdisciplinary activities in engineering. It makes an absorbing and rewarding
career, with little danger of growing stale. On the other hand, the same interdisci-
plinary quality means that instrument building is a bit scary, and keeps us on our
toes. The very broad range of technologies involved means that at least one vital
subsystem lies outside the designer’s expertise, presenting a very real danger of major
schedule slippage or outright failure, which may not become apparent until very late
in the project.

We in electro-optics rely on whatever subset of these technologies we are familiar
with, together with a combination of outside advice, collaboration, and purchased
parts. Often, there are many ways of reaching the goal of a robust, working system;
then the problem is where to start among a range of unfamiliar alternatives. It’s like
the classic computer game Adventure: “You are in a maze of twisty little passages, all
different.” Some judicious advice (and perhaps a map left by a previous adventurer)
is welcome at such times, and that’s what these books are about, the lore of designing
and building electro-optical instruments that work.

To have confidence in an instrument design, we really need to be able to calculate
its performance ahead of time, without needing to construct an elaborate simulation.
It is a nontrivial matter, given the current fragmented state of the literature, to cal-
culate what the resolution and SNR of a measurement system will be before it is
built. It’s not that there isn’t lots of information on how to calculate the performance
of each lens, circuit, or computer program, but rather the complexity of the task
and the very different ways in which the results are expressed in the different fields
encountered. For example, what is the effect of fourth-order spherical aberration in
the objective lens on the optimal band-setting filter in the analog signal processor,
and then on the signal-to-noise ratio of the ultimate digital data set? Somebody on
the project had better know that, and my aim is to make you that somebody.

The book is intended in the first instance for use by oppressed graduate students in
physics and electrical engineering, who have to get their apparatus working long
enough to take some data before they can graduate. When they do, they’ll find that
real-world design work has much the same harassed and overextended flavor, so in
the second instance, it’s intended for working electro-optical designers. It can be
used as a text in a combined lecture—laboratory course aimed at graduate students
or fourth-year undergraduates, and for self-teaching and reference by working
designers.
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Organization

Textbooks usually aim at a linear presentation of concepts, in which the stuff on page
n does not depend on your knowing pages n+ 1--- N. This is very valuable peda-
gogically, since the reader is initially unfamiliar with the material and usually will go
through the book thoroughly, once, under the guidance of a teacher who is present-
ing information rapidly. Reference books are written for people who already have a
grasp of the topic but need to find more detail or remind themselves of things dimly
remembered. Thus they tend to treat topics in clumps, emphasizing completeness,
and to be weak on explanations and on connections between topics.

Those two kinds of presentation work pretty well in some subject areas, but design
lore is not one of them. Its concepts are not related like a tree, or packed like eggs in
a crate, but rather are interlinked like a fishnet or a sponge; thus a purely linear or
clumped presentation of lore is all but impossible without doing violence to it.
Nonetheless, to be any use, a lore book must be highly accessible, both easy to work
through sequentially and attractive to leaf through many times.

The book is organized into three sections: Optics; Electronics and Signal Process-
ing; and Special Topics in Depth (Front Ends and Bringing Up the System). There is
also supplementary material, available from the Web at http://www.wiley.com, which
comprises two chapters that didn’t make it into an already large book, plus chapter
problems and an appendix that is mostly about where to find more information
(including micro-reviews of my favorite technical books).

The material is presented in varying levels of detail. The differences in the detail
levels reflect the amount of published lore and the measured density of deep potholes
that people fall into. For example, there are lots of potholes in optomechanical
design, but weighty books of relevant advice fill shelf after shelf. Anyway, mechanical
problems aren’t usually what cause instrument projects to fail—unexamined as-
sumptions, inexperience, and plain discouragement are. To get the job done,
we talk instead about how to avoid common mistakes while coming up with some-
thing simple that works reliably.

Computer scientists use the concept of locality of reference—it’s a good thing if an
algorithm works mainly with data near each other in storage, since it saves cache
misses and page faults, but all the data have to be there, regardless. That’s the way I
have tried to organize this book: Most of the lore on a particular topic is kept close
together for conceptual unity and easy reference, but the topics are presented in a
sufficiently linear order that later chapters build mainly on earlier ones, and impor-
tant connections are noted in both forward and backward directions.! A certain
amount of messiness results, which (it is to be hoped) has been kept close to a
minimum.

The one big exception to this general scheme is Chapter 1. It pulls in strands from
everywhere, to present the process and the rhythm of conceptual design, and so con-
tains things that many readers (especially beginners) may find somewhat unfamiliar.
Don’t worry too much about the technical aspects, because there’s more on all those
things later in the book, and pointers to other sources. (Teachers may want to leave
this chapter until late in the course.)

t Because electro-optical lore is so interconnected, useful connections that are tangential to the discussion
are relegated to footnotes. An occasional polemic is found there, too.
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A complete instrument design course based on this book would probably have to
wait for a first- or second-year graduate class. Undergraduate students with a good
grasp of electromagnetism, physical optics, and Fourier transforms might benefit
from a fourth-year course on optical instruments based selectively on the first ten
chapters. To get the most out of such a course, the audience should be people with
instruments of their own to build, either in a lab course, a senior project, or as part of
their graduate work. Because of the complicated, interdisciplinary nature of instru-
ment building, the laboratory part of the course might best be done by teams working
on an instrument project rather than individually, provided that each designer knows
enough about everybody else’s part to be able to explain it.

Chapter problems for this book are available on the World Wide Web at
ftp://ftp.wiley.com/public/sci_tech_med/electro-optical, also via links from http://
www.wiley.com/products/subject/engineering/electrical.

Making complicated tasks intuitive is the true realm of lore—knowing the math-
ematical expression for the fringe pattern of a defocused beam is less useful than
knowing which way to turn which knob to fix it. The most powerful method for
gaining intuition is to use a combination of practical work and simple theoretical
models that can be applied easily and stay close to the real physics. Accordingly, the
emphasis in the problems is on extracting useful principles from theory and discus-
sion. Most of the problems have been taken from real design and scientific work, and
so tend to be open-ended.

Most students will have had a lot of theoretical training, but nowadays most will
not have the skills of a Lightning Empiricist, a gimlet-eyed designer who’s fast at
mental rule-of-thumb calculations and who sanity-checks everything by reflex. Per-
haps this book can help fix that.

Errata

A certain number of errors and misconceptions—hopefully, minor—are bound
to creep into a book of this type, size, and scope. I welcome your comments
and corrections, large and small: Errata and omissions will be posted periodi-
cally at ftp://ftp.wiley.com/public/sci_tech_med/electro-optical. Send e-mail to
hobbs@alumni.stanford.org.
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Abbe

number, 127
sine condition, 291

Aberration, 151, 285, 288, 307

astigmatism, 292, 316, 694
beam, 312, 694

coma, 311

combining, 315

due to window, 309

field curvature, 158, 252, 286

Adjustment
interacting, 386, 571
nonlinear, 386
orthogonal, 386
rule of thumb, 386

Admittance, 456

Afterpulses, 100

Ahab, Captain, 324

Airplane rule, 357

Airy pattern, 316, 317

in AOD, 238 Algorithm

lateral chromatic, 314 condition number, 601, 611
longitudinal chromatic, 314 FFT, 589

manufacturing, 311 Fourier domain, 581
nomenclature, 292, 308 N cubed, 611

oblique, 311

of birefringent window, 669
of concave grating, 217

on diffraction, 213

numerical crystallization, 618
optimal, 619

Aliasing, 415, 583, 590, 687
hopping DFT, 595

piston, 312 Alignment

polynomial, 311 angular, with fringes, 398
ray, 308, 312 beam-to-beam, 391, 393
Seidel, 312 clamping, 384

spherical, 153, 310
spherochromatism, 314

tilt, 312

wave, 308, 311

wavelength dependence, 151

Abramowitz, Milton, 303
Absorption

cross-section, 668
dielectric, 458
length, 243

Acousto-optic

deflector (AOD), 237
effect, 236
isolator, 238, 268

Acousto-optic cell, 211, 236, 499, 648

detector, 382

fiber, 241, 242, 260

of interferometers, 394, 675

of lasers, 395

off-axis mirrors, 399

on-axis elements, 398

optical, 383

put in a viewer, 374, 382, 694

spatial filter, 316, 395

too-perfect, 243, 377

using photographic paper, 382

using quad cell, 397
Amplifier

breakpoint, 536, 669

calibrating, 676

drawbacks, 238 choice, 631
shear-wave, 236, 238 closed-loop gain, 627
Adams, Douglas, 667 compression point, 418, 500
Adder, saturating, 613 current noise of, 622
Adhesive current, low noise, 661
double-sticky tape, 379 differential, 484, 508, 630
glue, 273, 379 feedback, 507, 510
Krazy Glue, 381 fiber, 266-267
UV epoxy, 137, 400 frequency compensation, 628, 683

699



700 INDEX

Amplifier (cont.)
front end, 499, 659
gain-bandwidth product, 626, 628, 632

input capacitance, 484, 511, 626, 632, 639,

686
instability, 484, 683
inverting, 533
isolation, 485
limiter, 443, 487, 505
linearity, 415
lock-in, 346, 351, 445, 482, 489, 6382
loop gain, 510, 628
noise figure, 646
nonlinear instability, 511
open-loop gain, 510, 626
operational, 484, 625, 686
oscillating, 684
phase margin, 628, 683
RF, 485, 666
saturation, 418, 489
settling time, 487, 511
slew rate, 482, 486, 491
stability, 486, 510
track/hold, 491, 603
transimpedance, 620, 625
transistor, 477
tuned, 529
unity-gain stable, 626, 632
vertical, 677
voltage noise, 622, 630
Amplitude, instantaneous, 410
Analog Devices, 491
Analog divider, 327, 340
Analytic signal, 42
Analyzer, 80, 204, 209, 353, 690

Anamorphic, 74, 152, 156, 196, 213, 215, 220, 223,

307, 316, 696
magnification, 213
prism, 316
system, 156

Angle
aperture, 16
Brewster’s, 6, 137, 353
critical, 6, 160
field, 237, 322
Anodizing, 179
Antenna, 221
Aperture, 16
opening up, 150
stopping down, 150
Approximation
scalar, 244
sleazy, 530
Approximations
scalar optics, 8
ARRL Handbook, 452, 498
Art of Electronics, 452, 508

Assembly
clamping, 384
philosophy, 385
UV epoxy, 137, 400
with index oil, , 401
Assumptions
unexamined, 675, 688
Astigmatism, 217, 311
Asymptotic behavior
amplifier gain, 627
of channel capacity, 614
of nonlinear products, 416
of transform, 594
Asymptotic series, 303
Athermalization, 150
Attenuator
electrical, 469, 500
Autocollimation, 383
Autocorrelation, 18, 280
artifacts, 615
function, synthesized, 280
of FM laser, 139
time, 599
width, 19
Automatic gain control (AGC), 533
Avalanche, 234
Avantek, 451
Average
ensemble, 32, 45, 55, 423, 501
spatial, 138

time, 29, 30, 54, 57, 62, 122, 186, 205, 385, 419,

423,617
weighted, 22
Averaging
signal, 338
spatial, 32, 57, 136, 139, 243, 250

Back focus, 148
Background
additive, 325, 347
backscatter, 331
benefits, 328
coherent, 116, 329, 330, 346
correction, 578
dark current, 109
drifting, 580
fluctuations, 75, 117, 324-326, 339, 344
incoherent, 215, 228, 237, 329, 337, 344
modulation, 117
multiplicative, 325, 347
noise, 79
pedestal, 326
reduction, 43, 120, 372
shot noise, 85

shot noise of, 37, 39, 87, 88, 115, 116, 117, 120,

121, 344
signal, 324



sky, 349
thermal, 118, 326
Bafile, 178, 214, 377
Bandwidth, 371, 491, 650, 653
1-Hz, 32, 96, 621
3-dB, 433, 484, 623
and SNR, 83, 581
coherence, 123
confusing factor of, 2, 42, 44, 83, 410
design, 368, 370, 436, 522, 533
detection, 46, 328, 349, 370, 373, 523
detector, 88, 634
fiber, 248
filter, 42, 45, 174, 345, 370, 373, 394, 425, 430—
432,437,450, 467, 488, 511, 528, 571, 573,
605, 614, 683
fluctuation, 57
fractional, 437
improvement, 623, 626, 630, 631, 634, 635-637,
639, 647, 650, 651
improving, 623, 625
inadequate, 634, 645, 687
increasing, 87, 172
instantaneous, 499
limiting, 42
loop, 343, 511, 524
measurement, 35, 36, 44, 58, 86, 281, 350, 406,
420, 422, 439, 450, 453, 499, 535, 663
minimum, 42
narrowing, 115, 394, 420, 442, 445, 446, 490, 615,
682, 6388
noise, 42, 46, 57, 87, 122, 340, 425, 426, 438—440,
442, 450, 503, 560, 572, 621
normalizing, 44
of AC measurement, 123, 331
of coating, 170, 172
of discrete data, 583
of fiber, 248
of fluctuations, 187, 207
of FM, 415
of sampled data, 585, 615
of scanner, 350
optical, 10, 56, 57, 59, 201, 219, 280, 653
oscilloscope, 560, 677
servo loop, 281, 339, 341, 347, 349, 372, 442,
443, 484, 523, 533, 535, 537, 654
spatial frequency, 321, 323
transimpedance, 628, 629, 632, 639, 661
transit time, 46
vertical, 560, 677
wasted, 625, 627
wide, 102, 103
Base plate, custom, 380
Baseband, 42, 328, 412, 689
Beam
“nondiffracting”, 367
alignment, 391
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cleaning up, 316
collimating, 387
comparison, 655
counterpropagating, 393
diffracted, 211
dump, 136, 143, 178, 180
focused, 292
Gaussian, 12, 13, 245, 316, 317, 689
local oscillator (LO), 122
noncollimated, 138, 380
pencil, 295
quality, 385
receive, 208
scanning, 238
separator, 208
signal, 655
transmit, 208
uniform, 317, 689
waist, 12
walkoff, 4, 190
Beamsplitter
cube, 145, 208, 262
nonpolarizing, 208
pellicle, 140
plate, 139
polarizing, 174, 242
Beat length, 247, 251, 264, 280, 335
Beer check, 371
Beer’s law, 177
Belt and suspenders, wearing, 365, 378
Bessel
expansion, 414
expansion, PM, 281
function, 244, 367
function, modified, 244
null, 217, 352, 414
BFG25A/X, 637, 642-644
Birefringence, 4, 133, 188, 210, 234
bend, 242, 267
stress, 133, 250, 690
Black
anodizing, 179
surface, 179
wax, 254
Blackbody, 88
spectrum, 611
Stefan-Boltzmann formula, 53
Blackbody radiation, 51
Block diagram, 427, 430, 436, 501, 503
Blunder
in construction, 674
Blunders, 236, 590, 595, 599, 604, 614, 697
Blur, 337
Bode plot, 510
Bolometer, 105
Bootstrapping, 637, 639, 687
limitations, 640
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Borescopes

GRIN rods in, 158
Boundary condition, 244, 295, 465

and Green’s function, 292

cylindrical, 243

Dirichlet, 293

electromagnetic, 5

in diffraction, 293

transmission line, 465
Bracewell, Ronald N., 581
Bragg

cell, 236

condition, 222

grating, 248

reflector, 267
Bright field

equivalence to dark field, 330
Bright field rule, 330
Brown, Sarah, 576
Bug zapper, 499, 504
Bulletproofing, 539

Calculation, back-of-the-envelope, 499

Calibration, 607
amplitude, 525
APD, 102
detector, 524
error, 501
gain and offset, 577
inductors and capacitors, 570
of limiter, 526
of scanner, 226
on-line, 500, 505
phase detector, 524
photomultiplier, 101
schedule, 578
source, 676
table, 619
uniqueness, 373
Calibrator
ring-down, 525
CAMAC, 406
Camera
chopping up, 154, 381
instrument-grade, 344
intensified, 113
lens, 154
mount, 695
OTF, 307
video, 112, 338
Capacitance
cascode treatment, 477, 634
death by, 687
detector, 88
fringing, 682
input, 484, 511, 626, 632, 639
interelectrode, 662

junction, 459
load, 513, 683
measuring, 548
multiplier, 477, 533, 555, 637, 662, 665, 682
negative, 666
of PC trace, 545
photodiode, 36, 37, 89, 92, 473, 623, 629, 636,
645, 649, 666
Pockels cell, 234
probe, 678, 684
ratio, 431, 459
stray, 341, 453, 461, 543, 546, 550, 680, 682
Capacitor, 455
bypass, 73, 555, 682
ceramic, 456
chip, 562
choice of dielectric, 457
decoupling, 477
dielectric absorption, 458, 487
effective series inductance, 458
effective series resistance, 458, 555
electrolytic, 458
film, 456
flying, 506
loss, 458
N750, 464
negative, 666
self-resonance, 555
standard, 569
variable, 459
Capture effect, 488
Carré, 619
Carrier, 12, 46, 410
Carrier-to-noise ratio (CNR), 340, 500, 623
Cascode, 632
bootstrapped, 637
circuit, 506
externally-biased, 636, 639, 642, 644, 645, 652
limitations, 640
noise in, 327, 330, 635
unbiased, 644
Cauchy
integral formula, 409
Causality, 433-435
Kramers-Kronig relation, 435
Cavity dumping, 68
Cavity ring-down, 352
Centration, 384
Cepstrum, 577
Characteristic impedance, 464, 468, 513, 545
Charge-coupled device (CCD), 108, 214, 336, 390,
618
astronomical, 37
calibrating, 114
fluor-enhanced, 113
frame transfer (FT), 108
full well, 38



interline transfer (ILT), 108
linearity, 110
problems, 692
quantum efficiency, 109
Charge-injection device (CID), 111
Chartier, Emile, 367
Chebyshev
error curve in scanner, 229
filter, 435
Chopping, 2, 106, 349, 390, 694
mechanical, 36
Circuit
balanced, 535, 651
startup, 534, 540, 679, 686
topology, 625
Circuit board, 544
cobbling, 564
debugging, 567
dielectric constant, 545, 680, 682
ground-plane, 544
hook, 545
layout, 558
perforated, 564
printed, 565
prototype, 562
SMT, 680
stuffing, 566
Circulator
optical, 208
Cleaning
gratings, 404
lenses, 402, 403
Opticlean polymer, 404
wisdom, 402
Clock
stopped, 139
Coating
anodizing, 179
antireflection, 206, 467
dendritic absorber, 180
dielectric, 164, 353
gold, 216
metal, 163
multilayer, 167
optical, 5
protected aluminum, 141
quarter-wave AR, 168
quarter-wave stack, 172
silver, 163
stagger-tuned, 172
transmissive, 164
V-, 170
variability, 164
Coaxial cable, 268, 464, 467
bundled, 467
capacitance, 683
ground loops, 554
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pigtail, 678

semi-rigid, 467

too many, 679
Coherence, 54

area, 56

complex degree of, 55

control, 80

fluctuations, 258, 669

length, 58, 138, 56, 243

length, UHF-modulated diode, 669

partial, 57

spatial, 51, 55, 63, 138, 305

temporal, 55, 59, 63, 79, 80, 138

time, 55

usefulness of low-, 138
Coherent lidar, 659
Colleagues

importance of, 355

limitations of, 356
Collimeter, 388, 693
Compensator

Babinet, 206

Soleil, 206
Complexity

tradeoffs, 351

underengineered, 366
Component

perfect, 541
Compression, 500
Concentrator

non-imaging, 126
Condenser, 63
Confidence, 294
Confidence level, 35
Conformal map, 437, 528
Conjugate points, 147
Conjugate variables, 18
Construction

product, 557
Contrast

image, 322
Control

digital, 537

simultaneous, 538
Conversion

PM-AM, 242
Converter

A/D, 450, 448, 492, 493

D/A, 223, 490, 679

D/A, multiplying, 491

differential nonlinearity, 612

703

differential nonlinearity (DNL), 448, 494, 495,

496, 501, 612
effective number of bits, 496
exponentially slow, 493
glitch energy, 490
jitter, 491, 679
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Converter (cont.)

noise, 497

pathology, 494

resolution, 449

slow rate, 494

successive approximation, 494

testing, 495
Convolution, 18, 408

circular, 603

discrete, 586, 591, 603
Cooling

cryogenic, 122

thermoelectric, 122
Corner reflector, 33, 144, 224, 228, 351, 374, 384,

387, 394, 396

Correction

auto-zero, 532, 580

baseline restoration, 579

frame subtract, 578

plane subtraction, 580

trend removal, 587

two-channel, 580
Correlation, 18

as filter, 615

brute force, 601

statistical cross-, 55

two-point, 617
Cosmic ray, 114
Cost-reduction, 364
Counter, 618

walking-ring, 437, 442
Counting statistics, 330
Coupled-mode theory, 245
Coupler

directional, 472
Coupling

capacitive, 548, 680

coefficient, 463

evanescent wave, 7

inductive, 462, 548, 570

space-variant, 247

transmission line, 548

unintended, 467
Cross-section

scattering, 36
Crosstalk, 467
Current mirror, 327
Customer

disappointed, 357

identifying, 359

D*, 86-88, 98, 119, 126,
Dark field, 339
Dark frame, 114
Data
extracting from noise, 613
finite length, 582

inconsistent, 618
noisy, 618
sampled, 583
undersampled, 618
Data sheet
CCD, lousy, 111
flashlamp, 62
reading carefully, 481
transistor, 644
Data windowing, 590, 592
Databook
antique, 644
Debugging, 667, 672, 675
blunder, 697
circuit board, 567
design blunder, 685
divide-and-rule, 692
etalon fringes, 696
heating and cooling, 690
insist on rational behavior, 674, 675, 685
optical, 379, 688
overkill, 370
pointing instability, 696
polarization, 690
source noise, 696
startup, 686
time required, 367
use fingers, 692
war story, 355, 667, 680, 697
Decimation, 610
Decoupling, 251, 461, 477, 497, 567, 682-686
power supply, 555
Defence in depth, 366
Defocus, 74, 138, 180, 296, 304, 306-308, 310-313,
339, 367, 388, 395, 607, 675, 695
modelling, 304
Delay line
fiber, 277
Deming, W. Edwards, 362
Demo Karma, 377
Demodulation, 410
of phase noise, 327
Demodulator
FM, 415, 444
phase, 282, 443
Depolarization, 183
Depolarizer, 207
Cornu, 207
rotating-disc, 207
Descanning, 121, 228, 338
Design
advice, 533
beer check, 371
blunders, 378, 674, 685, 691
centring, 541, 665
changes, danger of, 376, 668, 670
changes, incremental, 670



clean sheet of paper, 366, 498
common-centroid, 453
conceptual, 367, 499, 670
conceptual, steps, 43
drawing, 371

elegant, 673

flaws, fundamental, 667
flaws, superficial, 667

for alignment, 374

for test, 558

hacks, 376

hierarchical, 671
instrument, 367
interface, 505

limits, 368

moving the goal posts, 374
problem description, 499
product, 376

RF, 503

simplicity, 373

software for, 607
top-down, 406
unsystematic, 406

Detection

coherent, 30, 44, 122, 302, 307, 328, 329, 659
coincidence, 352

guiding principle, 82

homodyne, 331

T and Q, 444, 576

infrared, 88

linear combination, 209, 340

low light, 328

NA, 331

non-optical, 343

optical, 29

photon-counting, 328, 342

pulse, 444, 498

signal, in noise, 419

slope, 522

strategy, 322

theory, 328

thresholding, 36, 45, 425, 439, 676
time-gated, 446

Detector, 620

-log video amplifier (DLVA), 521
AM, 441, 513

amplitude, 502
background-limited (BLIP), 118, 121
calibration, 524

capacitance, 88

cooled, 121

delay discriminator, 522

emitter, 514

envelope, 515

FM, 442, 522

gated integrator, 516

HgCdTe, 105, 326

INDEX

IC, 505
infrared, 96, 660
lateral effect, 92, 273, 652
logarithmic, 498, 505, 520
MOS imager, 111
nonlinearity, 441-443
optical, 82
peak track/hold, 518
perfect rectifier, 518
phase, 334, 521
phase-sensitive, 441, 521
photoconductor, 104
PLL, 442
PM, 442
position-sensing, 93
pulse, 444, 499, 516
pyroelectric, 106
quantum, 84, 117
rectifying, 441
shadow mask, 93, 680
signal, 513
size, 121
spectral response, 89
split, 92, 273, 651
square-law, 29
streak tube, 107
synchronous, 442, 515
thermal, 105
uniformity, 89
Development
concurrent, 670
fallback position, 365
flexibility, 672
incremental, 670
Diabatie, 177
Dichroic, 193
Dielectric, 160
Differential interference contrast (DIC), 198
Differential pair, 453, 478, 653
Diffraction, 13, 235, 292, 294
-limited system, 314
acousto-optic cell, 236
Bragg, 222
efficiency, 217, 221, 236, 346
high-NA, 295
orders, 211
Raman-Nath, 236
Diffuse, 53, 60, 61, 179, 183, 184
Diffuser, 183
holographic, 185, 222, 253
rotating, 138, 207
Digital signal processing, 602
noise reduction, 613
Digitizer, 42, 448
phase, 529
Dimensional stability, 228, 384
Diner syndrome, 371
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