4=V RAHA R

IR AT s

Arnold Daniels /%
8L FEE iR




Field Guide to Infrared Systems
by Amold Daniels

Originally published by

SPIE

P.O. Box 10

Bellingham, Washington 98227-0010 USA
Phone: +1 360 676 3290

FAX: +1 360 647 1445

Email: Books@SPIE.org

Web: spie.org

Copyright © 2006 The Society of Photo-Optical Instrumentation Engineers.
All rights reserved. No part of this book may be reproduced or transmitted in
any form or by any means, clectronic or mechanical, including photocopying,
recording or by any information storage and retrieval system, without
permission in writing from SPIE.

Translated and published in Japan by special arrangement with SPIE Press,
1000 20th Street, Bellingham, WA 98225 USA.

Authorized Japanese-language edition



SPIE7 4 =W RHA KNI =XIZDWT

SPIE7 4 — W FEH4 Fy) =X~k %, ANIEBUSOHR#R
WrgeFicipiy o) =X [SPIE7 4 =W KA F] o 1{ikTd,

KDL HEMICH LTI, ThETHUMEENRETLHENS
BEW, WMNHEHRE SR TwE T, AY ) —-XTCik, kAD
W0, ZOMELRFRRPHEM LR LT, 7KPBTHT <
BB TCEALPYRTWVIEPNE LTHEELE LA, ILETHIHY
2h, LRI OWRLEBENENY F 7y 2Tt BT
W0 s & CEFEHEON 2L DCEHY EFT, 1) —X
OHMBEE S, NFONBEIE L EOIARNPRN S, Hilib X 09
Wi, S6IBELIMICELFC, BMHMNCZHRLPLPIVWENTE L
HTWET, £/, blio—shlb47o bERGEMHBL, W
BN RRIZHEOTHET,

A [SPIE 7 £ =) FH 4 F)—X] Clx, W4 —CH %N
H—"MEzWDPpoTWET, EXVa—-NVERICL->T, Kiowe,
1R—=VRE12D M Ey 2 %E&, ZOR—-JOWNWCEDIEy 2 %
BIZANR—TCELLIMELE L 2020, MELHES T, LD
b, BRsUE BT A2 EAECd. T4, BRIz fEiE
LT, P42 3chik, &4Eebnd, HAWIE, KX CHELTW
BWRD N EIZonTOR b IR s hTB Y, S0 EEasICh
NW=FHLIPXHFDOTWET, {HL, PO bEy 212, +alciZas
NTWwiwnwhbDeLTHET LA,

[SPIE 7 4 =W FH A B ) =X (dFLWIchX Featy b
ThHHEILHTITVET, EVa—- A= JEORIMIZL D, K
DUGTPHII A ERIT R AL ED S, LW F—2R&&~00BM
BHRELWERDRD Py 2L LIl TIE, TR, TRELR Y
A—=NIZTBHETaWn,

(Email: fieldguides@SPIE.org)

John E. Greivenkamp, ') — X4
Optical Science Center
The University of Arizona



The Field Guide Series
74 =4 FRTIX B

Field Guide to Geometrical Optics, John E. Greivenkamp (FFGO01)
Field Guide to Atmospheric Optics, Larry C. Andrews (FG02)

Field Guide to Adaptive Optics, Robert K. Tyson & Benjamin W,
Frazier (FG03)

Field Guide to Visual and Ophthalmic Optics, Jim Schwiegerling
(FG04)

Field Guide to Polarization, Edward Collett (FG05)

Field Guide to Optical Lithography, Chris A. Mack (FG06)
Field Guide to Optical Thin Films, Ronald R. Willey (FG07)
Field Guide to Spectroscopy, David W, Ball (FG08)

Field Guide to Infrared Systems, Arnold Daniels (FG09)

Field Guide to Interferometric Optical Testing, Eric P, Goodwin &
James C. Wyant (FG10)

Field Guide to Illumination, Angelo V. Arecchi; Tahar Messadi; R.
John Koshel (FG11)

Field Guide to Lasers, Ridiger Paschotta (FG12)

HACRRIUET oo o4 2 T 4 7 W) (www.optronics.cojp/books/) T H RV A 22T £ 4,



Field Guide tu_Infrared Systems
FANE

[— e ————  — —  — — ———— L ]

CD[714—=WFHA KNS X5 L] Field Guide to
Infrared Systems &, #HVLT 2 /2 02— OGN T2 WHEIZ L
T, FLOLDDTHL, FHBICIET B E, WiER Eoffic DG
(SBOLDRERM e LB L L TWw A IR 12l o TW A Hr a2
REICE ST, BELLED LI IZBDT,

AT, RIS AT AOMBICLELR S L OEHDIFIZDOWT
LIS LT Do #if%, 19UkGE, HdHleE s X O ilifnd % &4 AR
ERIZOWTEN, £ LThREoMEiELx &t 2 ) v MEBICOWTH
L Twd, £LT, FINEIERI AT LAOMIBIZOWTELEL, A
A=G VYV AFLERRBDIMHENTWLELRERLE. &5
(2, RIFTIE, FHR AT LOEMOBFMM P L— FA 72 L
TaHliL Twvwa,

SZTC, REIREL, TO8BRYTHIIHZ T NEROMTH AL
Dr. Glenn Boreman #3% (ZHESHE L 9, FL0 CREOL Kb =R,
TR L T NLAED, Aot L, 42, W
i e MAPERE R ) LT Lz Merry Schnell IZE#5LF4, #L T
WAEO M, FRi% L TN DOTIk# Becky & Alex, % L CTIREDIE
Rosa (= G L 4,

RIS, COREME, ZOMKELS, MRS TFIZWTS FEY
7 A AT HUEN 2 5o TNATEE OSPERM L £ BId
ADARGOAFICMRERFD, RIS o EIURSINL T L 2 HEA
S IS

D[ T14=NFHAK] %, FOLEEOREED B WIBIZ#Y
o

Arnold Daniels



REEANE

TRTOYWRIIHFINEZ L TBY, Z2OFRNEE{EELTIAT
LT A ENTE D, ZOHRMN S AT AERIE, FAIKETH
JHE LT - BIBELA:HOTHAED, BETIEENLRIEHIZBIT 5P
JUREHL, SEMHATOBEES, YL - B Yol ok - kR
WS, THREED N AR - 4 Eola, wINOEOMHsINB);
Il (k-4 P a ), [BEE, € L TAHBRBDONST D5 %479 i
Wik EDOZ L O TR SR TwaD,

NS DFIER S AT AT, ARG B R T A
Wy T AT LEFNBEEBI LT, COEMNERNT LT 2547
YATAND DL, HHENE, 1RIE, KN AT LA O 4 4B CHGE D
DI LT - IR E T CE Ly RE T, TNHEOHFIL AT
AEWH - ST ADILEE L L XROEAL, HAVEE e ol
TG IRAT T T 7 KNI ORI, it 0BBoH S
RNEEHME, FLTHEBO Y AT A MTFMETER 7 &4 85 H B4
PGB L TWD, RFED, KL A7 LD, WK< LCh
ST B R E DO A 122 L2 B> TWwWhb,

FliRIcH o T, REOMMO—hELb L2, T& LT
R 7ze FEGNIHIE, EMOWHIFNFE LTHHEM LTS &
1, BEFOXEINZL L DHEEBIML 72,

ez, IREADOPINIH L THES CENE (NLFHH D Dr. Arnold
Daniels 3 J (FSPIE Press @ ##%5:1: Mrs. Merry Schnell, Z L Cii
BN LR LIRS F 2y 2 LT R T o= 2 A [H
B de gy AICIS O S ERE L 4,

R AMELEE



LB 1

BEEANY MV

Electromagnetic Spectrum

B ANY bl electromagnetic spectrum (d, T3V F—, Ji
WD H WL L A B  electromagnetic radiation D4
MiCThsb, MMM EEHETEDDO LI ICHELRTTHLAET
photon®ifiiL & LTEIZENTE S,

MHEROM Bl e R E
Wi Gamma rays < 3 x 10 < 1fm
X# Xrays 3x10"-3x10" |1fm—1nm
W4 Ultraviolet 7.5 % 10"—3 % 10" | 1 nm—400 nm
Wk Visible™! 4% 10" —17.5 x 10" | 0.4 pm—0.75 pm**
JEhH Near-infrared 10"*—17.5 % 10" 0.75 pm~—3.0 pym
it Midwave infrared 5 x 10— 10" 3.0 pm—6 pm
R Long wave infrared 2x10"-5%10" |6.0pum—15pum
HOSUAYHE Extreme infrared 3x10"-2x10" |15um=—1mm
A0 Y Micro and radio waves| < 3 x 10" > 1 mm
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Infrared Concepts

HNEBA A —2 T A7 L infrared-imaging systems [£, 7]
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(RGPS SN TIEE{, BEHH self-radiation i- k
DRLZIENTE, ACHMBEY O (T4hbb, 0K =
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R
St—4 'y b Optics

Atmosphere \
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Human Observer .=4"_
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OOy =5y FPOBE temperature B L U ilif54E
L oThEDLH, ZOBMOERS NS RBBEUI &b 0%k k-
THMaNhS,

Hip oy A7 LOJMNIRIZ L 2T, Z20OMF field-of-view (FOV),
IR flux collection efficiency 5 L U'EGIEAE™" image
quality 25 & 54°, BINBREOMOINEDI8T 2 — & —A5, it
HORNE 3 & UN#4 0 G G OMHREE  resolution 2 AKX R W% K
Yo MIBEHIE T A F — LR SRR 5 = 3 ¥ —Lgs©
Hh), FLTLZ2 b2 2128, ZOBSTEAMNTEL LIS
L I

o EREhDCEN Ly =4y POYE, FOMRIEHNI00 K26
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~»7M3, Planck’s equation S bhh b, L LLAS, 05y 2
Y79 FHHACRX (self-luminous) THY, Mlosy—4v b
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BOHHB X)) (emittance) (XS L b lflvickEwn
DT, HFYEWEDA T A M contrast i, FicHNd 50
Wik D H v,

BUE 1@ FPA | ZKRZNKET, focal plane array
2 ! (EREE O EV, RPRALOWMEE ZOREE THIDT 5 0DRIE,



R 3
fRHROBLE

Imaging Concepts

1 2OPARIEISE LD EHRTH YD, TOHKBH BTN
K& il T 5 L #ER Do WIKD G D HIRAD KL X R ILOER
Snell’s law (2 L7228 Thitdir L €, #hed A2 lix (image plane
point) &2&% L, €OMRIIBLICHEINHEIZL VERT LI LAY
TED, (LOBMEN B D287 — 12RO & iS5 OB 205545 L 7=
ALY BT B el L 1 s

TRTONFELMD M PO FOL LS X optical axis
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(ray trace) HIASHHwWHNLA,

1. JGHRINZEAT I A 28U (Y > a 7)) &4 (back focal
point) Fy %5,
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3. Ly XD A A CEIH chief ray) (XY %,
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Magnification Factors

Wikdsmt i izdh b & 1L, (40 (image distance) Xf (f—o0, g
—f) WZIELRD, PERL Y XONMESIcS L E XL, FO@ibE
liehd (p—=f, q—>o)o KELY AT LADWMERE lateral or
transverse magnification (I, TH- 2 6h b,

g{=,..i=“h_‘"‘£
P hnhj

H AV XN EFMY 5 E, FIK (real object) & ZD{ED
li/hipki 4f ($bb, p=q=2fThHY), ZOHH, M =-1L%
L) THHILWUMTE %,
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YA T2, L2b L Ah6MmEMIZHD E XX, a2
A= bFaRlRO M EXHOMmIEX [rad] &40, JGEITGH
POMENRLTHEEOf I LA, M E 2R+ oL, BEER area
or longitudinal magnification 2 64, ML < FIH &R
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Thick Lenses

Ly ADOMABERTELWE S, MHL X LTI FrbB
LU FR a6 front B X UERIIEA back focal pointsCHh Y,
L AOTL (vertex) o6 N EDIRL T TOHigENDbI L &, K
wie-cd A AL B front focal length (££.0) B & UL A3E
# back focal length (b.f.1) KL Ho Fed 5T 081V X
6 KR EATICIN T
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(transverse plane)
#H—HBLOFE_FEFM primary and secondary principal
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fThb, CNLEOFMIDVKMELLETLHHEBE—BLUVEZER P,
P; first and second principal
points P,and P, £ 759
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