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FOREWORD FOR CHINESE VERSION

Prof. Dr. Zhenxi Zhang and his students from Xi'an Jiaotong University have
translated the original edition of this book from English into Chinese. I'm very glad
to hear that the newest edition (the third edition) has been translated into Chinese
by them. It will be published by Chinese Science Press, 2005. I give the hearty
thanks to them again.

Dr. Zhang has an excellent background in the field of medical laser applications.
He has studied laser physics, biomedical engineering and instrumentation. He earned
the Ph.D. degree in Biomedical Engineering and Instrumentation from the Xi’an
Jiaotong University in 1990. His basic research focuses on studies of tissue optics,
tissue diagnostics, laser diffraction spectroscopy, and the development of lasers and
application systems. And now he is a professor, doctoral advisor and the vice dean of
School of Life Science and Technology, Xi’an Jiaotong University.

At present, Dr. Zhang’s group is in charge of some projects supported by the
National Nature Science Foundation of China: The experimental study of 5-aminole-
vulinic acid based photodynamic therapy in leukemia cell HL60, High-resolution opti-
cal mapping of quantitative cardiac electrophysiology, etc. And some projects sup-
ported by the Nature Science Foundation of Shaanxi Province: Study on blood cell
counting and classification by stationary suspending laser light scattering method,
Bone regeneration material which is used for bone injury and disfigurement, etc.
They have published many high-quality papers on technical journals. Refer to the ad-
ditional list of the translator’s papers in this book.

In addition, I wish to thank Prof. Dazong Jiang for revising the Chinese transla-
tion again, and writing an excellent preface. As far as I know, the original Chinese
version (1st edition) received welcome by Chinese readers after published in China,
and has been regarded as graduate student’s teaching material by some universities.
The third edition adds a lot of exercises and their corresponding solutions. I believe it
is more appropriate for students. I hope that you will get more useful information and

you will always enjoy reading the book.

Prof. Dr. Markolf H. Niemz
2005—03—08
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* BOLTE RO AW 2 o) — B R OEER Coptical tweezer) , Bl — A~ il 6 2% 86 B2 J1 T8 W DL 2= BF
IR — 4T IE TR B 85 T 0T DU AR BN B A . B RO TT GROGRORD 2R AR A Rl o b A B 2N Y X
—H TR, RN RY LN A, ANBMIEE TS BRI RE. A a R ER ot Bt 5
HLOEARMBA. M. PEBESARRZM R, 1996; FEMEENSHEY 45, — FF




1 % & +3.

HYOR P HARRE . 20 3 F P Ui W] SE PR b B A3 15 B2 2 A 5C A 800 R 2 e RE 1 7
FEN 13/em” B 1000J/cm” Z W] 4R A% 10, 3 5 WK FE 1 15 A~ B0t SUAR HE 2 AT 24 %
. HFHEASHE, EHRSRE (intensity), DIBES % B 5 IK9E 2 LB X4 i,
XFT A X LE S AR OC R A TEAIE A, 2 al DI RS 3 %, Ifesh 4 b
AR, 2R 1.1 o A RO SRR TR Bl R I

1.1 ERHXES

WOk AR LKA N e Y fik 5
W T EOL R 488/514 nm sk

AT oL 531/568/647 nm 4 %
oA 633 nm i
AR RR B AR 10.6 pm e 2 5 bk o
ek HOL 450~900 nm e 22wk wp
T B 670~900 nm 4 2 ik v
FARERER §) i1 694 nm 1~250 ps
Nd: YLF 06 #% 1053 nm 100 ns™250ps
Nd: YAG ¥t 1064 nm 100 ns™~250ps
Ho: YAG #%4 2120 nm 100 ns™~250ps
Er: YSGG #0048 2780 nm 100 ns™~250ps
Er: YAG BOGH 2940 nm 100 ns™250ps
AR A7 (Alexandrite) #G#F 7207800 nm 50 ns™ 100 ps
XeCl #OL# 308 nm 20~300 ns
XeF Ot 351 nm 10~20 ns
KrF #0064 248 nm 10~20 ns
ArF OG 193 nm 10~20 ns
Nd: YLF #6 1053 nm 307~~100 ps
Nd: YAG 02 1064 nm 30~100 ps
B i T RO 800~6000 nm 2~10 ps
547 (Ti: Sapphire) #OG#% 700~1000 nm 10 fs™~100 ps

BT S ) B HOEER A A OGS AR R SE BT P Y A R B AR BOR
MEE T, CHCEHOCE T UK B S uE Kb AR S, I HITAER N AW
HL RO A% R 4R BEAR S B0 SO0 K L2 B F T i s 2R 9K S DE R LA . T EL R
BN AE R E T



c 4. WOCS AW LA AR TSR RN H]

BWOGANRH HE 2L F2H P T Ik ot R ny i & . W ERTik, Bk
ZYSEEMNTEE AR EROY . Rl 2 (thermal) FIEFAZLAE (nonthermal
effect) BYIXH], —DRECAYITPUENIE “1ps EN”, ZENIE KT 1es 195K
Vi B PR R A T S PEON ;s MK TE /N T Tps B, QSR ARG, B
JOLIE H AR AR R L2 (ELARE S — 2P R ATy, TR 3.2 ). Joi I A sk
M E , ZEOHOCHHE T RS SRS Bk SE R T 1s Wik, P, #F5E)RFR
TR AE TR AT b S 7 A B O G ki AT B8 R HAth =X
M EAER . HohAR% A 32 mm % Cablation)  HLEE, #laEmpk . %5 7k
5 S Pk B RN & A A A R B R R0 2 1) ' i 24 (photodisruption)mo A B K
T BT ) e ok P A P DA S, AL G B R IR L A OGS S RS ik B
AL 5 BB LB EAT H B, BT RO AR EE . BT A
PIREIR G LR LR i 5 . IR0 3.4 35 I e T IR RE . 24 MR BB ik
F R Kbt R b, O F R RESEOT RSP RER, RNk, HE
WOC RGeS A Bk i B8 0 142 &, OB A = SO R I 2 B 2 A

B1.2 Bl TRk O REE M R R, 7B S (solid-state laser)
MR R AA A B, — BRI, J)— AR MR e BB O TR
BRI, AR T SCHIRANTIE . PRI 1.2 A Y it e b 28 3 A 7 gk
BR. 73— Re s SR AL A Dk v A OL R 2R BUON BHE 2] (dye laser), B2
FABOGER 5 KW, B0 R R P AR A A R BRERPE Y . — L35 Qi flf 13 ik e
PR SR B AR 0 A SRl R DA A 5 EMARO G SR AR LUAR B A K 5 . SR JL RO &%
4 B2 2 AT AR XS R, R R B TR SRR Ty i HLAR 4P 2 2% . 5 F i 0 T &y
PRARLE , GeRbas SRR 2R, ELSCH B AN BE i i 2 1 PR R AT R I S 4

e PO GAR E RN GAT M AL A OGBS . R EOG S B9 RE SO 5
S AL R, BRI B RRZE N E] DA S E . TG 5 BOGERIE 14 = BE
BHEMMMRL, X FLAFEAME AN Tms, Q FF XM & WM AATAE 4% 3K 15 5 35
50ns MYBOGHK R, ML B Chefs fL 80O RO 5 8Ot #2eE [ R es
S TR (Pockels) difd ] BImT UHIRAES Q JFIC. FEX PIANG O0 T 38 Ik 15
TR FER S AR IR S . — BRI BRI B — ORI e . MR T Al

* ablation — i BA /-8 . YIJT . Bk, BLes. BEH. PSS L, EIERMEYSCIRB A IFEE W
Al cbenh ARiE B SRR T — S A PR 3 L0 A OO A AR S R AR M A, R 2 5 BRI A T
%, T ablation — 3 Jf 4k — B BA AN, FHIEBI BN AEMSE —HE, BENERT R —i,
B 406 Bk (photoablation) . 4 & F 4% 5 fh Bk (plasma-induced ablation) . %5 B F {4 8] 4% ih Bk (plasma-
mediated ablation) %, —¥#

< JE2EHES (photodisruption) JEFE H OGS FHE i T B A S nE R, HZ N S R RS E
G, BEDLEEAIL GO, B RWEREEOR IR, 1997, — %



1 % & «5.

1071~ w [ EEOES 7]
- A BREOLR
10— n
P
=
10—12 L -

1075 -

] | ] | | | | ] |
1960 1965 1970 1975 1980 1985 1990 1995 2000

4

K 1.2 [EHEOLSAMGURREOE 835 B ) R A 98

PIFRFE T A B A7 RO AR A BT (%) B8 12 380 Aok 32 000 SR T 1% ) e e, M 7RI
DGR I N R S BTN A B SR kb . FEBIRBCIBIE] R DR AR (RSl
B s B IR AEOLES (BB PSR G R, 8 X A g Sl
B A i 1e) 41 7 OO AR U AR — B, 77 AR R Bk e, BRI A0SR J2 Nd: YAG
WO, HOGHW SR S0 Inm, X1 58T RE S A5 14 55 J6 Ik 5 B
LA FERD, b, TRRMEOGE 0 50 1 3 AR T & B B O S 0 T4
M, WS Zhou 55 (1994) FEEKFE A1 (Ti: Sapphire) K Cr: LiSAF Fh{EH (1
R, HAEC AT LSRR R 8. 5fs B0k R, XA HFE I AL 5 LA B i =
]k B IR A 2 . 7E Siegman (1986) By —AZE AR EAH Ul W] 1A ik b= A=
) o L B R

1.2 ABREZEH

A E B H AR R A 2R R RO S AR AL MR
SEA I, PR A AR X AR R A, TR, B S
FUE . AR E GAELL T I

< RIS (lissue) —IFEARFBHR MR AEAL, —FH



« 6« WOLS AW LA AR ISR RN H]

——TEAN UL IO S AR Y 2H 2RT BE I RH ELAE FHBLBE A ) B 2 SR

——XEOCIIE R I BEAT T R TS

— H A EE O E 2 BOR bR ESEAT TIRANE IR

B 2 BT SO PR 3 B S i AH B R ALBR I N B o B A iy
P, XMEARFESYRAEH L RS (reflection) ., BRUL Cabsorption) 2 B &
(scattering) R HIEAS B B 2= R BRVEAT T FBRE . 4309 XX 0 B 10 B s b #E Ty
AR THEARRYUAT R I 2R 0 52 3 AT Bk X e B Y B R 2.5 1, FERX T
B, FETHE X FEMIEIL (photon transport theory) WP S i — 205 ) T H.,
BN AR B O A T . A T R RE AR AR S R, W Kubel-
ka-Munk i, 1845 0EE M Monte Carlo £LH17E . A X LK AE 2.5 W dkfT
AT A I A, JF B AT U0 B AT LR, R Y 52 4 ) A B Kubelka
(1948), Metropolis Fl Ulam (1949) (¥ 534 M Ishimaru (1978) Fr#fE & iy R 5
Jr

A4 FEAER D EA 3 T, A 2 B EREPIHEY BRI ER, A 3
BIRATRAFEAR R AR, BNEOLR A ER TR . 26 3 # LA —SERE G LY
PREAE LITIR, R 7328 07 F8 0 LIRSy 32 20 B2 B B O 45 G2 I [ R X 3
1, X —FHIH T 5 FORE AR BEAE I HLEE. SE4ERA (photochemical in-
teraction) ., M E{EH (thermal interaction) . Y& {H B (photoablation) | Zmx
A= (plasma-induced ablation) & e (photodisruption), =D Sy
PLBLERA T AN e IR 4 il T — SRS e iy IR SARZ R, Fetg— 5 i B e 4
0TS B PR I X A — R LB A 5 25 R A T R A SS . — S s
J1%97 4% (photodynamic therapy, PDT) FIHOGIE A LR BT #IT % (laser-in-
duced interstitial thermotherapy) (LITT) 258 A JEAR I B 0525 00 Bk g B
), X SRR S HOCIRITIRAEA G, e -5 G LA RO i AR R X AL 58 T
B, LG T EX R ZBURE R VAR NE . el BRI dm, ik
KPR B RSN ER ST (UV radiation) F=/ERVETEGR . Brh i id 1 58 TR
SRR SOCEW R T R X ], X RHEAT T AR RIS IE . IR T R A
BRSSP BR A LB 0B Y B AL . BT B TR A DOt g O
EFEROE/BLEE

55 4 AR OB 10 45 RN S 25 GORL X S I PRIV AT TR F R

w o ERAMRAR AT IR B K FE 100~ 400nm Z AW HLBEAR Y. SEAMRH I . KA A (UV-A), KA
400~315nm; %4k B (UV-B), K 3157~ 280nm; ¥4 C (UV-C), P KK 280~180nm, UV-B X T
B4 2R AN R BRI B A AR . WK R 315~280nm BYOGAR SF B AR OB AL S AN L AR
JEHLLANR M ST S AT 5.3 WHIZ W EHE, — %



1 4 w® 7.

RIERIY S EATAE R BN, Sen g8 T HOCTEIRBE, R AR R H
FERRBF RS T2 FhbR i 9 B QA R BEOEEE , FOLIR YT 7 G IR B bR 4 i)
b, XA AR TR B OB T E AR AT T U], TR R b R
A RO IR TT 7 i S R SR UG T iE 6T T . R, Sl fbse 17
JCHR S A POV, X —FE RS T FE AR AR — TR IR RS R, H b
I3, BEJE BLE A G T HAl — S H B I R R AR R S S i
F ARG RBEAT TSI I T BOR B IRXE K 2 5E I K . E ik O e 4
AR R P R, SRR B 1 R R B — A G IR PR B0 L ik

85 mAE TRHOCE e RBR M, BXFSEE G2 Bk N B 22 2 ROt
FEHT R4 B HEAT T MRS B HRA . OB AR HE R 2 BN R H A — LE BT
PR . 5 5 B R AL — St A T R RO 72 JTr S . AEX R
FRIRTT I3 B 25 i B A BRI . SRSk, 55 5 BOMBOLIRIER AL T —A
EFEM S, Wz 2R EEE R U — A I =

1.3 jEH

AR, LT R —TUREOR R R f Yo 2 BN SMRR B AR MR E G, B 4
KAV A0 e BRAYE AR A I W, B R XA RO R IR AR 2 . S m e
AN B AR R AR R IR — 2, TIFRAT T e m Ao . X — i R A — i
BG5S 1 Aron-Rosa 55 (1980) fEHRFLH iy 5| ik G BB SLHOL 4% .

BAE C R BOEH T 2 M8 00697, (EJ2 B4 B9l RO & A e 1789 6 H 2=
Z AR HOCE A OIACE o A K2 B L HC A o S A SO0 25 5 1 B e Al
BRS7 L R ENTRVERT . H/NERAR R RO 2 S5 e T TR S A m] N A,
L I MerDt L R ] AR mAMRHE AR BR T RE Sy, 2P mE, ER
(1) RIS [ A S5 A [R) ) P 9 25 T LAAS 21 A4 2H UGB TR 6 B — e 1<, i
Had—5E 2 % R th HAB B s EoAR R ATk, RIMES R E T 1A LA
AP A —E5E 4,

Y, A RS TR S R TR KRB AT IE R AL . (E X Fl
PEL R AR T AT BN VE IS YRR . S5 BB R 2 SR 4 R 2
RIS — 2, A5 BROCE P AR M B e 5 . T AR sl SR} AR B
A K, BodhE i IEE NIRRTl FEUR SR A RESCEL



2 e M

TEATEFT 515 A TR e Y B2 BOCHE I I i B I A 4, X
BALHE By B TR 2 0 T ngVE R, AR A 3 SOV KRS 3 Bt WIBRE
g L 2Ry S R T . B 2.1 S — A R O, RGBT —
AR B BOE b AR A0V T RE S W B W T Sh AL

— SR T

— M

—Hit .

RIGFEREER (Fresnel's law), SEFFATS B UIAHC, Kk, XM~
RO AER —ragid, 2.1, i gol 2 B a iR . EHOEE
NI, A5 R Y 4 BR AR A UK AR DA B AR B AR AN
JERIA BT, i T MR R ST O AR M

HUA R R BSR4 D' BT ) B3RS ARG 1 % 3 W2 01 RE AR T2 e 4G U
FEATAR A, BEHHOCMA S OCRY R E Z AR A EHF b (transmittance) , 7E X
S0 B h AR — R AR 3, X BOR T AR RSBV A S E R . IE
MIATHAELUG BT B, BRKEIEFEENSE. BERIETH R, Wik
FEC R, Pt s due S48 B R 3R AUEE R R X SR P L T 5 AR
REEEE FARH T . 0 — i, BUN RECSEK N 4 BRI, R 2.3
TP H A U IS

TEBOCHINBE T il B i A 0 A 2 %) IR AT A 3 AR PR 0T F 0 — Y B R0
SYORARHOCHERY . S HBOLER BOE Q0 25 B sliw B b i 4 R AL A IR & 52 3210
RM TSR A A E L, BRIEFEER AR DA B, i F e AN S EY A
ZURRZARRR RS AY . PTR80S 3 FH T K 22 50 ] A R A 1) 5 3 ) 3B OC &R
b SEBs b, AEYHARA S MR R T SR, X R FRATER T AR
ZRONE A TR S B SR

© OGHEEY AL LR S AL A O, el g A, SR A IR A S R EB,
7 47 5 256 2 41 200 2 FH R 7 4 20 B0 28 S 4 A7 HE O ) Y S AR 2 L AR ) AL SR BT S SR A0 0 ek O A XY TR U
1, PEEX AT T 29K, PLAEIEE (FresneD AXAMHISIKIE., A S-AL R oM 4%, A9AR
R By S 23 0 A g SR G PR o B AR WA S I S R, IS XS IR EREN S E YR 8
16, —FH



2 SempE -9 .

)\ﬁa‘N o
&

e ~
B - \

EHL

B2.1 b, I, WORTEUS LG R

2.1 BRI

B&t (reflection) & N HLBERRSTMEASI R AR 0, — MO0 T, Rt
T H 7 5 3RS (] A I e Ak F 40 B0 S A s RO 2 AT A 8, T B S
SR RE R OR NSRRI S5 G R R e 5 U R T R LA A 6] — P TN, FRZ N
NS E®E (plane of incidence), X5 EFEHEH G M 0% T A 0, WmE
2.2 firs, RBXH

0= 10 (2.1)
FEE 0 RN 08 RIEL 0 5 A G AR SHCLR I I/, HTREATRES
SRS AR FEAR /N, PO FRATTIA SRy i e T 2 D63 1 . Xt 2 T 8 1Y 8 T O 5
(specular reflection)

AHEL, 24 B S 2T )RR B2 5 A AH 2 R TR A A I i, it 38 e
(diffuse reflection) , XFERE LGS IIVF ZOLHRIFA — & 4b T W] — A1, A
(2.1 AHEH, BRAHRAYHNN—DIERIBER, RO BENTRA — ML
J5 S5 THT (4 R TR IR AE (R 90 THT . R AR 140 75 00 2 A Y 8 2 3 T 4 i 5 59 T g
LEPORLY R N

G (refraction) 18 ¥ H BU7E W R B A A [R] 47 565 3 59 4 B 19 Sz S % 1 3 At
Ab, BRI T RN, CHINETR/RERE (Snell's law) RIS
(LSS &S W BUR/AE= T T

« HTRJREE (Snell's law) B4R, — % &



« 10 o WOCSAEYHLSURAE AR LN

NG

=2:0)

Kl 2.2 Baif S A i g J LA oG &

-

BCH OEYTH A, o Ao A3 BRI AR RS SRS A b R, AR Y 4 S
RE LN

¢
n =<
v
n =5 (2.3)
v
Hrp o FotfE B PR, AKX (2.2) B
nsin0 = n'sin@’ (2.4)

HA sin0>n'/nit, A3 (2.4) Ao, XEERESSHIITH ., LB
£ R & (total reflection)

RMEH R E (reflectivity) JE X [ GRS R, BE VRS AS
HIIRIEZ L, REFTEE (reflectance) JZAHNSREEZ L, DIGAE T RO R HF 7,
P 5t AR AN S FE IR T A A L 40 S 1) D I 2 L R g i 5 3 i R B 3 5
B 5t A AT S5 19 5 Z il i SRR HE A A . TERX AR E, FROTR AU B AT T
WIR I R B B EANEA Y B0, R T n] 7 HA SRR R, A G
S, FFEHERB T ARSI .

Esf __sin(0— 0"

E.  sin(0+ 0 (2.5)
Er,) _ tan(0— 0"

E, " tan( 0+ 0 (2.6)
EZ _ 2sin0"cos 6

E. sin(0+ 0" (2.7



2 Ry R .11 .

!

E, _ 2sin 0'cos 0 (2.8)

Ep sin( 0+ 0" )cos( 0— 0"
XH E, ERUE"SREASE. RGO BRI R BRI, Fhs “s”
“p BRI WA, 87 RonEE T AR CkAMEERNEL
“senkrecht”), “p” FinFATT AL,

ASOCE Y T R P A T AR AR TS0, A AT RE Uit
5855 S OGERAR TR, DR A R B P 2R, (HIOR R IERA Y, R R R
JE R SRR A T AR T 2, PrgHOE AR MR bR T A Z AN 5 AR
R CL MR ER AR . AU SE R A SRR i ST AR . AR AT PN Y S S
e T

El]®

RS_{EJ (2.9)
El 2

R, —{p} (2.10)
E,

Kl 2.3 e BB e ROF R, A AR A B0 pR B, BOE 23 SORIK Y 3 55 3 00 i) 2
n=1M n'=1.33, BL, P& 2.3 FRlHd T = i i 52 m 5 4T L

100 T T T T T T T T

[ P EETAHTE
0L  p W : PATTAEHFE

60

& (%)

40

20

% 30 ' 60 90
NGHh ()

K 2.3 7K (n =1.33) 16 s VAl p FHif RSt

R,=0 MAERNFEHEMA (Brewster angle) , TR S EETF 53°,
I AGE 0=0, WAFmEBARE LA R 2%, XAMEARTERA (2.5

< JEAAEB, AR o, —



< 12 o WOCSAEYAHLSUR A AR LN

AR (2.6) HEMRH, FARA 0=0"=0 RS M mATE . (1T 0] R
TN TG PR T T B AR O R 0T AR AR, FRATRA (2.6)
T IE Y IR XA S

R,~ R. =

sinz( 0— 0" | sinfOcos 0" — cosOsin 0| *

sinf(0+ 0 L sinOcos 0 + cosOsin 0"
MR (2.1 WA TR EE LA sin 035 o' A0 sin0/sin6", BME n=1,
R R

(2.1

n/’cos@:—cose} e n: — 1} ’
n'cos0 + cos0 n +1
FEIEEAGHE, XAUMEAE AR, Bk, RA o' =1.33 731
R, ~ R.~2%

TE—SEOL T, WRADCA S X AREZNE . L, NEERROLR e, X2
7 SN IR SR B it ) RN 2 — (SRS 53,

IR AN [ 8 47 Sk 38 FURE I 1) B2 ST EU A 2.1 v, AR B S 7 1 5 R A iy
HBLAE 2.9 6. Ot b B A AR AU B0 9L, WY
KT i

R2.1 KEITHRFREIEE (Hale & Querry 1973)

R, =~ R, = (2.12)

P A (prm) it % n AT R
0.2 1.396 0.027
0.3 1.349 0.022
0.4 1.339 0.021
0.5 1.335 0.021
0.6 1.332 0.020
0.7 1.331 0.020
0.8 1.329 0.020
0.9 1.328 0.020
1.0 1.327 0.020
1.6 1.317 0.019
2.0 1.306 0.018
2.6 1.242 0.012
2.7 1.188 0.007
2.8 1.142 0.004
2.9 1.201 0.008
3.0 1.371 0.024
3.1 1.467 0.036
3.2 1.478 0.037
3.3 1.450 0.034




2 Stmy B .13 .

23k
FE A (em) P& n AL R
3.4 1.420 0.030
3.5 1.400 0.028
4.0 1.351 0.022
5.0 1.325 0.020
6.0 1.265 0.014
7.0 1.317 0.019
8.0 1.291 0.016
9.0 1.262 0.013
10.0 1.218 0.010

SRR AT LG F4 9 PRl A 7 85 25 45 R B O B SRR 2 5 1Y, EL Dy R4 AT R 4
SRR PR S AR, Gl T OO BRI, XA R AR M) AU i R
AR RE RS . A= W)L U S SR SR A B . RSO T . K3
RAUEHIEAG Y

2.2 Wk

HI TR Cabsorption), AJJHHLREIBE 14 98 J32 A 30 2ok B — /b B I 2 8080, A oL
HI AR UL Z  (absorbance) #E W WO BE 5 Ao BE 2 b, WSOZ B T3 40t
REHE N HGE S ECE WO RL 2 I SRR RS 1R 1 . — A58 2@ LA i A
VG i AR, B AN T b i A S R S RE B 5 S S R RE LR A A 1Y
TEAEY S, W] WO R A AN SRR BN 2 i BE B e . AR, A
FR A IUT- B R A AR S AN E 61

G M AR AR, PO ETER R T A, flan, A A
acRAR, FEERKA R, TELLAMR K TEE N R s 2 s, P, 7EX A4S
JEIE VG N XS AR Y R R IAE, PR b, B — PP O T L RE B 0
APV HERR N “FEE” Bl “REL” 1Y,

TSR 50— R G T P 68 B A DA 0 i R S U AR B AR AL, X B AR
PRy — AR, FERT WG AL T . X R BTAE TR AT RS rh BN K 6, T
BRI, 2 A8 0 R S I A WS LS AR A M s, B A A AR S B b
A TP, @, REMREBREEA XN, —BORUA IR OLFSE
Yyl — g SRR AR 0 . AR R I, R7E S R o R i 2 S5 A



< 14 e WOBSAEY SRR AR SN

FET ) J5 I 2 RN RE IR . AH S, RTBER A REA S0 R, B FE R T U
o, X552 (2.12) RS C AR B A X,
IR W REAR S R RE D B TR 2 R, FE R H R M i 45

F L SRR L W I JEE R RN PN T S RN IR R B ORI vk . BRMB TE 2
(Lambert’s law) FIEE/RERRE (Beer's law) JEPINZH HEIM &R, ©A15 514
AR (1 B R AR B AR W O . R

1Cz) = lbexp(— az) (2.13)
il

ICz) = lexp(— kez) (2.14)
X 2 TR, 1 () B 2 AR E, L ERASOLER, o B4 BHK
R c RRBCGRIAREE . K BR TR TSN S5, W
R A — e, FrL e A Oy BAR-EE /RZER (Lambert-Beer Law), M2
X (2.13) FATATHE

1 I

z= —In

a  ICz)
W R R o BBV BB B FRVE K B L,

L -1 (2.16)
(03

MAEE RS 2 AASREE 1 C2) BERIASRE L 19 1/e B, 2 AWK B,

AL, W FE R KT RE AR AR @R ER S oM,
FELLAMGIE X W 3222 th K A F 5 1S . 28 11 RN €838 32 B0 35 1 45 SR 2 Al
AU, REREE T, MRS Boulnois (1986) FTik, BIFE 280nm PfHEA —NK
W, K 220 U 4 S0 F B A K SO TR AR 3. 2 T A IS FAGRE B AE
WL 5

P 2.4 SRy R b LA A 4 W AR 1 W W3 . B AT o i) s B 3K R I 4T B Y
(HbOy) . BEFEARMIARGE, M HE BRI AR EE £ LA
(chromophore) , B AL 28 BN AT L 5¥E 1) 45 A28 5 1) B [ B8 0, 6 1 45 4
AUrh FERMLAE M, BN AR BEZ A 280nm, 420nm, 540nm Fl 580nm
Ab, FFEAEZY 600nm b HEIRER IR . RZ AW T 10— AR EAT7E 400nm
600nm Z A A7 75 R A R G548, AR UL 21 40 X TG 8 2 K 40 F 38 2 7K i) W JAC 4R
AREEZL, YRITE 7 RERIAEZ) 600nm Al 1200nm Z 0], EX AR N, W

(2.15)

o IMLLEE R IE MR IS MR E I, A A REE, Hh RN o BE, BIRON BEE; BN
LeE— A WARMALL R IR, MLE AL IER 288, Hrh i A R LM 2L s B 4% Fh 50 288,
TR A0 B o £ B LR ZL 1 C P

oo EEEARBRAEGYPNERETE., RO LAY A GRER, — &
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S AR YA AU AIRARAR ,  DRHAT DIXHCIRJZE I B AT IR YT

—— maE
— A (HDO,)

10 000

1000

100

I RHL (cm™)

v | 1 llII/III PR | T |

LELILE LA LI L

1 11 I 1 11 1 I 11 1 1 I 1 1 1 1 I 1 1 L1 I 1 1

300 400 500 600 700
K (nm)

Bl2.4 kb B R MmBh mer & (HbO:) MIWIOEE . LT8R 1 AAR R I i
TE 280nm. 420nm. 540nm F1 580nm &b, %3 A Boulnois (1986)

Bl 2.5 5 T = A~ MR A W 2] 2L WSOk X A A W AL 4 A0 O R B
WL ESBREE R AR P R R RO R I A R YT 4 R DS X8 g LT
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