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Evaluation of blood coagulation by reflective laser measurement
analysis

Student : Shih- Jie Yan Advisor : Stone Cheng

Abstract

The analysis of blood coagulation tests is an important basis for surgery, cardiovascular
disease, chronic disease complications and hemophilia. It’s always use the automatic
coagulation analyzer to detect the blood prothrombin time in tradition. But, the automatic
coagulation analyzer is so expensive, bulky, higher costs, and the long duration of detection. In
recent years, the direction of research in the optical biosensor is to test dynamic blood
coagulation from a standard blood sample, but it’s required fairly wide space to set the
experimental equipment and environment. Further, it’s often use the CCD camera be receiver
in a penetration type optical measurement system. In order to show the dynamic curve, these
signals need numerical calculation in computer analysis.

Therefore, this research is mainly using reflective optical system to detect the human
whole blood coagulation. A 635nm red laser is to irradiate the whole blood of human on the
reflective mirror, and the feedback light is received by the photodiode. Finally, the light
intensity is converted into voltage, and then calculated the trend of the voltage change. We can
achieve the purpose is the coagulation test by analysis of abnormal coagulation and clotting
time length. In addition, our optical detection system is less demand in both whole-blood and
plasma samples. The most important is that non-contact detection can reduce the effect of
clotting mechanism. It provides a fast, convenient and low-cost optical bio-detection
technology to the biomedical sphere.

Keywords: clotting time, clotting mechanism, reflective optical system, bio-detector
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AE] i 5 R

)3 111 B

SENWY 5 (Ca?")

#1+ V LO7 £ SR i

)3 VI e FS R A R R AR i R R
eps

)3 VI ik %R d0 A(AHGA), fis % 7 15 A (AHFA), s

AR R E L SR ES VI A

73 IX s 4 Bt B(AHGB) - 4wk 4 %5 B(AHFB) - s

i«‘},%'ﬂ:* IX & B

73 X STUART(-PROWER)-F + fi ##s fis & C
73 X ROSENTHAL 15+ - fui % 3k 31 C
55 X HAGEMAN %]+ - % & 7]+

ES & g T S

KF]F VI A% 1 hF] Vo g Bof B3 Ve Lodh 2L 515 VILAES Adld 0
#LFF IXPIES BAlE 4o 7 B Bk L F1S VIE& F15 X 6 i

ve R i



PSR 5 o 3RAS

FEEAR
XII Y XIla
XI i/ Xla
IX l IXa
v
+
(4 #5%)[VII ~ IV ~ PF3]
[[Xa-PF3-IV-VIII]# 4%
B 2.2 R Bt b ik fe
I R R o 3RAE

VII

11

A\
[VII+III]# 44

B 2.3 *HiRpEEe BT

10



$ 7] 5t o 3248

v

!
—

V~IV~PF3

W
[Xa-V-IV-PF3]4 4 #

BHEFaR

il Ila >
l TR
XI1I XIlla —> iw
R BMEEEEE

Bl 2.4 = I stm Fa
sa &% % chjgcis ik (Active Type) ~ 5 | # F]+ 3(Platelet Factor 3, PF3)

PR R Eéii{#ﬁ)}ii Fl 20 dop By o Fos g N R paiE i
WEE B ¥ & o Bfa s FF X A= 55 Xllas 5]+ Xlla » jgeis 515 X135 55
Xla> F]F Xla &FF IV 5 &7 2 @ 7]F IX B 0 3= F]5F IXae & i 73 1Xa &7
F IV~ F]3 VI 2 PR3 35 & 3] 24 &40 [IXa-PF3=IV-VIII] » X i & » £ I 4t 84T
i F 3 X s o A2 FF Xa o

R BT F G R g A e & Caeni T 0 B I

B TS VI A28 & VI 0 2 6 i ~ 2 gt T @ 513 X s

SRR R R T RAMRRRY 2 A VRN

i<

B R BT R TG
ko o fFd Tl X s ¥ Xao & FF Vs Fl5 IV 2 PR3 iy AT 448 &
$[Xa-V-IV-PF3] » st 4F & 4 ¢ #-F]1F N5 fF)ics 5 713 Ha(Ea fe ) o B 8 3
BRELLVAMAATY c VRMEERY 4 28 T ER FF 1 HFF X g
B0 wFF Xllla g 5+ IV g & T o fpiianh e g 2 e X s A2 TR
EE S RIS R L EN N PR LRI S S T N [

B By 2R L 7
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2-4 5 % Ap B PR RF 2K

2-4-1 &« pFFF (Coagulation Time, CT)

s pERT (Coagulation Time, CT) [16, 17]* # % 2= &R (whole blood clotting
time) » EAp A # %ol AR B & G BKfF LS o WP N RIS BEAREE 0 (s 2
BAFY PR RAFTEET R BEFR R ER R F Y 2 FA R
FEP E I g P2 (Activated Clotting Time, ACT) o i 32 8 2 £.d # %4 & 3mL
FEREAINZIAABEE Y 0 M OERL B R R R TS B
AR BT 0 BB AR T BRI o dn- R TS L R P o e iR
Ee s AATR P RAREIS c mE R ORI T 2 EFARRERF o E- G R B DA

EHE b o 'Mf_-i—_’? PREA-S 18P BEEE 'ﬂ’**ﬁ-ﬁ%zr Lo ok PERT L ‘Ei;é‘

F_‘.
w
\Fm

T‘j’
e
bl

2-4-2 Eiv s PR (Activated Clotting Time, ACT)

TR PR [16, 17] 3 A= e 1966 £ d Hattersley 28 & o /& (i pFF A& £ ¥
KE RS R R TR AL o R & o MR A A R T T R N R s
e RA A RBE FE T F VL L EFFRFF (Partial Thromboplastin Time, PTT)
BAFFFLF]F Xa ER o A R A I0E G 2 o SRR R R R e T
A s R

ACT eifgip] = 2 5 > fiRPla2 e RAY dor 75 B0 A (P2 - 3%S 3
ML) AR BF P E R T 0 @S RO o B s R P
. Bt oo

ACT %2 e JF ¥ 5002 b o33 A4 S84 3 §7) 3 5 RehiE o 19453 b §

_ﬁ

Fef ACT iRl > 2 3 piziEs 7 o 3@ F 4 ACT chi B 2 #1385 s R &2 F
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A £ & he 24180 B R DR E LT 0 &R ACT & F4F &— TLehio | 7 -

2-4-3 B LML i HEFPFRT (Activated Partial Thromboplastin Time,

APTT)

B iL IR A s EfEpE P (Activated Partial Thromboplastin Time, APTT) [16, 17]4 &
A KRR RS BT o B ARPID E G b jf( P Ao~ BF A I AR B e
R R EEE 0 E b 2 i B e S LE BN R R BT IR o [ e M AT AR T
RGRF TR AP R T S R SR A G AR P o o BP W SR R R BTk L B
FhoERF* RSB SFERER S AR ETR Y U EA IR o APTT 5% 2 2 4c

B 25

Ixa + VIlla

1

Xat+Va

1

ITa

— T
Detector U Laser

B 25 APTT 2% = *
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APTT #5% i % 2258 i R 5 (Prothrombin Time, PT):5% - 42i8 (7 > PT 7 $4%
s P RSB TR (TR R 0 APTT * 0 pl it Ak 2enRFl e A F R P R
Flindid ~ Bl s Bt E fF den F PR ER S £ & (Disseminated Intravascular
Coagulation, DIC) &5 f d i F1F i if £ 95 Bk e e d2 g » 77 & Ldes®
R B ;I;Ug 7 APTT ] ©

APTT 22 ACT - f » 30836 RIM4 & L8 & it B4 # 4 ML Sendr ) ok
Soom A SRR R Y R R RIER  ACT 3T TR ORI g2 AT
Beng o FL T R KT E R SRS R R E R AR T g
AR o g APTT & FACT 1F & & Rldn e

L]
S

AREFRT CAPTT Rsk 3 v ¥ 300 F 2 0 TRl 1§ @ % < #ESFH

34

APTT STt B % » gtk A2 T » #p it s g g+ ACT 5+ APTT T2 Eipla
E o218 * M a 3+ £%% 4% (Low Molecular Weight Heparin, LMWH) #* >+ H {s j55 pF > il
¥ARZEEHELTR

MLMWH # 03 24015 v 2 ~FFFIRF R 27~ ~ Wi gE ~ v RS 1T i

Finfu A~ R R S
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2-4-4 # & BF¥ R PEF (Prothrombin Time, PT)

# e fF Jr (Prothrombin) [16, 17] 8 & B 5% e 847 A€ & e FlF o Bo fr o
B E AL A F K iR FF 2 - o AgiE s FlF V fed b R H @ e

WP 3 RS A G T e ehiE T RS R TS X A G B R N 2 e BT

H & 44 2.6 ©

Tissue
Trobomplastin
Prothrombin »  Thrombin
Ca2+
Fibrinogen ¥ Fibrin
y
Clot

Bl 2.6 5o fiF R B R HS)

#x s fa P A (Prothrombin Time, PT)& 45 f sk i @ 4v » SR &l (5 53 ) 18 > i
FEREi 2 e fF R L R RENE PR o - f L 12 =144 0 e BF - iR
B 2R R RPRA R L F B P A s BRI R E INR
FAFTAY SRR ER SR B SRy FondlE e R prR PR L& R
Blh R AL RS e FIFEEFRF oA T HEL FIF AL -V VI 2 X e

R L R R PR R BT JRPLEE B Y hE & ik
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A 228 % RS AR A PT e APTT 25 % IR o

# 22PT 2 APTT gk~ 47

PT & | APTT i | ¥ it i ifyit i

4t £ e e PR B4 F KRS VI 7S 50 a1
a4 £ VI~ X~ X F] 3 8 5 840 s 3 3k Fusa 47
I~V X F] 3 s Sk s i f O MERR
£ it
i ~ DIC
ol EHETE L FERCE X FF L H R
N3 ¥

Bk BT R L SRS R L S

2-4-5 R % v 1L i@ (International Normalized Ratio, INR)

1980 # 4= » £ fir 2 e 5% (World Health Organization, WHO) 4t i~ te 48 % & & ¥ 4
BHF R R AR R R AR R R R R DR R AR g i
(International Sensitivity Index, ISI) » & #-ISI & £ » INR 2> 38[16, 17] o 2> 3840

ISI
|N R: PTpatient
PT

reference
H¢INR = FHEE 00 8 > PToatent = i & 50k {8 R » PTreference = & ¥ $1P8 s
Fe R PR o ISI = B"EATR 4 K o
BB A8 2 kPR EL S o2 F 4 INR S 08~120 phjIRY v
PRy A H INR Jis /%0 2~4 2 > 4 INR>4 p] ¢ i$ % D8k i 5% 0 £ INR

<2PI g FERAFANE G o £ 23 AHLEESINR E o
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% 23 L ez INR 4 F

22 INR
it R EIERE
# [Fl
TR R 20-3.0 + 4y
sirElE
EE - Y RY R 20-3.0 < 4y
¢k
Fofugs (T g A g A 25-35 £ g
FHEH R 25-35 SN
NN ';’;’!%Fl‘ﬁv ~ @_ﬂ_ tk:’_‘_:‘u‘
[ Ceat
B 2R R T
CRERO 25-35 =N
SR Eo N O - O = =
%25
E
NI -t | o FERS s 2w B
20-3.0 < Hy
2 ' Tl A R O 3
e AR s 2.0-3.0 Z 2
oot i P B AR 25-35 + 2y
Rk AT-Nll ~ 39 B C & S
£ e FF
e Frupe A E 20-30 + 2y
R

2 Jadk
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246+ ¥ L PR LY

224 50 F RS R LAY E

%24 PR PR LY E
bl = % P
W 4 ~ 12 (min)
FEE 15 ~ 32 (min)
e 2 ~5 (min)
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25 RRIFE AR
2-5-1 # 1 ;% (Method for Manual Technique)

SRR R G 3T7CH G AR R A YRR o R RUFTE 2 At
7 AZi 30 4 4 P&iﬁ&BS#ﬁ.ﬂlkﬁmﬁ -ﬁﬁiQmLﬁﬁi
F oA A 0.2mL e ¢ R & BAeit P B RIS T > WL G IR PERT

EREE - R AERS DA R AR A ALE L) R R A TE L R
[18] -

2-5-2 W 3§ i

LY ST R IRl R T A o R PR
ek B R . g

i HJ

B 2.7 $g4t 5 2 0 %4
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PRI B PE 0 Hed K aE R HIRTL 0% s R AR G AT 0 SR Ebia
20 i’?ﬁ&‘j‘fig AR K AR > B TR Bk o 40d R A L B, ppEird kR A

2|55 100% 0 4= 5 & 50% 1 5 & RARAPE o fEd kR Bk L T

d e Tgdd Ao de§] 2.8 -

% 4% % (Fibrin) &

(2) #& it B4 o K5k R R B GE
(3) # it frif (7 o
(4) Fibrinogen j& > » #& (* 4830 fr i
() F sk > #cit L5 B3 L o

2R B R st A 47 & (Sysmex CA-1500) #7i¢ * chfghtil J§ 2 ¥ fipl ) %55 B %
Lol 2t PR E SRR 5 RERH 5’%‘2’ X @PIBAOFARRE > T LF kR
Gt £ ¥ Sysmex CA-1500 ¥ — =t A 47 5 L kRl - Spmik R T > AT

ot A F R Y o AR A 0 s e R
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Bah i A A BT o JEd R AR DRI BRI RARAPFRE - B RS
PSR EF A S BRI T F o RIRIFE 0 3 R Mg Ak R
PEE 53 PR R AR N R RIS B A S AR KBTS G 0§
T AR H gk R ad R DB N ERFHER - 2P

7

ERRARR AR

% % e ] 2.9[18] -

B 2.9 it g ik R

AR O~ e A (S 0 B B 3B b

) ¥R

R B AP 0 ek 3s B
A2k R A RARRARSE - KRB R R AR AR B DR B
T{?L‘a%{l}i% -ﬂ %TL » gL Fj%tlﬂ’{%%é}i}!]'&ﬁ-é 0% > j;u 5“!‘& 50%1%:\%“&,—/&&%%}%@ . %E;

Y R 2

P BRI S T MEL 0 Sd s B A AR o e 210 0
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FRE - § M3 425 8
(2) # 1 B 4> > Fibrin %
(3) it Aeig it is
(4) Fibrinogen j >
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2-5-3BE = w R RIEB L 7 (Piezoelectric Quartz Crystal, PQC)

Tzong-JihCheng[19] % + » £ 1988 £ 4| * BRE - B R R A 173 R AFRL » T
£ Rl fF i pF R (Prothrombin Time, PT) - 2 R 32 & ;f‘”gri BT AEDL D ddgR TRLE
- RGOSR B RT A SR LT d e BIE ER P R hERIERD
R BB REY T - endg ) THREE LT SERAIRELF R E L alcdy

PG R ERPER o

oy | o

Plasma F caci, |30 sec

|

O ===
(ol

Bl 2.11 PQC & &%l %
A8 i Bl 2.11: L 200 L ek FugE s 3]{‘1% & %2 20 L = Tissue Thromplastin
(TF) @ ~32g ¢ mE v Lhen 20uL hi 48 (CaCly) i 30 F) o #-F Rl HF »

PQC + #Pjis fs RPFRY o

9999k —¢
Jplasma dropped onto sensor

7 ; \ /ﬁbrm produce&\

= \&/

o
@
2]
x
/

9992k

Frequency (Hz)

9988k
0 200 400 600 800 1000

Time (sec)

B 212 PQC F S % % ¥ &
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212 s BRTFERPIESTNES o &5 5 i n ini‘” PQC } » R &g 51
# T o 270 §5PF > 4% Tissue Thromplastin jF » iR & (S et & o ST B 4035 T %

X250 4y 0 ARESMRARDIFE IR o - SERT o & R EFG 300 4 -

2-5-4 3 & & E’Fe‘— =i (Surface Plasmon Resonance, SPR)

Tt E R Lwmn B k& £ ¥=:;* (Surface Plasmon Resonance, SPR) [8, 12~15, 244 & £
Be* i - 2FRRIE TR KGR R EL — B el 03 & -
45 Renz & s ' E T 404 (metal layer) > 2 B A EHERPN 73 4R R
(dielectic layer) o I & * PDMS & 4~ + 4L @ 1% = 2 fginif 5] Hplsfd R AL & * §
FHRAEALEBET 340 WM F - FIAR T EERSY ki (polarizer)?) = Ik 33
o AR HIEREI AT A D2 E 2 T LR AT R LG T
% *&‘:ﬁ%ww%;;%ﬁ??/ﬁ%ﬁa A2 TRIR A w %‘::]T%—f%i)%’i"‘é%“%‘i%é
CREFERARADIAGICFL R BRZGERGrBR) TR AL E 2 e 4L
(Evanescent) o i ¢ woife st W HEE 1S > BB Iy EHENEBE L o F R g
R W gr i SR R S ﬁ“B-ﬂf%gcJ WA RIE F SRR e R 2 RN k)

Bro R e AR R SR B o i R PR g P 4o B 2.13 -
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Polarizer

A—f (>
Light source |~ } { “9 ______
Vo /\
Cylinder
lens Waste
Sample P—
//i;;\\
Index fluid
| | Glass slide
’ : ; Gold film
f]/ Flowcell
Inlet
Outlet
W 213 #5 TRE R RE
5 - Coagulation response
s, 20 \
2 _/"_'_'_._‘_”‘
(14
E 15
c
S N
o 101 -Recalcified plasma
(=]
A<
Heparinised plasma
0 T T T T T 1
0 200 400 600 800 1000 1200

Time (s)
Bl 2.14 SPR 4 5 1 %
SPR F % & % 4o 2.14 #757 > 2 PP > Gidh 5 378031 > A 0 AL W B 4
$ht EAE W2 B R (R4 BN N AR 0 B - FEERCY 4 R (PR )R

ATSEE AR AR S AR 0 B e M ATARS (50 R e B S A RS KT

3

P BAL ) IR R LR PR

ET

fg > gt
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2-5-5 § &k 475% 8 & #7 (Dynamic Laser Scattering, DLS)

Wacheslav Kalchenko[7, 251% * » % 2007 & | * § 543k & g 47804 472 Z R RE R
frn AR TF LR gt o DLS A & *F N RE B - BEAITAR ST KR ZIRFE L
TReni@d o LiRPIEAEY 0 B AR Y WL R 7 23RBS BB 0 A on R BT

B R LR AF R FEEGRR R D AR RE 0 TR

=i

WERIEEATE L xR EEHEnd > G- ) a3k B2 nd o B 215

SERAEERe T 34 VAR e @R I E e Al RY Es T UR

i n eaynds o

‘ 2 sec
? i :

W21 BEArE |
CCD Camera |

3

700/150 nm
Band pass filter

< _>lens

Diode laser 670nm
532 nm DPSS Laser

‘/ 2
Dmuse/ sample / e

Mouse ear preparation

1 2.16 DLS F 5% % 1
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el R IEES > EFRFHEICR 216 F % ER ¥ 670nm § (i k, 10mW)

Tofw ik PFACE 0 ® T Si TR A o i F # (Diode Pumped Solid State Laser,

DPSS Laser) (% &, 100mW) szt * 8 5 & 8B & cow § b 4GS dEpcerdl § 0 4 fade sl

i 4] o & CCD Camera # *c § — 7 il jjg % F L% & DPSS Laser = =t f ot o & fd i *

THMB A SRR L R TRIL LS 2T RS

Laser |rrad|ation

B 217 § bk G 4o A 474 %

B 2177 > L b ML WG L Imme & - 2 F AL fid#kco0~10 f) P
DPSS Laser # + & 8t o 11 ~ 20 f* + B gc DPSS Laser f& 51 ¢ & 813 %33 4 jcif i - 21
~60 ) PF > R Fod EprA S o G LR G A ATl AR L R Y e KA 4 3
EXenit By g EIE A ] TR % 2 R RRRIFR TF 0.3mm > F £
b - B
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2-5-6 kst & & iB| (Speckle Fluctuation Measurement, SFM)

Yann Piederrie’re[5] % 4 » #2004 & & * kpajd & £ p| 12 2hiE 0 a2 ]3% e
Rk AL GRS ol B AR F MRS L R FRS T

S - XA S edeit g kA 4 o B S empdnd > kSt B R L wn

3200 : 2000 1 lI 0 1000 2000 3:[]
W 2.18 kil F
¥ # = & § (Brownian motion)iE 42 £ — & ¥ f& 4 & ol B0 F g s WEF Y

Eh PG T T REP AT RS e

BARHE  4IUPM T ok %
|_| | Oscilloscope
HeMe [ U | [0 . :
AAE & Sample Pinhole

LT

MNumerical processing

Bl 2.19 SFM 7 = 7% 4
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3PM(photomultiplier) & & & 5 $+% b sk ~ 7 Lk foif i *h kR SR TR E 5 H o
Ty A~ Ik LR T R A 108 R o RSk LAk E -

B 219 5 SFM F % 28 45 - F S kR i¢ * He-Ne Laser (632.8nm) & 12 5 i 34 5k 5 g
Vil = ;**liﬁ—i A AT (B )tk )i R RHF BB A ER
R B R 1 o gt R R 2R S e BT 37°C

B 220 5 SFM f %% % > K LR 5 PFR(S) S HR 5 S5 R (aU.) ° 32 f) 4 » sk

Ao 65 Fite Bk o Bu BARPFREA LR Y RIFT L L BR

=28y ERN

0Bz Etdth
A .
) |

Light intensity, au

0 n o 0 A & B0 0 80 @0 10
lime in gfconds
- - v v - T 1

45 v ' v ™

|

W "‘ el *’.

S 52 ‘-ﬁ 56 > fl 73 fﬁ
lm in seconds

Light intensity, au
=

B 2.20 SFM # i s B %
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2-5-7 % £ 475+5k £ 45 (Multiple Scattering Analysis, MSA)

Magalie Faivre[6] % % » % 2011 # 3% 2 5 € 4ok A 45 o AT § cha & P chE _ff 1

SRR IR L2 GERADEGR 0 A F LA BRDS NR Y fﬁ{ffiﬂ“i ¥ e R

70 MSA gt BRI -~ L 52 - B 221 5 MSAhF %42 2o koa

Camera

Webcam
Support
. for the
sample

160 pm high
fluidic chamber

Y& %ample

MSA #7i& * § 2% %k = He-Ne Laser (690nm, 10 ~20mW) » 5 d & S44 i F 54k F

Laser

B 2.21 MSA 7 5% % 1

% > kA > 1 CCDCamera fe 5 didesg o dpd = N @B g MR o o H 2 R4
d L Gm ek 32 0 160um & AP o dEdl 2k B R e MSA TRE A eT

. S U =D)x(,=J)
\/ZiNzl(Ii 1 X\/ZiNzl('Ji -J)

HY R=iphf el N=fhg &> 1~J 5 k5% A

Phase I Phase III
| Phasell | | Phase IV
— .l » ll » :
10 i : T : i T T T

-_1 : - *Ryy

0.8}

SR

06} |

R (a.u.)

04} |

02} i

0 20 40 60 80 100
Time (s)

T, = Addition of Neoplastine
to the blood sample

B 2.22 MSA #x & fx o 5E]
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Phase | : #%x #| (Neoplastine) 4 » -
Phase Il : 2> = %”gr} Lt E I A Farek o
Phase Il ; ##x ¢ o

Phase IV : s a & & o

0.8

0.6 |

R (a.u.)

04

X Plasma
® Whole blood

0.2

: 1
0 50 100 150
Time (s)

F2.23 2 g B 0 R
1223 v HE 2k (7 SN RO BT Dak o SR A B B - Bt o It

A g Rl SABEARIE o
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2-6 &Rl A E NP

2253 ERAH G ZERETFTHRAL -

225 %> 2ARETFTHRAL

, mRkAE

dbt IPES 2mL

£ 12 0.1mL

SFM 0.1mL

MSA 0.01mL
ACL FUTURA 1.8mL
SYSMEX CA-550 0.05mL
SYSMEX CA-7000 0.05mL

AT 2 RE KRR E <0.005mL
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YR KEAGRERRFR
31 LEEH
3-1-1 % F S5 4754

F &% = (The Law of Reflection)[21] © % — » » &k 4 ~ & SFL M % ARt be —
T b oo o MRS F SRR AEINERA P HZ 0 FEE(O)EN NEE(O

i) o 4@ 3.1 #75% o

interface

B 31 F st
KG B FEE HI G e kR E Ry — TFERSF SR - 2w T (FE
Fhaf- 2 oy flF BT L 8d F b T(FLEA6F 5id 239k 5004

N R RS St

& & R &t

Bl 3.2 4i F 62 5 6t
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75 T2 (The Lawof Refraction) : s &5 3% 2 e /1 Fpr» 2 2 S d gt 5k 4 4 ¢ 3 £

277 f 2= (Snell’s Law) o H o N4 F 4o

Bk n >n - v <v % AE<BD

BD=uAt + AE =pAt

n=cl/u ~ n=cly

N, sinf; = N, sin B

\ Incident medium

Transmitting medium
B 3.3 #7272 f widn i
I & if?-"f T b de g N2 b B B RIL (Huygen’s Principle) ~ 7 5 R I
(Fermat’s Principle) % § 5.1 = f = f2.%= (Maxwell's Equations) #%+ %gzl 7 [ g gkde

Wharr 2o
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3-1-2 % $r MR &

FORLEALI AN (o] KiF~ 2§ 7 PRFHRE) B 7B e g 1
koo BT RAL S RETHI R [21] -
kefghta R ARG AT (v ik o 4 ek BP0 £ H0g 4§
O F R AR 2t X FE G AL R (Tyndall) $adt e ~ F @ 25 Al F 2 FkiR.
SN AT T R B RAG A
X efrstd & & 5 4 48 38 J4st (Rayleigh Scattering)~ F = 4¢ 4 (Mie Scattering) -
* 2 4 ¥7s4 (Brillouin Scattering) % 4= & Jc%4 (Raman Scattering) » @ * 4 f&igssx ¥ 4~
SECTER TE0AEL NEd FEo - e UL PSR S FE I SRR N £ iR WL TG IRl I o on
it 2LAE A bt o SR 2 2R A B o B 5 xSk Rl R AR -
F o B E R B AT IR gk R Sk R ARR R T G S AT 0 B 2
R & LS ATt o 0T B 4 A A
WA 1871 & o F RAEB TR AR D o B ST R < 3 5 T
Fod - §PEEENFEF B2 f AT BPHST FlER, kL& E - it
S G 5 2] ARATH DR BIS ER R T o
A Ts L & B d vk R R g A A5l o B Ar stk hag B foor Sk L
EAend 3 g BH AE R ERENTER W 2R L F LA SN T

L SRS T SRS FE TN R

— Ko
P=/ 2
€o 127‘[C2| d
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He s BBRI nniEs

p= 5 E=~ sE ifwy > w

L ERHUT E

1= (1/2)egcE?
Reif o3 B TR G

dl = —nPdx

AP nZZHE=MHFpP R+ Hco 2 E

Y % w* oAt
Fl s 1= loe™ S 1 JEAR R o L & Eend A AR K

ICA )incigent
I( A )scattering x %

A

FORRCHIRS, A 1908 & o L B 2 F R_G.Mie #r3 ) o F o~ Bk £ ] 3T R RRAT
S o ko R I U L AR s PR S - U B S RS Bt T W A £ g S
AR HEIRET G TREA I - BLE afBy AR TR A7 d SR

= 425 (Maxwell’s Equation) & 317 3| f34748 - §x8tk T Hv & 7 5

E _ (9) E —lkT‘ + elkZ
T2 ikr
—lkT
+ etk
E, = -E

BY EpEBES A wApd £ h 540 2 ~ E, 0B Eg s THRW > S28 S 5 Fkitgd
B~ O 5305 e (BT 4P T B 5~ SR B k% &) o A dRIESHc S - £ 5 i

’fr’
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2n+1
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Product Model | Onosokki Laser Vibrometer Lv-1720A

Detection demodulation
system

Velocity demodulation using optical heterodyne detection

He-Ne laser (632.8 nm wavelength)

Light source

Reflected light output Within 1 mW (conforming to Class 2 JIS C6802 standard)

Laser spot 20um or less (at the shortest measurement distance)
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21102
WINDOW
—
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| O
b ‘ o
I L
ACTIVE AREA A
B 3.7 S4349 & fdjp] B k7
#. 3.2 54349 sk i B B A~ godi
Parameter Symbol Value Unit
Window material = Quartz glass -
with TO-5 metal package
Active area A 03.0/4, Quadrant (2 x 2) mm
element
Element gap - 100 um
Spectral response range A 190 to 1000 nm
Peak sensitivity wavelength Ap 720 nm
Cut-off frequency fc 20 MHz
(VR=5V, RL=50 O, =780
nm, -3 dB)
Photo sensitivity S 0.45(A=Mp) A/W
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1. Double-click the DAQ Assistant Express VIto configure it. It will launch a wizard that helps you set up your measurement or generation
2. Once you have completed the wizard, display or output your data in one of the following ways:

Analog Input measurement: Right-click the data terminal of the DAQ Assistant Express VI and select Createfraph Indicator
to display your data in a graph

Analog Output measurement: Wire a data source to the data terminal of the DAQ Assistant Express VL To generate data,
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