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ABSTRACT

Inter-subject correlation (ISC) analysis was generally used in naturalistic stimuli
studies. Hemodynamic activity in human visual cortex was shown to correlate across
subjects during natural viewing a movie clip'”. This study aimed to investigate the
physical properties of naturalistic audiovisual stimuli what cause the correlation across
subjects' hemodynamic activity in visual cortex. Naturalistic audiovisual stimuli include
multiple physical properties, such as contrast, brightness and flickering frequencies in
different frequency bands. To investigate what physical properties of naturalistic
audiovisual stimuli cause the correlation across subjects' hemodynamic activity in visual
cortex, we used functional magnetic resonance imaging (fMRI) signal in general linear
model (GLM) analysis and ISC analysis.

First, the results of GLM analysis examining the correlation between the
hemodynamic activity of visual cortex and each physical properties of naturalistic
audiovisual stimuli turned out: visual cortex was activated by contrast and specific
flickering frequencies (0.5Hz, 1Hz, 4Hz, 5SHz, 8Hz and 10Hz), same as the finding of
previous studies’’. And then, we demonstrated significant (p<0.01) f-value in the
difference between results of voxel-by-voxel inter-subject correlation before and after
removed contrast and specific flickering frequencies in visual cortex. Therefore, we
suggest contrast and flickering frequency cause the correlation of hemodynamic activity
in visual cortex across subjects. Furthermore, we revealed the selectivity of
layer-specific frequency-preference in visual cortex. Same as the finding of the previous
study'!, we found out that the medial side of occipital lobe was activated by 1Hz of
flickering frequency. And the lateral side of occipital lobe was activated by 10Hz of

flickering frequency. Interestingly, we demonstrated 0.1Hz of flickering frequency,

doi:10.6342/N'TU201900583



which has not been studied before, activated the lateral side of occipital lobe. Moreover,
we also revealed that thalamus is more sensitive to higher flickering frequency (10Hz).
Taken together, our findings provide evidence for contrast and flickering frequency

cause the correlation of hemodynamic activity in visual cortex across subjects.

Keywords: human visual cortex; fMRI; naturalistic audiovisual stimuli; inter-subject

correlation analysis; contrast; brightness; flickering frequency
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|
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6 FZHKYAFAFLETERACHPIEIAE - W AY A o BB EA

K)o AKIAO1 #R3E ~ 0.5 462 ~ 1 AR E) 46 B 5 45 BRI 58] B A9 WP 2

AT REF—A4E o
14

doi:10.6342/N'TU201900583



B AR H R FOR AR AHY R GRS (HLE Y RE
VAR PIMESE %) WA LR AR A — 4N 45 % (1-D data interpolation) &5 K 8
BDREVEAZ B B AR ] LAR SR AR R A (S E s YR E
VAR BIMESE &) W94E > 355 B 52 dn % R ME B B0k Bdk o 1 @Al A GLM 4R A X,
(714 % ) AR 58 BRUH £ B8RS & (voxel) £ B /5 L 69 o 5008 FE SRRy S0 % R 49
LB MESSEx (HLE ~ FHRE > ARWEIEER) SR HF2 %8 69P4E -
EGIM S WMERBE—HRFHR IR ESL > HRE S TR MM > KRIMLA

#EHRE T RES EREMHRE o RiE > A bspmview (Bob Spunt, California
Institute of Technology)®> #k A% v & Multi-image Analysis GUI(Mango, Research
Imaging Institute, University of Texas Health Science Center) >/ $k 8% 2 37, /£ 42 % j5%

F o

y=pBx+e [7]

2.7 EBREE G ARRER Bty A AR 0 R A8 B &
#7 (Inter-Subject Voxel-to-Voxel Correlation Analysis
after Removed Physical Properties of Naturalistic

Audiovisual Stimuli)

G BN L IR BABH B P H L E Fe 5 N5 HT 6 P M SE £ 35 A 4 6 B

BT o H3 > BATAA GLM 54 ) B B 52 RIS o U B3RS o S0 i %

15
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R (g Pl R) REAIRG RN o TR RITEBRAER—
YR 6% R H B2 BRI R A AR MR o WAKEREA 16 Lk
R 6 AE VMR IR AL BT A > BRAERY AR 120 AR HEGH
Pl B o P A 45 A9 AR B L 8] 36 © 4535 > RAMTAUR BB R t k2 (Paired Sample
t-test)’ Ak R AT Z 3R H B 25T 360 425 8% 1A A S48 B ML B 25 938 360 4R 3
et B Ao PR R R a9 AR ML B SR X P £ R o AR S ERREMA 0 R
PSR ARE S LI MR £ o RHEFA A bspmview’” (Bob Spunt, California
Institute of Technology)#k A% #4 46 % 4% R ZRAAZAEME b o ETR4F 2R t4 89 S A4

Rl 48 B 1 5 A7 24242 A MATLAB (MathWorks) % 5% ©

16
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3.1 ZBIE AL

ZAH R B MK ISC p AT R P > MR AR ERBF(p<0.01) -

EMEZAZFE—XBEZHRYRAGAL MR TR ELE R (B
7) ££48, f(thamalus) > B2 AT # (precuneus) ~ #. 3 #2 # (cuneus)~ #L. 3 & & (lingual gyrus)»
%122 B 17(Brodmann's areas 17)~ H B /L Z & 18- THEE SR 19 PIRLER
= (middle occipital lobe) ~ TR 43 A4 = (inferior occipital gyrus) ~ 4% #k = (fusiform
gyrus, FG) ~ T8 # 78 T # (inferior parietal lobule) ~ ¥ 3= /& A] & (precentral gyrus) > ¥
J= % 1% = (postcentral gyrus) ~ # & 5 W (parahippocampal gyrus) ~ L3R # ¥ f§ =
(superior temporal gyrus) > ¥ 2% # ¥ J4 @ (middle temporal gyrus) ~ & fo % & &
(posterior cingulate cortex) ~ _ ¥R %8 ¥ Ji§ = (superior frontal gyrus) ~ ¥ 3%8 ¥ 5 =
(middle frontal gyrus) ~ T R %8 3 A% @ (inferior frontal gyrus) » A B2 2 & 6 ~ 7 B 12
SET-HBEEZEI-HAEEZLZTE2 - HEETEIO-HEEZTEI AHE
2B 360-HEZLIEIT HEETE IR URHEEZTE I BFHREAZ(P<0.01)-
MAEZLREH KRBT ZHRBRAGRAE BRI TR REZER (B 7) &
R, f(thamalus) ~ #2AT # (precuneus) ~ A3 #2 # (cuneus) ~ A3 & = (lingual gyrus)

HBIEGTR 1T HBELEEE 18 HBIEE

%%3

B 19 ~ L3RRS = (superior occipital
gyrus) > ¥ 3% A3 BE = (middle occipital lobe) ~ T 3% A3 A4S = (inferior occipital gyrus)

# 4K ® (fusiform gyrus, FG) ~ L &% 78 ¥ (superior parietal lobule) ~ ¥ J= & A &

17
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(precentral gyrus) ~ i & 5 ®] (parahippocampal gyrus) > ¥ 2% #2 ¥ f§ = (middle temporal
gyrus) ~ T #(28 ¥ I = (inferior frontal gyrus) ~ 4% =% & /& (posterior cingulate cortex)

b 3R %8 3 A% = (superior frontal gyrus) ~ ¥ ¥R %8 ¥ % = (middle frontal gyrus) ~ A %& 1%

o
[gal
(@)

=

-ﬁg
»
o
R
~J

A BERE 36 LA BIESE 3T FREE(p<0.01) -

Inter-Subject Correlation

Run1

p <0.01 (FDR) cluster size=30
B 7 ISC 4 A7 9 BEREAR B ML 43T 2 4 R (p<0.01)

18
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32 &HMWE@FHN
32.1 #HWE

bk RV BHILE 8 GLM S M AEZ R Y R EmA GO R T B
AR BH # R B (p<0.05) ©

FHWE G5 RAOEZ AL F HZHY B GLM 534tk 245
% (B 8) f#&E#k (calcarine sulcus) ~ AT ¥ (precuneus) ~ #o3 #2 3 (cuneus) ~ AL
# &= (lingual gyrus) ~ HBZEE 17 - FBLIE 18 HBEEE 19 FHRLE

Ji& = (middle occipital lobe) ~ T 2R #& 3 i§ = (inferior occipital gyrus) ~ #% #k = (fusiform

4

gyrus, FG)~ # & 5 =] (parahippocampal gyrus)~ 4% 3= # & & (posterior cingulate cortex)

MEZEZE 20 FREZE 23 HBERLZE IO HEELLE 6 UARHELZE
7 BERBFE(p<0.05) ffe %R H ZRBE ZHF A 6 GLM M4t 24 &

(B 8) 7 £ & 3B# (L-calcarine sulcus)~ £ #2 7 3 (L-precuneus)~ #&. 3 #2 3 (cuneus) »
£ #u3 & @ (L-lingual gyrus) ~ AHh B2 2E 17 - HBEEE 18- HBELE 19
73] o 3% A # IS = (R-middle occipital lobe) ~ A4 #% ik ® (R-fusiform gyrus, FG) ~ & 5

% ] (parahippocampal gyrus) ~ &4 & /2 2 B 20 IR % (p<0.05) -

19
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Contrast
Runi Run2

. AN N s\
A A \kx A A \BL\‘
@ S @& &

4 ) y _
A% " A \'\ / )
e " *Q\ r . B \
\ - d . . - - _—

P 't 10

p <0.05 (FDR) cluster size=30

8  HPLE R H A L R R IR 49 GLM 5743tk 2 4 R (p<0.05)
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322 PgsE
B BATEHHPIEIA K PT84 GLM AT £ Z 3% A & MR TR T >

¥ A5 U B IR 3 (p<0.05) o

\

APIHAR R A 0.1 ML T > BIMEZ AL H BE =3 % k6 GLM 5474

kR (B 9) Atk (cuneus) ~ #o3 & W (lingual gyrus)s B /£ % & 17 -

%%3

MBEEZE I8 hBELEZE 19 FIEAE R = (middle occipital lobe) A & T 2R # 3

Ji& = (inferior occipital gyrus)z-28, 88 % (p<0.05) - M AR H FH X BE ZHH A
GLM H-#réstie €4 R (B 9) £ HE A ¥ (cuneus)~ £ A3 & = (L-lingual gyrus)
ERMBEREE V- HhEEZEE 18- AR EEZE 19 PR AE IS 9 (middle occipital
lobe) VA BT 2 3 B = (inferior occipital gyrus) 38,88 % (p<0.05) o

FPIHEAR R A 0.5 2T > HRMEZRIE H —KBT 3% A 69 GLM 5474

st R (B 9) f£47 f(thamalus) « £ 4 36 i# (L-calcarine sulcus) ~ #2 77 #

(A

(precuneus) ~ #3 #2 3 (cuneus) ~ #o¥ & = (lingual gyrus) ~ HE L2 & 17 > 1
Z2E 18 HEIEZE 19 F 34 E IS = (middle occipital lobe)~ T 2% A3 B = (inferior
occipital gyrus) ~ # 3k B (fusiform gyrus, FG) -~ £ T 2R # 3 #4 = (L-inferior temporal
gyrus) > 14 Jo ¥ & & (posterior cingulate cortex) ~ H B LGB 7> A H B LS E 23
EHEEEE 30 HREEIE ST AR AGEIELEE 39 BIRBAE(P<0.05) mAZ
REF —RBE=ZHB A GLM st R (B 9) ALEER
(L-calcarine sulcus)~ #2 A7 # (precuneus)~ #& 3 #2 3# (cuneus)~ #. 3 & = (lingual gyrus) ~

HBEERE 1T WBEZLEE 18 F I E M = (middle occipital lobe) ~ T 2k 3 B

21
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= (inferior occipital gyrus) ~ #% 3k = (fusiform gyrus, FG) ~ /4 % & 7 YA R A B 1%
g & 37 B I F(p<0.05) o

FEPIMIAE A 1 #RE T RIAVEZ A H F ®Z3% A 6 GLM 5 M é4ust
MR (B 9) A4 f(thamalus) ~ £2AT 3 (precuneus) ~ #o 3 #23 (cuneus) ~ #o¥
% El(lingual gyrus) - H B /E & 17 - HhABIEEE 18- HAEETE 19 PIMLFEH
= (middle occipital lobe) ~ T R 43 i = (inferior occipital gyrus) ~ 4% #k = (fusiform
gyrus, FG) ~ T 2R #8 # 4 & (inferior temporal gyrus) - 4 # & 5 = (R-parahippocampal
gyrus) ~ 14 Jo ¥ & & (posterior cingulate cortex) ~ W B /2 G & 7> "B IEZ R 30 AR
LR E 3] HREF(<0.05) M RIEF KBE =3 A 89 GLM 5474
LR (B 9) A& 4#2A 3 (R-precuneus) ~ #3423 (cuneus) ~ #o3 & @ (lingual

gyrus) s "B LGB 17 - ABIEEE 18- HELEE 19 PIRAEK = (middle

HREDE T ARARE L E 3T I (p<0.05) -
BRI EA 4 BT RIEL A S ¥ Z 8% 4 6 GLM 44 43

MR (B 9) A4 f(thamalus) ~ £2AT 3 (precuneus) ~ #o 3 #23 (cuneus) ~ #o¥

%

%@ (lingual gyrus) » HBEZEB 17T - W BIEEE 18- ZTBEGE 19 FHRIEN
= (middle occipital lobe) ~ £ T 3 #& ¥ A% = (L-inferior occipital gyrus) ~ # #k =
(fusiform gyrus, FG)~ HE LG &R T - HELIE 2D ARAEELTE 3T HRBEEL
(p<0.05) c M X RIHF_KRBE =% A4 GLM St csk (B 9) £
% f(thamalus) ~ #2 ] 3 (precuneus) ~ #L 3 #2 # (cuneus) - #L3 & @ (lingual gyrus) »

HEEZE T HREEE 1A EELEE 19 P IR AL = (middle occipital lobe)

22
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T 3¢ 4L 3 % = (inferior occipital gyrus) ~ # 4k & (fusiform gyrus, FG) ~ + 3% #2 # i =
(middle temporal gyrus) VA B # % & & & 7 # 3B (p<0.05) ©

FEPIMEIA F A S W T RIVEZ A H F BZH% R4 GLM 54743t
MR (B 9) A4 f(thamalus) ~ £2AT 3 (precuneus) ~ #o 3 #23 (cuneus) ~ #o¥
% El(lingual gyrus) - H B /E & 17 - HhABIEEE 18- HAEETE 19 PIMLFEH
= (middle occipital lobe) ~ T R 43 i = (inferior occipital gyrus) ~ 4% #k = (fusiform
gyrus, FG) ~ T 3R # 3 A% & (inferior temporal gyrus) ~ % B /2 S & T UR A H B2 %
B 39 #RAHF(p<0.05) o /2 RIH H = RBLHE =% A 89 GLM 5 AT 4stin £ 45
£ (8 9) &£ A4 f(L-thamalus) > £ € ¥& % (L-calcarine sulcus) ~ B2 AT # (precuneus) »
o3 M2 3 (cuneus) ~ o3 & @ (lingual gyrus) ~ H B 4L S B 18 ~ P 3R AS = (middle
occipital lobe) A B #; 4% = (fusiform gyrus, FG) % 37, 28 3 (p<0.05) o

FEPIMEIA F A 8RR T RIAVEZ AH F BZH%Y R4 GLM 54743t
Mt R (B 9) A4 f(thamalus) ~ £2AT 3 (precuneus) ~ #o 3 #23 (cuneus) ~ #o¥
% E(lingual gyrus) ~ HEEZE 17 HHEETE 18 HHEEZTE 19 PIHRLER
= (middle occipital lobe) ~ #% 4% ® (fusiform gyrus, FG) ~ % 5 5 = (parahippocampal
gYrUS) AR B LGB 7 BIRBFW<005) - mAZALESE —XBE =P R Y
GLM 4#r#stie €4 % (B 9) 247 f(thamalus) ~ B2 AT # (precuneus) ~ 32 3
(cuneus) ~ #.# & E(lingual gyrus) » HEEZEZE 17 HEEZE 18- HEEZIE
19 ~ & 3¢ L3 A% = (middle occipital lobe) ~ 4% #k =1 (fusiform gyrus, FG) ~ T 37 # 3 &
) (inferior temporal gyrus) ~ % 2R # 3 i% = (middle temporal gyrus) ~ H# B2 & & 7 ~

MEEER 3T UREMEEZZTE 39 FRBAE(P<0.05) -
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FPIIA RS 10 M 2E T > RMEZ R F — KRBT =% 18 GLM 54714

s (B 9) /4 L (thamalus) ~ £ & 3B % (L-calcarine sulcus) ~ 42 a7 ¥

o

(precuneus) ~ 3 #2 3 (cuneus) ~ Ho3 & E(lingual gyrus) ~ H B L Z & 17~ 4
Z2E 18- HEIEZE 19 F IR AE FE = (middle occipital lobe) > # 3k ®=l (fusiform gyrus,
FG) ~ T 3¢ #8 ¥ B8 = (inferior temporal gyrus)yA & 7 & 15 & & 37 %37, 88 % (p<0.05) o
MAEZRAESE _XBE=ZHRY AN GLM a4t csaed R (B 9) AR 4L
(thamalus) ~ #2 A7 # (precuneus) ~ A3 #2 # (cuneus) ~ #.3 & = (lingual gyrus) ~ 7 &
BeB 1T HREZE 18 AR BIEGE 19 F 3 H3 8% = (middle occipital lobe)
T 3R AL E A @ (inferior occipital gyrus) ~ # K Bl (fusiform gyrus, FG) ~ £ * 3R #8 ¥ /4

=) (L-middle temporal gyrus) ~ H B2 Z & 7 AR B 152 & 37 I F(p<0.05) -

)

N
%

¢

N
72

/
Y

£
17

re
>
'
’

/>
¥

e 3
//“’/,‘
‘Y)//

p < 0.05 (FDR) cluster size=30

9 PUMESE F g R A B OB IR 49 GLM 54743 2 48 R (p<0.05)
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0.1Hz

0 +0

ubj 10 Subj13  Subj 16

>
o
c
o
S
=3
¢ N
w I
mF
c
=
o
X
2
o

10Hz

-y A - -y

+0

Subj 10  Subj 13 j16  Subj10  Subj13  Subj16

+0 0

L
p <0.05 (FDR) cluster size=30

10 % =29 K4 PRSI T 3 84 A %55 b b SR A% 6 EA GLM
DA R (p<0.05) » B P & _EJB Ay 0.1 #h 3 PR A A A 0908 B B3 o B A
R 1M PR SR AL AR B B3 > R TR @ 10 4 25 PIMIA 5 %
L 8BS B 26 o AR R R0 6262 BB ERF > B2 GLM 445 B K
o B SL AR R B 6942 2.5, GLM A7k £ o
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FIRE > RGPS R AL REZRERT AT L (B 11) > FHRA
PG AR S8 B AP IR R A AR IR BAR ST RAR R0 o B AR TR B A
3 E AT B 433t (block design) A & ' €8 569 1 PSR SRR 1k 2% $ 78 2
R EE R o 48T > SR 10 2 69 0] B S E 21 AR5 ZE IR B AR >
AT T B AT T AR 3w 94K SR 0.1 4 2% 69 2 L & 204058 BUH 69 5L > 3F N
Bl o BAIRAZR A - AT E LR B R 64 E U HA S PSR Z 6916
Y7 it 3R 1 B A s A o B sh > 2B 10 F BAP T AA BN AR S EUE RAR 69AR &
FAMEIR 0.1 #2569 PRI B R B » FIAF > 2B 11 8948 R P 3R £ b 508

10 #2538 A SRR © W 36 T EBF A8 S AMEIR > R R 4T 5 JR 09 BT SA & -

Flickering Frequency

- HHHDOOLBBHGO

@%@%%%ﬁﬁﬁ;

: "
p < 0.05 (FDR) cluster size=30
11 PRI FARGE M B 5 A2 B ANRSE BUE 89 2045 (p<0.05) o f2 8 T YA A&
B 0 PIEESA FAKIA 1 M 2 6 R BT E BUAR L RUE 69 MAR] > 3R 10 2% 69 k) B H R
BB 69 9MR) o mAKHR 0.1 Ak 2k R T HE B) AR5 BUE 69 SR o RIBF > AR A
S48 10 Hf 2% 8 A B o

26
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323 FHRE

AR RAVEF T35 75 PTE9 GLM o AT A% Rl5 % — XA Z R A 8
Batth R R T o AR RE R S 6 A (p<0.05) -

T REAINS o RAEZL AL F HZIHRY K GLM A&tk 2
%2 (B 12) 12 A& 36 #(L-calcarine sulcus) ~ #:3 #2 3 (cuneus) ~ L3 & = (lingual
gyrus) s A BIEER 17 - HhBIEEE 18- AW BIEZEE 19 AP HMhERE
(L-middle occipital lobe) XA B % T ¥k #3 i @ (L-inferior occipital gyrus) #-3.4 &
1A (p<0.05) > 42 R Jw $1 Po & Fo PO MEJE £ 92 2 00 5 B 5 B o B0 B 3RSR 69 GLM 547
Gt RAERBAE - MAZAEF ZRBE =¥ A6 GLM 544 24 R

(B 12) RBRELER AR EEH p A 0.05 M EARE -

Brightness

REFEH

BHEMEREZENER

p <0.05 (FDR) cluster size=30

B 12 F¥HREEZREFFE O FOEERIEN GLM 54tk €45 %
(p<0.05)
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3.3 ABRETLEAPIMIA R ATA ) L RIE M AR B AT &
EZF

BAVE E TR S PL E Ao PIMEAE AT 469 ISC o s 2 > AR ERE
BRBE £ FE(P<0.01) -

BAVE LR H F —RBF =% A6 ISC 54T K H L E Ao PIBEIR FAT 12 49
Batin g4k (B 13) 4R f(thamalus) ~ B2 AT 3 (precuneus) ~ 4L 3 #2 3 (cuneus)
M3 EwEl(lingual gyrus) s HBEEE 17 - HBIEZE 18- ZHHBIEZE 19 L
# % = (middle occipital lobe) ~ T 3 43 B4 = (inferior occipital lobe) ~ 4%k =
(fusiform gyrus, FG) » £ 2R T8 # (superior parietal lobule) ~ T8 3 78 T # (inferior parietal
lobule) ~ # Jz /& A7 & (precentral gyrus) ~ P 3= & 1% =l (postcentral gyrus) ~ 4 L =
(supramarginal gyrus) - # 5 5 & (parahippocampal gyrus) -~ _E-2R#8 3 J4 = (superior
temporal gyrus) ~ P 2R # ¥ J§ = (middle temporal gyrus) -~ T 2% # ¥ f4 = (inferior
temporal gyrus) ~ £ 2R %8 3 4 = (superior frontal gyrus) ~ " ¥ %8 # i = (middle frontal

gyrus) ~ %2 ¥ = (medial frontal gyrus) » % 4= %> /X J& (posterior cingulate cortex) » 77 %

B36-HAEEIEITHEELIEIIUARHEELLTE 40 FREAE £ E(D<0.01) -

X R H KRB Z3% A 49 ISC 54T 2R H L E AP IE AT & 09 43t

Z4E% (B 13) 23R f(thamalus) - #2773 (precuneus) ~ A3 #2 3 (cuneus) ~ #h3

% ®(lingual gyrus) ~ /LS E’ 17~- HhAEELSE 18- HHEEZE 19 PHRLER

= (middle occipital lobe) ~ #% 3k ® (fusiform gyrus, FG) ~ _E 2R T8 # (superior parietal
28
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lobule) ~ ¥ 3= # AT = (precentral gyrus) ~ # 5 5 =l (parahippocampal gyrus) ~ L3R #
£ Jl§ = (superior temporal gyrus) ~ *F 3% #2 3§ = (middle temporal gyrus) ~ 2 SRZA ¥

fi& =l (middle frontal gyrus) ~ H# /22 & 6 ~ # % 12

[ \%‘f'
e

G B 7 MEEZIRE 36 URA

G
o
X
(08)

B 18 BRBE £ EZ(p<0.01) -

Inter-Subject Correlation
(difference between before and after removed
Contrast and Flickering Frequencies)

Run1 . Run2

p<0.01 (FDR) cluster size=30

B 13 KRR Adr PSR R AR 69 ISC 2 & R 2 E(p<0.01)- B T & »
FEARTBRABERER - A AT RBAHLE Ao PSR R g AR TR BT
kR ] e SR AR AR A RS LR -
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Y N S IRV
F = e

AR B AR AT EL G R AT R P R % B M AR RUE A9 AR
BRI EABERMORE o &% 1SC HATe4 2R AL LR H Z M5 i f
RERFEAAMGEE > 2 ERERRAANRT > BR2EHRLRMAH > mALRE
RE ZRBEEAM o RIVE ISC 4L R T > SR AEH—KRE L WA
R M RIS R T 2R E(D<0.01)(B 7)> sl fEm R e BRI o
B3> GLM 474 R 350 AL BUK S 731 B L BB 9A £ 40k (p<0.05) (B 8 »
B 9) > mBAME T & RMA o mie GLM 2 AT R T 0 FH XA BRELL
o BRI EARE LA AR PIMIA R RS (8 12) > B&2 FRM -
B 3b A2 3 T A 89 0T AP AT S S bb B SRR MR G o A B U b S P
AR T HE ISC SRR 6946 R KAV 3B o B s PSR 501 1449
ISC 5 #74: BAUR A 1 E o MR 45 BB I 3 1 3T Tb B S P A %37 1449 1SC
SMEREZARERAEIRABEEE (B 13) - RERBET  AARRAY

AT o BLEBRPIEA R ISC AR RE R BRERE -

4.1 g
i 42 A K O 48 A BAR RSB S SR R R S S VR E A9 R KRR T o 2 AT
£ > GLM 5474 R R AL EREWBRL R h ERLEREN S (B 8) » A

W REAFTRM o AR B EPER TG BRREE E1 % o &4
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FARFEE) GLM 14 RABE LA BRF R

4 Lord Rayleigh # 1889 4 *° 2 Michelson Albert Abraham # 1927 <+ * # %
> PAER A TR

A8 > m TR A AL T R

QR > ITEZOBREFAANXA  HLEC=CP-T)/P+D - £R—F®
SAHE (B 14 8 15

o R R R BR BTAE R 69 =3RRI
EHRAZRHHY

HBER P A MEAER AR T 55 A 4 T2%5 4 44% 645 547 BE 7L TAA 649 3R
16) o SR ELE T HEREA 4 72%

;E‘_c}? ’ Lmax}% v

L4 A% B A Lo mAt Pt A LR S AR R X RE TR EX R
BB — BB RS PR SR F ik A 1L EC = (Lnax

FHILE R E e HHLEC=CP -T)/(P+TEHEFHE A XNLEFRERAARFR - @
AR > Lipin 2 58 B
Frie A & =

19)

SL/J /f_é_ \%Lmean%%iﬁ%
BB BH A A A A AT AR R B R

min)/Lmean

&% AR
SR EAAERAE (B 17-8 18

s WL HILE AKX A AR T R BAARE A - 2 £E 17 + &M

TAE R #HILEC = (Liax — L
7R AG B R B T
R ELE g2
] BR 89 6

min)/ Lmean 89 B 3485 — 3% R /£ 70 # HHig K

BUARAE o W AL ARAE KOG & 2 R F] B A9 1R ARAT BB B
£t o Wb HILEC = (Linax

min)/Lmean ZINN
BAVR A% RE R

P

/

B P R RE BB AR 0 RIVER R B B T ARME AN AR
%‘ﬁ}ﬁ%xi' 59 3T P R % &’fﬁ‘bl‘)ﬁc = (Lmax

A & AT
I B
HILEC = (1%L ey —

min)VE 2 YL B 89 € & © FIBE >

FEHE B AB R A 6 I A XS
1%Lpmm) © K4 > 1%Lmax % 58

F 4G o T 1%Ly 2 5 RN 1%E

ERRE 1%F
£ F 0K

T E ) RIEE
&I AE 39 1A
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. (1%Lpnax = 1%Lynin)
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. (I%Lmax i 1%me)
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. (1%Lmax = l%me)

Film 2 Contrast B Q%Lynax = 1%Lnn)/Linean
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. (1%Lmax T 1%me)
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