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1. ABEXEEERET 28H - ZREANEHERE

EEERNES, BEOHAMAICERINIT7 T v ¥ 2 RORHEBERERS VR
B DAL SR PR OIS EIE &0 - 7o, WO RERICEA RFEICRES N @D, 77 v v
SO D b S AEZ Y AT LRIBR(ER D)o Th b, COYEIIZEEFRKR
% AU TEMMER EBMNBERICARTE LS. 2E0, REROHHEERICI spatial-
dependent 73 {lifii & time-dependent WA H B &R B, FiFl, ERBPEER old psycho-
physics DEBOHENZFEE U TERBIEZRET 2 EH & UTOERMEIRA (spatial sum-
mation) B 418 (temporal summation) DKL % #HEMZEERT 2 FNTRM S
T&# &0 Z % (Bauman & van den Brink, 1952), i HLOERF —~ 2 OEFROPH LB &
WEANTERE TEER) & UT, BEEHET 2 EMRESPROELB5M4E LTRROKS
BERBEHESINTO S,

¢A=const. ——Ricco’s law

$¥A4 =const. ——Piper’s law

¢A"=const. ——Piéron’s law
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CLTHRVARELT Ty ¥ 2B EERAERT, BEEFTOF — £ Tk Ricco’s law
RBUNS 4 Z 0 7RI IR O P0G THRIL U, Piper’s law R EZELAHT A DR E X
BRALDLOBARKEIT2E0bNE, ¢ & 4 OBGEMSEAICHEMBIEE (b, 22k
DHRBEERESN TN E) TERIN TV SO Riceo’s law O 4T, Piper’s law T
BT 25 2 0 BAWERBEAMERASE CEERLTV S, BIBAGTIR
ABL BE10° MEFTRECBELZOBMEARETETHLD, D0, BEOB
FEZMEE ¢ DA L 78 BIREE (critical area) KRBT 2 E Vb (Diamond, 1962), 2D k5
SHRFIC L 5 RS %R O 0 & 52 FHEY 51213 Pidron’s law 1€ X 2 A SBHE 935 B .
B, n=1 RO n=1/2 QEES %%~ H1c, Ricco’s law B8 Piper’s law &EZ gk ovm
5TH b, iR, FIBHE—BIIC 2 L& &2 o Piéron’s law A& 12 1E Riceo’s law &
Piper's law 24 AT 5 & 42 5%, Piéron’s law 251 X 2 2RSS E DAL —BE
BB 2 ORI ST LUE DB TH 2 ZOEAE & 0 —REICHIE Ui 2 & 2FIRThE,
nDRESCEL>TESLRTA ORABE TOEBMBEA RO BELEAIICTGT 2 ¢ &2
TEEI;

BT, TO&D R SRR R T A B S N B TH B D vy T, BME
EIRET DR BREEHT B E, TORMELTRIRD SOBHEINTNG,
¢ '=const. —— Bloch’s law

CCTC TH77y Y2 2RBHEZRYT, COBEME, BLWHOERISEOENTS 3
Bunsen-Roscoe D#ERIR LNz bDTH B, EEBAMETE S Th -7k 5 ic, BEH
AHRTEPLREFLETRESBDONETH S o BEEROBAR, 2=1 0iEs
(Bloch’s law) @ &is#f& a8 T YD, Lad Bloch’s law 2piird 2 D, B 7’100 ms

IR 5N T3 (Bloch’s law 285K 31§ % B k% critical duration &1 3), %7, fE048,
BULET critical duration 1€ D S MNBEH L NI bt & 57— 4 (Blondel & Rey,
1911; Bouman, 1969; Karn, 1936; Long, 1951) %M H SN &0 D 7 — 4 (Baumgardt,
1948; Rochi, 1971; Ronchi & Novakova, 1971; Sperling & Jolliffe, 1965) #s#: 2 TH b
RIEBHORWPEINTOBE0A LS, UL, BEETE, MMOERNKS LS
critical duration %34 < 735 © & (Graham & Margaria, 1935) IC & REI N5 L S5 i<, 2=
MERPBOMEEERZS2C LMD 3, COLSK, RBEPEET ZERE LTI
DHRBRECRFEE SO EMNMON TV 2 EIGICR, HERIPEORIIZI R
FRHEROCOHEISE SN TN ELEVEEKS S,
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2. BMEIC TERB & 3HBM?
— BB LEOME

HIETCIZEM - B EED [BE] 2WAIKEET 2 b2 s TEicd, 2T TIH
Bl & TELEE] OMBETHU LD BT THIY, {5, THE—TB eI B R
M b HEROCEPED RS LHELOREL TV AL 2D 5T, BANCE»IIDIE
ELCHTHBEINTEMETH S,

Bl TS X Bixw LD OBSFTE old-psychophysics ©# % HThH b, COFEL
Fic X hid, brightness at suprathreshold &4 brightness at threshold &5 BRI EEETL
YRTROTNDE - TD EELOND, FiHERODIE tautology ThB, HliHDHs supra-
threshold 72 & ¢ ##ilEe BT brightness REMBEL 20 THY, TONBHETH S, I
fo, BERLREHRNEZELDHT [RILHEDS] SV IEHOEREFEINEL TS, &
BICE-TTHM iz MAZ S BROELTHB, L LD, brightness at threshold
EWVH AR CHERNEETIESD 50, BERRY, ROGEBENCEGUATA LM
BTEL—OER V- oRO—EBRTH L, CCLSEROERO—2RH B LED
N5, BHELIKKE S DS, BB X (brightness) B &G DA S X (perceived brightness,
apparent brightness) &5 2 F/NOERITET, B LE] HHOFHERT 2 EEMNEECDOH
FYHFTHEINTEY, [HBE] MHIEZ SREE QEBEREELETHL VR B, BIEE
FHESEL SREES R, AAERENTFREC I - TE ST HEIHRRESTH Y, [
DRAN] EVOHEBEEOLBICTES, [Ch v & (B ] -7, THEHE
B BBRERTEHLLLDTH S, ¥T, HIHAY psychophysics OEBROEMIZ T DL {
AN I [BIE] ORESRMZ R 5T TRES LT & 72 B{E psychophysics TH - T,
#iZ, W5 %] @ psychophysics TR -72DTH B, [HH5 & ] @ psychophysics, Bl
B EEEERNT, = v 7 v 7 EZRP ME REBRIESSFEET 5 ORERMICE»IE0H
LndDTH5B, [BHE] psychophysics & [#13 & | @ psychophysics {&—FR, — 5B WA R
KRTVB LKA S, FRFERNCOEANICS THE] & TH ] k20Tl
BEm g, Z0A1E, 805 &) © psychophysics RT, —BREHRODTOHTH
threshold correction ($t THOPARIMEL) 73 Fechner i@ pure threshold & it &iIsd 3
OpEVSHEEE LTERSINTED (FR, 197%9), T OEHHOLE & FHFICE U3
new psychophysicist &R LB S 5 23 L CEBR L (Baird & Noma, 1978; Marks &
Stevens, 1968; Stevens, 1960),

AT, B35 &) O psychophysics ZMEF LTV AEEDIIENLS COMBED—DDEHE



ZRTE, TR THEK T3] 3H0, 2R [H23€n] OWHBETHS] £EX
B ETHB, TN, BEHMICIZ—FED null-hypothesis Th - T, CORNAEE 4 OHE
DOEBRIICRI L TR RSP EBIATOLERE D, - T, B TR~ 7 THME]
THRETAMEARENRAT, CCTR (Hiitol @ (X 2EXELDIHEEOE
RBELTEZS, CORFEAONE, [BME] psychophysics ZFE L icEmiliz, —i5&
T, TBlLfE—9% &) © psychophysics QBT HZ O ETETBH LIIETHATE S
&itts s, HlAME, Bloch’s law @A @ constant A constant brightness JHE 5, {EL,
TNiEdH < ¥ T b null-hypothesis Tdb % 5, BIE L~V THRIL Lo EERISB EE TR L
1S, BWEEETHEIE THAL L BEASEEETREN LR BB TR Lic s
DT EBTHBVR/ECETHE, ARTHE, HEV~VvOERELTESONTE I Bloch’s
law 2B FETHHIIT 2 LIEE LT, 2ORAEB LM TOMO time-dependent #2875 & %
HET GHBEMNEOHEBICINTHE Uiz, g7, BB Eh LRI 2855 S SEBREL
BRI BRIRIC R CTHREB HOICERIE S 5 A0 & b Pidron 233878 L7 & 9 IS B3 A time-dependent
SEAB SEBO—EeFELTE S > THIZD,

3. BI.L{EIZHIF B Bloch, Broca-Sulzer, Stevens, J tf Troxler ¢
8% & Time-Dependent /sBAZ X EB#MO—IZEF I

Fig. 1A, BIORINA0DE, #M5S G430 MHLMEY 5 v ¥ 2 O2RKEY 80 &
D& ITRET B4 OTHESEEE (AL 38 SET) BHE L THL MR
Thb, Mg 1A (L) TR, 2REMEEZIEES, W IBIEOME L ~v Li~Ls) T
EQXHRENT BN SORMABOBTRLTNS, EA2D3IDD/ 57 3&4%, &
IRIGRI DI P - T B SN GRA) 37508, MEL SVt X - TEOEEBES
— 2%, LEFOI7S 7REBOr — A THE L ASVICE - TR LWy — 2%, hios
7 7 RERKHOMRE L2 ZT N2 SRIMECOHREINS)F —22R LT 5,
2 oic, Fig. 1A(T) icid Fig. 1A (L) W5 U7z Equal brightness contour %, 3 DD &1
BHEND S L NVTRL TS RIS, Fig 1B (1) i Fig. 1A ICHIE L BHESOSR LTS
3o CCTRIERIE Lics BU Y1 THECETBHBERIC S 5 b D721 2 SRIEH & i
o TRLRAMBERTNERTHY, ToOft (£H) ©7 77 TREBYES S ERBMOY
BEROTEALTOB T EAWREN TS, &ikig, Fig 1B (TF) i, #ko7F—42h50F
FENBEEFUMBRENTVS, DFD, short flashes (77=102ms) Tix Bloch’s law 53,
medium flashes (102<7'<104ms) TI3Be#ED Stevens law 23, long flashes (105<7") TR
Troxler’s law 73 4D & LT Fig. 1A~B D/ 5705 6, thREZOELEDS 5 7558
BEHALEOMMLLBEIRAINT NS, CNEDITF3T7R—E7 59 Y2 DEILHEIDH
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Fig. 1A. Upper panel: Brightness power functions for three different suprathreshold luminance
levels. Log brightness as a function of log flash duration for possible brightness functions.
Lower panel: Corresponding equal brightness contours for three different criterion brightness.
Panel shows log lumininance as a function of log duration.

#4s Equal brightness contour EIEME DB TR UL EMNTES LD T EERTE
TERZY, RiT, EREMICHES T EOE(EPPHEMICKIR LIzO» Fig. 2 ThY,
Nicst s Ui Equal brightness contour 7R LD Fig. 3 Th 5, 9, Fig. 2 ko<
#% &, Bloch region T35 X3 ERKEMOBINCHE - THAT 348, # 100ms OFFT
critical duration i€ L, ZN LR 5 X2 duration O EBIIZ T4, HEOHED AL LD
5 (ZOEELUERTON A JBEHIT Stevens 25 cubic root law & £ 15 7o BEMIMA &
DOT Stevens’ law OERVEIHEELZ THI), TLUT, SLEKBEBEEINTYW L, TA
EREEBICIRS Zid Troxler FRIC L » THEA L TwW { (Broca-Sulzer FBIC DN TIRER) .

L Z T, Stevens’ law |3 retinal transduction % R4 % Bloch's law & post retinal ada-

ptation % X9 5 Troxler’s law DOXEY 2 WHE © HEICHEH T 2 B AR BT
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Fig. 1B. Upper panel: Brightness exponent as a function of log duration. Lower panel: A

model describing the relationships among brightness function, equal brightness contour,
and exponent as a function of log flash duration.
BEHCHNTHE, 2ED, HZIBEEAEWIC time-dependent 755D TH 553, HH
L~V SR L ~v @ time-dependent WS X4FER AL & 5 EAHE I 7o IC Stevens
DOEFEFMHDT L, BETEIIINHZIBCEAERLTVE, £ LT, #OEASCERR
7E—ia D B & @ overshoot % (Broca-Sulzer #h8) % undershoot 358 (Troxler fading
B BEL B EELTHS (Fig. 3 8), %7, Fig. 2 ® Bloch & Troxler region Tl 4
2@ equal luminance contour ZSHEEICETHIHOBRICE - TS & (b, Fig. 1A,
BOSETREREDERBMICL VBT S L) KOEBEBLETH A,
3T, Fig. 1~3 THTEAMEECRY 2B OO THBIKERT 2 LKOWL TH 5,

Bloch’s law—Flf L ~ v THER SN dT=const. &V HBHRE, BWEBL VT ¢T=

=52 ]

const. brightness L &#Z 7z b0,
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Fig. 2. Brightness/duration relations: Interrelations among Bloch’s, Stevens’,
Troxler’s, and Broca-Sulzer’s law.

Broca-Sulzer’s law——B F i L~ critical duration O#j#icHE L 2805 3 O—EH:
@ enhancement #hE#4 R4,

Stevens’ law——J#28 Stevens @ power law T, &k OB, B2 XI0ELOHFE 5
BRI L DERT 2ETH 200 BREM S Z OB  2ICA-TEBYD, BHO
BRI O AICHAL T BRI TRV, © C T 5k 3% I SRR & a7 78 cubic
root function @—2& ULTEE L.
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Fig. 3. Equal brightness contours: Interrelations among Bloch’s, Stevens’,
Troxler’s, and Broca-Sulzer’s law.
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Troxler’s law SREESELLSE &, BB 30% 4 luctuate LIEASED L TWL
BET, MEMNIOEAR—EIICERLTLES 4 —X b5 5 (Clarke, 1957; 1960,
1961; Clarke & Belcher, 1962), (Fig. 2 # 3 Tz log-log plot it & » T % OT

Troxler's law @R DV EVEMICHLZWHIXOBREEETHAI T EKER),

Fig. 4 {3 critical duration (7)) & B U 7-—@¥: @ 83 5 & overshoot (Broca-Sulzer %
#) & undershoot (Troxler #5) % FMICR L TW 5, Broca-Sulzer's law {20 T3, il
WS 159 512 enhancement 3R & 8D, F72 Te M85 CEBHREINTVS
(Stevens & Hall, 1966), Fig. 4 T Blochregion & Stevensregion & TO 2 3 OBIEH DO K %
TR FESOESIEHML, T UTHBEOBBRIAREE I I X » T % 5 (Anglin & Mansfield,
1968), Mit, Fig. 4 25,

tan a=BC/BD =(#—S)/BD

T,

BD=AE=(#—.9)/tan a
i,

tan 0=AE/ED=(#—S5)/(S'tan a)
-7,

FlS=1-tan a-tan 0§

.
\ Broca-Sulzer's avershoot ;

Stevens’ iow

h S Stevens law

Troxler’s
ow

STEVENS' MODEL A

AR B=K[L~Lol? S
% |tan & =BC/BD=(F~51/BDiBD 9%
3 E

=AE={F-§]/tond ¥
ton € = AE/ED=(F~51/{S-ten &) &
therefore,
F/S=l+tanatang----- T
Equation [11 shows that the relation of the
exponent for short flashes in the Blochregion == at the lower
fo the exponent for long flashes is determined luminances
by the size of the angle’8 target disappears
Since, F=tan &
. ) 1/S=1/F +10n 85 KILET =KL Te =k LT
\ X

o 2 4 6
LOG FLASH DURATION, MS

LOG BRIGHTNESS

Fig. 4. Theoretical relationship between the exponent governing the brightness of short
flashes and the exponent for long steady-state flashes. In these log-log polots the
distances 7' and .S are proportional to the respective exponents. As the angle @ incre-
ases, the vertical distance # increases according to EQ. 1 (Adapted from Anglin &
Mansfleld, 1968).
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Z DBAfRIZ Bloch region & Stevens region TR 2 X ORIEMOMEBEEHAE 0 IC X -
TREBTLEEZRLTV S,
e, FESORESEZRADROMIMEEEL D &,

F=tan a

&Y, THNEANT
1/S=1/F-+tan §

%5, T Stevens (1966, p. 98) DRV LcBHRATH %, COBBRRITARE 0 Sk
{IEBFEOIEBLIB) FRAELRBICEERLTVS EWVE S, X561, Bloch region
TOH 5 & & Stevens region TOMPZ I ZFUME T AV F—DKETw v F v/ (BRI
ME B¢fi) T&5L95 4,

aA(PpT'e)" =bp®
EEGB, #-T

Tem=ch(S/F-1)

285,

coRiF 7e b (S[F—1) DRz S OMEORBB TRATELCEEZRLTVEUEL, 0
#1413 enhancement HOBERBA L TEZTVE), DT &iF, Troxler’s undershoot O
BACEHETHRES, BL, @ undershoot WL CRAB TR =F VL0 FRIICIEE -
TH Y, EEIC Broca-Sulzer’s law @ X 5 ICHHIEICHELT 2 5 & 5 PREEOHT — 203
KT H 5 (overshoot ICLLR L TR PEVEBEE LB OEMES N, AEIC SEEHIEL S &
Bbis), £/, Fig. 4 TRAVEBLATELDRFOEIR Te UTTHNREECTHRED
FORUTHLHBRBYUBEREBEMITHE LHEL TS, Figl BR), EBIRIF
OEIFERKEHICK-T, $EBREI-TE-TL 5 (K10 Fig. 1, 3 RU 48R,
LRI Fig. 2 KRT EBVTHB, #-T, 7 ORKBETOF I Te OFEFTOF T
APTHC L ERYD, Te LDFOAUA~BE L BREMTIR FOk& X, BB, Bolch region
TORBEHDOEAEZI—RICKRE LI > TOLHAERT C LI B, BT —4 & LTKH,
Bloch region T2 2/REHISE L 225, BICPOETORER BB RTICEBP-TND
(Osaka, 1977; 1978), % 7z, Stevens region TORZ X T DIE & A & HHEE D cubic root i€
MO TR TE B T EHBF 0 EAH S (Osaka, 1979b) S DR & X(31312 invariant TH 5
EEBEZTEVEAS (LOBAEK S—RIELICE BRI T 2 A1 5 5 (551, 197%),
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in the Troxler region. Parameter is criterion luminance

target size, and retinal locus.
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BRI 58 5 SEEBB ORI L

WIEP S hIRETOMOBE Tihe KETT2EHE LHEESN S (Clarke & Belcher, 1962),
Troxler BED 4 # =X LR ARPOERES D, 70775, COBISZM post-retinal 7 BETOIE
[BIZESNTNG € &R T RHER X 5 Th 5 (Craik, 1940; Pitt, 1939),

4. BB, BLEEICHKITS Troxler $HiE L Time-Dependent
THAEDERHOT— 2

%X & BREMOB&GIE Bloch, Broca-Sulzer, Stevens @ region T34 OF — 2 &
NOOHEETORMERBL VB ELSMBERSIIVWERDLN DT, K Troxler
BBICELNTL 3 -EbN b,

3 EID 7 TR Ui Troxler’s law & undershoot S %259 5 1 0IC, EEDF — £
(A751, Fig. 6 0—) 2= F VKK -7 TF v b Licdds Fig. 5 ©H 5 (log-log plot
L) §7, 0DEEAB L 25 5 80 FTONTNOERHEMHTS, 20° FLB b
BEONINCENRE, H-T, 7Tec ZRAHETHEBEINILSLBIEDLPNEL LTS
CENBGE, e, CNRBIETREEEMNROPL ZOBES Te P ETHELNT &, b,
BB OBINBBEWMTHES L EERBLTVS, 21151, Troxler’'s law AU TWEH, &

i Rttt = e s
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Tig. 6. Brightness exponent as a function of flash duration (linear scale) in the Troxler
region. Parameter is retinal locus and target size.

Fig. 7. Brightness exponent as a function of log flash duration in the periphery and in
the fovea. It describes how brightness exponent changes as a function of log dura-
tion in the Bloch-, Broca-Sulzer-, Stevens-, and Troxler-region.
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Y v 7 13\ U-shape function £JEEK U, O TR CTHEERDS 1. 0 IC 8HICHHE 5 B
U-shape function 23 ¢ & 295, BABITNTT Y4 b Y v 7 12BRICIE 5 D3, Bloch
region T &G E/REEIC L 3 & {EHE OB rod intrusion 3h8 T X - T sensitivity 23k
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Fig. 8. Foveal and peripheral brightness exponent as a function of log flash duration.
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