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Pulfrich BATELR D@86 r F a8

1. Pulfrich DBRTHREIZ?

BHDERDEISDTTRTFE2L 0, BEEONALTE L2EA EFEESH S &
THES, OB, EEEIHFP—EE2EEL-o>, HWRETEL OESHELEELTA S
&, RIBETHREZNZ#EO CTRIEFEES T2 L8R o0 5, KRic, BEEDABRORNIC
ND (neutral-density) 7 4+ V% —%EE, LGRIZZOEZDREICLT, MBRTHEUB
D DEHPELHE L TH 5 &, SERETAMICHEERE Z# TR EERES)J
BEBROND, 74 My —EGFBOFIKEVWTA S &, EEAMSEERL, REETARO
EEER L35, T0, RIRND 7 4 Vo —DEFRT LD, RFEHHCERRITEHICREL
53i% i3, Pulfrich stereophenomenon & Pulfrich pendulum effect EFEIFH T 3,
Pulfrich (1922) itk 3 COHFOFLHLH» 5, WOBMWESN TV, ERIcE, HES
RBELEDD ZRHID SHIROB|HER->THBY, BABHTIORKEBRRLIH—RR
FHTIREWE 57 (Morgan & Thompson, 1975), Pulfrich BITHRICET 5 Z DEDIF
# 13 Morgan & Thompson (1975) DX DEKEIZF & hf: historical note IZFEL Lo

COBRIL, BE, ROLICHEESNTVWE, 74 V7 —2BLTAHEOIEFTOE
Ei, 74N —RBIRVEELY GEEL, JONRNEESERMPYTHEERZE (re-
tinal disparity) IKZE#EH 35, TOEZ SR, lag hypothesis EEbh, £ OXFHE*%
BTw3 (FlAL, Alpern, 1968 ; Dodwell, Harker, & Behar, 1968 ; Julesz & White,
1969 ; Lee, 1970a ; Lit, 1949 ; Rogers & Anstis, 1972),

LTES, BEMEER, BVohd T vy —RENSKEZBEHEFTHEMTEL0D
(Lit, 1949) —TEBEEE>TH, THEFISBITERICR 2EHOOMBEZAL LN
5, 17213, FIMGEEEZFORBEPMEENS ETO latency EOICAOLNEEBLHON
REFIGEFETHE D, 5 1251, BIRGRICRSNZRCEEOETHETHS
(Standing, Dodwell, & Lang, 1968), Pulfrich effect MKIE L CRIE X h 2Bz, E
D2 oOBERIFFHFELTLEY, OFhd | DOBERIVIRER - -0, TEIHRER-
OPORBIET B L, EFELD, ThM, FRX TR, WERICES CKEZOM
Bih7z:b0%¥EL, lag time EMFERT &EIZT 5,
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B 1 lag hypothesis ic & 2 TR OHRPR, (@3B
4 ICBU B target DR IFORTHAEE R T, b
BEoBBIc oW TORM I ORTHEDCEILE 'S
TTRUIE DD, FERIETEXSHE, (Morgan & Tho-
mpson, 1975 £ 1)

1%, lag hypothesis iZ & 3 Pulfrich B{TREFOHMARITH 5, (a) RIFHROFH
TANT—RBOI =25 L RETH VD TH B, HRICIEES N target B
(HHhoBgikx #LEU%?‘?&% Ehd0) KT AESRZOR URERICEE S i target
BIBET 2 ES L O BEMICEh TPIcmEE NS, Thill, COBhTHIRICEREL -
FIEORBEBOES LBMEFRIBVWTHVW LN AEROHEBEERDOESIZ, EhERE ORI
BEHHIOECAETBEHELTLE - /- target DEREBICETIEDEREH, THRDB,
HEENIC KD, BREESESHENEEVIDTTH S, T OWFEBRE-EE ORE
73 ZEEIRHEMEE = (simultaneous spatial disparity) & [X5 L T contiguous temporal
disparity &FE33Z & 5B (Morgan & Thompson, 1975), B 1@ (b) i, LoEd
BREZRTEE L TR U DTH B I RAZLZET 5K 2=z b L, Hthhid target
DI EDRIEAFRD L TWVW5, Zhil, EEM TSN/ 2 ROMREOIEREL, M
oM TEEESZIHRT 282 RT I LI 5, ih, KEETTShizED 2K
DORIFRORRESS, < ORIFMZERIMEEGEZICXIE T 3 contiguous temporal disparity %
R &I B LD 2 HHRIE 7 « V5 —BEER target OYFEHES A5\ 755 & O
THEIPRIVBE-REL BT LI B,



Pulfrich BFEE ~ O EHF&FENEE 55
2. Pulfrich effect & {RIEE)

BRED & 5 15 B- EEIHAET b pulfrich effect BB ENBS E VWS, THb b, target
DEENDS, it L EBRER TS, FRNEEZRL 68 38 target ORBHIT L B1K
HEHTH > Td, stroboscopic stereophenomenon & THEER S X 5 5 pulfrich effect
BELBIEBHMONTVWS, LL, TOBAICI, lag hypothesis TRRED & S ici
BB 3 &R BDTHAIH (Lee, 1970b)o

COBE, 7405, TRENGEEGENEERMEIEREN TV S target DIFHR
EEEEESRIITH0, EEFSOBRIC>VTRIMOBVEINBNT LILE S, Zh
&, HBERITHBVT spatial disparity ZHE L EEAWMIES L idwWFhh B 0K
HUICREBEL ZEEBDH A5, TOKI B, FEWEOHN &EORENS E{ELNE
VA, ZOLHWT LRI NE, ERELERTRESRA Y EEC S LB VBTV
T &t A D, Morgan & Thompson (1975) itk hid, FEER target DIEREIEID 5
BEEINE, BITARNORMFOTNIZERT 55, IRTRERYPS 5BAEZMI TRS
BHE, HRELESBEEVD, &, TORAR, 7115 —REFENTSICoN, &
DEVWARIETTS LW,

Thonl &y, REEHCIE, filling in” B30 EELSNTWS (Morgan
& Thompson, 1975 ; Morgan, 1976),

3. Pulfrich effect &HIBBREE)

11 57 & 575 lag hypothesis icE-< BT, BILES target 2185 DT
278 <, IEERIH OIS EEE L o0EE) target 2HRT 2FESEE S Wiz, THD
5, WD) target DEAMEIE EEMY > TOCEHAEL Dhico L LMD, BASES
target 2883 3 A1 d, Pulfrich effect IZ&E#LT 5 &5 (Gregory, 1966 ; Kirk-
wood, Ellis, & Nichol, 1969),

UL, TOESIIE, dLBLVERMSENOTHNIL, EE target DRI, 7 4
Ny —EFRIIBWTS, MHOEEBSRICBVWTS, FLEIELLEFETHI,1 0, K
1DESRIERIZ, ZOFEFEOHTR, BROLLEME LS5, Rogers, Steinbach, & Ono
(1974) c &, 72 ULdpic, BEDTED target PHER I N BZ, BiTHAR~NDThH
BHEBE LB LS, LpL, flh, RO L S BEEHMAEEST 2&HTicku
T, RDJ EOBRITHEANDFhMSHRET R E VI, HORB I SDFEEERD LS IR
RLTW3, MBREEOHEABHLTED, IO LITLD target BRIFHAETE LT
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BFHLTVWBEEVIEFTERE SN S, FERIC, TOR, HERUBOKRIEE LT - T
B TEILs B, 7 4 vy —EBIRTRIBEBER IS, PR ORBEERIEE LD lag
time 2349528, BRT S ERKVPEELEH S ERIBICH LT, TOHRBRIEFE
h5, Zhif, HTRHBcEITHROTNEE > OEBNHET 5, Lirl, TORTHN
NOFTNE - - EEF OEE) K LT, Duncker (1929) OFELEH EFEHFO A # =X
LDMERT %0 TRbB, FIEEETHEH LA ESHT 5 target DHICBITHHEIO TN e > 7o
EBEPFEIN, TRIBEBSEBIELAECADFEELLSDE LT [BER] shb
VW,

Ono & Steinbach (1983) %, X—Y 7o v & —iCHO T o hicFEFT A+ — FEE
Bytarget £ L, SVF L Fy b e Ny—VEERFHE LT ERBRKEHZAEL,
BIR DR OBHRE 8-> TV 3, WRVHEEETH LOEBROFEZEHL TVWELWVIA
%z, BREL T3,

BROAFESmICBOL TR, BEAZEALCRETRTEEHELLS &, ¥, KkFE
BHELTAHALI E, OWFNOEESIBVTSH, Pulfrich effect I3AEFLT 5, TDI EE,
EiRofERic L b +SicEBEhTHW3, TOBRRIE, FEORECEY 2BTHRIC>L
T3, lag hypothesis ZiRTFOHEIEGE OEEICER L, REOREIC BT 2RITHHRICD
WTi3, lag hypothesis Z2FEOHEEGOEEBICEH LD TH S, ThomEDOEST
SHE DEXHIMERS 25 X B8, [Pulfrich BITSHIRO—REVEE] OB, wFhbh—F
Dy —ATBT BFHEDKKTHAITHA S0 £NI, KWX TR, ®RFTHEDDH target
DEEIT lag hypothesis #BH Lz —20A WO EIFB T &icd 3,

4. EFINVDOIER

Pulfrich DBTXIRIZ, FOHFZOEBEHDIHE DAL DEKEL VX, BABEE
BRSO NTETVEY, BEEEOBBNHHIC >V TR, Likdfckdi lag hy-
pothesis IZ & D IZIFTTELIE A & DEASEV,

PIF, Z lag hypothesis iICED &, £RARVBEFTILEDhI VL o2h oK%,
BUTHEMICOEL TEHTRETH 20O E I D%, FHIITKBELTAE S,

R E— L Tk R315 5, MRBEBOWTANIEMOEECKRBZENS 2154,
v=1(t) OEREEE T IR, B WCIE25EEE LTHMEESNEDh, 0T
LIl B, ZTT, £9, COKHIR—BBOZTETEEZHEY, &ic, v=1(t) KB
HHYISEHRE OB ERTNON, HEOEME TR 5720, ROV VY VL v=w
EVWSEHEFHOREHATHILICLTAL D,
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1) X—YEREEROEA
4, WROWTFIhPIL 7 s vy —%hiF B Eickd, WMROZT 2HHERE S, S
BS>S: EVWIHRRICHBELLD, CDEE, ZNTHORBRE L L TRES
WRANDIERUEICE S RS t,t. TH D15,

t 1=g (Sl) }
tz_—‘g (Sz) @

LRENDB, TOLE, g (X) BEFARVEE LILH5BRERLTWS, £,
dt=t2—t:>0 ®

THRt B IBHERRICB T 3 lag timedt BET B, Zhif, MR S ORGSR
BT 58, 2T TAVOShAREGICET 2BHREALGOIRTRENIC It Thicbo &
8%, TOTEIF, HWRIEFHL TV ERBEICIE, B - Rt LRSS H
WH5N BT EEBKT 5, TR, RIBCHRAREHTEAICE T 5 _RTOES TH -
T ERDFHMOZERY, WRGEELFAROBZ RO Licky, H2icdd 5 (a),

(a) (b)

52 HABRANDT7 V& —EEEREICBIT A Pulfrich BT
%, BHANIES) target 2R T, 4t BiICiZ, T
D target AR AHIOMBEICFEL oo ERAMIT
target DRI OABEERRT - target DEEIHFIC
L@, ODIEDF —ADBHEL 5,
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(b) DVWFhhDL I, MROREL»TOMNBAEBRIBAEL D SRITHRITNS T
LB BEDTH B,

ZCT, ThodBfRE (XY) 02 FEETEIATAL D, LR, AREBIER
X Ehe L, MBROhEE0EHET B, TORAICBWTEAT A2H0 Y#iEs (K
3B,

2) E-HESHEGIRICT « vy —EHE L THE LSS
&, AIRICT7 4 V7 —EDFRBEERY LFTE LS, PITOFRK 3 28BLTW
&, £9ER%E L, GiR%E R, MREHEZ 22 (a>0) &L, i, BERICA
79 BEH t B 5:8H) target DALER P(t) £33, P(t) icdH B target DFEES
ERIETE7 4 Vv —EBRICBY BATIARR, 740y —EHICXDIHERHS 4t

A}Y [-c+F(t-At)-F(o)},b]

( ( [[-wF(t)-F(o)],b:]

R(=c,b) Pi-at) P R(c.b)
b —r

Qw

A

L-a,0) 0 R(a.0)

£

B3 M2 @0y —-2EEERRLIR, #lREES
o
PEIRDTPP>TVEDOT, K% t—Jt) OBOMNETHEHLE Pt—4t) iKbb
target DR LB 5, 1, WRA O OMBEEIRAL TRAIC 1 >OMNRE L THE
SNFEH) target ORMITOMER Q(t) £T 5, £ LT, B EET 5EE) target
F Y=Db (b>0) OEMLE Y MOLFELVERLY, Erohic | BHEST
5ELEH, TOBOEEBREIARE P (—c,b), EEHEEE P (c,b) £33 (c>0)
Z OWEDEE) target DIEBIEE vi

v=1f(t) ®
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L9 5L, EBhEEEES 3

S=ftf(t) dt=F(t) —F(0) @
(o}

L1385 (MREHS, 0SS=2¢THHM5, v=f1t) KBVT, t DEh3FEMAICI
HIBRBD <)o Tk, EE) target BHFE L TH OB t+t, k- HEBIC@ESSER
L, R»UOHE Q(t) BELCEI L5, TOBOER, AROPEREELEE
7-EE) target ONE P(t) & Pt—4t) 3, FhhEFRTDLH>iLK 3,

P(t)=[ —c+ {F(t) —F(0) }, b]
P—4dt)=>[ —c+ {F(t—4gt) —=F(0) }, b]

ZIT, B LPG) OFBERERDTAB, 24 (X1,Y1), (X:,Y:) 2@3HER,

Y-Y:. _ Y.—Y, ®

X_Xl Xl_Xz

DORRDHIIT 20T, ThEFIET 3, BRI,

b ,
Y= TP R0y T 1a KT ®
L3, B, B8 Rp(t—4t) OFERERD 3L,
b (X—a) @

Y= {—c+F(t—4at) —F(0) } —a

E1 5, OREDROKZEN Q(t) THEH, 5, ML SZDED X EBEE Y BEE %
AELTA5, @REDRLD Y 2HET S L,

b(X+a)
{—=c+FQ) —F(O0)} +a
_ b(X—a)
T {—c+F(—4t) —F(0)} —a

ORZEHTB L,
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_a {Ft) +F(t—4gt) —2F(0) —2¢}
x= F(t) ~F(t—4t) +2+a ®

E130, X EESRD SN, 5ER, @XNE@RcRAT BT Licky, Y EREEX
H5Bo

b
Y= {05 ) —F(0) T +a
a {Ft) +F(t—4t) —2F (0) —2¢} @
F(t) —F(t—4t) +2+a
R EEHET B &,
v 2 ab o

:F&)—%thdw +2a

L1, Y EESKD LN, @, QXicBVWT, 52 -4 —t ZEETHIE, QL)
DL HEERTHAINRE 5,

8) HALEEBEGIRICT « VY —2EE L TEE LGS
wic, EEAREIAHEICE - KIBEEZEATHAL D COFHRERE &I, EREE
£4S Py, EEHEENP, EH B, i T, TOEOD t 13EH) target 25 P, RHEL, P
WET A TOMEZE o oMLET 2, COMEGEE, K4, RFEEEHED X-Y
BRI E D ERLTH B,
K4k, TOBEEDPG) & Pt—4gt) OEEER,

P(t)—= [c— {F{&)— F(0)}, b]
PG—4dt)= [c— {F(t—4gt)— F(0)}, b

E13B, TIT, HIEEERIC, EERLP (1) OHEXERD L,

b
o {F(t) =F(0) } +a

Y (X+a) @

F7o, B RP (t—4t) OFBERERD 5 L,
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b
Y= c— {F(t—4t) —F(0) } —a (X~a) ®

Ec-[F(t-At)—F(O)J , b
Y
Qw

Pec,b) p(t)hp(t-n) Rlc,b)
AU
[c-{ F(t)-F(o)] 6]

L(-a,0) 0 R(a.0)

B4 H-200r—2%2EERR LUK FlEERXeS
B, '

L5, @RE@RIck D, MEHROKHTHS Q (t) ODEEERDB &,

_a {F(t) +F(t—4t) —2F (0) —2¢}
X= "5 —FG-4t) —2a ®

2ab
Y= F(t—4t) —F(t) +2a ®

LB, @R, BRITBVT, /32 —F— t ZHETIIL, target DEHOEE (%
BEDOE-F AR ETIIE) KBWTETEHELTOEHEELRTNISRE 3,

4) 74Ny —EBROEAE
T4y —EARCEELBERETRTE LY, ERICESELBECREDLS
KIBBDTHAH, TOBER, ER»ODEREEN, GROZHKLD 4t BB
s hs, K3, 4ikBVWT, ZhTh, SEIE R & P(t), LEP(H—4t) M
N3 LB, 2hif, Bt Bl 2EE) target ORDITONEERT, TN 62
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ERORE Q) 1, 74y —2EFRICEELIFEENT, FHEOKBENHETS
% Py, P. OFIZICBIL THEMNICE S, X—Y BE FOROFERIIBWVWT, D&%
ZEicwhiug, BIRKOBRER, 740y —EERCEELIBA LT > @OP
DAHETITAR W LIZE 5, ZDkd, DTRERT 5, BRO LQME, HREAE
RET, BUIRESN-OROBEMIR/ S 4 — 5 ~OFERENRL > TOQIE, gt
OREZRHHECBOTRELSDE RS,

(5) EE) target BEFEBELLEHE L T 255 OHE
SETOBERIBVTIE, f(t) BB ARVTERL TEEH target OBEEZL
iz, BEAMEEEREZBAT I Lickh, RAFOMEOBFHLEERIT>WTAT
BBIEIILED, KHLTE, BoMHETSHEGEROBACERY 5k 34,
HEEOEMLERITIL, logic DEDIE, MOBHXOBELEEREEL LI LI, X
DTINIE TH Bo
SHREFENTET &,

@) =w ®
EB3B, wid—EEEERITEHTH B, TOHF
F(t) wadt“—“wt @

ZLT, CCTR, F(0) =00BEEBEELTVWIDT, BREHIEI¥Y LB 3,

ZIT, &, EoRSSETHGER L (), ImaThREH Iic LBUEE THEHRR
EET 5 (HE) 1447 VOREEEITAELY. £F, ORL0ERICBT 2:E%
target DR ITOLE Q(t) ® X BEARDTAHB &,

a {wt+w (t—4t) —2 « 0—2¢}
wt—w (t—4t) +2a
a (2wt—wdt—2¢)

- wdt+ 2a

X =

EH B, TOR, HERITHSS,
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0=F(t) =2¢ ®

THEHh 5,

o
A
o
in
oo
[e]

£

LV ¢ IRREBEORE S,
ki, @RELD, Q@t) © Y EEARKDTHA B &,

2 ab 2 ab
Y= —— "
wt—w (t—4t) +2a wdt+ 2a @

&85,

BR& Y, XEEIZ 54— —t ZELDT, t OB >NT, e LZTbBI L
Doy B . Hih, @REKD, YEER NI A =5~ t EHATHRVOT, Bici—EE
BoTWBTEBRIP B, T1bB, Qt) D& 3RPTOHEIR, 0BG, X i
AT (B0 T &R, FBOKENESHE P, P, IKWTR) BERELZ, L,
DA, Q) OREBZEMIE, P, P i L TEHEZIEM S MicET 5 (K3
Z),

RICEFEEFOERIC BT 3:E8) target DR»IFOME Q(t) KB 3 X FELE
2@REORHTHEL D,

a {wt+w (t—4t) —2 « 0—2¢}
wt—w (t—4t) —2a
a (2wt—wdt—2¢)

B wdt—2a @
LB, COB, 0StS—-C oo D, EBEBELTH S,
DD Y BEEAODR L DKD B &,
v 2 ab _ 2ab ®

w (t—4gt) —w t) +2a —wdt+2a
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ET3%, FIEEFRIC X EEBICIZ NS A -5 — t BEFTNTVWAY, YEEILRESEN
TORBW, TRDE, HED Q(t) SEREEIT I LRI S, 2720, TE508
HiTld, Qt) OEFHEI Py, P, I L THEE» OESHBAIMNEST 2 (K4S
Do

(6) FHIEA~D R OFhiEsE
(B)DEE) target PEHELEFH L TV BESICE T 3, RATOBEDOTFNEEZ
THE Do 2T EROEKICHL B, BEMERIE P, P kLT, BEEIEMN]
BAREY B B,
WE, CoB&IcBIE, FENBED >OFThERE dn LTB L,

dn=b—Y @
T, TOBD YR ODKTHE» S,
do= b — 2 ab
" wdt+ 2a
bwdt
T wdt+2a ®

&85,

(7 BHEA~NORDI T OFHIESE
wic, LHIOERICHI-3, BENESHE P, P. i LT, RbJOESHHELE
REIODESHBEEEMO EIFTHL S,
4, COBRICBY S, BENHE,S>OThIEES df L35,

df=Y—-b e

T, TOEDOY BB KXThHaho,

2 ab
—wdt+2a

bwdt
 —wdt+2a @
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kL5,

WTHI R & EH IS A~ O TR D=
OREDREEZLRTAHANE, dn & df OKRZIERRB—BEBRTH 55, —iK, I
ICE DAL TH<L

1 1 wdt+2a —~wdtt+ 2a
dn df bwdt bwdt

2wdt
bw4t
2
= ——— >
; > ®
df —dn
dn * df

df>dn &0

>0 @

L1855, TbB, EBHEANOBRTFNEDOHY, HEHISADRTTIEID dRELA
5DTH5,

LoBRE, ((t) =w OFECBBEIOBE O TRES bOTREL, (1)
DD IROBEMTH > Th, — NI EET 28 TH 5,

$isbb, FEEERE, THARANOFhER do, EHAA~O TR df
EF5L, @OX&b,

dn=b— 2 ab
= F(t) —F(t—4t) +2a
_b {F(t) —F(t—4t) } )
F(t) —F(t—4t) +2a
72, ®HX&LD
df= 2 ab —b
"~ F(t—4t) —F(t) +2a
b {F(t) —F(t—4t) } ®

F(t—4t) —F&) +2a
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1 1

dn ——:if—
_ F(t) —Ft—4t) +2a  Flt—4t) —F(t) +2a
b {F(t) —Ft—4t) } b {F(t) ~Ft—4t) }
12 {F() —F(—41) }
b F(t) —F(t—4t)
2

:b>0 SE]

df>dn

PED &S, FHIS « BHS~ORPIOTHENEFELLBSBWT &8, — IR -
ATBEBDh B, £IT, &, IR« BN EEDHEHNTHEST 2FEEEZLTH5
o, TR « FEilSl, target PEIAERETEH LERFEH L T I3EBOZH
ENERDSL SAHEREEWR LK Do Zhill, —HIC, Pulfrich BITHR TR, KT
EFPRITAMICSL 54 [HERHE] 2 SRS hT0ad, BEICERAE, [HFH
WGE U 7cBuE ] ORBEB X OBEUITHA D,

(9) lag timedt DRIE
lag timeJt ZRDZRASBBH b L ROXL 0B SN B,

SRLD,
2a+dn
4= w (b—dn) @
T, OX&XD
2a-edf
== (b+df) ®
&35,

OHKEORicH T2 ald, BIREAREOHOEHOESERS, £/, b &, RIE
target 2SEE)T HHIEEITH & BIEE & OHOE/E T, w i3, ERESRELLE
IAD, EREHFEEZT HRB target DEBRIEEEEEZRL, THTHSodn & df
ERMHTH 20, Theh, ERICBIEBRSE LTRH B EMTFETH 5,



Pulfrich BITHRORHTRMFRIHE

B2, 3 or 4ITBIFB P, P, B%, SHEHFEESCTHEE T 5:8EH target
DIRRIZ, AH=ANVEEBTRESEEEBED L LKV, L7 o= VIREE

real
moving -target

San
LT

-
-
-
-

S

;3

— moving - target

C)T mirror image of

‘\“ measuring- spot
half mirror

.
measuring - spot
1 r—
ll
/ )
/ U
/ AARARRAALI LA |
"l
; scale
"l
4
I
]
4
i’
'I
’l
/
’l
7
b
‘l. ‘l
I ‘\
l' ‘\
, L)
s L)
4 .
I’ ‘\
I’ ‘\
) LY
s
I ‘
I L)
I A
I' ‘\
/ \
7 1)
’ 4
i kY
I"
S
eyes

ND filter Y

\\"/

5 1EF) target DR IFORITHNEEAEST 2 - » D%
BEERAMICR LR, SRIBREXSR,

57



58

TRBEBICERTE 3, FRITKE, BED/XY I VvDF 4 A7 VA EEEROVIIEEL O,
Tl COBEEEBRELOMICN—T 35— ERIEETHERICHT L4 OB ICE T,
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THE ANALYTIC-GEOMETRICAL APPROACH TO THE PULFRICH
STEREOPHENOMENON

Yoshiaki NAKAJIMA

When a pendulum swinging in the fronto-parallel plane is viewed binocularly with a neutral
density filter in front of one eye, the pendulum appears to swing in approximately elliptical path.
This illusion is called the Pulfrich stereophenomenon.

The transmission of the signal from the filtered eye is delayed comared with the nonfiltered
eye. This lag time creats a binocular disparity which induces the apparent depth effect. This
explanation is known as “lag hypothesis”.

There are two situations in which the Pulfrich stereophenomenon is produced. One is the
situation in which the eyes fixate a stationary point and the image of target moves across the
retina and the background stimuli do not move. The other is the situation in which the eyes
follow the moving target with smooth eye movements which place the image of the target on
the foveas of both eyes and make the images of the background stimuli move across the retina.
In the former situation, the lag hypothesis applies to the tagret image moving across the retina,
in the latter, it applies to the background image moving across the retina. Although there is the
difference in the retinal image which produces effective retinal disparity, there seems to be
nothing wrong with lag hypothesis itself.

Therefore, this paper aims to approach to the Pulfrich stereophenomenon through the
analytical-geometrics on the basis of the lag hypothesis and investigate whether this mathematical
approach could reveal the characteristics concerning the Pulfrich stereophenomenon, considering
the simplest case in which the target moves at the constant speed on a straight line.

The results obtained showed the effect of motion direction and the effect of filtered eye (right
or left) on the Pulfrich stereophenomenon. And it was also shown that there was the difference
between the apparent near and far depths from the midpoint of the real motion track. Furthermore,
the equation to calculate the lag time was dervied and, since the equation contains the experimental
value, one experimental situation to measure this value was presented. Finally, the equation
showing the relationship between the near and far depths was derived and one method to test
the validity of the lag hypothesis was presented using this equation.



