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Change of Temporal Summation during Dark Adaptation
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It is well known that temporal summation characteristics change depending on steady
adaptation light intensity. But it has not completely investigated how temporal summation
characteristics change during dark adaptation. We have measured threshold change during dark
adaptation from 20s to 6 min after termination of a pre-adapting stimulus by using the temporal
double-stimuli method. Durations of the two stimuli were 10ms, Inter Stimulus Interval (ISI)
between the two stimuli was varied from 10 to 100ms. We have also measured the temporal
summation in the steady adaptation condition. In the dark adaptation experiment, we have
found that the magnitude of inhibitory summation was getting smaller as dark adaptation pro-
gressed. While the results of steady adaptation experiment showed that ISI at which inhibitory
summation occurred the most remarkably became longer when the intensity of adaptation light
was reduced. We discuss that these changes of temporal summation characteristics may be
caused by changes of the property of receptive field.
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Fig. 1 Schematic diagram of the optical system used in the experiments and
spatial configuration of the test stimulus and the adaptation field (inserted). This
optical system is a conventional five-channel Maxwellian view system. One of
four test channels is chosen by changing the angle of the mirror M to be
presented to the subject. All neutral density wedges W 1-W 5, shutters SH1,
SH 2 and mirror M are controled automatically by the computer. Adaptation
field subtends 8.5° visual angle, and test stimulus field subtends 507. These
fields are presented at 1° narsal in the visual field.
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Fig. 2 (a) Temporal configuration of double stimuli.

Duration # and

intensity I of each stimulus are identical, and they are presented with

a given interval ISI.
but in experiment 2.
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(b) Same as (a) but from Fig. 3 (b) for subject JL
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Fig. 5 (a) Threshold as functions of ISI obtained in experiment 2 for subject TT.
Different symbols mean the different intensities of adaptation light. O : I=20,000Td,
A : I=10,000Td and v : I=2000Td. (b) Same as (a) but for subject JL



544(40) Y22 B16&E12E (19874812 F)

ROZCENTES. b, AERANBTIHIIGE
LADERBE BRI, 0<lop &735.
FEBICEOTE, ¥ic 4dh=4L TH5kd, X
(1)
0=0.3—log @4I/4Io)=1og ALv—log AI  (2)
(4I=A45=A4L)
& Uk,

Fig. 6 (a), (b)), EHR1o®EE (Fig. 4) %
summation index ZHWTHERDL LERTHS. i
B3 ISL, #tdlAs summation index T& ¥ ‘/r]-f)bi)ili%}]}ﬁ
ISRERE T 2&bLT05s. L, CZTR T=
20, 60, 100s, BXY infi. DIERDOAHT 2y P LTH
%. Summation index %, 2HEHBELEDLINDE
RERDOLTWEEEZONB, Fig. 6 2R3 L,
Z ORISR AR & & dIcELLTHBE T &
X0, T=20s OWELRSE, ISI=30
ms BN THEEEZ & summation index DEDS ¢
<op EW-THY, 2HEBMIIERELSDE
LoTNBLERRLTNS. LA, infl. ORRT
13, ISI=30ms T o>0p L7820 2 FIBRADICRIBHIIS s

Ca > Sub.TT
o 20s
0.4 x 60s
e 100s
[ . Infi.
x 03F g-a™, .4
[ "
'g N
= X=-x %
< 0.2 Q"\;\ R
"g '.l‘ .&\'B’":\ o b
E0Ir A
& R 2
of )
8' I {
- 1 1 1 1 1 il 1 Il
OJ0 50 100
IS! {ms)
o> Sub. J1
04 ° 20s
X 60s
a 100s
5030 o o Infi.
o X'
pie
IR
2, b
1 .
E N
3 Ay
A \
of
_ AU B |
ol 50 100
1S1 (ms)
Fig. 6 (a) Summation index calculated by Eq.

(2) using data in Fig. 4 (a) for subject TT.
Each symbol shows the dark adaptation time.
(b) Same as (a) butin Fig. 4 (b) for subject.
JL

R LADLEBELN S & H ikt b. T=60, 100s
OREREES LADETRS L, 0 2 RIEHOMER
R UEDEMLRENE LAY ~DEHHEIFEGEE
KBOTHREICETLTNL T EBbrb.

wicEE 2 (Fig. 5) O#ERZFE#FIC summation in-
dex TEbL, Fig. 7 (a), (b)icRy. Hbogy
VRNVDIESERE [ 2ED LTS, CORRERS
&, JEGYERREE LIk » THEROKBNE LabEk
WHELL, AR, BRE TT OoRERS &,
I=20,000 Td TiZ ¢<o» &755% ISI 48 20~40ms T
B0 LT, I=2000Td i3 ISI=40~60ms &
1720, I AN BACONTHHNELADEEED
3 ISI BELIE-> T TEMnbhrd. #ERE I i
DT HRAEOEABR LN S.

EE 1 LER2 THL MK > e BERORNEL
AL ENTLE E, FIBLEL D, MEHKE

a2 Sub. TT
O 1=2000074
ol A 1=10008Td
: v I= 2000Td
S 0.3 -
<
s8.2f K\X
% .1t Q\A\\v\ A P
@ N /&;ﬁ*@ﬁ%’l‘?g
g t o~ &=
8.1 50 198
ISI (ms)
B> Sub. JI
O 1=2000874
- A 1=100007d
: v I= 208074
< 8.3 F
£
5 0.2F ®
= 3
F q\\
E0.1F N o0,
LR RS g °
0 BHEg R
’ N—v/x
L1y 58 108
ISI (ms)
Fig. 7 (a) Summation index calculated by Eq.

(2) using the data in Fig. 6 (a) for subject
TT. Each symbol represents the intensity of
adaptation light. (b) Same as (a) but in Fig.
6 (b) for subject JI



RIS EEORHME LAY (BN - AN - thE)

LAabHEOENOEHDS, RIEIGERE EERSERE
I OBLETIR, WobicBRR-TBYD, HEY BE
RICRIB > 1HBRERITTCEBDRS.

4. % =

EEB1, 2k 3 HEROMENE LAbERHED
FELOR S HHIT, WHENRELEDLEDENTHS.
ZCTETHHBNE LR E L BER IOV THRE
T5. HEMELEDLRER, o<lap EHBLET, &
i 0=013, 4I=4L ZEH L TBD, Thid2HE
DPE—HHEFCHR UL SIBNCTEEZRLTNS
o<op LWBERL, 2HEBEOICIEIT 50T,
WEROA Yoz &, Fig. 8 (2)icRT&Ldic
2T HEIHEEZ LGNS, D% Fig. 8 (b))
&5 KBRFORBICKT 2 IGEOEOES DS, ORI
KT BREDEDHICENLS L, T THWIITH
BELAE->T2HEORELBIELB->TLES>DTH 3.

FER 1T, BESERR T 2 20s 0 & &icid,
ISI=80ms D& T AT, RETMEELEDE ML
LTED, BEADA VAV SENSEETHEC &
BFRINB. Lipl, WESSTScES infi. OF7
T, MEELEDESELNIZED, 2HIBOR
fEEBE (IS 8K Xx {785t 2N T summation index
W& 3B, chld, BERDA vrvxREN2HE
MDD LEEANEEM LD EZBZ B EBTED
(Fig."9 (a)). 2D, 4 v rxpEss 1 s

Jlﬂﬂ\/

Input

Impulse
(5>

I /\/\

Fig. 8 (a) Impulse response which shows the
biphasic characteristic. (b) Combination of two
impulse responses showing the inhibitory sum-
mation. Inhibitory summation is shown the
most remarkably when the negative response of

the first stimulus coincides the positive one of
the second stimulus.

response

545 (41)

&, WHNE LA&DENEL B, o ISI THLEE
HRELEDRIZYBELE LI IKEENSTHS.
WICER 2 T, JERERE [ NS E3k>h
THEINRE LEDEMBEL S IST B8R E-7. 2Dk
EDA vV ZEEOER, EBR1cA X SI
258D 5 LAEEN DL TR, 1 Y VREED
BB, NESHBE I WhELBBkoNhT, £
DERIC BN TEDONE LD IC>TVE EEZ SN
% (Fig. 9 (b)). D&Y, 1 v VR EEDAEDIS
MBNSToHIC, HIORIBICHT 355 DAEDEHSER

(a)

A
L

{b)

Fig. 9 (a) Schemes to explain the result ob-
tained in the dark adaptation experiment {exp.
1). Top: The impulse response changes from
biphasic (solid line) to monophasic (dashed line).
Middle and bottom : The relationship between
two responses when the impulse response changes
as shown in the top figure. (b) Schemes to ex-
plain the results obtained with various adapta-
tion light intensities (exp. 2). Top: The impulse
response with strong adaptation (solid line)
changes to that with weak adaptation (dashed
line). Middle and bottom : The relationship be-
tween two responses obtained with strong adap-
tation (solid line) and that with weak adaptation
(dashed line).
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Fig. 10 Relationship between the structure of
the receptive field and the impulse response.
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Fig. 11 (a) Changes in the structure of the
receptive field (top), and corresponding changes
of the impulse reponse suggested from the results
in experiment 1 (bottom).. (b) Same as (a) but
for experiment 2.
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