M;’Sus/ f!f t e

Conyer sioa o F /l"[vf' "\G/"y ex-Y MW’?/-"I;’#;/

é \ Ultra-

v Gamma o kit Infrared AC
S?Cc*/ rays X-rays r*s,i rays Radar Broadcast bands civcalie

Higher ‘ Lower
o s
energy ;‘92. 500 600 - energy
I\N\/\ Wavelength (nm) /\_/\/\/\
Figure 9.2

The electromagnetic spectrum. Only electromagnetic radiation with wavelengths
of 400700 nm is visible to the naked human eye. Within this visible spectrum, dif-
ferent wavelengths appear as different colors.



Zonule
fibers

Iris

Lens Fovea

Light

Cornea
=" 1

Aqueous

humor
Ciliary
muscle

Vitreous
humor Sclera

Figure 9.6
The eye in cross section.

Figure 9.6
Neuroscience: Exploring the Brain
© 1996 Williams & Wilkins

|



Retina
s
¥
Optic —
nerve
Figure 9.12

Light

4l " - |
S e Bl R é"-«-’ S

i : i
AR B Do G,

CLc/hb(

Ganglion cell

layer
“E—

Inner plexiform
layer
Am—

Inner nuclear

lgyer
3y

layer
g SR

Quter nuclear

Iaxer

J}
} Outgr plexiform

Layer of
photoreceptor
outer segments

} igmente

egithelium

Laminar organization of the retina. Notice how light must pass through several cell layers before it reaches the photoreceptors

Sc/ers

‘f&m»f?ytf 04?Ip4ﬁéb/¢&ﬁ/fw1ba

at the back of the retina.

— ﬂoo’f

— Cone s

0!’%0/ ' A W"f“"/"’jy & Alng,*v:)—, .

Neuroscience: Exploring the Brain
© 1996 Williams & Wilkins

Figure 9.12



Coar

/
g o FPRPIR o,

b ipe fewr 4 borizests/
C¢/é

_— cell 500(Y ot '(n\

2T puclees & organihls

Sbar't & tipuri'ny

/ ovter seg punt

Lo " +e y/lh//'it

Ot o
:e, Hﬂf

M;,m-‘s.. 5 i

HOG SINUranous disks st
NOIOrBCS s
O} e e containir g ;~’»'g‘“,;;n‘;?‘;'g~jr‘f a m ' ;

Figure 9,13
A rod and a cone.

200(} 4}#& Mg.‘Y nad S Mq‘/‘ﬂé‘f ‘/lhef
¢ k"‘\/ ﬂu. 000D X oa..o/i Sens/tive fo

/"9"‘6 Than 7 Cones,
Aoo[)' sre schive vadu” SCofap/'g /,)’ {4 :
Cd*u’l"ﬁlsn; (/.../ //)'lv{'). Unoler Thase f‘wo/l?‘m‘v/
1T /bol r¢u7p-fo/j a/€ un./ Ar l/"i”".
“nkerr 4y foms light uu-.(r;‘/mr( Phatrprc )yt

6“0/"""3":) veds s& / /cr/"u//a , dad 75 less
Sensitice cones . qre vsed Gy Visiin



LOOIf J" lonty 6/}’0 Jl%/ S éu“‘,
oﬁ WW‘-/&w;‘ﬂ-; }ﬂ //'Jké fhy §7/¢C

i
sensitive *
Iy

lojs hove ¢ ﬂluéefjw."f e—s//e/

2‘“’0{0/”""" tonsrs€r ol e /ﬁét/:—‘
eofled 0/,’/'4 et /s
COAJ'./};{¢J with & aon-priéey
called re 60"\1/(,&//4‘/ bon,

V) tnm i A—)‘ Rebiny/ ¢}
N [i9h€ enr)y ~6:o/6zh/
pirl o F P rhadopsia
Absords /:",46 eu-';/]/ Y00rmm=—CSO1m
[~ wavt /vaa‘b} W T
{‘ﬂfll’ll‘://’*/ t S25Am.



Plu)bf)}mf ) conesr /% :‘f‘fu:«t‘vn/}/
Similir Fo rhedopsia, Has s cps/ia

P/bef-l:ﬂ &}}oc/mh/ ul'fk re é"’“/o Pt
I~ Tha +7f¢. o £ 0/93'/ﬂ fs/{’ o F

3 #ypes oF contss

M’ 'faf)(*l:-c +s /"';lvé \dcut/b")ﬂ;
between 3SBym— SO0
M ax | v 53:1'*:2»4'/ s & f30nm

[Fskt pe,/cu've.l a5 bloe 1a color
e 1“0 /r'?‘ve v¢u¢/¢yﬂj

V{"nm— 75 am
S 30am

G reen connsi sensitiv
be tween
mcx;mvw\ Su};’h'vi}')' Ak

]/'7476 }’t/cc-/ueo/ 45 green )'a ¢olovr

WUoed cones L Sensitie P Jy b€ wsve [ewg €hs
&0 —b/0n



(0a ) FNIN rm:/-hbﬁly s€ SCOonm

ll'yl"(’ f¢/¢¢.a'v<.o( és /eo//'n oo

,L/c./mlw/*& T/"cltrbmcc/ TLO/)/v'

The brsfa inkerprets i, yehtive
/"l}’d'b’ Fron, The ‘7‘7\0’\'-& tne recepto-

%\//Dg; ,'ﬂ fc/cex'w'y; m CJ/O/
oL an objecct

Ex. L8 oIl thmee types o F
Coney ' a/e e.5 v/l Sfl'nu//rézj

The brs.. rercees The color-
of My /c'7 b€ a5 wlwlf'g

/4““’{“‘"’ ‘X"“‘U//C 0[ fcyau/.é&-. Ca//:y
'n s Scetsovy 5)/56%,



F‘w('- ‘fﬂnsol-"’"""’ s // whieh
li'sh& cnsvyy /s convested
Jate neurs/ S15h al,



Fig. 10-36 Phototransduction in rods

by

(b) !ight (c) Re’covem from bleaching; L

Recombines
with opsin
to form

- rhodopsin

S P‘IV"“J |
-T- y ;ltut‘b/: oﬁ G‘Noﬁ

A/QJ'\Llcq k “‘"‘“‘6

2
Neurotransmitte M ‘“g "M ' - vo“‘ V

Tonic release release decreases '
e— [
1\ ¢o * "‘ 1O ’ ”' ‘QJ L 3 "* VRl © 1998 by Prentice-Hall, Inc.
A A Simon & Schuster/Viacom Company

HUMAN PHYSIOLOGY

by Silverthorn F-) ‘ hGWﬁ“’ﬂ"’ MO'

T°“ "‘ " ,‘ ‘ } ‘ Upper.Sa le River, New Jersey 07458
08 navrefraa guas e



77'* ‘(CCV“" A nevre Frons wi e relesse

i1$ relcted +o The /'4{mn"l-/ ol ﬂu.
/"7‘«% A///oy ©n 'ﬂ,‘ flv:brceq!'h/,

3/0’;4 ber e 54 &

7 MLR /‘A o[°/f’:' é/escéu/

Tlv. nore Tring ,(.Ju'n The€ '3
o ctiveted
v
TA wneore P lu;/a ho frestersse
o Cflveted

v

7 [owey
Tle weore aG'”P_?GMP(C?;

!l/ /e c;::
4
The pore Alst channcls ")
‘h«‘k C«/o%
J

The grester The k/ﬂ"?"’[
o‘P ,\r"mbr‘M PO-&M‘&IQ,
v
Tl less um'f(w:nf’#w V¢/‘”¢-¢



Lo Me reting

Pb‘bltecffbf —_—) ‘,’,o/u/cc/é -— 6‘7/,.“

Lo naast o & The pe

ce/lls

‘é"“-q There /1)

Comver gemce suel ";A,e
| \
o /{';'F/Q_ f‘v‘b/&ekﬂ'éO/f SYO“/;‘
o ,:p"\)/e. éipo/u’ “/é * MV/"I)’/(

6)’()0,0/ 4¢//J iyu-,/;g onts s )'I"‘J/ﬁ

b (q)- [lom eell



fﬂ ‘n'u 'Fave-, fkgﬂ ) e /,'/.'/
N[p(-t'oﬂclx,f be toecen 10 fko'éwue/fo/ﬁ'
M/o/ct’ C«&//f "j‘;y /fom ﬁe//:,

A'/;e/ 'a The Foveq The )4-7//“ ce /s

+ 6,’/0]‘, ce.//s ave plfj/a/qcc/ /Dv"‘é
Tha srdes of M Roves so /i34 €
£ ///7 oo The photoreceptors bss
ﬂP"Mc"' sccegs To e to T mt/o-b/s

TL",Ce CL«/QJ://SHC; J"uc. Tl Qveg
The LU') Ltéfe \/0374/ P ew’?‘)’ ("H//“f
VI(S !’an)

VL‘-?) \/au Fnu; you/ ijq/ 4‘t‘€¢né/oq

Ow an 05;'&4 yov ¢re faﬂiw‘a'o—.,/‘y Thae
3««24 9£ 'ﬂ«,ﬂ(ﬁ éé/écﬂ‘ so ‘f"w"* / Qa’/é

on the &ch



T gun(5€ Center™ Surromd] Kassptic
F/t /J Al [Lan <.

Receptive field Recepiive field

center surrgung

Horizontal cell
WE®m aamy

Bipolar cell

Figure 9.22
Direct and indirect pathways from photoreceptor to bipolar cell. Bipolar cells
receive direct synaptic input from a cluster of pﬂwotoreceptors, constituting the recep-
tive field center. In addition, they receive indirect input from surrounding photore-
ceptors via horizontal cells.

Figure 9.22

Neuroscience: Exploring the Brain
© 1996 Williams & Wilkins




There are tvo 1‘7/’6! ol 5:’/6/«;/ celle
fn werms o how Thay /*cs/wup

b P inputs bam P diFferut
,M/ts p,p (A,_,'/ VCc.c/é/fac gﬂ/e{.

—"'Or\-ccn{'ﬂ/ O-FL"IU//O\MJ ﬁz'/o/v/
cell:
ﬂ.ﬁ’foq,‘(f ‘{b | ;,aé °ﬁ’ /'?"f'
on The ten€er ek ) #5 ﬂu/éf'vc
Eield by alefo/«r//?./ , anof
4o ¢ spot o lightem Tt
S0rvoumed pe/t ol 1ts fcc‘/’é"‘"
Ereld 67 A/,ac./,oolc//z.zfy,
_— Op-p-'cevt{c/ OH-Jullcu.\J 6,'/od/¢/
cc//,'
ﬂg,/.n/; 7 o ;/a-t of I L€
? ‘ry‘me,/ J/ e r'eu/:/
fel bypey polsrizrny, sa
to 3 gle ¢ 07,@ I.': U €on fZ../ Juy'/owu/
par€ o L /'«!';""rf¢¢¢/€l'v¢ e/ ‘/ "‘/'/‘/'3";



Oﬂﬂ‘-cwt-/ , On - lu//m"(j 47/,‘5.‘
cell

Ganglicn cell
receptive field
teh on o é:’;;'wm;""‘f’""d T
bo .TH Fona
oS b ) . :b
AP Crep.

ﬂ-‘ . | ‘
)4 - e !\p*fr“:ﬁ“‘w”ﬁ ey —+HHHH- l«’ ke o
! &

(- . *
Janghron Toweszs AP 4chivity B pofs Then §POAS,
A center-surround ganglion cell receptive field. (3, b) An OFF-center ganglion I( V‘II
¢ I ( cell responds with a barrage of action potentials when a dark spot is imaged an its ’ '/ﬂ
receptive field center. (c) If the spot is enlarged to include the receptive field Sur-. oW “
round, the response is greatly reduced. A

L",'tf on e oferke o Tha Jo//ouu/
ok Tha «CIG/J{' T )47/;3., cel/
will Ly/tr p;/«z'u. - AP .}‘ﬂ’ vency

! Aecresse ( lowest AP ﬁ’twug)j

PQ/# on cu'éf.q ‘/r',lv'eﬂﬂ rur/om./

@ of The Ch% 1.5 )s-y/l'h cel/

Yl ole/o/m'u—'a AP -F/g}‘/e"/
Will jncresse




6&7 Ji'sn ¢¢/é are wasst /e,-/oam'ue
1n terms o AP Gld,umc)’ A> oiFlevences
) A ;Numfaqk:'aq witala Theivr ’ﬁ“’db’ug
- 4 F
The cenber .fur}’wu/ 4//«79.;.,.,-6
OF The rec.v./ tive Eielols of ;q.y/,g..,
ce //5 &MP hesizes can'f/fs #.

Allows The wisus/ Jy'stemn +e -/"S‘f"'yw?(
;"J'.""J”f/ aéjecrf;' ‘m/ /o/'(e/; /e-ﬁaeu-.
Dchcff: (&.e. Jc.-('w";) of Tha visvs/

war ld,



T major grmps oF 5asylivn el

(X 7 |

pA, ?Qvlfcn-ﬁhqu g,,_///J/Q/)Qy//o.. cc/é
f

F?Qn //'ln — Fe/uace,//d/c/" jq:;)//:?q Ce/é

(&/’

?{jo Ooc"j 4«4)/’6‘5 4"“/(7 sre C/lﬂuf’

5/5" Nom — M Ao - ?qn/ /z‘saa Lc//;

M cells

biodieg & [q/)(,.
Gﬂt’vmftf' aXong
S12e ";F L “ry e fﬁe,eféfv&
"E‘fﬁ g Cie bl

Mwemwf‘“ §er/o5S
yeeef ¢ive Ereld

A??M/‘«&

S JWJ

fe ‘/{5

::7/17/ 60.//
& S/l lraauter

oA

Snne {/ /Qéeié‘éfug
9’@/0/;

sfe el Lire witv (/;n}ﬁ;
Ay



Plﬁ//} A«QU‘* ¢Me‘/'50ﬂ’bun4/ recgffl'.ag

Clelds rmwhich The center  SEnnhe
of h5ht sued T

%B oL W’ut/‘"}tL

4 WVWnJ '3 ;enn"h'vc
W svc/cnj-{ﬂ, o //'7 h,

Color pairings spe red=green
’Ma/ b/uc.-—yc/év‘



ol sncsnks §rean 16 guimnd
P cell,

Ganglion cell
receptive field
f—);\

Red ON  Green OFF

Pa_tch " center surround
retina

(a) (b)

Ganglion ;

cell output:

Figure 94F2'%

A color-opponent center-surround receptive field of a P-type ganglion cell.

ém,lwu; /5 'J""' o conbrys £ beboeen
e cenbor & sorfovmel ja fhu receptice
Fleld.

|
Figure 9.27

61

Neuroscience: Exploring the Brain
© 1996 Williams & Wilkins



a‘“{‘fd ] # Left optic m’/

G Yong The d
tempor ” vetise of ——— =
le8§  Figuretos retiag of R,

e Right and left visual hemifields. Ganglion cells in both retinas that are respt é
14 ¥ to visual stimuli in the right visual hemifield project axons into the left optic tract.

vediae of Lt}
of right eye < ve

Visus [ F;’clJ vk 1y v ewed ‘), Fhe
‘l’%f‘ft/ reting oa oene sie 75 fs./é/;/}t
oV "'ff“( 61 The Vc'}vs/ocl'eldl Viewed

‘~/ The nssel re biay o8 o,’/)onh.exc,
'rkl'j Y4 % ] op ovey” 's, l') ¢¢”¢4 ﬂu blnocu/cy

Field





