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FIGURE 10-26 

Electrical recordings from two catego­
ries of retinal ganglion cells that are 
responding to two stimuli. The traces 
show the rate of action potentinls (in­
dicated by vertical spikes) over time. 
A Ganglion cell I is turned on (the 
frequency of action potentials in­
creases) by a stimulus (/) consisting 
of a bright spQt (the "center") sur­
rounded by a dark backg9und (the 
"Sli'rround"). 
B Ganglion cell I is turned off by a 
stimulus (2) consisting of a dark cen­
ter surrounded by a bright back­
ground . It is therefore called an "ON 
center/OFF surround" cell. C Gan­
glion cell 2 is turned off by stimulus .1 
and turned on (D) by stimulus 2. It IS 

therefore called an "OFF center/ON 
surround" cell. 
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Figure I 0.46 Ganglion cell receptive fields. Each ganglion 

cell receives input from photoreceptors in the retina that are part of the 
ganglion cell's "receptive field." Because of the antagonism between 

the field' s center and its surround, an image that falls across the entire 

field h~s less effect than one that only excites just the center or 
surround. Because of this, edges of an image are enhanced, improving 

the clarity of vision. 

What the Retina Tells the Brain 
Ganglion cells are the retinal cells whose axons 
form the optic nerve, so their output is the final 
product of the information processing that occurs 
in the retina. The optimum sumu us for an ON 
center/OFF surround ce IS a s ot of li of the 
right size Qn a dark background. The optimum 
stimulus for an OFF center/QN surround cell is a 
dar ~n a ;h1te ~~d. In some cases, 
the basic receptive field organization incorporates 
selectivity for colors. For example, a ganglion cell 
may be excited by a spot of green light on a red 
background but inhibited by a spot of red on a 
green background. 

Each ganglion cell may send three different 
messages to the brain (Figure 10-27). A burst of ac- ) 
tion potentials constitutes a signal to the rain that 
most of the light falling on the cell's rece tive field 
is on e exCita ory part o e field. A decrease in . 
the rate of action potentia s means that most of the ~ 
light falling on the receptive field is on the inhibi-
tory part of the field . No change in the rate of action 
potentia s means t at light, if present, does not vary * 
in intensity over its receptive field. In sum, the ef-
fect of lateral inhibition in the retina is to favor re­
sponse to contrast in the visual field and to suppress 
response to uniformity, so the retina informs the 
brain of the locations of spots in the image where 
there is contrast, either of light intensity or of color. 
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• FlGURE 6-35 Middle Ear and Cochlea (a) Gross aniltomy 
of ill<' nriddlt• ''"' """ ··nt·ltlt•;t, with""' nll'ltlt•;t "unrolll'd ." (h) Cross 
section ol cochlea. (c) Enlmgement ol organ ol Corti. 

flttid fill<'d n)('ltiP;I. 1\.s lilt' lympanil' IIH'Illhriltll' vihmi<'S in 
response to sound waves, the chain of bones is set into mo­
tion at the sanH' frequpm·y, transmitting this frequency ol 
movement from the tympanic membrane to the oval window. 
The resultant pressure on the oval window with each vibra­
tion produces wavelike movements in the inner ear nuid at 
tlw same lrequPncy as the ori!{inal sound waves. llowever, as 
noted earlier, ~realer pressure is required to set nuid in mo­
tion. Two llll'ChunbtliS related to the ossicular syslcllt untplily 
the pressure of the airborne sound waves to set up nuid vi bra· 
tions in the cochlea. First, because the surface area of the tym· 
panic membrane is nnJCh larger than that ol the oval window, 
pressure is inc·reilscd ;1s Ioree t'XNtC'd on the tympanic mcm-

. brane is conveyed to the oval win<iow (pressure = force/unit 
' <lreil) . Second, the lever action of the ossicles provides an ad­
ditionalnu•l'haHkal iHivanla~l'. ToKPIItPr, tlwsP mPcltanisms 
increase the force exerted on the oval window by twenty 
tinu's wlwt it would lw if the sound wilve struck the oval win­
dow directly. This additional pressure is sufficient t.o set the 
cochlear Ouici in motion . 

Several tiny muscles in the middle ear contract renexly in 
response to loud sounds (over 7.0 dB), causing the tympanic 
membrane to tighten and limiting movement of the ossicular 
chain . This reduced movement of middle ear structures di­
minishes the tronsmis.'5ion of loud sound waves to the inner 
ear to protect the delicate sensory apparatus from damage. 
TI1is rcn<"x response is relntively slow, however, happening at 
least 40 msec after exposure to a loud sound. It thus provides 
protection only from prolonged loud sounds, not from sud­
den loud sounds like nn explosion. 

182 Chapter 6 
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Hair cells in the organ of Corti transduce fluid 
movements into neural signals. 

The snail-shaped cochlear portion of the inner ear is a coiled 
tubular system lying deep within the temporal bone 
(Fig. G-32). It is easier to understand the functional compo­
nents of the cochlea by "unrolling" it, as shown in Figure 
6-~Sa. The cochlea is divided throughout most of its length 
into three nuid-filled longitudinal compartments. A blind­
ended cochlear duct, which is also known as the scala media, 
constitutes the middle compartment. It tunnels lengthwise 
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Figure 21-5. Structure of the cochlear duct and spiral organ (organ of 
Corti). 
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