
scene with the viewers on there was a 
little, but not much, more color; (iv) 
when the head was tilted through a 45 
degree arc the colors became much 
more saturated [A typical remark at 
this stage was: "The colors have come 
back again".]; (v) all observers, when 
looking at the "red" image in one eye 
and the "white" image in the other, 
chose to have a neutral density filter, 
varying from 0.7 to 1.1, put over the 
short record projector in addition to 
the 0.4 neutral density filter which was 
already there. The 0.4 neutral density 
filter was the one which produced the 
best variety of color without the view- 
ers; (vi) this additional neutral density 
filter reduced the range of color seen 
without the viewers. In spite of this the 
colors were still much more evident 
with the head held at a 45 degree angle 
than with the head held horizontal. 

In the second experiment four trans- 
parencies were used, two identical trans- 
parencies being placed side by side in 
each projector (see Fig. 1). Both trans- 
parencies in the long record "red" pro- 
jector were polarized vertically, while 
those in the short record "white" pro- 
jector were polarized horizontally. Both 
pairs of records were registered on the 
nondepolarizing screen, but where the 
right-hand picture appeared the screen 
was covered with a white card to de- 
polarize the light. The observer's viewer 
contained two polarizers, one oriented 
vertically before one eye and the other 
oriented horizontally before the other 
eye. As long as the observer held his 
head horizontal both eyes saw both 
records in the picture on the white 
card; and each eye saw only one rec- 
ord in the light which was registered 
on the nondepolarizing screen. 

Six observers were asked to look at 
the two doubly lighted screen areas and 
compare them, being careful to keep 
their heads horizontal. The observers 
were placed so that the two pictures 
appeared to be the same in brightness 
to the naked eye. To start with, the 
neutral density filter over the "white" 
projector was 0.4, the one most com- 
monly used to give the best variety of 
color. All six observers found the left- 
hand picture to be colorless compared 
with the right-hand picture. Objects 
which were green, pink, yellow, and 
blue on the right were gray on the 
left; objects which were red on the 
right were black or reddish on the left. 
In fact, the left-hand picture was al- 
most completely red and gray, whereas 
the right-hand picture had quite a vari- 
ety of color in it. 
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The neutral density filter over the 
"white" projector was then varied, and 
the observer was asked to pick the one 
that made the two images look most 
nearly alike. Three of the observers 
chose a density of 1.0; one, 0.7; one, 
1.1; and one, 1.3. At this stage the two 
images still looked different. Some of 
the cool objects looked green in the 
left-hand picture, but the green was 
unsaturated compared with that in the 
right-hand picture. Some pink objects 
looked the same in both pictures. Two 
objects which looked respectively or- 
ange and red in the right-hand picture 
could not be distinguished from each 
other in the left-hand picture. 

Throughout the experiment there was 
lustre in the left-hand picture; it was 
never seen in the right-hand picture. 
Accompanying the lustre in three ob- 
jects which had different densities in 
the two component light patterns was 
an alternation of color which was a 
form of binocular rivalry. For example, 
an object in the left-hand picture which 
was light and red for one eye, and 
black for the other, would appear red 
at one moment and black the next. The 
colors in these objects on the left half 
of the screen obviously could not match 
the colors on the right side perma- 
nently, since two separate colors were 
seen at different times in the left-hand 
picture of the objects, and only one 
color was seen in the right-hand coun- 
terpart. The most impressive part of 
the demonstration was that the colors 
in the left-hand picture which did not 
show rivalry (that is, those colors which 
did "fuse") were not a very close 
match either. It is well known that one 
does not obtain identical colors from 
a binocular combination of monocular 
stimuli and from physical mixture of 
the same two stimuli on one retina 
when uniform fields of the two stimuli 
are used. 

From the results reported here, we 
are forced to disagree with Geschwind 
and Segal, and with Pastore, and to 
say that the results obtained when a 
"red" image is presented to one eye 
and a "white" image is presented to 
the other are not the same as those 
obtained when both images are com- 
bined on the same retina, either in one 
eye or in both (6). We have not 
performed enough experiments to know 
whether a "red" image presented to 
one eye and a "white" image presented 
to the other, at one particular relative 
brightness value, can be made to look 
like both images presented to both eyes 
at another particular relative brights 

ness value. Even if this should occur, 
we could not agree with Pastore's state- 
ment that "Land's major results can be 
obtained stereoscopically" (7). Our ex- 
perience suggests that one would have 
to have a remarkably colorless subject 
in the case where both wavelength com- 
ponents are presented to both eyes, if 
this were to match the case where one 
wavelength component is presented to 
one eye and the other wavelength com- 
ponent to the other eye. Nor can we 
agree that these experiments provide 
any support for the claim that the 
colors are formed after cerebral fusion 
of information from the two eyes. It 
is entirely possible that they are formed 
instead in the retina or in the lateral 
geniculate body. 

EDWIN H. LAND 
NIGEL W. DAW 

Polaroid Corporation, 
Cambridge, Massachusetts 
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A Theory of Middle Ear Muscle 
Function at Moderate Sound Levels 

A bstract. The minor amplitude modula- 
tions of auditory input, which are intro- 
duced by the middle ear muscle acoustic 
reflex at moderate and low sound inten- 
sities in the cat, may contribute signifi- 
cantly to signal analysis or attention 
mechanisms of the auditory system. 

To anyone who has pursed his lips 
and emitted a high-pitched squeak in 
the vicinity of a cat, whether somnoles- 
cent or ambling along in cat-like pur- 
suits, the participation of the peripheral 
auditory system in the animal's orien- 
tating response is immediately evident- 
the outward twitch of the pinna, the 
abrupt halt in ongoing activity . . . the 
pause . . . then relaxation and resump- 
tion of whatever came before, unless 
the stimulus be repeated. In addition to 
the reaction of the pinna, the muscles 
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of the middle ear participate in the re- 
sponse, greeting the onset of the sound 
with an initial twitch contraction, and 
then reduction of auditory input occurs. 
This attenuation of sound transmission 
presents somewhat of an enigma to 
those who feel that orienting responses 
are an organism's attempt to bring its 
nervous system into focus on the initial 
stimulus. For this case, in the auditory 
system one might predict that this is 
best accomplished by allowing more 
sound, not less, to enter for processing, 
unless, of course, more information can 
be obtained, or processed, by amplitude 
modulation of the ensuing signal than 
would be lost in sensitivity. It is our 
purpose to advance this conjecture. 

It is well known that contractions 
and relaxations of the middle ear mus- 
cles do amplitude-modulate sound trans- 
mission through the middle ear. As 
sound intensity increases, muscle con- 
tractions become stronger, thus increas- 
ing attenuation. In the past, the nature 
of the response occurring with rather 
loud sound has emphasized the reflex's 
role in protection of the cochlea from 
sound damage (1). In addition, how- 
ever, at less intense stimulus levels 
which produce orienting responses, 
such as we have considered, muscle con- 
tractions still occur. Sound attenuation 
still results, but the critical parameters 
are altered to emphasize stimulus novel- 
ty and habituation. As a result, an alert 
or an experimentally naive animal, or 
one accustomed either to the test sound 
or the environment, but not to both, 
will often show marked initial reflex 
activity while their counterparts may 
show little or none. 

Such alterations in muscle responses 
were observed in 30 alert cats. Meas- 
urements were obtained through chron- 
ically implanted electrodes within the 
reflex loop (muscles, round window, 
cochlear nuclei), and the effects men- 
tioned were noted on serial testing over 
periods up to 4 months in several en- 
vironments; sound presented free-field, 
restrained and unrestrained, and through 
ear inserts designed to maintain a con- 
stant sound level regardless of animal 
movements (2). 

Figure 1 shows some typical round- 
window-reflected changes in the coch- 
lear microphonic amplitude resulting 
solely from contractions and relaxations 
of the middle ear muscles. Part A dem- 
onstrates the decrement in reflex activity 
(initial "on" or orienting response) oc- 
curring over a 2-hour period of almost 
constant tone presentation. As the tone 
is initially introduced (I), response is 
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Fig. 1. Middle-ear-muscle-altered cochlear microphonic (CM) amplitudes for a 1-kcy/- 
sec tone (A, B). A and IB were closed field, restrained environments; IIB was open 
field, unrestrained; C was open field, restrained. The top trace in C is a rectified, 
integrated electromyogram (EMG) from the contralateral stapedius. For CM's, a 
horizontal chart division equals 7.5 db (relative to about 1 jhv). 

relatively brisk. It is virtually absent 
(II) after continuing for 34 minutes, 
and no longer demonstrates an "on" 
response at 75 minutes (III) when the 
tone is, for the first time, turned off, 
then on again. Some return of initial 
activity (IV) can be seen later (78 
minutes), after the brief introduction of 
a novel tonal stimulus activated prior to 
the resumption of the continuous tone. 
Part B shows the change in the level 
of reflex activity of an animal that can 
be obtained (same day) to the same 
stimulus tone in different environments 
[IB, nonhabituated; IIB, fully habitu- 
ated (3)]. Part C shows a free-field 
measurement before, during, and after 
the novel stimulus of a lip-pursing 
squeak, as suggested in the opening 
paragraph. Note that the ambient noise 
level (baseline) is also decreased by the 
muscle contraction. 

Measurements from the muscle-im- 
planted electrodes confirm these round- 
window observations. Responses of a 
similar nature (using low frequency 
tones) have been obtained through bi- 
polar electrodes implanted in the vicin- 
ity of the cochlear nuclei in the three 
cats with satisfactory electrode place- 
ments (tested only in a closed-field 
sound environment, Fig. 1A). 

To summarize, a high degree of indi- 
vidual variability was noted; some cats 
habituated more easily and without re- 
gard, per se, to their auditory thresholds. 
In most subjects, variation in the con- 
traction of the muscles-and subsequent 
sound attenuation-could be divided, al- 
beit semiartificially, into two compo- 
nents: (i) a gradual slow overall relax- 

ation as the stimulus continued (part 
Al-II) and, (ii) a smaller, more rapid 
amplitude modulation (>1/3 sec) oc- 
curring within the "type 1" relaxation 
(parts IA and IB). The former seems 
primarily related to habituation to the 
sound itself; the latter seems related to 
habituation in the environment (4). 
These minor and more rapid amplitude 
modulations were correlatable to the ap- 
parent degree of an animal's alertness 
and were also seen, in alert cats, in di- 
minished form in the absence of a spe- 
cific auditory input, and in situations 
where the animal's threshold was close 
to or at the intensity of the sound 
stimulus. 

Within a consideration of the pre- 
viously expressed notion of an orienting 
response, these observations by no 
means obviate the accepted protection 
theory of the muscle for loud sound. 
They do, however, suggest a second 
function at less intense sound levels. 
We suggest that such amplitude modu- 
lations-particularly the more rapid ones 
-observed in our animal provide a 
mechanism for constantly changing the 
auditory input, in a manner perhaps 
analogus to that observed in the eye 
and in the fine movements of its mus- 
cles (5). Such an "auditory vibrato" 
may indeed be sufficient compensation 
for a slight loss in stimulus intensity, 
and may aid in either auditory analysis 
or maintenance of attention (6). 

F. BLAIR SIMMONS 

DANA L. BEATTY 
Division of Otolarynoglogy, School of 
Medicine, Stanford University, 
Palo Alto, California 
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Chemical Indexing: An "Atom 
Total" Based on Cyclic 
Features of Structure 

A bstract. The atom-total of a com- 
pound may be obtained from an equation 
which substitutes cyclic features of struc- 
ture for hydrogen atoms. This method is 
useful for checking a compound's molec- 
ular formula against its structural for- 
mula or systematic name. While it applies 
to all chemical compounds, it is of most 
value for compounds with complex ring 
structures. 

Writers as well as editors and in- 
dexers of technical papers generally 
make an atom count of an organic 
structure and check this total against 
the total of the previously determined 
molecular formula. 

This method may work well enough 
with simple structures. However, when 
applied to complex structures, it is 
tedious, time-consuming, and often in- 
accurate. This results from the diffi- 
culty of including all the hydrogen 
atoms around the structure. 

If the atom-total could be obtained 
by exclusion of hydrogen atoms from 
the count, the checking might possibly 
be simplified. Since it might be assumed 
that the other univalent atoms have re- 
placed hydrogen in the molecule, al 
univalent atoms would be excluded 
from the count. 

Soffer has shown how to generalize 
molecular formulas in terms of the 
number of cyclic features of structure 
(1). He has expressed this relationship 
in the following equation: 

p = 1+ /2T, n,(v,-2) 

where p is the number of cyclic fea- 
tures (rings and multiple bonds) and 
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n is the number of atoms of covalence 
v. Soffer's equation can be solved for 
number of univalent atoms nj as fol- 
lows: 

p 1 + ? 
[-n, 

F 
n111 + 2n1v + 

3nv + 4nvi *] 

or 

2P = 2 - n m + nIII + 2nIv + 3nv + 4nv . . 
Then 

nI-2+ nm+ 2nvi+ 3nv+ 4nvi.. .2p 

In its general form, the equation is 

8 
n, = 2 +z nv v-2) -2p. 

v == 2 

Since cyclic features can be noted 
separately as rings and multiple bonds, 
the term p is expressed as the sum of 
rings R and double bonds A, or P = 

R + A. (For this purpose, double 
bonds exist as two-membered rings.) 
Each triple bond contributes two cyclic 
features to the structure. Therefore 
triple bonds are expressed as 2A. How- 
ever, for most cases the equation is 

8 
nIz=2+2jn,(v-2)-2(R+A). (1) 

v=2 

Feldman (2) has used an equation 
similar to this to solve for number of 
hydrogen atoms for another purpose. 

Derivation of an equation which 
eliminates consideration of univalent 
atoms from the atom-total is possible 
by substitution of Eq. 1 in an equation 
which expresses the total number of 
atoms in a molecule. The atom-total 
is, logically, the summation of all 
atoms, n, of covalence v. 

T n 

or 

T = n, + nrr + nflu + nrv + nv + 
nvf + nvii + nv... (2) 

where Roman numerals refer to the 
covalances of the respective atoms. 

Substitution of Eq. 1 for nj in Eq. 2 
gives 

T = 2 + nnI + 2n1II + 3n1v + 4nv + 

5nvi + 6nvi, + 7nvI - 2(R + A) 

or, in its general form, 

8 
T = 2 +r: n,,(v -1) -2(R + A). (3) 

v = 2 

For most compounds, the equation 
can be reduced to 

T =2 + n1 + 2nI~t + 3n1X ?4fl1-2(R +A) 
or, more specifically, 

T- 2+ 3nc+ur2flN pTII? 

n 

I 

+ 4nps 2(R + A)3 

where no is the number of carbon 
atoms; nN,PIII is the number of nitrogen 
or phosphorus(III) atoms; no,sii is the 
number of oxygen or sulfur(II) atoms; 
and npv is number of phosphorus (V) 
atoms. Examples are as follows: 

1) For betulinic acid, C3oH4803 (81), 
the structure is 

C-OH 

HO 

The structure shows that the equation 
must be 

T =2 + 3na + no -2(R + A) 

and no = 30, no = 3, R = 5, and 
A = 2. 

T=2 +3(30) + 3-2(5+2) = 81. 

From the molecular formula, 30 + 48 
+ 3 = 81, the total number of atoms 
in betulinic acid. 

2) The molecular formula of puro- 
mycin 5'-phosphate is C22H130N708P 

(68). 

H 3C-N-CH 3 

N 
0 11N [a:N 

HO-P-O-CHM 0N N 

OH H H C 

H C OC 
H-N H 

C-CH- 

0 NHI 

The equation is 

T=2+ 3na+ 2nN+nO+ 4np- 2(R+ A) 

and no = 22, nN = 7, no = 8, nP = 

1,R = 4, andA = 9. 

Tz=2+3(22) + 2(7))+8+4(1) 
2(4+ 9) =68. 

If the components of a given sys- 
tematic name are familiar, the values 
for the n's, R, and A might be deter- 
mined from the fundamental ring sys- 
tem plus increments, thus eliminating 
entirely the structural formula, For 
example: 

1 ) The acetate of 17-hydroxy-6- 
methyiprogesterone has a molecular 
formula of C24H3404 (62). From the 
name, no must be 21 (from progeste- 
rone) plus 2 (from acetate) plus 1 
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