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discussed. 
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20. The methylglucosides are not significantly 

hydrolyzed under the conditions of these 
experiments. 

21. It appears that, for optimum interaction with 
the sugar carrier, sugars must possess a pyr- 
anose ring with as many substituent groups 
as possible in an equatorial position (19). 
Change of some of the groups to an 
axial position usually leads to a decrease in 
affinity. It seems possible that these changes 
in conformation of the sugars, although they 
still permit binding to the carrier, may induce 
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age 60 and beyond, significant changes 
the response. 

Shortly after his discovery of brain 
waves, Berger turned his attention to age 
differences in the electroencephalogram 
(EEG) and reported changes from in- 
fancy to adulthood (1). Others, notably 
Lindsley (2), Smith (3), Bernhard and 
Skoglund (4), and Henry (5) soon de- 
scribed changes in brain wave fre- 
quency and amplitude. Alpha frequency 
was found to increase steadily with age 
in a roughly exponential curve with its 
asymptote reached at 12 to 16 years. 
Amplitude, on the other hand, rapidly 
increased between the ages of 3 months 
and 3 years, then significantly decreased 
at the 4th year, probably because of 
final closing of the fontanels (2). After 
this there was a gradual decrement in 
amplitude until stabilization occurred 
in late childhood. 

Recently, electronic computers have 
provided a means for the study of 
summed evoked potentials-electrical 
changes recorded from scalp, initiated 
by brief stimuli such as a click or a 
light pulse. These previously obscure 
cerebral electrical changes, when re- 
lated to the time of a stimulus, emerge 
from the background brain "noise" and 
can be studied. Summed evoked po- 
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were noted in the earlier components of 

tentials are receiving systematic atten- 
tion in the adult (6), and in premature 
and full-term infants (7). Lacking, how- 
ever, is a description of evoked poten- 
tial changes in their relation to increas- 
ing age. If salient EEG changes occur 
during the formative years, leveling off 
at about 16, what changes might one 
expect in the evoked potential? 

We now report on visually evoked 
potentials of 215 normal subjects, aged 
1 month to 81 years, who were divided 
into 14 groups, with from 9 to 24 sub- 
jects in each group (Table 1). 

The heads of subjects were measured 
and fitted with scalp electrodes that 
were then attached with bentonite paste. 
The electrodes were placed bilaterally, 
at 01 and 02 on the occiput and C. 
and C4 in the central area, according to 
the "10-20" international system. The 
results from occipital leads only are 
reported here. 

Ear-ground leads were used for 
reference. Each subject over 2 years 
of age reclined in a padded chair 
in a darkened room, with eyes 
open, facing a reflecting hemisphere 
70 cm in diameter. Under 2 years, the 
subject sat on his mother's lap. The 
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hemisphere was illuminated by a Grass 
PS-2B photostimulator lamp aimed at 
its center and positioned behind and to 
the left of the subject. The uniform flash 
that completely enveloped the subject's 
face, was of relatively low intensity (2 
on the Grass PS intensity range of 1 
to 16). The measured luminance of the 
hemisphere, 40 cm from the subject's 
eyes, was 2.2 millilamberts. One hun- 
dred flashes, 2 to 3 seconds apart, were 
delivered to each subject during a re- 
cording session. Every effort was made 
to insure comparable recording condi- 
tions. Attention was controlled by in- 
structing the subject to fixate on a small 
black dot in the center of the hemi- 
sphere. As the recording sessions were 
short, generally 5 to 10 minutes, drow- 
siness was not a problem. 

A Mnemotron computer of average 
transients was used to extract the cere- 
bral responses to the flashes of light. 
These were plotted (by a Moseley X-Y 
Plotter) on paper (25 by 38 cm). The 
summed evoked responses from left oc- 
cipital scalp were used for comparison 
and statistical evaluation. These re- 
sponses (Fig. 1) were multiphasic with 
several recurring components in the 
first 250 msec of the response (6). 

Three amplitude measures were made 
encompassing (i) 0 to 250 msec, (ii) 
0 to 125 msec, and (iii) 126 to 250 
msec of the evoked response of each 
subject. For each of the three time 
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Fig. 1. Visually evoked potentials of 
three subjects of different ages. The high 
amplitude quality of the response during 
formative years and the potentiation of 
early components in later years are shown. 
A downward deflection indicates a positive 
change. Solid line, age 6; broken line, age 
16; dotted line, age 60. 
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Visually Evoked Potentials: Amplitude Changes with Age 

Abstract. Visually evoked potentials of 215 subjects, aged 1 month to 81 years, 
were studied. Amplitudes of waves in the first 250 milliseconds of the response 
changed markedly with age. In responses recorded from the occiput, there was 
a rapid increase in amplitude reaching a maximum in the 5- to 6-year-old group, 
with means of amplitudes at this age being about twice as large as means of 
some older age groups. With children 7 years and older there was a rapid 
decline in amplitude until ages 13 to 14, when an abrupt increase in amplitude 
appeared. Amplitude appeared to stabilize at about age 16. In older subjects, mean 
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Fig. 2. Relationship of visually evoked response a 
amplitude excursion in centimeters of wave compt 
250 msec, first 125 msec, and 126 to 250 msec of 
scalp. 

periods the amplitude excursion of the 
evoked response was measured to the 
nearest 0.5 cm by tracing with a map- 
reading wheel the response patterns 
scribed by the recording pen. The plot- 
ter was adjusted to scribe 125 and 250 
msec over distances of 5 and 10 cm, 
respectively. Thus, response excursions 
greater than those figures reflected de- 
grees of wave-form amplitude. The re- 
sponses of all 215 subjects were mea- 
sured twice by this method. That the 
mean error in measurement was 2.3 
percent, was indication of the method's 
reliability. (This method has been used 
successfully in the laboratory in mea- 
suring overall amplitude changes with 
an increase in stimulus intensity.) The 
means of the totals were then computed 
for the 14 age groups. 

The l 
marked] 
years ( 
amplitu 
twice t 
of vari 
ures, 0 
msec, c 
the 5- t 
nificantl 
the grot 
7- to 8- 
F 1C 
varianc 
0 to 12 
amplitu 
was si' 
smallest 
In each 
was 13, 

Table 1. Mean amplitude of the visually evoked I 

Total of 
Age range Mean age Group compo 

(yr) (yr) (No.) 0-250 m 
excursi( 

(cm) 

0- 2 1.5 9 28.9 
3- 4 4.1 12 40.4 
5- 6 5.9 13 54.5 
7- 8 7.8 16 48.3 
9-10 9.9 11 38.5 

11-12 11.9 11 32.6 
13-14 13.5 15 42.5 
15-16 16.0 21 28.8 
17-19 17.8 21 26.9 
20-29 25.8 24 26.4 
30-39 33.4 11 23.6 
40-55 48.1 17 30.9 
56-66 62.8 16 31.3 
67-81 70.2 18 28.3 
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With older children a rapid decline 
in amplitude occurred until ages 13 to 
14. At this time there was an abrupt 
increase, both in early, .0 to 125 msec 
and late, 126 to 250 msec components. 
The means of this age group were sig- 
nificantly larger (P < .05) than the 
means of the group immediately fol- ..~._ 

r lowing it for the amplitude measures at 
0 to 250 msec and 126 to 250 msec. 
From ages 15 to 81 there were no sig- 
nificant differences between mean am- 
plitudes. However, in older groups, 
mean ages 62.8 and 70.2 years, a 

-.-- X _--_ --l-- - IM I reciprocal change in amplitude of 

30 40 50 60 70 earlier and later components could be 
seen with an amplitude increase in 
earlier, and an amplitude decrease in 

tmplitude to age. A measure of 
onents occurring during the first later, components (Fig. 2). 
responses recorded from occipital To evaluate these changes, ratios of 

the amplitude excursion of early and 
late components, that is, from 0 to 125 
msec to that at 126 to 250 msec, were 

group mean amplitude increased computed for the subjects in the 14 
ly from infancy to ages 5 to 6 groups. 
'Table 1; Fig. 2). The mean Since group variances were mark- 
de of this age range was about edly different and the ratios were not 
that of adult group. Analyses normally distributed, a Kruskal-Wallis 
iance of the amplitude meas- analysis of variance for ranked data 
to 250 msec and 126 to 25.0 was computed. This analysis showed 

)f the 14 groups, indicated that significant differences between group 
to 6-year-old group differed sig- ratios (H = 61.9; 13 df; P < .001) 
ly from all other groups except and also showed that the two groups of 

up immediately following it, the older subjects had mean ratios which 

-year-olds (F = 6.30, P < .001; were significantly larger than those of 
).06, P < .001). An analysis of the other 12 groups (P < .02). 
e of the amplitude measures at To ascertain whether the findings 
'5 msec indicated that the mean with older subjects may have resulted 
tde of the 5- to 6-year-old group from a slower pupillary reflex and 

gnificantly larger than the six hence an increased amount of light, 
t means (F - 2.39, P < .01). evoked potentials to higher intensity 
instance df (degrees of freedom) flashes were studied with ten subjects. 

/201. In these, amplitude increased concomi- 
tantly with intensity, but most signifi- 
cantly in later components. This finding 

potential of 14 age groups. is contrary to the changes seen with 
older subjects, where there is a decrease 

Mean amplitude measures in amplitude of late components, and 
all Separated amplitudes an increase in earlier ones. 

ents - t While the source of amplitude 
sec Oto 125 126 to 250 
on msec msec changes of the evoked po,tential of older 

(cm) (cm) people remains debatable, the amplitude 

15.8 13.1 changes during the development periods 
18.0 22.3 in children become stabilized at about 
23.0 31.5 age 16 and are similar to those changes 
21.5 26.9 

reported for brain wave frequency and 
16.6 21.9 
16.3 16.3 amplitude (2-5). This suggests that dif- 
21.8 20.7 ferences in amplitudes of evoked poten- 
15.3 13.5 tial at different age levels are of cere- 
14.4 12.5 bral origin. 159 1 15 ' 

12.4 11.3 
16.7 14.2 
20.5 10.8 
18.4 9.9 
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Atmospheric Noble Gases 

from Extraterrestrial Dust 

Schmidt recently discussed (1) the 
effect of varying one of the parame- 
ters-the influx rate of extraterrestrial 
dust-on the intensity of the proposed 
atmospheric-source mechanism (2). 
His discussion and table provide nu- 
merical support of my remark that 
"The source strength does depend di- 
rectly on . . . the total influx of ex- 
traterrestrial material to the earth." 
(However, the numbers in the last line 
of his table 1 are not consistent with 
each other or with the rest of the 
table.) His comments further demon- 
strate the validity of my statement 
that "Estimates of accretion of extra- 
terrestrial dust vary widely." In fact 
the papers on (possibly) extraterres- 
trial spherules that Schmidt himself 
has cited elsewhere (3) show an ap- 
parent spread of four orders of magni- 
tude in the reported rate of influx 
of spherules (seven orders of magni- 
tude if one extremely high value is 
included). The lowest values (4) are 
based on separations of magnetic spher- 
ules from marine sediments, and it is 
difficult both to evaluate the effects of 
weathering in the marine environment 
on the long-term preservation of these 
spherules and to be sure of the efficiency 
of experimental separation and identifi- 
cation. 
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Schmidt that Schmidt cites are rele- 
vant. Among spherules of extraterres- 
trial origin, the relative abundances of 
atmospheric-ablation droplets from 
large meteorites, micrometeorites fused 
during atmospheric entry, and pre- 
atmospheric spherules also are not well 
determined. 

I agree with Schmidt that rates of 
influx of identifiably extraterrestrial 
spherules may be much smaller than 
influx rates of other kinds of fine- 
grained material. In fact I noted in 
my paper that determinations of- the 
number of dark magnetic spherules 
may have underestimated rates of in- 
flux because they did not include wa- 
ter-soluble compounds, silicates, or ma- 
terial volatilized during entry into the 
atmosphere. The magnetic-spherule 
estimates also of course do not in- 
clude influx of nonmagnetic material 
or of particles sufficiently small, or 
with low-enough velocity, to have es- 
caped complete melting during atmo- 
spheric entry. 

It is the rate of total influx of all 
extraterrestrial material, not the rate 
of spherule influx, that is the signifi- 
cant rate in determining the source 
intensity for atmospheric contribu- 
tions. The spherule measurements were 
quoted in an attempt to give a lower 
limit for the rate of total influx. How- 
ever, in view of the uncertainties men- 
tioned in the original paper and here, 
some of which Schmidt has reempha- 
sized, it would have been better to omit 
altogether any reference to studies of 
spherules. 

For the calculation in my paper, I 
assumed an influx rate of 2 x 10-7g 

cm-2 year-', corresponding to about 
10'; tons per year over the surface of 
the earth. This value is in fair agree- 
ment with several different types of 
experimental evidence for total an- 
nual mass influx from extraterres- 
trial sources. This evidence includes 
the followineg: (i) Micronhones and 
other satellite-borne equipment (6) 
lead to estimated influx rates of 
4 X 10" tons per year, (ii) The total 
abundance of nickel found in Antarctic 
ice by Brocas and Picciotto (7), most 
of which they think they can demon- 
strate to be extraterrestrial in origin, 
leads them to estimate an influx of 
cosmic dust of 3 X 10" tons per year. 
(iii) The C1:86 activity found in marine 
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grained material. In fact I noted in 
my paper that determinations of- the 
number of dark magnetic spherules 
may have underestimated rates of in- 
flux because they did not include wa- 
ter-soluble compounds, silicates, or ma- 
terial volatilized during entry into the 
atmosphere. The magnetic-spherule 
estimates also of course do not in- 
clude influx of nonmagnetic material 
or of particles sufficiently small, or 
with low-enough velocity, to have es- 
caped complete melting during atmo- 
spheric entry. 

It is the rate of total influx of all 
extraterrestrial material, not the rate 
of spherule influx, that is the signifi- 
cant rate in determining the source 
intensity for atmospheric contribu- 
tions. The spherule measurements were 
quoted in an attempt to give a lower 
limit for the rate of total influx. How- 
ever, in view of the uncertainties men- 
tioned in the original paper and here, 
some of which Schmidt has reempha- 
sized, it would have been better to omit 
altogether any reference to studies of 
spherules. 

For the calculation in my paper, I 
assumed an influx rate of 2 x 10-7g 

cm-2 year-', corresponding to about 
10'; tons per year over the surface of 
the earth. This value is in fair agree- 
ment with several different types of 
experimental evidence for total an- 
nual mass influx from extraterres- 
trial sources. This evidence includes 
the followineg: (i) Micronhones and 
other satellite-borne equipment (6) 
lead to estimated influx rates of 
4 X 10" tons per year, (ii) The total 
abundance of nickel found in Antarctic 
ice by Brocas and Picciotto (7), most 
of which they think they can demon- 
strate to be extraterrestrial in origin, 
leads them to estimate an influx of 
cosmic dust of 3 X 10" tons per year. 
(iii) The C1:86 activity found in marine 
sediments by Schaeffer et al. (8) en- 
ables them to estimate a minimum in- 
flux of extraterrestrial dust of about 
106 tons per year, assuming saturation 
values of Cl:". (iv) The A126 activity 
found in submarine sediments by Lal 
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and Venkatavaradan (9) is consistent 
with an influx of 4 X 106 tons per 
year, assuming saturation values of 
A126 and solar-flare fluxes of 20 pro- 
tons cm-2 sec-1 of energy greater 
than 10 Mev, averaged over the dust- 
particle orbits. 

None of these numbers is of high 
precision: the satellite estimates de- 
pend on assumptions about particle 
velocities; the other estimates de- 
pend on assumptions about the chemi- 
cal composition of the dust; the esti- 
mates based on long-lived radioactivi- 
ties directly depend on the average life- 
times of the dust grains in 'space, which 
may be much shorter than the mean 
life of A126 or C136; and the average 
flux and energy spectra of solar-flare 
particles throughout a solar cycle are 
uncertain. Nonetheless, the number 
that I used for a current rate of 
influx of extraterrestrial dust is not 
inconsistent with the available experi- 
menal data, and may even be con- 
servatively low. * 

Regarding the several essential pa- 
rameters necessary to calculate for 
specific gases an average input intensity 
for the atmospheric-source mechanism 
of "solar wind in dust," it seems prob- 
ab'.e that uncertainties in the contem- 
porary rate of influx of dust will be 
greatly reduced in the next few years. 
The most difficult parameters to es- 
tablish quantitatively may be the rate 
of gas loss from the grain surfaces, 
resulting from the combined effects of 
diffusion and sputtering, and the rate 
of influx of dust during the earth's 
early history. 
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