be much greater than that of CO,, the
data are nevertheless consistent with a
relatively short lifetime for CO and
with dilution of the radioactive CO by
CO produced by combustion. If the
radioactive CO is uniformly distributed
in the atmosphere like radioactive CO,,
then we can derive the content of ra-
dioactive CO in the atmosphere. If we
take the average specific activity of the
South Buffalo samples to be 12.3 dis-
integrations min—! g—! and the decay
constant of 4C to be 9.6 X 102 dis-
integrations min—1 g—1, the ratio of ra-
dioactive CO to stable CO in the sam-
ples is 1.3 X 10—12, If we use 0.3 ppm
for the atmospheric concentration of
radioactive CO for these samples, the
global concentration of radioactive CO
is then 4 X 10—13 ppm. The mass of
the atmosphere is 5 X 1021 g, which
gives 1 kg for the mass of C in the
atmosphere as CO. If we assume that
the removal mechanism for CO is first-
order with respect to CO and that the
radioactive CO in the atmosphere is in
a steady state, the effective rate con-
stant for the removal of radioactive CO
is then 3 X 10—7 sec—! (the rate of
formation of #C is 1.3 X 101® atom
sec—1) (9). The lifetime of CO in the
atmosphere is then 3 X 106 seconds or
0.1 year.

This value is probably too low, be-
cause radioactive CO, which is prin-
cipally produced in the stratosphere,
may be converted to radioactive CO, in
significant amounts before it mixes in-
to the troposphere. The same process
would have a much smaller effect on
the CO produced by combustion on the
earth’s surface because in that case the
total removal would be limited by mass
transport of the larger quantity of CO
from the troposphere to the strato-
sphere. A likely process for the conver-
sion to CO to CO, in the stratosphere
is the reaction (2)

CO+OH—- CO:+H

The same reaction could be an effec-
tive mechanism for the removal of
CO, in the troposphere, but Bates and
Witherspoon did not consider it likely.
If we assume that CO is in a steady
state at a concentration of 0.1 ppm in
the atmosphere, we can calculate the
concentration of OH required to main-
tain the steady state from

[OH] = P/k[CO]

where P is the rate of CO production
(3.5 X 10* molecule cm—3 sec—1) de-
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rived from Robinson and Robbins’s
estimate (6) of 2.1 X 101* g year—!
and an atmospheric volume of 4.1 X
102¢ cm3, and % is the second-order
rate constant, 2 X 10—13 cm3 mole-
cule—1 sec—1! (I3). The concentration
of OH required to maintain CO at a
concentration of 0.1 ppm is then 7 X
10¢ molecule cm—3. This is not un-
reasonably high but could only be real-
ized by a regenerative chain mechanism
for OH because of the large amount of
CO involved. The following steps cou-
pled with the previous reaction is one
possibility:

and

H 4 HO.— 20H

Thus consideration of the data on
radioactive carbon provides addition-
al support for a short lifetime for
CO in the atmosphere. This should
help to dispel further the concern that
CO is accumulating in the atmosphere
and represents a longtime hazard to
human health. A quantitative assess-

ment of the CO removal processes re-
mains to be worked out, but the action
of certain microorganisms and of pho-
tochemical processes offer reasonable,
possible explanations.

BERNARD WEINSTOCK
Ford Motor Company,
Scientific Research Staff,
Dearborn, Michigan 48121
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Spectrographic Detection of Topographic Features on Mars

Abstract. Observations of the martian carbon dioxide band at 1.05 microns
made with a three-channel multislit spectrophotometer indicate gross height va-
riations in the vicinity of Syrtis Major and surrounding desert regions. Syrtis
Major appears to be very high with essentially no detectable carbon dioxide
above it. The data appear to confirm local trends and, in magnitude at least,
the large variations of height found in earlier radar observations. A one-to-one
correlation of height with albedo is not evident in the results. Elevated areas are
found in both desert and dark regions. In several regions dark areas are associ-

ated with relatively steep slopes.

The question of the relative altitudes
of the dark and bright areas on Mars
has been hotly debated in recent years.
Traditionally the dark areas are con-
sidered to be lowlands. This view is
based mainly on the idea that they
would be warmer and therefore more
likely to support the life forms that
were thought responsible for the re-
markable regenerative property of the
dark areas (). This supposition re-
ceived some support when the dark
areas were in fact generally found to
be some 8°K warmer than the bright
regions. Others (2) have shown that
the temperature variations have little
to do with height differences. They
assert that temperature is more closely
connected with the local surface albedo.
They propose that the regenerative

property is a purely mechanical, wind-
driven phenomenon and have conclud-
ed that the dark areas are probably
higher than the bright deserts. Some
quantitative evidence for this view has
been provided by early radar data (3)
as well as by certain observations of
cloud phenomena (4). More recently,
radar mapping (5) along a narrow belt
at 23°N latitude has indicated very
large height variations of some 12 km.
However, there does not appear to
be any obvious correlation between
the radar height contour and albedo
changes.

We have devised a three-channel,
multislit photometer which, together
with the 13.4-m spectrometer of the
McMath Solar Telescope of Kitt Peak
National Observatory, is capable of de-
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tecting altitude variation of less than
1 km over lateral scales of 850 km (at
closest approach). The instrument will
be described in detail elsewhere, with
only a brief description here. The 8.2-
mm diameter image of Mars was stabi-
lized electronically on the entrance
aperture of the spectrometer (6) which
is formed by an image slicer (1 by 1
mm). This defines the relevant lateral
scale on the planet. At the exit aper-
ture there are 16 slits that are scribed
on a mirror. Each has an effective
width of 0.09 A. The slits pass light
centered on the JO-J28 lines and the
head region of the R-branch of the
(123) CO, band at 1.05 p into two
cooled detectors (ITT FWI118 S-1
photomultipliers). Lines of low excita-
tion are measured by channel 1, and
lines of high excitation by channel 2.
Channel 3 accepts light in the con-
tinuum reflected from the front surface
of the mirror in the region between the
lines. A fourth detector, sampling light
from an emission line source, has the
double purpose of calibrating the in-

strument in wavelength and guarding
against wavelength drifts. Another line
from the same source provides for cali-
bration of the relative efficiency of the
individual slits. The basic photometric
calibration is done by observing the
moon and an intermediate laboratory
continuum source.

If Sy, S, and S; are the detected
signals in channels 1, 2, and 3, then
the theory of the instrument, as used
by us, shows that

R =1 — %i(51/8s) = 783/ Ss) =
2bs(Wi/85)/ Zbs (1)

where y; and vy, are factors obtained
from the photometric calibration; by,
the individual slit efficiency factors;
W;, the equivalent width of the line
with rotational quantum number J;
and §,, the exit slit width for the line.
In practice we do not measure S; (i =
1, 2, 3) directly but obtain S;/S; and
S,/S3 by integrating the pulses in chan-
nels 1 and 2 until S; reaches a preset
count.

If the lines in the band are weak,

that is, if they are linearly proportional
to the amount of absorber in the line
of sight, and if the b; are not too dif-
ferent from one another, then R is
essentially independent of the tempera-
ture and depends only on the amount
of absorber in the line of sight. We
have shown from data obtained at both
this and the 1967 opposition (6) that
the above conditions are effectively
satisfied, with the exception that it is
better to use W; ~ (»N)°-72 rather than
a linear law (7 is the air mass factor;
N, the vertical column density of gas).
The power law takes care of the fact
that the lines are just reaching satura-
tion at their centers under the condi-
tions present in the martian atmo-
sphere. The insertion of this expression
for W; into Eq. 1 introduces a slight
temperature dependence back into R,
but we neglect this. Thus

R = constant (nN)* 2)

if we simplify the situation further by
assuming the presence of an isothermal
atmosphere above the planet’s surface

0 340

320 300

280

260

Fig. 1. The height data (in kilometers) are represented by boldface numbers. The median level is arbitrary. The symbol H
indicates that, effectively, no CO. was detected by the instrument; H may, therefore, be interpreted as “high.” Drawing the
rough contours at 2-km differences in height was accomplished by interpolating linearly between adjacent data points. It should
be recognized that this process is relatively subjective and can introduce spurious features. Points marked H and those with
altitudes greater than 15 km were assumed to be at 15 km above the median level when drawing the contours. A small but
significant correction to counteract the effects of differential refraction is not included in this preliminary analysis. The approxi-
mate spatial resolution element is indicated by the rectangle (marked with hatching) in the bottom right-hand corner of the
figure. The map on which the contours are drawn was produced for NASA by the U.S. Air Force.
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(k is the slope of the curve of growth).
Then the height Z of the surface above
a suitably defined mean level is intro-
duced into the expression

R = constant (n)* exp (—kZ/H) (3)

Here H is the scale height in the atmo-
sphere, which we have taken as 10 km.
Our 1967 data indicated that k = 0.72
for lines in this band, and we have
taken R =0.12 at » =2 to define a
mean level for the surface. This choice
of zero level is, at the present stage of
reduction, quite arbitrary and we are
not able to assign a specific value of
the partial pressure of CO, to it; the
most we can say is that our previous
value of 5 millibars seems to be rough-
ly consistent.

On the evening of 1 June/2 June
(Mountain Standard Time) we were
fortunate enough to have moderately
fair skies and excellent seeing, which
allowed us to obtain data on the
regions surrounding and including the
very dark feature Syrtis Major. (After
415 years of observing Mars with the
solar telescope this was the first time
that we could easily recognize features
on the planet.) Figure 1 shows the
distribution of heights which was ob-
tained from the data by means of Eq.
3. The numbers are given in kilometers.
By linearly interpolating between the
data points we constructed a contour
map of the region: lines are drawn at
2-km intervals. It is important to note
that much of the detail that appears in
the contours is due to the numerical
interpolation and is probably unreal (7).
What should be significant is the gen-
eral trend and direction of the slopes.
The spatial resolution element is also
shown on the diagram. The following
preliminary conclusions can be drawn:
(i) Syrtis Major is part of a high ridge
that has relatively steep slopes. Accord-
ing to the one measurement that was
precisely centered on the feature there
was essentially no detectable CO,
above it. (ii) Highlands are not re-
stricted to the dark areas. This is in
accordance with the radar data of
Counselman et al. (5). (iii) The ver-
tical scale of height variations is of the
order of 10 km, which is also in agree-
ment with the radar data. (iv) In sev-
eral regions dark areas coincide with
strong slopes (8).

MicHAEL J. S. BELTON
DoNALD M. HUNTEN
Planetary Sciences Division,
Kitt Peak National Observatory,
Tucson, Arizona 85717
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Massive Internal Fracture of an Amorphous Polyester

Abstract. When amorphous polyethylene terephthalate is subjected to a tensile
load of 2 to 4 X 108 dynes per square centimeter within the approximate tem-
perature range 40° to 70°C, an unusual optical effect occurs. The transparent
polymer film is suddenly transformed into a brilliantly reflecting strip with the lus-
ter of silver. Extensive formation of voids accounts for the unorthodox behavior.

An unusual optical effect can be ob-
served when amorphous polyethylene
terephthalate film is dead-loaded in ten-
sion. This report describes the effect,
its possible nature, and the stress-tem-
perature conditions under which it oc-
curs.

Polyethylene terephthalate (PET) is
usually available in semicrystalline
form, and it is in that state that it finds
use as textile fiber and as film for elec-
trical and other applications. When
cooled rapidly below the melting point
(265°C), PET can be fabricated into
relatively rigid, transparent film or fiber
that diffracts x-rays in the manner
characteristic of amorphous liquids.
Amorphous PET fibers can be stretched
homogeneously at constant extension
rate until a constriction (or “neck”)
forms that becomes stable when the
cross section of the fiber drops to about
30 percent of the original area (I).
Once formed, the neck travels along
the specimen and consumes it in a
process known as cold-drawing (2) (Fig.
.

We deformed rectangular strips of
amorphous PET film (3) in the tem-
perature region 40° to 70°C by dead-
loading rather than by stretching at
constant elongation rate. When the
stress imposed was sufficiently low, the
specimen responded in elastic manner
at first by elongating rapidly, but there-
after extended very slowly and appar-
ently homogeneously in the manner
characteristic of rigid viscoelastic bod-

ies in creep. Such behavior was ob-
served in the region of the stress-
temperature plane which is marked
“homogeneous creep” in Fig. 2. When
the stress exceeded a certain threshold
(Fig. 2), cold-drawing, rather than ho-
mogeneous creep, occurred after a wait-
ing period which ranged from 1 second
to about 15 minutes. Further increase
of the load led to a sudden and remark-
ably fast elongation of the specimen to
several times its original length and its
simultaneous conversion from a trans-
parent to a brilliantly reflecting strip
with the luster of silver (Fig. 1). This
rapid optical transformation occurred
under stress-temperature conditions
which are labeled “internal fracture”
(Fig. 2). At even higher stresses, the
specimens became lustrous, but then
almost immediately failed (“compound
fracture,” Fig. 2). Additional increase
of the stress invariably led to rapid

Fig. 1. A strip of amorphous polyeth-
ylene terephthalate subjected to a dead

tensile load of 2.55 x 10° dynes/cm?
(about 3700 psi) at 63.5°C. (Extreme
left) Transparent undrawn specimen;
(middle) cold-drawn translucent section
containing patches of opaque, lustrous
material; (right) highly reflecting, silvery
material. Scale, 1 cm.
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