RCIO-C284 RCIO-C283 RCIO-C282 RClIO-C281 v22-8
24°54'N 24°54'N 24°53'N 24°535'N 24°52'N
73°505'W 73°51.5'W 73°52'W 73°52'W 74°00' W
D,5314m D,5305m D,5302m D,5340m D,552Im
M M
Light brown to* | Pale brown. Olive gray clay Interbedded Interbedded
pale orange- foraminiferal graded " calcareous
foraminiferal sand 86 foraminiferal ooze and
calcarenite and and coral sands calcarenite
calcilutite 130
Well compacted Firm greenish
175 interbedded black clay 182
Very well black clay Homogeneous
compacted A lack
featureless 253cm greenish blac
black clay clay 283
_Interbedded black
\ 316cm  clay and
344cm 338cm 340cm calcareous ooze

Fig. 2. Lithologic description of cores.

ranging from Upper Jurassic through
Lower Cretaceous.

The probability of the assemblages
being younger, reworked, marine de-
posits is small, on the basis of the
following evidence: (i) lack of spore
and pollen taxa characteristic of
younger assemblages, at both the ge-
neric and species levels; (ii) occurrence
of dinoflagellate and acritarch assem-
blages that have a closer affinity to
older Cretaceous assemblages rather
than younger; (iii) close quantitative
identity with nonmarine and marine
Middle Cretaceous assemblages on the
continents; and (iv) evidence from
Cretaceous coccoliths and Cenomanian
foraminifers.

Study of the distribution of modern
land-plant spores and pollen in the
ocean basins, especially by Groot (11),
Stanley (/2), and Koreneva (13), has
led to the conclusion that they are de-
posited relatively close to the conti-
nents. Koreneva concluded, moreover,
that by 200 to 500 km offshore, the
concentration of grains drops sharply
from hundreds of specimens per gram
to only a few, and that, by sorting or
other processes, they lose all quantita-
tive identity with the source area.

On the basis of this and other data
obtained thus far from these studies,
the assemblages occurring in the five
cores suggest deposition in an oceanic
environment much nearer a land source
than is now indicated, a phenomenon
that may be explained by some verti-
cal or lateral tectonic displacement
since deposition. The occurrence of
thousands of grains per gram of sedi-
ment of well-preserved and quantita-
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tively well-defined Middle Cretaceous
assemblages, at considerable distance
from shore, strongly supports this view.
If the continental shelf were submerged
through the Middle Cretaceous, the
nearest source for these land-derived

particles would have been at least 800.

km distant.

In conclusion, palynology is held to
be a valuable new tool in pre-Pleisto-
cene deep-sea studies.

DANIEL HABIB
Department of Geology, Queens
College of City University of
New York, and Lamont Geological
Observatory, Palisades, New York
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Pulsating Radio Sources
near the Crab Nebula

Abstract. Two new pulsating radio
sources, designated NP 0527 and NP
0532, were found near the Crab Nebula
and could be coincident with it. Both
sources are sporadic, and no periodici-
ties are evident. The pulse dispersions

indicate that 1.58 = 0.03 and 1.74 =

0.02 x 10%° electrons per square centi-
meter lie in the direction of NP 0527
and NP 0532, respectively.

During a general search for dispersed
periodic signals, an unusual pair of
pulsating sources was found in the vi-
cinity of the Crab Nebula. They have
been tentatively designated NP 0527
and NP 0532, pending more accurate
measurements of position. The search
was prompted by the discovery of peri-
odic pulsed radio sources by Hewish
et al. (I). The antenna was the 300-
foot (90-m) transit telescope of the
National Radio Astronomy Observa-
tory (2), Green Bank, West Virginia.
The receiver monitored the band be-
tween 110 and 115 Mhz with 50 chan-
nels, each 0.1 Mhz wide. The time
constant of the receiver was 0.05 sec-
ond, and all channels were sampled
every 0.6 second. The output was re-
corded in digital form on magnetic
tape. )

The sources were observed during
normal drift scans on 17, 19, and 21
October 1968. The beam width of the
antenna (2.5°) permitted observations
for 15 minutes each day. The sources
become more evident when displayed
in a time-frequency diagram (Fig. 1).
A series of four pulses from NP 0532
and a single pulse from NP 0527 are
shown; both the linear and second-
order terms of the.dispersion relation
and also some narrow-band interfer-
ence can be seen.

The apparent variations in pulse
duration indicate variations in pulse
strength and result primarily from the
50-msec time constant and the thresh-
old method of display. The absence of
strong variations with frequency, de-
spite the strong variations with time, is
one of the unusual characteristics of
these sources, and it suggests that most
of the variations may originate in the
immediate vicinity of the sources. The
illustrated pulses were observed with
circular polarization to minimize the
effects of Faraday rotation.

The stability of the pulse dispersion
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Fig. 1. Time-frequency diagram of radio pulses observed with circular polarization. (A) One strong and three weak pulses received
from NP 0532 on 21 October 1968; (B) one typical pulse received from NP 0527 on 19 October 1968. Open squares and closed
circles represent deviations from the mean of 4.2 and 8.3 standard deviations, respectively.

is indicated in the histogram (Fig. 2).
The smaller maximum appears to be
real. The separation between the two
peaks is several times the experimental
error, and pulses at both values of the
dispersion were observed on all 3 days.
The dispersion was determined for each
pulse with a root-mean-square accu-
racy corresponding to less than 0.03 X
10=¢ electron cm~2. The centers of the
two peaks correspond to 1.58 + 0.03
and 1.74 + 0.02 x 102° electron cm2.

Two values of dispersion could orig-
inate either from one source which has
two emission modes with different ray
paths, or from two separate sources.
Under the assumption that the two
sources are separate, they have tenta-
tively been designated NP 0527 and
NP 0532; the latter source is more ac-
tive and more dispersed. The observed
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Fig. 2. Number of observed pulses at each
value of dispersion. The lower dispersion
peak corresponds to NP 0527; the other
corresponds to NP 0532.
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1950.0 positions of NP 0527 are a =
Sh27m & 6em, § = 22°30° & 2°; those
of NP 0532 are « = 5B 32m & 3m,
8§ = 22°30' = 2°. The positions of
both sources could be coincident with
the Crab Nebula, located at o = 5% 31,
8 = 21°58’. An association of a pulsat-
ing radio source with a known celestial
object would be very informative, and
the determination of a more precise
position for these sources is very im-
portant. The small angular size of the
Crab Nebula would make accidental
coincidence of the positions of the
sources with that of the nebula highly

unlikely. Such an association would
support the view that pulsating radio
sources may be neutron stars formed
in explosions of supernovas (3). Scin-
tillation mechanisms may also be re-
sponsible. If one or both of these
sources are within the nebula, then
still more precise measurements of po-
sition may permit one to ascertain
whether there are any associations with
the x-ray source (4), small low-fre-
quency radio source (5), or central
stars.

The observed dispersion of the pul-
sating sources is consistent with the
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Fig. 3. Pulse energies of all pulses observed on 21 October 1968. The triangles and
circles represent pulses from NP 0527 and NP 0532, respectively. The dashed line
represents a detection threshold which varies with receiver noise and interference,
and which was chosen to be approximately 5 standard deviations above the mean.
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estimated distance to the Crab Nebula
of 2 kparsec (6). If the sources are at
this distance, then the average electron
density in the interstellar medium is
< 0.028 electron cm=3 (7). If most of
the electrons are close to the sources,
then the interstellar electron density is
even less.

The time variations of the sources
are also unusual. The pulses tend to be
isolated, although in NP 0532 they
have been observed as close together
as 0.21 second; NP 0527 is further
distinguished by the brevity of its ac-
tive periods, generally lasting no more
than a few minutes during the observ-
ing period (15 minutes).

If the sources each have a unique
period, then these periods must be less
than 0.25 and 0.13 second for NP 0527
and NP 0532, respectively. These limits
were determined by checking whether
the time intervals between adjacent
pulses were consistent with any single
period. The upper limits on the source
periods were constrained by the time
resolution of the observations. If ob-
servations with greater time resolution

fail to yield unique periods for these
sources, they then constitute a new
class of radio sources distinct from the
highly - periodic pulsars. In Fig. 3 are
shown those pulses that were observed
on 21 October 1968. No pattern is
evident.
Davip H. STAELIN®

EpwaArDp C. REIFENSTEIN 111
National Radio Astronomy
Observatory, Edgemont Road,
Charlottesville, Virginia

References and Notes

1. A. Hewish, S. J. Bell, J. D. H. Pilkington,
P. F. Scott, R. A. Collins, Nature 217, 709
(1968).

2. Operated by Associated Universities, Inc., under
tract with NSF.

3. M. J. Large, A. E. Vaughan, B. Y. Mills,
Nature 220, 340 (1968).

4. S. Bowyer, E. T. Bryam, T. A. Chubb, H.
Friedman, ibid. 201, 1307 (1964).

5. A, Hewish and S. E. Okoye, ibid. 207, 59
(1965).

6. V. Trimble, Astron. J. 73, 535 (1968).

7. H. J. Habing and S. R. Pottasch, Astrophys.
J. Letr. 149, L119 (1967).

8. We are grateful for the assistance of W. D.
Brundage and K. A. Braly and for the support

- of the National Radio Astronomy Observatory.

* On leave of absence from the Department of
Electrical Engineering, Massachusetts Institute
of Technology.

27 November 1968 | 1

Surface Structure of Polymers: Glancing-Angle
Electron Diffraction Study of Polyethylene

Abstract. The surface regions of polyethylene nucleated and crystallized in
contact with both a high-energy surface (gold) and a low-energy surface (fluori-
nated ethylene-propylene copolymer Teflon) have been examined by means of
glancing-angle electron-diffraction techniques. Examination of these surfaces has
been confined to a maximum depth of 120 angstroms. The surface region of the
polyethylene generated in contact with the gold is considerably more crystalline
than the surface generated in contact with the fluorinated ethylene-propylene
copolymer Teflon. These results tend to corroborate recent wettability and infrared
studies. Apparently, the surface structure of polyethylene is highly dependent

upon the method of preparation.

Wettability (/) and infrared (2) ex-
amination [attenuated total internal re-
flection (ATR)] of polymer surfaces,
particularly polyethylene, have indi-
cated that when a polymer is nucleated
and crystallized in contact with a low-
surface-energy phase {for example,
vapor, fluorinated ethylene-propylene
copolymer (FEP) Teflon, and so forth]
an amorphous surface layer is gener-
ated, and when a high-surface-energy
phase (for example, gold, metal oxide,
and so forth) is used, a crystalline in-
terfacial region is produced in the
polymer when the melted polymer
solidifies. In the above experiments, it
was important to (i) provide for ex-
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tensive wetting of the substrate by the
melted polymer, (ii) maximize the area
of the solid-liquid interface, and (iii)
minimize the contribution of the liquid-
vapor interface.

Since wettability determinations are
confined to the outermost surface layer,
the change in wettability when nuclea-
tion is initiated by a high-energy surface
is attributed to a variation in surface
density. Although an increase in the
density of the surface layer may be
interpreted as an increase in the extent
of crystallinity, no direct evidence for
crystallinity can be obtained from a
wettability measurement. The evidence
obtained from a detailed analysis of the

infrared reflection of the absorption
bands at 720 and 730 cm—! offers firm
proof that crystallinity in the surface
region of polyethylene is enhanced when
nucleated in contact with a high-surface-
energy phase. However, since the depth
of penetration of the infrared reflection
experiments (2) is about 2 p (3), con-
siderably thicker than the surface layer
(about 10 to 100 A), we explored the
possibility of using other nondestruc-
tive techniques which are confined to
the surface layer (< 100 A) to cor-
roborate the wettability results. With
glancing-angle electron diffraction, we
examined the surface layer structure
(about 60 to 300 A in depth) to ascer-
tain the extent of crystallinity.

A detailed account of the experi-
mental variables and an analysis of the
glancing-angle electron-diffraction tech-
nique is found elsewhere (4). An
RCA-EMD-2 electron-diffraction unit
operated at 50 kv was used. During
glancing-angle electron diffraction, the
beam is incident at angles of 0.02 to
0.1 radian. In order to eliminate pro-

longed exposure of the polymer film to

the electron beam, we determined a
proper angle of tilt on trial samples
(the beam being stationary while the
holder has 3 degrees of freedom). This
enabled a diffraction pattern to be ob-
tained in 2 (maximum 3) seconds.
The structure of the surface region
of a high density (0.95 g cm=) poly-
ethylene compound (Marlex 5003,
Phillips Petroleum Co.) was examined.
Two distinct types of surfaces were
prepared. One specimen (treated) was
nucleated and crystallized in contact
with a high-energy surface (gold),
whereas the other specimen (untreated)
was nucleated and crystallized in con-
tact with a low-energy surface (FEP
Teflon). Both polymer films were pre-
pared by being placed in contact with
these surfaces for ¥4 hour at 200°C in
nitrogen, and then being cooled slowly
(1°C min-1). It is important that the
substrates be removed from the poly-
ethylene by nonmechanical means so
as not to damage the surface region
which was generated by contact with
the substrate. The gold was effectively
removed by amalgamation with mer-
cury. : -
The effectiveness of this method
of removal is shown by the complete
absence of any diffraction pattern due
to gold. The FEP Teflon—polyethylene
composite fell apart when cooled to
room temperature. Both ATR and wet-
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