the filaments and grains. They might be
related to the “dark puffs” seen in the blue
wing of H,, (11) and to running penumbral
waves, or both.

These space-based high-resolution movies
of a sunspot have been successful in elucidat-
ing sunspot phenomena, and they highlight
the severe handicap imposed by terrestrial
atmospheric turbulence on visible-light solar
observations. These data are only a hint of
what can be done with a stabilized solar
telescope in space. Further space-based ob-
servations coupled with image processing
systems capable of handling large amounts
of data will revolutionize solar physics and
our understanding of stellar atmospheres.
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Ultraviolet Observations of Solar Fine Structure

KENNETH P. DERE, JOHN-DAVID F. BARTOE,
GUENTER E. BRUECKNER, JOHN W. CoOK, DENNIS G. SOCKER

The High Resolution Telescope and Spectrograph was flown on the Spacelab-2 shuttle
mission to perform extended observations of the solar chromosphere and transition
zone at high spatial and temporal resolution. Ultraviolet spectroheliograms show the
temporal development of macrospicules at the solar limb. The C IV transition zone
emission is produced in discrete emission clements that must be composed of
exceedingly fine (less than 70 kilometers) subresolution structures.

HE NAVAL RESEARCH LABORATORY
I High Resolution Telescope and
Spectrograph (HRTS) was one of
four instruments to perform solar observa-
tions during the Spacelab-2 shuttle mission,
which flew from 29 July to 6 August 1985.
The HRTS instrument is well suited to
study the fine structure and dynamics of the
solar chromosphere and transition zone by
means of ultraviolet (UV) spectroscopy. We
report results from analyses of some of the
significant data sets from among the large
number of UV spectra and spectrohelio-
grams that were obtained during the Space-
lab-2 mission.
The HRTS is a 30-cm Gregorian tele-
scope that produces an image of the sun on

E. O. Hulburt Center for Space Rescarch, Naval Re-
search Laboratory, Washington, DC 20375.
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the spectrograph slit jaws with arc-second
resolution. The focal-plane instrumentation
consists of a tandem-Wadsworth UV spec-
trograph, a broadband UV spectrohelio-
graph, and an Ha system. The spectrograph
produces stigmatic photographic spectra of
the slit, which has an equivalent length of 1

solar radius, a width of 0.5 arc sec and a
corresponding spectral resolution of 50 mA
throughout the 1200- to 1700-A wave-
length range. The broadband UV spectro-
heliograph uses a double-grating zero-dis-
persion broadband filter to photographically
record the image reflected from the slit jaws.
The Ha video image of the slit jaws is
displayed on the shuttle aft flight deck for
target selection and telescope focusing and is
also recorded for analysis after the flight.

A broadband UV spectroheliograph im-
age of the solar limb observed during Space-
lab-2 is shown in Fig. 1. This figure shows
an image of the sun reflected from the two
spectrograph slit jaws with the slit roughly
tangent to the solar limb and three slit jaw
fiducial wires running perpendicular to the
slit. The UV reflectivity of the upper slit is
about four times as high as the lower slit,
and this accounts for the discontinuity in the
intensity of the image at the slit. The UV
spectroheliograph images a band of the solar
spectrum centered at 1550 A with about a
90-A (full width at half-maximum) pass-
band. In this spectral region there are strong
transition zone lines of C IV at 1548 and
1550 A. There are also numerous chromo-
spheric lines of ions such as C I, Si I, Si I,
and Fe II, as well as the continuum formed
at 4300 to 4900 K in the temperature
minimum region. On the solar disk, the
spcctrohchograph integrates all of the line
and continuum components in the pass-
band, and the image shows typical upper
chromospheric structures such as bushes of
spicules at the supergranular cell boundaries.
Above the limb the emission becomes domi-
nated by the C IV transition zone lines.

The UV limb images show at least three
categories of structures: (i) spicules similar
in appearance and size to Ha spicules, (ii)
larger spicular structures called macrospi-
cules, and (iii) nested loops of transition
zone plasmas, which show highly dynamic
behavior. When these images are compared
with near simultaneous Ha images, it can be
determined that a large number of individ-
ual UV spicular structures are direct exten-
sions of some of the larger and more distinct
Ha spicules. The C IV macrospicules have

Fig. 1. Ultraviolet spectro-
heliograph images of C IV
spicular structures at the so-
lar limb. The distance be-
tween fiducial wires is 206
arc sec.
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been observed with the highest temporal
resolution available. They extend to a height
of 20 arc sec above the limb, as compared
with 10 arc sec for the more common
chromospheric spicules. During our observ-
ing period, one of these macrospicules
brightened and decayed in place over the
course of about 8 minutes. Some macrospi-
cules show upward velocities on the order of
15 to 30 km/sec. When a macrospicule
fades, there is evidence, at the limits of
detectability, that it breaks up into small
knots along its axis. The macrospicules also
show motions perpendicular to their axis, as
if they were following the waving of mag-
netic fields.

In Fig. 1, just to the left of the central
fiducial wire, there is a mound-like feature
that appears to be a nest of magnetic loops
supporting transition zone plasma. During a
6-minute period, C IV—emitting material is
seen at 15 arc sec above the nest of loops, as
if it had been ejected, perhaps through the
outward expansion of magnetic fields. An
analysis (1) of spectra in the relatively rare
regions of blueshifted emission on the disk
showed that a certain subset of these regions
exhibited spatial and velocity structures that
could be interpreted as expulsions of plas-
moids from quiet network elements in a
manner similar to the phenomena observed
at the limb.

At high resolution, the emission pattern
on the solar disk is distributed into discrete

1615

structures over a range of temperatures,
from the temperature minimum through the
transition zone. Observations of the grainy
nature of the UV continuum produced in
the temperature minimum have been pro-
vided (2-4). Spicules in the quiet regions
and fibrils in active regions are obvious
candidates for discrete chromospheric emis-
sion.

Several spectral lines and continua have
been selected to display the variations in
structure of the solar atmosphere over a
range of temperatures. These spectra were
obtained during a single sequence of expo-
sures at a fixed pointing with exposure times
ranging between 3 and 30 seconds. During
this sequence, the slit was pointed so that
one end intersected the solar limb and ran
along a solar radius through active region
McMath 4682. The spectra were digitized
and processed to obtain calibrated values of
solar intensity by matching average quiet
region spectra to the spectrum of Kjeldseth
Moc et al. (5). The spectra are displayed in
Fig. 2. From the left are the Ha slit jaw
image in the vicinity of the slit, which runs
down the center of the image; the continu-
um near 1615 A; the sum of two C I
intercombination lines at 1613.376 and
1613.803 A in the 30-second exposure; the
same C I intercombination lines in the 10-
second exposure; the C I resonance line at
1656.266 A in the 10-second exposure; the
same C I resonance line in the 3-second

C I

1613 1656

Fig. 2. Ha slit jaw im-
ages and selected UV
spectra over a 200-arc | &
sec length of the slit in
quiet solar  regions,
where p varies between |
0.29 (at the top) and
0.67 (p = cos6, where 6
is the angle between the
normal on the sun to the
line of sight).
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exposure; the C II line at 1335.708 A; and
the sum of the two C IV lines at 1548.202
and 1550.774 A. For the spectra, wave-
length increases to the right so that redshift-
ed profiles are displaced to the right. The
continuum at 1615 A is formed near the
temperature minimum region, and the C I
lines are formed near 10* K in the chromo-
sphere. The C II line at 1335 A is formed at
2 x 10* K at about the same temperature as
H Lyman o. The spectra shown in Fig. 2
represent quiet solar regions.

The discrete emission elements along the
entire slit have been identified in the spectra
of the continuum near 1615 A, the C I
intercombination lines at 1613 A, and the C
IV lines. The full width at half-maximum
extent of each of these structures along the
slit has been measured. The discrete contin-
uum structures and the discrete C I struc-
tures have similar size distributions and both
have an average size of 2000 km. Features
with sizes of 700 km (1 arc sec) have been
seen in spectra recorded in this same observ-
ing period, so it is probable that the 2000-
km values are not simply the product of
finite telescope resolution and jitter of the
Instrument Pointing System. By compari-
son, the size of the C IV discrete structures
appears to be larger, with an average width
of 2400 km. The distribution of the C IV
sizes (full width at half-maximum) ranges
from 1000 to 4000 km with a peak near
2000 km.

The question of the small fill factor in the
transition zone has been addressed (6, 7).
The present analysis calculates the fill factors
from more directly measured quantities than
before. We consider the intensity I of the C
IV lines, which is given by

I=C(T) n A¢ 1)

where C(T) is a function of temperature
based on atomic data and solar elemental
abundances, #. is the electron density, and
A¢ is the path length. We are interested in
determining sizes of the discrete structures
by solving Eq. 1 for the path length A¢ in
terms of I, n, and C(T). The function C(T)
is evaluated at 10° K, appropriate to C IV,
by means of generally accepted abundances
and atomic data. The electron densities are
derived from measurements of the density-
sensitive intensity ratios of the O IV inter-
combination lines near 1400 A. The intensi-
ties of the O IV lines have been measured in
the 30-second exposure at the positions of
the discrete C IV elements in the slightly
later 3-second exposure. For discrete struc-
tures where the O IV line intensities are too
low to measure, we have assumed a uniform
electron pressure of 10'* cm™3 K, appropri-
ate for the quiet sun. With these densities,
the path length A€ has been calculated ac-
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cording to Eq. 1, which gives the path
length of a layer of 10° K plasma with
thickness A¢ that produces the observed line
intensity. The path-length distribution
ranges from 0.1 to 10 km. These lengths are
much smaller than the observed 2400-km
extent of the structures along the slit.

The spicules and fibrils at transition zone
temperatures are composed of structures
that are well below the instrumental resolu-
tion. It is worthwhile to construct simple
geometrical models that incorporate subres-
olution structures so that we may interpret
the observed intensities and dimensions.
Two models seem most readily applicable.
In one, the transition zone consists of a thin
layer that is wrapped around the chromo-
spheric spicule. In the other, the transition
zone is composed of a number of subresolu-
tion filamentary structures that are distribut-
ed throughout the spicular volume. The
thickness of the transition zone in the first
(“onionskin™) model would be roughly half
the value of the path length A€ derived
above. However, the 10° K transition zone
emission is not observed in a thin skin
wrapped around 10* chromospheric spicules
but rather in higher altitude extensions of
the spicules (7). The filamentary model con-
structs the spicular transition zone from a
loose assembly of fine filaments. If we as-
sume each filament has the same density and
cross-sectional area, then we find that the
radius of each individual filament ranges
between 3 and 30 km for spicules consisting
of ten filaments. The derived radii scale
inversely with the square root of the number
of filaments assumed to fill the spicular
volume. A single filament cannot explain the
observed width of spicules, so it is possible
to set 70 km (0.1 arc sec), the width derived
assuming there is a single filament, as an
upper limit to the size of these subresolution
filaments. It is not possible to determine a
lower limit to their sizes.

The small area fill factor of the transition
zone has immediate consequences for de-
rived fluxes of material and energy through
the transition zone. For example, it is esti-
mated that coronal energy losses in the quiet
sun are dominated by the conductive losses
through the transition zone (8). This con-
clusion is based on the assumption of a
plane-parallel solar atmosphere. When the
areal fill factor of spicular structures (1073
to 1072, calculated for the filamentary mod-
els but approximately the same for the on-
ionskin model) is taken into account, the
derived conductive losses will be reduced by
this same factor. Furthermore, the observed
temperature gradients along magnetic field
lines in the quiet sun are on the order of two
magnitudes lower than those derived under
the plane-parallel assumption. Thus, the

27 NOVEMBER 1987

conductive flux from the corona through
observed transition zone structures is negli-
gible compared to coronal radiative losses.

The microscopic transition zone struc-
tures must be intimately related to the local
heating mechanism, which might operate on
microscopic scales but would also explain
fundamental macroscopic characteristics of
the transition zone. The heating is local
because the shallow temperature gradients
in the transition zone do not support a
significant conduction of energy from the
corona. Recently, it has been shown that
coronal loops can be heated by the resonant
absorption of Alfvén waves and that this
dissipation occurs on spatial scales of 0.3 to
250 km, transverse to the magnetic field
direction (9, 10).
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A Cell-Cycle Constraint on the Regul

ation of Gene

Expression by Platelet-Derived Growth Factor

BARRETT J. ROLLINS, ELIZABETH D. MORRISON, CHARLES D. STILES

In density-arrested monolayer cultures of Balb/c 3T3 cells, platelet-derived growth
factor (PDGF) stimulates expression of the c-myc and c-fos proto-oncogenes, as well as
the functionally uncharacterized genes, JE, KC, and JB. These genes are not coordi-
nately regulated. Under ordinary conditions, c-fos, JE, KC, and JB respond to PDGF
only when the cells are in a state of G, growth arrest at the time of PDGF addition. The
c-myc gene is regulated in opposition to the other genes, responding best to PDGF in

cycling cultures.

(PDGEF) exerts its mitogenic effect on
mouse fibroblasts, in part, by induc-
ing the expression of otherwise silent genes
(1-3). The proto-oncogenes c-myc and c-fos
are among these genes, and appear to func-
tion as intracellular mediators of the growth
response to PDGEF (4, 5). PDGF also in-
duces the expression of several other genes,
designated JE, KC, and JB, which are func-
tionally uncharacterized (1). As a first step
toward understanding the function of these
genes, we have undertaken experiments to
analyze the controls governing their PDGF-
induced expression. If genes like JE, KC,
and JB have functions analogous to those of
c-myc and c-fos, we would expect that their
expression might be regulated in similar
ways.
Contrary to expectations, noncoordinate
control of PDGF-inducible gene expression

P LATELET-DERIVED GROWTH FACTOR

B. J. Rollins, Division of Medicine, Dana-Farber Cancer
Institute and. Harvard Medical School, Boston, MA
02115.

C. D. Stiles and E. D. Morrison, Department of Micro-
biolog?f and Molecular Genetics, Harvard Medical
School and Dana-Farber Cancer Institute, Boston, MA
02115.

was displayed during the course of a cell
growth experiment (Fig. 1). Balb/c 3T3 cells
were plated at very low density and then
grown to confluence in serum-supplement-
ed medium (6). Steady-state levels of c-meyc
messenger RNA (mRNA) were highest
when cells were sparse and decreased steadi-
ly as the cells approached confluence and
growth arrest. In contrast, JE mRNA was
undetectable in sparse cultures and rose to
high levels only as the cultures approached
the confluent monolayer state. The c-myc
gene still showed some expression at high
cell density because of continuous exposure
to serum.

Serum contains several factors that .cgu-
late 3T3 cell growth. To determine whether
this cell-density effect on gene expression
reflected a differential response of the c-myc

-and JE genes to PDGF, we plated Balb/c

3T3 cells sparsely (about 1/40 of confluent
density) and incubated them in PDGF-free
medium supplemented with 5% platelet-
poor plasma (PPP) (7). The steady-state
level of c-myc mRNA in these sparse,
PDGF-starved cell cultures was low (Fig.
2A). Treatment with PDGEF led to a sizable
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