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Coronal Temperature Profiles from
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From a measurement campaign in szombathely, Hungary during the solar eclip-

se-oi Ãugust ii , lggg photolraphs were obtajned with a 1000 mm Meade Te-

i.tãop" árO H¡inolta camera óf *h¡cf' 15 were useful for further data analysis.

gv diòitizinq these images, radial white light intensity profiles of the Sun's corona

ã1. p'"t itìOior ã--tf'"ilí oi th" .otona, w"here this shell's distance from the Sun is

O"t"rrìn.¿ by the exposure time of tÍ-re image. Fitting-this intensity profile wrth

th. trrinotity function of Badalyan and Livlhits t19861, and assuming all the

*ñit. iighi èómes from the Sun'i light scattered off the coronal electrons, the

temperature can roughly be determi'ned.for this shell of the corona' With longer

àrpä*i.i of the Sun-'s éorona, coronal layers for larger distances,from the Sun

¿;li b" examined. By plotting t'he temperaiure derived in a coronal layer for four

àïi;;"iËt;ritì 
"., 

tlrur difíerent ecliþse exposures times) a temperature profile

ðitñ".oroîu can be derived from about 0.25 to 2.50 solar radii.

coronal regiors (i.e., the bright, nearly
radial streaks) and low temperature, low
density coronal hole regions (i'e., the
da¡k lanes between the interstream coro-
nal regions). Figure 1 indicates where

some of these regions can be found dur-

ing the August 11 solar eclipse. The high

temperature, high density interstream
coronal regions generally have a temper-
ature of about 1.4 MK, where MK stands

for a million degrees Kelvin, and a densi-

ty around 2.0 i 1014 electrons mr. The

Iow temperature, low density coronal
hole regions typically have a temperature
around0.9 MKand adensity around 0'9 x
101a electrons mJ.

There are approximately four differ-
ent light sources which contribute to the

luminosity ofthe corona. These sources
are:

. the K-(Kontinuierlich) corona,
light re ected off the electrons'

¡ the F-(Fraunhofer) corona, the
re ected off dust in the corona.

. the E-(Emission) corona, the
emitted by the excited Plasma.

. and the T-(Therrnal) corona, the
frared light emitted bY dust.
By far the largest contributor

1.3 solar radii of the surface comes
the Kontinuierlich corona. For
study we will assume that all the
photographed comes from the Kontinu-
ierlich corona. Then next largest con-

tributor to the coronal light is from the

Fraunhofer corona and this light is not
large contribution until about 1.3

radii. Since the Emission and
corona are such small sources of
nal light they will not be consider any

further.

lnstrumentation
The photographs for this study were

obtained with a 1000 mm Meade

Schmidt Cassegrain telescoPe,
has an opening of about 100 mm and a

Figure 1 . This figure is a typical 1/4 second

exposure photograph of the August 1 1,

1999 solar eclipse. lndicated in the image is a

radial slice of the coronal intensity at the

western limb of this photograph. The

intensity within the <<slice>> would be fit with

the equation from the theory of BeonweN

and Lusurs [1986]. After fitting this slice of
the intensity, additional slices can be taken at

all angles around the Sun. Also, indicated is a

coronal hole region and coronal streamer

within the solar atmosphere, as well as a

good region to determine the background

intensity.

lntroduction

The total solar eclipse ofAugust 11,

1999 was a normal eclipse, except that
is was the first across Europe in about 9
years. The last one occurred over
sparsely populated Northern Europe
July 22,1990, and the previous one over

central Europe was February 15, 1961. It
is estimated that millions to tens of mil-
lions of people saw the eclipse because
ofthe path through central Europe, and

a large fraction of these obtained one or
more photographs of the eclipse. With
increased availability and the relatively
low cost of photographic and telescop-
ic equipment, a significant fraction of
these people used either a large photo-
graphic lens (greater than 200 mm) or a

telescope to capture the eclipse on film
(or on a CCD imager). The PurPose of
this article is to inform the public that
they can use these photographs to get

temperatures and electron densities for
the inner coronal layer in the Sun's at-

mosphere.

For a brief period during totality' two
of the three atmospheric layers of the

Sun (i.e., the photosphere, the chromo-

sphere, and the corona) are visible' The

second largest and second farthest solar
atmospheric layer from the Sun's surface
is the red chromosphere (i.e., 1400 l<rn

thick), which can only be captured with
a very short exposure. The next highest,

the thickest layer, and by far the most vis-

ible atmospheric layer during totality is
the corona, which extends over 30 solar
radü from the Sun. Within the magnified
photographs, one can easily see the high
temperature, high density interstream
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f.-stop of about ^I0' 
The camera used

.,**,ä;':"xliäi1""üT:i*
li" lo Umit the amount of instrument vi-

ir"tion. The film used to record the im-
I.." *as AGFA Professional ISO 50

iÍil nm. FYom first contact to last con-

i"i.t. tS photographs were obtained and

ñã órpotut" tinre varied from 1/500 sec-

ond to 1 seconcl'

Theory
For this study an adapted version of

the theory from B¡l,cl,v¡l'l and LrvsHIrs

f 19861 for the polarized luminosity of
ih" 

"otonu 
has been used. This theory

approximates the corona with a hydro-
s[atic electron density distribution at
a constant electron temperature, T. Es-

sentially, this means the entire corona,

consisting mainly of free electrons, is

assumed to be at one constant tempera-
ture, and the atmosphere's density de-

creases exponentially as the altitude
from the surface of the Sun increases.
For a recent review of the measured
density profiles see Wunz and Gmrar,,

1999. Withthis assumption, the electron
density can be approximated with the
expression:

n(r) = n1p"1 *r[- u*rnio, (": - l)] ctt
| 

''B

where n(4") is the electron density at
the surface of the Sun, rl. is the radius
of the Sun, ¡r is the mean molecular
weight, rn¡¡ is the mass of hydrogen, go

is the gravitational acceleration of the
Sun at the surface, and k3 is Bolt:ztr,r¡ts¡¡'s
constant. Afull derivation of the Benaly-
et and Lrvssrrs equation for the polar-
ized luminosity of the corona is beyond
the scope of this study and we refer you
to the following studies (Bel,llvalr and
Llvsurrs, 1986; and BalalyAN, 1986) for a
more detailed derivation. The equation
obtained in those two studies for the po-
larized luminosity is:

'r,r 
= [#' ii)1,*,.r* (',ffit)](,- # 

- #, #r, ) rr>
where B is the luminosity, Bis
c(ary¿\1p¡,
ois the Tnoupso¡¡ scattering coefficient
calculated per single free electron, and
Bo is the mean luminosity of the solar
disc. The independent variables (the
v¿lues the astronomer limows) in equa-
tion (2) are r and B and the d-ependent
variables (those values the astronomer
ls trying to find) in the equation are
¿(À.) and ?.

- .In summary the equation (2) re-
quues a number of values, which are
rnostly known constants that can be ob-
tained from any first year astronomy

Ð@2

book. A more difficult value to obtain is
the mean luminosity of the solar disc for
the day ofthe solar eclipse. Fortunately,
the mean luminosity of the Sun can be
found on the Internet at'. http:l/
www. ngdc. noaa. gov/stp/SOLAR/IRRA-
DIANCE/erbs.html. The goal for this
study is to fit the Bet¡r,y¡,N and Lwsnns
theory (equation [2]) to the luminosity
derived from the photograph in order to
determine the electron density at the so-
lar surface, as well as the temperature of
the corona at a specific distance. The
specific distance depends on the por-
tion ofthe corona captured in the pho-
tograph. Short exposures ofthe corona
during the eclipse capture details of the
corona close to the solar surface, leav-
ing the outer corona region black or
dark due to the decreased luminosity
there. Longer exposures capture details
in the corona far from the solar surface,
while leaving the inner portion of the
corona over-exposed.

t\vo additional assumptions have
been made for the interpretation of the
measurements. Firstly, we assumed for
this study that all the light recorded in
the photograph originates from the K
corona as noted in the introduction sec-
tion. IVhile this may seem like alarge as-
sumption it is a reasonable assumption
within 1.3 Solar radii of the Sun's sur-
face, and the difference is as small as 3%
close to the solar surface (IcHrueoro et
al., 1996). Secondly, it is assumed that all
the light captured in the photograph is
polarized, since we apply equation (2)
which has been derived for polarized
light. A more detailed description of a
method to measure only the polarized
light from the K corona can be found in
The Solar Corona by Golun and P¡se-
cHor'¡'. The second assumption is essen-
tially the result of a balance between the
total eclipse time and the number of dif-
ferent exposure times. Several photo-
graphs ofthe polarized and unpolarized
corona are required for each exposure
time in order to remove the r.rnpolarized
light correctly. However, the total
eclipse only lasts for a few minutes and
several photographs at different expo-
sure times are required to obtain the
temperature profile. Since this large
number of photographs (i.e., the polar-
ized and different exposures together)
is difficult to take without an automat-
ed system, the polarized photographs
were nottaken and avariety of different
exposures were obtained instead.

Procedure

Once photographs of totality have
been obtained these need to be convert-
ed into an electronic format, which can
be done either at a local developer or

with a negative scanner. It is important,
however, to have the images scanned at
the maximum resolution with an abso-
lute color scale and converted into some
high resolution file like a Tag Image File
Format (TIFF) file. The absolute color
scale is impoftant to prevent excess
subtraction of background and the
<whiting-out> of the brightest portions
of the image. These are factors which
the astronomer himself should be able
to control. The high resolution scan and
high resolution file are necessary to lim-
it the loss of data. Furthermore, in this
study the images were converted to
black and white (grey scale) TIFF files.
While information is lost in this conver-
sion, it simplifies the amount of work,
and the color information is not neces-
sary for this study. The resulting image
will be in terms of Digitization Numbers
(DN) per pixel assuming a TIFF file is
used. For a normal TIFF file the DN var-
ies between 0 and 255, where zero is a
black pixel in the image and 255 is a
white pixel.

The TIFF images will need to be con-
verted into units of luminosity (J/s). This
is explained in two parts here. Most ma-
jor film companies have technical data
sheets readily available to the public. The
AGFA film company kindly supplied us
with the information needed for the pro-
fessional ISO 50 film used in this study.
Unfortunately, these a¡e useful for con-
verting the Density of the photographic
negative to the Lux-seconds, which
need only be multiplied by a constant
conversion factor to get the luminosity. A
conversion of DN to Density is also nec-
essary, but this conversion is not readily
available. A number of complex methods
could be used to do this, but for this
study a simple method was used. It is as-
sumed in the Lux-second versus Density
curve of the film company that the low-
est Density plateau (i.e., lowest Lux sec-
ond values) is equivalent to a DN of zero
and that the highest Density plateau is
equivalent to the Density of 255. F\rrther-
more, to further calibrate the curve an
addition point can be used if the mean
DN number of the solar disc is lcnown, as
well asthemean luminosityof the Sun on
the dayof the solareclipse. The mean DN
number of the solar disc can be obtained
by taking a photograph of the Sun just
before first contact (orjust a.fter last con-
tact), converting that photograph into a
TIFF file, and finding the average DN
over the solar disc. The mean luminosþ
of the Sun can be found on the Internet
at the URL address given in the theory
section. With these three calibration
points, as well as with the Densþ to Lux-
second plot, a conversion from DN to lu-
minosity can be established.
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A much more reliable method would
be to photograph a series of lcrown Iu-
minosities on the sarne roll of film as the
solar eclipse photographs at the expo-
sure times used for the solar eclipse.
This shouldproduce amore reliable DN
to luminosity conversion'

Once the images have been convert-
ed to luminosity, a radial slice of the Iu-
minosity can be extracted from the im-
age and fit with the BeleLvAN and Lrvsrurs

[1986] luminosity equation' Afit of equa-

tion (2) to the datashould give areason-
able coronal temperature for the lumi-
nosity from the <shell> ofthe corona fit,
as well as the electron densities at the
Sun's surface. At a specific angle to the
western limb of the Sun, the fit to the
data can be done for as many different
exposure times as available to get tem-
peratures at different distances from the
Sun. In this study, four photographs are

used, hence, there will only be four dif-
ferent temperatures at four different ra-
dial distances for each angle from the
Sun's western limb. The result should be
a smooth radial temperature profile,
where the derived temperatures should
be on the order of 1.5 million degrees
Kelvin. In addition to verifying the ap-

proximate temperatures with one an-

other, another check ofthe results can

be done by comparing the electron den-

sities derived from all the fits' Each fit
should approximately obtain the same

electron density at the surface of the
Sun no matter what the exposure time
and this value should be on the order of
2.0 x 10ra electrons m-3. within this
study, the electron density varied by a
factor of four. More will be discussed on

this topic in the results and discussion
section. Once the temperatures and

density have been found at one angle'
this procedure can be repeated at all an-

gles around the Sun to derive tempera-
lure profiles at any angle. Examples of
the results for this study can be found in
Figure 2.

Results and Discussion

Figure 2 gives the resulting electron
temperatures and densities for four dif-
ferent exposure times of the August 11,

1999 solar eclipse. Along the base of
each plot is the angle with respect to the
Sun's western limb in the photographs.

Along the vertical axis of the top plot is
the electron density at the surface ofthe
Sun for the 1/60 second exposure ofthe
eclipse. In the remaining four plots, all
for increasingly longer exposure times,
the vertical axis is the temperature in
millions of degrees Kelvin. The expo-
sure times are l/250 sec, 1/60 sec, 1/8

sec, and 1 second and these exposure
times correspond to shells of the coro-

hole indicated in Figure 1

Figure 2. This figure indicates the electron densities determined from one of the August 1 1,

1ó99 sotar eclipse photographs, as well as the temperature determined f rom all of the

photographs at all angles around the Sun. These angles are determined from the Sun's
'western 

iimb in the photographs. From top to bottom the exposure times for all of the

temperature plots are 1/250 second, 1160 second, 1lB second, and 1 second. Given in the

upper right hiand corner of each ptot is the mean value over all angles. Also, given in either the

upp", ,,gnt ,orner or lower right corner of each plot is the mean distance of the coronal shell

ai;utyr"a. Note that the large dip in the temperature at about 240" corresponds to the coronal

002ORION6

na center at 1.46 Ra, 1.56 fi", 2.1 Ro, a'nd

2.69 R". Recall that different shells of
the corona are captured in the different
photographic exposure times. The first
item to notice is the repetition of some

patterns in almost all of the temperature
plots, for example, the coronal hole
structure at about 240". FurtherrlÌore'
the electron density decreases (increas-

es) at many of the same places as the de-

creases (increases) in the electron tem-
perature, as one would exPect for
coronal holes (interstream regions)' Fi-

nally, while many of the same structures
are reproduced in the upper plots, these

structures are not as evident in the bo?
tom plot. This is most likely due to the

smearing out and mixing of the corona
by 2.69.R.. This can be more clearly ob'

served in Figure 1, where the structures
in the corona are not as sh arpby 2.69 Ro

from the center of the solar disc.
The second item to notice is the ma9-

nitude of the electron density. The mean

densiff for this plot is 2.9 x l}ra elec'

trons m-3, which is well within the er

ÐieÀ
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^^rted range of published values' See

l* rtu¿V of Wunz and GÆnrel [1999] for
Ï)l"ral examples' Previous values re-

** I 
g:,n å" î.^,'^ : :l l; ;':i'åi

no"***to et al._[1992], for the inter-

Jtream region of the coronal atmos-

Itrere during solar minimum of the solar
I""1". to as high as 5.0 x lOla electrons

är, found in the study of Fruonn et al',

itgggl fot the interstream region of the

åoronal atmosphere also during the so-

hr minimum phase of the solar cycle.

Coronal hole electron densities, which
are expected to be smaller, are re-ported

," lo** 1'2 x i013 electrons m-3 in the

srudy of Lmros and Aucruou [19751 and

," ttigt u" 3.0 x 10ra electrons mr within
the study of MuNno and Wrursnon \lg72l.
Unfortunately the electron density val-
ues found in this study signifi cantly vary
from photograph to photograph, which
means there is a large uncertainty asso-

ciated with the electron density of this
study. For all four images examined in
this study, the electron density varied by
afactor of four, where as the values of
previous studies vary by afactor oT2.
Values as low as 0.7 x 1014 electrons m-3
to as high as 13.0 x 1014 electrons m-3 are
found in this study. This large variation
is not surprising, since the hydrostatic
electron density distribution model is
not perfect. It is well lcrow in the solar
physics community that the Sun is very
dynamic and does not have a static at-
mosphere of a single temperature.
While many careful scientific studies re-
port a relative uncertainty on the order
of 5% to 30%, the results from different
authors vary by a factor of 2 or more. It
is important to stress at this point that
this study is by no means advanced in
nature and that most of the electron
densities found in this study are well
within the range of previously report
values.

The third item to notice in Figure 2 is
the magnitude of the temperatuies. The
mean temperature in the first plot for
the shorteÄt exposure image of tñe solar
eclipse is 1.7 MK att.46R. for the 1/2b0
second exposure, 2.4MKat 1.56 Æ" for
the I/60 second exposure, 2.2 MK at 2.10
lloÏor the 1/8 second exposure, and L8
MK at 2.69 ßo for the hsfexposure. Tlp-
tcal temperatures for coronal inter-
l|u* regions previously reported
range from 1.0 MK to 2.1 MK at I.46 R"
within the studies of Gurnrn¡runm et al.

l*Y,991 un¿ gocusren 
[2000], t.t MKro 2. I

'vrn at 1.56.R. within the studies of Gu-

ffi5unre et al. [lggg] and BocHsreR

!-t9901, t.o Mrto r.'os MKat2.tB, wth-
uì.the studies of GresoN et al. [lggg] anduuHarue*.rnre 

et al. Ilggg], and o.g mx tor'0 MK at2.7 R,.ittrin the studies of

Ðoa

Grssor'r et al. [1999] and GuHArHArunre et
al. [1999]. The study of GmsoN et al.
[1999] used polarized Kontinuierlich co-
rona data taken at the High Altitude Ob-
servatory during solar minimum with
the Mauna Loa coronagraph. A corona-
graph is an instrument that creates arr
artificial solar eclipse inside the instru-
ment. The data within the study of
Bocusren [2000] is a model based on a fit
to chaxge state equilibrium points with-
in the corona for various elements and
an indirect measurement of the electron
temperature. Finally, the data for the
GunarnrrruRre et al. [1999] study was ob-
tained from the spectral line intensities
using the TIVCS instrument on the
SOHO spacecraft as well as the corona-
graph instrument on the Spartan 201
spacecraft launched during shuttle mis-
sions. Both instruments obtained data
during solar minimum. These previous
values suggest that the ones in this study
are higherthan average, but still close to
the expected magnitude. These results
may be higher than average for several
reasons:

¡ No polarization subtraction.
. No FYaunhofer corona subtraction.
. Thesolarcycle.

Recall from the procedure section
that the Banervex and Lwsrnrs equation is
meant to apply to polarized light. This
study did not use apolarizer, thus, there
is an excess of luminosity found in the
photographs. Within the studies of
BADATyAN [1986] and KourcaMy ll977lare
published polarization values, which
represent the fraction of the total light
which is polarized in the corona at a spe-
cific distance from the Sun. These polar-
ization values increase from 0.1 to 0.5
from the surface of the Sun to about 2
solar radii, which means the fraction of
polarized light in the corona increases at
larger distance from the solar surface to
just after 2 solar radii. If this study were
to take into account these polarization
factors, then the amount of coronal lu-
minosity would decrease at larger solar
radii slower than observed in a radial
plot of the intensity, whichinturnwould
results in high temperatures for the

Figure 3. This figure is a ca¡1oon schematic of
the coronal structure during an active Sun and
a quiet Sun. The top figure is a cartoon of the
August 1 1 , 1999 active solar corona. The red
arrows indicate only a few of the interstream
regions and the blue arrows point to two clear
coronal holes. The bottom figure displays a
simple coronal structure with tvvo interstream
regions at the Sun's equator and two coronal
hole regions at the Sun's poles

longer exposures (i.e., coronal shells of
larger radii). How much the tempera-
ture would increase is not clear at this
time.

For point two above, one of the as-
sumptions made for this study is that
the m4jority of the coronal light comes
from the Kontinuierlich corona. While
this is generally true close to the solar
surface, it is less correct farther from
the solar surface. At approximately 2.3
r?o, only 50% ofthe the total coronal lu-
minosity comes from the Kontinuierlich
corona (KourcHuv et al., 1978). Taking
this fact into account would reduce the
amount of luminosity at larger distanc-
es from the solar surface and help to re-
duce the overall coronal temperature.
How much the temperature would be
reduce is, again, unclear. Nevertheless,
the discussion on the temperature in-
crease, due to the polarized light, com-
bined with this discussion on the tem-
perature decrease, due to the FYaunhof-
er coronal contribution, nearly results
in a cancellation of the two affects.
Quantitatively, there would be some in-
crease in the temperature overall, but
not a dramatic one.

The last reason the coronal temper-
atures in this study appear to be above
average may be related to the solar cy-
cle. The August 11, 1999 solar eclipse
occurred during the increase ofthe so-
lar cycle activity and the peak is expect-
ed to occur in late 2000 or early 2001. As
the Sun becomes more active, it is also
expected that the average temperature
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of the corona increases. This can be un-
derstood better bY examining the
number and scatter of coronal inter-
stream regions, which are the hotter (1.5

MÇ and more dense regions in the co-
rona, as opposed to the coronal hole re-
gions, which are less dense and cooler
regions (0.9 MIÐ. During solar minimum
(i.e., a quiet sun) in irnages of the solar
eclipse, there is generally two inter-
stream regions observed, both at the
Sun's equator, and two large coronal
holes at the Sun's poles. As the solar ac-

tivity increases (i.e., an active Sun) so

does the number and scatter of the inter-
stream regions. See Figure 3 for a car-
toon representation of the active and
quiet Sun. If there are more interstream
regions and less coronal hole regions,
then the average temperature of the co-
rona would be expected to increase.
This concept has already been shown in
a study by Lnnmltc and LnSQunnBN

[1969], where itwas shownthe corona's
temperature was about 1.1 MK at solar
minimum and 1.8 MK at solar maximum.

Another item to notice from Figure 2

is the initial increase in the coronal tem-
perature for the first few plots, then the
decrease in coronal temperature. To

better illustrate this observation see Fig-
ure 4. Within Figure 4 there are two dif-
ferent temperature profiles from this
study plotted: the solid line represents
the average of all the temperatures for
each shell ofthe corona, and the dotted
line is the temperature profile for a
coronal hole. Also plotted in Figure 4
are the temperature profiles reported in
several other studies. These previous
studies indicate the variability of the

temperature as well as the variability of
the temperature profile's shape. Fur-
thermore, displaying the profiles of oth-
er studies indicates that the tempera-
ture maximum within the figure for this
study is not unex¡rected. However, why
the temperature begins to sharply rise
above the photosPhere to maximum
within the corona is still not Imown to
solar physicists. Previous studies have
found the peak temperature located as

close as 1.26 R" with a maximum of 2'2

MK within the study of Bocusr,nn [2000]
and as far as2.lÆo with a maximum of
1.67 MK (at solar minimum) within the
study of Guu¡tserunre et al. [1999].
Based on four different studies, the
mean location of the maximum coronal
temperature is 1.8 Æ". The four temper-
ature plots of this study together sug-
gest that the maximum coronal temper-
ature is located between 1'56 Æ" and 2' 1

ßo and exceeds values of about 2.4MK.
The location of the corona temperature
maximum of this studY aPPears to be

close to previously published values,
but the peak temperature appears to be

higher than all the previous studies ex-

amined here. The reason for this larger
corona temperature maximum maY be

related to the assumptions already dis-

cussed or may be due to the fact that
this study was performed closer to solar
maximum than previous studies, which
were mainly done near solar minimum'

One last item to discuss is the tem-
perature within the coronal holes ob-

served in the August 11, 1999 solar
eclipse photographs. As stated in the in-
troduction, the coronal hole's tempera-
ture is generally around 0'9 MK, but Fig-

ure 2 does not have any temperatursg
that low. However, there are some si5
nificant drops in the temperature, whic\
can be related to coronal holes. Thess

drops occur at about 70o, 115o, and 24go

with respect to the western limb in the

photograph, but are only a few degrees

wide. lVpical coronal holes span mucþ

larger areas on the solar surface. The

reason the temperature does not de-

crease to around 0.9 MK is nlost likely
related to the solar maximum phase i¡
the solar cycle. As discussion, there are

many more active regions scattered all

over the Sun's surface closer to solar

maximum. These regions are constant-

ly throwing hot gases awaY from the

Sun. Many of these hot streams cross in

front ofthe cooler coronal hole regions,

from the point of view of an observer on

Earth. Which means, there are hot lay'
ers in front of cool coronal hole layem

and more hot laYers behind the
hole. When the Picture is taken,
regions cannot be easilY
and the result is lmown as

effectwhichleads to the higher temper-
atures observed in the coronal holes. To

remove the line of sight effects is com-

plex and beyond the scope ofthis study.

Conclusion
The purpose of this studY is to give

amateur astronomers the opportunity to
obtain data from their photographs
show that their results are similar to

professional solar physicists conclu-
sions. In general, it is clear from the dis-

cussion that reasonable temperature
profiles can be derived from careful
analysis of August 1 1, 1999, solar eclipse

ali,neof
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Figure 4. This figure gives the temperature

profiles as determined in this paper and in

other more sophisticated studies. The solid

line is the temperature profile based on the

mean temperature of each temperature

versus angle plot at the mean distance of the

fit from the Sun. The dotted line is the coronal

hole temperature profile at an angle of 233'
to the western limb of the Sun in the

photograph. The coronal hole temperature

profile has been shifted about 0.05 R; to the

rightto better display the profile. The B stands

for the results from the study of B for Baoawtu'

[1 986], the K stands for the results from the

study of KourcuuY et al. [1 977], the + stands

for the X-ray telescope results from the study

of Fruon¡ et al. [1 999], and the * stands for the

SOHO\CDS results from the study of Ftuontet

al. [1999]. The dash-dot line is a plot of the

model from Bocustm [2000], the dash-dot-dot

line is the measurements obtained f rom the

study of GnsoN et al., 1 999, and the dashed

line is a plot of the Guueruaxunra et al. [1 992'

19931 study's results.

Ð@2

- 
Averoge TemPerotures

..,..,., Averoge CH TemPerotures

ì-. \ \\'\.\-- \---a 
-a_\.\ri_

I
a

i
I
;+

I

¡

K

/
I

Solor Rodíi (From the Center of the Sun)

Temperoture Profile
3.0

0.5

1.0

Y

o
:t
o
C)
o-
Eo

Þ-

54321

EI

2.5

2.O

a



oa

nhoþgraphs. 
ln this.study, temperature

Ï"ãfit"" are derived using four photo-

Traphs and ¿re obtained at all angles

3""ilnA the Sun with an uncertainty of

iOW.fn" large uncertainty is the result

or alarge background, vanous assump-

i ns about the corona, and due to pixel

im.rnng from telescope motion. While

lh. i.mp"tutures found are higher on

avetage then previous published stud-

ies, those studies were more detailed

and primarily done during Solar mini-

mum, whenthe coronais less active (i.e,

less heated). In addition to tempera-

n¡¡es, electron densities were derived
forthe solar surface. The mean electron
density derived from all photographs at
ail angles is 4.0 x 10la electrons mJ and

lies within the range of previously pub-

üshed electron densities for both solar
maximum and solar minimum. Further-
more, previously accepted electron den-

sities have been observed to vary by a
factor of2 from study to study. Unfortu-
nately, the electron densities found here
vary by a factor of 4 between all the pho-
tographs. This variation is not critical
since this study is by no means ad-
vanced in nature and most of the elec-
tron densities and temperatures found
inthis study are within the range of pre-
viously report values and exhibit pat-
terns similar to previous studies.

While it is not necessary the results
for future studies can be improved in
several ways. The most significant im-
provement could be made by using a
CCD imager instead of a camera. This
would make the conversion from DN to
luminosity considerably easier. The sec-
ond significant improvement would be

to use polarizing filters during the
eclipse, however, this option is more dif-
ficult due to time constraints during the
eclipse. With the implementation of
these two improvements the amateur
astronomer can begin to compete with
the professional solar physicist. We
strongly encourage similar studies by
amateur astronomers to help veri$r pro-
fessional astronomers results, to pro-
mote a competitive atmosphere, and to
help bridge a gap between the public
and the professional solar physics com-
munity.
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