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Abstra
t.

From a measurement 
ampaign in Szombathely, Hungary during the solar e
lipse

of August 11, 1999 photographs were obtained with a 1000 mm Meade Teles
ope

and Minolta 
amera of whi
h 15 were useful for further data analysis. By digitizing

these images, radial white light intensity pro�les of the Sun's 
orona are plotted for a

\shell" of the 
orona, where this shell's distan
e from the Sun is determined by the

exposure time of the image. Fitting this intensity pro�le with the luminosity fun
tion

of Badalyan and Livshits [1986℄, and assuming all the white light 
omes from the Sun's

light s
attered o� the 
oronal ele
trons, the temperature 
an roughly be determined for

this shell of the 
orona. With longer exposures of the Sun's 
orona, 
oronal layers for

larger distan
es from the Sun 
an be examined. By plotting the temperature derived

in a 
oronal layer for four di�erent layers (i.e., four di�erent e
lipse exposures times) a

temperature pro�le of the 
orona 
an be derived from about 0.25 to 2.50 solar radii.
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Introdu
tion

The total solar e
lipse of August 11, 1999 was a normal e
lipse, ex
ept that is was

the �rst a
ross Europe in about 9 years. The last one o

urred over sparsely populated

Northern Europe July 22, 1990, and the previous one over 
entral Europe was February

15, 1961. It is estimated that millions to tens of millions of people saw the e
lipse

be
ause of the path through 
entral Europe, and a large fra
tion of these obtained one

or more photographs of the e
lipse. With in
reased availability and the relatively low


ost of photographi
 and teles
opi
 equipment, a signi�
ant fra
tion of these people

used either a large photographi
 lens (greater than 200 mm) or a teles
ope to 
apture

the e
lipse on �lm (or on a CCD imager). The purpose of this arti
le is to inform the

publi
 that they 
an use these photographs to get temperatures and ele
tron densities

for the inner 
oronal layer in the Sun's atmosphere.

For a brief period during totality, two of the three atmospheri
 layers of the Sun

(i.e., the photosphere, the 
hromosphere, and the 
orona) are visible. The se
ond

largest and se
ond farthest solar atmospheri
 layer from the Sun's surfa
e is the red


hromosphere (i.e., 1400 km thi
k), whi
h 
an only be 
aptured with a very short

exposure. The next highest, the thi
kest layer, and by far the most visible atmospheri


layer during totality is the 
orona, whi
h extends over 30 solar radii from the Sun.

Within the magni�ed photographs, one 
an easily see the high temperature, high density

interstream 
oronal regions (i.e., the bright, nearly radial streaks) and low temperature,

low density 
oronal hole regions (i.e., the dark lanes between the interstream 
oronal

regions). Figure 1 indi
ates where some of these regions 
an be found during the

August 11 solar e
lipse. The high temperature, high density interstream 
oronal regions

generally have a temperature of about 1.4 MK, where MK stands for a million degrees

Kelvin, and a density around 2.0 �10

14

ele
trons m

�3

. The low temperature, low density


oronal hole regions typi
ally have a temperature around 0.9 MK and a density around

0.9 �10

14

ele
trons m

�3

.

There are approximately four di�erent light sour
es whi
h 
ontribute to the
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luminosity of the 
orona. These sour
es are:

� the K-(Kontinuierli
h) 
orona,

the light re
e
ted o� the ele
trons.

� the F-(Fraunhofer) 
orona,

the light re
e
ted o� dust in the 
orona.

� the E-(Emission) 
orona,

the light emitted by the ex
ited plasma.

� and the T-(Thermal) 
orona,

the infrared light emitted by dust.

By far the largest 
ontributor within 1.3 solar radii of the surfa
e 
omes from the

Kontinuierli
h 
orona. For this study we will assume that all the light photographed


omes from the Kontinuierli
h 
orona. Then next largest 
ontributor to the 
oronal

light is from the Fraunhofer 
orona and this light is not a large 
ontribution until about

1.3 solar radii. Sin
e the Emission and Thermal 
orona are su
h small sour
es of 
oronal

light they will not be 
onsider any further.

Instrumentation

The photographs for this study were obtained with a 1000 mm Meade S
hmidt

Cassegrain teles
ope, whi
h has an opening of about 100 mm and a F-stop of about 10.

The 
amera used was a Minolta X-370 manual 
amera. A 
able release was atta
hed to

the 
amera to limit the amount of instrument vibration. The �lm used to re
ord the

images was AGFA professional ISO 50 
olor �lm. From �rst 
onta
t to last 
onta
t, 15

photographs were obtained and the exposure time varied from 1/500 se
ond to 1 se
ond.

Theory

For this study an adapted version of the theory from Badalyan and Livshits [1986℄

for the polarized luminosity of the 
orona has been used. This theory approximates
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the 
orona with a hydrostati
 ele
tron density distribution at a 
onstant ele
tron

temperature, T. Essentially, this means the entire 
orona, 
onsisting mainly of free

ele
trons, is assumed to be at one 
onstant temperature, and the atmosphere's density

de
reases exponentially as the altitude from the surfa
e of the Sun in
reases. For a

re
ent review of the measured density pro�les see Wurz and Gariel, 1999. With this

assumption, the ele
tron density 
an be approximated with the expression:
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where B is the luminosity, � is ((

�m

H

g

�

R
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�

�T

)=�), � is the Thompson s
attering 
oeÆ
ient


al
ulated per single free ele
tron, and B

�

is the mean luminosity of the solar dis
.

The independent variables (the values the astronomer knows) in equation (2) are r and

B and the dependent variables (those values the astronomer is trying to �nd) in the

equation are n(R

�

) and T .

In summary, the equation (2) requires a number of values, whi
h are mostly

known 
onstants that 
an be obtained from any �rst year astronomy book. A more

diÆ
ult value to obtain is the mean luminosity of the solar dis
 for the day of the solar

e
lipse. Fortunately, the mean luminosity of the Sun 
an be found on the Internet at:

http://www.ngd
.noaa.gov/stp/SOLAR/IRRADIANCE/erbs.html. The goal for this
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study is to �t the Badalyan and Livshits theory (equation (2)) to the luminosity derived

from the photograph in order to determine the ele
tron density at the solar surfa
e,

as well as the temperature of the 
orona at a spe
i�
 distan
e. The spe
i�
 distan
e

depends on the portion of the 
orona 
aptured in the photograph. Short exposures of

the 
orona during the e
lipse 
apture details of the 
orona 
lose to the solar surfa
e,

leaving the outer 
orona region bla
k or dark due to the de
reased luminosity there.

Longer exposures 
apture details in the 
orona far from the solar surfa
e, while leaving

the inner portion of the 
orona over-exposed.

Two additional assumptions have been made for the interpretation of the

measurements. Firstly, we assumed for this study that all the light re
orded in the

photograph originates from the K 
orona as noted in the introdu
tion se
tion. While

this may seem like a large assumption it is a reasonable assumption within 1.3 Solar

radii of the Sun's surfa
e, and the di�eren
e is as small as 3% 
lose to the solar

surfa
e (I
himaoto et al., 1996). Se
ondly, it is assumed that all the light 
aptured

in the photograph is polarized, sin
e we apply equation (2) whi
h has been derived

for polarized light. A more detailed des
ription of a method to measure only the

polarized light from the K 
orona 
an be found in The Solar Corona by Golub and

Pasa
ho�. The se
ond assumption is essentially the result of a balan
e between the

total e
lipse time and the number of di�erent exposure times. Several photographs

of the polarized and unpolarized 
orona are required for ea
h exposure time in order

to remove the unpolarized light 
orre
tly. However, the total e
lipse only lasts for a

few minutes and several photographs at di�erent exposure times are required to obtain

the temperature pro�le. Sin
e this large number of photographs (i.e., the polarized

and di�erent exposures together) is diÆ
ult to take without an automated system, the

polarized photographs were not taken and a variety of di�erent exposures were obtained

instead.
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Pro
edure

On
e photographs of totality have been obtained these need to be 
onverted into

an ele
troni
 format, whi
h 
an be done either at a lo
al developer or with a negative

s
anner. It is important, however, to have the images s
anned at the maximum

resolution with an absolute 
olor s
ale and 
onverted into some high resolution �le like

a Tag Image File Format (TIFF) �le. The absolute 
olor s
ale is important to prevent

ex
ess subtra
tion of ba
kground and the \whiting-out" of the brightest portions of

the image. These are fa
tors whi
h the astronomer himself should be able to 
ontrol.

The high resolution s
an and high resolution �le are ne
essary to limit the loss of data.

Furthermore, in this study the images were 
onverted to bla
k and white (grey s
ale)

TIFF �les. While information is lost in this 
onversion, it simpli�es the amount of work,

and the 
olor information is not ne
essary for this study. The resulting image will be

in terms of Digitization Numbers (DN) per pixel assuming a TIFF �le is used. For a

normal TIFF �le the DN varies between 0 and 255, where zero is a bla
k pixel in the

image and 255 is a white pixel.

The TIFF images will need to be 
onverted into units of luminosity (J/s). This

is explained in two parts here. Most major �lm 
ompanies have te
hni
al data sheets

readily available to the publi
. The AGFA �lm 
ompany kindly supplied us with the

information needed for the professional ISO 50 �lm used in this study. Unfortunately,

these are useful for 
onverting the Density of the photographi
 negative to the

Lux-se
onds, whi
h need only be multiplied by a 
onstant 
onversion fa
tor to get the

luminosity. A 
onversion of DN to Density is also ne
essary, but this 
onversion is not

readily available. A number of 
omplex methods 
ould be used to do this, but for this

study a simple method was used. It is assumed in the Lux-se
ond versus Density 
urve

of the �lm 
ompany that the lowest Density plateau (i.e., lowest Lux se
ond values) is

equivalent to a DN of zero and that the highest Density plateau is equivalent to the

Density of 255. Furthermore, to further 
alibrate the 
urve an addition point 
an be

used if the mean DN number of the solar dis
 is known, as well as the mean luminosity
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of the Sun on the day of the solar e
lipse. The mean DN number of the solar dis
 
an be

obtained by taking a photograph of the Sun just before �rst 
onta
t (or just after last


onta
t), 
onverting that photograph into a TIFF �le, and �nding the average DN over

the solar dis
. The mean luminosity of the Sun 
an be found on the Internet at the URL

address given in the theory se
tion. With these three 
alibration points, as well as with

the Density to Lux-se
ond plot, a 
onversion from DN to luminosity 
an be established.

A mu
h more reliable method would be to photograph a series of known luminosities

on the same roll of �lm as the solar e
lipse photographs at the exposure times used for

the solar e
lipse. This should produ
e a more reliable DN to luminosity 
onversion.

On
e the images have been 
onverted to luminosity, a radial sli
e of the luminosity


an be extra
ted from the image and �t with the Badalyan and Livshits [1986℄ luminosity

equation. A �t of equation (2) to the data should give a reasonable 
oronal temperature

for the luminosity from the \shell" of the 
orona �t, as well as the ele
tron densities at

the Sun's surfa
e. At a spe
i�
 angle to the western limb of the Sun, the �t to the data


an be done for as many di�erent exposure times as available to get temperatures at

di�erent distan
es from the Sun. In this study, four photographs are used, hen
e, there

will only be four di�erent temperatures at four di�erent radial distan
es for ea
h angle

from the Sun's western limb. The result should be a smooth radial temperature pro�le,

where the derived temperatures should be on the order of 1.5 million degrees Kelvin.

In addition to verifying the approximate temperatures with one another, another 
he
k

of the results 
an be done by 
omparing the ele
tron densities derived from all the

�ts. Ea
h �t should approximately obtain the same ele
tron density at the surfa
e of

the Sun no matter what the exposure time and this value should be on the order of

2.0�10

14

ele
trons m

�3

. Within this study, the ele
tron density varied by a fa
tor of

four. More will be dis
ussed on this topi
 in the results and dis
ussion se
tion. On
e the

temperatures and density have been found at one angle, this pro
edure 
an be repeated

at all angles around the Sun to derive temperature pro�les at any angle. Examples of

the results for this study 
an be found in Figure 2.
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Results and Dis
ussion

Figure 2 gives the resulting ele
tron temperatures and densities for four di�erent

exposure times of the August 11, 1999 solar e
lipse. Along the base of ea
h plot is the

angle with respe
t to the Sun's western limb in the photographs. Along the verti
al

axis of the top plot is the ele
tron density at the surfa
e of the Sun for the 1/60

se
ond exposure of the e
lipse. In the remaining four plots, all for in
reasingly longer

exposure times, the verti
al axis is the temperature in millions of degrees Kelvin. The

exposure times are 1/250 se
, 1/60 se
, 1/8 se
, and 1 se
ond and these exposure times


orrespond to shells of the 
orona 
enter at 1.46 R

�

, 1.56 R

�

, 2.1 R

�

, and 2.69 R

�

.

Re
all that di�erent shells of the 
orona are 
aptured in the di�erent photographi


exposure times. The �rst item to noti
e is the repetition of some patterns in almost

all of the temperature plots, for example, the 
oronal hole stru
ture at about 240

Æ

.

Furthermore, the ele
tron density de
reases (in
reases) at many of the same pla
es as

the de
reases (in
reases) in the ele
tron temperature, as one would expe
t for 
oronal

holes (interstream regions). Finally, while many of the same stru
tures are reprodu
ed

in the upper plots, these stru
tures are not as evident in the bottom plot. This is most

likely due to the smearing out and mixing of the 
orona by 2.69 R

�

. This 
an be more


learly observed in Figure 1, where the stru
tures in the 
orona are not as sharp by 2.69

R

�

from the 
enter of the solar dis
.

The se
ond item to noti
e is the magnitude of the ele
tron density. The mean

density for this plot is 2.9�10

14

ele
trons m

�3

, whi
h is well within the expe
ted range

of published values. See the study of Wurz and Gabriel [1999℄ for several examples.

Previous values reported are as low as 1.5�10

14

ele
trons m

�3

, reported in the study

of Guhathakurta et al. [1992℄, for the interstream region of the 
oronal atmosphere

during solar minimum of the solar 
y
le, to as high as 5.0�10

14

ele
trons m

�3

, found in

the study of Fludra et al., [1999℄ for the interstream region of the 
oronal atmosphere

also during the solar minimum phase of the solar 
y
le. Coronal hole ele
tron densities,

whi
h are expe
ted to be smaller, are reported as low as 1.2�10

13

ele
trons m

�3

in the
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study of Lantos and Avignon [1975℄ and as high as 3.0�10

14

ele
trons m

�3

within the

study of Munro and Withbroe [1972℄. Unfortunately, the ele
tron density values found

in this study signi�
antly vary from photograph to photograph, whi
h means there is a

large un
ertainty asso
iated with the ele
tron density of this study. For all four images

examined in this study, the ele
tron density varied by a fa
tor of four, where as the

values of previous studies vary by a fa
tor of 2. Values as low as 0.7�10

14

ele
trons m

�3

to as high as 13.0�10

14

ele
trons m

�3

are found in this study. This large variation is not

surprising, sin
e the hydrostati
 ele
tron density distribution model is not perfe
t. It is

well know in the solar physi
s 
ommunity that the Sun is very dynami
 and does not

have a stati
 atmosphere of a single temperature. While many 
areful s
ienti�
 studies

report a relative un
ertainty on the order of 5% to 30%, the results from di�erent

authors vary by a fa
tor of 2 or more. It is important to stress at this point that this

study is by no means advan
ed in nature and that most of the ele
tron densities found

in this study are well within the range of previously report values.

The third item to noti
e in Figure 2 is the magnitude of the temperatures. The

mean temperature in the �rst plot for the shortest exposure image of the solar e
lipse

is 1.7 MK at 1.46 R

�

for the 1/250 se
ond exposure, 2.4 MK at 1.56 R

�

for the 1/60

se
ond exposure, 2.2 MK at 2.10 R

�

for the 1/8 se
ond exposure, and 1.8 MK at

2.69 R

�

for the last exposure. Typi
al temperatures for 
oronal interstream regions

previously reported range from 1.0 MK to 2.1 MK at 1.46 R

�

within the studies of

Guhathakurta et al. [1999℄ and Bo
hsler [2000℄, 1.1 MK to 2.1 MK at 1.56 R

�

within

the studies of Guhathakurta et al. [1999℄ and Bo
hsler [2000℄, 1.0 MK to 1.65 MK at 2.1

R

�

within the studies of Gibson et al. [1999℄ and Guhathakurta et al. [1999℄, and 0.8

MK to 1.5 MK at 2.7 R

�

within the studies of Gibson et al. [1999℄ and Guhathakurta

et al. [1999℄. The study of Gibson et al. [1999℄ used polarized Kontinuierli
h 
orona

data taken at the High Altitude Observatory during solar minimum with the Mauna

Loa 
oronagraph. A 
oronagraph is an instrument that 
reates an arti�
ial solar e
lipse

inside the instrument. The data within the study of Bo
hsler [2000℄ is a model based

on a �t to 
harge state equilibrium points within the 
orona for various elements
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and an indire
t measurement of the ele
tron temperature. Finally, the data for the

Guhathakurta et al. [1999℄ study was obtained from the spe
tral line intensities using

the UVCS instrument on the SOHO spa
e
raft as well as the 
oronagraph instrument on

the Spartan 201 spa
e
raft laun
hed during shuttle missions. Both instruments obtained

data during solar minimum. These previous values suggest that the ones in this study

are higher than average, but still 
lose to the expe
ted magnitude. These results may

be higher than average for several reasons:

� No polarization subtra
tion.

� No Fraunhofer 
orona subtra
tion.

� The solar 
y
le.

Re
all from the pro
edure se
tion that the Badalyan and Livshits equation is meant to

apply to polarized light. This study did not use a polarizer, thus, there is an ex
ess

of luminosity found in the photographs. Within the studies of Badalyan [1986℄ and

Kout
hmy [1977℄ are published polarization values, whi
h represent the fra
tion of the

total light whi
h is polarized in the 
orona at a spe
i�
 distan
e from the Sun. These

polarization values in
rease from 0.1 to 0.5 from the surfa
e of the Sun to about 2

solar radii, whi
h means the fra
tion of polarized light in the 
orona in
reases at larger

distan
e from the solar surfa
e to just after 2 solar radii. If this study were to take

into a

ount these polarization fa
tors, then the amount of 
oronal luminosity would

de
rease at larger solar radii slower than observed in a radial plot of the intensity, whi
h

in turn would results in high temperatures for the longer exposures (i.e., 
oronal shells

of larger radii). How mu
h the temperature would in
rease is not 
lear at this time.

For point two above, one of the assumptions made for this study is that the

majority of the 
oronal light 
omes from the Kontinuierli
h 
orona. While this is

generally true 
lose to the solar surfa
e, it is less 
orre
t farther from the solar surfa
e.

At approximately 2.3 R

�

, only 50% of the the total 
oronal luminosity 
omes from the

Kontinuierli
h 
orona (Kout
hmy et al., 1978). Taking this fa
t into a

ount would
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redu
e the amount of luminosity at larger distan
es from the solar surfa
e and help to

redu
e the overall 
oronal temperature. How mu
h the temperature would be redu
e

is, again, un
lear. Nevertheless, the dis
ussion on the temperature in
rease, due to

the polarized light, 
ombined with this dis
ussion on the temperature de
rease, due to

the Fraunhofer 
oronal 
ontribution, nearly results in a 
an
ellation of the two a�e
ts.

Quantitatively, there would be some in
rease in the temperature overall, but not a

dramati
 one.

The last reason the 
oronal temperatures in this study appear to be above average

may be related to the solar 
y
le. The August 11, 1999 solar e
lipse o

urred during the

in
rease of the solar 
y
le a
tivity and the peak is expe
ted to o

ur in late 2000 or early

2001. As the Sun be
omes more a
tive, it is also expe
ted that the average temperature

of the 
orona in
reases. This 
an be understood better by examining the number and

s
atter of 
oronal interstream regions, whi
h are the hotter (1.5 MK) and more dense

regions in the 
orona, as opposed to the 
oronal hole regions, whi
h are less dense and


ooler regions (0.9 MK). During solar minimum (i.e., a quiet sun) in images of the solar

e
lipse, there is generally two interstream regions observed, both at the Sun's equator,

and two large 
oronal holes at the Sun's poles. As the solar a
tivity in
reases (i.e., an

a
tive Sun) so does the number and s
atter of the interstream regions. See Figure 3

for a 
artoon representation of the a
tive and quiet Sun. If there are more interstream

regions and less 
oronal hole regions, then the average temperature of the 
orona would

be expe
ted to in
rease. This 
on
ept has already been shown in a study by Leblan


and LeSqueren [1969℄, where it was shown the 
orona's temperature was about 1.1 MK

at solar minimum and 1.8 MK at solar maximum.

Another item to noti
e from Figure 2 is the initial in
rease in the 
oronal

temperature for the �rst few plots, then the de
rease in 
oronal temperature. To

better illustrate this observation see Figure 4. Within Figure 4 there are two di�erent

temperature pro�les from this study plotted: the solid line represents the average of all

the temperatures for ea
h shell of the 
orona, and the dotted line is the temperature

pro�le for a 
oronal hole. Also plotted in Figure 4 are the temperature pro�les
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reported in several other studies. These previous studies indi
ate the variability of the

temperature as well as the variability of the temperature pro�le's shape. Furthermore,

displaying the pro�les of other studies indi
ates that the temperature maximum within

the �gure for this study is not unexpe
ted. However, why the temperature begins to

sharply rise above the photosphere to maximum within the 
orona is still not known to

solar physi
ists. Previous studies have found the peak temperature lo
ated as 
lose as

1.26 R

�

with a maximum of 2.2 MK within the study of Bo
hsler [2000℄ and as far as 2.1

R

�

with a maximum of 1.67 MK (at solar minimum) within the study of Guhathakurta

et al. [1999℄. Based on four di�erent studies, the mean lo
ation of the maximum 
oronal

temperature is 1.8 R

�

. The four temperature plots of this study together suggest that

the maximum 
oronal temperature is lo
ated between 1.56 R

�

and 2.1 R

�

and ex
eeds

values of about 2.4 MK. The lo
ation of the 
orona temperature maximum of this study

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

be higher than all the previous studies examined here. The reason for this larger 
orona

temperature maximum may be related to the assumptions already dis
ussed or may be

due to the fa
t that this study was performed 
loser to solar maximum than previous

studies, whi
h were mainly done near solar minimum.

One last item to dis
uss is the temperature within the 
oronal holes observed

in the August 11, 1999 solar e
lipse photographs. As stated in the introdu
tion, the


oronal hole's temperature is generally around 0.9 MK, but Figure 2 does not have any

temperatures that low. However, there are some signi�
ant drops in the temperature,

whi
h 
an be related to 
oronal holes. These drops o

ur at about 70

Æ

, 115

Æ

, and

240

Æ

with respe
t to the western limb in the photograph, but are only a few degrees

wide. Typi
al 
oronal holes span mu
h larger areas on the solar surfa
e. The reason

the temperature does not de
rease to around 0.9 MK is most likely related to the

solar maximum phase in the solar 
y
le. As dis
ussion, there are many more a
tive

regions s
attered all over the Sun's surfa
e 
loser to solar maximum. These regions are


onstantly throwing hot gases away from the Sun. Many of these hot streams 
ross

in front of the 
ooler 
oronal hole regions, from the point of view of an observer on
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Earth. Whi
h means, there are hot layers in front of 
ool 
oronal hole layers and more

hot layers behind the 
oronal hole. When the pi
ture is taken, those regions 
annot be

easily di�erentiated and the result is known as a line of sight e�e
t whi
h leads to the

higher temperatures observed in the 
oronal holes. To remove the line of sight e�e
ts is


omplex and beyond the s
ope of this study.

Con
lusion

The purpose of this study is to give amateur astronomers the opportunity to obtain

data from their photographs and show that their results are similar to professional

solar physi
ists 
on
lusions. In general, it is 
lear from the dis
ussion that reasonable

temperature pro�les 
an be derived from 
areful analysis of August 11, 1999, solar e
lipse

photographs. In this study, temperature pro�les are derived using four photographs

and are obtained at all angles around the Sun with an un
ertainty of 30%. The large

un
ertainty is the result of a large ba
kground, various assumptions about the 
orona,

and due to pixel smearing from teles
ope motion. While the temperatures found are

higher on average then previous published studies, those studies were more detailed and

primarily done during Solar minimum, when the 
orona is less a
tive (i.e, less heated).

In addition to temperatures, ele
tron densities were derived for the solar surfa
e. The

mean ele
tron density derived from all photographs at all angles is 4.0�10

14

ele
trons

m

�3

and lies within the range of previously published ele
tron densities for both solar

maximum and solar minimum. Furthermore, previously a

epted ele
tron densities have

been observed to vary by a fa
tor of 2 from study to study. Unfortunately, the ele
tron

densities found here vary by a fa
tor of 4 between all the photographs. This variation is

not 
riti
al sin
e this study is by no means advan
ed in nature and most of the ele
tron

densities and temperatures found in this study are within the range of previously report

values and exhibit patterns similar to previous studies.

While it is not ne
essary, the results for future studies 
an be improved in several

ways. The most signi�
ant improvement 
ould be made by using a CCD imager instead
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of a 
amera. This would make the 
onversion from DN to luminosity 
onsiderably

easier. The se
ond signi�
ant improvement would be to use polarizing �lters during

the e
lipse, however, this option is more diÆ
ult due to time 
onstraints during the

e
lipse. With the implementation of these two improvements the amateur astronomer


an begin to 
ompete with the professional solar physi
ist. We strongly en
ourage

similar studies by amateur astronomers to help verify professional astronomers results,

to promote a 
ompetitive atmosphere, and to help bridge a gap between the publi
 and

the professional solar physi
s 
ommunity.
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Figure 1. This �gure is a typi
al 1/4 se
ond exposure photograph of the August 11,

1999 solar e
lipse. Indi
ated in the image is a radial sli
e of the 
oronal intensity at the

western limb of this photograph. The intensity within the \sli
e" would be �t with the

equation from the theory of Badalyan and Livshits [1986℄. After �tting this sli
e of the

intensity, additional sli
es 
an be taken at all angles around the Sun. Also, indi
ated is a


oronal hole region and 
oronal streamer within the solar atmosphere, as well as a good

region to determine the ba
kground intensity.

Figure 2. This �gure indi
ates the ele
tron densities determined from one of the August

11, 1999 solar e
lipse photographs, as well as the temperature determined from all of the

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

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

temperature plots are 1/250 se
ond, 1/60 se
ond, 1/8 se
ond, and 1 se
ond. Given in

the upper right hand 
orner of ea
h plot is the mean value over all angles. Also, given

in either the upper right 
orner or lower right 
orner of ea
h plot is the mean distan
e

of the 
oronal shell analyzed. Note that the large dip in the temperature at about 240

Æ


orresponds to the 
oronal hole indi
ated in Figure 1.

Figure 3. This �gure is a 
artoon s
hemati
 of the 
oronal stru
ture during an a
tive

Sun and a quiet Sun. The top �gure is a 
artoon of the August 11, 1999 a
tive solar


orona. The red arrows indi
ate only a few of the interstream regions and the blue arrows

point to two 
lear 
oronal holes. The bottom �gure displays a simple 
oronal stru
ture

with two interstream regions at the Sun's equator and two 
oronal hole regions at the

Sun's poles.



19

Figure 4. This �gure gives the temperature pro�les as determined in this paper and in

other more sophisti
ated studies. The solid line is the temperature pro�le based on the

mean temperature of ea
h temperature versus angle plot at the mean distan
e of the �t

from the Sun. The dotted line is the 
oronal hole temperature pro�le at an angle of 233

Æ

to the western limb of the Sun in the photograph. The 
oronal hole temperature pro�le

has been shifted about 0.05 R

�

to the right to better display the pro�le. The B stands

for the results from the study of B for Badalyan, [1986℄, the K stands for the results

from the study of Kout
hmy et al. [1977℄, the + stands for the X-ray teles
ope results

from the study of Fludra et al. [1999℄, and the � stands for the SOHO/CDS results from

the study of Fludra et al. [1999℄. The dash-dot line is a plot of the model from Bo
hsler

[2000℄, the dash-dot-dot line is the measurements obtained from the study of Gibson et

al., 1999, and the dashed line is a plot of the Guhathakurta et al. [1992, 1993℄ study's

results.
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Figure 2.
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Figure 4.


