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Abstract. During the eclipse of 12 November 1966, the solar corona was photographed at an effective
wavelength of 6500 A with an £/16, 11.1 cm aperture camera. Reduction of the observations yields
coronal radiances and polarizations from 1.4 to 3.5 solar radii. Standard techniques are used for the
separation of F and K-coronas, determination of coronal electron densities and temperatures, and
estimation of the orientation of the major streamers in space.

1. Equipment

The data used in this analysis were photographic observations of the solar corona
made during the eclipse of 12 November, 1966 (1326™ UT) from Pulacayo, Bolivia
(altitude 3.4 km). Table I contains a summary of the technical characteristics of the
camera while Table II lists the photographs obtained. All images were calibrated
photometrically by the impression of a step wedge at the side of each frame while the

TABLE I
Characteristics of the coronal camera

Objective: Goertz triplet, 11.1 cm effective aperture, 178 cm focal length
Field: 3.°1(5.8 D) diameter on diagonal

Plate scale: 115.8sec of arc per mm

Resolution 0.7 sec of arc (diffraction limit)

at 6500 A:  1.3sec of arc (measured, objective alone)
3 sec of arc (measured, objective-film combination)
Film: 70 mm, Kodak Shellburst, developed Kodak D-70 (1:1) 8™ nitrogen burst agitation
(18 burst, 155 interval)
Wavelength: 6500 A effective wavelength — Band pass about 1400 A
Filters: Radially graded, metal on glass (Optical Coating Lab., Inc.)
Three, HN-38 polaroidfilters with anti-reflection coating oriented at 60° intervals.
Wratten 25 A filters sandwiched on each of above. All located at focal plane.
Micro-
photometer: Slit 4.6sec arc X 38.2 sec arc
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TABLE II
Sequence of eclipse photographs

Number Filter used Exposure
time

1 Radially graded 1s

2 Radially graded 108

3 Polaroid 1 (E vector 60°E, geocentric) Is

4 Polaroid 1 (E vector 60°E, geocentric) 10s

5 Polaroid 2 (E vector north, geocentric) 1s

6 Polaroid 2 (E vector north, geocentric) 108

7 Polaroid 3 (E vector 60°W, geocentric) 1s

8 Polaroid 3 (E vector 60°W, geocentric) 10s

9 Clear 0.13s
10 Clear 1.58
11 Clear 15s

current and voltage drawn by the illuminating lamp were controlled during the ob-
serving period. In order to photograph the entire corona with a single exposure, two
frames were made through a radially graded, neutral filter whose transmission func-
tion (Figure 1) was chosen to compensate for the steep decrease of coronal radiance
with distance above the photosphere. We did not employ either of these photographs
(Figure 2) for quantitative analysis. Guiding accuracy during totality was to within
0.05 sec arc per second of time of the solar rate in right ascension with a declination
drift of approximately 0.02 sec arc per second of time. Visual estimates of the seeing

R8¢

fransmission

Solar Disk
12 Nov 1966

| | I | | |
40 30 2 10 0 10 20 30 40

mn mm

Fig. 1. Transmission function of the radially graded, neutral filter used to produce the photograph
of the corona shown in Figure 2.
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Fig. 2. The solar corona of 12 November, 1966 photographed through the radially graded, focal
plane filter of Figure 1 with an exposure of 103. The over-exposed image of Venus appears in the North-
east quadrant at position angle 72° (geocentric).

during totality suggest that the resolution of the final photographs is about 6 sec
arc rather than the 3 sec arc of which the system is capable.

2. Determination of Positions in the Corona

Accurate polarimetry requires that microdensitometer measurements be made at the
same locations in the corona on a number of separate photographs. The obvious
method of establishing a coordinate system from measurements of the moon’s limb
and the known orientation of the camera could be applied to only the three weakest
exposures (the two made with the radially graded filter and the 0.13 second, clear).
Halation of light from the inner corona prevented determination of the lunar limb
on the remaining exposures. Rather than use the weaker exposures to establish a basic
coordinate system to be transferred to the others by measurement of fiducial marks on
the film, we used the image of Venus and the presence of several fine scratches along
the entire length of the film as references. Measurement of the orientation of the
scratches on the weaker exposures showed that these lines established a reference
direction with frame to frame deviations of less than +0.1°. All sources considered,
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the error in locating a given position in the corona from one plate to another was less
than +50 u (5.8 sec arc). Repeated ‘identical’ radial scans of the same plate, with the
plate’s being removed and realigned between scans, were found to be identical to
within 0.5% in coronal radiance.

3. Photometry

The impression of a standard wedge of carefully controlled radiance on each photo-
graph establishes only a relative photometric scale. This scale was related to the
mean radiance of the solar disk By by exposures made the day before the eclipse
around 13"30™ UT with six secondary standard opals ranging in radiance from
8.0x 1077 B, to 7.0x 107*° B placed over the entire objective lens. Exposures of
the disk of the sun with a 0.318 cm diameter diaphragm and neutral filter over the
objective just before the above calibration sequence as well as 20™ after totality served
as an additional check of the constancy of the radiance of the standard wedge. The
radiances of the full aperture standard opals were determined by photoelectric
comparison with a set of primary opals which have been calibrated geometrically.

Because the standard lamp could not be operated as its designed power, those por-
tions of the corona brighter than B/By;=1.6 x 1077 (r<1.4 R) are poorly measured.
For 1.4 R<r<3.5 R the internal consistency of the data suggests that relative radi-
ances are accurate to +5%. As can be seen from the dévelopment below, these
uncertainties imply standard deviations in any of the Stokes parameters of about
+79%, in the polarization of +8.6%;, and in the polarization angle of + 10°. Although
estimates of the absolute accuracy of such data are uncertain, we believe these data
yield the coronal radiance at 6500 A to an accuracy of +10%,.

Since both the Stokes representation and the usual ‘practical’ polarization para-
meters have advantages for describing the corona, we have reduced our measures in
both systems. All data were corrected for the fact that real rather than perfect polarizers
were used in the observation. If B is the coronal radiance measured through a perfect
polarizer and B’ is that measured through a real polarizer, whose principal trans-
missions are k; and k, (Shurcliff, 1962), the ratio of these two radiances will be

B (ki +ky) I+ (ky — k;) Q cos2a W
B I + Q cos2a ’

where I and Q are the usual Stokes parameters and o is the angle between the k,
axis and the E vector of the radiation. When k; >k, Equation (1) reduces to

B//B ~ kl .

Laboratory measurement showed the polaroid orientations of our system to be within
+0°8 of those listed in Table II while the transmissions of parallel and crossed
polaroids implied principal transmissions k; and k, and transmission to unpolarized
light ¢ listed in Table III. These quantities were used in the approximate form of

Equation (1) for the radiances B,, B, and B; as seen through perfect polaroids oriented
as in Table II.
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TABLE III
Polaroid transmissions

Polaroid k1 ko t

number

1 0.834 0.00058 0.417

2 0.934 0.00044 0.467

3 0.855 0.00061 0.427

The Stokes parameters for any point in the corona are then

I:%‘(Bl +B2 +B3),
0 =2‘(2B1 — B, _Bs)’
U=%\/3(Bs _Bz),
V=0.

)

Each of the quantities refers to the total radiance contributed by the K-corona,
F-corona, instrumental scattering, and the sky in units of the mean solar disk at
6500 A with the convention of the observer looking into the arriving beam. The
usual parameters of radiance I, polarization p, and polarization angle are

I1=1,

p=+0*+U% ©)
Y = $arctan(U/Q),

where Y is the angle between the H vector and position angle 330° (geocentric)
counting east.

4. Instrumental and Sky Contributions

The raw measures of radiance must be corrected for the presence of the spurious
contributions of the instrument and the sky. In making these corrections we have
borne in mind that only the observations at > 1.4 R are accurate and that correction
to the lower coronal data would be futile. Moreover, we must acknowledge that the
instrumental and sky contributions, 4 and S respectively, are for all practical purposes
inseparable since an independent measure of one or the other was not made.

The simplest evaluation of contribution 7, 5 is that of the radiance of the lunar disk.
However, this radiance was so low that the measures fall on the toe of the characteristic
curve of the photographic emulsion. Thus, no great confidence can be placed on the
value

Ii.s=206+04x 107° B,

obtained in that manner.

We also estimated the radiance I,.g by reference to the radiance and radial
decrease of the F- and K-coronas determined previously by other authors. Assume
that the equatorial F- and K-coronas of 12 November, 1966 differed from those
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observed in 1963 (Gillett et al., 1964; Blackwell and Petford, 1966) only by constant
factors. Thus, the total radiance I for the equatorial scans is

I= C1K1963 + C2F1963 + IA+S’ (4)

where the Gillett et al. data were used in the inner corona and the Blackwell and
Petford data were used in the outer corona. The least squares fit of (4) yields

C, =1.13+0.77
C, =0.63 +0.32
Ii,s=148+0.19 x 10"°B.

Clearly, the large errors in the coefficients C; and C, reflect the variation of the
K-corona among the eight equatorial scans and the uncertainty caused by the fact
that the K and F contributions represent nearly parallel functions. I,,g is more
satisfactorily determined.

The polarization of the sky and instrumental contributions may be evaluated by
taking account of the fact that the sum of the K and F-coronas is polarized with
E vector tangent to the solar limb (Ney et al., 1961). Thus, two independent para-
meters (I and p) completely describe the corona and the three Stokes parameters 7,

2 T T T T T T T T

235

Fig. 3. The Stokes parameters Q and U for radial scans at position angles 50°, 100°, 125°, 165°

and 270°. The straight lines indicate the dependence calculated for Q+s=0.04 X 10~° By, Ua+s =

=0.01 X 10~? B, and a tangentially polarized F + K-corona. Lines from all other scans pass within
0.15 x 10~° of this point.
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0, and U derived from three symmetrically oriented polaroids must be linearly related.
This may be more clearly seen from the relations

U=1Ipsin2y =(Ip)g+psin2Ygp + (IP)g+sSin20 4,5,
Q =1Ipcos2y =(Ip)g+r cos2Ygp + (ID)g+5COS 2 415.

Since Y . p=constant along a radius in the corona and we assume, as a first approxi-
mation, that (Ip),.s and Y4, s are constant over the entire field of view, a plot of
U vs Q along a given radius should yield a straight line. Moreover, the lines of U vs Q
for a variety of position angles should all intersect at the point Q,, s, U, . Figure 3
demonstrates that these inferences are, indeed, true. The intersection of the least
squares lines fitted to the U vs Q plots for the thirty-eight radial scans used in this
analysis yields

Qu+s=0.04 +0.02 x 107° B,
Uyys =0.01 +£0.01 x 107° B

()

Since these values are much smaller than radiances in the outer corona, we ignore the
instrumental and sky polarization in the final reduction.
The fact that the U vs Q plots for radial scans are linear strongly suggests that no
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Fig. 4. The radiance of the K+ F-corona for equatorial and polar scans. The observations have
been corrected for the radiance of the sky.
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positionally dependent aureole of instrumentally scattered or sky radiation contam-

inates the observations. This presumption is also borne out by measures on the lunar
disk which yield

Qu+s=—0.26+0.10 x 107° B,
UA.+S = — 0.06 i 0.09 X 10_9B® .

Although these values are, indeed, larger than those inferred above, they refer to
light scattered at angles less than 0.5 R from the intense inner corona and, thus, can
be safely ignored as a correction for the outer corona.

We summarize the contribution of the sky during totality employed during sub-
sequent analysis as:

I ,s=148+0.19 x 107° B,
pA+S = 0.03 i‘ 002,
Y 4+s =7° + 10° (E vector ~ vertical).

Fig. 5. Isophotes of the K+ F-corona of 12 November, 1966 in units of 10-? Bg. The interval
between adjacent isophotes is a factor of 1.72. Coordinates are geocentric.
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5. Summary and Comparison with Other Observations

The present observations are summarized graphically in Figures 4-8. Figure 4 contains
the radiance of the F+ K-coronas for equatorial and polar scans after correction for
the inferred sky contribution. In Figure 5 appear isophotes of the F+ K-coronas in
units of 10™° B while in Figure 6 appear isopleths of the polarization. Again in both
cases the data have been corrected for the sky. The orientation of the E-vector
(Figure 7) confirms, to within the standard deviation of 027, the observation of
Ney et al. (1961) that the plane of polarization of the F+ K-coronas is tangent to
the limb.

A comparison between the measurements of the F+ K-coronas summarized in
Figure 5 with those made by Waldmeier (1967) and by Saito (private communication)
as well as with the quantity pI determined by the HAO K-coronameter (Hansen et al.,
1967) reveals some differences in the scales of radiance. Closer analysis shows that

N
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Fig. 6. Isopleths of polarization of the F- K-corona of 12 November, 1966 under the assumption
that J4+s=1.48 x 10~9, Coordinates are geocentric,
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Fig. 7. Orientation of the electric vector in the K -+ F-corona of 12 November, 1966.

Coordinates are geocentric.

the differences cannot be resolved merely by a multiplicative factor between the
observations and suggests a relation of the form

(Ig+r + Tiis)nao + a=b(Igir + Iis). 6)

Note that a is the additional sky and instrumental contribution required in the other
observations (on the HAO-Pulacayo scale) while b is the scale factor. Parameters a
and b appear in Table IV. Although little significance can be attached to the value of
a in the K-coronameter data, the positive values in the Waldmeier and Saito results
imply a higher sky contribution for these two observations than in the HAO-Pulacayo
data. The values of b for the K-coronameter and Saito results appear to be within the
limits of accuracy of the data; however, that required by the Waldmeier results
appears rather large. In an effort to determine the origin of this discrepancy, Wald-
meier, Saito, and Newkirk have initiated a collaborative comparison during the
7 March, 1970 eclipse.

A photometric comparison with the observations of Arnquist and Menzel (1970)
is not possible since these authors were not able to place their data on an absolute
scale of radiance. Comparison of the isopleths of polarization reveals two differences
although the general form of the polarization diagrams are similar. First, these
authors measure a maxima of polarization at about 1.5 R in the two streamers in the
southern hemisphere of about 45%-50% while our data yield p,,,,~35%. Second,
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Fig. 8. A sample plot of I vs Q’ for latitudes below 50° for ¥ =1.67 R used in the separation of the
F and K-coronas by the first method.

Arnquist and Menzel find a localized concentration of polarization just east of the
north pole which has no counterpart in our observations. At present the origin of
these discrepancies is unknown.

TABLE IV
Comparison of observations of the 12 November, 1966 corona
Waldmeier Saito Hansen et al. (1967)*
a 4.93 x 10-° 2.95 x 109 1.04 x 108
b 1.95 0.741 1.05

a A preliminary evaluation of these intensity scales leads to a complete
recalibration of the attenuators used in both the eclipse and K-corona-
meter observations (Elmore et al., 1970). Table IV makes use of the
revised intensity scales.

6. Separation of the F- and K-Coronas

The techniques for separating the contributions of the F- and K-coronas have been
extensively discussed in the literature (van de Hulst, 1950; Ney e? al., 1961) and need
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not be repeated. We here compare the results of two independent methods of separa-
tion using the radial scans at latitudes less than 50°.
In the first method we include scans within coronal streamers and assume that:
(1) The polarization of the K-corona is constant at a given radius for all position
angles.
(2) The F-corona and sky are unpolarized and functions of radius only.
Thus, the total radiance at a given point is

I1(0)=F + I,,5+ p; ' 01(0), @)

and I and Q' for any given radius are linearly related. Here F=radiance of F-corona,
pr=polarization of K-corona, Q;(6)=p,K(6), and K(0)=radiance of K-corona.

The accuracy with which Equation (7) represents the data may be judged from
Figure 8, which also illustrates the determination of F+I,,s. The inferred distribu-
tion of the equatorial F-corona as a function of radius appears in Figure 9. It is not
surprising that departures from assumption (1) generate uncertainties in the radiance
F of from 10 to 30%,.

10°
L
- o This Study Method (1)
0 A This Study Method (2)
X Gillett et al, equatorial
® Gillett et al, polar
107}
__ 0%~
o’ =
L
10%—
Id‘o 1 ! | l l
1.0 2.0 30 4.0

X(R)

Fig.9. Radiance of the equatorial F-corona at 6500 A by the two methods compared to that of
Gillett et al. (1964) at 1 =4750 A.
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The second method for separation of the F and K-coronas assumes that an iden-
tifiable portion of the corona is azimuthally symmetric. We have chosen this to be the
equatorial corona (latitude less than 50°) excluding the southeast and southwest
streamers. The basic data are Iand Q' averaged over position angle in the non-streamer
background and both expressed as three term polynomials in X, the projected radius
measured in units of R. Again F+ I, is assumed to be unpolarized, which implies

X?dr

YT

where N(r) is the electron density, A(r) and B(r) are the axes of the vibration ellipsoid
for electrons at a distance r for 1=6500 A, and subscripts ¢ and r refer to radiances

O(X)=K —K =C J N {A[) = B(r)} — e ®)

10®
\
\
\ .
\
‘\
\/Equutorial 1963 (Gillett et al 1964)
\
\
\\
7
107 \
108
- Southeast Streamer Axis
mo
X
Southwest Streamer
Io-s - Axis
Equatorial Excluding
Streamers
|
,Glo | | ] |
I 2. 3. 4.
X (R)

Fig. 10. Radiances of the K-corona in the equatorial zone excluding the two major streamers and on

the axes of the Southeast and Southwest streamers (O and Xx) compared to the observations of

Gillett et al. (1964) for 1963 which included all the corona between latitude limits 4+ 50°. Solid lines
for the streamers display the polynomial expressions (12) and (13).
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polarized in the tangential and radial directions. To give Q' in units of 10”° Bg

C=344x10"".
Similarly

0

K,(X)=CJN(r)A(r)

X

rdr

\/rz—XZ.

For an azimuthally symmetric model, the polynomial expansion for the observed
Q' (X) is simply related to that for N(r) and permits an easy determination of the
electron densities. Combination of Equations (8) and (9) then yields K(X)=K,+K,
from which F(X)+I,,s may be determined. The polynomial plotted in Figure 10
corresponds to

N(r) — 105 (755 r—5.353 —168r~ 14.738 + 103 800 r—20.446), (10)

)

which gives the radiance of the F-corona plotted as Method 2 in Figure 9. The photo-
metric results of this separation appear in Table V along with the electron densities for
the equatorial zone excluding the two streamers.

7. Helmet Streamers

The contributions of the F- and K-coronas inferred from Method 2 in the previous
section are assumed to apply equally well to the corona occupied by the two helmet
streamers and the resultant quantities K and py for the axes of the two major streamers
also appear in Table IV and Figure 10. The reduction of these observations for electron
density naturally requires more complex assumptions than that for the spherically
symmetric component since the line-of-sight extent and the location of the streamer
with respect to the plane of the sky are unknown. Use of the polarization to estimate
streamer positions and line-of-sight dimensions follows the work of Schmidt (1953),
Michard (1954), and Saito et al. (1967). We assume the total electron density Ny,
in a streamer to be of the form

(6 — 0,)* . r* (¢ — ¢o)? sin® 6> {1n

N(str) = N(r) + Na eXp — < 2

Ty T2

where N(r) is the azimuthally symmetric electron density obtained in the preceding
section, and N, is the enhancement of electron density on the axis of the streamer,
expressed as a polynomial in r. The exponent gives the decrease of the enhanced
electron density away from the axis of the streamer. Here 6 and ¢ are the colatitude
and longitude of a point in the streamer, whose axis is at 6, and ¢, and 1, and 1,
are the e-folding radii in latitude and longitude, respectively.

For a streamer near the plane of the sky the quantity 7, may be deduced directly
from the observations (Bohlin, 1968). For ease in computation, we express 7; in
parametric form. Inspection of Figure 11 suggests that, for the southwest streamer,
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9
Southeast Streamer
+ Northern €-folding width
8+ in radiance
. « Southern €-folding width
in radiance
e + o Visual estimate
+
IS oo+ I — .
“+ —Parametric (eq.lla)
6

— —Parametric (eq.1lb)

0 ] ] 1 1
| 2 3 4 5
r(R)
Q
4
8 Southwest Streamer
’ + Northern €-folding width
in radiance
4™ ¢ Southern €-folding width
: in radiance

o Visual estimate
—~Parametric (eq.lic)

— —~Parametric (eq.!!d)

r(R)

Fig. 11. The e-folding radii 71 for the two major streamers corrected for the fact that neither streamer
was at the limb at the time of the eclipse.
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visual estimates of 7, from the radially filtered photograph are reliable only for the
extension of the streamer to the south of the axis. Here we choose the parametric form

0.739 ¢~ 1-0*/1.21 L <33R

71 (SE str) = {0.0018 +0.02r  r>33R (112)

where 7, and r are in solar radii. The northern extension may be represented by

7, (SE str) = 0.65. (11b)
For the Southwest streamer the northern extension is described by

0.505 ¢~ "~ 1O?*1.21 L <31 R

71 (SWstr) = {0.0167 +002r  r>31R (1)

which fits the southern extension out to only 2.6 R. A somewhat satisfactory repre-
sentation of the southern extension is

7, (SW str) = 0.43 — 0.04 r. (11d)

Since, of course, 7, the longitudinal extent of the streamer is unknown, we in-
vestigate several simple but extreme models of 7, for their ability to reproduce the
observations of K and py along the streamer axes. These are:

(1) An elliptical cross section with

1,/7,=0.01, 0.1, 0.25, 0.5, 1.0, 2.0 or 3.0

and 7, given by Equation (11a) or (11c¢) for their respective streamers;
(2) A radial fan with its plane in the line-of-sight,

1,/1,=dr, d=0.087 (5°), 0.174 (10°), 0.261 (15°).

For each of these models equations (8) and (9) were integrated numerically with
N(r) replaced by N(str) and with various values of ¢, and the coefficients and powers
of N, in the attempt to reproduce the observed K(X), Q(X), and pg(X). To evaluate
the goodness of fit we determined the squared deviation

K. s Kca 2 obs — FPca 2
62:Z< ob 1) +Z<Pb Pl)
Kobs DPobs

over the range 1.67 R<r<2.97 R. Table VI demonstrates that the Southeast streamer
appears to be determined rather uniquely as a radial fan with its plane in the line-of-sight
and with an e-folding width of 10° with ¢,~140° (or 220°). The situation with the
Southwest streamer is much more ambiguous. Although ¢, is well fixed at ~20°
(or 340°) and the form established as an ellipse, any value of t,/t, from 0.1 to 1.0 is
acceptable! For the purposes of computing electron densities we choose as final
models:
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Southeast Streamer

N, = 5180(5000r > + 100r~ 32 4+ 100r~7:%)
0, =238 113°
$o = 140° (or 220°) (12)
7, (see Equations (11a) and (11b))
7, = 10° in longitude
Southwest Streamer

N, = 606 (50007~ '° + 1007~ + 100r~ %)
0o =288 ([¥°
o = 20° (or 340°) (13)
7, (see Equations (11c) and (11d))
T, =1,
The calculated variations of K on a radius along each of the streamer axes are com-
pared to the observations in Figure 10 while the corresponding comparisons of ob-

1.0
X Equatorial
e Py Observed
~ — Py Calculation
=180 (Limb)
08— =170 (190)
¢ =160 (200)
P =150 (210)
06—
$=140 (220)
B L]
° L]
04 ./'\%”30 (230)
| M=|ZO (240}
02k SQUFHEAST STREAMER AXIS
l 1 |

X(R)

Fig. 12a.
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10
* Pk Observed
— Px Calculated
o8l $=0 (Limb)
‘ $=3501(10)
¢,=340 (20)
b . ’ ¢,=330 (30)
K .
06— f * ¢ =320 (40)
B /\43:3"0 (50)
0.4L
SOUTHWEST STREAMER AXIS
02—
| | |
0 2 3 4
X(R)
Fig. 12b.

Figs. 12a and b. Variation of px along the axes of the two major streamers as observed and as
calculated for the models. The variation of px for the equatorial zone excluding streamers appears
for comparison only.

served and calculated pg (X) appear in Figures 12a and b. Table V contains the inferred
axial electron densities for the two streamers.

Although the parameters finally chosen to represent the two streamers give reason-
ably good fits to the observations, the final models have little claim to uniqueness. We
have not attempted to make a least-squares determination for any of the parameters.
Several comments are in order regarding the influence of the different quantities on
the results. First, 6, is not an independent parameter since it is determined by ¢, and
the observed position angle. Second, the form of K(X) is largely determined by the
forms of N(str) and 7,(r) with ¢, having little direct influence. On the other hand,
px(X) is strongly influenced by the parameters ¢, and 7,, which determine the dis-
tribution of electrons with respect to the plane of the sky. We have made use of these
facts in the iterations employed to arrive at the final parameters. For any given model
of 7, the electron densities N, may be roughly set to bring about agreement with
K(X) independently of ¢,. Comparison of the observed and calculated py gives a

© Kluwer Academic Publishers ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1970SoPh...15...15N

33

NQT '~ .9l - _UdOSQ.L6T.

A 013U »
- g=WI 01 NU[]) q
P ©f s-011UN =
Z
o
m 680 8t 050 L0 £9°0 171 §L0 691 89°0 $8°0 LT'0 290 80°C LTt
m LLO b1 SN() L6'0 860 b7l ¥8°0 L0T 89°0 18°0 610 VL0 (44 L0t
3 99°0 601 19°0 122! 09°0 171 $6°0 £9°C L9°0 060 €0 680 65°C L6T
2 690 0S'T 89°0 981 19°0 e 80°L Iv'e L9°0 £€6'0 LT0 80°L 16T L8C
m 9L°0 ISl 9L°0 69°C 65°0 cel 172! S*N % L9°0 160 0 (42! £t LLT
e LLO IS 980 (47 85°0 661 eVl 69°¢S L9°0 101 6£°0 £9°'1 89°¢ L9°C
m IL°0 <1 660 8¢y 960 bl 99°'1 Ie'L L9°0 SOl 870 ¥0'C (487 LST
& 0L°0 be'l PIT §9'¢s §s0 L 6’1 876 L9°0 €0’ 650 65°C 88V Ly?
3) 89°0 <l Pe'l ov'L 50 < 8T'C LTTI1 L9°0 PI'T £L°0 te'e 69°S LET
m L9°0 16T 8S°1 186 £6°0 [T ILC S6'vI 99°0 61°1 160 eV IL9 LTT
© 99°0 651 06'L 80°¢l £6°0 €91 §T'e 0861 99°0 YT SI'l 08'¢ 00’8 LT
m §9°0 1971 1€¢C SELI 1$°0 89T v6’t ¢6°SC ¥9°0 01 IS°T 68°L 18°6 L0T
m 19°0 €' 98T §6°¢C 6v°0 €1 P8'v [45)%* £9°0 Sl 66°1 00°T1 8¢'T1 L6'T
A LSO €9’ 19°¢ 12423 9v°0 LT £09 0gE'9v 19°0 8¢l 89°C PL'ST 8¢l L8]
A 960 8¢ L9V 88°SY S 40 9L’ 99°L 68°LS 650 L] IL°€ 61°¢C Y91 LL'T
m 650 679 6979 144l 10°01 LEIL LSO pes 67t S1°Ce L9°1
O _— A —
& ad oL N > ad 2°L N ' d o’ N ' v snpey
5 B )
m JoWeans MS Jo SIXy Jowreans gS Jo SIxy punoidyoeq Jerrojenbo, dinawwAs AjeyInwizy

AHIEVL

© Kluwer Academic Publishers ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1970SoPh...15...15N

rI970S6PR; S5 D ABN!

34 GORDON NEWKIRK, JR. ET AL.
TABLE VI
The squared deviation ¢2 for various models
Elliptical —72/71 Radial fan
oo 0.01 0.1 0.25 0.5 1.0 2.0 3.0 5° 10° 15°

120 5075 5291 5333 5769 9.171 4.861 4.670 2,679 2.163  2.386
(%gg) 3.259 3.821 2984 3455 3.884 3.892 3,707 1.094 0.873 1.040
(%ig) 2.087 2961 2840 2983 3.168 3.108 2.898 0439  0.131  0.258
(ﬁg) 1.999 2598 2.626 2.696 2.778 2.631 2.378 1.140  0.667 0.680
(%ég) 2936 2933 2938 2938 2861 2542 2.245 2,664 2.189 1.972
(f(;g) 4.153  3.654 3.623 3.523 3244 2712  2.339 4.087 3.730 3.271
Elizg[))) 5262 4.063 3988 3.831 3.447 2810 2.399 4.666 4.330 3.831

im

SOUTHWEST STREAMER

310 2.512 2493 2394 209 1.588 1.232 1.071 1.194 1.242  1.369
(50)

E ?jg) 0.786 0.776  0.771 0.752 0.689 0.544 0.488 0.518 0.541 0.622

§ 330 0.298 0.255 0.252 0.241 0.211 0.168 0.171 0.162 0.124 0.163

E gﬁ? 0.249 0.101 0.102 0.104 0117 0.195 0.355 0.186  0.125 0.124

E 225%) 1.980 0.275 0.276 0.282 0.307 0.455 0.729 0.374 0.305 0.251

Z §'0)b) 0.405 0.368 0.387 0.394 0418 0.583  0.898 0.472 0409 0.313
im

first estimate of ¢, which is then used to improve the model of N, for any particular
model of 7,.

Fortunately, the ambiguity inherent in the determination of ¢, could be removed
by reference to other data. In Figures 13a and b we compare the inferred positions of
the two streamers with isopleths of Q' made by the High Altitude Observatory K-
coronameter at Mauna Loa, Hawaii and kindly supplied us by R. T. Hansen. The
central meridians of a and b coincide, respectively, with the east and west limbs at the
time of eclipse and the alternate positions of the two streamers appear. Although the
inferred position of the southeast streamer is somewhat east of the center of gravity
of the feature f’ in the K-coronameter, our choice of ¢,=140° over ¢, =220° appears
justified. Similarly, the identification of the southwest streamer with feature ¢ and the
choice of ¢,=20° is without serious question. Thus, we conclude that these two major
streamers were significantly behind the solar limb at the time of eclipse in agreement
with the conclusion of Hansen et al. (1967) based solely on K-coronameter obser-
vations.
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8. Electron Densities and Temperatures

Electron densities for the equatorial zone and for the axes of the two helmet streamers
are compared with similar data from other eclipses in Figure 14. We see immediately
that our equatorial densities are only somewhat above those of the van de Hulst
(1950) minimum equatorial corona. This rather surprising fact is apparently due to
our exclusion of the streamers from this analysis. The comparison of our streamer
densities with other models serves to demonstrate both that there is a great deal of
variation from one streamer to the next and that the assumptions regarding the line
of sight extent of the streamer have rather profound effect on the model. This point
is illustrated by the Michard (1954) and Hepburn (1955) results for the same streamers.
One common characteristic of these helmet streamers is apparent, however; all show
an enhancement above the background (here taken as the equatorial zone) which
increases from 1.2 or more at ~1.5 R to 3 to 20 at ~3 R. Again, the exact value and
dependence upon r of this augmentation appears to vary considerably from feature to

-

N visible hemisphere

-~

southeast
~N //
streamer S~ _l__ —
S

. E Limb of 12 Nov.1966
Qx
>12.5
>10.0
> 75
> 50

1600

Fig. 13a.
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visible ~————e

hemnsphere

S~ | _ _~  southwest
——f— streamer
S
W Limb 12 Nov. 1966
Fig. 13b.

Figs. 13a and b. Isopleths of Q'x measured by the K-coronameter at 1.5 R during November 1966.
The east and west limbs at the time of eclipse correspond to the central meridians of a and b, respectively.
The alternate position of the two streamers inferred from the polarization analysis are
indicated by ellipses.

feature although this fact also reflects the different assumptions concerning streamer
geometry used in the reduction.

For a corona in steady state expansion, the temperature is related to the density by
(Billings, 1966)

1 dTe 1 dN ,umH<g v dv)

- (142)
T, dr Ndr kT

where we take u=0.608=mean molecular weight for a hydrogen to helium ratio
of 10 to 1, mg=mass of hydrogen atom, g =surface gravity, r=radius in units of R,
v=expansion velocity. If the change in temperature between two levels is negligible,
then for a static corona

dlnN _ ugmgR 1
d(l/ry k T,

, (14b)
which we use to estimate temperatures in the equatorial zone and on the axes of the

two streamers with the result shown in Figure 15. Two conclusions are immediately
apparent. First, although little significance can be placed upon the differences between
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our models and those for other streamers observed at different parts of the solar cycle,
the elevated temperature in a streamer compared to the equatorial background appears
well established. Second, the critical role of the geometrical assumptions made in
reducing the observations is emphasized by the disparate temperature profiles derived
for the Southwest streamer with various values of 7,/7,. One suspects that some of
these models may be physically unrealistic although this cannot be demonstrated from

107 ——— Mean Ng in 1952 Streamer
(Michard,i954)

(Saito,1959)

Ne (em™)

Yy
10— \'c— Southeast Streamer Axis

- +\+

— &— Southwest Streamer Axis

<— Equatorial Excluding Streamers
| Minimum Equator
(van de Hulst,1950)
|05 1 | i | |
10 20 30 N 40

I'(R)

Fig. 14. Electron densities for the two streamers and for the equatorial zone excluding the streamers
compared with those derived from other eclipses.

the observations alone. Of course, any statements regarding coronal streamer tem-
peratures from equation (14b) must be made with full awareness that below ~2 R the
influence of magnetic fields must be included and that above ~3 R the dynamical
terms in (14a) must be considered. An evaluation of the density and temperature
structure of these two streamers in terms of a dynamical model (Pneuman and Kopp,
1970) relating the density, temperatures, and magnetic fields at their bases is to be
considered in a subsequent paper.
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\—Southwest Streamer

/T =010

—_— outhwest Streamer
//— -~ \<S
, 7 . Tz/ T=0.25

/ 1952 Streamer (Hepburn, 1955)

/Southwest Streomer
20 ’ == 1 T,/T-05

// Average 1962 Streamer
/ (Saito,1967)

6 (-]
T, (10° °K)
\
\

I L\ { 1952 Equator (Hepburn,[955)

TR T ————
/ T~Southwest Streamer
1.5 T,/ T-=10
_—Southeast Streamer
1.0

1959 Equatorial
(Ney et al,1961)
1 |

| 2 3 4

r(r)
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Fig. 15. Electron temperatures derived from the assumption of hydrostatic equilibrium for the
equatorial zone and for the axes of several streamers. Note that the Ney et al. data averaged all the
corona between latitude limits + 50° while the present study excludes the streamers.
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