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INTENSITY FLUCTUATIONS IN THE SOLAR CHROMOSPHERE

K. R. SIVARAMAN nnd P, P, VENKITACHALAM

ABSTRACT

High resolution spectrograms of the Balmer linas obtained at five positions from the centre to the limb
have been used to study the r.m.s. intenslity fluctuations and thelr dapsndenca on ths hellooentrio angle. The
intensity lluctueilons at the line centre aw wall aes 6t saveral wavelangth positions within tho linas have baen
derlved and tha vanation of these fluctuationa within the inea have been studied.
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1. Introduction

It has long bean recognised that the temperature
and density distributed throughout the chromosphare
exhlbit varlations both in space and time. De Jager
(1867) studled the total brightness fluctuatlons
assoclated with the Inhomogensitiea of &ll sizes put
together In the Balmer lines using spectroheliograms,
Evans and Michard (1962) measured the brightness
fluctuations in a number of lines representative of
the photosphaere and chromosphere, all at the centre of
the disc and malnly inthe line cores. Simllar analyses
have been made In different spectral lines uaing high
resolution obsarvations (Bappu, 1964; Canfleld and
Mshitretter, 1973). Cannon andWilson (1970, 1971)
studled the central Intensity and velocity fluctuations
in the Mgl b and Nal D lines and thelr centre-limb
varlatlons using a radial slit. These lines essentially
pertain to the low chromosphere. The use of a radlal
sllt sets a severe limlt on the number of Independent
semples on the solar surface that couid be exsmined
for such varlations within a defined u value. The
need for understending the spatial behaviour of the

chromospheric elements by extending the study to
other lines nesds no esmphasls.

Our &lm In thls anelysis Ia to find (I) the dapen-
dence of the relative r.m.s. brightness fluctuations on
the hellogentrle angle and on the different wavelength
positions within the line and (li) contribution by the
atructures of different sizes to the observed
fluctuations,

2, The Observations and Reductlons

Our experimental data conslsts of spectra of Ha,
HB, Hy and HJ obtalned at the 38-cm solar tower
telescope at Kodalkanal, The telescope provides an
Image nthe slit plane with ascale of 6.6"'mm’!, The
18 metre Littrow spectrograph has a Babcook grating
with 600 grooves mm-!, The ovarlapping orders of
the grating wers ellminated wlith wide band Corning
or Schott glass fllters. Many spectra wers obtalned
on days when the seeing was vary good or excallent.
From among these, those plates obtained on deys
with consistently good sealng, when tha spatlal
resolution was 1 sac of arc or better ware chosen for
the present study. The spectra were aallbratad In sach
case with a six-step wedge and an out of focus Image
of the Sun. Detalls of the spectra are glven InTabla1,

The spectra were obtained at flve positions on the
dlac coinclding with x=1.0, 0.8, 0.8, 0.4 and 0.3.
Density tracings for each exposure, along the core
of the line as wel! as at different wavelength positlons
within each llne, loceated at equal A4 poaltions on
elther wing, were dighised at equispaced Intervals
corresponding to 800 km onthe Sun. For the Ha and
Hp speotra obtalned with a slit 60 mm long, (or
2x10% km on the Sun) we have density values at 332
points along the slit and for Hy and HJ speotra taken
with & 20 mm long slit, there are 130 density valuea.
Thus forthe five u positlons together we have 4,3x10*
density readinge for Ha and Hp and B,6x10% resdinga
for Hy and H. These density readings were'then
converted Into relative intensltles via the callbration,
ourve with the IBM 380 computer.
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Tabls 1, Datalls of the Spectra
Grating Scannin

Slit width Sealng
Plate No. Date Line order and  Emulslon Exposure apertura fn

in microns dispersion miorons In arc se0,
A 762 7-3-68 Hu 150 v IVEPiate 8 sec 80x40 3 |
A 763 8-3-66 7.16mm{A
A 764
A12713 29-6-74 HA 100 v 1032-0 4secand 160x40 1.6
A1274 7.97mm/A Plate G sec
A 9 7-5-68 Hy 160 Vi 103a-0 3secand 160x40 w1
A 912 8. 70mm/A 36mm film 6 sec
A 813 7-6-68 Hd 160 Vi 103a-0 3 secand 180x40 ™1
A 914 10.48mm/A 3b6mm film & sec

We now procesd to compute the power spectrum
of the Intensity fluctuations. The autocorrelation
function Q () at lag T was computed for the Inten-
ity fluotuations for the positions 44~0.0,£0.2, &
0.3,£0.6 and X 0.84. The corresponding power
spectra p(f) at frequency f were then obtalned from
the Fourler transform of Q (r) by standard methoda
(Blackman and Tukey 1968). Flgure 1 shows the
power apectra of the brightneas fluctuatlon In Ha at
AA=0,0,03, 0.4 and 0.6A. There Is a hierarchy
of slzes for the eslaments, which are brought out
clearly In the power spectrum. Similer spectra for
the other lines show that they can be convenlently
grouped Into three classes containing structures with
slzes in the followlng ranges ;

1. Class A from 4,200 to 8,000 km
2, Class B from 8,000 to 16,000 km
3. Class C from 16,000 to 35,000 km

With a sampling Interval of 800 km (on the Sun) of
the density readings, our Nyqulst frequency corres-
ponded to a wavelength of 1200 km. Class A re-
presents the flne mottlea, Class B covers the coarse
mottlss and the supergranuler network boundaries are
covered by Class C,
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Fig.1 Unflitared power spactrs of the brightness fluctuations
for four wavelength positions within the HZ line at fe=1,0
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Filtering of the raw data Into thres clesses A, B
and C was done using a zero phase shift high pess
digital fllter with & walghts for Clasa A, 26 welghts
for Class B and 69 welghts for Class C, followlng
Behanon and Ness (1966). A sharp-cut-off fliter has
the concomitant dlsturbing effects due to large slde
lobes through which conslderable leakegse can occur.
We have used filters with sins termination to keep
the leakage through the side lobes to a minimum
possible value. Filterlng by such sine-terminated
filters is not, however, deal and possibly contains a
minor contribution from higher wavelengths than
{ndicated In aur classificetion, The orlginal data were
smoothed {Irst with the 8 weight high pass fllter and
then with the 26 welght filtar. The 26 welght fliter
output was then subtractad from the corresponding
values of the 9 welghts fliter cutput. This results in
a serles, contalning Intensity flugiuations contributed
by only elementa of Claea B. Simllarly, flltering was
done for Class C. Inthe case of A, the smoothed
values of the original data with the 9 point welght
fliter were subtrected from the corresponding values
of the original eserles, Such filtering was done
for all the wavelength positions within the Ha, Hp,
Hy and H4 lines and for the five 2 positions for each
llne. The next step was to compute the r.m.s,
intensity fluctuations defined by [ X'(21/1)2/N] '7 for

each class. The results give the contribution to the
r.m.8. fluctuations by the elements of the A,B,C
class separately, for all the wevelength positions and
thelr varlatlon as a funotion of the hellocentrle angle.

These r.m.8. brighthess values are not corrected
for seaing and the finlte wldth of the scanning
sparture, We estimatad these corredtiona followling
Canfield and Mehltretter (1973) and found that these
did not increase the r.m.s. values signlficantly.

3. Rasults and Discussions
3.7 General

Figure 2 shows a plot of the Intenslty fluctuations
along the slit In the Ha Hne for the varlous Ale and
for fi=1.0, The smali-acale features ara well resolved.

The line core fluctuations show very well the
flne mottles — both bright and dark, These bright and
dark mottles present rather a confusing pattern and
the chromospheric network boundarles are barely re-
cognlaeble. But as one proceeds towards the wings,
they stand out clearly, Thisis reflected in the power
spaotrum which does not show a peak around
30,000km below AA=0 4%, From AA=0.44, on-
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wards the peak at thls wavelength Is pronounced.
From the intensity plot for AL = + 0.64 one can go
back to the line core plot and then identify the network
boundarles. In the line cora the boundaries are bright,
but slowly reverseinsignand also galn in contrast
a8 Al Increases and at Ai=0.4 X or 0.6 & what
strikes one most is 1he dark network boundaries,

From a simllar plot of the Intensity fluctuations
In the HB line, the chromospheric network can be
Identlfled easlly from the line core fluctuations. Even
at the line core, the network has only dark mottles
along {ts boundary. Also, at no wavelength
position In HF do we find bright mottles at the cell
boundarles ae seen In the Ha lIne core. If one goes
only by this criterlon ona can asslgn tha corres-
ponder.ce Ha 0.64 =HB 0.08. The mottles 8esn in
HJ are not as contrasty as those In Ha. The Hy and
Hé Intensliy plots bsar close resemblance 1o 1hat of
Hf. The mottles seenin HpB, Hy and HS are no
{onger finely resolved as In the core of He. Evenin
Ha, beyond Al = 0.3 &, the structures overlep and
sppear very diffuse even undar high resolution. This
ie obvious, as tha line of slght now Intercepts many
elements at lower ievels,

Table 2 to 6 glve the r.m.a. Intensity fluctustions
measured Inthe 4 lines. The fluctuations in the Ha
core at £=1.0 for all the 3 classes put together add
up to 7.7%. It is of interest to note that Evans and
Michard (1882) obtalned 7.89%, for the r.m.s. value
in the Ha care for their unfiltered data.

3.2 Depandencs on tha size of the structures

In all the lines, the amplitude of ths r.m.s. bright-
nesa fluctuations increasaa with increasing structure
size. At lowsr levels e.g, for Nal D and Mgl b lines
the r.m.s. amplitude decreases with Increasing struc-
ture size, (Cannon and Wileon 1970, 1971). At thess
and at atill lower leveis, tha contrast In the smaller
structures is mera. it mey not be unreasonable to
meke a conjecture that here the magnetic flelds are
oonfined to finer elements and hence the heating
caused In the prasence of these magnetic flaids are
also confined to the finer slementa of size 1000 km or
less. This being the cass, these structures which
appear bright due to axcess heating will form the Im-
portant contributors to the overall r.m.s. intenalty
fluotuations, in view of the concentrated Intensity at
these points. At higher |evels, the magnetic flelds:

diverge sufficiently and fill Inthe larger and wider
chromospheric network which possesses a higher
Intensity In virtue of a larger area of emlsslon.

3.3 Varlation of r.m.s. fluctuations with u

The r.m.8. fluctuatione show In general two
mexima with a pronounced dip around p=0.6 or
#=0 4. The photospharic lines Mg 4671, Na 5688
{Cannon and Wilson 1971) have & tendency to show
8 single maximum around z—-0.8 whereas, the
stronger lIines liks the Mgl b lines and Nal D lines
show two peeks with a minimum around x-- 0.8 and
around u=0.8 reapactively. One Is tempted to
conclude that the chromospheric lines possess a
double peaked structure with a dip in betwesn,
whereas the photospheric illnes show a single
maximum around y=0.8 and this changeover takea
place around the lovels of orlgin of the Nal D and
Mg! b lines In the solar atmosphere.

3.4 Vislbilty of structures

Figure 3 shows the variation of r.m s. intensity
with AL for each of the lines.  The curves repreasnt
the visibllity of the structures at these A1 posltions,
In Ha ard Hf the magnitude of the Intenslity fluctua-
tions Iincraasas from the core outwards. In Ha the
maximum visibliity of the structures occura around
AA=0.6A and In HB around AA~0.8A. I[n Hy the
contrast is maximum around AA=0.06A, whlie In
H4J the Intensity fluctuations decrease from the core
towards the wirgs of the lires and the maximum
vislbliity of the structures occurs at the line core.
The asymmetry in the contrast curve Is strikingly seen;
the red wing being more contresty than the violet
wing. This difference Is also seen in the Intenalty plot
of Figure 2. In the case of the Balmer linea, the linela
wldenad when It Is red shifted, The correlation bet-
waen the local widening and Dopplsr shifts causes
the asymmetry {De Jager, 1967).

8.5 Corralation of brightness at different AZ values

The correletlon of the Intensitles at the line
centre with those at different A4 values decreases fast
with Increase in AZ but never becomes negative for
the wavelength region Investigated. Flgure 4 shows
this varietion for all the 4 lines. The rapld fall In
correlation In H/ has also'besn notleed by Evana and
Catalano (1972).
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Table 2. Relatlve r.m.s. intensity fluctuations in percent InHe  Table 3. Relatlve 1.m.s. intenalty fuctuations In per gentin Hg

A. B and C stand for the respective alzes Ai B and C stand for tha respeotive sizes
aamia  w-10 0.8 0.8 0.4 0.3 aainA  ,a10 08 0.8 0.4 0.3
~ 0,06 A 15 1.3 1.4 2.1 1.4 — 0,08 A 1.8 2.0 1.8 1.9 1.8

B 8.0 2.8 27 2.8 2,6 B 3.0 3.0 2.0 2.8 2,0
c 3.1 3.2 3.0 .2 3.1 C 8.2 3.4 a.b 3.3 3.4
- 0.10 A 13 1.4 1.1 1.8 1.1 - 0,10 A 22 2,0 1.8 1.8 1.8
b 28 2.8 7 2.8 2,6 B 3.1 38 3.0 2.7 2.0
c 3 3.2 3.1 33 3.1 C 33 4,0 a8 33 34
— 0.20 A 1.B 1.8 1.2 1.7 1.3 — 0,18 A 24 2.2 1.9 2.2 2.7
B 3.1 3.1 2.8 2.0 2,7 B 3.1 41 3.0 2.0 38
c 31 3.3 341 2.4 a1 C a6 4.3 3.7 3.4 4.4
- 0,30 A 18 2.0 1.6 1.6 1.2 — 0.20 A 25 2.8 2.1 2.3 2.4
B 3.2 3.7 3.2 2.8 2.8 B 3.3 42 3.1 3.1 .8
C 33 3.é 34 3.6 3.2 C a8 4.8 a.e 3.8 4.4
~ 0,40 A 1.8 2.2 2,0 1.7 2.8 — 0.26 A 3.0 2.8 23 2.4 2.6
g8 3.8 3.2 3.9 32 3.4 B 3.7 4.3 3.2 3.3 3.8
c 37 38 3.9 3.7 a.n C 38 4.5 4,0 3.0 4.5
- 0.50 A 18 2.3 1.8 2.0 1.7 —~ (.30 A 32 2.8 2.4 2.8 a.8
B 3.0 3.2 3.6 3.8 3.6 B 38 4.2 3.1 .8 4,1
C 38 3.7 ae 3.7 3.7 C 38 44 38 4.3 4.8
— 0,60 A 18 — — 23 1.9 0.00 A 20 2.1 2.2 1.8 2,0
B 3.7 — .- 3.9 3.8 B 3.1 3.0 289 2.7 a8
c 38 - - 3.6 ae C 33 a3 3.0 aa .4
0.00 A 17 1.4 1.2 1.8 1.2 + 0.08 A 1.9 24 1.9 1.9 18
B 2.8 2.8 28 2.7 2.0 B 3,0 3.1 2.0 2.8 238
C 31 3.2 3.0 3.2 3.1 C 33 34 a4 33 3.4
+ 0,08 A 14 1.3 1.1 14 1.2 4 0,10 A 23 2.5 2,0 2.2 1.9
B 28 2.8 26 2.0 2.0 B 3.4 3.0 28 29 3.0
c a1 3.2 3.0 i 3.1 cC as a3 3.8 a.B 3.0
4 0.10 A 18 5.3 11 1.7 1.2 4- 0.18 A 28 2.7 24 23 28
B 28 2.8 28 .7 2,0 8 37 3.1 33 2.8 33
c 31 8.2 3.0 341 3.1 C ap 3.3 42 3.7 3.8
4 0,20 A 18 1.8 1.3 14 1.0 + 0.20 A 33 a3 2.3 24 2.6
B 8.0 a1 2.7 2,6 2.0 B 38 3.3 3.5 a1 3.8
c 3.2 3.8 3.1 3.1 3.2 C 4.0 3.0 4.3 3.7 4.0
+ 0.30 A1 1.7 1.4 14 2.2 + 0.26 A 38 3.5 2.8 3.4 3.3
B 34 3.6 3.0 2.8 2.9 R 3.8 3.8 a.7 3.8 4.1
c a8 3.6 3.3 3.2 3.3 C 44 4.0 44 4.4 4.7
4 0,40 A 18 1.8 1.7 1.9 1.7 -+ 0,30 A 33 34 2.8 3.7 8.0
B 3.7 3.6 3.3 a.6 34 B 3.7 3.8 3.8 4.0 4.7
C 4.0 a.7 a8 3.3 3.8 C 4.0 3.9 4.4 4.5 4.8
+ 0.50 A 21 2,1 1.7 22 1.0
B 4.1 3.9 3.6 3.7 3.8
C 43 3¢ 3.6 3.4 3.8
+ 0.60 A 1.8 - - 29 ie
B 34 - — as 3.8
C 4-3 —— - 3|1 3.4

———— A it o F b e M e % = o v mmmmee e ey
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Table 4, Reiative r.m.s. Intenalty fluctuations inper cent inHy  Table 5. Relative r.m.ua. intensity fluctuations In per cent in He

A, B and C atand for the respective sizes A, B and C stand for the reapactive s(zea
AAINA =10 o8 08 0.4 0.3 axlnh =10 0.8 0.8 0.4 0.3
— 0.02 A 2B 23 32 3,2 28 — 0,08 A 23 2.1 2.7 2.8 a7
B 27 3.0 28 3.0 28 B 28 2.8 28 29 3.3
cC 28 33 3.1 33 31 c 31 31 as 3.2 28
— 0,06 A 2.8 22 24 3.1 2.8 — 0.10 A 21 2,0 24 28 28
B 27 28 28 3.8 ad B 24 2.8 28 3.0 28
C 28 2.8 3.4 34 8.2 c 32 3.0 a1 34 .7
w— 0.07 A 24 2.1 2.0 2.9 a0 — 0.15 A 24 1.8 22 2.7 2.0
B 29 3.0 29 29 a.1 B 27 2.5 2.7 32 a0
¢ 3.0 3.1 3 at 3.3 C 31 2.9 3.2 3.4 2.7
— 0,10 A 2.8 23 2.2 32 2.7 - 0,20 A 23 2.0 1.7 27 2.6
B 31 2.9 27 3.0 3,3 B 28 22 25 2.9 2.8
C 34 3.1 3.1 32 3.5 Cc 34 3.0 3.1 34 27
— 0,20 A 2.4 23 28 28 29 — 0.26 A 24 1.7 2.8 2.6 2.4
B 286 28 27 38 3.5 B 27 2.8 2.8 2.9 2.6
C 20 ‘3B 34 3T 44 €31 30 30 33 28
—000 A28 25 21 27 30 —030 A 22 18 21 23 29
B 29 20 27 28 30 827 28 24 27 20
C 28 3.0 2.2 3.3 2.1 c 31 a0 3.2 3.0 2.8
+002 A 24 25 22 27 28 000 A 28 24 26 32 35
B zﬂ 2-8 z'a 2‘0 3.3 B 2|9 3.0 2.5 2.8 3.3
c 2:9 a'o 2‘3 3'1 3 5 c a.‘ 3:3 3 1 3-4 311
+ 0.“ A 2.0 2.' za 3'1 A 2.B + °|°B A 2:2 2-1 Zro 2.9 2-'
B a2 20 34 20 a8 B 27 27 28 27 29
c38 30 33 34 37 ¢332 31 33 s 30
+007T A 21 28 21 37 27 040 : ;_: 18 w7 a0 22
B 27 91 3.0 a0 o 2.2 24 2.8 2.9
C 29 82 32 35 3p €32 30 83 3.8 2.8
' 016 A 24 .

+000 A28 23 33 38 34 * B ze 2y o 29 20
B 28 30 3.9 3.2 34 c a4 31 i e 3.0

c 28 3.0 3.5 3.6 3.5 ) ' '

0.20 A 2B 1.8 2, .
+ 0.20 A 10 1.8 7 3.1 3.3 * B 27 2.8 2.; ig ::
B 28 29 7 a1 9,3 '
‘ c 3.0 31 a1 aB 2.8

€ 28 32 3.0 a8 3.3

+ 0.28 A 24 21 20 2.1 25

B 27 28 2.8 28 2.7

C 32 3.0 28 34 2.8
+ 0.20 A 1.4 20 2,0 2.1 24

B 28 25 2.8 a7 28
c 32 3.0 2.8 3.0 2.8
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