
T H E  S P E C T R U M  O F  L O W - F R E Q U E N C Y  O S C I L L A T I O N S  O F  

T H E  M A G N E T I C  F I E L D  O F  S U N S P O T S ,  A N D  

L O W - F R E Q U E N C Y  M O D U L A T I O N  O F  T H E  R A D I O E M I S S I O N  

F R O M  T H E  A C T I V E  R E G I O N S  O F  T H E  SUN 

l~. I .  M o g l e v s k i i ,  V .  N .  O b r i d k o ,  
a n d  B.  D.  S h e l ' t i n g  

UDC 523.164.32 

During the pas t  10 y e a r s  of  he l iophysics  r e s e a r c h  invest igat ions of low- f requency  osci l la t ions  of the 
r ad ia l  ve loci t ies  and b r igh tnes ses  in the unper turbed reg ions  of the Sun have been p e r f o r m e d  by var ious  ' 
methods [1-5]. It has been poss ib le  to r e v e a l  5-min osci l la t ions  in the photosphere  which have been r e l a t ed  
to r e sonance  osci l la t ions in a spec i f ied  l aye r .  The propagat ion  of such longitudinal dens i ty  waves into 
the chromo,~phere and corona  has led,  accord ing  to computat ions (due to the t rans i t ion  of these  waves  into 
shock-waves)  to heating of the corona.  With the appea rance  of so l a r  magne tographs  it was poss ib le  to 
show [6] that  osci l la t ions of the magnet ic  field having the s a m e  per iod  a r e  a l so  obse rved  in the unper turbed 
reg ions .  In [6] it was indicated that  bes ides  5-min osci l la t ions  of the field,  osci l la t ions with a per iod  of 
~7 rain a re  observed .  In a s e r i e s  of pape r s  published by the Sc i en t i f i c -Resea rch  Radiophysics  Inst i tute 
[7-9] modulation of the so la r  r ad ioemis s ion  at k ~ 3 cm not only with a per iod  of ~5 min but a l so  with 
other  d i s c r e t e  per iods  was r evea l ed  for the f i r s t  t ime ,  the power  s p e c t r u m  of the osci l la t ions  f rom act ive 
reg ions  differ ing f rom the s p e c t r u m  of the unper turbed Sun. 

L a t e r  the modulation of r ad i oem i s s i on  was success fu l ly  r evea led  at o ther  c en t ime te r  wavelengths as 
wel l ,  and even in the modulation of the continuum of radionoise  s t o r m s  in the  m e t e r  range [10]. 

The  fact  that the s pec t rum  of the modulation of the r ad ioemi s s ion  of the upper  c h r o m o s p h e r e  and the 
corona  co r r e sponds  to the s p e c t r u m  of the osci l la t ions  of the ve loci t ies ,  b r igh tness  and magnet ic  field 
in the pho tosphere  makes  the c la r i f ica t ion  of the na ture  of these  osci l la t ions and the modes of the i r  p r o p a -  
gation urgent .  This  p r o b l e m  becomes  all  the m o r e  urgent  if one takes  into account  the fact  that  for  o s -  
c i l la t ions of the photospher ic  p a r a m e t e r s  having T ~ 300 sec  it has been poss ib le  to es tab l i sh  a r e l a t ion -  
ship with the d i s c r e t e  supergranula t ion  s t r u c t u r e  [11]. Invest igat ions of the t ime  osc i l la t ions  of  the field 
have not been p e r f o r m e d  in ac t ive  reg ions  having magnet ic  fields above 100 G. In the p r e s e n t  c o m m u n i c a -  
t ion p r e l i m i n a r y  data a r e  p resen ted  on the reve la t ion  of field osci l la t ions in the nuclei  of r e l a t ive ly  l a rge  
"quiet" sunspots .  The observa t ions  w e r e  p e r f o r m e d  in 1968, on the double v e c t o r - m a g n e t o g r a p h  of the 
so l a r  tower  instal lat ion of the Inst i tute of  T e r r e s t r i a l  Magnet i sm and Radiowave Propagat ion  of the Acad-  
e m y  of Sciences .  Using two independent v e e t o r - m a g n e t o g r a p h s ,  the magnet ic  field, ve loc i ty  and b r i g h t -  
n e s s  were  s imul taneous ly  de te rmined  in two magne tosens i t ive  spec t r a l  l ines Fe I k 5250 ~. and Ba H k 4554 
/~. The leve l s  of format ion  of these  l ines  a r e  s e p a r a t e d  in alt i tude by ~700 km (Fe I is a photospher ic  l ine,  
while the nucleus Ba II is a s soc i a t ed  with the lower  ch romosphe re ) .  The observa t ions  were  c a r r i e d  out 
for  carefu l  guidance of the nucleus of the spot  onto the input s l i t  of the spec t rog raph  with mot ion -p ic tu re  
r eco rd ing  of the image of the nucleus  on the sl i t .  Oscil lat ions of the image  on the s l i t  due to a t m o s p h e r i c  
and equipment  ef fec ts  may  lead to the development  of f ict i t ious f requencies  in the s p e c t r u m  of the r e -  
corded  s ignals .  However ,  the osci l la t ion per iods  of an a tmosphe r i c  c h a r a c t e r  amotmt to 1 to 10 Hz, while 
the f ict i t ious osci l la t ions of an equipment  c h a r a c t e r  mus t  be identical  for the two magne tographs .  Since 
the s p e c t r a  of the osc i l la t ions  of the magnet ic  field di f fer  at the two leve l s ,  this p rovides  the poss ib i l i ty  of 
a s s u m i n g  that  the equipment  effects  a r e  negligible.  Scaling of the Stokes p a r a m e t e r s  m e a s u r e d  by the 
magnetogra:ph to the p a r a m e t e r s  of the vec to r  field (the longitudinal components  H tl, the pe rpend icu la r  
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Fig. 1. F igure  l a  shows the au tocor re la t ion  functions of the o s c i l -  
lations of H I] in two l ines :  Fe I k 5250 A (curve 15 and Ba II k 4554 A, 
( cu rve  2); Fig. l b  shows the i r  cor responding  spec t r a l  functions (I 
and II). The ve r t i ca l  line in Fig. l a  denotes the 70% confidence in-  
t e rva l  of the e r r o r s  of the au toeor re la t ion  function; the c o r r e s p o n d -  
ing confidence in terva l  of the spec t r a l  functions is l e s s  than 0.01. 
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Fig.  2. Autocorre la t ion  and spec t r a l  functions of the osci l la t ions  
of H_L in the Fe I ~, 5250/~ and Ba II X 4554 A l ines (for the ~ota-  
tion see  caption of Fig. 15. 

components  H_L, or  H x = H_L sin X and Hy = H_L cos X, where  the angle • is the az imuth  of the field vector)  
and the subsequent  comple te  FoUr ie r -ana lys  is were  p e r f o r m e d  on an e lec t ron ic  compute r .  The runs  of 
observa t ions  ("standings"5 were  continued for  ~1 h. So far  four independent "s tandings"  have been p r o -  
c e s s e d  (July 29, 1968; August 9, 1968; and August 11, 19685 for  two spots  n e a r  the center  of the so la r  
disk.  F igures  i and 2 show the au tocor re la t ion  and spec t r a l  ftmctions of the longitudinal and t r a n s v e r s e  
f ields.  We a lso  p re sen ted  cer ta in  r e su l t s  in [12]. The r e su l t s  of the observa t ions  lead to the following 
conclus ions. 
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Fig. 3. F igure  3a depicts the coherence R, while Fig. 3b 
depicts the relat ive phase sh!ft | of the oscil lat ions of H II 

o 

in the two lines Fe I X t 5250 A and Ba II X 2 4554 A; the 70% 
confidence interval  of the coherence e r r o r s  is less than 

0.01. 

1. The power spec t rum of the field oscil lat ions in the nucleus of the spot has severa l  d i sc re te  
per iods :  besides 300-sec osci l lat ions,  oscil lat ions having periods of 225 to 125 sec and 110 to 90 
sec are  revealed.  Unlike the unperturbed photosphere,  where 300-sec oscil lat ions predominate ,  
they are  not always manifested in the spot, while 2-3-rain oscillations are  observed  frequently 
and revealed more  rel iably.  Note that in the recent ly  rece ived  prepr in t  [13], in which an ex-  
position is given of the investigation of oscil lat ions of radial  veloci ty  in a sunspot per formed on 
the la rge  so la r  installation at the Kitt Peak observa tory ,  it is repor ted  that ~170-sec  oscil lat ions 
of the radial  velocity have also been detected. The detection of severa l  d iscre te  frequencies of 
the osci l lat ions of the fields produced by the nucleus even in a "quiet" spot is of in teres t  for the 
study of the field s t ruc tu re  in the photosphere and chromosphere  with which the modulation of the 
radioemiss ion  from the ch romosphere  and corona above the spots is associa ted.  

2. The 5-min oscil lat ions a re  manifested only in the t r ansve r se  component of the magnetic field 
Hi  during two of the four runs of observat ions ,  while the 2-3-rain oscil lat ions are  encountered in 
all. four cases in both the longitudinal and t r ansve r se  components of the magnetic field. At the 
photosphere  level the oscillations a re  manifested more frequently in the magnitude of the field, 
while at the ch romosphere  level they are  manifested more  frequently in the direction of the field. 
The amplitude of the osci l lat ions in the ch romosphere  exceeds the amplitude of the oscil lat ions 
of the field in the photosphere.  The 5-rain oscil lat ions a re  s t rongly suppressed  in the spot: they 
a re  r a r e l y  visible in the spec t ra  and are  revealed bet ter  in the coherence (Fig. 3). 

3. The spec t ra  obtained for the field oscil lat ions a re  quasis ta t ionary in cha rac te r  and va ry  s o m e -  
what f rom real izat ion to real izat ion.  It is possible that the spec t rum of the oscil lat ions var ies  
with t ime and differs somewhat  at different points of the nucleus.  The same conclusion concern-  
ing the space and t ime difference between the spec t ra  of v D was drawn in the paper  [13] men-  
tioned above, where good space resolut ion was achieved on the large  so la r  ins t rument  using a 
large amount of data. There  is a basis  for assuming that in complex and dynamic spots this 
effect  of space and t ime nonsta t ionar i ty  is manifested considerably  more sharply.  This allows 
us to hope to obtain the cha rac te r i s t i c  of the evolution of a spot and a group f rom the spec t rum 
of the magnet ic- f ie ld  osci l lat ions.  

4. F r o m  the measured  phase angles of the various p a r a m e t e r s  at the levels of the photosphere and 
lower ch romosphere  it turned out that the propagation veloci ty of the perturbat ion at various 
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5. 

discrete frequencies was ~30 km/sec  which corresponds to the average Alfven velocity in the 
considered magnetoplasma above the spot. 

The character of the 2-3-rain oscillations at the two levels provides the possibility of assuming 
that oscillations of the torsional type are present. The existence of waves of this type of interest 
not only for a study of the nature of the magnetic-field oscillations but also for a clarification of 
the mechanism by which the modulation of radioemission above the spots develops. It is well 
known that sound or magnetosound waves diss ipate rapidly during their propagation in a medium 
(the chromosphere and corona) having an abrupt variation of the density gradient (i.e., they cannot 
attain the altitudes corresponding to the generation of radioemission). If it turns out that the 2-3- 
mill (and shorter-period) ose ~llations are actually three-dimens ional hydromagnetic waves, then 
a number of problems involved in the modulation of radioemission is solved naturally. It is well 
known that three-dimensional hydromagnetie waves of this kind having frequencies considerably 
lower than the gyrofrequency of the ions are investigated for the Earth's magnetosphere [14, 16]. 
They are collimated rigorously by the magnetic field and propagate at the Alfven velocity without 
absorption, decreasing rapidly in amplitude with departure from the "magnetic tube"; standing 
waves are formed at closed magnetic tubes. Unlike plane Alfven waves, oscillating currents flow 
along the field in these waves. These properties of three-dimensional hydromagnetic waves may 
explain the modulation of the radioemission in the centimeter and meter ranges. 
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