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Why in a lake ? 

Sun’s heat produces atmospheric turbulence (boiling) which can blur the solar 
images. An example of a computer simulation of blurring is shown above. Original 
feature is progressively blurred with greater atmospheric turbulence. A large water 
body reduces this turbulence. Hence we preferred a lake site for the observatory. 
We were able to measure this effect when we compared the blurring in 2005 when 
the Fatehsagar lake was dry with the blurring in 2006 when the lake was full. We 
found a 100 percent improvement in the signal to noise for the very fine features. 



Why inUdaipur ? 

In most places, lakes are associated with abundant rainfall. 

However, in Udaipur, the wisdom of the administrative bodies 

500 years ago resulted in a system of lakes that were used to 

store water collected during the monsoon. This water supply 

could last during several years of lean monsoons. Because the 

rains were scanty in general, Udaipur site can boast of more 

than 250 days of continuous sunshine which allows to observe 

the sun properly during the day.  



Formative years 

(L-R) Mr. T.N. Seshan, Prof. Satish Dhawan and Dr Arvind Bhatnagar on 23 
December 1981 during the transition of USO to DOS 

The island site in the formative years 1975-87 showing the telescope, rolling 
shed and the floating boat house. 

Prof K.R. Ramanathan overseeing the preliminary survey. 

Prof K.R. Ramanathan (centre) flanked by the chief minister of Rajasthan, Sri 
Harideo Joshi (left) and the chief minister of Gujarat, Sri Babubhai Patel (right) 



Early Results 

Initial observations of the solar chromosphere showed several interesting eruptive events 
which contributed to the understanding of the phenomena like solar flares and their associated 
ejection of chromospheric material. These observations also established the usefulness of 
USO at a crucial longitude between Europe and Australia for continuous monitoring of the solar 
phenomena and led to the choice of USO as one of the members of Global Oscillation Network 
Group. 



Measuring magnetic fields 

USO VIDEOMAGNETOGRAM MAY 11, 1998 USO SOLAR VECTORMAGNETOGRAPH 

09Jan2007: USO VECTOR MAGNETOGRAM (LEFT) SUPERPOSED ON USO H-ALPHA PICTURE (RIGHT) 

Measuring solar magnetic fields is very 
important for monitoring the build-up of 
magnetic energy in the solar active regions 
associated with sunspots. This magnetic 
energy is actually released during flares and 
other eruptions. Earlier USO magnetograph 
could measure one component of the 
magnetic field. The new vector 
magnetograph is capable of measuring all 3 
components of the magnetic field. With all 3 
components we can actually estimate the 
magnetic stress developed in the twisted 
magnetic field. Generally it is only such 
highly twisted magnetic fields that lead to 
solar flares and eruptions. 



Results on Magnetic Dynamics  
• Measurement of magnetic shear in flare productive active regions was a longstanding 
activity of USO and continues to this day by including new parameters like twist of 
sunspot magnetic field. As mentioned in the previous slide, we can estimate the 
buildup of magnetic stress in active regions only if we measure all 3 components of the 
magnetic field. By seeing how severe the eruption is as a function of the built-up 
energy we can predict the severity of the eruption just by following the increase in 
built-up energy 

• The prospects for detailed monitoring has increased with the development of a solar 
vector magnetograph at USO and will further increase after installation of the new 50 
cm aperture Multi Application Solar Telescope (MAST) in late 2011. Once we have our 
own data, we need not look at fragments of information but have a complete picture. 
Since Udaipur has a large number of clear days, we have more chance of catching 
many more flare events. 

• Apart from this focus on flare physics, the fine structure of sunspot magnetic field has 
also been studied, most recently using data from HINODE showing supersonic 
downflows in penumbra and “curly uncombed structure” of penumbral magnetic field. 
This fine structure gives a true picture of the physics of the mechanisms which would 
have been missed if the finer details are not available. 



Results on space weather 
• The prediction of solar eruptions is a distant goal for which more basic research on 
solar physics is needed using multi-wavelength studies involving data from radio-
telescopes like GMRT, X-ray telescopes like SOXS, etc 

• Near future goal is to link the parameters of solar phenomena like magnetic stress, 
velocity of ejection close to the sun, etc. to the severity of geo-magnetic storms, 
e.g.:  

•  We found that the speed of the ejected material near Sun is related to the magnetic 
energy of the active region that ejects the material and is also a good predictor for 
estimating the arrival time of the shocked, compressed material near the earth and 
thus for predicting the severity of the resulting geomagnetic storm 

•  We found that the amount of twist in a sunspot magnetic field is related to flare 
severity and also the speed of the erupted material.  

• A prediction algorithm using the available data base from a variety of satellites is 
being developed to be able to make space weather predictions using properties of 
solar features. 

• 3-D reconstruction using data from a pair of satellites called STEREO gave more 
accurate measure of the speed of the ejected material compared to the estimates 
made from single satellite measurements. When we use a pair of satellites we can 
get information about the 3-D position of the ejected material just like we need two 
eyes to judge the true distance of objects. 



Multi Application Solar Telescope (MAST) 

• Udaipur Solar Observatory proposed a 50 cm aperture Multi Application 
Solar Telescope (MAST) in 2004.  

• Site characterization was done by a using a sequence of short exposure 
solar images obtained over a period of 2 years (2005 & 2006).  

• This data set was used to estimate the size of the telescope that can 
optimally benefit from adaptive optics, namely a system of active optical 
components that can guage the image distortion produced by air 
turbulence and apply corrections within the short time of a few 
milliseconds in which the turbulence can be considered as unchanging.  

• A prototype AO system was completed in 2010.  

• Preliminary optical design of the telescope and experimentation on 
insolated mirrors was used to fix the specifications in 2007.  

• This was then given to a vendor AMOS for fabrication in 2008. 

• The telescope will be installed in early 2012. 

• The back-end instruments are being developed in-house. 



Mast Update 
•  Factory Acceptance Tests were completed 

during June 2011 
•  Back-end Instruments: Narrow Band Imager 

under development 
•  Site-Interface Preparations: Electrical Station 

Commisioned, Compressor Installed, Dome 
mechanical structure installed 

•  Proposals for crane erection being scrutinized 
•  Proposals for pontoon fabrication being 

scrutinized 



MAST in factory 



Dismantling prior to packing 



EVOLUTION OF USO: Past, Present and Future 



FP	  Calibra*on	  (FP	  made	  by	  CSRIO	  Australia)	  

•  A	  spectrograph	  was	  set	  up	  to	  calibrate	  the	  Fabry-‐perot	  and	  a	  pre-‐filter.	  The	  
spectrograph	  fed	  with	  a	  f#30	  beam	  from	  a	  telescope	  of	  Diameter	  15	  cm.	  Using	  a	  
liDrow	  lens	  of	  focal	  length	  1500	  mm,	  light	  passing	  through	  the	  50	  micron	  slit	  is	  
collimated	  and	  the	  beam	  is	  dispersed	  by	  the	  graFng	  of	  500	  lpmm,	  and	  blazed	  for	  
second	  order.	  The	  dispersed	  light	  is	  focused	  using	  the	  same	  liDrow	  lens	  to	  form	  the	  
spectra	  at	  the	  desired	  posiFon.	  The	  dispersion	  achieved	  is	  17mA	  per	  pixel.	  	  



•  An	  image	  of	  the	  FP	  channels	  of	  the	  ordinary	  beam	  is	  obtained.	  The	  channel	  in	  the	  centre	  of	  
the	  image	  is	  less	  intense	  than	  the	  others	  because	  of	  its	  proximity	  to	  the	  Hα	  line	  centre.	  



•  Voltage	  was	  applied	  to	  the	  FP	  in	  the	  range	  -‐2500	  to	  1000	  V	  in	  steps	  of	  50	  V.	  A	  high	  
voltage	  power	  supply	  from	  Applied	  Kilovolts,	  that	  is	  capable	  of	  producing	  up	  to	  
±5000	  V,	  was	  used	  for	  this	  purpose.	  The	  shiQ	  in	  wavelength	  as	  a	  funcFon	  of	  the	  
applied	  voltage	  is	  shown	  above.	  As	  can	  be	  seen	  from	  this	  figure	  the	  o-‐beam	  has	  been	  
used	  in	  the	  telescope	  since	  it	  is	  more	  sensiFve	  to	  voltage	  than	  the	  e-‐beam.	  

•  We	  have	  carried	  out	  voltage	  calibraFon	  
of	  the	  FP	  for	  both	  the	  channels	  to	  apply	  
the	  correct	  voltage	  to	  centre	  the	  FP	  
channel	  at	  the	  desired	  posiFon	  along	  
the	  Hα	  wings.	  A	  polariser	  was	  used	  to	  
switch	  between	  the	  o-‐channel	  and	  the	  
e-‐channel	  



•  In	  order	  to	  exactly	  determine	  the	  voltage	  necessary	  to	  centre	  the	  FP	  on	  the	  Hα	  line	  
centre,	  the	  maximum	  transmiDed	  intensity	  of	  the	  FP	  o-‐channel	  that	  crossed	  the	  
Hα	  line	  was	  observed,	  as	  successively	  higher	  voltages	  were	  applied	  to	  it.	  As	  this	  
channel	  crossed	  the	  Hα	  line,	  the	  maximum	  intensity	  varied	  in	  the	  same	  manner	  as	  
that	  of	  the	  Hα	  line	  itself.	  On	  fiUng	  a	  Gaussian	  funcFon	  to	  the	  intensity,	  we	  obtain	  
the	  voltage	  where	  intensity	  transmiDed	  through	  the	  FP	  channel	  is	  the	  lowest.	  
From	  the	  figure,	  we	  find	  that	  this	  voltage	  is	  -‐652	  V.	  

o-‐channel	   e-‐channel	  

FSR	  (Å)	   3.72	   3.88	  

pass-‐band	  (Å)	   0.25	   0.26	  

half-‐FSR	  voltage	  (V)	   2137	   3959	  

voltage	  sensiFvity	  
(mÅ	  V-‐1)	   0.87	   0.49	  



MAST Science in Solar Cycle 24 (2009-2020) 

•  We got many important results earlier using data from other sources. But 
these look at only one layer of the solar atmosphere. Using MAST, we plan 
to extend these studies to other layers using multiple spectral line 
diagnostics. In this way we will get a 3-D picture of the phenomena. 

•  There will be other telescopes like GREGOR 1.5 m and BBSO 1.6m 
telescopes operating elsewhere in the world. We will co-operate with these 
telescopes by extending longitude coverage.  

•  More than individual achievements, we plan to provide a long-time data 
base to obtain lasting contributions from MAST on outstanding solar cycle 
related problems like behaviour of magnetic stresses as a function of the 
epoch of the solar cycle. 

•  We aim to combine the techniques of helioseismology with magnetic field 
measurements to link the processes underneath the active regions to the 
processes happening in the solar corona. 



EXAMPLES:      SUPERSONIC  DOWNFLOWS  IN  A  SUNSPOT  LIGHT  BRIDGE	

•     Patches   of   Supersonic  
Downflows  >10  km/s  –  double  
red-‐‑lobed  Stokes  V  signals	

•     Downflows   co-‐‑spatial   and  
co-‐‑temporal   with   brightness  
e n h a n c emen t s   s e e n   i n  
chromospheric  Ca  II  H  images	

•     Azimuth   Discontinuities  
near   West   edge   of   LB   –  
anomalous   Stokes   Q   and   U  
signals,  possible  mixing  of  LB  
and  umbral  fields	



Global Twist of Sunspot Magnetic Fields Obtained from High Resolution 
Vector Magnetograms 

Relation between the sign of SSA and the sense of chirality 
The following figure shows four structures, first two having positive chirality and the next two having 
negative chirality.  

Fig. Cartoon diagrams of circular unipolar spots with positive and negative chirality are shown with 
the directions of observed transverse field (Bobs) and potential transverse field  (Bpot). Solid and dashed 
lines represent observed and potential fields respectively. In this cartoon, the Bobs is tangential to the 
solid curved lines, while Bpot is tangential to the dashed curved lines which have lesser curvature than 
the solid lines.  First two cases bear positive chirality and later two negative chirality. Plus and minus 
sign in the central circular region represents the positive and negative polarity respectively.  

(1)  Introduced the concept of signed shear angle (SSA) for sunspots which measures the  
      twist present in sunspots irrespective of force-free nature of it. 
(2)   We find that the sign of global α (force-free parameter) is well correlated with the global  
      SSA and the photospheric chirality of sunspots. 
(3) Discovered the contribution of umbral and penumbral twist to global twist of the sunspots. 



Fine Structures Observed: Jz & α distribution 

Plots of vertical current and α values along (a) the arc and (b) the 
straight line shown in the penumbra and umbra of AR NOAA 10933 
respectively. Black and red colors represent the current and α values 
respectively. The mean values of both the vertical current and the α 
values with their 1σ standard deviations in the arc and the line are 
printed on the plots in their respective color 



Absence of global currents in sunspot magnetic fields 











Evolution of magnetic parameters in solar active regions during Cycle 24 

1.  Photospheric Vector Magnetograms: To understand the role of magnetic fields in fuelling 
activity phenomena we require systematic study of magnetic flux emergence through 
photosphere and parameters like magnetic helicity, shear, free-energy etc. on active region 
scales. 

2.  Chromospheric Vector Magnetograms: To determine virial estimate of free-energy of 
solar active regions correctly we require chromospheric vector magnetic fields as the field 
in these layers is more close to force-free condition. This condition is also required for 
extrapolating magnetic fields in the corona. Also need to look at net current vs height. 

3.  Study of Prominences: The off-axis design of MAST will allow us to follow prominences 
out to larger distances from the limb. This data will be useful when combined with data 
from STEREO, ADITYA, etc 

Exploration of new techniques: For example, exploiting the longer integration time 
of AO corrected images to select best images which can be post processed for 
obtaining better image clarity 

 

 

Resonant Scattering: Hanle-effect and Stark effect 
Application of Quantum Optics Theory to measure electromagnetic fields in the solar 
atmosphere. 
Development of Extremely Sensitive Polarimeter (ESPOL) for MAST telescope. 
Higher Order Adaptive Optics 



Future Plans 

•  Higher order adaptive optics 
•  High Resolution Spectrograph 
•  Collaboration with interested people for 

trying new back-end instruments: IIA, 
ISAC, etc 


