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Applications of Spherical Harmonics 
to Analysis of Spherical Data
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 multipole components up to l=3. The color scale is ±0.9 common across all the plots. 
http://spud.spa.umn.edu/~pryke/logbook/20000922/

http://spud.spa.umn.edu/~pryke/logbook/20000922/
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The Gravity Recovery and Climate Experiment (GRACE) 
Mission is designed to monitor local, regional, and global 
changes in the Earth’s gravity field. The changes observed in 
the gravity field are a manifestation of mass being 
transported in the Earth’s oceans, atmosphere, and on land 
surfaces. Analysis of the data delivered by GRACE yields a 
direct measure of mass flux with high spatial resolution on 
the Earth's surface.

http://grace.jpl.nasa.gov/
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https://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggu402
also, see 2014

https://academic.oup.com/gji/article-lookup/doi/10.1093/gji/ggu402
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It will take about 11 trillion gallons of water 
(42 cubic kilometers) -- around 1.5 times the 

maximum volume of the largest U.S. 
reservoir -- to recover from California's 

continuing drought.



physics 492, Spring 2017Friday FeatureTM, M. Gold

Monthly 
changes in 

Antarctic ice 
mass (gigatons)
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This figure shows changes in global mean sea level …between 1992 to 
2012. The data have been averaged to account for long time scale ...
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http://www.earth.lsa.umich.edu/~shaopeng/IHFC/heatflow.html

This map shows color-coded contours of the global distribution of heat flow at the surface of the Earth's crust.

Global Heat Flow with Spherical Harmonic Smoothing 

http://www.earth.lsa.umich.edu/~shaopeng/IHFC/heatflow.html
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https://arxiv.org/pdf/1612.00338v2.pdf

Dec 2916

 “…could be helpful to describe the hippocampus shape deformation
and could be used in diagnosis of the temporal lobe epilepsy disease in MRI.’’

https://arxiv.org/pdf/1612.00338v2.pdf
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Cosmic Microwave Background (CMB) 
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 Planck explorer satellite  2009-2013
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age of universe: 
13.799±0.021 Gy 

𝚲CDM concordance model.

1 + z = �
obs

/�
emit

= a
now

/a
then

Cosmological red shift (z) 

where “a” is expansion factor
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Red line is our universe in which expansion
is accelerating
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Perfect Black Body T=2.725 K
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V = 600 km/s in direction of Virgo Cluser

Dipole Moment  l =1
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Temperature Fluctuations  ΔT/T ~ 10-5
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auto correlation function:  

Expand in Spherical Harmonics, use spherical 
symmetry (no m dependence)  and obtain 

multipole coefficients 
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primordial pressure (acoustic) oscillations 

⇥ � 100�/�
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Measered cosmological parameters: the densities 
of baryonic matter, dark matter and dark energy 
(Ωb, Ωm, ΩΛ), and the spectral index (ns), which 

describes the relative amount of primordial 
fluctuations (seeds of nascent cosmic structures)
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http://planck.caltech.edu/pub/2013results/Planck_2013_results_16.pdf

grey are individual multipoles
scale changes below 50

http://planck.caltech.edu/pub/2013results/Planck_2013_results_16.pdf
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http://planck.caltech.edu/pub/2013results/Planck_2013_results_16.pdf

http://planck.caltech.edu/pub/2013results/Planck_2013_results_16.pdf
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Can we find evidence for inflation?

recent excitement turned out to be Fe dust!


