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Movie watching
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Movie watching

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Motivation
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Dr. YangQuan Chen’ talk: 
“Cosmology and Fractional Calculus”,
AFC@CSOIS@USU Seminar, 2/19/2010.

Supernovae dataset

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

Dr. Roland Winston’ talk: 
“Black Holes, Information And Solar Collectors”,
Sigma Xi Distinguished Scientist Lecture Series, 9/19/2012.

G. Smoot et al., Phys. Lett. B 696 (2011) 273-277. 
Nobel Price in Physics 2006: G. Smoot & J. Mather
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uBefore the time of Einstein:
Static (Cosmological Constant)

uSince1929 (Edwin Hubble):
Expanding 
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Is Our Universe Expanding Dynamics Fractional Order?

Expanding 
uSince1998 (Riess et al. & Perlmutter et al.):

Accelerating (Dark Energy)
uToday:  

Accelerating Law---Fractional Calculus

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Saul PerlmutterPhysics 2011

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

Saul Perlmutter

Brian P. Schmidt Adam G. Riess

Physics 2011
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How to Measure Our Expanding Universe?

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

Figure credit: Dr. Adam G. Riess
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Type Ia Supenovae (SNIa)--- Standard Candle

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

Figure credit: Dr. Adam G. Riess

Distance measurement :
The relative age of the Universe at the time of the supernova explosion
Redshift measurement:
The growth factor of the Universe at the time a supernova exploded
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This relationship between distance 
modulus and redshift can be considered 
as a purely kinematic record of the 
universe’s expansion history. 

That is to say, the relative positions of 

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

That is to say, the relative positions of 
galaxies can tell us whether the 
universe was ever accelerating or 
decelerating, regardless of its cause.
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Hubble’s Data
Findings:
Hubble showed that galaxies recede 
from us in all directions and more 
distant ones recede more rapidly in 
proportion to their distance.

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

(E.P. Hubble, PNAS 15 (1929) 168-173.)

Hubble’s Law:
(R.P. Kirshner, PNAS 101 (2003) 8-13.)
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

Slide credit: Supernova Cosmology Project 
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“Fractional Order Thinking” 
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Mittag-Leffer function:

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

Special cases:
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

Data fitting Mittag-Leffler function
Accelerating law
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Approach:

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Dataset:

Fitting function:

http://supernova.lbl.gov/Union/figures/SCPUnion2.1_mu_vs_z.txt

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

Aim:

580: Number of the type Ia supernovae up to date



AFC AFC AFC AFC AFC AFC AFC AFC @ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LABAFC AFC AFC AFC AFC AFC AFC AFC @ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LABSlide-17/1024

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Matlab Codes
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

http://www.mathworks.com/matlabcentral/fileexchange/8738



AFC AFC AFC AFC AFC AFC AFC AFC @ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LABAFC AFC AFC AFC AFC AFC AFC AFC @ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB@ MESA LAB

Results
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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M-L function VS Exp functions
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Benefit by Using Fractional calculus

1. The evolution of  expanding dynamics of our 
universe obeys a Mittag-Leffler function, 
meaning that the accelerating law can be 
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described by some fractional order differential 
equation, whose solution is the Mittag-Leffler
function.

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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2.  It can help the astronomers to discover new Type 
Ia supernovae with high redshift according to the 
proposed Mittag-Leffler function. 
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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3. The fitting model is simper than other models.
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Discussion

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Discussion
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• Variable order:

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced

• Distributed order:
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A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced


