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FINANCIAL PHYSICS
Financial physics is the application of conventional
physics methods to the study of financial markets
as complex systems.

How ideas and thoughts from physics have been
used to understand financial markets
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ﻣﻌﺮﻓﯽ ﮐﺘﺎب

ﻓﯿﺰﯾﮏ ﻣﺎﻟﯽ
ﭘﯿﺶﺑﯿﻨﯽ ﭘﯿﺶﺑﯿﻨﯽﻧﺎﭘﺬﯾﺮﻫﺎ
ﭼﮕﻮﻧﮕﯽ ﺗﺴﻠﻂ ﻋﻠﻢ ﺑﺮ والاﺳﺘﺮﯾﺖ

ﻧﻮﺷﺘﮥ
ﺟﯿﻤﺰ اوﺋﻦ ودرال
ﺑﺎ ﺗﺮﺟﻤﮥ
دﮐﺘﺮ ﺣﺴﯿﻦ ﻋﺒﺪه ﺗﺒﺮﯾﺰي
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About the bookThis
 book studies the enigmatic
relationship between physics and
finance.
 Examines the role of physicists in
the evolution of modern financial
theory.
 It explores how financial theories
are formed in the minds of these
physicists with a compelling
narrative.
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HISTORY


Financial physics applies conventional physics methods to studying financial markets as complex
systems. How ideas and thoughts from physics have been used to understand financial markets?



Brown (1827): Introducing the concept of Brownian motion.



Bachelier (1900): Using the concept of Brownian motion in the Paris Stock Exchange; Introduction
random walk in explaining market behavior.



Mandelbrot (1963): The fat tail distribution better explains the observed data than the Gaussian
distribution.



1967: Ed Thorp - Market failure: The scientific stock market system.



The 1980s: Increasing exponential access to electronic information due to new technologies.



1997: The financial industry attracts 48% of new Ph.D. and physics graduates in the United States.



1997: Scholes and Merton Prize for the Derivatives Pricing Model.
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HISTORY


1990 to present: Articles in financial and economic physics are published in prestigious
journals such as Nature, Physica Review Letters, Physica, European Physics Journal, etc.



1990: Black-Derman-Toy model of short-term interest rates.



1990: The beginning of university courses, conferences and seminars, and textbooks.



1999: The European Physicists Association declares economic physics as its field of research.



2007: Physics and its models are not responsible for the economic ills of the 2007 crisis.



2013: Reflexivity demands a new scientific method that is not physics-based (Soros).



2014: Scientific understanding of financial markets should not exclusively have physicsbased foundations ➝ intersection of finance and the biological, cognitive, and behavioral
sciences (Sornette).

7

(1990)  ﺑﺮﻧﺪة ﺟﺎﯾﺰة ﻧﻮﺑﻞ اﻗﺘﺼﺎد،ﻫﺮي ﻣﺎرﮐﻮﯾﺘﺰ
Mean-Variance Model (1952)
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(1981)  ﺑﺮﻧﺪة ﺟﺎﯾﺰة ﻧﻮﺑﻞ اﻗﺘﺼﺎد،ﺟﯿﻤﺰ ﺗﻮﺑﯿﻦ
Capital Market Line (1958)
r̂P

rRF

M

(r̂M − rRF )
r̂P = rRF +
σp
σM
σP
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(1990)  ﺑﺮﻧﺪة ﺟﺎﯾﺰة ﻧﻮﺑﻞ اﻗﺘﺼﺎد،وﯾﻠﯿﺎم ﺷﺎرپ

rit = α i + b i rMt + ε it

Single Factor Model (1963)

Capital Asset Pricing Model (1964)

ri = rRF + b i (r̂M − rRF )
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(1997) ﻓﯿﺸﺮ ﺑﻠﮏ و راﺑﺮت ﻣﺮﺗﻮن

Option Pricing Model (1997)

d1 =

Ln( S X ) + (r f + σ 2 2)t

σ t

c = SN (d1 ) − Xe
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− rt

N (d1 − σ t )

CALL OPTION VALUATION EQUATION

1st Stage


σ2
S T = S 0 * exp  (r −
2




dt + σ dt * z 



z ~ N (0,1)
2nd Stage

3rd Stage

4th

Stage
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{z1 , z 2 ,  , z 5000 } {sT ,1 , sT , 2 ,  , sT ,5000 }
payoffvec = max(ST − X ,0 )

callprice = mean(payoffvec) * exp(-rT)

EUGENE FAMA (2013) EFFICIENT MARKET THEORY

strong

EE

semi-strong

weak
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analyzing economic time series with time-varying volatility (ARCH)

ROBERT F. ENGLE (2003)

p

σ t2 = ω + ∑ α i ε t2−i
i =1
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The Medallion Fund was founded in 1988 by Jim Simmons,
a mathematician and theoretical physicist, the Chern–
Simons Triangular Theory creator, and one of the leading
figures in string theory in physics.
The fund under his management was able to achieve a return
of 2478% in the first decade of its activity. Quantum Fund,
managed by George Soros, had a return of 1,710 percent
during the same period.
Jim Simons (1938)

In 2007, despite the onset of the financial crisis, the Medal
Fund achieved a return of 73.7%, while the median return of
value conservation funds this year was 10%.
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Louis Bachelier (1870 – 1946)
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A French mathematician and physicist who, while studying
physics at the University of Paris, was able to find a job on
the Paris Stock Exchange, despite his ulterior motives, due to
his financial need and his high ability in mental calculations;
This was the beginning of his entry into the financial world.
In his doctoral dissertation, The Theory of Speculation,
which he defended in 1900, Bachelier formulated financial
mathematics half a century before Paul Samuelson, and five
years earlier than Albert Einstein came up with the concept
of random walk. He formulated it not in physics but in
financial mathematics.
He actually answered that if stocks start at a certain price and
follow a random walk, what is the probability that the price
will reach a certain value after a certain time?

Probability in the Bachelier’ Model for a $ 100 Stock
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Maury Osborne is a physicist who has never done research on
a particular subject in his scientific life. His studies ranged
from astronomy to aerodynamics of insect fluttering to
finance. The 1959 paper entitled The Brownian Motion in the
Stock Market was a revolution in finance.
In the first step of his study, Osborne rejected Bachelier’ view
that stock prices followed a normal distribution. It was enough
to select a set of stocks and plot their prices to test this
hypothesis. If Bachelier's assumption was correct, it would
have been expected that the stock price would have been a
normal bell-shaped curve, which it did not.

Maury Osborne (1916 - 2003)
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The curve obtained by Osborne had a hump with a long tail on one side and did
not resemble a normal curve.



Osborne found in his research that it is not the price itself that has a normal
distribution, but the stock returns follow the normal distribution.



Therefore, if stock returns have a normal distribution, stock price distributions
will have a logarithmic normal or lognormal distribution.
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Osborne argues in his article Brownian Motion in the
Stock Market that stock price changes do not matter in
themselves, but that the logarithm of prices matters
because it better reflects the investor's sense of profit and
loss.
Osborne's main motivation for choosing the logarithm of
prices as the main variable seems to be to pay attention to
a psychological principle called Weber-Fechner law, which
tries to explain how people react to external stimuli.
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 He was a mathematician and the father of fractal geometry
who became interested in finance.

Benoit Mandelbrot (1924 – 2010)

 Mandelbrot criticized Osborne's
randomness of stock prices.

theories

about

the

 Mandelbrot's research did not rule out the possibility that
stock prices were random, but he believed that they were
different from what Osborne thought.
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 In his 1963 writings, Mandelbrot argued that markets are
subject to Paul Levy's stable distribution and that, with the
exception of normal distribution, Levy's stable distribution
volatility is infinite; That is, most standard statistical tools
are not useful for analysing these distributions.
 After more than half a century of research, the consensus
today is that distribution of the rates of return has a fat tail,
but their distribution is not Levy stable. Therefore, available
statistical tools can be helpful.
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Edward Thorpe was a mathematician and professor at
MIT University who tried to use mathematics to make
money in casinos in the 1960s.Together with Claude
Shannon, a mathematician and father of information
Edward O. Thorp (1932)

science, he built a device that enabled them to defeat
roulette in 1961 at Las Vegas casinos.He also
developed game-winning strategies with the help of
probability theory.
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ﻓﺼﻞ ﭘﻨﺠﻢ :ﻓﯿﺸﺮ ﺑﻠﮏ و ﻣﺎﯾﺮون ﺷﻮﻟﺰ
•
•
•
•

ﻓﯿﺸﺮ ﺑﻠﮏ ﻓﯿﺮﯾﮑﺪاﻧﯽ ﺑﻮد ﮐﻪ ﺑﻪ ﮔﻔﺘﮥ ﺧﻮدش ﺑﻪ دﻟﯿﻞ ﻣﻔﻬﻮم ﺗﻌﺎدل ،ﺟﺬب
ﻣﺎﻟﯽ و اﻗﺘﺼﺎد ﺷﺪ.
او ﭘﺲ از ﻣﻄﺎﻟﻌﮥ ﻣﺎﻟﯽ و آﺷﻨﺎﯾﯽ ﺑﺎ ﻣﺪل  CAPMو ﺑﺎ ﺟﺪﯾﺖ روي راﺑﻄﮥ
رﯾﺴﮏ و ﺑﺎزده در ﺑﺎزارﻫﺎي ﻣﺎﻟﯽ ﮐﺎر ﮐﺮد.
ﻫﺪف ﺑﻠﮏ دﺳﺘﯿﺎﺑﯽ ﺑﻪ ﺳﺒﺪي ﻣﺮﮐﺐ از ﺳﻬﺎم و اﺧﺘﯿﺎر ﺳﻬﺎم ﺑﻮد ﮐﻪ ﻋﺎري
از رﯾﺴﮏ ﺑﺎﺷﺪ .اﯾﻦ اﺳﺘﺮاﺗﮋي ﮐﻪ ﺗﻮﺳﻂ ﺑﻠﮏ اراﺋﻪ ﺷﺪ اﻣﺮوزه ﺑﻪ ﭘﻮﺷﺶ
ﭘﻮﯾﺎي رﯾﺴﮏ ) (Dynamic Hedgingﺷﻬﺮت دارد.
ﺑﻠﮏ ﺗﻼش ﮐﺮد ﺗﺎ ﻧﺤﻮة ﺗﻐﯿﯿﺮ ﻗﯿﻤﺖ داراﯾﯽﻫﺎي ﻣﺒﻨﺎ در ﻃﻮل زﻣﺎن را
ﻣﺪلﺳﺎزي ﮐﻨﺪ .ﺑﺮاﺳﺎس راﺑﻄﻪاي ﮐﻪ ﺑﯿﻦ ﻗﯿﻤﺖ ﺳﻬﺎم و ﻗﯿﻤﺖﻫﺎي اﺧﺘﯿﺎر
ﮐﺸﻒ ﮐﺮده ﺑﻮد ،درﯾﺎﻓﺖ ﮐﻪ ﻗﯿﻤﺖﻫﺎي اﺧﺘﯿﺎر ﻣﻌﺎﻣﻠﻪ در ﻃﻮل زﻣﺎن ﭼﮕﻮﻧﻪ
ﺑﺎﯾﺪ ﺗﻐﯿﯿﺮ ﮐﻨﻨﺪ .ﺗﻨﻬﺎ ﭼﻨﺪ ﮔﺎم ﺟﺒﺮي ﻣﺎﻧﺪه ﺑﻮد ﺗﺎ ارزش اﺧﺘﯿﺎر ﻣﻌﺎﻣﻠﻪ را ﺑﺮ
اﺳﺎس راﺑﻄﮥ ﻣﯿﺎن ﻗﯿﻤﺖ ﺳﻬﻢ و اﺧﺘﯿﺎر آن و ﻧﺮخﺑﻬﺮة ﺑﺪون رﯾﺴﮏ ﮐﺸﻒ
ﮐﻨﺪ ﮐﻪ ﺑﻪ ﻋﻠﺖ ﭘﯿﭽﯿﺪﮔﯽ ﻣﻌﺎدﻟﮥ دﯾﻔﺮاﻧﺴﯿﻞ ﺑﻪ دﺳﺖ آﻣﺪه در ﺣﻞ آن
ﻧﺎﺗﻮان ﻣﺎﻧﺪ.

)Fischer Black (1938 – 1995
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• اﻣﺎ ﭘﺲ از ﭼﻨﺪي آن را ﺑﺎ ﻣﺎﯾﺮون ﺷﻮﻟﺰ در ﻣﯿﺎن ﮔﺬاﺷﺖ و آن
دو ﺗﻮاﻧﺴﺘﻨﺪ ﺑﺎ ﻫﻤﮑﺎري ﯾﮑﺪﯾﮕﺮ آن ﻣﻌﺎدﻟﻪ را ﺣﻞ ﮐﻨﻨﺪ.
• ﻫﻤﺰﻣﺎن ﺑﺎ آنﻫﺎ راﺑﺮت ﻣﺮﺗﻮن ﻧﯿﺰ ﺑﺎ ﺷﺮوﻋﯽ ﮐﺎﻣﻼ ﻣﺘﻔﺎوت ﺑﻪ
ﻫﻤﺎن ﻣﻌﺎدﻟﮥ دﯾﻔﺮاﻧﺴﯿﻞ رﺳﯿﺪه ﺑﻮد.
• ﻣﻌﺎدﻟﮥ ﺣﺎﺻﻞ اﻣﺮوزه ﺑﻪ ﻣﺪل ﻓﯿﺸﺮ-ﺷﻮﻟﺰ )ﯾﺎ ﺑﻌﻀﺎً ﻣﻌﺎدﻟﮥ

)Robert C. Merton (1944

)Myron Scholes (1941

ﻓﯿﺸﺮ-ﺷﻮﻟﺰ-ﻣﺮﺗﻦ( ﻣﺸﻬﻮر اﺳﺖ ﮐﻪ در ﺳﺎل  1995ﺟﺎﯾﺰة ﻧﻮﺑﻞ
را ﻣﺸﺘﺮﮐﺎً ﺑﺮاي اﯾﻦ ﺳﻪ ﻧﻔﺮ ﺑﻪ ﻫﻤﺮاه داﺷﺖ .اﮔﺮﭼﻪ ﺑﻠﮏ در
ﻫﻨﮕﺎم درﯾﺎﻓﺖ ﺟﺎﯾﺰه از دﻧﯿﺎ رﻓﺘﻪ ﺑﻮد.
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