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A farmer, it is said, heard a team of  scientists to 

advice him on improving his dairy production. 

After six months work, they prepared their 

report. The farmer begin to read, only to 

encounter the opening sentence 

òConsider a spherical COW é.ó

http://images.google.com.eg/imgres?imgurl=http://jackson.ifas.ufl.edu/mad_cow_cartoon.jpg&imgrefurl=http://www.madcowblog.com/&h=433&w=421&sz=42&hl=en&start=35&tbnid=XPJ_x2704QGtwM:&tbnh=126&tbnw=123&prev=/images%3Fq%3DCow%26start%3D20%26gbv%3D2%26ndsp%3D20%26hl%3Den%26sa%3DN


Â What we mean by Paradigm of science ?

A paradigm shift is a fundamental change in 

the basic concepts and experimental 

practices of a scientific discipline

It is a concept in the philosophy of science that 

was introduced and brought into the 

common by Thomas Kuhn

What is this Lecture 

about?...















Coulombôs Law
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Maxwellôs Equations  

Â In Maxwellôs theory the speed of light, in 

terms of the permeability and permittivity 

of free space, was given by

ÂThus the velocity of light between moving 

systems must be a constant.
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Momentum and Energy
The first term on the right-hand side is just E2, and the second term is 

E0
2. The last equation becomes

We rearrange this last equation to find the result we are seeking, a 
relation between energy and momentum.

or

Equation is a useful result to relate the total energy of a particle with its 
momentum. The quantities (E2ïp2c2) and m are invariant 
quantities. 



Coulombôs Law
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ÅCentral Force (acts along the line connecting the two objects)

Åñone over r squared forceò

ÅIs mathematically identical to gravitational force.

ÅBut they are not the same force.  
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ñChaoticò
sensitivity to initial conditions

time series
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Magnetic Pendulum

Magnet 3

Magnet 2

Pendulum 

bob

Magnet 1



1st Trial: Trajectory of Pendulum
Numerical Solution

-1.5

-1

-0.5

0

0.5

1

1.5

-1.5 -1 -0.5 0 0.5 1 1.5

X Position 

Y
 P

o
s
it
io

n
 



2nd Trial: Trajectory of Pendulum
Numerical Solution
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3rd Trial: Trajectory of Pendulum
Numerical Solution
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1st Trial: Trajectory of Pendulum
Experimental Solution
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2nd Trial: Trajectory of Pendulum
Experimental Solution
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3rd Trial: Trajectory of Pendulum
Experimental Solution
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Basics of Quantum Mechanics

- Photoelectric Effect -

A Photocell is Used to Study the Photoelectric Effect



Basics of Quantum Mechanics

- Photoelectric Effect -

Larger light intensity means larger number of photons at a given frequency (Energy)



Basics of Quantum Mechanics

- Photoelectric Effect -

Larger frequency, means smaller wavelength, and larger Energy=hf.









Basics of Quantum Mechanics

- Photoelectric Effect -

Â The photoelectric effect provides evidence for 
the particle nature of light.

Â It also provides evidence for quantization.

Â If light shines on the surface of a metal, there is 
a point at which electrons are ejected from the 
metal.

Â The electrons will only be ejected once the 
threshold frequency is reached .

Â Below the threshold frequency, no electrons are 
ejected.

Â Above the threshold frequency, the number of 
electrons ejected depend on the intensity of the 
light.

















Rutherford Scattering Griffiths §1.1



άParticlesέ - Nuclear

Å Neutrons óglueô protons together ð> force between nucleons 

Å Must be very short range (~fm) 

Å Must be attractive, but repulsive at very short scales 

ð> Square well? (inýnities ð> binding energies problematic?) 

  

Nuclear force
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Lecture 2

Kernkrachten

ÅEen model voor de potentiaal

ÅôVierkante putõ potentiaal

ÅNucleonen gevangen in put

ÅIn werkelijkheid natuurlijk niet  
zo scherp afgebakend

ÅMaar er is ook de elektromagnetische Coulomb interactie

ÅExtra bijdrage aan de totale potentiaal voor nucleonen (protonen)

ÅHierdoor schematisch potentiaal ôvervormdõ naar:

41

Neutron Proton

1

1

42 1 Historical Introduction to theElementary Particles

Fig. 1.11 (a) In Rutherford scattering, the

number of particles deþected through large

angles indicates that the atom has internal

structure (a nucleus). (b) In deep inelastic

scattering, the number of particles deþected

through large angles indicates that the pro-

ton has internal structure (quarks). The

dashed lines show what you would expect

if the positive charge were uniformly dis-

tributed over the volume of (a) the atom,

(b) the proton. (Source: Halzen, F. and Mar-

tin, A. D. (1984) Quarks and Leptons, John

Wiley & Sons, New York, p. 17. Copyright ã

John Wiley & Sons, Inc. Reprinted by permis-

sion.)

into, since there is no lighter particle with fractional charge?So quarks ought to be

easy toproduce, easy to identify, and easy to store, and yet, noonehasever found one.

The failure of experiments to produce isolated quarks occasioned widespread

skepticism about the quark model in the late 1960s and early 1970s. Those who

clung to the model tried to conceal their disappointment by introducing the notion

of quark conýnement: perhaps, for reasonsnot yet understood, quarks are absolutely

conýnedwithin baryons and mesons, so that no matter how hard you try, you

cannot get them out. Of course, this doesnôtexplain anything, it just gives a

name to our frustration. But it does pose sharply a critical theoretical question

that is still not completely answered: what is the mechanism responsible for quark

conýnement?[27]

Even if all quarks are stuck inside hadrons, this does not mean they are

inaccessible to experimental study. One can explore the interior of a proton in

much the same way as Rutherford probed the inside of an atom ïbyýring things

into it. Such experiments were carried out in the late 1960s using high-energy

electrons at the Stanford Linear Accelerator Center (SLAC). They were repeated in

the early 1970s using neutrino beams at CERN, and later still using protons. The

results of these so-called ódeep inelastic scatteringôexperiments [28] were strikingly

reminiscent of Rutherfordôs(Figure 1.11): most of the incident particles pass right

through, whereas asmall number bounceback sharply. This means that thecharge

of the proton is concentrated in small lumps, just as Rutherfordôs results indicated

that the positive charge in an atom is concentrated at the nucleus [29]. However,

quarks



Deep Inelastic Scattering (άDISέ)

ÅIndeed individual quarks have never been observed. 
ÅDo they actually exist or are they just a mathematical 

bookkeeping tool? 
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Fig. 1.11 (a) In Rutherford scattering, the

number of particles deþected through large

angles indicates that the atom has internal

structure (a nucleus). (b) In deep inelastic

scattering, the number of particles deþected

through large angles indicates that the pro-

ton has internal structure (quarks). The

dashed lines show what you would expect

if the positive charge were uniformly dis-

tributed over the volume of (a) the atom,

(b) the proton. (Source: Halzen, F. and Mar-

tin, A. D. (1984) Quarks and Leptons, John

Wiley & Sons, New York, p. 17. Copyright ã
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sion.)

into, since there is no lighter particle with fractional charge?So quarks ought to be

easy toproduce, easy to identify, and easy to store, and yet, noonehasever found one.

The failure of experiments to produce isolated quarks occasioned widespread

skepticism about the quark model in the late 1960s and early 1970s. Those who

clung to the model tried to conceal their disappointment by introducing the notion

of quark conýnement: perhaps, for reasonsnot yet understood, quarks are absolutely

conýnedwithin baryons and mesons, so that no matter how hard you try, you

cannot get them out. Of course, this doesnôtexplain anything, it just gives a

name to our frustration. But it does pose sharply a critical theoretical question

that is still not completely answered: what is the mechanism responsible for quark

conýnement?[27]

Even if all quarks are stuck inside hadrons, this does not mean they are

inaccessible to experimental study. One can explore the interior of a proton in

much the same way as Rutherford probed the inside of an atom ïbyýring things

into it. Such experiments were carried out in the late 1960s using high-energy

electrons at the Stanford Linear Accelerator Center (SLAC). They were repeated in

the early 1970s using neutrino beams at CERN, and later still using protons. The

results of these so-called ódeep inelastic scatteringôexperiments [28] were strikingly

reminiscent of Rutherfordôs(Figure 1.11): most of the incident particles pass right

through, whereas asmall number bounceback sharply. This means that thecharge

of the proton is concentrated in small lumps, just as Rutherfordôs results indicated

that the positive charge in an atom is concentrated at the nucleus [29]. However,

Å~1970 SLAC: άDISέ
ÅProton substructure is 

seen similar to 
Rutherford scattering

ÅQuarks are real and 
they carry an 
additional quantum 
number which can 
have three values
ÅάColorέ is just a name

One nucleus Three άnucleiέ



Proton Substructure: discovery of άpartonsέ or άquarksέ(1968)

ÅSimilarly to Rutherford scattering (άsubstructure of the 
nucleusέ) deep inelastic scattering of electrons on 
protons show the proton substructure  



Guess the 

Mathemat

ics behind 

thisé..

LIFE is 

Complex 

but é 

Simple

Zahran



Lung      Geographic map mountain 
landscape                   

Vessels



So the retinal blood vessel

structure branching pattern

resemblesfractal



Branching Patterns

nerve cells

Caserta, Stanley, Eldred, Daccord, Hausman, and Nittmann 1990 
Phys. Rev. Lett. 64:95-98
Smith Jr., Marks, Lange, Sheriff Jr., and Neale 1989
J. Neurosci, Meth. 27:173-180

in the retina, and in culture



Branching Patterns

blood vessels

Family, Masters, and Platt 1989 
Physica D38:98-103
Mainster 1990 Eye 4:235-241

in the retina
air ways
in the lungs
West and Goldberger 1987 
Am. Sci. 75:354-365



Brief history 

about

fractal geometry



Benoît Mandelbrot (1924-2010)

ÁA fractal is generally 
"a roughor fragmentedgeometricshapethat canbe

subdivided in parts, each of which is (at least
approximately)a reduced-sizecopyof thewhole"

ÁThisproperty iscalledself-similarity.

(B. Mandelbrot)
ÁñThe Geometryof any real object in natureis not

regular suchas cloudsare not sphere,mountains
arenot cones,andcoastlinesarenot circles.ò



ÁIt is importantto distinguishbetweenthe
termssimilar andself-similar.

ÁA photograph of a face and its
enlargementhavethesameshapeandare
calledsimilar.

ÁHowever, a small portion of the
photograph, e.g., the glasses, when
magnifieddoesnot look like the original
facein thephotograph.



Non-Fractal



Fractal



Non - Fractal

Size of Features

1 cm

1 characteristic 

scale



Fractal

Size of Features

2 cm

1 cm

1/2 cm

1/4 cm

many different scales



Self-Similarity

Water

Land

Water

Land

Water

Land



To identify Fractal Geometry, we must 
know the difference between

Euclidean Geometry

Topological Geometry 

Fractal Geometry



Scaling Self-SimilarSymmetry







ÁSelf-similar objectshave

similar shapes over a

range of scales. As

explainedby Mandelbrot

Áself-similar objects are

formed from subregions

that resembletheshapeof

thewholeobject.

Sierpinski triangle



Mandelbrot set

Julia set

Koch snowflake Julia set

Sierpinski triangle


