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The Four Fundamental Forces

1. Gravity

2. Weak Force

3. Electromagnetic force

4. Strong Force
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All other forces you know about can be attributed to one of these!

Doesn’t that look
like George W. ?



Gravity
Gravity is the weakest of the 4 forces. The gravitational force 
between two objects of masses m1 and m2, separated by a distance
d is:

F = Gm1m2/d2

G  = gravitational constant = 6.7x10-11[N*m2/kg2]
d = distance from center-to-center

The units of each are:
[Force] = [Newton] = [N] 
[mass] = [kg]
[distance] = [meters]

Gravity is only an attractive force



The Electric Force
In the old days, we believed that “force” was transmitted more or
less instantaneously by a “field of force”. 

p

Lines of force
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The proton to the right is repelled by the “electric field” created by
the one on the left (electrical repulsion). 



The New Concept of 
Force

In the 1950’s, a new theory of interactions 
was developed.

At the heart of it is the concept that:

Forces are the result of the exchange of 
“force carriers” between the two particles 

involved in the interaction.

The force carrier of the electromagnetic force is the 
photon (g)

Richard Feynman, 1918-1988
1965 Nobel Prize in Physics



The Photon (g)

Property Value

Mass 0

Charge 0

 The photon is the “mediator” of the 
electromagnetic interaction

 The photon can only interact with objects which 
have electric charge !!!!!



Electron-Positron Scattering
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Feynman Diagrams

 A great simplification which allows us to 
represent these physical processes are facilitated 
by Feynman Diagrams.

It turns out, they can also be used to calculate 
the probability for the process to occur 
(Beyond the scope of this module though).

We will use them more in a qualitative sense 
to visualize various processes.



Feynman Diagrams
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MULTIVERSE vs MUNIVERSE





“Towards Realistic SUSY Spectra and Yukawa Textures from Intersecting Branes”,
Phys.Rev.D77:125023,2008, C-M Chen, T Li, V.E.Mayers,D.V.Nanopoulos

















κόσμον τόνδε, τὸν αὐτὸν ἁπάντων, οὔτε τις θεῶν οὔτε ἀνθρώπων ἐποίησεν, 
ἀλλ’ ἦν ἀεὶ καὶ ἔστιν καὶ ἔσται πῦρ ἀείζωον, ἁπτόμενον μέτρα καὶ 
ἀποσβεννύμενον μέτρα. 

Heraclitus Fragments 30

This world, the same for all, neither any of the gods nor any man has made, 
but it always was, and is, and shall be, an ever living fire, kindled in due 
measure, and in due measure extinguished1.

1 παραδίδεται από τον Πλούταρχο, Περὶ τῆς ἐν Τιμαίῳ ψυχογονίας, 5 p. 1014 A. Trans. G. W. T. 
Patrick, see 
http://fxylib.znufe.edu.cn/wgfljd/%B9%C5%B5%E4%D0%DE%B4%C7%D1%A7/pw/heraclitus/her
patu.htm, 20.
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THANK YOU 
VERY MUCH


