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Universe 4 Fundamental Fields

Strong

Fundamental Forces

R
Strength
@ @ Force which

X holds nucleus 1

®®

Strength

Electro- <® ®» 1
. 37
magnetic <@ !

trength

Weak “w'f@ = @y 107°

neutring mteraction
Induces beta decay

Strength
Gravity @.».@ 6 x 102

Range (m)

15
10
(Glameter ol &
meduim SIZed nucieus)

Range (m)

Infinite

Range (m)

-18
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(0. 1% of the dlameter
ol a profon)

Range (m|]

Infinite

Particle

gluons
ninucleons)

Particle
pholon
mass = )
Sun = 1

Particle

Intermediate
vector bosons
Wt w-. Za.
mass > 80 GeaV
Spln =1
Particle
gravion 7
mass <= 0
Smn =2

i
AX7F GiCt B A7|2
10| o3 20| oLt

AN .
(22]'H2]) Each energy field
is invisible by itself and
needs interaction between
two particles.
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Duality : Particle vs. Wave

Photon Energy

o The energy of a photon is given by
this equation:

E=hyv =wec

where h=6.6262 x 1034 Jes
v = frequency (Hz)

(2219%) 0|54,
Qe THEO)
24901 of5 e
X7} =4 QUc,




Uncertainty Principle

Precisely determined momentum A sine wave of wavelength & implies that the

momentum is precisely known, i

But the wavefunction andthe ' p = —

/\/\/\N\/VW\/\ probability of inding the particle | .il ;
W s spread over all of space!  p precise

% unknown

_ Adding several waves of different wavelength
together will produce an interference
\ pattern which begins to localize the wave,
__ B
{\/\/W\/W\/\/\ LY ' | 'H'm'.‘-.'

L
ANANNNNT s -
J But that process spreads the momentum
f values and makes it more uncertain, This
is an inherent and inescapable increase

in the uncertainty Ay when Ay is

decreased. : .
e AvAp it

= ALK =

g e 2

)
o 2 f{X|7}
SelA|H 2SO
XK = ©A

11

(FE)2=E2

o SOFA| QE BSHCE
(SCBA) 2=
of|H%[et 22
AX[2E A ZHO]| foh2t
BSHCL,




Energy Conservation Law

Law of Conservation of Energy
The law of conservation of energy states that energy can

change forms, but is neither created nor destroyed.
K+ U.=K;+ U,

In classical mechanics, the sum of the kinetic and potential

energy of a closed system remains constant.
potential + L o all potential
kinetic energy 3 energy
all kinetic .
energy

sciencenotes.o rg

12 Sk
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