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Table 24.2. The four fundamental interactions

Interaction Particles Range Relative ,{;m ~—

Affected Strength Exchangeq

Strong Hadrons ~ 10 m 1 | Mesons ;

Electro-magnetic Charged o0 - ~107% Photons 1
Particles

Weak Hadrons and ~10" m ~107" Intermediate |

leptons ligiers i

Gravitational All ® soligit? Gravitons

(1) Strong interaction. A familiar example of strong interaction is the forces Wh‘"
hold nucleons together (nuclear forces) in the atomic nucleus. The strong nu&lear interaction jg
independent of the electric charge. The range of these interactions is about 10" ™ m. Time intepyy

of such an interaction is roughly 10~ Ceess i.
(2) Electromagnetic interaction. It operates on all charged particles. Thus electromagn-v
interactions are charge dependent (attractive as well as repulsive). The range is infinite and fhe

interaction works through the photon. The formation of electron-positron pair from y-ray i ag
example of electromagnetic interaction. ';
(3) Weakinteraction. Allstronginteractions take place intimesofabout 1 02 s(characteris A
fime). Yet is has been observed that some of the resulting particles, although energetically unstable
suffer no decay until a time 10" times greater than 10~ 2 is reached. That is, their decay takes placg
in time of about 10~ '* s. For example, B-decay of radioactive nuclei does not take place until a img
10" times greater than that involved in strong interactions has approached. Had there been str'i
nuclear or electromagnetic interactions, there would have been no such delay in the decay process
Therefore, this delay in the decay process suggests that either these particles are not subjected {6
strong interacting forces or there is some new conservation law or prohibition which forbids the
decay. But since most of the particles involved are subjected to either nuclear force or have electrie
charge or both, there must be some rule which stops the process. But eventually the decays de
happen, there must be some other type of interaction as predicted by Fermi to explain B-decay
Since particles take long time to respond to such an interaction, force involved must be very wea
compared' W_ith _SUOHS nuclear forces. The range of such an interaction is less than 10 ' m. Th
characteristic time of this interaction is ~ 10! s, Yukawa, in 1938, suggested that there should
t.)c 3 ﬁeld, quantum for tlie weak interaction, corresponding to the photon and pion. This so callé
intermediate vector boson has not been experimentally detected as a free particle. The wed

interaction is r-esponsi‘ble for the decay of strange and non-strange particles and for non-leptoni
decays of strange particles. 1 :

(4) Gravl.tatiom.ll interaction. It is the weakest of the four types of interactions. It has i sl
’“"‘g"' Al,thougl? gra\{lty has g “,‘eas“mb!e influence on macroscopic bodies, its interaction ¥V
fubm{cleal: portiti is very small. Gravitation can be explained in terms of the interactions &
g, Their mass must be zero, and therefore, their velocity must be that of light. As the
gravitational field is extremely weak, the gravitons can not be detected in the laboratory o

1e four basic forces, onl ' ‘

S

R e of WP a4 W%ﬂ:.;lfhus the proton is a strongly interacting nucled
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