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Short Description

Edexcel A2 Physics. Partical Physics...



Description


Fundamental Forces &



Elementary Particles



Forces of Nature Four forces responsible for all phenomena • Gravitational force (10-45) ƒ interaction between masses (all particles) ƒ most familiar to us • Weak force (10-8) ƒ responsible for some nuclear decays and reactions in stellar interiors • Electromagnetic force (10-2) ƒ restricted to electrically charged particles ƒ holds atoms/molecules together • Strong (nuclear) force (1) ƒ holds nuclei together



How does a force “work”? ƒ Issue: How is a force transmitted between particles not in direct physical contact with each other?



ƒ In classical physics use concept of “field” (resulting in action at a distance) : • A particle, by virtue of its presence somewhere, modifies the space around it, i.e. it “creates a field” • A second particle, a distance r away, is embedded in this field • The field “acts” on this second particle • Result: The second particle experiences the force acted on it by the first particle



ƒ In 20th century physics (quantum mechanics) use concept of “exchange force”: • Two particles interact with each other by exchanging a (virtual) particle between them



“Virtual” Exchange Particle ƒ An exchange particle (“field quantum”) is: • created (and emitted) by one of the interacting particles, is absorbed by the other. This process produces the interaction • specific to an interaction (different for different interactions)



ƒ How can energy be conserved during this creation? • QM: Energy measured in ∆t is uncertain by ∆E



• Heisenberg Uncertainty Principle ∆E∆t ≥ h/2π



ƒ No extra energy needed to create it! May exist for short enough ∆t between creation and absorption for its energy ∆E to obey HUP and thus not violate energy conservation • is called a “virtual” particle (we never see it)



ƒ This exchange leads to a change in the momentum and energy of the interacting particles (force)



Example: Yakawa (strong) Force ƒ Prediction of exchange particle for nuclear (strong) force ƒ Use range of nuclear force: 1.5 fm = 1.5 x 10-15 m ƒ The longest time ∆t a particle could exist, if moving with speed of light c, and the corresponding ∆E, using the H.U. P., would be:



∆x 1.5 x10−15 − 24 ∆t = = = 5 x 10 s 8 c 3x10 1 h 1.05 x10−34 J ⋅ s ∆E = = = 131MeV − 24 −13 ∆t 5 x10 s 1.6 x10 J / MeV ƒ Predicted (1935) new particle of 131 MeV rest energy ƒ Discovered pion (1947) and measured rest energy Eo = 140 MeV! (Rest mass mo: 140 MeV/c2)



Exchange Particle Mass vs Range of Interaction ƒ Field quantum may have zero or non zero mass ƒ The greater the mass the more energy needed for its creation ∴ the shorter time it can exist (to not violate E-conservation, and be within HUP limits) ∴ the shorter the range of the corresponding force ƒ For zero mass, the range is infinite CONCLUSION: The range of the force associated with the exchange of an virtual particle is inversely proportional to the mass of this particle e-
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The Field Quanta
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