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Quiz 4
ZCT 104 Modern Physics

ZCT 104 (group A)

Date: 13 Mac 2009

Name: ________________________________________________

Matrix number:_________________________________________

Answer the following question in 20 minutes. 10 maks maximum if answer all correctly.
(a) A proton or a neutron can sometimes “violate” conservation of energy emitting and then reabsorbing a pi meson, which has a mass of 135 MeV/c2. This is possible as long as the pi meson is reabsorbed within a short enough time t consistent with the uncertainty principle. Consider p( p + . 
[Suatu proton atau neutron kadang-kala akan ‘mencanggah’ keabadian tenaga dengan memancar dan kemudiannya menyerap balik suatu meson pi yang berjisim 135 MeV/c2. Ini adalah mungkin selagi meson pi tersebut diserap balik dalam suatu selang masa singkat t yang konsisten dengan prinsip ketidakpastian. Pertimbangkan p(p +  ]
(i) 
By what amount E is energy conservation violated? (Ignore any kinetic energies.)
[Seberapa bankyakah ketidakpastian tenaga E yang telah mencanggahi keabadian tenaga? (Abaikan tenaga kinetik.)]
(ii)
For how long a time t can the pi meson exist? [Untuk berapa lamakah t yang boleh meson pi wujud?]
(b)
By treating it non-relativistically, find the de Broglie wavelength of a proton with kinetic energy 1.00-MeV. 
[Dengan pertimbangan secara tak-relativistik, hitungkan jarak de Broglie suatu proton yang tenaga kinetiknya 1.00-MeV. ]
Solution

(a) (Krane, P22, pg. 133)


(i)
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(ii)
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(b)
(Beiser, Ex. 6, pg. 117)
[image: image5.png]3-6: The proton’s kinetic energy is only about 0.1% of its rest energy, so a

nonrelativistic calculation will suffice. The wavelength is

\ = h _ h _ hc
P VZmKE /2 (mc?) KE

1.240 x 1012 .
- 240 X107 " MeV-m 506510~ m.

V/2(939.3 MeV) (1.00 MeV)

Note the conversion of units in the product hc in the above calculation.
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