Lesson 1 and 2 (2021-04-06 and 13): Review of fundamental
physics

Very fundamental physics:
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2. Indicate that the dimension of @,@@' can be reproduced from these three parameters. What are the meaning of these values?
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3. Obtain the relationship between the Planck length and the Planck mass. Compare the Planck length with the Schwarzschild radiu s of a particle having the Planck mass.
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4. In which physical theories, which of the three parameters appear? Are there physical theories in which all the three parameter s appear? What is the implication of this fact?
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Electromagnetism:



2. What is the dimension of the electric/magnetic charge in the Gau
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3. Express the light-velocity ¢ u(;ing the vacuum permittivity & and the vacuum permeability o in MKSA———
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4. Express Maxwell equations in the MKSA unit and the Gauss unit.
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5. Indicate the relation between the magnetic energy density € and the magnetic flux density B. Use both the Gauss unit, where € is in [erg/cm®] and B is in

[gauss], and the MKSA unit, where € is in [J/m?] and B is in [T]. Examine that both agree.

o A memo on the magnetic field density expressed in differnt units (pdf)
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Remember the following numbers/formula which often appear in physics. For numbers, a few significant digits are sufficient:

1. Light velocity C A ,} )( lolp ("m/}

2. Consider X-rays with the energy E [keV] and the wavelength A [A]. Obtain the relationship between A and E.
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3. Boltzmann constant k.

4. 1 eV corresponds to approximately ** [K] or ** [ert
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https://www.isas.jaxa.jp/home/ebisawalab/ebisawa/TEACHING/XAE/gauss_tesla.pdf

9 /zw,-“’u; Je!
4 l{)l/ = H ()OLf (\() -~ IOLH<} ::(: —Toul
‘ { \/ = l'l) (‘(C—) 0 lﬂ SFVV&‘}K}" _—— TE—— o Nmnlvzwl:‘m f{\l.
" st |
| (‘0\/’) ~ D (\(j (ﬁlt‘)[‘{(ﬂ/j ) 0\7 (\(j ::’ . :‘H’Jll)dwhlicthh [ *I
- —_— = |
5. Electron rest mass (in keV). 15 |\
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6. Approximate nucleon (=proton or neutron) mass (in MeV or GeV). Which is heavier, proton or neutron? 40 40 200 E(k:\',? 2 0
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7. Stephan-Boltzmann constant o in [erg/s/cm?/keV?] _?_, (
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1. Using above, what is the luminosity of the blackbody emitting neutron star LW o
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11. Express the Thomson scattering cross-section with rp, and remember the value. T
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12. Bohr radius (both formula and number)
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14. Lyman edge energy (in keV) of heavy atoms with the atomic number Z.
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X-ray absorption in the atmosphere?
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https://ui.adsabs.harvard.edu/abs/2006A%26A...445..579J/abstract
https://ui.adsabs.harvard.edu/abs/2006A%26A...445..579J/abstract
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16. Using the value of Bohr magneton # e/(2mec) = 9.3e-21 [erg/gauss], derive the relation between the energy of cyclotron

absorption line [keV] and B [gauss].
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https://ui.adsabs.harvard.edu/abs/1990ApJ...365L..59M/abstract
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