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(1] We consider central core of evolved star. In massive star case, the star will
generate core-collapse supernova.

(1) We consider the central core that have mass of M =3.0 x 10** kg. This core
will have gravitational contraction, then change the radius from R;=10°m to
R,=10"m. Please estimate the released gravitational energy AU (just equation).
Here, we assume the density of the central core is constant. You can use
gravitational constant as G (6.67x10"" m’ kg s2). L 7psints])

(2) Now, we consider the supernova explosion occurred at the Galactic Center
(the distance from Earth is L =3x10?’m). Please estimate the observed number
of neutrinos per unit area at Earth. Here, we assume all released gravitational
energy (estimate in [1]) changes to neutrinos and neutrinos are released
isotropically. The averaged neutrino energy is E,=10MeV. 3 P oinTs ]

(3) One-sixth of the neutrino is electron antineutrino v.. An instrument will detect
ve with following reaction.

Ve +p —n+e’

Now, we will use the instrument which weight is Mp = 3x10° kg. Please
estimate the number of neutrinos with this instrument (both equation and
actual number). The cross section of the reaction o is 10 m”. The proton
ratio in the instrument is %.
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[IT] We consider the Blackbody radiation from the astronomical object that has
temperature of T. The intensity I(v) is given by the Planck’s law.
2hvd 1
Ir(v) = - ——505—
¢ exp(;{—B—T)—l
Here, v, b, ¢ and kg are frequency of electro-magnetic wave, the Planck constant, light
speed and Boltzmann constant.

(1) At the Av/ksT <<1 limit, I(v) is proportional to v and T. Please estimate the
indexes, respectively. CSpoints]

(2) Ir(v) has the peak at v=vpe.(T). Please prove the vpea(T) is proportional to T.
Please also derive following equation when we assume Vpea(T) = AkzT/A.
Here, A is a constant. R SN 2t
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(3) Please draw the shape of the Ir(v) for T=10*[K] and 10’[K] on the double
logarithmic chart(X axis : v, Y axis : In(v)/10). Here, 10 is the spectral peak at

—1n¢
the T=10*[K]. FCpeihtsT

(4) Please estimate vpeax when A=3, kp/h =2 x 10'° [Hz K']. Please also classify
the electro-magnetic wave around this peak into radio, infrared, optical, ultra-
violet, X-ray or v -ray. .
L&pomia]
(5) Now, we define F(T) as the total energy per unit area per unit time from the
blackbody that temperate is T. Please prove that the F(T) is proportional to the
fourth power of T (F(T) « T%. C-$pounts)
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(1) Please fill up following table. (The Planck constant 7 =4 x 107 eV sec,
the speed of light ¢ = 3 x 10® m/s.)

Wavelength | Frequency Energy Name of light
80 MHz

A
B 500 nm
C 100 keV
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(3) Now, we consider a nuclear that has +Ze charge and an electron has

circular motion around the nuclear. We assume that the atom is stable when

the angular momentum of the electron take whole-number multiple of #/2 7 .
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(2) Please list up light sources around B as much as possible.

Please prove that the acceptable electron energy is E,, =

(4) To ionize Hydrogen what kind of hght do we need to radiate? If needed,
please use m=9.1x10" kg, e = -1.6x10"° C. o ]
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[IV] We consider motion of particle ina limited space.
There is a law as —(k) = — (TN, 2m) = ZN(F 7).

k: Kinematic energy,

<...>: long term time average,
P;: Momentum of particle,

m;: mass of particle,

F; : Force to the particle.

Please prove n<U> =2<K> when the force can be written F; = —V,; U (U /"), xpe mts]
Please also derive the quation for gravit and electromagnetic force cases. 0 31‘““’ s 1
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