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© Mathematical Physics
Examinees are interviewed on the fundamental knowledge about

Functional Analysis and its related topics.

Examples (key words)
* Normed linear space, Banach space, Hilbert space, £F —space, L’ —space, Sobolev-space.
* Functional, the Hahn-Banach theorem, dual space, bi-dual space, weak topology,
weak-star topology, reflexive or uniformly convex Banach space.
+ Linear operator, continuous operator, closed operator, completely continuous operator,
closed graph theorem, uniform boundedness theorem, Fredholm’s alternative theorem.

* Applications of Functional Analysis to Partial Differential Equations ,
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© Theory of Particles and Fields and Foundation of Quantum Mechanics
The following issues will be asked at the oral examination.
1) contents of the written examination

2) fundamentals of elementary physics
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© Particle and Applied Radiation Physics

Select and answer the one theme from the following three.

1. Various kinds of accelerators have been playing very important roles in the research field on

radiation physics and radiation chemistry for a long time. There are mainly two types of



accelerators, such as DC and RF accelerations.

1) Describe the features on RF accelerators. Then, describe the outline of hard wares for selected
one of the typical machines including the application field of the machine.
2) Describe the roles of the accelerator, in the view points of advantages for the selected

application.

2. In modern high energy particle physics, (accelerator-based) experimental approach can be
classified into two types of collider experiments. One is a hadron-collider (such as

proton-antiproton collision), the other is a lepton collider (e.g. e-e+ collider).

1) Describe merits/demerits and also what kind of physics is suitable for each type of collider
experiments. At the collision point, a combined detector is generally located to detect

particles produced by the collisions.

2) Describe a typical structure of such detectors and describe how particle identifications (for

electron, muon, photon, hadron and neutrino) are experimentally performed.

3. Precise measurements of radiation, including X-ray and gamma-ray, is a key technology in
various fields of human life, such as in the agriculture, industry, medicine, and even in the space

science.

1) Describe the interaction of photons (in our case, X-ray and gamma-rays) in matter.
2) Describe merits and demerits of various radiation detectors in the physics experiments.
3) Also discuss possible difficulties/problems of detectors supposed to be used in the space

expetiments (e.g., satellites, balloon-borne experiments, and space station) and your remedy.
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© Astrophysics and Cosmology
Examinees are required to solve problems concerning the subjects given below and answer
associated questions in the interview. Shown in the brackets [ ] at each item are the laboratories

that it is meant for.

[Maeda, Yamada]
Fundamentals of physics (classical mechanics, electromagnetism, quantum mechanics,

thermodynamics/statistical mechanics, relativity and continuum mechanics).

[Torii, Hasebe]

As a usual method to find an energy deposition in scintillators, the photo-multiplier tube (PMT) is



used to detect the lights emitted from the scintillators. The principal component of emitted light
form most scintillators can be adequately represented as a simple exponential decay. If the spread
in transit time of the PMT is small compared with this decay time, then the realistic model of the

electron current arriving at the PMT anode is simply

i(t)=ije™

where A is the scintillator decay constant.

(1) Find the current at t = 0, i,, when the total charge collected in the PMT by emitted light is
0.
(2) A PMT anode circuit is simply represented by parallel RC circuit, where R is the resistance,

and C is the capacitance. Derive the differential equation describing the relation between the

voltage pulse, V(t), and i(t) at the anode.

(3) Obtain the solution, V(t), by solving the above differential equation with initial condition
V(0)=0.

(4) Find the peak value of the voltage when the decay constant, A , is significantly larger than
1/RC.

(5) Find the peak value of the voltage when the decay constant, A , is significantly smaller than

1/RC.
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© Theory of Condensed Matter Physics
Each candidate is asked to solve one problem chosen by the interviewers from the following

fields.

Mathematical physics (differential equations, probability, stochastic process)

Mechanics and analytical mechanics



Mechanics of continuum media
Thermodynamics and statistical mechanics (including kinetic theory)
Electromagnetism

Quantum mechanics
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© Condensed-Matter Physics
As the oral exam, you are asked questions about the following issues:
1. The problems and answers in the written exams that you chose.
2. The whole contents in Chapters 1 and 2 in “Introduction to Solid State Physics” by Charles
Kittel (Wiley & Sons Inc.).
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© Biophysics
At the interview, several fundamental items concerning Biophysics, which are not announced in

advance, will be asked.

© fEH - WEITFHM
BIF O 1~4 O bEDHIERICHEYS T 5 | EEBR L TEL L, BB Hico T
Bz 8 —%MATE S5 PC BT L AN EMET 55613 B LB
L35, TVEBEVTI0BRERARE L, TOBRERSEEITY,



1. [ZA]

ROEEFEND 1 DHBRL, ZORE - /FE - ISHE 2T EEB)zo>NT, FHEB LR
SV, @L—F— OEBITT (— ONERE OFEEE @Koy a—
YT DT TANT T IKTE (@7 TA R Fa v a—var (W)iBfEg

2. [FiN]
nFHEEERDF ¥ VT OZRAX—5HICONT, REBEEL 703 T 4T v 7 5
ZRWTHBAY X, 72, pn#EAOERFELZHEAICHAR X,

3. [%B)
77—V k¥, 7—U W, BT — ) B, FFT, ZZ2HBONFICE L CTHEELE
PEEICHAE K, FFIZ, TREROMERR, EWVICHOWTERICE LD L,

4. [FA]
KOEEMNS 1 2Z2 R, WAL,
(@) XOETMHE

(b) MU FEIIRER

() FTIRT 7 A —

d) BEFoLr—F—EmH

5.[1 % H]
(@ 7FHr 7RES, BAUERS, BTEESDARY M OFIERL, EBALERLEEDE
FALIZ DWW TR L,

(b) EHZEBIZOWT, 7T Y XLO—FlRZETTHA L, 20EHMEL ISR ICOVTHRAR
J:o

© Physics-Based Engineering: Informatics, Photonics and Image Science
Answer a question corresponding to the laboratory of your choice in the following list. The
presentation time is about 15 minutes, including discussion. Projector is available. Please bring

your presentation on your own laptop computer. You may bring 3 copies of your presentation




material.

1. [Komatsu]
Select one of the following items and explain its principle, advantage and applications (or specific
examples).
(a) Laser (b) Holography (c) Light Modulator (d) Adaptive Optics (e) Optical Computing
(f) Fiber Bragg Grating (g) Blind Deconvolution (h) Super Resolution

2. [Takeuchi]
Show the energy and carrier distributions in n-type semiconductor using Fermi-Dirac distribution

and the density of states. Show the physics of current rectification of a pn-junction.

3. [Morishima]
Explain the brief summary about Fourier series, Fourier transform, discrete Fourier transform
(DFT), fast Fourier transform (FFT) and z transformation qualitatively including the relation and

difference between each other.

4. [Aoki]

Explain one of the following terms.
(a) quantumness of light

(b) optical microresonators

(c) optical nanofibers

(d) laser cooling of atoms

5. [Sawadal

(a) Explain the sampling theorem and the quantization by showing the examples of an
original analog signal, sampled signal and the spectrum of restored signal.

(b) Explain the machine learning by showing an example of its algorithm, and give the

prospects for effectiveness and applications.





