




























令和 8 年度 8月実施（令和 7 年度実施） 
 
 
出題意図 
 
問題１(1) 変数変換、連立方程式、複素積分等の基本事項が理解できるかを問う。 
 
問題 1(2) 2 次正方行列の対角化と固有値問題に関する基本的な理解を問う。 
 
問題 2 慣性モーメントについての基本事項が理解できるかを問う。 
 
問題 3 静電場についての基本事項が理解できるかを問う。 
 
問題４シュレディンガー方程式の変数変換が理解でき、第一励起状態への応用ができるかを
問う。 
 
問題５ 光学にかかわる基本事項が理解できるかを問う。 
 
問題６ MOS ダイオードにかかわる基本事項が理解できるかを問う。 



令和８年度入学 

筑波大学大学院入学試験 

1月実施 

理工情報生命学術院 数理物質科学研究群 

応用理工学学位プログラム 

電子・物理工学サブプログラム 試験問題 

 

専門科目 
 

注意事項/Notes（選択、解答についての必要な指示） 

1. 問題は 6 題（Problems 1−6)あり、このうち Problem 1 は必ず解答しなさい。また Problem 2 か

ら Problem 6 までの中から 3 題を選び解答しなさい。ただし、Problem 2 または Problem 3 のど

ちらかは必ず解答すること。 

There are six problems given. Problem 1 is COMPULSORY. From Problems 2 to 6, select THREE 

problems and solve them. Either or both Problems 2 and 3 have to be selected. 

 

2. 日本語または英語で解答すること。Answers must be in Japanese or English. 

 

3. Problem 1 は Part(1)と Part(2)から成り、それぞれ別の問題用紙に記載されています。 

Problem 1 consists of two parts, (1) and (2), each given on a separate sheet. 

 

4. 4 題超えて解答したときは、すべての答案を無効とします。 

If you give answers to more than four problems, the exam will be invalid. 

 

5. 答案用紙全てに受験番号を記入すること。 

Write the examinee’s number on every answer sheet. 

 

6. 答案用紙は全部で 5 枚あります。 

Problem 1 の Part (1)および Part (2)は、答案用紙の最初の 2 枚に問題番号が指定されているの

で、それぞれ該当する用紙に解答しなさい。Problem 2 から Problem 6 の選択問題は、残り 3 枚

の答案用紙を使って 1 題を 1 枚の答案用紙に解答しなさい。この場合、各答案用紙の左上に必

ず問題番号を記入しなさい。紙面が足りないときは裏面を使うこと。 

You have FIVE answer sheets. For Problem 1, use the first two sheets on which the respective question 

number have been given. The other three sheets are for the three problems you select among Problems 2 

to 6. You must use a single sheet for each of the problems and indicate the problem number at the top left 

corner of the sheet. If space on the answer sheet is not enough, use the back of the sheet. 

 

7. 答案用紙のホチキス針は取り外さないこと。 
Do not remove the staples of the answer sheets. 



 Applied Physics  

 

Problem 1 (140 points) Mathematics Part (1) 

Note: Problem 1 has two parts, (1) and (2). Answer all of them. 

 

(1) Answer the following questions (a) and (b). Let 𝑥, 𝑦, 𝑎 be real numbers [実数], 𝑛 be a 

natural number [自然数], 𝜋 be the circular constant [円周率], 𝑖 be the imaginary unit, and e 

be the base of the natural logarithm. 

 

(a) Answer the following questions. 

(i) Solve the following equation. 

sin−1 𝑥 = tan−1 √8 

 

(ii) Find the value of 𝐴 in the following equation, where 𝐴 ̅ is the complex 

 conjugate of A.  

sin (
𝜋

3
− 𝑖) = 𝐴𝑒 + 𝐴 ̅𝑒−1 

 

(iii) Find the area of following region of 𝐷. 

𝐷 = {(𝑥, 𝑦)|𝑥2 − 2𝑥𝑦 + 5𝑦2 ≤ 𝑎2}    (𝑎 > 0) 

 

(b) Evaluate the following integrals. 

 

(i)  

 

 

(ii)  

 

 

 

 

 

 

 

(continued to part (2) on the next page) 

∫ 𝑥𝑛𝑒−𝑥𝑑𝑥
∞

0

 

∬
𝑑𝑥𝑑𝑦

√1 − 𝑥2 − 𝑦2
,

𝐷

 𝐷 = {(𝑥, 𝑦)|𝑥2 + 𝑦2 < 1} 



Applied Physics 

 

Problem 1 (140 points) Mathematics Part (2) 

Note: Problem 1 has two parts, (1) and (2). Answer all of them. 

 

(2) Consider the differential equation   

𝑑2

𝑑𝑡2
𝒓(𝑡) = 𝐴𝒓(𝑡), 

where 𝐴 = (
𝑎 𝑐 0
𝑐 𝑏 𝑐
0 𝑐 𝑎

) , 𝒓(𝑡) = (
𝑥(𝑡)

𝑦(𝑡)

𝑧(𝑡)
). Here 𝑎, 𝑏, and 𝑐 are real number constants, 𝑡 is a 

real number variable, and 𝑥(𝑡), 𝑦(𝑡), and 𝑧(𝑡)  are real functions. Answer the following 

questions. 

 

 Given that 𝑎 = −1, 𝑏 = −2, and 𝑐 = 1, answer the following questions (a) - (d).  

(a) Find eigenvalues, 𝜆1, 𝜆2, and 𝜆3 of 𝐴, where 𝜆1 ≤ 𝜆2 ≤ 𝜆3. 

(b) Find the normalized eigenvectors, 𝒖1, 𝒖2, and 𝒖3 of 𝐴,  

where 𝐴𝒖𝑗 = 𝜆𝑗𝒖𝑗  (𝑗 = 1, 2, 3). 

(c) Find a diagonal matrix D  , an orthogonal matrix P  , and 1−P , where A   is 

diagonalized as 
1P AP D− = . 

(d) Given that 𝑹(𝑡) = 𝑃−1𝒓(𝑡). Prove 
𝑑2

𝑑𝑡2 𝑹(𝑡) = 𝐷𝑹(𝑡). 

 



Applied Physics 

 

Problem 2 (120 points) Mechanics  

  

Consider the moment of inertia (慣性モーメント) around the central axis of solid cylinder A and hollow 

(中空の) cylinder B shown in Fig. 2-1. The radius of solid cylinder A is 𝑅 and its length is 𝐿. The 

density of solid cylinder A is uniform, 𝜌𝐴. The outer and inner radii of hollow cylinder B are 𝑅 and 𝑟, 

respectively, and its length is 𝐿. The masses of solid cylinder A and hollow cylinder B are both 𝑀. 

Answer the following questions, assuming that air resistance can be neglected.  

 

(1) As preparation for calculating the moment of inertia of solid cylinder A, consider a cylindrical shell 

(殻) of density 𝜌𝐴, radius 𝑥, length 𝐿 and thickness 𝛿𝑥 as shown in Fig. 2-2, where 𝛿𝑥 is infinitely 

small (無限小). Express the mass of this cylindrical shell 𝛿𝑚 using 𝐿, 𝜌𝐴, 𝑥, and 𝛿𝑥. 

 

(2) Express the moment of inertia around the central axis of solid cylinder A, 𝐼𝐴, using 𝑀 and 𝑅. Show 

the process of calculation. 

 

(3) Express the moment of inertia of hollow cylinder B around the central axis, 𝐼𝐵, using 𝑀, 𝑅 and 𝑟. 

The density of hollow cylinder B is uniform. 

 

 

 

 

 

 

 

 

               Fig. 2-1                                 Fig. 2-2        

 

 

As shown in Fig. 2-3, solid cylinder A and hollow cylinder B are at the same height from the floor, and 

are stationary on a slope with an angle θ from the horizontal floor. The central axes of solid cylinder A 

and hollow cylinder B are set to be perpendicular to the direction parallel to the slope. Suppose that at 

time t = 0, solid cylinder A and hollow cylinder B start to move in the direction parallel to the slope with 

an initial velocity of zero. Answer the following questions. 

 

 

 

(continued to the next page) 

Solid cylinder A                         Hollow cylinder B



(4) Consider the case that there is no friction on the slope, and solid cylinder A and hollow cylinder B 

slide without rolling. The time when they reach the floor is 𝑡A and 𝑡B, respectively. Show the relation 

between 𝑡A and 𝑡B, by using the equal sign (=) or inequality sign (<, >). 

 

(5) Consider the case that there is friction on the slope, and solid cylinder A and hollow cylinder B roll 

down the slope without sliding. Show the equation of motion for solid cylinder A, and express the 

magnitude of the acceleration 𝑎 (加速度) of the center of gravity (重心) of cylinder A, using 𝑔，𝜃，

𝐼A，𝑀，and 𝑅.  𝑔 is the acceleration of gravity. 

 

Next, as shown in Fig. 2-4, consider solid sphere C (with radias 𝑅 and mass 𝑀), composed of uniform 

density, in addition to solid cylinder A and hollow cylinder B on the slope with friction. All other 

conditions are the same as in (5). 

  

(6) The time when solid cylinder A, hollow cylinder B, and solid sphere C reach the floor is 𝑡′A, 𝑡′B, 

and 𝑡′C, respectively. Show the relationship between 𝑡′A, 𝑡′B, and 𝑡′C by using the equal sign (=) or 

inequality sign (<, >). Here the the moment of inertia of solid sphere C is give by 𝐼C =
2

5
𝑀𝑅2. 

 

 

                 Fig. 2-3                                     Fig. 2-4 

 

 

 

                    

 

 

 



Applied Physics  

 

Problem 3 (120 points) Electromagnetism  

 

Answer the following questions.  

(1) Consider a capacitor made of two coaxial cylindrical electrodes of radii 𝑎 and 𝑏 (𝑎 < 𝑏), 

as shown in Fig. 3-1. Both cylindrical electrodes have the same length 𝐿, and 𝐿 is assumed to 

be sufficiently larger than 𝑎 and 𝑏. Therefore, edge effects can be neglected. In addition, each 

electrode is assumed to be sufficiently thin. Assume that the region between the two cylindrical 

electrodes is filled with a dielectric material with permittivity 𝜀 (誘電率) . Then the inner 

electrode is given a charge of 𝜆 (> 0) per unit length, and the outer electrode is given a charge 

of −𝜆 per unit length. Let the magnitude of the electric flux density, that of the electric field, 

and the electrostatic potential at a point located at a distance 𝑟 (𝑎 < 𝑟 < 𝑏) from the central 

axis be denoted by 𝐷(𝑟), 𝐸(𝑟), and 𝑉(𝑟), respectively. In the dielectric material, the relation 

𝐷(𝑟) = 𝜀𝐸(𝑟) holds. 

(a) Consider a coaxial cylindrical surface that passes through a point at a distance 𝑟 from the 

central axis of the capacitor. Gauss’s law for the cylindrical surface is given by 𝐷(𝑟)𝑆 =

𝐿𝜆. Express 𝑆 in terms of 𝐿 and 𝑟.  

(b) Express 𝐷(𝑟) and 𝐸(𝑟) in terms of necessary ones among 𝜆, 𝑟, and 𝜀. 

(c) Express 𝑉(𝑟) in terms of 𝜆, 𝑏, 𝑟, and 𝜀. Assume that 𝑉(𝑏) = 0. 

(d) Express the capacitance of this capacitor in terms of 𝐿, 𝑎, 𝑏, and 𝜀. 

 

(2) Suppose that a steady current of magnitude 𝐼 is flowing in a circular loop of radius 𝑎 with 

its center at the origin O in vacuum, as shown in Fig. 3-2. Consider the magnetic flux density at 

position 𝒓 on the line 𝑙 passing through the center O and perpendicular to the plane of the 

circular loop. Denote the distance between the position 𝒓 and O by 𝑟 = |𝒓|. Let 𝜇0 be the 

magnetic permeability in vacuum. 

(a) According to the Biot-Savart law, the magnetic flux density at position 𝒓 produced by a 

current element 𝐼𝒕(𝒓′)𝛥𝑠  flowing on the small segment of length 𝛥𝑠  at position 𝒓′ , 

shown in Fig. 3-2, is given by 𝛥𝑩(𝒓) =
𝜇0

4𝜋

𝐼𝒕(𝒓′)×(𝒓−𝒓′)

|𝒓−𝒓′|3 𝛥𝑠.  Here 𝒕(𝒓′) is the unit vector 

pointing in the direction of the current in the current element. Express the magnitude 

𝛥𝐵(𝒓) = |𝛥𝑩(𝒓)| in terms of 𝜇0, 𝐼, 𝑎, 𝑟，and 𝛥𝑠. 

 

 

(continued to the next page) 



(b) Express the component of 𝛥𝑩(𝒓)  in (a) that is parallel to the line 𝑙  in terms of 

𝜇0, 𝐼, 𝑎, 𝑟, and 𝛥𝑠. 

 

(c) Express the magnitude of the magnetic flux density at position 𝒓 produced by the entire 

current flowing in the circular loop in terms of 𝜇0, 𝐼, 𝑎 , and 𝑟. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3-1 

 

Fig. 3-2 

I

l
s

a



Applied Physics  

 

Problem 4 (120 points) Quantum Mechanics 

Consider a particle of mass 𝑚 confined in a one-dimensional quantum well with infinite barrier 

height. The potential 𝑉(𝑥) is given as follows. 

𝑉(𝑥) = {
0  (0 < 𝑥 < 𝑎)

∞ (𝑥 ≤ 0, 𝑎 ≤ 𝑥)
 

When the time-independent Schrödinger equation is solved under this condition, the normalized 

eigenfunctions [正規化された固有関数] 𝜑𝑛(𝑥) can be expressed as follows with the quantum 

number 𝑛. 

𝜑𝑛(𝑥) = {
√

2

𝑎
 sin (

𝑛π

𝑎
𝑥) (0 < 𝑥 < 𝑎)

0 (𝑥 ≤ 0, 𝑎 ≤ 𝑥)

  
  

Let ℏ denote the reduced Planck constant (Dirac constant). Answer the following questions. 

 

(1) Find the energy eigenvalue 𝜀𝑛 of 𝜑𝑛(𝑥). 

(2) The momentum operator [運動量演算子] is given by  𝑝̂ = −𝑖ℏ
𝜕

𝜕𝑥
 . For 𝜑𝑛(𝑥) , calculate the 

expectation values [期待値] 𝑝̅  and 𝑝2̅̅ ̅. 

 

Next, consider a time-dependent wave function 𝜓(𝑥, 𝑡). Here, the initial state (𝑡 = 0) of 𝜓(𝑥, 𝑡) 

is defined by a linear combination of 𝜑1(𝑥) and 𝜑2(𝑥) as shown below, where 𝐴 is a constant. 

𝜓(𝑥, 0) = 𝐴{𝜑1(𝑥) + 𝜑2(𝑥)} 

 

(3) Determine the constant 𝐴 by normalizing the wave function 𝜓(𝑥, 0), where 𝐴 > 0. 

(4) Express the wave function 𝜓(𝑥, 𝑡) in terms of 𝑎, 𝜀1, and 𝜀2. 

(5) Let 𝑆(𝑥, 𝑡) denote the probability current [確率の流れ]. Calculate 𝑆 (
𝑎

2
, 𝑡), using the fact that 

𝑆(𝑥, 𝑡) =
1

𝑚
Re [ 𝜓∗(𝑥, 𝑡) (−𝑖ℏ

𝜕𝜓(𝑥,𝑡)

𝜕𝑥
 )] . 

 

(Continued to the next page) 



 (6) Find the probability that the particle with the wave function 𝜓(𝑥, 𝑡) exists in the range of 

−∞ ≤ 𝑥 ≤
𝑎

2
 . Then find its time derivative [時間微分]. Compare the calculated time 

derivative with the 𝑆 (
𝑎

2
, 𝑡) obtained in (5), and explain their relationship physically.  

   

 

 



Applied Physics  

 

Problem 5 (120 points) Optics  

 

Answer the question about geometrical optics [幾何光学] and wave optics [波動光学]. 

 

(1) Answer whether each of the following terms belongs to geometrical or wave optics. List all terms on the 

answer sheet, and select (write) “geometrical optics (or GO)” or “wave optics (or WO)” for each term. For 

terms relates to both geometrical and wave optics, answer “BOTH.”  

Terms: “ray [光線],” “diffraction [回折],” “interference [干渉],” “image formation [結像]”, “polarization [偏

光],” “wavefront [波面],” “equi-phase plane [等位相面],” “Seidel’s five types of aberration [ザイデルの５収

差],” “aberration represented by Zernike polynomial [Zernike 多項式による収差の表現],” “Fermat’s 

principle [フェルマーの原理].” 

(2) Explain what refractive index is using some or all of the following terms; wavelength, speed of light, and 

vacuum. You may use equation(s) if necessary. 

(3) We consider light incident from a material with refractive index n1 to a material with refractive index of n2 as 

shown in Figs. 5-1 and 5-2. Here the interface between the two materials is flat. Both Figs. 5-1 and 5-2 

illustrate the concept of “refraction,” one based on geometrical optics and the other based on wave optics. (i) 

Answer whether each illustration is based on geometrical or wave optics. (ii) State what A in Fig. 5-1 and B in 

Fig. 5-2 represent. 

(4) Using the term “refractive index,” explain what “optical path length” is. 

(5) Refer to Fig. 5-2 and express the relationship between the angle of incidence θ1 and the angle of refraction θ2 

using the refractive indices n1 and n2. 

(6) To verify the relationship in (5), select one of the following methods: “Fermat's principle,” “wavefront 

continuity,” or “Huygens' secondary waves [ホイヘンスの２次波].” Outline how you would prove it. You may 

use figures or illustrations if necessary.  

(7) Prove Snell’s law using the method selected in (6). 

n1

n2

θ1

θ2

Fig. 1(a)

n1

n2

θ1

θ2

Fig. 1(b)

Incident

angle

Refraction

angle

B

A

Fig. 5-1                                                 Fig. 5-2



Applied Physics 

Problem 6 (120 points) Semiconductor Physics 

Consider a pn homojunction between an n-type semiconductor with impurity concentration 𝑁D 

and a p-type semiconductor with impurity concentration 𝑁A, as shown in Fig. 6-1. Assume that 

the impurities are uniformly doped in both the p-type and n-

type semiconductors and are fully ionized. The depletion layer 

widths in the n-type region and p-type region are denoted by 

𝑊n and 𝑊p , respectieely. Let 𝑞  be the elementary charge, 

𝑉d the diffusion potential (拡散電位), ε the permittieity (誘電

率 ), 𝑘B the Boltzmann constant, and 𝑇  the absolute 

temperature. Answer the following questions.  

 

 

1. What elements (元素) should be added as dopants to crystalline silicon (c-Si) ? List two 

elements necessary to form p-type and n-type c-Si, respectieely, and explain the reasons for 

their selection. 

2. Draw the energy band diagram of the pn junction in thermal equilibrium. Clearly indicate 

the Fermi leeel 𝐸F, conduction band minimum 𝐸C, ealence band maximum 𝐸V, 𝑊n, 𝑊p, 

and 𝑉d. 

3. Describe the Poisson’s equation for the depletion region within the p-type semiconductor. 

4. Describe the potential 𝜙(𝑧)  in the depletion regions within both p-type and n-type 

semiconductors and draw the potential 𝜙(𝑧)  as a function of depth 𝑧  throughout the 

whole pn junction region under the assumption of 𝜙(−𝑊𝑝) = 0. 

5. Express 𝑉d using 𝑊n, 𝑊p, 𝑁D, and 𝑁A.  

6. Express 𝑊n and 𝑊p using 𝑉d, 𝑁D, and 𝑁A.  

7. The depletion region can be regarded as a dielectric layer with dielectric constant 𝜀 and 

total thickness 𝑊 (=𝑊n +𝑊p ), which acts like a parallel-plate capacitor. Express the 

capacitance per unit area 𝐶 of this depletion region using 𝑉d, 𝑁D, and 𝑁A. 

8. When an external eoltage 𝑉  is applied across the pn junction, draw the graph on the 

relationship between 1/𝐶2  and 𝑉 . Note that a positiee sign of eoltage indicates that a 

forward bias is applied across the pn junction. Also, explain the physical meaning of the 

intercept of this graph when extrapolated to 1/𝐶2 = 0. 

Fig. 6-1 pn junction 



令和 8 年度 1‐2 月実施（令和 7年度実施） 
 

出題意図 
 
問題１(1) 複素数、部分積分、座標変換等の基本事項が理解できるかを問う。 
 
問題 1(2) 3 次正方行列の対角化と固有値問題に関する基本的な理解を確認し、線形微分方程
式への応用ができるかを問う。 
 
問題 2 慣性モーメントについての基本事項が理解できるかを問う。 
 
問題 3 静電場、静磁場についての基本事項が理解できるかを問う。 
 
問題４シュレディンガー方程式の基本が理解でき、期待値や確率の流れなどへの応用ができ
るかを問う。 
 
問題５ 光学にかかわる基本事項が理解できるかを問う。 
 
問題６ 半導体 pn 接合にかかわる基本事項が理解できるかを問う。 
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