
 

問題１ 

I. ⼗分に広い２枚の導体板が真空中に設置されている．図１に⽰すように，導体板 A，B は 𝑥 ൌ 0 および 

𝑥 ൌ 𝐻ሺ൐ 0ሻ の位置に平⾏に設置され，それぞれ 𝜎୅  および 𝜎୆  の⼀様な⾯電荷密度で帯電している．導体
板の厚さおよび端効果は無視でき，各導体板上の電荷がつくる電界は 𝑥 ⽅向成分のみを持つものとする．
真空の誘電率を 𝜀଴ とし，以下の問に答えよ． 

 

(1) 各導体板上の電荷がつくる電界は，その導体板の両側で対称である．𝑥 ൏ 0 および 𝑥 ൐ 𝐻 の領域にお
ける電界をそれぞれ求めよ． 

(2) 導体板 A，B の間（0 ൏ 𝑥 ൏ 𝐻）における電界を求めよ． 

(3) 導体板 A を基準とした導体板 B の電位を求めよ． 

 
図１の状態から，導体板 A，B を抵抗で接続した．⼗分な時間が経過した後は， ２に⽰す うに導 板
A の⾯電荷密度は 𝜎୅

ᇱ
 ，導体板 B の⾯電荷密度は 𝜎୆

ᇱ
 となった． 

 

(4) 𝜎୅
ᇱ

 および 𝜎୆
ᇱ

 を求めよ． 

(5) 図２に⽰した断⾯積 𝑆  の無限⻑の柱状領域に蓄えられた静 ネルギーを   とする．図１の状態
から図２の状態に変化する過程での 𝑊  の変化量 ∆𝑊  を求めよ  

 

図２の状態から，図３に⽰すように，𝑥 ൌ ℎ ሺ0 ൏ ℎ ൏ /2ሻ の位置 ⾯電荷密度 𝜎େ で帯電した⼗分に広い
導体板 C を挿⼊した．導体板 C の厚さおよび端 無視でき，導 板 A と B をつないでいる接続は導
体板 C の電荷分布には影響を与えないものとする． 
 

(6) ⼗分な時間が経過した後，導体板 C に働 単位⾯積あたりの⼒の⼤きさと向きを求めよ．  

 

 

 

 

 

図１               図２               図３
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II. 以下の問に答えよ．  

 

(1) 図４に⽰すように，真空中に置かれた半径 𝑎（൐ 0），単位⻑さあたりの巻き数 𝑁 の無限⻑ソレノイ
ドに ൅𝜃 ⽅向の定常電流 𝐼 が流れている．ソレノイドの導線の太さは無視できるものとし，真空の
透磁率を𝜇଴とする． 

 

(1-i) ソレノイドの中⼼軸からの距離を 𝑟 とする．ソレノイドの内側（𝑟 ൏ 𝑎）および外側（𝑟 ൐ 𝑎）
における磁束密度を求めよ． 

(1-ii) 中⼼軸から半径 𝑟 の円内に含まれる磁束を求めよ．ただし，𝑧 軸正⽅向の磁束を正とする． 

(1-iii) ソレノイドの単位⻑さあたりのインダクタンスを求めよ． 

(1-iv) ⼀般に，曲⾯ 𝑆 を貫く磁束 Φ は，磁束密度 𝑩 と曲⾯の単位法 ベクトル 𝒏 ⽤い  Φ ൌ

׬ 𝑩 ∙ௌ 𝒏 d𝑆と表される．ソレノイド内外のベクトルポテンシャル 𝑨 ሺ𝐴௥ ,𝐴ఏ ,𝐴  は 𝜃 成分の
みを持つことを利⽤し，𝐴ఏ  を 𝑟 の関数として求めよ． 

 

(2) 図５に⽰すように，内半径 𝑎，外半径 𝑏（൐ 𝑎）の無限⻑の円筒 体に൅  向に定常 流が流れて
いる．円筒導体中の電流密度 𝐽 は中⼼軸からの距離 𝑟 に反⽐例し，𝐽ሺ𝑟ሻ ൌ 𝐽଴  と表される（ 𝐽଴ は正
の定数）． 

 

(2-i) 円筒導体の内側（𝑟 ൏ 𝑎），内部（𝑎 ൑ 𝑟 ൑ 𝑏 および外側（𝑟 ൐ における磁界を求めよ． 

(2-ii) 円筒導体の導電率を σ とする．円筒導体 内側表⾯（𝑟 ）および外側表⾯（𝑟 ൌ 𝑏）におけ
るポインティングベクトル 𝑺 ൌ 𝑬 ൈ 𝑯 の⼤ と向きを求めよ．なお，𝑬，𝑯 はそれぞれ電界
と磁界を表す． 

(2-iii) 円筒導体に，単位時間単位⻑さあた に出⼊りするエネルギーを求めよ． 

 

 

 

 

 

 

 

図４                            図５
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II. N 型 MOS トランジスタのドレイン電流𝐼ୈは，ゲート・ソース間電圧𝑉ୋୗ，ドレイン・ソース間電圧𝑉ୈୗ，
ボディ（基板）・ソース間電圧𝑉୆ୗの関数であるので，𝑉ୋୗ, 𝑉ୈୗ, 𝑉୆ୗがわずかに変化したときの𝐼ୈの変化分
Δ𝐼ୈは，以下の式で表される． 

Δ𝐼ୈ ൌ 𝑔୫𝑣ୋୗ ൅ 𝑔ୈ𝑣ୈୗ ൅ 𝑔୫ୠ𝑣୆ୗ 

ただし，𝑣ୋୗ, 𝑣ୈୗ, 𝑣୆ୗは𝑉ୋୗ, 𝑉ୈୗ, 𝑉୆ୗの微⼩変化分とし，コンダクタンス𝑔୫, 𝑔ୈ, 𝑔୫ୠは以下を表すもの
とする． 

𝑔୫ ൌ
𝜕𝐼ୈ
𝜕𝑉ୋୗ

,     𝑔ୈ ൌ
𝜕𝐼ୈ
𝜕𝑉ୈୗ

,     𝑔୫ୠ ൌ
𝜕𝐼ୈ
𝜕𝑉୆ୗ

 

以下の問に答えよ．図中の記号は凡例２に従う．解答には凡例２の記号を使うこと．解答において虚数単
位は𝑗とせよ． 

 

(1) ここでは MOS トランジスタの容量成分は考慮しないものとする． 

(1-i) この N 型 MOS トランジスタの⼩信号等価回路を⽰せ． 

(1-ii) 問(1-i)で⽰した⼩信号等価回路を⽤いて，図３に⽰す回路の⼩信号利得𝑣୓୙୘ 𝑣୍୒⁄ 求めよ． 

 

以降の問では，N 型 MOS トランジスタの容量成分を考慮する．ゲート・ドレイン間 容量成分を𝐶ୋୈ，
ゲート・ソース間の容量成分を𝐶ୋୗ，ドレイン・ボディ間の容量成分 ୈ୆ る． 

(2) MOS トランジスタが飽和領域で動作している場合，容量成分 ୈは𝐶ୋୗと⽐ して⼩さい．この理由
を簡単に説明せよ． 

(3) 容量成分𝐶ୋୈを無視し，𝐶ୋୗと𝐶ୈ୆のみを考慮するとき 図３の回 の⼩信号等価回路を⽰せ．  

(4) 問(3)で⽰した⼩信号等価回路を⽤いて，⼩信号利得 ୓୙୘ ୒⁄ を正弦 圧源の⾓周波数𝜔の関数とし
て求めよ．また，その周波数特性をボード線図で図⽰せよ． お，ここ は⼊⼒電圧源の内部抵抗𝑅ୗ

はゼロとする．  

(5) ⼊⼒電圧源の内部抵抗𝑅ୗがゼロでない場合，ボー 線図が問(4)の結果からどのように変化するかを

簡潔に説明せよ． 

                       凡例２ 

 

 
 

抵抗

キャパシタ

接地

直流電圧源

N型MOS
トランジスタ

交流電圧源

電圧制御電流源
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問題３ 

I. 情報理論に関する以下の問に答えよ．必要に応じて近似値としてlogଶ 3 ൌ 1.58，logଶ 5 ൌ 2.32，logଶ 7 ൌ

2.81を⽤いてよい． 

 

4 つの状態ሼ𝐾଴,𝐾ଵ,𝐾ଶ,𝐾ଷሽを持つ無記憶情報源𝐾について考える．各状態𝐾଴，𝐾ଵ，𝐾ଶ，𝐾ଷをとる確率は3 8⁄ ，
1 4⁄ ，1 4⁄ ，1 8⁄ とする．  

 

(1) 情報源𝐾のエントロピー𝐻ሺ𝐾ሻを求めよ． 

(2) 𝐾଴，𝐾ଵ，𝐾ଶ，𝐾ଷをなるべく短い符号⻑になるように符号化する．その符号化の例を 1 ⽰し， のと
きの平均符号⻑を求めよ．また，この平均符号⻑と問(1)で求めたエ トロピー𝐻ሺ𝐾 との関係を簡潔
に述べよ． 

 

次に，4 つの状態ሼ𝑆଴, 𝑆ଵ, 𝑆ଶ, 𝑆ଷሽを持つマルコフ情報源を𝑆とする．各試⾏で𝑆は以下 式で与えられる遷移
⾏列𝑇に従って次の状態に遷移する． 

 

𝑇 ൌ ൦

𝑝ሺ𝑆଴|𝑆଴ሻ 𝑝ሺ𝑆ଵ|𝑆଴ሻ 𝑝ሺ𝑆ଶ|𝑆଴ሻ 𝑝ሺ𝑆ଷ|𝑆଴ሻ
𝑝ሺ𝑆଴|𝑆ଵሻ
𝑝ሺ𝑆଴|𝑆ଶሻ
𝑝ሺ𝑆଴|𝑆ଷሻ

𝑝ሺ𝑆ଵ|𝑆ଵሻ
𝑝ሺ𝑆ଵ|𝑆ଶሻ
𝑝ሺ𝑆ଵ|𝑆ଷሻ

𝑝ሺ𝑆ଶ|𝑆ଵሻ
𝑝ሺ𝑆ଶ|𝑆ଶሻ
𝑝ሺ𝑆ଶ|𝑆ଷሻ

𝑝ሺ𝑆ଷ|𝑆ଵሻ
𝑝ሺ𝑆 |𝑆 ሻ
𝑝 ଷ|𝑆ଷሻ

൪ ൌ ൦

3 2/3
0

0 0
1/3 2/3

1/3 2/3
0

0 0
/3 2/3

൪ 

 

 
(3) 情報源𝑆の状態遷移図を⽰せ． 

(4) 試⾏を⼗分な回数繰り返した後，それ の状態𝑆଴，𝑆ଵ 𝑆 ，𝑆ଷになる確率𝑝଴，𝑝ଵ，𝑝ଶ，𝑝ଷを求めよ． 

(5) 情報源𝑆のエントロピー𝐻ሺ𝑆ሻを求めよ． 
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II. 信号処理に関する以下の問に答えよ．単位ステップ信号𝑢௦ሺ𝑡ሻを次式で定義する． 

𝑢௦ሺ𝑡ሻ ൌ  ቄ
0, 𝑡 ൏ 0
1, 𝑡 ൒ 0 

時間𝑡および⾓周波数𝜔を実数，𝑗を虚数単位とした時，連続時間信号𝑥ሺ𝑡ሻのフーリエ変換𝑋ሺ𝜔ሻを次式で定
義する． 

𝑋ሺ𝜔ሻ ൌ ℱሾ𝑥ሺ𝑡ሻሿ ൌ න 𝑥ሺ𝑡ሻ𝑒ି௝ఠ௧𝑑𝑡
ஶ

ିஶ
 

 

ここで，図１で⽰される信号𝑥ଵሺ𝑡ሻを考える．𝑇 ൐ 0とする． 

 

(1) 信号𝑥ଵሺ𝑡ሻを，単位ステップ信号𝑢௦ሺ𝑡ሻを⽤いて表せ． 

(2) ある線形時不変システムに，単位インパルス信号𝛿ሺ𝑡ሻを⼊⼒した時の出 信号𝑓ሺ𝑡ሻが で与えられ
る． 

𝑓ሺ𝑡ሻ ൌ ൜
0, 𝑡 ൏ 0

𝑒ିଶ௧ , 𝑡 ൒ 0
 

この線形時不変システムに，信号𝑥ଵሺ𝑡ሻを⼊⼒した時の出⼒信号 𝑔ሺ𝑡ሻとす この𝑔ሺ𝑡ሻのフーリエ変
換ℱሾ𝑔ሺ𝑡ሻሿを求めよ． 

 

次に，図２で⽰される信号𝑥ଶሺ𝑡ሻを考える．𝑇 ൐ 0とす  

 

(3) 信号𝑥ଶሺ𝑡ሻを，単位ステップ信号𝑢௦ሺ𝑡ሻを⽤い  

(4) 信号𝑥ଶሺ𝑡ሻのフーリエ変換ℱሾ𝑥ଶሺ𝑡ሻሿを求め ． 

 

 

 
  図１            図２ Sa
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問題４ 

I. 論理回路に関する以下の問に答えよ．論理変数𝑥，𝑦に対する論理積(AND)，論理和(OR)，排他的論理和

(XOR)，否定(NOT)をそれぞれ 𝑥 ⋅ 𝑦， 𝑥 ൅ 𝑦，𝑥 ⊕ 𝑦，𝑥̅ と表す．D フリップフロップ(D-FF)の初期値は 0

とする． 

(1) 2 つの D-FF からなる 4 進カウンタの真理値表を⽰せ．またその論理式を可能な限り簡単化した形で
⽰せ．なお上位ビットと下位ビットのクロック𝑡における値をそれぞれ𝑄ଵሺ𝑡ሻ，𝑄଴ሺ𝑡ሻとし，次のクロッ
クにおける値を𝑄ଵሺ𝑡 ൅ 1ሻ，𝑄଴ሺ𝑡 ൅ 1ሻとすること． 

(2) 図 1 に⽰す記号のみを⽤いて問(1)の 4 進カウンタの回路図を⽰せ．なお回路は可能な限り簡単化す
ること． 

クロックごとに⼊⼒として 1 ビットの信号𝑥を受け取り，⼀連の⼊⼒が特定のパ ーンに⼀ した き
に 1 を，それ以外のときは 0 を 1 ビットの信号として出⼒する回路について考える． 

(3) 図 2 に⽰す回路に，⼊⼒𝑥として⼀連の 4 つの 1 ビットの信号を ⼒す この回路 ⼀連の⼊⼒
が順番に 0, 1, 0, 0 (0100)，同様に 0110，1010，1110 のいず であるときに ビット信号𝑧として 1

を，それ以外のときは 0 を出⼒する．図 2 中の[A]は𝑞଴，𝑞ଵ，𝑞ଶ 𝑞ଷを⼊⼒と て，𝑧を出⼒する回路
である．[A]に挿⼊する回路の論理式を可能な限り 積和形で⽰  

(4) 2 つの D-FF による 4 つの状態を持つ順序回路で，⼀連の⼊⼒が 0110 で るときに 1 ビット信号𝑤と
して 1 を出⼒する回路を考える．初期状態 ら 1 出⼒するまで 遷移する状態𝑆を順に𝑠0，𝑠1，𝑠2，
𝑠3としてこの回路の状態遷移図を⽰せ た表 1 は ロック𝑡における状態を𝑆ሺ𝑡ሻとしたこの回路の
状態遷移表である．表 1 を解答⽤紙にコ ーしこの回路 状態遷移表を完成させよ． 

(5) 問(4)の回路について，状態𝑆 ように符 割り当てる: 𝑠0 ൌ 00，𝑠1 ൌ 01，𝑠2 ൌ 10，𝑠3 ൌ 11．
𝑆の上位ビットを𝑌ଵ，下位ビットを ଴ し，クロ ク𝑡におけるそれぞれを𝑆ሺ𝑡ሻ，𝑌ଵሺ𝑡ሻ，𝑌଴ሺ𝑡ሻとする．
𝑌ଵሺ𝑡 ൅ 1ሻ，𝑤の れぞ を，𝑌ଵ ଴ሺ𝑡ሻ，𝑥の論理式として可能な限り簡単化した形で⽰せ． 

 
図 1 

 表 1 

  
図 2  

Sa
m
pl
e



 

II. ⽊構造に’0’か’1’の⽂字からなる⽂字列（ビット列）を格納し，あるビット列がその⽊構造に存在
するかどうかを判定する C ⾔語のプログラムを考える．⽊構造を構成するノードは Program 1 に⽰す
構造体で表現される．⻑さ𝑚のビット列𝑎 ൌ 𝑎଴𝑎ଵ … 𝑎௠ିଵを⽊構造に挿⼊する操作は，深さ𝑖のノードで𝑎௜

が’0’なら child[0]へ，𝑎௜が’1’なら child[1]へ進み，深さ𝑚のノードの変数 end を 1 にする． 

(1) 図 3 は，空の⽊に 4 つのビット列”00”，”01”，”000”，”110”を挿⼊した状態を表している．⼆重
丸のノードは変数 end が 1 であることを⽰している．図 3 の例に倣って空の⽊にビット
列”1”，”01”，”001”，”111”，”0010”が挿⼊された状態を図⽰せよ． 

(2) Program 2 は⽊に新しいビット列を格納する関数 insert()の再帰を⽤いた実装であり，Program 4 に
あるように呼び出される．Program 2 中の new_node()は初期化された新しい node_t のオブジェク
トを返す関数であり，char2bit()は引数の⽂字 c が’0’の場合は整数 0 を，c が’1 の場合 整数
1 を返す関数である． [A]，[B]に⼊るコードを記述せよ．なお⼊⼒と るビット列の最後に Null ⽂
字’∖0’が付与されている． 

(3) Program 3 は与えられたビット列が⽊の中に存在するときは整数 1 を，そう ないとき を返 関
数 exists()の再帰を⽤いない実装であり，プログラム 4 にあるように呼び出 れる．[C]，[D]，[E]

に⼊るコードを記述せよ． 

(4) 𝑛個のビット列が格納された⽊があるとき，ある⻑さ𝑚のビッ 列が⽊の 存在するかを判定する
操作の時間計算量を⽰せ．また同じ操作を単純な⼆分探索⽊ 実現する場合 ⽐較して，この⽊構造
が構造上有利な点を簡潔に説明せよ． 

(5) この⽊構造を⽤いて，任意のビット列の集合を辞書順 ートする ときの時間計算量を⽰せ． 

 

 
   

図 3 
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II.  ⾦属・酸化物・半導体（MOS）構造を考える．フラットバンド状態におけるエネルギーバンド図を図
２に⽰す．半導体は⼗分に厚く，不純物濃度𝑁୅の⾮縮退P型シリコンである．半導体中の不純物は完全に
イオン化している．また，禁制帯中や酸化物との界⾯に⽋陥準位は存在しない．シリコンの真性キャリア
密度を𝑛௜ሺ≪ 𝑁୅ሻ，⽐誘電率を𝜀ୱとする．酸化物は厚さ𝑡୭୶と⽐誘電率𝜀୭୶ ሺ൏ 𝜀ୱሻをもつ．シリコン側に対し
て⾦属側に電圧𝑉୥が印加されている．絶対温度を𝑇，真空における誘電率を𝜀଴，ボルツマン定数を𝑘୆，電
荷素量を𝑞とする．以下の問に答えよ． 

 
(1) フラットバンド状態において，P型シリコンにおける正孔密度𝑝଴と電⼦密度𝑛଴を表せ． 

(2) フラットバンド状態において，P型シリコンにおけるフェルミ準位𝐸୊を，真性フェルミ準位𝐸୧を⽤い
て表せ．  

(3) 印加する電圧𝑉୥によってシリコンは蓄積状態，空乏状態，反転状態になる．これら3 の状態 MOS

構造のバンド図を模式的に図⽰せよ．またそれぞれの状態となる電圧 の範囲を⽰せ シ コンの
ェルミ準位𝐸୊と真性フェルミ準位𝐸୧の位置も図中に⽰すこと．ここで，M 構造のフ ットバンド
圧を𝑉୊୆，しきい値電圧を𝑉୘ୌとする． 

(4) 空乏近似を⽤いて空乏状態を考える．シリコンの表⾯ポテンシャルが𝜙ୱである 空乏層幅𝑊ୈ，
⾦属上の⾯電荷密度𝜎୑および酸化物にかかる電圧𝑉୭୶を，𝜙ୱの関数とし めよ．  

(5) 空乏層幅𝑊ୈの空乏状態における，MOS構造の単位⾯積当たりの容量𝐶 ൌ 𝑑𝜎୑ 𝑑𝑉୥を，𝜀଴，𝜀୭୶，𝜀ୱ，𝑡୭୶，
𝑊ୈを⽤いて表せ． 

(6) 絶対温度𝑇が低くなると次の物理量が⾼くなるか低くなるかを記 それぞれ 理由を1-2⾏で述べよ．
ここで，各層の誘電率と厚さ，不純物のイオン化 ，⾦属の仕事関数 変わらないものとする．  

(6-i) フラットバンド状態におけるP型シリコン 電⼦密度𝑛  

(6-ii) フラットバンド状態におけるP型シ ン フェルミ準位𝐸  

(6-iii) フラットバンド電圧𝑉୊୆ 

 
 

 
   図２ 
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Problem 1 
I.  Two sufficiently-large conducting plates are placed in vacuum. As shown in Fig. 1, conducting plates A and B 

are located parallel to each other at positions 𝑥 ൌ 0 and 𝑥 ൌ 𝐻 ሺ൐ 0ሻ, and they are charged with uniform surface 

charge densities of 𝜎୅  and 𝜎୆ , respectively. The thickness and the edge effect of the conducting plates can be 

neglected, and the electric field generated by the charges on each conducting plate is assumed to have only the 𝑥-

component. Let 𝜀଴ be the vacuum permittivity. Answer the following questions. 

 

(1) The electric field generated by the charges on each conducting plate is symmetric on both sides of the 

corresponding conducting plate. Find the electric field in the regions of 𝑥 ൏ 0 and 𝑥 ൐ 𝐻. 

(2) Find the electric field between conducting plates A and B (0 ൏ 𝑥 ൏ 𝐻). 

(3) Find the electric potential of conducting plate B relative to conducting plat   

 

From the condition in Fig. 1, conducting plates A and B are connected with a resistor. Aft  ufficient ti  he s ce 

charge densities of conducting plates A and B reach 𝜎୅
ᇱ  and 𝜎୆

ᇱ , respectively, as shown in F  2. 

 

(4) Find 𝜎୅
ᇱ  and 𝜎୆

ᇱ .  

(5) Let 𝑊  be the electrostatic energy stored in the infinitely long co ar region with oss-sectional area 𝑆, as 

indicated in Fig. 2. Find ∆𝑊 , which represents the change in 𝑊  from e condition  Fig. 1 to that in Fig. 2.  

 

From the condition in Fig. 2, a sufficiently-large conductin  plate C w  surface ch e density 𝜎େ is inserted at a 

position 𝑥 ൌ ℎ ሺ0 ൏ ℎ ൏ 𝐻/2ሻ, as shown in Fig. 3   kness and the e effect  conducting plate C can be 

neglected, and the connection between conductin  plates A a  B does not affect the surface charge distribution on 

conducting plate C. 

 

(6) Find the magnitude and direct  of th  rce per un  rea acting on conducting plate C after sufficient time has 

passed. 

 

 

Fig. 1                              Fig. 2                             Fig. 3 
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II.  Answer the following questions. 

 

(1) As shown in Fig. 4, a constant current 𝐼 flows in the ൅𝜃-direction in an infinitely-long solenoid with the radius 

𝑎 ሺ൐ 0ሻ and the number of turns per unit length 𝑁 placed in vacuum. The thickness of the solenoid wire can 

be neglected. Let 𝜇଴ be the vacuum permeability. 

 

(1-i) Let 𝑟 be the distance from the central axis of the solenoid. Find the magnetic flux density in the radially 

inner region (𝑟 ൏ 𝑎) and the outer region (𝑟 ൐ 𝑎) of the solenoid. 

(1-ii) Find the magnetic flux contained within a circle of radius 𝑟 from the central axis. Note that the magnetic 

flux in the positive direction of the 𝑧-axis is defined as positive. 

(1-iii) Find the inductance per unit length of the solenoid. 

(1-iv) Generally, the magnetic flux Φ passing through a surface 𝑆 is expres  as Φ ൌ ௌ׬ 𝒏 d𝑆, whe  

𝑩 is the magnetic flux density and 𝒏 is the unit normal vector of the su ce. Consi  th  he 

vector potential 𝑨 ൌ ሺ𝐴௥ ,𝐴ఏ ,𝐴௭ሻ has only the 𝜃-component both inside and o ide the solenoid, find 

𝐴ఏ as a function of 𝑟. 

 

(2) As shown in Fig. 5, a constant current flows in the ൅𝜃-direction i   nfinitely-long ick conducting cylinder 

with the inner radius 𝑎 and the outer radius 𝑏 ሺ൐ 𝑎ሻ. The current de y 𝐽 in the th  conducting cylinder is 

inversely proportional to the distance 𝑟 from the centr   nd is exp d  ሺ𝑟ሻ ൌ 𝐽଴/𝑟, where 𝐽଴ is a 

positive constant. 

 

(2-i) Find the magnetic field in the radia  inner r on (𝑟 ൏ 𝑎 ), the inside region (𝑎 ൑ 𝑟 ൑ 𝑏 ), and the 

radially outer region (𝑟 ൐ 𝑏) of th  k conducting linder. 

(2-ii) Let σ be the conductivity of the thi  onducting cylinder . Find the magnitude and direction of the 

Poynting vector 𝑺 ൌ 𝑬    the inner face (𝑟 ൌ 𝑎 ) and the outer surface (𝑟 ൌ 𝑏 ) of the thick 

conducting cylinde  Here, 𝑬 n  𝑯 represent the electric field and the magnetic field, respectively. 

(2-iii) F   energy tran er pe  nit len  er unit time to/from the thick conducting cylinder. 

 

 

 

 

Fig. 4                                                Fig. 5 
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Problem 2 
I. Answer the following questions on the electrical circuit shown in Fig. 1. Here, 𝑡 is time. Symbols in the figures 

are defined in Legend 1. Use 𝑗 as the imaginary unit in the answer. 

 

(1) In Question (1), let 𝑅 ൌ 0

 (1-i) The switch Sଵ is opened and the switch Sଶ is closed. Find the admittance between the nodes A and B at an 

angular frequency 𝜔. 

(1-ii) Both the switches Sଵ and Sଶ have been closed for a sufficiently long time. The voltage √2𝐸ଵ sin𝜔𝑡 ൅

√2𝐸ଶ sin 3𝜔𝑡 is applied from the voltage source. Supposing that the capacitance 𝐶 is variable  express 𝐶 

using 𝐿 , 𝜔 , 𝐸ଵ , and 𝐸ଶ  when the effective value of the current 𝑖  flowing through th  ircuit b mes 

minimum. 

  

(2) The switch Sଵ has been closed and the switch Sଶ has been opened for a sufficie y long tim  When 𝑡 ൏ , 

the voltage applied from the voltage source is zero.

(2-i) When the voltage applied from the voltage source after 𝑡 ൌ 0 is express d s 𝐸ଷexpሺെ ሻ, find the current 

𝑖ሺ𝑡ሻ flowing through the circuit at the time 𝑡ሺ൐ 0ሻ. Let 𝜏 ൐ 0. 

(2-ii) When the voltage applied from the voltage source after 𝑡 ൌ  i  he pulse wav  oltage shown in Fig. 2, 

find the current 𝑖ሺ𝑡ሻ flowing through the circuit at the time 𝑡ሺ൐  Let 𝑇 ൐ 0. 

 

(3) The DC voltage 𝐸ହ is applied from the voltage source  ter bo  e switch  ଵ and Sଶ have been closed for 

a sufficiently long time, the switch Sଵ is opened at 𝑡 ൌ 0.

(3-i) Write the differential equation which the e ric ch e 𝑞 of the cap citor 𝐶 satisfies for 𝑡 ൐ 0. 

(3-ii) Find the voltage 𝑣ሺ𝑡ሻ between the no s  and B at th  me 𝑡ሺ൐ 0ሻ. 

(3-iii) The maximum value of the voltage deri  in Question (3  can also be obtained from the energy stored in 

the inductor 𝐿 at 𝑡 ൌ 0. Expl  the reason fly. 

                   ig. 1                          Fig. 2 

 Legend 1 
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II. The drain current 𝐼ୈ of the N-type MOS transistor is the function of the voltage 𝑉ୋୗ between the gate and the 

source, the voltage 𝑉ୈୗ between the drain and the source, and the voltage 𝑉୆ୗ between the body (substrate) and the 

source. Hence, the current difference Δ𝐼ୈ when 𝑉ୋୗ, 𝑉ୈୗ and 𝑉୆ୗ change slightly is expressed as 

Δ𝐼ୈ ൌ 𝑔୫𝑣ୋୗ ൅ 𝑔ୈ𝑣ୈୗ ൅ 𝑔୫ୠ𝑣୆ୗ, 
where 𝑣ୋୗ, 𝑣ୈୗ, and 𝑣୆ୗ are the small differences of 𝑉ୋୗ, 𝑉ୈୗ and 𝑉୆ୗ, and the conductance 𝑔୫, 𝑔ୈ, and 𝑔୫ୠ 

denote as the followings, respectively, 

𝑔୫ ൌ
𝜕𝐼ୈ
𝜕𝑉ୋୗ

,     𝑔ୈ ൌ
𝜕𝐼ୈ
𝜕𝑉ୈୗ

,   and    𝑔୫ୠ ൌ
𝜕𝐼ୈ
𝜕𝑉୆ୗ

 . 

Answer the following questions. Symbols in the figures are defined in Legend 2. Use the symbols of Legend 2 in the 

answer. Use 𝑗 as the imaginary unit in the answer. 

 

(1) The capacitive components of the MOS transistor are ignored in this questi  

(1-i) Draw a small-signal equivalent circuit of the N-type MOS transistor. 

(1-ii) Using the small-signal equivalent circuit of Question (1-i), find the small signal n of the c  h  in 

Fig. 3, 𝑣୓୙୘ 𝑣୍୒⁄ . 

 

In the following questions, we consider the capacitive components of t  N-type M  ransistor: the capacitive 

component 𝐶ୋୈ between the gate and the drain, the capacitive comp  𝐶ୋୗ betwee  he gate and the source, 

and the capacitive component 𝐶ୈ୆ between the drain and the body. 

(2) Explain briefly the reason why the capacitive compone  𝐶ୋୈ  maller th  𝐶ୋୗ when the MOS transistor is 

operated in the saturation region. 

(3) When we ignore the capacitive component ୋୈ   consider only 𝐶ୋୗ  and 𝐶ୈ୆ , draw a small-signal 

equivalent circuit for the circuit in Fig. 3. 

(4) Using the small-signal equivalent circuit of estion (3), find  small signal gain 𝑣୓୙୘ 𝑣୍୒⁄  as a function of 

the angular frequency 𝜔 of the sinusoidal vol e source. Then, draw the Bode diagram of the frequency 

characteristics of 𝑣୓୙୘ 𝑣୍୒⁄  re, as e that the i rnal resistance 𝑅ୗ of the input voltage source is zero. 

(5) When the internal resistanc  𝑅ୗ of  inp  voltage source is non-zero, explain briefly how the Bode diagram 

chan  om e result of Questi  (4). 

 

Fig. 3                                        Legend 2 
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Problem 3 
I. Answer the following questions on information theory. You may use the following approximations, when necessary: 

logଶ 3 ൌ 1.58, logଶ 5 ൌ 2.32, and logଶ 7 ൌ 2.81.  

 

Let 𝐾 be a memoryless information source that has four states ሼ𝐾଴,𝐾ଵ,𝐾ଶ,𝐾ଷሽ. The probability of each state 𝐾଴, 

𝐾ଵ, 𝐾ଶ, and 𝐾ଷ equals to 3 8⁄ , 1 4⁄ , 1 4⁄ , and 1 8⁄ , respectively.  

 

(1) Find the entropy of the information source 𝐾, 𝐻ሺ𝐾ሻ. 

(2) We encode 𝐾଴, 𝐾ଵ, 𝐾ଶ, and 𝐾ଷ with code words as short as possible. Show an example of code words and find 

its average length. Also briefly describe relationship between the average length of the co  words  the 

entropy 𝐻ሺ𝐾ሻ obtained in Question (1). 

 

Next, let 𝑆 be a Markov information source that has four states ሼ𝑆଴, 𝑆ଵ, 𝑆ଶ, 𝑆ଷሽ. For eac  ial, 𝑆 ma   tran on 

to a next state according to the transition probability matrix 𝑇 given by the following equat  

 

𝑇 ൌ ൦

𝑝ሺ𝑆଴|𝑆଴ሻ 𝑝ሺ𝑆ଵ|𝑆଴ሻ 𝑝ሺ𝑆ଶ|𝑆଴ሻ 𝑝ሺ𝑆ଷ|𝑆଴ሻ
𝑝ሺ𝑆଴|𝑆ଵሻ
𝑝ሺ𝑆଴|𝑆ଶሻ
𝑝ሺ𝑆଴|𝑆ଷሻ

𝑝ሺ𝑆ଵ|𝑆ଵሻ
𝑝ሺ𝑆ଵ|𝑆ଶሻ
𝑝ሺ𝑆ଵ|𝑆ଷሻ

𝑝ሺ𝑆ଶ|𝑆ଵሻ
𝑝ሺ𝑆ଶ|𝑆ଶሻ
𝑝ሺ𝑆ଶ|𝑆ଷሻ

𝑝ሺ𝑆ଷ|𝑆ଵሻ
𝑝ሺ𝑆ଷ|𝑆ଶሻ
𝑝ሺ𝑆ଷ|𝑆ଷሻ

൪ ൌ ൦

1 2/3
0

0
1/3 2/3

2/3
0 0

0 0
1/3 2/3

൪ . 

 

 

(3) Draw the state transition diagram of the inform  rce 𝑆. 

(4) Find the probabilities 𝑝଴ , 𝑝ଵ , 𝑝ଶ , and 𝑝ଷ  f being in e states 𝑆଴ , 𝑆ଵ , 𝑆ଶ , and 𝑆ଷ , respectively, after a 

sufficient number of trials. 

(5) Find the entropy of the information source 𝑆, 𝑆ሻ. 
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II. Answer the following questions on signal processing. Here, the unit step signal 𝑢௦ሺ𝑡ሻ is given by 

𝑢௦ሺ𝑡ሻ ൌ  ቄ
0, 𝑡 ൏ 0
1, 𝑡 ൒ 0 . 

The Fourier transform 𝑋ሺ𝜔ሻ of a continuous-time signal 𝑥ሺ𝑡ሻ is given by 

𝑋ሺ𝜔ሻ ൌ ℱሾ𝑥ሺ𝑡ሻሿ ൌ න 𝑥ሺ𝑡ሻ𝑒ି௝ఠ௧𝑑𝑡 ,
ஶ

ିஶ
 

where time 𝑡 and angular frequency 𝜔 are real numbers, and 𝑗 is the imaginary unit. 

 

Now, we consider a signal 𝑥ଵሺ𝑡ሻ shown in Fig. 1. Let 𝑇 ൐ 0. 

  

(1) Express the signal 𝑥ଵሺ𝑡ሻ by using the unit step signal 𝑢௦ሺ𝑡ሻ. 

(2) When the unit impulse signal 𝛿ሺ𝑡ሻ is input to a linear time-invariant system, th  tput signa  ሻ is given b  

𝑓ሺ𝑡ሻ ൌ ൜
0, 𝑡 ൏ 0

𝑒ିଶ௧, 𝑡 ൒ 0
 . 

Let 𝑔ሺ𝑡ሻ be the output signal of the linear time-invariant system with th   ignal 𝑥ଵሺ  Find the Fourier 

transform of the output signal 𝑔ሺ𝑡ሻ, ℱሾ𝑔ሺ𝑡ሻሿ. 

 

Next, we consider a signal 𝑥ଶሺ𝑡ሻ shown in Fig. 2. Let 𝑇 ൐ 0. 

 

(3) Express the signal 𝑥ଶሺ𝑡ሻ by using the unit step signal 𝑢௦ሺ𝑡ሻ. 

(4) Find the Fourier transform of the signal 𝑥ଶሺ𝑡ሻ  ሾ ሿ. 

 

 

      

 
      Fig. 1            Fig. 2 
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Problem 4 
I.  Answer the following questions on logic circuits. Logical conjunction (AND), logical disjunction (OR), exclusive 

disjunction (XOR), and negation (NOT) for logical variables 𝑥 and 𝑦 should be represented with 𝑥 ⋅ 𝑦, 𝑥 ൅ 𝑦, 

𝑥 ⊕ 𝑦, and 𝑥̅, respectively. The initial value of D flip-flop (D-FF) is 0. 

(1) Write down the truth table of a quaternary counter circuit with two D-FFs. Also, find a logical formula of the 

quaternary counter. The logical formula must be simplified as much as possible. Note that the values of higher 

and lower bits at clock 𝑡 should be represented with 𝑄ଵሺ𝑡ሻ and 𝑄଴ሺ𝑡ሻ, and the values at the next clock should 

be 𝑄ଵሺ𝑡 ൅ 1ሻ and 𝑄଴ሺ𝑡 ൅ 1ሻ, respectively.  

(2) Draw a circuit of the quaternary counter in Question (1) by using only the symbols in Fig. 1. The circuit must be 

simplified as much as possible. 

 

Let us consider circuits that receive 1-bit signal 𝑥 on every clock. The circuits ou  1 when a s of the 1-b  

input matches specific patterns, and output 0, otherwise. 

(3) The circuit in Fig. 2 receives a sequence of four 1-bit inputs to 𝑥. The circuit outputs 1  1-bit signal 𝑧 when 

the series of inputs matches one of the sequences of 0, 1, 0, 0 (0100), 011   or 1110. O rwise, it outputs 

0. [A] in Fig. 2 is a circuit with inputs 𝑞଴, 𝑞ଵ, 𝑞ଶ, and 𝑞ଷ, and the utput 𝑧. Fin  he logical formula of the 

circuit that should be in [A] in Fig. 2 in the most simplified sum-o ducts form. 

(4) Consider a sequential circuit having four states with two D-FFs. The uit outputs  as 1-bit signal 𝑤 when 

the series of 1-bit input is 0110. Draw the state transiti  diag m of this  ote that the state 𝑆 has the 

four states from the initial state until the output of 1. D ne the fou  tes in ord  s 𝑠0, 𝑠1, 𝑠2, and 𝑠3. Also, 

Table 1 is the state transition table of this circu   the state 𝑆 at ck 𝑡 is r presented with 𝑆ሺ𝑡ሻ. Copy 

Table 1 to your answer sheet and complete th  state trans n table of this circuit. 

(5) Assign codes to the state 𝑆 of the circuit  uestion (4) as lows: 𝑠0 ൌ 00, 𝑠1 ൌ 01, 𝑠2 ൌ 10, 𝑠3 ൌ 11. 

The higher and lower bits of 𝑆 should be repr nted with 𝑌ଵ and 𝑌଴, and those at clock 𝑡 should be 𝑆ሺ𝑡ሻ, 

𝑌ଵሺ𝑡ሻ, and 𝑌଴ሺ𝑡ሻ, respectively  ind 𝑌 ൅ 1ሻ, 𝑌଴ሺ 1ሻ, and 𝑤 as logical formulae of 𝑌ଵሺ𝑡ሻ, 𝑌଴ሺ𝑡ሻ, and 𝑥. 

The logical formulae must  simplif d a  uch as possible. 

 

 
Fig.１ 

 Table 1 

  
Fig. 2  
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II.  Consider a C language program that stores bit-strings, a series of characters of ’0’ and ’1’, into a tree structure 

and searches the tree to determine whether a query bit-string exists in the tree or not. Each node of the tree is 

represented by a structure shown in Program 1. Inserting a bit-string 𝑎 ൌ 𝑎଴𝑎ଵ … 𝑎௠ିଵ of length 𝑚 to the tree is 

as follows: the program moves into child[0] when 𝑎௜ is ’0’, or moves into child[1] when 𝑎௜ is ’1’ on a 

node of depth 𝑖, and a variable end of a node of depth 𝑚 is set to 1. 

(1) Figure 3 exemplifies the tree where four bit-strings, ”00”, ”01”, ”000”, and ”110” are inserted into an empty 

tree. Double circle nodes indicate that their variables end are 1. Draw the resultant tree inserting bit-

strings ”1”, ”01”, ”001”, ”111”, and ”0010” to an empty tree by following the example shown in Fig. 3. 

(2) Program 2 is a recursive implementation of a function insert() that inserts a bit-string into a tree  It is called 

as shown in Program 4. new_node() defined in Program 2 is a function that returns an initi zed new ject 

of node_t, and char2bit() is a function that returns an integer 0 when e argument ch cter c  0’,  

an integer 1 when c is ’1’. Write codes that should be in the blanks, [A] and [B  Note that in  it-strings ar  

terminated by the null character ’∖0’. 

(3) Program 3 is a non-recursive implementation of a function exists() that returns 1 en a query bit-string 

exists in the tree, and 0, otherwise. It is called as shown in Program 4. W  s that shou  be in the blanks, 

[C], [D], and [E]. 

(4) Suppose a tree where 𝑛  bit-strings are inserted. Find the time lexity for an eration of determining 

whether a given bit-string of length 𝑚 exists or not in the tree. Also, b fly explain  structural advantage(s) 

of this tree structure compared with one that implement  e s  operatio    sic binary search tree. 

(5) Find the time complexity for sorting a set of arbitra  bit-string   lexicogr ical order by using this tree 

structure. 

 
   

Fig. 3 
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II.  Consider the metal-oxide-semiconductor (MOS) structure. The energy band diagram at the flat-band condition 

is shown in Fig. 2. The semiconductor is sufficiently-thick non-degenerate P-type silicon with an impurity 

concentration of 𝑁୅. The impurity atoms in the semiconductor are completely ionized. There are no defect states 

inside the bandgap and at the interface with the oxide. The intrinsic carrier density of silicon is 𝑛௜ሺ≪ 𝑁୅ሻ and 

dielectric constant of silicon is 𝜀ୱ. The oxide has the thickness of 𝑡୭୶ and dielectric constant of 𝜀୭୶ ሺ൏ 𝜀ୱሻ. A 

voltage 𝑉୥ is applied to the metal side with respect to the silicon side. 𝑇 is the absolute temperature, 𝜀଴ is the 

vacuum permittivity, 𝑘୆  is the Boltzmann constant, and 𝑞  is the elementary charge. Answer the following 

questions. 

 

(1) At the flat-band condition, express the hole density 𝑝଴ and electron density 𝑛଴ in the P-type licon. 

(2) At the flat-band condition, express the Fermi level 𝐸୊ in the P-type silicon ing the intrins  Fermi vel 𝐸୧  

(3) The silicon will be at the accumulation condition, depletion condition, and inver n condition ending on th  

applied voltage 𝑉୥. Draw schematics of the band diagrams of the MOS structure at e three co  o, 

write the range of voltage 𝑉୥ for each condition. Indicate the positions of the Fermi lev  𝐸୊ and the intrinsic 

Fermi level 𝐸୧ of the silicon in the diagrams. Here, the flat-band voltag    hreshold age of the MOS 

structure are given by 𝑉୊୆ and 𝑉୘ୌ, respectively. 

(4) Consider the depletion condition using the depletion approximatio  hen the surfac  otential of the silicon is 

𝜙ୱ, find the depletion region width 𝑊ୈ, area charge density on the me  𝜎୑, and th  oltage across the oxide 

𝑉୭୶ as functions of 𝜙ୱ. 

(5) At the depletion condition with the depletion width 𝑊  express th  pacitance r unit area 𝐶 ൌ 𝑑𝜎୑ 𝑑𝑉୥⁄  of 

the MOS structure in terms of 𝜀଴, 𝜀୭୶, 𝜀ୱ, 𝑡    

(6) Answer whether the following physical qu ntities bec  higher or lower as the absolute temperature 𝑇 

decreases. Describe the reasons in 1-2 lines ch. Here, assum  that the dielectric constants and thicknesses of 

all layers, impurity ionization rate  and metal w  function do not change. 

(6-i) Electron density 𝑛଴ in  P-typ  licon at th  t-band condition  

(6-ii) Fermi level 𝐸୊ of th  -type s con  he flat-band condition 

(6-iii) b  voltage 𝑉୊୆ 
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