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Entrance examination – Question sheet (Mathematics) 
Department of Space and Astronautical Science, 

School of Physical Sciences, SOKENDAI 
 
Question 1-1 
Find the general solution of the following differential equation, where 𝑐𝑐  is an 
arbitrary constant. 

Where: 𝑦𝑦′ = 𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

. 

 

(1) 𝑦𝑦′ =
𝑦𝑦 − 1
𝑥𝑥𝑦𝑦

 

 
(2) 𝑥𝑥2𝑦𝑦′ − (𝑦𝑦2 + 𝑥𝑥𝑦𝑦) = 0 
 

(3) 𝑦𝑦′ −
𝑦𝑦
𝑥𝑥

= 𝑥𝑥2 

 
 
Question 1-2 
For 𝑢𝑢(𝑥𝑥, 𝑡𝑡) , consider the following partial differential equation, where 𝑐𝑐  is a 
positive constant. 
Answer the following questions: 
 

𝜕𝜕2𝑢𝑢
𝜕𝜕𝑡𝑡2

= 𝑐𝑐2
𝜕𝜕2𝑢𝑢
𝜕𝜕𝑥𝑥2

 

 
(1) Derive the following formula by using the following two independent 

functions: 𝜉𝜉 = 𝑥𝑥 + 𝑐𝑐𝑡𝑡, 𝜂𝜂 = 𝑥𝑥 − 𝑐𝑐𝑡𝑡. 
 

𝜕𝜕2𝑢𝑢
𝜕𝜕𝜉𝜉𝜕𝜕𝜂𝜂

= 0 

 
(2) Show that the general solution of the formula derived in the previous item 

(1) is indicated as follows, where 𝜙𝜙 and 𝜓𝜓 are arbitrary functions. 
 

u(𝑥𝑥, 𝑡𝑡) = 𝜙𝜙(𝑥𝑥 + 𝑐𝑐𝑡𝑡) + 𝜓𝜓(𝑥𝑥 − 𝑐𝑐𝑡𝑡) 
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(3) For the general solution indicated in the previous item (2), let the initial 

conditions be as follows:  
 

𝑢𝑢(𝑥𝑥, 0) = 𝑓𝑓(𝑥𝑥),
𝜕𝜕𝑢𝑢(𝑥𝑥, 𝑡𝑡)

𝜕𝜕ｔ
�
𝑡𝑡=0

= 𝐹𝐹(𝑥𝑥) 

 
Show that the solution is expressed as follows: 

 

𝑢𝑢(𝑥𝑥, 𝑡𝑡) =
1
2
�𝑓𝑓(𝑥𝑥 + 𝑐𝑐𝑡𝑡) + 𝑓𝑓(𝑥𝑥 − 𝑐𝑐𝑡𝑡)� +

1
2𝑐𝑐
� 𝐹𝐹(𝑦𝑦)𝑑𝑑𝑦𝑦

𝑥𝑥+𝑐𝑐𝑡𝑡

𝑥𝑥−𝑐𝑐𝑡𝑡
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Question 2 
(1) Answer the following questions regarding linear independence / dependence 

of a vector.  
(i) Find the value of the real number s when the following two vectors are 

linearly dependent. 

𝒂𝒂1 = � 4
10 − 2𝑠𝑠�, 𝒂𝒂2 = �5 + 𝑠𝑠

12 � 

 
(ii) Answer whether the following three vectors are respectively linearly 

independent or dependent. Also state the reason for your answer. In 
addition to that, when the three vectors respectively represent a position 
of a point in the three-dimensional space, briefly indicate the positional 
relation among those three points.  

𝒃𝒃1 = �
  3
−1
  2

�, 𝒃𝒃2 = �
  0
  5
−2

�, 𝒃𝒃3 = �
−15
  15
−14

� 

 
(2) Find the eigenvalue and the characteristic vector of the following matrices. 

(i)  𝐴𝐴 = �1 1
0 1� 

(ii)  𝐵𝐵 = �5 4
1 2�

 

 
(3) A secondary square matrix can be diagonalized when it has two 

characteristic vectors that are linearly independent. Assume that the matrix 
𝐵𝐵 in the item (2)(ii) is diagonalized as follow: 

𝐶𝐶 = 𝑃𝑃−1𝐵𝐵𝑃𝑃 
Find the matrix 𝑃𝑃 and the diagonal matrix 𝐶𝐶. 

 
(4) The matrix exponential of the matrix 𝐷𝐷 is defined as follows by using the 

expansion of the exponential function: 

𝑒𝑒𝐷𝐷 = �
𝐷𝐷𝑛𝑛

𝑛𝑛!

∞

𝑛𝑛=0

 

 Calculate 𝑒𝑒𝐵𝐵 for the matrix 𝐵𝐵 in the item (2)(ii) by using the result of the 
item (3). 




