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Mathematics 1 (Primarily from the fields of “Differential and
Integral Calculus, Differential Equations” and
“Series, Fourier Analysis, Integral Transform”)

Answer both Questions I and II.

2 2

I. Consider an ellipse §+§= 1 in the xy-plane. Here, a and b are

constants satisfying a > b > 0 . Answer the following questions.

1. Find the equation of the tangent line at a point (X,Y) on the ellipse
in the first quadrant.

2. The tangent line obtained in Question I.1 intersects the x- and y-
axes. Find the coordinates (X,Y) at the tangent point that minimizes
length of the segment connecting the two intersects and obtain the
minimum length of the segment. !

3. Consider a region bounded by the segment obtained in Question 1.2
and the x- and y-axes, and let C; be a cone formed by rotating the
region around the x-axis. Next, let , be a cone with the maximum
volume while having the same surface area (including a base area) as

S

the cone C; . Find S_Z , where 5; and S, are the base areas of the

1

cones C; and C, , respectively.

Continued on a later page.
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IT. Consider a real-valued function f(t) for a real variable t defined for
0 <t < oo. The Laplace transform is defined as

LIF(®] = F(s) = f et f(B)dt ()
0

where s is a complex variable whose real part is positive. Under the
condition that the improper integral in the right-hand side does not diverge,
answer the following questions.

1. When the conditions

- —st - . —5t ot —_
gl’rge f(t)=0 and th_)lgesf(t)—() (2)

are satisfied, show the following equation holds:

LIF" )] = ~f'(0) = sf(0) + s2L[f(1)] . (3)
Note that f'(t) and f"(t) are defined as
d 42
pe =Y o pro=4L8 @)
s

2. Calculate the Laplace transform of g(t) = e~% cos(wt) and
h(t) = e"* sin(wt) defined for 0<t<oo b'y showing derivation
processes using Equation (1). Note that a and @ are positive real
numbers.

3. Solve the differential equation

fre)y+6f'(t) +13f(t) =0 , (5)

where the initial values are f(0) =5 and f'(0) =—-11 .
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2022

The Graduate School Entrance Examination

Mathematics 1

Primarily from the fields of
“Differential and Integral Calculus, Differential Equations”

and “Series, Fourier Analysis, Integral Transform”

Answer Time 40 minutes

GENERAL INSTRUCTIONS

1. Do not open the problem bocklet until the start of the examination is announced. ,

2. Notify your proctor if you find any printing or production errors.

3. The problems are described in Japanese on pages 2-4 and in English on pages 8-10.

4. Answer all questions.

5. 2 answer sheets are given. Use one answer sheet for each Question {I and II). You may use

the reverse side if necessary.
6. Write the question number (I or II) that you answer on the answer sheet in the upper left
box. .
Fill in your examine€ number in the designated place at the top of each answer sheet.
Answers must be written in Japanese or English.
You may use the blank pages of the problem booklet for drafts without detaching them.
10. Any answer sheet with marks or symbols irrelevant to your answers is considered to be
invalid.

11. You may not take the booklet or answer sheets with you after the examination,

Examinee Number | No.

Write your examinee number in the space provided above.
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