Question Booklet
2012 Examination for Japanese University Admission
for International Students

Mathematics 8omin.)
[Course 1(Basic), Course 2 (Advanced) ]

¥ Choose one of these courses and answer its questions only.
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I Rules of Examination
1. Do not leave the room without proctor’s permission.
2. Do not take this question booklet out of the room.
I Instructions for the Question Booklet

1. Do not open this question booklet until instructed.

2. After being instructed, write your name and examination registration number
in space provided below, as printed on your examination voucher.

3. Course 1 is on pages 1-13, and Course 2 is on pages 15-27.

4. If your question booklet is missing any pages, raise your hand.

5. You may write notes and calculations in the question booklet.

Il Instructions for the Answer Sheet

1. You must mark your answers on the answer sheet with an HB pencil.

2. Each letter A, B, C, --- in the questions represents a numeral (from 0 to 9)
or the minus sign(—). Completely black out your answer for each letter in the
corresponding line of the answer sheet (mark-sheet).

3. Sometimes an answer such as[_A_]or [B Clis used later in the question. In
such as a case, the symbol is shaded when it is used later, as[ A ]Jor[BC].

Note the following :

(1)Reduce square roots (¥ ) as much as possible.
(Example : Express +/32 as 442, not as 248 or v32.)

(2)For fractions, attach the minus sign to the numerator, and reduce the fraction
to its lowest terms.

(Example : Substitute % for % Also simplify as follows :
—W _26f ?‘)f Then apply ?;/6 to the answer.)
(3)If your answer to is _f , mark as shown below.
(4)If the answer to x is —x, mark “—” for D and “1” for E as shown below.
A O 00O ® ® 6 G O ®
B O 00O 0 ® 6 6 0 ®
Cc O 00O @0 06 6 0 ®
D O 00O @ ® ® 6 O O ©)
E ©C 0000 ® 6 6 0 ®

Ve 0 07 ¥ IV JV IV FV IV JY IV VY IV VY Iy Y IV VI IV P I FI I I IV FI V¥ FV Iy FV IV Iy IV Fy IV FF
Ve 20 20 20 2020 2 20 20 20 20 22 20 22 20 22 200 99 09 99 99 J9 9 J9 9 9 79 9 99 9 79 99 9 J9 9 F¥ 4

4. Carefully read the instructions on the answer sheet, too.

Ve 22 28 22 28 22 28 .02 28 22 .28 20228 02 208 29 09 99 99 99 99 99 9 99 ¥ 99 ¥ J9 ¥ 4

%  Once you are informed to start the examination, fill in your examination
registration number and name.

Examination registration number * *

Name
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Mathematics—1

Mathematics Course 1

(Basic Course)

(Course 2 begins on page 15)

Marking Your Choice of Course on the Answer Sheet

Choose to answer either Course 1 or Course 2.

If you choose Course 1, for example, circle the
label “Course 1”7 and completely black out the oval
under the label on your answer sheet as shown in

the example on the right.

< Example >
r )
fif% 21— A Course
a—2Z 2
Course 2
[ 0
\ J

If you do not correctly black out the appropriate oval, your answers will not be graded.

© 2012 Japan Student Services Organization




Mathematics—2

[

Q1

Let a¥ 0. Let G be a curve which is symmetric with respect to the origin (0,0) to the

graph of the quadratic function in x

(1)

(2)

(3)

(4)

y:ax2—4x—4a. ......... D

The coordinates of the vertex of the graph of @ are

A B
<| | | |_4a)_
a a

Among the following choices, the quadratic function whose graph is G is .

© y=ar?+4z +4a @) y=azr®+4z —4a @ y=ar?—4z +4a

® y=-ar?+4z+4a @ y=-ar?—4dz+4a © y=—az?—4z—4a

The curve G intersects the graph of the quadratic function D at the two points

(CED ) ane (C=3 [E0D).

Let a = 2. Then over the interval <z < , the maximum and the

minimum values of the quadratic function whose graph is G' are and [ LM |,

respectively.
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Mathematics—4

Q2 Consider the following equation in z

lax — 11| =4z — 10,  eeeeeeens D

where a is a constant.

(1) Equation @D can be rewritten without using the absolute value symbol as

when ax 211, then (a—l N |)x=| o |;

when az <11, then (a+| P I)a::IQR |

(2)  When a = /7, the solution of equation @ is

(3) Let a be a positive integer. When equation (D has a positive integral solution, we have

a= III, and that solution x = II'
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Mathematics—5

- memo -

This is the end of the questions for Part . Leave the answer spaces , E of Part blank.

© 2012 Japan Student Services Organization



Mathematics—6

I1

Q1 There are two boxes, A and B.
In box A, there are three cards on which the number 0 is written, two cards on which
the number 2 is written, and one card on which the number 3 is written.

In box B, there are two cards on which the number 1 is written, and three cards on

which the number 2 is written.

Take two cards together from box A and one card from box B. Denote the product of the

numbers on the three cards by X.

The total number of values which X can take is |I| The maximum value which X

can take is . The minimum value which X can take is EI
The probability that X =| BC | is
FG

Ll
(1]

, and the probability that X=[_D_|

is
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Mathematics—8

Q2 Consider a triangle ABC where AB=8, AC=5 and ZBAC=60°. Take point D and point
E on sides AB and AC, respectively, such that the segment DE divides triangle ABC into two

parts with the equal areas. Set = AD.

(1) When we represent AE in terms of z, we have AE =
x

(2) When E moves along side AC, the range of the values which z can take is

[w]

H
A
8

A

2

(3)  Since DE’ = (m — ) + ,t-he length of segment DE is minimized at
T = II"/ El, and its length there is \/ III
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Mathematics—9
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This is the end of the questions for Part . Leave the answer spaces ~E of Part blank.
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Mathematics—10

[11

Consider a figure made by cuting two corners
from a rectangle, as in the diagram to the right.

The lengths of the sides are

AB=11, BC=4, CD=2V13,
DE=5 EF=2V5, FA=6.

We are to find the area of this figure.

First, extend the sides of the figure as in the diagram and denote the sides forming the right

angles by z, y, v and v. Then

Substituting these expressions in the equation u? + v? = and also using the equation
4y’ = , we obtain

z=[ G fy-[H |

Then, since

[ -1 9 v-[ K ]=0,

we obtain y = .

From this we have z = II', and further u = II' and v = II' Finally we
conclude that the area of this figure is .
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Mathematics—11

- memo -

This is the end of the questions for Part [III]. Leave the answer spaces ENE of Part blank.
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Mathematics—12

IV

Let z and y be real numbers which satisfy
3+ 20y +3y° =32, e @

Then we are to find the ranges of the values of x +y and zy.

First, we set

a=z+Yy.  eseeseses @

By eliminating y from @ and @), we obtain the quadratic equation in z

| A2~ B laz+| C |a®>-32=0.

Since z is a real number, we have
<a< |I] ......... ©)

Next, we set

From @D, @ and @ we obtain

b:%(ﬁ—m_ ......... ®

Hence from @ and ® we have

K] <s<[L]
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Mathematics—13

- memo -

This is the end of the questions for Part [TV].
Leave the answer spaces E ~ E of Part blank.
This is the end of the questions for Course 1. Leave the answer spaces for Part blank.

Please check once more that you have properly marked your course number
as “Course 1”7 on your answer sheet.

Do not take this question booklet out of the room.
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Mathematics—15

Mathematics Course 2
(Advanced Course)

Marking Your Choice of Course on the Answer Sheet

Choose to answer either Course 1 or Course 2.

If you choose Course 2, for example, circle the
label “Course 2” and completely black out the oval
under the label on your answer sheet as shown in

the example on the right.

< Example >
s ™)
fFZE 2 — R Course
a—2 1
Course 1
0 [
. J

If you do not correctly black out the appropriate oval, your answers will not be graded.
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Mathematics— 16

[

Q1

(1)

(2)

(3)

(4)

Let a= 0. Let G be a curve which is symmetric with respect to the origin (0,0) to the

graph of the quadratic function in z

y=ax2—4x—4a. ......... D

The coordinates of the vertex of the graph of @ are

A B
<| | | |_4a>,
a a

Among the following choices, the quadratic function whose graph is G is .

@y:ax2+4m+4a @y:ax2+4x—4a ®y=a12—4x+4a

@ y = —az?® + 4z + 4da @ y=—az?— 4z +4a @ y=—az’— 4z — 4a

The curve G intersects the graph of the quadratic function @ at the two points

([oE]. [E]) wa (&1 [HD]).

Let a = 2. Then over the interval <z < , the maximum and the

minimum values of the quadratic function whose graph is G' are and ,

respectively.
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Mathematics—18

Q2 Consider the following equation in z

laz — 11| =4z — 10,  eeeeeennn D

where a is a constant.

(1)  Equation @ can be rewritten without using the absolute value symbol as

when ax 211, then (a—l N |)x=| o |;

when az <11, then (a—|—| P |):1:=|QR|.

(2)  When a = /7, the solution of equation @ is

=1(CD-VET)

Lv |

Tr =

(3) Let a be a positive integer. When equation D has a positive integral solution, we have

a= II', and that solution z = III
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This is the end of the questions for Part III Leave the answer spaces , E of Part blank.
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Mathematics—20

11

Suppose that a triangle ABC which is inscribed in a circle O of radius 2 satisfies

30A 440B +20C = 0. eeeeeeenn )

Let D denote the point of intersection of the straight line AO and the segment BC. We are to
find the lengths of the segments AD and BD.

(1)  When we set OD = kOA where £ is a real number, we have

S - e o
OD =— kOB - ==-k0C
o]

As the three points B, C and D are located on a straight line, we obtain k =

From this we derive that OD = E and finally obtain

Ap=[_1]

(2)  From (1) we see that BD = BC. So in order to find the length of the segment

[

BD, we should find the length of the segment BC.

First we note that

BC?=[L |- m ]OB-0C,

where OB - OC represents the inner product of OB and OC.

Since we know from @ that ’4@ + 204C)’2 = , we have

o5 . o6 - LP9R1
[s]

[T 1y[ul
LV ]

]

Hence we obtain BC = and finally from that
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This is the end of the questions for Part . Leave the answer spaces , E of Part @ blank.
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Mathematics—22

I11

Let x and y be positive numbers which satisfy

8z?
(logy )" + (logyy)" =logy —. e @

We are to find the maximum value of zy? and the values of z and y at that point.

(1)  The right side of D can be transformed into

So, setting X = log,x and Y = log, y, we can express D in terms of X and Y as

(x-[1) + (v+[ED) =[F] - ®

(2) Set k=log,zy® Using X and Y above, this equality can be transformed into

X+[G Jy-k=0. ®

If we graph @ and @ on a plane with coordinates (X, Y), the graph of @ is a circle,

and the graph of @ is a straight line. When k is maximized, the graph of @) is tangent
to the graph of @. Hence, when k = III, zy? takes the maximum value and
in this case z = II' and y = .
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This is the end of the questions for Part . Leave the answer spaces ENE of Part blank.
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Mathematics—24

IV

Q1

Let a be a constant. Assume that the function

f(z) = 2sin® 2 + asin 2z + % cos2x —9cosz — 2az + 6

takes a local extremum at = =

. We consider about the maximum and minimum values of
f(z) over the interval 0 < z <

po| N vy

(1)

Since f(x) takes a local extremum at = = 1, it follows that a =

Hence the derivative f'(z) of f(z) can be expressed as

flz)=] C Isinat(l [») Icosx—l)(sinx—lzl).
(2)

It can be seen from the result of (1) that f(z) over 0 £ z < T takes the maximum

2
value at = = and the minimum value at = = Izl, where | F |and [ G |

are the appropriate expressions from among © ~ @ below.

@0 O+ © 1 01 @2
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Mathematics—26

Q2 A sequence {a,} is defined as

1

T
an :/ z"e "dx (n=1,2,3, «+).
0

Then

e + 1.

U B
L]

Also a,41 can be expressed in terms of a, as

n+1
an+]=—<%> [0 e, (n=1,23 ),

When this is transformed into

€ )

NGp = Ap41 — Gp + <)

we have

[
A

n
kz::lkak =0apy1 — a1+ %m

e

- ()

Since, for 0 < z, the range of values of 7% is 0 < e™? < II', it follows that

1
1 1
0<an</ [0 " de = _ .
’ JURS)

Thus, since

lim o = [W ],

n—oo

we obtain
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- memo -

This is the end of the questions for Part . Leave the answer space E of Part blank.
This is the end of the questions for Course 2. Leave the answer spaces for Part blank.

Please check once more that you have properly marked your course number
as “Course 2” on your answer sheet.

Do not take this question booklet out of the room.
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