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ctions, attach the minus sign to the numerator, and reduce the fraction
to its lowest terms.

(Example: Substitute % for % Also simplify as follows:

—% = _26‘/6 = _36 . Then apply _36 to the answer.)

(3)If your answer to —III is _f , mark as shown below.

(4) If the answer to [DE ] x is —x, mark “—" for D and “1” for E as shown below.
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C © 0 0@ O 066 6 0 O]
D O 0O @ ® ® 6 6 0 O]
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Mathematics—1

Mathematics Course 1
(Basic Course)

< Example >

Choose to answer either

7% 3 — A Course

d—R 2
Course 2

] o)

If you choose Course 1,

label “Course 17 &
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Mathematics—2

[

Q1 For | A | ~ | K | in the following sentences, choose the correct answer from among

choices 0 ~ @ below.

(1)  Consider the quadratic function
y =azl+br+c

whose graph is as shown in

right.

owing expres-

2)

Given the condition that a, b and ¢ satisfy (i) and (ii) in (1), consider the case where

the value of a®> — 8b — 8¢ is minimized.

We see that a = II' When we express y = az® + bz + ¢ in terms of b, we have

v= O o0+ (1]

Also, we see that the range of the values of b is | J | <b< | K |

@ o O 1 @ 2 ® 3 @ 4
® 2 ® 4 @ > 6= 0 <
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Mathematics—4

Q2 Consider dice-X with the following property: when it is rolled, for numbers 1 through 5
the probabilities of that number’s coming up are all the same, but the probability that 6 comes

up is twice that of any other number.

(1)  Denote by p the probability that a parti ber 1 through 5 comes up. The

(2)

(For , choose the correct answer from among choices

@’V@ elo

P

less than P(B) and the difference between them is not less than 3716 .

P(A) is less than P(B) and the difference between them is less than % .

P(A) and P(B) are the same.

P(A) is greater than P(B) and the difference between them is not less than 3716 .
1

P(A) is greater than P(B) and the difference between them is less than %%

)
@
®
0

(This question is continued on the next page.)
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Mathematics—5

(3)  Next, dice-X is rolled three times in succession. Let us denote by C' the event that
for all three rolls the number which comes up is 1 through 5, and by D the event that
the number 6 comes up at least once. When the probability P(C') is compared with the

probability P(D), we see that . (For , choose the correct answer from

among choices 0 ~ (&) below.)

© P(C) is less than P(D) vice P(C).

This is the end of the questions for Part . Leave the answer space IZ| of Part blank.
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Mathematics—6

I1

Q1 Let a = /5 + V3 and b = v/5 — v/3. We are to find the integers = satisfying

2‘x—%’+x<10.

e largest integer less than 2 g

a
b

(1)  We see that — =

b
[o]
(2)  For lIl and

among choices (0)

tence, choose the correct answer from

the followin

d for | E | and | G |, enter the correct numbers.

VIO @ z+8+2vV15 @ —z4+8+2v/15 (@ —2+6+2V/10

T —

@ 3:-6-2V10 (6 32—-8-2vV15 ©® —32+8+2v15 @ —32+6+2/10

(3) Thus, the integers z satisfying inequality 2 ‘x — % ‘ + 2 < 10 are those greater

than or equal to III and less than or equal to .
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Mathematics—8

Q 2  Let a be a real number. For the two quadratic functions in x

flx) = 2%+ 2ax + a® — a,

g(z) = 4— 22,

answer the following questions.

(1) The range of the values of a su at the g(z) has two different

solutions is

(2)  In the case of (1) s y= f(z) and y = g(x) intersect at two points. We

are to find

MN ] =+ aJe+[R] >0 . ®

Also, from the position of the axis of the parabola y = h(z) we have that

—E<a<. ......... @

Therefore, from @, @), @ and @ we obtain

T[]
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- memo -

This is the end of the questions for Part . Leave the answer spaces II' ~ IZI of Part blank.
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Mathematics—10

[11

Where m and n are positive integers, consider the rational number

- m
7“*34—

n

N |

we find the m and n such

Squaring both sides of (D, we havi

| A |m+[ B |n=[KL]

uation, we have

) o
7]

Since n is an integer, | MN | - | O Im is a multiple of El

Thus, we obtain

- -
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Mathematics—11

- memo -

This is the end of the questions for Part . Leave the answer spaces ~ IZI of Part blank.
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Mathematics—12

IV

For a quadrilateral ABCD inscribed in a circle

of radius 1, let AB: AD = 1:2 and ZBAD = 120°.

Also, when the point of intersection of diagonals BD

and AC is denoted by E, let BE : ED = 3: 4.

We are to find the area of quadrilateral A

Next, let us find ABCD. Since

AABC:AACD = [ 1 ][]
we see that BC : CD = lIl : . (Give the answers using the simplest integer ratios.)

[m]/[Nno]
[P ]

Hence we have BC =

Thus, from @O and @ we obtain the result that the area of quadrilateral ABCD

o/
W]
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Mathematics—13

- memo -

This is the end of the questions for Part .
Leave the answer spaces II' ~ El 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.

© 2019 Japan Student Services Organization



Mathematics—14

© 2019 Japan Student Services Organization



Mathematics—15

Mathematics Course 2
(Advanced Course)

the example on the

If you do not

ad—A 1
the oval Course 1

o) ]

shown in
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Mathematics—16

[

Q1 For | A | ~ | K | in the following sentences, choose the correct answer from among

choices © ~ @ below.

(1)  Consider the quadratic function
y =azl+br+c

whose graph is as shown in

right.

(2)  Given the condition that a, b and ¢ satisfy (i) and (ii) in (1), consider the case where

the value of a®> — 8b — 8¢ is minimized.

We see that a = II' When we express y = az® + bz + ¢ in terms of b, we have

Yy = x2+bx—b+|Il.

Also, we see that the range of the values of b is | J | <b< | K |

© o ® 1 ® 2 ® 3 @ 4
® 2 ©® 4 O > = 0 <
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Mathematics—18

Q2 Consider dice-X with the following property: when it is rolled, for numbers 1 through 5
the probabilities of that number’s coming up are all the same, but the probability that 6 comes

up is twice that of any other number.

(1)  Denote by p the probability that a parti ber 1 through 5 comes up. The

(2)

(For , choose the correct answer from among choices

@’V@ elo

P

less than P(B) and the difference between them is not less than 3716 .

P(A) is less than P(B) and the difference between them is less than % .

P(A) and P(B) are the same.

P(A) is greater than P(B) and the difference between them is not less than 3716 .
1

P(A) is greater than P(B) and the difference between them is less than %%

)
@
®
0

(This question is continued on the next page.)
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Mathematics—19

(3)  Next, dice-X is rolled three times in succession. Let us denote by C' the event that
for all three rolls the number which comes up is 1 through 5, and by D the event that
the number 6 comes up at least once. When the probability P(C') is compared with the

probability P(D), we see that . (For , choose the correct answer from

among choices @ ~ @ below.)

© P(C) is less than P(D) vice P(C).

This is the end of the questions for Part . Leave the answer space IZ| of Part blank.
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Mathematics—20

I1

For | A |, | B |, | D |7 | E | and | G | in the following sentences, choose the

Q1
correct answer from among choices 0~0@ below, and for the other I:l7 enter the correct

number.

Given a sphere of radius 2 with the center a

When segment MN is denoted by P and the center of gravity of triangle

BC de by G, we see that

OP:@ 6@’:@ |P—G)]=\JII|.
LF 1 (A ] [ ]

lIl ﬁ, we see that the three points A, P and G are on a straight

Also, since AG = =——

line.

© O3 @ ¢ ® a-b @ b-c

® ¢c-a ® a+b @ b+c c+a © a+b+c
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Mathematics—22

Q2 Let a, 8 and v be three complex numbers representing three different points A, B and C
on a complex plane. Also, «, § and ~ satisfy

2

(r—af +(y—a)B-a)+(F—a) =0, e @

|6 —2a+~| = 3.

We are to find the area of the triangle ABC.

Since from @

we have

@

have fr

B-al= [V ].
Thus we obtain the result that the area of triangle ABC is |II : |II .
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- memo -

This is the end of the questions for Part . Leave the answer space IZ| of Part blank.
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Mathematics—24

[11

On a coordinate plane, consider a circle C' with the radius

of 1 centered at the origin O. We denote by P and Q the Y

points of intersection of C' and the radii which are ro 9 %

at angles of 6 and 36 respectively from the positi ction 30

of the z axis, where 0 £ 0 < 7. 5 [ H
B O A

Also, we denote by A the point at whi

which is perpendicular to the z ses throug

x axis and passes throu i tersects the z axis.

Furthermore, we de the length o

- =M=
|t7 we have

gty = [F_] (Eltm —1).
s =+ VEL]

Next, when we set g(t) =

Hence, when

H

¢ is maximized and its value is

g
=

(This question is continued on the next page.)
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Mathematics—25

(3) For | N | ~ | S | in the following sentence, choose the correct answer from among

choices © ~ @ below.

There are two pairs of points P and Q at which ¢ is maximized, and their coordinates

are

This is the end of the questions for Part . Leave the answer spaces NIZI of Part blank.
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IV

Answer the following questions, where log is the natural logarithm.

(1) Let f(z) =2 —1—logz. We are to find t value of f(z).

First, we have

Examining the increases and S , we see that at z =

the function is minimi

z—12loguz.

E n+1
§= | —x—lzl—l—xlogk
[F ]x

— IIITL_]:l +logk — (n+ )log(n+ II')+nlog”~

© z(logz+1) @ z(logz —1) ® logzr+1 ® logz =1

(This question is continued on the next page.)
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Mathematics —27

(3)  When n is a fixed positive integer and k is moved within the range of k£ > 0, denote

the minimum value of S in (2) by a,. We are to find a, and lim a,,.
n—oQ

Differentiating S by k, we have

This is the end of the questions for Part .
Leave the answer spaces II' ~ El 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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