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Question 1 (Compulsory Question , 30 points)

(1)

Let's think about the relationship between the values of trigonometric functions.

T . . 2
(1) When x = -, sinx sin 2x and when x = 37

sin x sin 2x.
Pick from the options @ to @ below for and .

(Note that the same option may be repeated.)

@ < ® = @ >




(2)

siny & sin 2x OEOKNBERZFHLUSHARL S,
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(2) Let's examine the relationship between sin x

and sin 2x in detail.

Since sin 2x —sinx = sinx ( cosx — ), it follows that

sin 2x — sinx > 0 is equivalent to

coSx — >0 «

13

sinx >0

or

(13

sinx <0

and

and

v

When 0 < x < 2m, the range of values of x such that (D holds is

And also the range of values of x such that @ holds is

2,

T
0<x<=—

0<x<

Therefore, when 0 < x < 2m, the range of values of x such that

sin 2x > sin x holds is

0<x<— R

0<x<
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(3) Let's examine the relationship between sin 3x and sin 4x.

Using the addition theorem for trigonometric functions, we obtain the equality
sin(e + B) —sin(a —B) = 2cosasinf e ®

For a and f satisfying a + f = 4x and a — 8 = 3x, using 3, the fact that

sin 4x — sin 3x > 0 holds is equivalent to the fact that

“ cos>0 and sir1>0 Co e @
« cos>0 and sin>0 e P REREE: ®

holds.

or

Therefore, since @ and & , when 0 < x < m, the range of values of x such that

O<x< , 7T<x<7t

sin 4x > sin 3x holds is

Pick from the options @ to ® below for and .

Note that you may choose the same one repeatedly.

and answer groups

@ o @ =« @ 2= @ 3x
@ 4x ® 5« ® 6x @ —%
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(4) Since the consideration of (2) and (3), when 0 < x < m, the range of values of x

such that the inequality sin 3x > sin 4x > sin 2x holds is

.
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(2]

(1) >0, ax1, b>0M&E, logb=x,B< &, WORAER DA

Do

[y | ofmsw

O x=0b D x*=aq
® a*=b @ b*=a
@ at=x« ® ==z
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, logy27 = Thh, ELEL5FHUTH

M

50

(i) log:3 WEEHEIEREOEELTHILINEEZZLS,
log: 3M BB THILIEIRETD L, log:3 > 0THLHDT, —ZDODH

SR 1, q%ﬁibh‘tlogza‘:—z—é:ﬁﬁ‘ic‘:?ﬁ’f‘%%a rorx, Dick
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(2]

(1) whena>0, a#1,b>0 ,iflog,b=x ,thenholes.

Please pick from one of the following six options that best fits |/ |.

Answer groups for .

(2) Consider whether the values of various logarithms are rational or irrational.

}\
(1) Since logs25 = ,and logg 27 = , both are rational numbers.

(i) Consider whether log, 3 is a rational or irrational number.
Assuming that log, 3 is a rational number, since log,3 > 0, it can be

expressed as log, 3 = s using two natural numbers p and q.

In this case, by (1), log, 3 can then be transformed into .

Now, since 2 is even and 3 is odd, there are no natural numbers p and q

satisfying .

Therefore, log, 3 is an irrational number.

Answer groups for
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(1i1) When a and b are natural numbers greater than or equal to 2, similarly to (ii),

we see that "if , then log, b is always an irrational number".

Answer groups for

a 1s an even number

b is an even number

a 1s an odd number

b is an odd number

a and b are both even, or a and b are both odd

©® 0|00 e

Either one of @ and b is even and the other is odd
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Question 2 (Compulsory Question, 30 points)

(1]

(1) Assuming k to be a positive constant, consider the following cubic function.
fG) = x*(k —x)
The points shared by the graph of y = f(x) and the x-axisare ( 0 , 0 )

and( ,0).

The derivative of f(x) is f'G) = | A 7| x2 + kx .

When x = , the minimum value of f(x) takes )
When x = , the maximum value of f(x) takes )

Also, intherange of 0 <x <k , f(x) is maximum when x =

Answer groups for , and to .

(' You may choose the same answer repeatedly. )

1 1 2
@ o 0) 5k ® ok ® gk
@ & ® ® —4r Q@ +*
2%;@3 0] 2i7k3 @ %ks @ 4
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(2)
Consider a cylinder whose base is a circle of radius 9 and whose height is
inscribed in a cone of height 15, as shown in the figure below. Let x and V" be the
radius of the base and the volume of the cylinder, respectively. Let V" be expressed

in terms of x,

Vznxz(—x) (0 < x <9)

From the consideration of (1) , we know that V' is maximized at x =

The maximum value of Vis | A& V| &
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(2]

(1) The value of the definite integral f030 Gx + 3) dx is |[# T

. o : 1 1 .
Also, the indefinite integral of function %xz —gxt 5 is,

1 1 1 1
—x2 __ = 3 _ 2 \\
f(lOOx 6x+5>dx X X ++C

ValNva =X

However, let the C be the constant of integration .

(2) Ina certainregion, "the expected blooming date of Someiyoshino (a type of cherry
blossom)" becomes a topic of conversation around March every year. Taro and
Hanako learned that one of the methods to predict the blooming date is to consider
the temperature since the beginning of February as a function of time, and to use the
integral value of the function as the basis. In order to predict the date and time of
blooming of Someiyoshino cherry trees, the two people decided to consider the
following while looking at the line graph of temperatures every six hours shown in

Figure 1.

)

16 G RPN
T Ao e g s
T2 Heeerereenerammmmi RPN W § N
10 N S 4 U 3 . SN 2.4 X B N N W

2/1 2/6  2/11  2/16  2/21  2/2
(Month Day)
Figure 1.  Line graph of temperature every 6 hours

Let the range of x values be the entire real number greater than or equal to 0, and
the point in time 24x hours since 0:00 a.m. on February 1 be x days later. (For example,
10.3 days later expresses 7:12 a.m. on February 11.) Also, let the temperature after x
days be y degrees Celsius, and y be a function of x, which is denoted by y = f(x) .

However, y shall not be negative.

19
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Using the function f(x) expressed as temperature, the two decided to consider the date

and time of the blooming of Someiyoshino in the following setting.

Setting

4 )

For a positive real number t, let S(t) be the value obtained

by integrating f(x) from 0 tot. Thatis, S(t) = fotf(x)dx .
When this S(t) reaches 400, Someiyoshino blooms.

- J

Under the setting, Taro decided to consider the graph of function y = f(x) expressed as

temperature as a straight line, as shown in Figure 2, to determine the date and time of

blooming of Someiyoshino.

(C)
16 -
14 -

Figure 2 The graph in Figure 1 and the graph of y = f(x),
which Taro regarded as a straight line

(i) Taro thoughtthat f(x) = % x+3 (x =0) .

At this time, the blooming date of Someiyoshino would be

after the beginning of February.

Answer groups for

© | After 30 days @D | After 35 days @ | After 40 days
©) After 45 days @ After 50 days ® | After 55 days
® After 60 days (M | After 65 days
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(ii ) Taroand Hanako are talking about the temperature after 30 days since the beginning

of February.

blooming of Someiyoshino.
Hanako: Since the temperature rises, let's consider the case

where the function expressing the temperature after 30 days

later from the beginning of February is a quadratic function.

Hanako considered the function f(x) , expressed as temperature,

tobe f(x) = T x+3 when 0<x <30, oo @
and f(x) = = x2 — 2 x +5 when x =30, oo
100 6

just as Taro did.

Furthermore, when x = 30, the value on the right-hand side of (1) and the value
on the right-hand side of (2) coincide.

Using Hanako’s expression, let us consider the date of blooming of Someiyoshino.

From (1)

L3O(% x+3)dx =|ZFY

So

40 1 1
f (— xz——x+5)dx =115
50 \100 6

In addition,
in the range of x =30 , f(x) increases,

so we know that it is

" oax [ “rooax

30

From the above,

we know that the blooming date of Someiyoshino is since February.
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Answer groups for

< . 0 =

Answer groups for

Before 30 days later

30 days later

After 30 days later but before 40 days later

40 days later

After 40 days later but before 50 days later

50 days later

After 50 days later but before 60 days later

60 days later

CASHCHGHSNSACHCAC)

After 60 days later
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For questions 3 through 5, select any two questions and answer them.

Question 3 (Optional Question, 20 points)

In answering the following questions, you may use the normal distribution table on page

43 if necessary.

(1) The population is the whole peppers produced in a certain production area.
Let X be a random variable expressing the weight (in g) of one green bell pepper in
this population. m and o are positive real numbers, and X follows a normal

distribution N( m , o 2) .

(1) When one bell pepper is randomly selected from this population, the probability
P( X =m ) thatit weighs m g or more is ,

P(X=zm) =P(X;—m > ) :

(i) Let X bethe sample mean ofa sample X;,X, -,X, ofsizenrandomly selected

from the population. The mean (expectation) and standard deviation of X are

EX) = ,and ¢ (X) = , respectively.

If n=400, the sample mean is 30.0 g, and the sample standard deviation is 3.6 g,

find the 90% reliable confidence interval for m using the following policy.

Policy

/

With Z as a random variable following a standard normal distribution

N(C 0 , 1), z, is obtained from the normal distribution table, which is
P(—zy <Z < z,) =0.901 .Usingthis z, ,a confidence

interval 0of 90.1% reliable for m can be obtained, which is

considered as a confidence interval of 90% reliable.

- J
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In general, it is known that when the sample size n is large, the sample standard deviation

can be used instead of the population standard deviation. n=400 is large enough, so based

on the policy, the 90% confidence category for m is .

Answer groups for and

(' You may choose the same answer repeatedly. )

0 - 0 o &~ 0<%
@ m ® 2m ® @ /m
® < @ no @ wn 6 =

n n

For , choose the most appropriate answer from the following @ to ® .

© 28.6=m=31.4 @ 28.7=m=3.3 @ 28.9=m=31.1
@ 20.6=m=30.4 @ 2.7=m=30.3 6 29.9=m=30.1
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(2) In the random variable X in (1), one bell pepper is randomly selected from the
population with m = 30.0, o = 3.6, and a pair of bell peppers is packed in a bag.
In this way , 25 bags consisting of two green peppers in a pair are made. In order
to reduce the dispersion of the weight of each bag, the following method of

classifying peppers is considered.

Green bell pepper classification method

4 )

For some randomly selected peppers, classify the peppers as S-size

when they weigh less than or equal to 30.0 g and as L-size when
they weigh more than 30.0 g. Then, one S-size and one L-size bell

pepper are selected from the classified bell peppers to make one bag

with a pair of two bell peppers. /

-

(i) Consider the probability P, of making 25 bags using the green bell pepper
classification method when 50 peppers are randomly selected.

The probability that one randomly selected bell pepper is size S is .

Let U, be the random variable expressing the number of S-size peppers

ah}

since U, follows a binomial distribution B< 50 ,
‘H»

when 50 peppers are randomly selected,

Py = 50C X x| 1-

Calculating P, , we get Py = 0.1122--- . So we know that the probability of
making
25 bags of peppers when 50 peppers are randomly selected is about 0.11.

(ii) Consider the number of peppers such that the probability of making 25 bags by

31



the green bell pepper classification method is greater than or equal to 0.95.
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Let k£ be a natural number, and let U, be a random variable expressing the number of S-size

peppers when (50 + k) peppers are randomly selected, then U, follows a binomial

distribution B[ 50 + k , .

Since (50 + k) is sufficiently large, U, approximately follows a normal distribution

N ( , ) ,andif Y = U ,then Y approximately follows a standard normal
v

distribution N( 0 ,1 ) .

Therefore, let P, be the probability of making 25 bags by the green bell pepper

classification method,

Pk=P(25SUkS25+k)=P<— <v< >

:
:

50+ 50+
Let =a N5k =8

For % such that P, > 0.95 , we know from the normal distribution table that % > 1.96

must be satisfied.

So, let us consider a natural number £ satisfying % =2 . e @

Since both sides of (D are positive, let k, be the smallest & satisfying a? > 452,

and we know that ko = |7/

However, V51 = 7.14 may be used in the calculation of |7 /|

Therefore, if at least (50 +|F ) peppers are extracted, the probability of making 25 bags

by the green bell pepper classification method is greater than or equal to 0.95 .

Answer groups for to .

(' You may choose the same answer repeatedly. )

© * D 2k © 3k (3)50;""

@ 25 + & @ 95 + p @ 4502+k @ 502—.&

2




E &R @ 7 &

WOFER, BEFRSHFOSHAHRIEBITSERDK
BEHSOHEOEEZEEDELDTH D,

2 0.00 [ 0.0 0.02 | 0.03 | 0.04 | 0.05 | C.O6 | 0.07 | 008 | D09

0.0 |i 0.0000| 0.0040 | 0.0C80 | 0.0120| 0.0160] 0.0199] 0.0239| 0.027%| 0.0319]| 0. 0359
0.7 ] 0.0398] 0.0438 | 0.0478 | 0.0517| 0.0557| 0.0596] 0.0636| 0.0675] 0.0714| 0. 0753
0.2 [ 0.0793| 0.0832 | 0,0871| 0,0910| 0.0948| 0, 0987 0.1026( 0.10641 0.1103| 0. 1141
0.3 || 0.1179] 0.1217| 6,1255 0,1293| 0.1331| 0.1368| 0.1406| 0. 1443 0.1480| 0. 1517
0.4 || 0.1554| 0.1581 | 0.1628| 0.1664| 0.1700| 0.1736] 0.1772| 0.1808] 0.1844| 0. 1879
0.5 || 0.1915| 0.1950| 0.1985) 0.2019| 0.2054| 0.2088 | 0.2123| 0.2157} 0.2190| 0. 2224
0.6 || 0.2257| 0.2291| 0.2324| 0.2357 | 0.2389| 0.2422| 0.2454] 0.2486] 0.2517| 0. 2549
0.7 |[ 0.2580.| 0.2611| 0.2642| 0.2673| 0.2704| 0.2734| 0.27641 0.2794] 0. 2823 | 0. 2852
0.8 || 0.2881| 0.2910( 0.2939| 0.2967| 0.2995| 0.3023| 0. 3051 0.30784 0.3106| 0. 3133
0.9 || 0.3169| 0.3186| 0.3212| 0.3238 | 0.3264| 0.3289 | 0.3315] 0.3340] 0.3365| 0. 3389
1.0 | 0.3413| 0.3438| 0.3461| 0.3485| 0.3508| 0.3531 0. 3554 | 0. 35777 0. 3689 0. 3621

0.3643| 0.3665| 0.3686| 0.3708 | 0.3729| 0.3749| 0.3770| 0.3790 | 0.3810| 0. 3830

0.3849| 0.3869 | 0.3888| 0.3907 | 0.3925| 0.3944 | 0.3962 | 0.39804 0.3997| 0.4015

0.4032| 0.4049 | 0.4066| 0.4082| 0.4099| 0.4115| 0.4131| 0.4147 | 0.4162| 0. 4177

0.4192| 0.4207 | 0.4222| 0.4236| 0.4251| 0.4265 | 0.4279| 0.4292 | 0.4306 | 0.4319
0.4332| 0.4345| 0.4357| 0.4370| 0.4382 0.4394| 0.4406( 0.4418| 0.4429| 0. 4441

1
2
3
4
5

.6 || 0.4452| 0.4463 | 0.4474| 0.4484 | 0.4495| 0.4505| D.4515] 0.4525| 0.4535| 0. 4545
7 | 0.4554( 0.4564 | 0.4573| 0.4582| 0.4591| 0.4599| 0.4608 | 0.4616 | 0. 4625 . 4633
8 || 0.4641| 0.4649 | 0.4656| 0.4664| 0.4671| 0.4678| 0.4686 | 0.4693 | 0. 4699 | 0. 4706
9 || 0.4713( 0.4719| 0.4726| 0.4732| 0.4738| 0.4744| 0.4750| 0.4756 | 0.4761 | 0. 4767
0 || 0.4772| 0.4778 | 0.4783| 0.4788 | 0.4793| 0.4798 | 0. 4803 0.4808 | 0.4812| 0. 4817

-1 [ 0.4821 | 0.4826 | 0.4830| 0.4834| 0.4833| 0.4842| 0.4846 0.4850| 0.4854| 0. 4857
.2 || 0.4861| 0.4864 | 0.4868| 0.4871| 0.4875| 0.4878 | 0.4881| 0.4884 | 0.4887| 0. 4890
2.3 11 0.4893| 0.4896 | 0.4898| 0.4501 | 0.4904| 0.4906 | 0.4909 | 0.4911| 0.4913| 0.4916
2.4 10.4918| 0.4920| 0.4922| 0.4925| 0.4927| 0.4929 | 0.4931| 0.4932| 0.4934| 0.4936
2.5 |1 0.4938] 0.4940| 0.4941| 0.4943 | 0.4945| 0.4946 | 0.4948 0.4949| 0.4951 | 0.4952

2.6 || 0.4953] 0.4955| 0.4956 | 0.4957| 0.4959| 0.4960| 0.4961| 0.4962 | 0.4963 | 0. 4964
2.7 || 0.4965| 0.4966 | 0.4967| 0.4968 | 0.4969| 0.4970| 0.4971| 0.4972| 0.4973 | 0. 4974
2.8 || 0.4974) 0.4975| 0. 4976 | 0.4977| 0.4977| 0.4978| 0.4979| 0.4979( 0. 4980 | 0.4981
2.9 |1 0.4981| 0.4982| 0.4982| 0.4983| 0.4984| 0.49841 0.4985| 0. 4985 | 0.4986 | 0. 4086
3.0 || 0.4987| 0.4987) 0.4987| 0.4988 | 0.4988| 0.4989{ 0.4983| 0.4989| 0.4990| 0. 4990




Normal ( Gaussian ) Distribution Table

The following table summarizes the values for the area
of the gray area on the right in the distribution curve of

the standard normal distribution.

Z0 0.00 | 0.0 0.02 | 0.03 { 0.04 | 0.05 | 0.06 | 0.07 | 6.08 | 0.09
0.0 .0000| 0.0040( 0.0080| 0.0120| 0.0160] 0.0199| 0.0239| 0.0279| 0.0319| 0. 0358

0.1 .0398 | 0.0438 [ 0.0478} 0,90517| 0.0657] 0.05696| 0.0636| 0.0675| 0.0714| 0.0753
0.2 || 0.0793| 0.0832| 0.0871| 0.0910| 0.0948 | 0.0987] 0.1026| 0.1064 | 0.1103| 0.1141
0.3 || 0.1179( 0.1217( 0.1255| 0.1293| 0.1331| 0.1368| 0.1406 | 0.1443] 0. 1480 0. 1517
0.4 || 0.1654| 0.1591| 0.1628 C.1664| 0.1700| 0.1736] 0.1772| 0.1808| 0. 1844 | 0. 1879
0.5 || 0.1915] 0.1950| 0.1985 0.2019| 0.2054| 0.2088] 0,2123| 0,2157| 0. 2190 0.2224

0.6 || 0.2257| 0.2291| 0.2324| 0.2357| 0.2389] 0.2422| 0.2454 0. 2486 0. 2517 | 0. 2549
0.7 || 0.2580| 0.2611| 0.2642| 0.2673| 0.2704{ 0.2734| 0.2764 0.2794 0.2823 | 0. 2852
0.8 || 0.2831| 0.2910] 0.2939] 0.2967| 0.2995{ 0. 3023 | 0.3051| 0.3078] 0. 3106 | 0.3133
.3159| 0.3186| 0.3212 0.3238| 0.3264| 0. 3283 0.3315 0.3340] 0.3365| 0. 3389
.3413| 0.3438| 0.3461| 0.3485] 0.3508| 0.3531| 0.3554 | 0.3577] 0.3599]| 0.3621

.3643 | 0.3665( 0.3686| 0.3708| 0.3729| 0.3749| 0.3770| 0.3790| 0.3810] 0. 3830
. 3849 | 0.3869| 0.3888 [ 0.3907| 0.3925 0.3944 | 0.3962 0.3980{ 0.3997| 0.4015
.4032| 0.4049| 0.4066 | 0.4082| 0.40997 0.4115| 0.4131 0.4147| 0.4162]| 0. 4177
0.4192| 0.4207| 0.4222| 0.4236| 0.4251{ 0.4265| 0.4279 0.4292| 0.4306 | 0.4319
0.4332| 0.4345 0.4357| 0.4370| 0.4382% 0.4394 | 0.44061] 0.4418| 0.4429 | 0. 4441

0.4452| 0.4463( 0.4474| 0.4484] 0.4495] 0.4505 | 0.4515] 0,4525| 0. 4535 | 0. 4545
0.4554| 0.4564| 0.4573 | 0.4582| 0.4591| 0.4599 | 0.4608 | 0.4616| 0.4625| 0. 4633
0.4641| 0.4649| 0.4656| 0.4664 | 0.4671| 0.4678 | 0. 4686 { 0.4693 | 0.4699 | 0. 4706
0.4713| 0.4719( 0.4726 | 0.4732| 0.47381 0.4744 | 0. 47501 0.4756 | 0. 4761 | 0. 4767
0.4772| 0.4778( 0.4783 | 0.4788| 0.47931 0.4798 | 0.4803 0.4808 | 0.4812| 0. 4817

0.4821| 0.4826| 0.4830| 0.4834| 0.4838| 0.4842| 0.4846| 0.4850 | 0. 4854 | 0. 4857
0.4861| 0.4864 | 0.4868 | 0.4871| 0.4875| 0.4878 | 0.4881 | 0.4884 | 0. 4887 0. 4890
0.4893| 0.4896( 0.4898| 0.4901| 0.4904 | 0.4906 | 0.4909 | 0.4911| 0.4913| 0. 4916
0.4918| 0.4920 0.4922| 0.4925( 0.4927| 0.4929| 0.4931 | 0.4932| 0.4934| 0. 4936
0.4938| 0.4940| 0.4941| 0.4943| 0.4945| 0.4946| 0.4948 | 0.4949| 0. 4951 | 0.4952

0.4853| 0.4955 | 0.4956 | 0.4957| 0.4959| 0. 4960 | 0.4961 | 0.4962| 0.4963 | 0. 4964
0.4965| 0.4966 | 0.4967| 0.4968| 0.4969 | 0.4970| 0.4971| 0.4872| 0.4973| 0,4974
0.4974) 0.4975| 0.4976| 0.4977| 0.4977| 0.4978| 0.4979| 0.4979| 0.4980| 0. 4981
0.4981| 0.4982 | 0.4982| 0.4983| 0.4984 | 0.4984¢ 0.4985 | 0.4985| 0.4986 | 0. 4986
0.4987( 0.4987| 0. 4987 | 0.4988 | 0.4988 | 0. 49891 0.4989 | 0.4989| 0.4990 | 0.4990 |
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HEN - H¥B [HE3E~E5HE WFhh 2lMZERL, Sl . |

HAR GERME @A 20

HTE A, BEOTDCES OB —EEOASET S 2L, COA®
EEDBMCBI BT I ADOESR 0 FHTHS, 22T, EeERHELOE
HEBROEDT ETH D, BEIZER 1% TRHENDE, H2EOTDHO
BWeAx AATHNE, ZOEOKDVICIRTESI L0y FHERS, ROED
ADITIT 1. 0Ly FIACASEERMA 2 DOVTER L7125,

BEQMHDOALEE p THEL, nEFHOWR OHEEE ¢, THEBL, EE
U, p>0&L, #n 3ERAKET 3. .

BAE ey =10+p, a;=10100+p)+p TH 5,

EFIADHEEOHEY
1EEHD 1 %
(1) FEHOHD ﬁﬁ@#‘rbq
10+p 1.01¢10 + p)
— —
a Gi
I pAAAE T
2EHD 2 HEH D&
(s LEEOD FHOKD Y
L0110+ p)+p 1.01{1.01(10 + p} + p}
% __________ d:
e pAMAS
3EHO | 3RO
(3 iy SEHOWD FEHOEDY
BEH

FHR L - 852D E 4 BERA -2 ICE <)
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For questions 3 through 5, select any two questions and answer them.

Question 4 (Optional Question, 20 points)

Hanako decided to deposit a certain amount of money into her savings account at the
beginning of each year. Before this deposit, Hanako's deposit was 100,000 yen. Here,
"deposit" refers to the amount of money in the savings account. Deposits earn interest at 1%
per year. If the deposit amount at the beginning of a given year is x ten thousand yen, at the
end of that year the deposit amount will be 1.01x ten thousand yen. At the beginning of the

following year, the deposit amount becomes the sum of 1.01x ten thousand yen and the

amount of money deposited.

Let the deposit at the beginning of each year be p ten thousand yen and the deposit at the

beginning of the nth year be a, ten thousand yen. However, let p > 0 and n be a natural

number.

For example, a; =10+ p and a, = 1.01(10 +p) + p

Changes in Hanako's deposits
Beginning of 1st year End of 1st year
Ist year .
10+ p 1.01(10 + p)
\___Y_.._/ ;w_._l
a al
Deposit of p ten thousand yen
Beginning of 2nd year End of 2nd year
2nd year ; >
1.0100+p)+p 1.01{1.01Q10 + p) + p}
(13 - asz
Deposit of p ten thousand yen
Beginning of 3rd year End of 3rd year
3rd year >
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Reference Diagram

M - HPEB
(1) 4, ZRDODBEDICZDODOHHTEZ D,
At
D ERDOTHOEEE (2 + DEBOTDOES & OBERICEELTEZ
%5

JEHQGHOHES as FRIEOWT, as=| 7 | Ths. TRTOHREK

n 22T

ovri=[F Jan [T ]
MDD, 2L

g+ = A _]{en+ =)
EEFTE, 0, BRODEIENTES,

DARERE

© LO1(LOLA0+p)+2p) @ 1.0L{1.01C10+p)+ 1.01p}
® L01(L01A0+p+pr+p B 1.01{.0IQ0+p)+pr+1.01p
@ 1.0110+p)+1.01p ® 1.01(10+ 1.01p)+ 1.01p

T2 |~ F |omesr@Ersoz@0ELELTS XN,

© 1.0t ® 101t ® 1.01%
@ » @ 100p 6 w

® 100up @ 1.0t !x100p 1.017 % 100 p

(B - B BHE 4 BIIRR—2(CH<.)



(1) Two policies are considered to seek a, .

Policy 1

Consider the relationship between the deposit at the beginning of

the nt" year and the deposit at the beginning of the (n + 1)t year.

For the deposit az ten thousand yen at the beginning of the third year,

For all natural numbers n,

ey = |1 | @y + holds.

This can be transformed to

e+ (2] = (7] (an +[=])

and we can obtain a,,.

Answer groups for

© LO1{L.0IA0+p)+p} @ 1.01{l.01(10 + p)+ 1.01p}
® 1.01{L01A0+p)+pt+p B 1.01{L.OL(I0+p)+p}+1.01p
@ 1.0100+p)+1.01p ® 1.0110+1.01p)+1.01p

Answer groups for to .

(' You may choose the same answer repeatedly. )

© 1.01 @® Lol ® 1.017
@ » @ 100p © w

® 100w @ 1.01»'x100p 1.017% % 100 p




7t 2 .
HEHERBOERE S o WTTHEBEFORDICARLEp AFHIDW
T, n BEEOHDIENENENL SIZALNMNIEBLTELS,

bEHEERSMEBIZH 2 10 FAE, 2EHOFDITIZI0 X 1.01 FHIZR
D, SEEOR®IZIRLI0 X 101 AHIED, FARICEAS L o EHOHADIC

10X L1 P AMIC S,
« 1EFHDHDIZAE LR EFE.H;t,nﬂEEODE&b}Uip X 1.0173“FE.1&:72:2‘30

« 2EEHOHDIT AL LR p FHIL, n EFEQUD I p X LI FHIZ2 5,

A EROHDIAS L p FER 2 FEOWDICE p FROZETH B

ZNkD

G, =10 X 1.01* "'+ p X 1.01 + p- X 1.01 Tt p

=10 X 1.01*"! +p:§1 1.01

X d 7 —
EBBLENDNB. TTT, 511.01: T |&ma0T, 0 ERkDD

ZEWTED,

(A ], [ F |omsg@Ersoz@oELEATHIN,)

@ n+1 ®n ®n~1 @an
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Policy 2

Consider the 100,000 yen originally in the deposit account and the
p ten thousand yen deposited at the beginning of each year,

focusing on how much each will be at the beginning of the nt" year

The 100,000 yen originally in the deposit account becomes 10 X 1.01
ten thousand yen at the beginning of the 2nd year and 10 X 1.012 ten
thousand yen at the beginning of the 3rd year.

In the same way, at the beginning of the nth year, it becomes

10 x 1.01™ ! ten thousand yen .

* The amount of p ten thousand yen deposited at the beginning of the first year

becomes p X 1.0 1 ten thousand yen at the beginning of the nt" year.

* The amount of p ten thousand yen deposited at the beginning of the second year

becomes p X 1.01 ten thousand yen at the beginning of the nt* year.

* The amount of p ten thousand yen deposited at the beginning of the nth year

remains as p ten thousand yen at the beginning of the nth year.

Since the above, the following can be understood.

a, =10 x 1.01""! + p x 1.0117] +p X 101 4oy p

n
—10x 1.01" 1 4+ p Z 1017}
k=1

Now, since

n
Z 1.012 ] =
k=1

we get a, .
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Answer groups for and

(' You may choose the same answer repeatedly. )

@ »+1 @D =». @ »-1 @n—_z
| 7 || o

@ »+1 @ ¢ ® r—1 ® r—2
| & | omss

© 100 x1.01" @ 100(1.01 — 1)

® 1000.0171—1) , ® »+1.017"t—1

@ 0.010101n~1) 6 "szrl

(2) ETEAE, 10 FEOEDY QESRAHT30 FHMU IR D OASBITON
TE X
WAEHOEDVOHEEN N AMNULETHE ZLa2FEXeHNTETE
230 &72%, ZORERE pICDONTHELS &

v || A | x 101
101(1. 0110 — 1)

A=
v

E2%. Ledio>T, BEOHHOAREIZ 18000 HTHNE, 104FH
DFH D OIAEH 30 FHEA LTS Z &M D,

DA EE
© aw @ aw+p @ aw —p
® 1.0lan @ 1.0lan+p ® L0lay—p

(20 - HZBHABERA—-210E<.)




Answer groups for

@ r+1 @ * @ r—1 @ k-2

Answer groups for

© 100 x1.01" @ 100¢.01* —1)
@ 1000017 ~1) , @ n+ 101" -1
@ 0.01(101% —1) ® n><1_201n—1

(2) Hanako thought about the amount of deposit to be more than or equal to 300,000
yen at the end of the 10th year.
The deposit at the end of the 10th year to be more than or equal to 300,000

yen is expressed using the inequality > 30 .

Solving this inequality for p,

P |—| 2E|x1.0110
101(1.0110 — 1)

p=

Thus,
if the amount of deposit at the beginning of each year is,
for example, 18,000 yen, the deposit at the end of the 10th year
will be more than or equal to 300,000 yen.
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Answer groups for
@ ay (D Gt p ® aw —p

® 1.0lap @ 1.0lay+p ® L0lapw—p

HED - #4%B
3} 1FEHOASZEDAHMICBIAETEAOREN 10 AHTIEEL, 13AFH
DHEBEELDL. TRTOHAE wTHLT, ZO0BED 2 EHOHDOES
e, ALV D FHZWN, b, FRZ1I%THD, BEOADDA
SEXp FHOELTH D,

DL

© 3 M 13 ® 3t—1)
® s3a @ 13(n—1) ® 13

® 3~ @ s3+10l(r—1) @ 3x1.01!
® 3x101 @ 13x1.01%"! ® 13x1.01"
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(3) Consider the case where Hanako's deposit before starting the first year's deposit is
not 100,000 yen but 130,000 yen. For all natural numbers n, the deposit at the

beginning of the nth year in this case is ten thousand yen more than a,, ten

thousand yen .The annual interest rate is 1%, and the deposit amount at the

beginning of each year remains p ten thousand yen.

Answer groups for

© 3 @ 13 @ 3&=-1)

@ 3a @ 13z —1) ® 13z

© 3 ® 2+1.01(n—1) 3% 1.017
© 3x1.01” @ 13 x1.0177? ® 13x1.01"
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HFEND - #H¥B [E3B~B5813 WFhh 2MEERL, MELESI K, |

E=o0R GEREE @ 20

Eﬁ%PABCKZBMT, WBCOWMREM &EBL., £/, ZPAB= ZPAC &
U, ZOAEEZ LB, 2EL, 0°<4<90° &7 5,

() AM i3
AM = AB -+ AC
A T
EEREDB, T
| AP - AB AP - AC =
pra—— pu—— _ — — == z- ------------------------------ @
|ap| [aB]  |aP| |ac]
ThHb,
DFRERE
@ sing @D cose @ tané
1 ‘ 1 - !
@ sin & @ cos & @ tanﬁ_
@ sin ZBPC @ cos ZBPC tan ZBPC

2) §=45"LL, BT

aPl=3/2, |aBl=IPBl=3, [acl=[p¢i=3
MRONDBEEBZ S, OEE

AP-AB=ADP-AC=[

Thd, 0lT, ERAM EOHR DA LAPD = 900° ZHAELTWR LT 5, T

DEx, AD=| * |AM th5.

(EH=20 - HFEBESBERRA—SITEL,)



For questions 3 through 5, select any two questions and answer them.

Question 5 (Optional Question, 20 points)

In the triangular pyramid PABC, let M be the midpoint of side BC. Also, let £ PAB=2PAC
and let 6 be this angle. Note that 0° < 8 < 90° .

(1) Asshown below, AM is represented as
e ]
AM = AB + AC .

Also,

AP-AB  AP-AC
LA 7y
|AP||AB| |AP||AC]

Answer groups for

‘ @ sin ¢ @D coso @ tane
1 : 1 - 1
9 sin ¢ @ cos @ @ tand
© sin ZBPC @ cos £BPC tan /BPC

(2) let @ = 45° , and furthermore, consider the case where
|AP| =3v2 , |4B|=|PB|=3 and |AC|=|PC|=3 hold.

In this case, AP -AB = AP - AC =
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In addition, suppose that point D on line AM satisfies £ APD = 90°.

At this time

[+ @

AQ= AM

E

TREDHEQEBL., PA LPANBEETH S SA%PARBCIRED LI 3B

PEDWTEALD. FIAEQ DHEETE

[IRETH B,

M QIZAD & 5L, PA & PQ

() PR - POBEETH 2 &% POEAD AC APERWTELTE4 3

&, ﬁxﬁ!zfoy_o., Aol QraRETsE, [ 7 |»sl & 4
WOSID T ENDhh 3,
Lo T, PAEPABZEETHNE [ & |HR0ID, #i,

MO TIE, PA & PQIZEETH 5.

o g

-AB + AP -
.AB + AP -
-AB -+ AP -
AP-AB -+ AP -
AP-AB+ AD-

— —
P-AB- AP-

AP
AP
AP

AC=AP-AP
AC= —AP-AP
AC=AB-AC
AC= —AB-AC
AC=

AC=0¢

{

o

PEOER®OO

i

DFRER

/2 |BC|
|AB| +[acl=2 [BC|

|aB| +|acl=

|aBlsine + |AC|sin g = |AP]
|aB|cos 6 + [AC|cos 6 = [P
|K]§|sint9 = |Ké|sin6 =2 I_A—13|
|AB|cos @ =|AC|cos 6 = 2 |AD|

PO O® O O0.©




(3) Let Q bea point defined by AQ = AM .

Consider what a triangular pyramid PABC with PA and w perpendicular is
like. For example, in (2), point Q coincides with point D and PA and P_Q) are
perpendicular.

(i) If PA and P_Q) are perpendicular, then holds if we consider ﬁ)) expressed

using AB ,AC and AP . In addition, If we pay attention to (D, we see

that holds since .

Therefore, if PA and ﬁ)’ are perpendicular, then holds.

Conversely, if holds, then PA and _P_d are perpendicular.

Answer groups for

© AP-AB+AP-AC=ADP-AP
@ AP-AB+AP-AC= —AP:AP
@ AP-AB+AP-AC=AB-AC
® AP-AB+AP-AC= —AB-AC
@ AP-AB+AP-AC=0

® AP-AB—AP-AC=0

Answer groups for

|aB| +[all= vz [BC|

|AB| +[acl=2 |BC|

|AB|sing + |AC|sin 6 = |AP|
|aB| cos ¢ + |AC|cos 8 = |AD|
|AB|sin 0 = |AC|sino = 2 |AP|
|ABlcos ¢ = |aC|cos 9 = 2 [AD|

PO O®®E® O0.©
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HFEN - BEB

(i) kZEDEHKEL
EAP-AB = AP - AC
MEOVEDETSB, zoLx, [ 3 ||AKR0ID,
£, ABASEBMAPKFALEERLEHRAPLOREER &L, H
BICH C O STERAP 10 F 3 L2 Bag & R AP & OR%E C &7 5,

ZOEE, PAEPAWEETH S - &1, THBIEEABTH

B, BiCk=10&%, PAEPONEECTHHZ LW, || & | cohscs

ERIETH 5.
Lo o
© laB|=[all ® [aBl=zlac|
® rlaPl=/z a8l ® rlab|l=/2]acl
[ 5 | omes

O B &CMEBITHES AP OHA
O BELOMEHAPEENENGR+1) 181 R+ 1DICAST
B |
@ B ECHBRBPAPEENENL : G+ 1)ER|R+1) : LIRHAT
5
B & OB AP EENETNE: 1 &1 (RITHSTER
B & C AR APEZNETNL k& k: LITADT B
B & CMEBITHSAPEL: 1ITNDT DA
B & CMEHITHSAPE L  EICHNST B

©Oo6e®

RN - HFBE 5 BRRR—-JITHL)
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(ii) Let be a positive real number and assume that kAP - AB = AP - AC  holds.

In this case, holds.

Let B’ be the intersection of the perpendicular line from point B to the line
AP and the line AP. Similarly, let C' be the intersection of the perpendicular line
from point C to the line AP and the line AP.

In this case, PA and P_Q) being perpendicular is equivalent to being .

In particular, when k = 1, the fact that PA and Wj are perpendicular

is equivalent to the fact that .

Answer groups for

© rlaBl=]acl ® [aB[=r[al]

® rlaP|=/2|aB| ® lapl=/2]|Aacl

Answer groups for

Both B' and C' are midpoints of the line segment AP

The points where B' and C' both divide the line segment AP into
(k+1):1and1:(k+1), respectively

The points where B' and C' both divide the line segment AP into 1:(k+1) and
(k+1):1, respectively

The points where B' and C' divide the line segment AP into k:1 and 1k,

respectively

The points where B' and C' divide the line segment AP into 1:k and ki1,

respectively

Both B' and C' divide the line segment AP into k:1

@ & 0 0 e

Both B' and C' divide the line segment AP into 1:k
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#EI - H¥B

DIEF

© APAB & APACHEDIZE=AT }

@ APAB & APACHSZH € /PBA'=90°, LPCA =90 %k §
EHA N = A1 '

® APAB & APACIZFNFiNBP = BA, CP=CA #§i/d _%0=
i

® APAB & APACHIETHE

@ AP=BC
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Answer groups for

©@ | APAB and APAC are both equilateral triangles

@O | APAB and APAC are isosceles right triangles satisfying £ PBA=90 degrees
and ZPCA=90 degrees, respectively

@ | APAB and APAC are isosceles triangles satisfying BP=BA and CP=CA,
respectively

@ | APABand APAC are congruent

@ | AP=BC
Written by HIDEKAZU SUHARA 2023.7.12.

I sometimes used translation software

“Translated with www.DeepL.com/Translator (free version)”
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AT ( Artificial Intelligence ) R #x iT TIX A ik AI( Generative Artificial
Intelligence ) DHELT, T FTMHEIC [MEHR] BDFRICADL LI IRV E L, HHRSE
DOEFE L, [aikl LY biFHRo M) ] 2853250y 7 FEhThT, BA
b E OB L TWET, 7272 RIS/ o 7o bdf, Bix 2RI bR Z > TETWET,
ESITAERAT EEDND O TY, EXOAREERR L ZEETANLET &, HOWH
DHiWTERE L 2o D pfaiiB< MICH Rk ER 5D T, 200z iivic=o—3—7
OLMEEZED, [MHELZE LT, oL HUOEREZZER L, #iWTZRORIIE D 725
D2 EEMERFEORMELEZL TNDEITT, ZOXIRIENEZVH/LIOIIES
WICFPRETEZ LT,

[ PEFERODER7R DD ZIE L < HWrC & 5 1B/ [l 2F->Tns 2 & &
D [ 265 ZLICk o TEDX S REENRHL 0LV D BB 25, AMIZK
HDHENTNSDTT, HORBEO X HICHELAET 2O TIE L, bl TBBHE%F
U] ZEeRHKDANMICRBRTERY EHA, ZOHIZIE, BEDOFIRICEDI
T MER] L3 LAELW [H#E] 20 L THZL HITHOTH I ENRRELLEFE 2 T
F9, THETU LRI (] 2 Lidudeblen, Bz [fR] onZZER—o00o
STERNLET,

2 0 2 3EEFERFANFIET A MLET - BO [SUHARA & CLIL ZET £ A M AHk E
MY FE LT, b5 OOKRMEAFHR L EHICHME, 1T OAARE G L, G
IROfEFHE (f~—YarTFAR) T, CLILAFTZEKL THE ET, T XTOIEEMRE
AUER O DI 1 1 AEIZZR DO TRV EEZ TWET, HEND, FRECTRESK S
DFFEZ @ LT, a0 T - BEIE L EEIE O3 - BTEG ORI 81282 14 F
FTWET, MOBRIEDLEIANTINELEL, BRILEWEZET T LEWTT,
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Editorial Postscript

With the advent of AI ( Artificial Intelligence ) and more recently, Generative Al,
"information" has become increasingly easy to obtain. The educational policy of countries
around the world is shifting toward the acquisition of "processing ability" of information
rather than "knowledge," and Japan is following this trend. However, while it has become
more convenient, it has also brought about various problems. In particular, there is what
is known as generative Al. By inputting the artist's name and style in words, a picture
that looks exactly like a painting by a certain artist is created in the blink of an eye. The
New York woman who created the original painting asked, "What happens to my painting,
which I painted after decades of hard work and finally perfecting my own style?” and she
1s suing for copyright infringement. It was easily foreseeable that something like this

could happen.

We are required to have accurate knowledge to correctly judge whether information is
true or false, and to have a sense of ethics as to how using that information will affect us.
We must become people who can believe in ourselves' instead of being like a swarm of
sardines, moving right and left. In order to do so, I believe it is necessary to acquire as
much correct "knowledge" rather than "information" without being distracted by
immediate gains. I feel that we must 'study' more than ever before, and that one new need
for 'study' has been added.

The "SUHARA-Style CLIL Education Textbook" for Math II and B of the 2023 Common
University Entrance Test is now ready. I will be working with my students to solve the five
major questions, explaining each question in Japanese, and practicing CLIL education with
the English version of the explanation book (Imagination Educational Textbook). I expect that
all of the English versions of the manuals will be available around November. While teaching
math and arithmetic in English, I am sometimes puzzled by the use of articles, singular
and plural forms, and prepositional choices. If you notice anything, I would appreciate

it if you could let me know.
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B ZEN I RIB_ATEE

[FERDIFE] & [BoOMAR] ZAUICSE. 20 [Bo0OMR] Z2FE@IELH
DTEIE<BBEICHNTE, EREFEZZZACNCOEBATUEEU TN DIHE
<9,

[MZ2DCE) & TBTDCE] O@BZELANTD [BHE] &, REBTHEH - W
Z7z1889d 3 CLIL B (NEEBHEEFE) CZ2RELUNDIHETY,

O}

SUHARA EISU KYOUSITU is a so-called JUKU, established in 1979. It
is often translated as a cram school, but this is not always the correct
translation. There are various JUKUs in Japan. In my JUKU school, our
students are not forced to study, and learn their own studies independently.

For over 40 years, my wife and | have been teaching students
Mathematics, English, Japanese and so on with just the two of us, without
employing any lecturer or part-time instructor.

We strive to support our students not only academically, but also mentally,
by having them value their “school lessons” and “ study at home” . We
also value both “teaching” our students and “nurturing” them. We try
tomake “JUKUeducation” as the fourth category after school education,
home education, and social education.

Currently, | am focusing on teaching Mathematics and Arithmetic in
English in an enjoyable way. | practice CLIL Education (Content Language
Integrated Learning) in my JUKU.

TS681-0866
JNERMRUAFTSTES — 1

Tel 072 (996) 7616 - (996) 1020
FaxO72 (996) 1026

hlk@alpha.ocn.ne.jp
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