Let’s solve entrance examination questions of National
Common Test for University Admissions,

2024 Math I *A in English

Question 2 ( Explanations and Solutions )

Key Points of Question 2

[1] Quadratic function

This is a problem to find the maximum and minimum areas
of a triangle whose vertex is a moving point on the coordinate
plane. Since the moving point moves at a constant speed, the area
is expressed as a quadratic function. It may be a little
difficult because you have to set the parameters yourself, but
it is probably at the same level as the C question of the
Osaka Prefectural High School Entrance Examination.

[2] Analysis of data

This is a problem of analyzing data using marathon records.
The problem involves comparing and analyzing the best times of the
top 50 people in two periods: before 2018 and in and after 2018.
There is also reading of histograms and box-and whisker plots, which
are standard content found in textbooks. In addition, the question

comparing data according to the calculation method in the latter
half of the question seems to be a new trend.
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Words :

parameter

the solution formula

trapezoid (K) /trapezium (3%)
histogram

correlation

the first quartile

the quartile range
box-and-whisker plot / diagram
median

mean

mode

variance

standard deviation
simultaneously

athlete / player
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Question 2: Required Answer Question ( Score 30 points )

(1) Itisimportant to try to draw a diagram for each sub-question as much as possible.

(1)
Trapezoid OPBC = (1 +4) X 6 X + = 15 t
= - = )
2 teco s B(4, &)
1
AOPQ—1X4><E—2 Q
ABCQ=2><4><§=4
i
APBQ=15-2-4=[9] o ¢ A (6,00
VA
(2) Let ¢ be the x-coordinate of point P at ¢ seconds after the start time,
CQ=2t, O0Q=6-2t.
However, 0 <t <3
Thinking in the same way as (1),
Trapezoid OPBC = (t + 4) X 6 X % =3t + 12
AOPQ=%t(6—2t) = 3t — 2
ABCQ=%-2t-4=4t
APBQ = (3t + 12) — (3t — t2) — 4t
=t2 -4t +12
clo6) B(a,6)
/]
2t
§-24
\ ,;L
o[> £-P Al,0)




From the graph on the right
andsince 0 <t <3, APBR

(1) whent=2,

the minimum area of APBQ is .

(i) when t=0,

the maximum area of APBQ is .

(3) When 3<t <6 ,
Trapezoid OPBC = (t +4) X 6 = 3t + 12
AOPQ=%t(2t—6) =23t

ABCQ=§(12—2t)-4=24—4t

APBQ = (3t+12) — (t? — 3t) — (24 — 4t)

= —t2 4+ 10t — 12
={(t —5)% — 25} — 12 ATBO
=—(t—5)*+13 »

134- — - = = e e s —o

From the graph of Figure 6
(i) whent=2,
the minimum area of APBQ is .

j_

(i) when t=5,
the maximum area of APBQ is .
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(4) When the area of /APBQ becomes 10,

(1) inthe domainof 0 <t <3,

t2 —4t+12 =10
t2—4t+2=0
From the solution formula,
t=2++2
t=2—-+2

(ii) inthe domainof 3 <t <6 ,

—t?24+ 10t —12 =10
t2—10t+22=0
From the solution formula,
t=5+3
t=5-—+3

Therefore, from (i) and (ii) ,

the area of APBQ is 10 or less,

(5-v3) - (2-v7) =[B1- [BI-[2

(seconds)

Figure 6
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(i) From Figure 1, the mode of A
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Figure 1. Histogram of A
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Figure 2. Histogram of B

(ii) Letus now organize and illustrate the subject.
5 0 data
2 5 data 2 5 data

|
[(CO-C0) @ (©0-00) | [(CO~00) @ (0000

12 data 13" from 12 data | 12 data 130 from 12 data
the front (fastest athlete) the backi(slowest athlete)
R 22 Mk 3 Morirdk
the first quartile (@) the second quartile {@,)} the third quartile (@3)
(P RAE) Median

25%FE L 2 6EHDOTHE
Mean of 25th and 26th



Figure 7
From Figure 7, we must notice that the 13th athlete from the fastest one is in the first quartile
of data. Since B's 13th best time from the fastest (Q;) is approximately 435 seconds, and A's
13th best time from the fastest (Q,) is approximately 480 seconds,

480 — 435 = 45 (seconds) . [---@)] e R
T g 2 e
A HZ} I : ___il_,{_)'dm
: : 480%— i 55
. P Aanb 1485 f
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Figure 3  Box-and-whisker diagram of A and B

Since the quartile range of A (Q3-Q,) is approximately 535-480=55, and the quartile
range of B (Q3-Q;) is approximately 485-435=50, the absolute value of the difference
seems to be approximately 5.

Therefore, greater than 0 and less than20. .. [--©@©] - =%

(iii) If we compare only the best times in a table, the first place athlete in B is faster,

so the answer group option for  is O or @.

Table 1: Best times of the first-place athletes, Mean, Standard Deviation
Data Best times of the first-place athlete Mean Standard Deviation
A 376 504 40
B 296 454 45
Equation

(Best time of a certain athlete with a certain data) =
(Mean value of that data) + Z X (Standard deviation of that data)

Next, compare the values of Z. Substituting the best time 376, mean 504,
and standard deviation 40 for the first-place athlete in A into the given equation,

we get



376 = 504 + Z, X 40
376 — 504
ZA =
40
=-3.2

Similarly, substituting the best time 296, mean 454,
and standard deviation 45 for the first-place athlete in B into the given equation,
we get
296 = 454 + Zz x 45

296 — 454
Zp =5

- [EIED N

Therefore, when comparing the Z values, the first place athlete in B with the

smaller number is better, so (1) is correct.

(2)
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Scatter plots for marathon and 10,000m Scatter plots for marathon and 10,000m Scatter plots for 5000m and 10000m

From Figure 4 (far left diagram), the athletes from the third to the fastest marathon
time (the area surrounded by squares) are all less than 1,670 seconds (below the
thick line) for the 10,000m. Therefore, (a) is correct.

Comparing Figures 4 and 5 (middle and rightmost diagrams), (b) is incorrect

because the correlation between the marathon and 10,000m is weaker than the

correlation between5,000m and 10,000m.

So, the answer is (D . [---D)] R



