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2021-2022 Examination D
Notice

1 You must take the exam either in English or Japanese.
2 The English is an approximate translation of the Japanese, not a direct translation.
3 There are three problems from |1} to , printed in English on pages (p15~26).
4 The examination is 30 minutes long.
5 You must not read the problems aloud.
6 You must be sure to clearly write all of the answers on the answer sheet. Only

submit the answer sheet after the examination.
7 When you rewrite an answer, be sure to completely erase what you have written,

then write your new answer.
8 Be absolutely sure to enter your examination number on the bottom right of both

pages of the answer sheet.
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Taro and Hanako found some tadpoles at a nearby lake. They spoke to their teacher and decided to

raise the tadpoles at school.

Answer problems 1~2 below.

[Conversation D between Taro, Hanako, and their teacher]

Teacher: I thought we would need an aquarium to keep the tadpoles so I brought one. How about using this aquarium made
entirely of glass?

Hanako: Please tell us the size of the aquarium.

Teacher: Well, the aquarium has a rectangular shape and the measurements on the inside of it are 25 c¢m tall, 40 cm long,
and 20 cm deep. The glass is 0.5 cm thick.

Taro: Okay, let’s wash the aquarium, put water inside of it and get ready.

Teacher: It is not good to just add tap water to the aquarium because it contains *chlorinated powder, which is bad for the
tadpoles. Let’s put tap water from the sink into a bucket and add a chemical that will remove the chlorinated
powder. We can use that water after it has had some time.

Taro: Okay, let’s do that.

P Chlorinated powder---This chemical is added to tap water (water from the sink) and pools to disinfect the water.

Diagram 1- Picture of the aquarium provided by the teacher.

Problem 1 Answer (1), (2), (3) below.

(1) Write how many cubic centimeters (cm?) of water there are when the aquarium is completely filled
with water.

(2) 0.2 liters of water come out of the sink every 1 second. It took 1 minute and 15 seconds to completely
fill the bucket with water from the sink. How many cubic centimeters (cm®) of water are in the bucket?

(3) They placed the aquarium on a level floor and added water so that the height of the water from the
floor is 15 cm. Now, what percentage (%) of the maximum amount of water the aquarium can hold is

in the aquarium?

_15_




The tadpoles have grown nicely and now have front legs.

[Conversation @ between Taro, Hanako, and their teacher]

Hanako:

Teacher:

Taro:

Teacher:

Hanako:

Taro:

Teacher:

The tadpoles have grown a lot, haven’t they? There are some that even have their front legs now. Should we make
it so that they are able to leave the water now?

That’s right. After putting the tadpoles somewhere else, let’s add a stand and reduce the amount of water so that
the tadpoles can leave the water.

Before, when I had a pet turtle, I used something plastic that floated on the water. Is it okay to use something that
floats?

In that case, it will be dangerous if the tadpoles and frogs get stuck between the stand and the wall of the aquarium.
We should use something that sinks and stays on the bottom.

Why don’t we make something like the steps shown in diagram 2 so it is easy for them to climb on it? I want
to make it so that the height of each step is equal and the depth of each step is equal.

I think it will be easier to climb on a slanted surface than on steps. Diagram 2 Hanako’s stand idea

We should place a wedge-shaped object like a ramp in the tank. ~ (Viewed rom the side, placed in the aquarium)

Let’s consider both of your ideas. Depth of each step
/

/!
A

=1 _ Height of each step

|}’---

Problem 2 Hanako and Taro thought of stands shown in diagram 3 and diagram 4. Comparing the

view of diagram 3 and 4 from the side when placed in the aquarium, they found that the height

and the area of both stands were equal. Answer (1) and (2) below.

(1) Write the height of each step and the depth of each step in centimeters (cm).

(2) After placing the stand Hanako thought of in the aquarium so that A and B of diagram 3 were

touching the bottom of the aquarium, they reduced the amount of water in the tank so that it was the

same height as the first step. Given that the volume of the stand Hanako thought of is 1,080 cm?,

what is the volume in cubic centimeters (cm?) of water remaining in the aquarium?

Diagram 3 Hanako's stand idea Diagram 4 Taro’s stand idea

A 1 6cm

Overall shape Shape when placed in the Overall shape Shape when placed in the
aquarium and viewed aquarium and viewed
from the side. from the side.
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Answer problems 1~5 below.

[Conversation @ between Hanako and her teacher]
Hanako:  What is this? (Diagram 1)
Teacher:  That is a coin sorting machine that can divide different kinds of coins.
Hanako:  When I put a 1 yen (¥) coin, 5 yen coin, 10 yen coin, 50 yen coin, 100 yen coin, and 500
yen coin into the coin slot, they rolled down and separated into the boxes at the bottom.
Diagram 1

Coin exit Coin slot

Coin sorting machine

Expanded view of the boxes coins fall into.

¥500 ¥5 ¥10 ¥1

¥100

¥50

Hanko: I want to make a device that separates coins like this and do an experiment.




[Experiment @]

{Materials prepared for the experiment)
[JAcrylic boards (transparent and opaque (not transparent) boards)
[Electric scale [JRuler [1Coins (¥1, ¥5, ¥10, ¥50, ¥100)
(Method 1)

1. Make the device pictured in diagram 3 by layering the acrylic boards as pictured in diagram 2.

2. Measure the weight and diameter of each of the coins then place each of the coins in the device as pictured in
diagram 3 and measure the distance that the coins travel after leaving the device.

3. Measure the distance that each coin travels 3 times and calculate the average.

Diagram 2 View of coin exit of the Diagram 3 View of the device from the side D

device @D Coin slot

Transparent board 'y
= .
[ Space  coins Coin exit Coin
travel through
L __;"
11— Opaque board /
Transparent board M |
{Results 1> Distance traveled after the coin leaves the device

Weight and diameter of coins

¥1 ¥5 ¥10 ¥50 ¥100
Weight (g) 1. 0 3. 8 4. 5 4. 0 4. 8

Diameter (mm) | 20. O 22. 0 23. b 21. 0 22. 6

Distance traveled after leaving the device

¥1 ¥5 ¥10 ¥50 ¥100

Itime| 1 9. 6 20. 1 19. 9 20. 0 20. 1
Distance

2 time| 1 Q. 7 20. 0 19. 8 20. 1 19. 9
traveled

3dtime| 1 9. 8 20. 2 20. O 19 20. 0
(cm)

Average| 1 9. 7 20. 1 19. 9 20. 0 20. 0

Problem 1 Hanako wrote her ideas based on {results 1) in [Hanako’s notes] . Select the word

that best fits from A or B below.

A. there is B. thereis not

[Hanako’s notes]

I found that the distance each coin traveled was basically the same. Because of that, I have concluded
that a relationship between a coins weight and diameter and the distance it traveled.




Hanako’s teacher told her that coin sorting machines have magnets at the coin exits. Hanako added

magnets to the device she made to use in [experiment D] and conducted another experiment.

[Experiment @)
(Items added)
[ICircular magnets [ ]Cardboard box
(Method 2)
1. Make the device as shown in diagram 5 by adding magnets to the device created in [experiment
@] so that the north and south poles are facing each other as is shown in diagram 4.
2. Put coins through the device many times and adjust the placement of the boxes so that each coin

falls into the correct box.

Diagram 4 View of coin exit of the Diagram 5 View of the device from the side @
device @

Magnet \<

N Ld

Distance traveled after a coin leaves the device

(Results 2)
By placing the boxes as pictured in diagram 6, the coins landed near the center of each box each

time.
Diagram é A view of the boxes from above after adjusting their placement.

Distance traveled by the coins.

20cm15cml1 0Ocm 5cm
| | | |

¥100 Coin Exit
¥5 | ¥10 ¥1

¥50




Hanako:

Teacher:
Hanako:

Teacher:

Hanako:
Teacher:

Hanako:

[Conversation @ between Hanako and her teacher]

Why does the distance each coin travels change after adding magnets? When I placed magnets
near the coins, none of them were attracted to the magnet.

What happens when you wrap iron with wire and apply an electric current?

It becomes an electromagnet.

That’s right. The device you made uses the structure of an electromagnet. You have 2 magnets
placed near the coin exit. As the metal coins roll near the magnets, electricity is created and the
coin becomes a weak electromagnet. As a result, there is an attraction between the magnets and
the coin, and this changes the distance that the coin travels.

Why is there a difference in the power of attraction between the magnets and the different coins?
Let’s think about that. Resource 1 shows what metals each coin is made from.

Each coin is made with various metals. Later, I will write about why the coins travel different

distances after adding magnets.

Resource 1 The kind and percentage of metal used to make coins

Coin Kind of metal and percentage

¥1 Aluminum 100%

¥5 | Copper 60~70%, Zinc 40~30%

¥10 | Copper 95%, Zinc 4~3%, Tin 1~2%

¥50 | Copper 75%, Nickel 25%

¥100 | Copper 75%, Nickel 25%

Problem?2  Select what can be correctly understood from (results1) and {results2) from A~D below.

A. Aluminum was almost completely unaffected by the magnets.

The distance traveled by coins made with copper and nickel was affected by the magnets less

than other coins.

C. After adding the magnets, of the coins made with copper, the coins made with a higher

percentage of copper traveled a longer distance.

D. Between the ¥5 and ¥10 coins, the ¥5 coin was more affected by the magnet.




[Conversation @ between Hanako and her teacher]
Hanako:  Now I know that the types and percentage of each metal that makes a coin is set. [ wonder

if there were people who tried to make fake money by mixing metals together.

Teacher: Look at resource 2 and resource 3.

Resource 2 Document from the teacher

Long ago the king of Greece asked his worker to make a crown made entirely from gold. However, it was
rumored that the worker stole part of the gold and replaced it by mixing in silver, which was cheaper than
gold. The king ordered *Archimedes to test if silver had been mixed in without breaking the crown.

So Archimedes prepared a block of gold that was the same weight as the crown. He placed the crown and
the block into containers that were both filled to the brim with water. Archimedes then measured the volume
of water that overflowed from each container.

Putting an object into a container filled with water will cause the same volume of water as the object to
overflow. From the volume of the overflowing water, Archimedes could tell that the worker had added silver

to the king’s crown.

% Archimedes... An ancient Greek scientist

Resource 3 Metal types and Weights of 1 cm?

Type of Metal Weight of 1 cm? (g)
Gold 19.30
Silver 10.409 (Based on Chronological Scientific Tables 2019)

[Conversation @ between Hanako and her teacher]

Teacher: Why do you think that Archimedes was able to tell that the worker had mixed silver with
gold to make the king’s crown?

Hanako: When he put the crown into the container filled with water, if the crown was made
entirely of gold like the block, the amount of water that overflowed from the container
would be the amount from the other container. However, because the
amount of water was the amount from the other container, he could tell that
silver had been mixed with the gold.

Teacher: That’s right.

Problem3 Select the words that fit in ‘ 2 ‘ and ‘ 3 ‘ of [Conversation @ between

Hanako and her teacher] from A ~ C below.

A. more than
B. less than

C. the same as



Problem 4 Select which of the crowns below (A~D) were made by mixing gold and silver. The crowns

listed (A~D) are made only with metal and are either made with only silver, only gold, or a mixture

of gold and silver.

A. Crown’s weight: 2,316 g B.
Amount of water that overflowed: 120 cm®
C. Crown’s weight: 1,368 g D.

Amount of water that overflowed: 80 cm’

Crown’s weight: 2,098 g

Crown’s weight: 965 g

Amount of water that overflowed: 200 cm®

Amount of water that overflowed: 50 cm®

[Conversation ® between Hanako and her teacher]
Teacher:  What’s this picture of old money? .
Hanako:  When | went to the museum yesterday, there was an exhibition of Egé@
money from the Edo period. | drew this from my memory of the §§§§ §_:_
exhibition. = =2
Teacher:  May | take a closer look? gg@ gg
Hanako:  Sure, here you are. TS
Teacher:  Nowadays, Japanese money is counted in yen no matter what the Ryo
amount. But in the Edo period, money was counted in units of ryo, bu,
shu, and mon.
Hanoko:  How are those units related? E ﬁ i
Teacher:  1ryois4bu,1buis4shu, and 1 shuis 250 mon. =
Hanako:  How much is 1 ryo in today’s money?
Teacher:  Well there is a lot to explain, but it’s about ¥80,000.
Hanako:  Okay. How much would it cost to buy some common foods we know
with the money of the Edo period?
Teacher:  Here is one example. You could buy a package of soba, Japanese
buckwheat noodles, for 16 mon.
Hanako:  Oh, | see.
Problem 5 If we take that 1 ryo is equal to ¥80,000 of today’s yen as is stated in [conversation &

between Hanako and her teacher] , how much money would it cost to buy a package of soba in the

Edo period using today’s yen?



N

Answer problems 1~2 below.

of the school year.

Taro and Hanako are talking in their classroom after the opening ceremony for the third term

AU N N

Taro:

Taro:

Taro:

Hanako:

Hanako:

Hanako:

vegetable from Europe that is being grown here in Saitama City. | heard that

[Conversation O between Taro and Hanako]
Before, my family ate at an Italian restaurant and we had a salad with puntarelle, a

puntarelle is a standard winter vegetable in Italy.

In Saitama City, there is an effort to grow uncommon European vegetables for local
consumption so we sometimes have school lunches that use European vegetables. |
guess that since we can grow vegetables grown in Rome here in Saitama City, we

must have similar climates.

| did some research and found [A table and graph showing the average
temperature and rainfall in Saitama City] .

That graph has an interesting shape.

This is called a hythergraph. Please look at the <hythergraph). The vertical scale is
the average temperature of each month while the horizontal scale is the amount of
rainfall during the month. As it says in <hythergraph explanation), the points
representing each month, starting with January, are connected in order, creating many
shapes. If two places have a similar climate, they will have similar characteristics in

their graphs.

Let’s compare the shapes of the hythergraphs of Saitama City and Rome now.

Problem1 Basedon

[Taro’s notes]

select the graph from A~D that best represents the climate

of Rome.
[A table and graph showing the average temperature and rainfall in Saitama City]
Table Statistics taken from 1981~2010)
Saitama Jan. | Feb. | Mar. | Apr. | May | June |July | Aug. | Sept. | Oct. | Nov. | Dec.
Average
Temperature (“C) 3.6 4.4 7.8 134 | 180 | 215 | 251 | 266 | 22.7 | 169 | 110 | 59
Rainfall (mm) 374 | 431 | 90.9 |102.3 | 117.3 | 142.4 | 148.1 | 176.3 | 201.8 | 164.9 | 75.7 | 41.1
(Hythergraph’ (Made based on the Japan Meteorological Agency Website.)

()30 ]z <{Hythergraph Explanation>

g 20 ﬁij:‘/?.q - Example: January’s average temperature is 3.6 “C and the rainfall is at 37.4 mm.

E o ‘Eﬁi‘: So on the vertical scale the point is placed at 3.6 and on the horizontal scale it is

w elé:-a-ﬂ‘ 2 placed at 37.4.

= 3l = January - From February (2) onward the same process is followed until there are 12 points.

-° - Like the graph to the left, a straight line connects each point in order, then the

—20 —=73 graph is completed.

R




[Taro’s notes)

- When comparing the difference between the highest and lowest average temperatures in
Saitama City and Rome, the difference is smaller in Rome.

- Rome gets between 50 mm and 100 mm of rain in the month of November.

- There is less rainfall in Rome during the month with the highest average temperature than the
month with the lowest average temperature.

A. B.
(;Co) 8\ q\ (c)
A a—__
12 A1 |10
20 775§ 20 7
()| 2 3 >
© 1 = January 5 %
z 10 SO0
£ E 4
S o F 4%
::; :%5 3 %1 = January
=90 -10 11
o-1e412
1(x)
~20 —20 | .
0 50 100 150 200 (250) 0 50 100 150 200 250
mm
Rainfall Rainfall (mm)
C. D.
() ()
30 30 5
7 8 12/ o100
9 J |
20 ~e/ 20 11 = 3
6 10 9
5 4 6 4
. 31% 2 $H11 B [
: 10 £ 10 )
T i
e () g
£ O g 0
:g %1 = January < L Jamuary
-10 —-10
—-20 —-20
0 50 100 150 200 250 0] 50 100 150 200 250
Rainfall A Rainfall (mm)

(Based on Chronological Scientific Tables)




[Conversation @ between Taro and Hanako]

Taro:

Hanako:

Taro:

Hanako:

Taro:

Hanako:

Taro:

Hanako:

Taro:

Hanako:

Taro:

My father works at a company in Tokyo and he commutes by train. My father said
that the train had very few passengers on the first day of work in January.

Really? My brother commutes by train to a university in Tokyo. | wonder if people
living in Saitama Prefecture commute to work or school outside of the prefecture
more than people in other prefectures.

| did some research and found that the nighttime population of Saitama Prefecture is
much higher than the daytime population.

What do you mean by nighttime population and daytime population?

Using Saitama Prefecture as an example, the nighttime population is the number of
people living in Saitama Prefecture. Daytime population means the population
minus the number of people who commute outside of the prefecture for work or
school and also adds the number of people who commute into the prefecture.

So that doesn’t include the number of people who come to shop or do sightseeing.
That’s right. There is also the Daytime/Nighttime Ratio. That is the ratio of the
daytime population to the nighttime population. It’s calculated by dividing the
daytime population by the nighttime population and then multiplying that by 100.
So you mean, that the smaller the daytime population is compared to the nighttime
population, the lower the daytime/nighttime population ratio will be.

That’s right. Saitama Prefecture’s daytime/nighttime population ratio is particularly
low among the prefectures of Japan.

So, which prefecture has the highest daytime/nighttime population ratio?

The highest daytime/nighttime population ratio is Tokyo’s. But If we look at the 23
wards of Tokyo, we can see that there is a difference in this ratio depending on the
ward. | am going to do some research into the reasons for that.

Problem 2 Taro found resource 1 and resource 2. He summarized what he could understand from

them and his ideas in [Taro’s Summary] . Select the content from A~D in resource 2 that
best completes E in [Taro’s Summary] . Then, think about the contents that would best
complete in [Taro’s Summary] and write your answer.

Resource 1 5 highest and lowest daytime/nighttime population ratios among the 23wards of Tokyo (in %)

Wards with the 5 highest Wards with the 5 lowest daytime/nighttime
daytime/nighttime population ratios population ratios
Chiyoda Ward 1460. 6| Itabashi Ward 0. 4
Chuo Ward 4 3 1. 1 | Suginami Ward 85. 1
Minato Ward 3 8 6. 7 | Katsushika Ward 84. 1
Shibuya Ward 24 0. 1| NerimaWard 83. 8
Shinjuku Ward 2 3 2. 5 | Edogawa Ward 82. 4

(Based on Ministry of Internal Affairs and Communications 2015 National Census)




Resource 2 Purpose of land use in wards
% Charts A~D each show one of the following wards: Chiyoda Ward, Minato Ward, Shibuya

Ward, Edogawa Ward
1.7

R [T
A SOOI Y- Buk T4 220 2.2 189
SO 30 LI
— 15
o\ L
B 1461 || 88 137
i s M
[T
C 85 26.2 195
[
—05 24
N T
I ERES\\ 39.0 28.2 21.3
R [
— 35 1 I L L J
] 20 40 18] 80 100 (%)
- Public facilities (Government or other publicly operated institutions) m Specialty business facilities (supermarkets, etc.)
g Education and cultural facilities (Universities, etc.) : Independent housing (individual homes, etc.)
Office space and facilities mﬂﬂ] Group housing (apartments, condominiums, etc.)

E Other

(Based on 2016 Tokyo survey of land use)

[Taro’s Summary])

- From resource 1 we can see that there is a difference in the daytime/nighttime population
ratio of the 23 wards of Tokyo. In particular, Chiyoda Ward’s ratio is high.

- We can guess that of the 4 graphs shown in resource 2, Chiyoda Ward is represented in
graph |I| The reason for that is we can see the percentage of independent and group
housing is the lowest. That means the nighttime population is smaller. Also, more than others,
this graph shows compared to the whole, so I think more people commute into the area
for school or work than commute outside of the area. That makes me think that the daytime
population increases. So | think that the ward with an especially big difference in these must be
Chiyoda Ward, which has the highest daytime/nighttime population ratio.

This is the end of the examination problems.




