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Foreword

Foreword
              "  
high school. We have attempted to write it so that even a beginner to science can follow it by reading
explanations of each experiment. We hope that it will be useful to working teachers in search of a guide
to help them pick out teaching materials. And also, this will be especially helpful to elementary school
teachers who are not good at science.
Similarly, we are assured that this will help science teachers of foreign countries to improve teaching
skills, because contents of science education are basically the same throughout the world.
Last of all, we express our special thanks to the Ministry of Education, Culture, Sports, Science and
Technology, because this book is written as a part of the “Science project” of Hokkaido University of
Education (2010-2012) supported by a budget of the Ministry of Education, Culture, Sports, Science and
Technology.

Haruo JAANA
Hokkaido University of Education
Executive Director
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Preface

Preface
Basically and generally, elementary school teachers must teach all subjects to students in Japan. One of the subjects,
science, is usually hard to teach for elementary school teachers, because science classes contain observatory and
experimental works associated with many techniques and equipments. According to the research on “Favorite subjects
of elementary school students in Hokkaido”, most of the elementary school students like science. On the contrary, the
percentage of high school students who like science is not as high as elementary school students. We noticed that it
was a necessity to solve the problems in teaching of science.
#  "        $  %      
which was easy to use for both teachers and students and was suitable for the Hokkaido regional environment.
&  *   

<   $ 

=  >

 Z

*

Asahikawa, Kushiro, Hakodate and Iwamizawa), in order to train and issue licenses to the university students for
      

%     

    Z%%* *  *  *

and geology) and science education in our university. We have been considering to utilize these human resources in
contributing to our regional education system in Hokkaido. Furthermore, we also have discussed to contribute toward
the education of foreign students and scientists such as JICA programs.
Hokkaido University of Education proposed a project “Development of training and supporting programs to educate
science teachers with 21st century’s teaching ability of practical skills; To raise children with fresh sensibility to
nature” to the government of Education as a budgetary request of Japan, and we could get a special allowance for this
 " [\]\ [\][  %
We already published a text book (in Japanese) for the university students and regional science teachers of Hokkaido
in spring 2012 as a product of this project. The textbook will be used by students of Hokkaido University of Education
and by regional teachers in schools of Hokkaido.
This time we will publish a new textbook in English based on the textbook for Japanese students and teachers,
especially based on the part of observation and experiments of the textbook. The new book will be useful for
international undergraduate, postgraduate, research students and researchers visiting to Japan like JICA project.

Fusayuki KANDA
Editor-in-Chief
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Simple Science Experiments

Simple Science Experiments of
Tancyou Sensei
Chihiro SAKAI

2. Gradually cover the plant with salt using spoon avoiding
any change in the shape of the plant. Fill the plastic cup
with salt.

1. Let's Make Specimen of Plant in 3D
Let's make specimen of plant in three-dimension. If the
 

_    *

is still possible to observe how it changes and compare it
   _  %`{      
_   %
| }   _ 
Add the salt
Materials
Spoon, Large plastic cup, Salt, Rubber band,
Plastic wrap, Specimens of plants

3. Cover the cup using plastic wrap avoiding any trash to
enter the cup. Secure it with a rubber band.

4. Keep it on dry place. Make sure it is still.

Completion of
The solid sample!
5. One week later, gently remove the salt and remove the

How to Prepare
1. Put salt in a plastic cup about 2 cm deep and set up the

speciment

plant into the salt so it could stand.
Development
Cut styrofoam cup about same size of the plastic cup. Use
the bottom of it as a stand for the specimen.
Upon covering the plastic cup with plastic wrap, salt acts
as a Desiccant (usually can be seen in food package). As a
result, the plants become solid creating a three-dimensional
specimen.
The sample results are preserved smell and color (red
color will slightly change).
Stand the plant

There are lots of familiar plants with interesting foliage.
Let's make you own plant solid sample!

10
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2. Let's Make Leaf Puzzle

Development
Challenging puzzle using leaf specimen!

Let "Puzzle of leaves" be cut in different ways, the shape
of a leaf, and the difference between front and back of

Let’s use two or more leaves in a puzzle. Divide it into 10

leaves, leaf vein might be confusing! You can give hint!

parts or more. The more number of divided parts, the more

Point: Observe nature of leaf using puzzle!

    %

 * 

that uses the both side of book court (clear adhesive plastic)
Materials

     %

The leaf sample made using Book coat (clear adhesive

Let’s make original leaf puzzle using different kinds of

plastic) or packing tape, this include construction paper, but

leaf. Let’s observe the part of the leaves carefully – color,

double sided book cover is also good, Scissors

shape, veins and variety and the difference between the
back and front part of the leaves.

How to do: 6 pieces jigsaw
1. Prepare for the leaf specimen sample made using Book
coat or packing tape.

2. Divide the specimen into 6 pieces and cut it using
scissors.

Disarrange…

3. Disarrange the 6 pieces of specimen.
4. The original shape of the leaf is the assemble leaf.
Let’s assemble!!

Let’s assemble!

Simple Science Experiments of Tancyou Sensei
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3. Let’s Make a Fault using Cocoa and Flour
` Z 

  

 _

%

A Strata (consist of volcanic ash, sand and clay) formation
needs an additional power to create a fault (stratum breaks
when a large force is applied).
Point: Let’s look how to make fault.
Materials
Cover and clear slide case (Length 11cm：You can ask

   _

in camera shop), Flour, Cocoa powder, Used phone card,
Small spoon, Scotch tape, Cutter

%  

    _

Z[ 〜 3mm thick).

Press again.

The long one on the cut part of the case.
You should heat the cutter before cutting

Make second layer using cocoa powder

How to do
How to make the experimental apparatus
1. Cut the cover ’s end about 2mm from the edge.
You should heat the cutter before cutting
    

%

2. Separate the long one on the cut part of the case.
How to experiment
1. Put the cut cover’s end on the corner of clear slide case

Press them

and secure it with scotch tape.
2. Spread flour in the slide case about 2mm thick.
| _

      %

 _

    %

neat layer.

Align the height by phone card

12

Chapter 1 Simple Science Experiments

This fault is called “Reverse fault”. This experiment
comes from Osaka University of Education (attached
school) Tennoji High School and referred to Yoshio
#  Z_

  %

Progress
Let’s search for places with faults.

Completed layer

Move the plastic board to the center slowly

Fault was made.

13
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4. Let’s Make a Balloon Hovercraft
Let's make hovercraft using the pushing force of air.
Point: Pushing force of air
Materials
Rubber balloon, CD, 2 Film case with lid,
Double sided tape, Awl (tool for making hole)
Cutter
Experimental Method
]%&      
 _ %
2. In a flat surface, gently push it down and release it.
How does it move?

How to do
How to make the experimental apparatus
]%      
case’s lid（use heated cutter）.
2. Thread the rubber balloon throughfrom the mouth to the
        %
   



     

   

hovercraft upward so it float. The friction between the
 _

      %

When the craft hardly move, try to adjust the size of the
hole.
Progress
Can you guess other things to use instead of balloon?

14
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5. Let's Make Improvised Concave Mirror

Experiment 2
Concave mirror camera

Verify the nature of concave mirror
Point: Nature of Concave mirror and Sun rays

1.From the dark room, spot the sunlight to the bottom of
the aluminum can.
Gradually movethe 1cm cut tracing paper to the bottom
of the aluminum can.

Materials
Aluminum can (the bottom of can’s shape should be
concave) Ex. Beer can, Abrasive (Metal Polish) Goods
brand"PIKA-RU", Cloth (Kitchen paper is OK), Incense
stick, Tracing paper

2. Stop when you see the object, and then observe it.
The triangular shape is the mountain that can be seen
from Science Center of Education. The image is upside
down.
Experiment 3
    
Focusthe polished bottom of the can to direction of the
You can buy the tracing paper in the stationery store

sun. Slowly move the incense stick to the bottom of the can
about 2cm closer.

Preparation for Equipment
Preparation
Polish the bottom of the can by cloth with abrasive (metal
polish) until shiny.
*Approximately 10 mins polishing

You can see smoke
          
brightest part of the aluminum can.

I have an inverted image!

Progress
You can make the temperature higher by gathering the
sun light. Can you guess any other things that can be used

Experiment 1
Image formed in Concave Mirror
1. Look at the image on the bottom of the aluminum can.

asconcave mirror?

Simple Science Experiments of Tancyou Sensei

Information
The sun light is gathered using a concave mirror. When a
black paper is put closer to it, the black paper will start to
burn. The point of the sun light is the“focus” of a concave
mirror. The image of sun light is formed in this point.
Instead of the sun light, face the concave mirror into the
distant scenery or object; you can see the same scenery or
object.

Start to burn
Can and Black paper

15

16

Chapter 1 Simple Science Experiments

6. Let’s Make Karumeyaki (Brown Sugar Cake)

2. Put baking soda (1tsp) in the egg white. Mix them for
about 2 minutes until it looks like a sherbet. Then, put

=>_   %

sugar (1/4 tsp) into it.

Point: Thermal decomposition of sodium bicarbonate

If it doesn’t become like a sherbet, add a little baking
soda.

Materials
Ladle (spoon for soup), Zarame (crystal brown sugar),

3. Have a size of red beans of the mixture (no. 2 procedure)

Sugar, Egg, Baking soda (sodium bicarbonate),

on the tip of the disposable chopstick as shown in the

Water, Thermometer, Disposable wooden chopstick,

photo.

Cup, Measuring spoon, Gas stove

Baking soda and egg white
Experiment
zarame

1. Put 30g of crystal brown sugar and 11ml (2tsp) of water
to the ladle.

Thermometer should be protected using disposable
wooden chopstick as shown in the photo.

2. Put the ladle above the fire of gas stove and stir the
mixture well using disposable chopstick with
thermometer.
After over 100℃ *     * 
toabout 117℃

Prepare
1. Separate egg yolk and egg white.

When the temperature is over 100°C, bubbles become
bigger and bigger. It is said that KARUMEYAKI’s
suitable temperature is 125°C. If you use the ladle, when
you keep it away from the fire, the temperaturewill
continue to goes up for a minute. So keep away the ladle
    ]]℃ .
Egg white become like a sherbet
3. When the temperature goes up to 117°C, remove the
       % 
30 seconds.

Simple Science Experiments of Tancyou Sensei

4. Put the mixture of egg white and baking soda in the ladle
when the big bubbles are gone and stir it quickly for
about 30times using disposable chopstick.

It is important to mix it when the big bubbles vanished!
5. Gently pull the disposable wooden chopstick from center
upward and wait.

%   *      
it slightly.

Finish!
Information
Carbon dioxide is generated by thermal decomposition
of sodium bicarbonate (baking soda) which drives up the
 _       %
Sometimes this experiment might failbecause of the
temperature. But you should try it many times, so you can
give tips on making KARUMEYAKI.

When the bubbles become big…117℃ !

17
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7. Let’s See Red Sunset in PET Bottles

3. Add PET bottle and observe the color of light.

Light the PET bottle (with water and milk in it)
Point: Particles of milk and Scattering of light
Prepare
Clear PET bottle (5 bottles)
Z      _

, Flashlight

1 PET bottle

5 PET bottles

Syringe, Water
Experiment 2
1. In a separate PET bottle with water, add 5 drops milk
and mix well. Put the flashlight behind the PET bottle
and observe the color.

PET bottle with square cross section can also be used.
How to Make
1. Pour water into PET bottle

2. Add 5 more drops of milk in the bottle and observe the
color of light.

2. Drop 3 drops of milk into water and mix them well.

No milk

10 drops

20 drops

Progress
3. Prepare 5 bottles of mixed water and milk. Follow
procedure 1 and 2.
Experiment 1
]%=_*|>  %
2. Arrange the PET bottle in straight line.

Instead of milk, try to use soap solution, floor wax or
other liquid solution.
Information
Passing light through PET bottles have situation similar
to the connection between the sun (day time) and Earth.
In the afternoon, sunlight reaches thin layer of air. Because
of that, the blue light are scattered so the sunset appear
yellowish and reddish.
Passing light through PET bottles have also situation
similar to the connection between the sun (evening) and
the earth. In the evening, sunlight reaches thick layer of air.
The light from the sun is almost red and we can see the red
sunlight. That light hit the cloud and dust particles. That is
red sky at night.

Simple Science Experiments of Tancyou Sensei

8. Let’s Remove the Color of the Liquid!

19

3. And observe the water in the glass. The color ….

Let’s do magic! Can you make color of the liquid vanished?
Point: Iodine and vitamin C
Material
A mouthwash ( ISODINE),
A vitamin C tablet or candy with vitamin C, Fruit (lemon),

Observing ……

Vanished!

Clear glass, Water, Stick for mixing
Progress
Pour 100g of water and 2 drops of mouthwash (Isodine)
in a glass. Make two or more glasses of these (same size
is better). Put a drop of different fruit juice or vegetable
juice in each glass. Compare which fruit juice or vegetable
juice had made the color disappear more and contains more
vitamin C. Also try to look around and examine other fruits
and vegetable with vitamin C.

Preparation for MAGIC
1. Put the water in a clear glass.
2. Pour the mouthwash in the glass of water so that the
color will change.

In these photos, 5 drops of lemon juice were dropped
gradually into 100g of water with mouthwash to observe
the change in color.
Information
This is oxidation and reduction experiment. ISODINE’s
ingredient is Povidone -Iodine.
When dissolved in water, iodine color is brown. When
vitamin C is added in solution of iodine, the iodine is
reduced and makes the solution colorless.

How to do the MAGIC

You can do this experiment with other fruits, vegetables,

1. Prepare the glass you did in the above procedure. Get the

and candy with vitamin C.

tablet or candy with vitamin C.
2. Put the tablet or candy with vitamin C into the glass. Stir
slowly.

When experimenting on other fruits and vegetable, use
only a small amount of mouthwash (Isodine) because
some fruits and vegetable might only contain a small
amount of vitamin C and would not react if you put a lot of
mouthwash.
Simple Experiments of Tancyou-Sensei
http://cs.kus.hokkyodai.ac.jp/english/top1/index.html

Tancyou: Japanese Crane, the Symbol of Japan and
Hokkaido.
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Hello Teachers and Teachersto-be!
Apryl CRUZ BAGNATE

4. Pull the glass from the water, this time insert the tissue
paper in the bottom of the glass and make sure that the
tissue will not fall.

1. Does air takes up space?
Materials
    Z    

   
 
5. Do again procedure 2 and 3. Observe what happen. Does
the tissue become wet?

Procedure
1. Fill the water pot with water.
2. Hold the glass above the water so that its mouth is facing
the water.
Science concept
Why there is a space inside the glass when it was dip in
the water? Why does the tissue paper did not become wet?
        
filled with air. The empty glass before it was put in the
water is full of air. This is the evidence that air takes up
space.
Taking it further
3. Slowly dip the glass to the water. Observe the water
inside of the glass. Does the water reach the bottom of
the glass?

1. Tell the students to use different kinds of liquid. Ask
them if other liquids will work just the same on water.

Hello Teachers and Teachers-to-be!
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2. Improvised Battery
Materials
Z

[


  
|  




  & 
     
>   



Procedure
1. Mix salt and water in a drinking cup to make a saltwater
solution. Make sure that it is saturated that you can see
salt settling in the bottom of the cup after mixing it.

3. To check if the battery works, get a pair of connecting
wire with alligator clip and connect it to the terminals of
the electronic melody. Then touch one end of the alligator
clip to the charcoal and the other end to the aluminum
foil as shown. If your battery works, you should hear
music from the electronic melody. If it doesn’t work, try
  

   

and negative terminal.

2. Soak the paper towel into the saltwater solution. Use
the soaked paper towel to cover the charcoal. Then,
cover it with an aluminum foil as shown in the picture.
This is ready to use as a battery.

  

22
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Note: If electronic melody is not available, you can
use a multi tester instead. One advantage of this is


  

_    

your improvised battery.

Science concept
When a positive and negative terminal of an electrical
source was dipped into the saltwater solution, the positive
ions are attracted to the negative terminal of an electrical
source and the negative ions are attracted to the positive
terminal of the source, since opposite charges attracts. The
    

     _ %

Why Charcoal can conduct electricity?
Charcoal is an amorphous carbon which is essentially
graphite. Carbon is a form of graphite can conduct
electricity. It is the only non-metallic element that conducts
electricity.
Note: Charcoal which is burn in low degree temparature is
NOT a good conductor of electricity.
Suggestion: Read more on charcoal's property
and composition.
Taking it further
1. Tell the students to try some other liquids or solutions
like soda or baking powder in water or sugar in water and
try to compare them.
2. Try to use different kinds of charcoal.
3. Ask the student on how they can increase the voltage of
the improvised battery.

Hello Teachers and Teachers-to-be!
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3. Tornade
Materials
[|  
>   

#  
Procedure
1. Fill one of the bottle about three quarters full of
water.

Tornade in plastic bottles
5. Now, swirl the bottle in circular motion. You
should observe that the water is dropping fast and a
tornado like is forming in the water. If you want to see
again the tornado, just reverse the bottle again and don’t
    

forget to swirl the bottle in circular motion, the same
thing will happen.

2. Make a hole in the cap of the bottle about 1 cm in
 %=      %

Science concept
Why does moving the bottles in circular motion, makes

3. Connect the two bottles together using electrical

the water drop faster and formed a tornade?

tape. The empty bottle should be at the top this time.
Make sure that you connect the bottles properly that no

When we place the bottle with water on the top, the water
does not fall because of the low compressibility of the air,

water can pass through it.

which takes up the lower bottle and does not let any space
4. Turn the connected bottle upside down so that

for the water to fall. By the time, you swirl the bottle, a

the bottle with water will be on top. Don’t press the

vortec is formed. The vortex allows the air from another

bottle. Observe what happen. How long do you think it

bottle to come into the upper bottle which allows the water

will take to all the water to drop?

to fall faster. The vortex looks like a tornade in the bottle.
Taking it further
1. Make a variation on the size of the hole between
the bottles. Find out what size of hole will produce a
good tornado and what size will not produce a tornado.

Electrical tape

24
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4. Diver

at top of the water, add water on the straw or add paper
clip. If the diver sinks, remove water or removed the
additional paper clip.

Materials
|  

5. When the diver is just barely floating, put it on the

|  

bottle; be careful not to let the water on the straw drop.

  
|  Z

       

Close the bottle tightly.

 

6. Press the bottle in the middle. The diver should
goes down. Release the bottle and the diver goes up.

Procedure
1. Cut the drinking straw and bend it in U-shape.

2. Use the paper clip to join both ends of the straw.
This serves as your diver. Optional: You can connect
additional paper clips on the diver.

Science concept
Why squeezing the bottle, makes the diver sink toward
the bottle?
We make a system that air pressure is equal to the water
pressure. When the bottle was squeezed, the water pressure
was also increase and the diver sink toward the bottom to
equalize the pressure. It ca n also be observed that when the
bottle was squeezed, the water level inside the straw (diver)

3. Fill the bottle with water until on its top.

increases.
Taking it further
1. Tell the students to try other materials and shape for the
diver. Try to use small container (like catsup container
for kids) as a diver.
2. Try pressing the bottle simultaneously (press-release)
and observe the reaction of the diver.

4. Test the floating ability of the diver. Put water on the
     %  _ 

3. Ask the students to explain the concept using Buoyancy.
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Materials
  Z    
|   Z   

  

Procedure
1. Cut all the braids and plastic binding wires into 5 mm
size. Do not mix the braid and the plastic binding wire.

Science concept
The braid and the plastic binding wire have metal wite
that contains iron. This is why they react on the magnet
"      

 

in mapping magnetic field lines. The advantage of the
braids and plastic binding wire is that they are easy and
2. Place the magnet near the braid and try the following as

comfortable to use that you can actually play with it.

shown in the pictures.
Taking it further
1. Tell the students to use other kind of magnet such as
round magnet.

3. Remove the braids from the magnet. Set aside the braids.
Now, place the magnet near the plastic binding wire. Try
the magnets on another position.

26

Chapter 1 Simple Science Experiments

6. Simple Spectroscope
Materials
|  

 |
 
5. Cut the square using cutter.

6. Cut a centimeter wide slit in the top center of the paper
cup.
7. Starting on the marked point at the back portion of the
Procedure

cup, cut the cup until it reaches the two marks in front of

1. Color the inside of the paper cup using black pen as

the cup as shown in the photo.

shown in the picture.

2. Draw a line in the center part of the cup dividing the cup
into two as shown in the picture.

3. At the back part of the cup, measure 5 cm from the lid of
the cup and mark it with black pen.
4. At the front part of the cup make marks and
measurements as shown in the photos.

8. Insert the CD on the cut portion as shown.

Hello Teachers and Teachers-to-be!
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9. Look on the window (square in the front) of the

very tiny distance that can only be seen in a microscope.

spectrometer under the sunlight. What can you see? Try

This makes very tiny grooves in the CD. This grooves

   _

serves as a diffraction grating. When the incoming light hits

 %



* 

 _  

all different direction. The colors that we see are the result
of the superposition of all the indivisual waves.

Taking it further
1. Use the spectroscope in different time of the day and
notice the change in size of the colors.
2. Use the spectroscope using variety of light source such
as incandescent, flashlight, computer monitor and the
likes.

http://cs.kus.hokkyodai.ac.jp/apryl/
"SIMPLE SCIENCE EXPERIMENTS" on the web
If you want to do experiments which are simple and have
    *  
SIMPLE SCIENCE EXPERIMENT page have procedures
Under the sunlight

which are easy to follow and materials which are available
all over the world. There are also suggestions on how you
can improve or make innovation on the experiments for
classroom use. Furthermore, even teachers-to-be can relate
on the experiments and use them on their training as a
teacher.
Many of the experiments in this page are adaptations of
the experiments from the web page of Prof. CHIHIRO
Sakai— my supervisor here at HUE (can be seen in the
Related links) and who is also an Associate Professor in
this University and very well known on his field here in
Hokkaido.
I am a High School Teacher in the Philippines and was
given a chance to study here at Hokkaido, Japan. I am
under the teacher training program of MEXT (Ministry of
Education) Japan and enrolled here at Hokkaido University

=  _

 

of Education, Kushiro Campus. My course here is
Methodology and Material Development (Science of Daily

Science concept
A spactroscope is a device that breaks up light into
spectrum of using diffraction grating. The diffraction
grating splits and diffracts light into several beams into
different direction. On the hand, CD is composed of spiral
track of data which is 1.6 microns away from each other,

Life) under the Supervision of Prof. Chihiro SAKAI.
If you have comments and suggestions about the page
please email me at apryl_cruz@yahoo.com.
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Focusing the Light

Physics
 *

Osamu ABE

    _   

durable structure at a low price. We show a paraboloid and
a focal position in Fig. 2. The small solar furnace uses an
   %  *       

On March 28, 2008, the Ministry of Education, Culture,

sun light, the centerline of the paraboloid, and focus of the

Sports, Science and Technology, Japan published a course

paraboloid form a straight line. However, we can set the

of study. In the course of study, third graders were required

focus not on the incident line if we use a domain of C-D

to study the properties of light as follows:

of the figure. We design the parabolic mirror so that the
focus will be located on the surface of the earth when sun
elevation is 60 degrees.

3) Properties of light
To develop pupils’ ideas about the nature of light by
using mirrors and other devices, and by exploring the
way light travels, and its brightness and warmth when
it strikes an object.
%       _  %
b. The brightness and warmth of sunlight changes when

Fig. 2 Focus of the parabolic mirror.

it strikes an object.
Citation from the Home page of
Ministry of Education, Culture, Sports, Science

Purpose: To make a parabolic mirror, to collect light,
and examine how brightness and the warmth of the

and Technology, Japan.

object placed in the focus change when it is exposed to
The conventional methods are as follows: Each pupil has a


%

 _   *  

sunlight.
Apparatus:

light to the corrugated cardboard in which a thermometer is

A Styrofoam board (B4 size, thickness 5 mm)× 3,

set up. Then they measure a rise of the temperature. For the

  Z  * 

purpose of performing this experiment effectively, a small

(A3 size, thickness 0.5 mm), a multipurpose adhesive,

solar furnace shown in the photo below is commercially

tape, sprayer, and detergent.

available. The furnace has the ability to boil 5 ml of water

Principle: A part of the parabolic reflector

for 5 minutes in the mid-summer. This apparatus has merits

g i v e n b y z = a ( x 2+ y 2) c o n d e n s e s p a r a l l e l

that

light, in the z-axis, into the focus (0,0,1/(4a)).

]    _  

   

[ _    %
However, the device has the following disadvantages:
1) expensive;
2) one cannot attach heavier samples to it;
3) unstable in the wind.

Procedure:
(a) The Setup of the Mirror Stand.
i. Make enlarged copies of Figs. 1.6, 1.7 and 1.8 so that
   ]\ %
ii. Cut the copies along their bounds, and stick them on a
B4 Styrofoam board using a scotch tape.
iii. Bond the support boards to the basement using
multipurpose adhesive. Further, stick a spacer to the
support boards. (Fig. 3)
(b) The Setup of the Mirror.
i. Wipe the plastic sheet neatly, and remove dust, and oil.
%     [\
mm×400 mm.

Fig. 1 A small solar furnace.

iii. Dissolve a small amount of detergent in water, and

Focusing the Light

spray it on the plastic sheet.
%      %
%    

   

plastic sheet. Cut seven pieces of isosceles trapezoid of
240 mm in height, 52 mm in length of the lower base,
41 mm in length of the upper side, out of the sheet.
vi. Paste the trapezoids or reflecting mirrors on the
support boards from the both ends towards the center
(Fig. 4).
Observation:
(a) Prepare two aluminum cans, paint them in black and
pour 150 g of water into each of them.
Z>         %
   

     _  %

(c) Relationships between an elapsed time and the water
temperature are shown in Fig. 5.
(d) The rise in temperature of the water was 11.7°C,
when the water was exposedto direct sunlight in an hour.
The temperature rise of the water of the same mass was
47.7 °C when it was set in the focus of the parabolic
mirror.

Fig. 3 The setup of the mirror stand.

.

Fig. 4 The overview of the parabolic mirror.

Fig. 5 The experimental result.
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Fig. 6 The basement of mirror.

Focusing the Light

Fig. 7 The support of mirror (1).
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Fig. 8 The support of mirror (2).

A Model of Eye

A Model of Eye
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Procedure:

Osamu ABE

(a) We show the development of the truncated icosahedron
(so-called soccer ball, Fig. 4). Since the focal length of
the convex lens (Kenis D-45T) we will use is 80 mm,

We will make a model of the eye in order to understand

the distance between two parallel faces should be 80

the function of the convex lens in this chapter, and utilize it

mm. In order to satisfy this, the length of one side of the

to understand the work of the eye.

pentagons and hexagons should be approximately 16.5
%  &%   *

Purpose: To understand the function of the lens, structure
and function of the eyes.
Apparatus: Two pieces of construction paper, a sheet of
tracing paper, adhesive for woodwork, and plastic convex
lens with a focal length 80 mm (e.g. Kenis D-45T).
Principle: When any light that comes out of one point
converges to one point on the screen, we can see an
image on the screen. For a pinhole camera, as the light
comes out of any one point, and converges to one point
on the screen, the camera can give an image in focus

*    ]\ %
(b) Trace the thin lines with a ballpoint pen in which ink
went out, then fold along the lines so that a printed side
becomes inward and then bond it.
(c) Put a tracing paper on the circular window of one
hemisphere, and stick a lens on the circular window of
the other hemisphere.
(d) Glue two hemispheres together so that two black dots
of the margin of the hemispheres coincide.
Observation: Observe the image on the screen.

even in the dim.
To obtain brighter image, more light is needed. If a
larger hole is used, the image will be brighter because
more light will be hitting the screen. The image of the
point will be unfocused because the light that has come
from one point will make a wider disk on the screen. If a
lens is placed in front of the hole, the light rays coming
from one point will be focused towards a single point on
the screen again.
This makes the image appear bright and sharply
focused.
Set up a convex lens and a screen as shown in
the Fig. 1. Here, f stands for the focal length of the

Fig. 2 Overview of the eye model.

lens and b denotes the distance between the center
of the lens and the

screen, which is greater than f.

Only the light rays from the point object at a certain
distance a satisfying 1/a +1/b =1/f, converge on screen
at a point. At any other distance, a point object is
defocused, and will produce a disk. When the size of
   *   
a point. Therefore, only the objects located within a
certain range give a clear image with the camera with a
lens.

Fig. 3 An image obtained by the eye model.

Fig. 1 An image produced by a convex lens.
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Fig. 4 Development of icosahedron (hemisphere).
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Optical Communication

Optical Communication

When a power is supplied, changes in brightness of
LED will be observed. Further, if the piezoelectric

Osamu ABE

speaker is connected to LED in parallel, you can
understand that the brightness of the LED changes in

   

  

harmony with the melody that IC plays.
Then, we assemble a receiver. Electric parts to use are
solar cell and a crystal earphone. The structure of the

The optical communication equipment is the suitable

receiver is very simple as shown in Fig. 3 1.

teaching material to explain not only the nature of
light, such as linearity of light, but also to describe the
transition of energy. The transmitter converts light energy
      

   %       

the reverse conversion. The simplest example of optical
communication equipment is shown in literature [2]. The
Integrated Circuit (IC) melody chip is used as the sound
source in the literature, and it is easily available even in
the elementary and the junior high school Science lab.

Fig. 3     %

However, a photo transistor used as a receiver might
be difficult to obtain in the school lab. A solar cell (a

Observation: You can listen to the melody that the IC

photovoltaic cell) readily available in the Science lab will

plays when the solar cell is irradiated with light of the

be used in this chapter.

LED of the transmitter.

Apparatus: IC melody, two AA batteries, holder for two
AA batteries, LED, a solar cell (a photovoltaic cell), a

2. An Improved Optical Communication

crystal earphone.
An improved optical communication is a simple device
that enables us to understand the basic principle of a
transmitter and a receiver of optical communication. There
are two faults at this device: 1) A sound source is limited to
the IC melody; 2) Many children or students cannot hear it
at the same time. We will give improvement to overcome
these faults.
Apparatus: Phototransistor TPS-601 ×1, audio amplifier
LM386N1 ×2, transistor 2SC945 ×2, electrical resistance
]\\ ¡[*] ¡[*% ¡[*]\ ¡*] ¡]*   
  ]\¢&¡<*¢&¡]*[[\¢&¡*

Fig. 1 IC melody.

  *

0.2W ×1, crystal earphone, LED, eight size AA batteries,
Procedure: IC melody is shown in Fig. 1. Connect a

holder for four size AA batteries ×2, universal printed

battery holder to an IC melody as shown in Fig.

circuit board ×2.

2. Cut a piezoelectric speaker, and then connect

Procedure: We use a phototransistor as a photo detector

LED. At this time, a − terminal of output must be
connected to the shorter pin of the LED, and a

instead of a solar cell. The signal is amplified by an
       %

+ terminal should be connected to the longer one.
1

When the equipment is used in the room, a noise occurs

   _

 % *    

solar cell of the same type, and connect it to original one
with reverse polarity as dotted lines in Fig. 3. Noises due
 _

      *  

opposite phase.
Fig. 2 A transmitter using an IC melody.
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We use the crystal earphone for a microphone. Though
a crystal earphone is the device which converts electric
energy into sound energy using a (reverse) piezoelectric
effect. It can convert sound energy into electric energy.
The signal taken out of an earphone is quite small and
cannot drive LED. Two transistors (2SC945) amplify the
signal. Since, these transistors are not for high power, it
may be damaged when high power LED is connected.
An audio amplifier is used to drive high power LED.
The output power of audio amplifier (LM386 N1) is

Fig. 7 Pin assignment of TPS-601.

approximately 325 mW, plural number of high brightness
LED can be connected to this circuit. This can increase
communications distance. When you want to connect
`>   *

  *

is LM386 N3 or N4, should be used.

Fig. 8 Pin assignment of LM386.
Experiment:
Fig. 4 An improved receiver.

(a) Talk towards the earphone of the transmitter.
(b) Irradiate the phototransistor of the receiver with light
of the LED.
(c) Observe what happens.
Application: The light of LED spreads with progress.
Therefore, the intensity of light at the receiver is
inversely proportional to the square of the distance
between LED and the receiver. Some improvements
of devices are necessary to increase communications

Fig. 5 An improved transmitter.

distance. For example, put a convex lens in front of LED
to prevent the spread of the light. Another example is to
locate a large-diameter convex lens or a concave mirror
in front of the receiver to increase the effective area to
receive the light. It is also possible by replacing LED
with a laser diode.

Fig. 6 Pin assignment of 2SC945.

A Phonograph Record
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A Phonograph Record
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Thomas Edison invented the phonograph in 1877. It was
possible to capture and reproduce sound. Edison’s first
phonograph recorded sound on a wax-impregnated paper
Fig. 2 Props.

tape. He invented the wax cylinder record later.
In this section, we will make model of the disk record to
 

       

the disk record can capture and reproduce acoustic data.

(e) Adjust the paper cup so that the blade becomes
approximately 45 degrees in the front view and
becomes perpendicular in the side view. Then fix the

Purpose: To make a model of the disk record and to
 

cup to prop with two pushpins.

       

to verify that the disk record can capture and reproduce
acoustic data.
Apparatus: A paper cup, a Styrofoam board (B4 size,
thickness 5 mm), snap-off blade, an OHP sheet or a clear
   * *     * 
for woodwork, and a scotch tape.
Fig. 3 Assemblage.

Procedure:
(a) Make a slit on the bottom of the paper cup as shown in
Fig. 1 (1). The blade of the knife should pass through

(f) Cut two pieces of disks of around 7cm 14 cm in
   #$|    

it.
(b) Put a new snap-off blade through the slit of the paper

the disk to the board with a pushpin (Fig. 4).

*   %&]Z[%

Fig. 4 Completion photo.

Fig. 1 A speaker.
(c) Cut a square whose length of a side equals to shorter
side of the Styrofoam board, two pieces of rectangles
of 25 mm×70 mm, 4 pieces of right triangles with
lengths of two sides are 40 mm and 50 mm out of the
Styrofoam board ( Fig. 2(3)).
(d) Assemble the parts. The paper cup is not too loose or
too tight. Fix the parts by adhesive for woodwork (Fig.
2(4)).

Experiment:
(a) Put a mouth on the paper cup and speak loud while
turning the disk a half or one rotation per second.
(b) Put the blade on the furrow on the disk. Turn the disk
at about the same rotary speed when you recorded it.
Then, observe what happens.
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Measurement Mass of an Ant
Osamu ABE

(b) Attach the plates and the indicators of the isosceles
triangle to the both ends of the balsa with adhesive for
woodwork.

The smallest weight of a two-pan balance, in the Science
lab of the elementary or junior high school, is 100 mg. The
smallest scale of the normal electronic balance used in the
lab is around 0.1 g. However, the mass of the ant depends
 *

Fig. 3 Attachment of plates and indicators.

 %  *  

measure the mass of the ant with balances in the Science

(c) When the adhesive dries up, make a hole at the center

lab. Electronic balances with mass resolution 1 mg or 0.1

of the balsa in the horizontal direction, and quarter

mg are commercially available. The prices are ~$1000 or

from the top of it. Assemble the marking pin, the bead

 %     % * 

and the balsa as shown in Fig. 4, and fix the pin by

make the measuring equipment with mass resolution 0.1

Scotch tape on the cap of PET bottle. Adjust the hole of

mg only with simple materials.

the board so that the arm of balance turns freely. If the
arm of balance inclines, stick tape of the size of around

Purpose: To make a precise balance and to measure light
objects such as an ant, sesame seed, and similar objects.

1 cm× 1 cm on an upward arm and adjust its position to
make the arm approximately level.

Apparatus: Balsa of 60 cm in length, 2 cm in width
and 2 mm in thickness, a marking pin, a bead which the
marking pin can penetrate, a sheet of plain paper (A4 or
letter size), adhesive for woodwork, a ruler, a support
stand, a PET bottle, Scotch tape, an electronic balance, a
    

    *Z 

sets of 2-ply) of tissue paper.
Procedure: 1. Making of the Precise Balance.

Fig. 4 An erection diagram.

(a) Out of the plain paper, cut two pieces of squares,
whose sides are 5 cm long and two pieces of isosceles
triangles with 1-cm base length and 3-cm height
(Fig. 1). Make a cut of 5 mm in length, 5 mm away
from the corner of the square and fold it up along the
dotted line to make a plate as shown in Fig. 2.
Fig. 5 Top view.
(d) Fix the ruler with the support stand beside one
indicator. See Fig. 6.

Fig. 1 A plate and an indicator.

Fig. 6 Finished diagram.
Fig. 2 A plate.

Measurement Mass of an Ant
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Procedure: 2. Making of the Weight.

Calibration:

Z  Z  [ 

(a) Read the value of the indicator when nothing is put on

tissue paper with an electronic balance. Assume that it

both plates. Here, we assume it is 10.0 cm = 100 mm.
(b) Put one piece of paper on the right plate using

is 4.9 g.
(b) Cut a sheet of tissue paper in a one-tenth width. Two
strips of tissue papers are enough.
(c) Divide each strip into 10 equal parts. This means that
20 pieces of papers, whose size equals to one-100th

tweezers. Then, read the value of the indicator. We
assume that it is 13.5 cm = 135 mm.
(c) This balance has sensitivity of 0.14 mg per1 mm,
since 4.9 mg ÷ (135 mm - 100 mm) = 0.14 mg/mm.

of the original tissue paper, are obtained. The mass
of each piece of the paper so obtained equals to

Experiment: Measurement Mass of an Ant.

(4.9g÷10)÷100=4.9mg.

(a) Catch an ant.
(b) Put the ant on a cold refrigerant for several seconds.
If the ant stands still, pick it up on the right plate of the
balance.
(c) Put necessary number of paper on the left plate using
tweezers so that the indicator settled from 10.0 cm to
13.5 cm in the case of the present example. Then, read
the value of the indicator. Let n be the number of paper.
Let x be the reading of the indicator in mm unit.
(d) Then, we estimate the mass of ant by m = 4.9 mg × n
+ 0.14 mg/mm × ( x

Fig. 7 Weight of balance.

We may not obtain the same rest point even if we
measure the same thing repeatedly, because of the friction
between the needle and the arm. We use the vibrating
balance method so to measure the weight precisely.
(a) Read five successive turning points as shown in
Fig. 8.
(b) Let y 1,y 2, ... , y 5 be indicated values of the turning
points.
(c) We estimate the value of the rest point y0 by

Fig. 8 Vibrating balance method.

mm). For example, we

assume that n = 0 and x = 118 mm. Then, we have m =
5 mg.

Vibrating Balance Method

- 100
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Effect of the Heat on Solid
Osamu ABE

In daily life, we experience that a bag of snack food
deflates at the low temperature and expands at the high
temperature. The volume of the air increases approximately
by 10%, if its temperature is increased 30°C from room
temperature at 1000 hPa pressure. Thus, it is easy to
observe a change in volume of gas.
A mercury thermometer or an alcohol thermometer is a
device which makes slight changes in volume, as caused by
changes in temperature, and make the changes visible with
a narrow tube. Thus, it is also easy to observe a change in
volume of liquid.
The volume of a solid body, however, increases
approximately 1% if its temperature is increased 200°C
from room temperature at 1000 hPa pressure. Thus, it is
quite difficult to observe a change in volume of solid. In
this section, we introduce the dial gauge method which
enables us to observe the thermal expansion of metals.
Fig. 1 A principle of a dial gauge.

1. Dial Gauge Method
Procedure:
Purpose: To observe the change in volume of metals

(a) Assemble boards as shown in Fig. 2 and fix them
with nails.

when they are heated.
Apparatus: Metal bars (iron, copper, brass, aluminum
and so on), a protractor, our pieces of boards (110 mm
× 60 mm × 12 mm, 110 mm × 60 mm × 12 mm, 130
mm × 60 mm × 12 mm, 250 mm × 60 mm × 12 mm),
nine nails, cardboard, an alcohol lamp, a toothpick, and
a sewing needle.
Principle: From Fig. 1, the center of the axis of a dial

Fig. 2 An erection diagram.

   ¦"/2 when the length of a sample rod
 ¦". Thus the axis rotates

(b) As shown in Fig. 3, stick a sewing needle into a
toothpick to make an indicator.
where r is the radius of the axis. One can easily
     


  ¦ can be large

 ¦"if small enough r is chosen.

Fig. 3 An indicator.
(c) Stick a copy of Fig. 7 on cardboard, and cut it along
a thin line.

Eﬀect of the Heat on Solid

(d) Stick a protractor, as shown in Fig. 4.

Fig. 4 Finished diagram.
Experiment:
(a) Set a metal bar, and heat it in the alcohol lamp for 180
Fig. 6 A metal plate with hole.

seconds, as shown in Fig. 4.
(b) Read angles every 30 seconds and record them, and
plot them upon a graph.

2. Ball and Ring
Purpose: To observe the change in volume of metals
when they are heated.
Apparatus: A metal ball, metal ring with the inside
diameter slightly bigger than the diameter of ball, and an
alcohol lamp.
Experiment:
Z  

 

room temperature.
(b) Heat the metal ball in the alcohol lamp for 60 seconds.
Z    

 

or not.

Fig. 5 A ball and a ring.
Problem: Heat a metal plate, which has a hole, uniformly.
See Fig. 6. Consider whether the hole expands or
shrinks?
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Fig. 7 A protractor.

Detecting Ionizing Radiation

Detecting Ionizing Radiation
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Z]\ *\%§*  Z<
cm × 10 cm), plastic wrap (10 cm × 10 cm), a rubber

Osamu ABE

band, a gas lighter, vinyl tape (2 cm × 2 cm), a glue
stick and a hot melt glue gun (or plastic adhesive), and
a push pin.

On March 11, 2011, the Great East Japan Earthquake
occurred. The steel towers of the power transmission lines

(b) Capacitor (Leyden jar): Three plastic cups,

collapsed by this earthquake; and the power transmission

aluminum foil (12 cm×15 cm×3), and a vinyl tape.

lines touched each other. Thus, the facilities such as

(c) Electrostatic generator: A PVC pipe (18 mm~38
§*¨ª\ *    %

transformer substations broke down. Then, Tokyo Electric
Power Company’s Fukushima No. 1 nuclear power plant

(d) Radiation source: Potassium chloride (around 1 g),
    _

lost an outside power supply.
Diesel generators were installed as an emergency power

 %

(e) Detector: An AM radio.

supplies in the basement of the power plants. These
generators started just after the earthquake. However, the

Principle:

tsunami of more than 10-m height with the earthquake

(a) A Geiger-Müller tube: A Geiger-Müller tube consists
of a metal cylinder, as shown in Fig. 1.

swept the generators. Furthermore, a large number of
facilities including electric installations, pumps, and fuel
tanks were damaged. The pumps for core cooling system
could not be operated, and core meltdown occurred. The
hydrogen gas, which was generated in the reactor then,
caught fire and exploded. As a result, large quantities of
radioactive material leaked in the environment.
After this accident, most of peoples pay attention to

Fig. 1 Structure of GM tube.

  %        
senses. This fact causes the wrong fear to a radiation.
We will introduce simple and easy methods to capture a

Metal wire is introduced into the metal cylinder through

radiation such as 1) the detection of the ionizing radiation

  %      

using the simple model of a Geiger-Müller tube (GM tube);

is mixture of inert gas and gas of organic molecules. The

2) visualization of the track of the ionizing radiation using



the a simple cloud chamber.

 ¬   *     %



     % 



1. The Simple Model of a Geiger-Müller Tube



       «

            «      ¬
radiation (or X-rays). The metal tube forms the cathode

An original Geiger-Müller (GM) tube needs a mixture of

while the wire is the anode. The voltage of several hundred

inert and organic molecular gases, and a power supply of

volts is added between the anode and the cathode. When

several hundred volts. In this textbook, we will produce the

ionizing radiation comes through the tube, some of the

simple model of a Geiger-Müller tube, which Yonemura

molecules of the gas are ionized and pairs of positive

reported in bibliography [2]. This model uses the static

ion and electron are produced. The positive ions and the

electricity saved in a handmade capacitor or a Leyden jar

electrons are accelerated towards the cathode and the

as a power supply, and an AM radio as a current pulse

anode, respectively.

detector.
Purpose: To detect ionizing radiation using simple GM
tube.
Apparatus:
(a) Simple GM tube: An empty 35 mm plastic film

Fig. 2 Operation principle of GM tube.

canister and a cap (a substitute is possible with a
polyethylene vial and push top cap), plastic cord of 12

Let r1 and r2 be the radii of the anode and the cathode,
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respectively, and V be the potential difference between two

insulator, coated with metal foil on their inner and outer

 

surfaces and an electrode made of metal wire passing

%     E(r) in the region

through a cap. The Leyden jar is a kind of a parallel-

r1 < r < r2 is given by
(7.1)

plate capacitor transformed into a cylindrical form.
(c) Emission of the electromagnetic wave: In 1888,
Heinrich Hertz confirmed the existence of the

where
(7.2)

electromagnetic wave experimentally. At that time, he
used the spark of an electrical discharge as the source

           

of the electromagnetic wave and the Leyden jar as a

the anode. The electron which occurred in the GM

power supply. Further, we experience that a radio is

tube moves easier than the positive ion. The electron

disturbed by noises when it thunders. This is because

is greatly accelerated in the strong electric field near

an electromagnetic wave is emitted by an electric

the anode and obtains higher energy. These accelerated

discharge.

electrons collide to the atom of other inert gases and
creates new positive ion and electron pairs.
The avalanche of the charged particles is generated by
the inert gas in the tube, and a pulse of electric current

It is known that electromagnetic radiation is produced
by the acceleration (or deceleration) of a charged
particle.
(d) Radiation source: The simple GM tube is highly

     

sensitive to a  ray in particular. Therefore, we have to

an ammeter or a loudspeaker. This enables us to count

prepare a source which emits  rays. There is potassium

ionizing radiation.

in the realm of nature. 0.012% of them are radioactive
40
K.. 40K decays mainly undergo - decay and emits 

%   

(b) Capacitor (Leyden jar): We call, in general, an
electronic part saving an electric charge an electrostatic
capacitor. The simplest example of capacitor is socalled a parallel-plate capacitor. The structure of
parallel-plate capacitor is shown in Fig. 3.

ray. In addition, 147|  
   *
undergo - decay and are used to a glow starter for
_

 %

Procedure:
(a) Simple GM tube:
%         
holes in the side of the canister and the center of the cap.
ii. Strip off coating of one plastic cord, and take out one of
the copper fine wire. Bend the wire double near the
center, and twist it together. Put this twist through the

Fig. 3 Structure of parallel-plate capacitor.

      %
iii. Strip off the coating of the both ends of the two

If electric charges ±Q are acquired on the plates
when electric potential difference V is added, then the
capacitance of the capacitor is given by C=Q/V. In case
of parallel-plate capacitor, the capacitance is given by

remainder plastic cord by 1.5 cm. Connect one cord to
the twisted wire mentioned above.
%|   



    *

with vinyl tape and then spread the copper wire inside
of the canister ( Fig. 4).

(7.3)
where S is the area of the plate and d stands for
distance between the plates. When we put a dielectric
        ¯*
capacitance is given by
(7.4)
Fig. 4 Simple GM tube.
The Leyden jar consists of a glass bell jar, which is an

Detecting Ionizing Radiation

v. Cut the plain paper to appropriate size and put it inside
of the canister. This paper plays a role of a cathode.

45

of electron, respectively. Since dimensions of a nucleus
and an electron are less than 10-15 m, they are invisible.

vi. Fill the canister with the gas of the cigarette lighter

However, we can observe these tracks. In this textbook, we

    *    * 

explain the observation of the ionizing radiation using the

the wrap with a rubber band.

simple cloud chamber.

(b) Capacitor (Leyden jar):
i. Wrap two plastic cups up in aluminum foil tightly and
cut the aluminum foil which sticks out of cups.
ii. Fold a piece of aluminum foil to be around 1 cm in
width and around 12 cm in length.

Purpose: To observe the pathways of ionizing radiation.
Apparatus:
(a) A cloud chamber: two plastic containers with covers
(i.e., Tupperware, approximately 10 cm in width ×
10 cm in depth × 5 cm in height), aluminum adhesive

iii. As shown in Fig. 5, put a cup on top of one another.

tape (3 cm × 30 cm), felt tape (40 cm in length, ~1

Put the strip of aluminum, which you made above,

cm in width, ~5 mm in thickness), oil base bold point

     %

permanent marker (black ink), plastic wrap (15 cm

iv. Connect the end of plastic cord, whose another end is
connected to the anode of the GM tube, to the aluminum
      %
v. Connect the end of plastic cord, in which another end is

× 15 cm), dehydrated ethanol (150 ml), a pipette, a
_*   Z[\\%
(b) Radiation source: Potassium chloride (around 1 g),
    _

 *   

connected to the cathode of the GM tube, to the

mantle (Captain Stag’s M-7910 spare mantle), house

       %

dust (the fresh dust in vacuum cleaner bags or dust
attracted to a cathode - ray tube), and a piece of granite.
Principle: When a gas including the vapor cooled off
the vapor condition will be in super saturated state.
When a charged particle (for example, an  or  particle)
comes through the gas with the supersaturated vapor,
the particle ionizes it. The resulting ions play a role of
condensation nuclei, around which a mist will form.
Then the high energy  or  particle leaves a visible trail
in the gas.

Fig. 5 Structure of Leyden jar.

Procedure:
(a) Cut out the inside of the cover of the container, leaving

Observation:
(a) Adjust the tuning knob of the AM radio to set it
untuned so that you can hear only white noise.
(b) Rub a vinyl chloride pipe with a tissue paper for a few
times and rub the strip of aluminum, which comes from
GM tube, with the pipe. Repeat this process several
times, and charge the Leyden jar.
(c) Put the radio close to the GM tube. Let the radiation
source close to the plastic wrap of the GM tube. Listen
to the change of the sound emitted by the radio. (The
discharge in the GM tube produces audible clicks.)

the edge of it.
(b) Put a felt tape inside of the container − 15 mm below
      Z&%%
(c) Cover the bottom of the container with aluminum
adhesive tape. Paint it black with the marker.
Observation:
(a) Enwrap the dry ice with a towel. Hit it with a wooden
hammer, and make it small-grained as possible. You
may use a food processor if possible.
Z&    

 

grained dry ice. Further, pour dehydrated ethanol to the
extent that the dry ice is immersed.

2. The Simple Model of a Cloud Chamber.

(c) Put a radioactive source near the center of the bottom
of the first container. Make the felt tape impregnated

We can notice the existence of airplane in the high altitude
even when it is not visible but produces contrail.The 
and  radiation consist of a fast moving 4He nucleus and

with dehydrated ethanol using a pipette.
(d) Cover the first container with plastic wrap. Fix the
wrap with the hollowed cover (Fig. 6).
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Z|  

    

 * 

contact it with the dry ice closely.
(f) Darken the room and illuminate the vicinity of the
  

_%#  

of the source. A few minutes later, you will observe the
pathways of ionizing radiation.

Fig. 6 Observation of radiation by cloud chamber.
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Chemistry
the interface of warm water and cold water because of
the difference in the density of warm water and cold
water. If you look closely, fluctuations seem to rise
upward. When water is heated, its density decreases,
then the heated water will rise. The convection is

1. Bring the water to boil

going on inside the beaker.
3. Air is soluble in water. In general, gas is more soluble
in water or other liquid at low temperature and at high

Experimental Procedure
In a faucet, draw tap water into the beaker. Heat the
beaker until the water boils. Observe its process.
1. Put out tap water in the faucet. After 2 minutes, draw

pressure. When the temperature of the water rises,
the air that has been dissolved in the water comes out
as a gas. It is attached to the bottom and the side of
the beaker at first. The volume of bubbles increases

50 mL of tap water into a beaker.
2. Put two boiling stones into it.

gradually, and it is released from the beaker, and then

3. Place the beaker on the ceramic wire mesh on the

it rises toward the surface of the water. These are
bubbles of air, are not bubbles of water vapor.

tripod.
4. Ignite the gas burner. Place the burner under the
ceramic wire mesh on the tripod
5. From this point, begin to observe the beaker.

4. When the temperature of water exceeds 50 ℃ , steam
begins to occur waveringly from the surface of the
water. Since the temperature of the water increases,
the vaporized water also increases. But the air is not
  *     %

Observation
If you do not increase heat to high, then the following is

Water vapor is the gas state of water, and is not visible.
Steam looks white. It is the collection of fine water

generally observed.
1. At the moment of ignition, the outside of the beaker is
cloudy. But, cloudiness will disappear soon.
2. After a sometime, fluctuations are observed in the

droplets. Both are different things.
5. From the cross section of the boiling stone and the
portion of the wound of the beaker, bubbles are
generated continuously, and continue to rise. Air is

water.
3. Bubbles start to form at the bottom of the beaker. These

contained in porous boiling stone or at the scratches

bubbles become greater and rise to the surface of water

of the beaker. Water evaporates to this air in the hot

and burst.

water. Until the pressure of vapor becomes same to the

4. Steam starts to come out from the surface of the water

   

  * _ %

When the bubble increases to some more extent, it

in the beaker.
5. Bubble begins to appear continuously from boiling

   

 * _   

          %

the water surface. These bubbles are bubbles of water
vapor. When we make this condition in a long vertical
container, in that case the temperature of water in

Description
1. Fuel gases (e.g. city gas, propane gas, natural gas, etc.)

the middle region is rather low, you may be able to

are hydrocarbons, carbon dioxide and water vapor

observe that the bubbles will be reduced and disappear

generated by combustion. In contact with the bottom

to liquefy.

   

6. A boiling state. Boiling point is the temperature at

beaker is covered, with condensation occurs and the

which the vapor pressure of water is equal to the

water looks cloudy. (In summer, the temperature of tap

atmospheric pressure. The bottom that are exposed

water is high, the fogging out of the beaker could not

to the flame of the burner, receives also the water

be seen.)

pressure. Correspondingly, the bottom, in which water

   

2. This is the Schlieren phenomenon. Light is refracted at

is boiling, has a higher temperature. Boiling of water
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does not occur if sufficient heat of vaporization is

small amount of water in a beaker by wash bottle, rinse

not always supplied externally (in this case from the

the inner part of the beaker, and then transfer the liquid

burner below). In this manner, various conditions

to a graduated cylinder. Repeat this operation three times.

are observed until tap water boils in the beaker. By

On the graduated cylinder, wash the glass rod with a wash

considering the observation, a variety of knowledge

bottle. Transfer all the washings into a graduated cylinder.
5. Add water to the graduated cylinder with wash bottle,

can be obtained.
  



 *

  Z *   

dioxide) by combustion of fuel gas.

until the liquid surface reach to the line of 50 mL.
6. With a dried glass rod, stir the solution well inside the
graduated cylinder until homogeneous.

    %
       %
>

     * 

 

Commentary
1. Learn how to use the electronic balance.

evaporated.
      

beaker or the cross section of the boiling stone.
  

   %

2. Solid reagents should be dissolved in a beaker first,
not in a graduated cylinder. This is because there is a
possibility that the hard crystals may damage the glass
surface of the inner wall of the graduated cylinder.
3. Transfer all the liquid in the beaker to a graduated

2. Preparation of an Aqueous Solution 1

cylinder. Even if you put the beaker upside down,
the

"Preparing an aqueous solution of sodium chloride in
1 mol concentration."

inner wall of the beaker is still wet, so, it does

not mean that all were transferred. It is necessary to
rinse the inside

of the beaker with a small amount

of distilled water. By repeating this operation several
Operation

times, reagents will not remain in a beaker. Assuming

1. Using an electronic balance, weigh 5.8 g of sodium

that 0.5 mL solution is left in the beaker, when you

chloride (NaCl, molecular weight = 58) and put into a

rinsed the beaker by 5 mL of water, its concentration

beaker.

will reduce to 1/11. If washing is repeated three times,

2. After addition of 35-40 mL of distilled water to the
beaker, stir with a glass rod to dissolve the solid NaCl.

the concentration of reagent in a beaker is diluted to
1000 times or more.

3. All of the solution is transferred to a 100 mL graduated

4. Reagents attached to the glass rod which was used to

cylinder, and then fill it up to 50 mL with distilled

stirring, must be transferred to a graduated cylinder.

water, and stir well.

Before the transfer is completed, do not carelessly

4. The completed sodium chloride solution is transferred
to a 100 mL beaker.

place the glass rod in the desk.
5. Read the scale of the graduated cylinder and with care

* Confirm the method and the caution of the following

to meniscus exactly. Devise a way so as not to exceed

operation - Use of electronic balance, dissolution of

a predetermined volume of water. For example, instead

   *   *       

of directly from the wash bottle, the last delicate

stirring.

amount of water is carefully placed by Pasteur pipette,
etc.

The Actual Details of the Operation

6. After a predetermined volume has been obtained, it is

1. Turn on the electronic balance, and place the beaker.

necessary to stir the solution to obtain a homogenous

Tare and weigh the required amount of reagent.

solution in the graduated cylinder. Concentration of

2. Looking at the scale of the beaker, add water by eye.

the solution at the bottom of the graduated cylinder

3. Using a glass rod, stir well, but do not spill. After the

is high, and that of the surface of the solution is low

solid has fully melted, do not remove the glass rod.

by adding water. In this condition, if you transfer

4. Transfer the solution through the glass rod into a

the contents of graduated cylinder to a beaker, the

graduated cylinder.

concentration of the liquid in the beaker becomes

It is necessary to transfer all the liquid remaining in the

smaller than a predetermined concentration because

beaker to a graduated cylinder. For this purpose, add a

the dense solution remains in a graduated cylinder.

Particle Nature of Matter

In order to avoid it, it is necessary to equalize the
concentration in the graduated cylinder.
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When sodium hydroxide melts in water, it is highly
exothermic. There is a possibility that the structurally
weak junction of the bottom of the graduated cylinder is

3. Preparation of an Aqueous Solution 2

broken by the heat.
*If you put the water in a beaker which contains

"Prepare 100 mL of 1M aqueous solution of sodium

sodium hydroxide and left it for a while, the surface
of the sodium hydroxide melts with heat and results in

hydroxide (solid reagent)"

large chunks. The lump of sodium hydroxide becomes
less soluble. When you try poking a chunk to crush with

Operation
The basic operation is similar to 2.Operation, but
preparation of aqueous solution of sodium hydroxide
requires specific attention and needs to treat sodium

a glass rod, there is a risk of cracking the bottom of the
beaker.
4. When Sodium hydroxide was all dissolved, transfer the

hydroxide. It is relatively cumbersome operation.

solution a graduated cylinder and fill it up to its

1. Calculate the requisite amount of sodium hydroxide.

desired volume with distilled water. Solution of

±      ² ³`%  

sodium hydroxide is hotter. On the wall of weighing

number is provided when the real weight (g) is divided

glass equipment, such as a graduated cylinder, the

by molecular weight (MW).

characters of the TC20 are displayed. This indicates

X is the requisite weight (g).

that the correct volume can measure at 20°C. If you

Formula is 1 mol/L = X(g)/ MW (= 40)/0.1 L.

transfer a hot sodium hydroxide solution in a graduated



cylinder, the exact concentration is not obtained in room

   

X(g) = 1 (mol/L) × 40 × 0.1(L) = 4 (g).
2. 4.00g of Sodium hydroxide is weighed.
*Sodium hydroxide is a solid in the form of pellets. It

temperature. Thus, you need to cool the beaker to the
room temperature by operations such as cooling with ice
water.

%

5. When the solution becomes to room temperature,

takes time, sodium hydroxide absorbs moisture from

transferred it to a graduated cylinder and fill it up to

the air because of its deliquescence. In addition, if you

its total volume with distilled water. When the volume

keep your face near to the electronic balance and have

reaches predetermined volume, do not forget to stir the

a rough snort breath, sodium hydroxide also absorbs

solution in the graduated cylinder homogeneously to

water vapor of exhaled breath, and it becomes heavy

equalize the concentration of the solution.

    %\\

unknowingly. It does not mean measuring the accurate

6. Then solution of sodium hydroxide is transferred to a

weight of the sodium hydroxide. Therefore, in order to

storage container and preserved safely.

make an accurate concentration of sodium hydroxide

* It is necessary to make sure to seal the storage

solution, the following method is taken. When you

container. If sodium hydroxide solution is left in the

weigh the sodium hydroxide, if electric chemical

open air, it absorbs the carbon dioxide of the air, which

balance shows the value does not exceed 4 g, record its

becomes carbonic acid in the water. The neutralization

 % %  ]   *

reaction of sodium hydroxide with carbonic acid occurs.

recalculate the volume from the measured weight and

In that case, the concentration of the sodium hydroxide

 

would change.

           

distilled water. In the experiment such as titration

*There are several storage containers for storing

experiments, it is necessary to preparer the solution of

the prepared aqueous solution. These are the plastic

the exact molarity.

containers (such as polyethylene) and the glass

3. After weighed sodium hydroxide is transferred to a
beaker, add about 80mL of distilled water and stir the
solution immediately.

containers (such as brown bottle), etc.
In order to decide whether storage container is adequate,
you must determine it by examining the nature of the

*Do not dissolve sodium hydroxide into distilled water

reagent in each case. However, if you feel cumbersome

in a graduated cylinder. Because of its vertical shape,

checking the MSDS (Material Safety Data Sheet) in each

the graduated cylinder is difficult to stir with a glass

time, there is a better way. As a container of the aqueous

rod.

solution, you can choose a container made of the same
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material that contained the dissolved reagent when it

Operation

was purchased. About sodium hydroxide solution, it is

1. Calculate the required amount of concentrated

necessary to save the solution in a polyethylene bottle,

hydrochloric acid.

the glass bottle is not adequate. Glass bottles are weak to

* Hydrochloric acid is an aqueous solution of hydrogen

strong alkali. Glass constituents will melt in the solution.

chloride (gas). When calculating the required amount

If concentrated sodium hydroxide solution is stored in a

of concentrated hydrochloric acid, you cannot directly

glass container for about a month, when you transfer the

calculate it using the molecular weight of hydrogen

solution to other container, you may observe the line at a

chloride (36.5) as well as solid reagent. Data necessary

position that was a liquid surface in the glass container.

for the calculation is as follows.

4. Preparation of an Aqueous Solution 3

Molecular weight MW = 36.46 (HCl)
Purity is 35-37%. This is considered to be 36%.

"Prepare 100 mL of 1M aqueous solution of Hydrochloric

Density d20 = 1.18 g/cm3

acid (liquid reagent)"
Therefore, the two methods of the calculation can be
In the catalog of the drug maker, Kanto Chemical, the

considered.

price of a 500 mL bottle of hydrochloric acid (35-37%,
special grade) is 850 yen. Comparing the number of moles

One method is that you calculate the molar concentration

of hydrogen chloride contained in the same volume in

of concentrated hydrochloric acid itself and then calculate

a solution of 0.1 M to 1 M, there is a difference of 10

the required amount. The density, d20 = 1.180 multiplied

times. However, their prices do not change, and are rather

by 1000 mL volume is 1180 g, which is weight of 1 L

more expensive than concentrated hydrochloric acid. The

(1000 mL) hydrochloric acid.

price of 0.01 M hydrochloric acid is higher compared to
concentrated HCl. To prepare various concentrations of

1.180 g/mL × 1000 mL = 1180 g

hydrochloric acid, to pack in bottles, and to sell them, the
costs vary. And those who buy such a low concentration

The weight of hydrogen chloride in concentrated

of hydrochloric acid from the drug maker are few. From

hydrochloric acid is 36% of this weight. The weight of

a bottle of 500 mL of concentrated hydrochloric acid, 1

hydrogen chloride is 1180 g × 0.36 = 424.8 g.

M hydrochloric acid can be prepared more than 5,500

To know the number of moles of hydrogen chloride in 1

mL. When you become a Junior High School Science

L of concentrated hydrochloric acid, the weight of 1 L of

teacher, if you cannot prepare 1 M hydrochloric acid

concentrated hydrochloric acid is divided by the molecular

from concentrated hydrochloric acid and you buy a 1M

weight of the hydrogen chloride (36.5), this is the molar

hydrochloric acid at a price of more than 10 times higher,

concentration of concentrated hydrochloric acid.

you will be wasting the money of science laboratory.
[%³%<²]]% ]]% ³`Z
Price of Hydrochloric Acid
Volume

Now, we want to prepare a 100 mL (0.1L) of 0.1 M
Price/bottle

aqueous hydrochloric acid solution.

Concn. HCl

500 ml

¥850

The necessary amount of hydrochloric acid is 0.1

1M HCl

500 ml

¥1100

mol / L × 0.1 L = 0.01 mol, that are brought from

0.1M HCl

500 ml

¥1100

concentrated hydrochloric acid (11.6 mol / L). Therefore,

0.01M HCl

500 ml

¥1500

the following equation holds:

(From the catalogue of Kanto Chemical, Co., Ltd)

0.1mol/L × 0.1 L = 11.6mol/L × XL
You can solve this equation for X.

X = 0.86 mL.

Particle Nature of Matter
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Fig.1 Calculation sheets of the the molar concentration of concentrated hydrochloric acid itself and then calculate
the required amount (PC).

You may use the proportional formula as follows:

following numerical expression.

11.6 M : x mL = 0.1 M: 100 mL, x = 0.1×100/11.6
If you are using a proportional formula easily, you
become use it from the force of habit. You will not think
what and what are in a proportional relationship. In order
to, do not use proportional formula without thinking. You
must calculate on the basis that amount of substance in the

X is the volume of required concentrated hydrochloric acid.

solution is the same as the amount of substance brought
from concentrated hydrochloric acid.

By transforming this equation,

In case of protein solution that contains salt in constant
concentration, when you prepare a solution of some salt
concentration using this protein solution, you must consider
the concentration of salt in the protein solution. Necessary

X = (0.1 × 0.1 × 36.5) / (1.18 × 36 × 10) = 0.00859L,

amount of salt cannot be calculated using a simple

i.e., 0.86mL.

proportional formula.
For example, using 1 mg/mL protein solution that

2. Measure 0.88 mL of concentrated hydrochloric acid by

dissolves in 0.5 M KCl solutions, 3 M KCl solution and

a pipette, and place it into a 100-mL graduated cylinder.

water, you will prepare 5 mL of 0.2 mg/mL protein, 0.5M

* Since there is a smoke emission from concentrated

KCl. You must calculate the required amount of 3 M KCl.

hydrochloric acid when opening the lid of the bottle of

In this case, you can never complete the calculation by

concentrated hydrochloric acid, it is necessary to do in

using proportional formula.

the draft.

Another method of calculation is the method using the

* You do not put pipette directly into concentrated

     %    ²

hydrochloric acid and do not suck it. You may inhale

mol / L.

dangerous vapor into the mouth. You should use safety

In case of liquids, number of moles (mol) is calculated by

pipettor.
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* When you issue the liquid from the pipette, you should

       %

put the tip of the pipette in contact with the inner wall of

3. In the viscosity coefficient method, we can calculate

glass. When it reaches the good mark, you just stop the

the mean free path of gas molecules from the obtained

_    *   %

   %     

* When students deal with a pipette, many students touch

volume of the molecules itself in the gas volume from

the tip of the pipette. If the tip is touched with dirty

comparison of the density of the liquid and the density

hands, the reagent is contaminated by thrusting the tip

of gas of the same material. The Avogadro constant is

of pipette into the reagent. You should not touch your

calculated from this numerical value.
4. In X-ray diffraction method (using X-ray of known

   %
% 

   

    *  ]\\

wavelength) from measured values of the interference
fringes of the crystal X-ray diffraction, the crystal lattice

mL.
* At first, water may be added using a wash bottle. And

spacing (distance atoms and atoms) is determined.

then carefully add water near to 100 mL using a pipette,

Avogadro constant is calculated from the formula weight

i.e., Komagome pipette. Fit the meniscus of 100 mL. Stir

and density of the crystal. Currently, X-ray crystal

well.

density method using silicon crystal is the most accurate.

4. Prepared hydrochloric acid is stored in a glass bottle.
Measurement of the Avogadro Constant by the
Experiments in the Science Lab

5. Determining the Value of the Avogadro
Constant

The above method is measured using a precision
instrument in the laboratories of universities and research
institutes. However, it is possible to obtain the Avogadro
constant by the experiments in the Science lab in very close

Method of Measuring the Avogadro Constant
The famous method of measuring Avogadro constant is

value to the known value. Examples are shown below.

the method that based on the theory of Brownian motion

i. The calculation of the Avogadro constant by measuring

by Einstein, and was measured in observation of Brownian

the mass and volume of the rock salt crystal. By putting

motion of colloidal particles by Perrin. In addition to that,

an awl to crystal of rock salt and tapping with a mallet,

there are the following methods.

it is possible to create a crystal cleavage of a rectangular

1. Disintegration of radioactive elements

parallelepiped. Using volume and weight of this crystal

2. Elementary electric charge

and the numerical value of the ionic radius of sodium ion

%µ   

and chloride ion (Na+ 1.16 × 10¶8cm, Cl¶ 1.67 × 10¶cm),

4. X-ray diffraction

we can calculate the Avogadro constant. Vertical length,
horizontal length, and height of the crystal is expressed as

1. In the method observing the disintegration of radioactive
*  *          
        

* 

 

correctly. At that time, the helium gas is produced by
        %
When 22.4 L of helium gas is obtained under standard
conditions, the sum of collapses is the Avogadro
constant.

a cm, b cm and c cm and Radius value of sodium ion and
chloride ion is also expressed as N, C.
Volume of the unit cell (Vu) = [( N+C) ×2 ]3
Number of NaCl particles in the crystal
= Number in the crystal lattice × 4
Avogadro constant
= number of particles in the crystal NaCl ÷ number of
moles (formula weight / weight)

2. In the elementary electric charge method, we can use

(Toyama Prefectural General Education Center,

the Faraday constant of Faraday’s law of electrolysis.

Measurement of the Avogadro constant, http://rika.

Faraday constant can be determined experimentally, and

el.tym.ed.jp/cms/53165b66/30a230ed5b9a657030

it is the quantity of electricity with one mole of electrons.

6e6e2c5b9a/30a230ed5b9a6570306e6e2c5b9a)

Therefore, knowing the amount of electricity per an

i i . M e a s u r e m e n t o f t h e Av o g a d r o C o n s t a n t b y

electron (elementary electric charge), it is possible to

Monomolecular Film Method

calculate the Avogadro constant. Millikan measured the

Using a substance that creates a very thin monomolecular

quantum of electricity from the behavior of the charged

film on the liquid surface, you can calculate Avogadro

Particle Nature of Matter
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Wire model

        

Wire model is a model described by the wire rod that

acid dissolving in an organic solvent is known. However,

indicate the chemical bond, and wire model is suitable for

when stearic acid solution is dropped to the surface of the

expressing the whole structure of a molecule.



water, it is spread on the surface of the water freely. So it
    

     

Ball-and-stick model

       %$  *    *

In the ball-and-stick model, the atom is shown as a sphere

a new device that is made by straw piece together and is

or polyhedron, the chemical bond is described by a

spread to rhombic when stearic acid solution is dropped

straight line. Thus, three-dimensional molecular structure

on the water’s surface, was reported. By this device,

of the molecule is shown. Bond lengths and bond angles

students can experiment in the science lab and calculate

are represented relative to the actual value, but there is

Avogadro constant from obtained data. Also, by using

a case where the size of the atoms represented as the

a digital image and image integration software, students

relative size of the ball. This model has the advantage of

can measure the numerical value of the area of the spread

being easy to examine the molecular structure compared

stearic acid monolayer by a computer (Chemistry &

   %   $ 

Education, vol.50 no.10, p724-725, 2002).

    ]<%

By carrying out these experiments, students measure

    

actually Avogadro constant that proves the Particle theory.

 

*    

Those experiences make student believe the atomic

of the atom is represented by arrangement of a sphere

theory, the theory of particle, and students will understand

and its fragments. The size of the fragments of sphere

the various concepts based on the atomic theory or the

corresponds to the size of the atom, molecular structure,

theory of particle

the bond length is compatible to indicate the actual value.
The following are currently existing molecular modeling

6. Understanding the Shape of the Molecule
in the Molecular Model

systems.
i. HGS Molecular Structure Model

Approximately 118 kinds of elements are currently

HGS molecular structure model of Hinomoto Synthetic

known, and they are shown in the periodic table. If we

Resin Works can be purchased from Maruzen in Japan.

count the isotopes, there are more types of the elemental

In this structure model, the spherical parts that represent

atoms. When atoms are bonded in the chemical bond,

atoms are combined each other with rod parts that

various substances have been made. Atom is very small, so

represent chemical bonds. Degradable.

      %

http://www.hgs-model.com/gallery/

If we use such as the electron microscopy, atoms can be
visualized. In textbooks, the structure of the molecule is
often expressed as a model. However, it is hard to visualize
their three-dimensional structure on a paper.
The use of three-dimensional molecular model, which
shows the chemical bonds, the valence of the atom, the
size of the atom, overall shape of the molecule, and the
structure of the molecule visually from various angles
promotes the understanding of the material. In addition to
a small molecule, you can also create a molecular model
of DNA and protein, such as a large biopolymer. Types of
molecular models are as follows:

Fig. 2 HGS molecular structure model.
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ii. CPK precise molecular model

v. Paper molecule model

This model was announced in 1953 by J. Corey and

With a pattern, the paper is cut and then an atom is made

L. Pauling, America, and has been improved later by

by folding the cut paper. The chemical bond parts are

W.L Koltun. It is the model of space-filling type and is

shaped by paper. Molecule model is made in combination

commercially available. Expensive.

with atom parts and chemical bond parts.Since the material
is only paper, the making cost is cheap. Decomposition is
possible.
http://www.venus.sannet.ne.jp/eyoshida/c.htm

Fig. 3 CPK precise molecular model.
iii. Pointer method system of molecule model
Fig. 6 Paper molecule model.

The "pointer system" is an advantageous model. This was
devised by Dr. Fujii, an Associate Professor of Chemistry
of Molecular and Life, Faculty of Medicine, University of

vi. Socket-dimple system of molecular model

Fukui. This is a lightweight, inexpensive molecular model

This system has been developed as a teaching material.

kit. Its material is polystyrene foam. Urutekku Fukui sells

The student assembles molecular models and dismantles

this kit.

them. It is the aim of this model. This molecule model is

http://jstshingi.jp/abst/p/08/817/fukui4.pdf

based on inexpensive polystyrene balls as atoms.
The sockets that have pipe plug join balls that have
dimples.
(Research Journal of Medicine, University of Fukui
vol.11, No. 1& 2, p1-6, 2011)

Fig. 4 Pointer method system of molecule model.

iv. Molecular model using polystyrene ball
The spherical polystyrene foam, which indicates an atom,
is cut by heating wire cutter, and they are bonded each
  %     %
Fig. 7 Socket-dimple system of molecular model.
vii. Origami molecule model
Origami is the Japanese traditional industrial art which
makes various things with paper. This model has been
developed to make a molecule model by origami
technique.
Fig. 5 Molecular model using polystyrene ball.

( Chemistry & Education vol.49, no.12, p795-798, 2001)
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visualize the molecular vibration, and the behavior of
reactants in chemical reactions.
http://www.ecosci.jp/report2005/rika0506.html
http://sgkit.ge.kanazawa-u.ac.jp/~kunimoto/kougi/chime_
setup/chime_setup.html
http://www.umass.edu/microbio/rasmol/index2.htm
http://jmol.sourceforge.net/

Fig. 8 Origami molecule model.
viii. Wire molecule model
In this model, parts of the joint are made by oneself from
aluminum plate. This molecule model is constructed
of joint parts and straight wires, that are cut to a length
based on the distance between the atoms. Thin aluminum
plate is cut into the shape that is shown in Fig. 9. It is
rolled up with a round bar of iron. In this model, we can
Fig. 10 molecule model of fullerene.

see through the molecule and see the back side without
turning over.
(Chemistry & Education vol.42 no.7, p 508-509, 1994)

By using these molecular models, visual information of
molecule easily enters into the brain.
To create the molecule model, information of the size
of the atoms, the length and angle of chemical bond, the
possibility of rotation and vibration of chemical bond is
needed.
In the work of making molecular model by one’s own

Fig. 9 Aluminum joint parts.

hands, the effect that knowledge for the structure of
molecules takes root into the brain is certainly expected.

ix. Molecular model by a computer
A computer with a special program reads the data of the
coordinates of the atoms of the molecule. And it displays
3D molecular model into the monitor display. We can
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% 
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4. After 10 minutes, pull out the rubber stopper from the
_*     _%
the rubber stopper equipped with a joint tube and a


    _ % 

a permanent marker on the position of the lower end of
     _Z&%]%  

1. Boyle's Law

     _* _
with a gloved hands.
5. Disconnect the TYGON® tube, which is connected to

Introduction
The pressure P and volume V  

  

>  _* ]\` Z&%]%

(or perfect) gas are related by PV = constant at a constant

6. Pour an appropriate amount of water into the apparatus

temperature. “Ideal” or ideal condition means that the size

from the 20mL syringe. After disconnecting the 20mL

of gas molecule is negligible compared to the gas volume.

syringe from the clamp, move the 20mL syringe up

It also means that the molecules do not interact each other

or down. Make sure that the water level of the 10mL

except for the perfectly elastic collisions between the

syringe inside will exactly corresponds to 5 mL tick

molecules. This relation is known as Boyle’s law. In this

mark of 10mL syringe, and match well with the water

chapter, we will verify the Boyle’s law by a simple and

level of 20mL syringe.

low-cost experiment with glass syringes: if the temperature

7. Once the water levels become the same height (record

is constant, the volume of air is inversely proportional to

¦h = 0), reconnect the TYGON® tube to the 10 mL

the air pressure.

 %*   _
same as the atmospheric pressure.
8. The volumes of the air in the apparatus (Flask + tube

Apparatus
Erlenmeyer flask (100mL), rubber stopper equipped

+ 10mL syringe) are measured, changing the pressure

with a joint of tube and a mercury thermometer, rubber

of the air in the apparatus by moving up the 20 mL

stoppers, TYGON® tubes, glass syringes (20mL, 10mL),

syringe. Lifting gradually the 20mL syringe, adjust

measuring cylinder, silica gel, supporting rod for fixing

the positions of water surface in the 10mL syringe to

glass syringes with clamps, 50cm ruler, cotton work gloves,

the tick marks of 4mL, 3mL, 2mL, and 1mL on the

(mercury) barometer, and permanent marker.

10mL syringe. Accurately measure the differences of
 ¦h’s (cm unit) between these syringes with

Experimental Procedure

a ruler equipped with the supporting rod, where the

1. Assemble the apparatus as shown in Fig. 1.

  ¦h are positive ones. In addition, measure the

2. Remove the rubber stopper equipped with a joint tube

    _*   

 

    >  _%

¦h.

    _   

9. Similarly, the volumes of air in the apparatus are

 _%  _  

measured, changing the pressure of the air in the

stopper, allow to stand for 10 minutes.

apparatus by moving down the 20mL syringe. Taking

| 

3. Measure the atmospheric pressure with mercury
barometer during this waiting time.

down the 20 mL syringe gradually, adjust the positions
of water surface in the 10mL syringe to the tick marks
of 6mL, 7mL, 8 mL, 9mL, 10mL on the 10mL syringe.
Accurately measure the differences of water levels ’s
with the ruler, similar to procedure 8, where the values
¦h are minus ones. Also, the temperature of air in
_  * ¦h is noted.
10. Finally, measure the volumes of inside spaces of
>  _ ¹#º® tube which is
  >  _%   
        

Fig. 1         {%

water in the spaces using a measuring cylinder.
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with temperature probes and a pressure sensor (or a data

Calculation
1. Calculate the air pressure in the apparatus at each

logger equipped with the similar sensors), notebook

measurement point. When you use the pressure unit

computer, small vacuum pump, electronic balance, fume

measured by the height of mercury column, the air

hood.

pressure, P, inside the apparatus will be estimated
according to the following equation,

Experimental Procedure
1. Insert the T-shaped glass tube with a greased three-way

atmospheric pressure measured in mmHg

stopcock, the one-side-closed glass tube for a

-1

temperature probe, and the glass tube connected a

»Z¦h / 13.5951) × 10 mmHg cm

TYGON® tube to supply a pressure sensor, into the
Convert the unit of P from mmHg to Pa.

silicone stopper (Photo 1).

2. Tabulate P, the total volume of air V in the 10mL
syringe, TYGON® * >  _*]³V, and
the absolute temperature T   ¦h value. Do
   

 ¦h = 0 in the table.

3. Plot 1 / V versus P graphically.
Analysis and Discussion of Results
1. Consider what can be concluded from the above graph.
2. Determine the slope value of the regression line in the
above graph, and explain what it represents.
3. Explain why P is described by the above equation in
the box.

2. Phase Transition from Liquid to Gas
Introduction
In order to explain the change in chemical energy in

Photo 1   

 

    _%

the change of state of a substance from liquid to gas, we
need to consider the work due to dissociation of chemical

2. Put a piece of boiling stone and pour 55mL of acetone

bonds between molecules and work by the expansion from

 \\`

liquid to gas against the external pressure. These works are

the silicone stopper in Photo 1. Measure and record the

accompanied by positive energy changes in the substance.

 _    %

   _% _

The boiling point of a substance corresponds to the

3. Connect the pressure sensor to the above TYGON®

temperature at which the external pressure is equal to the

tube and insert the temperature probe to the one-

vapor pressure of the substance.

side-closed glass tube. Connect the rubber tube to the

In this section, we will measure the temperature of

vacuum pump and the three-way stopcock.

acetone under a reduced pressure, where we can boil the

4. Immerse the flask into the thermostat water bath

liquid acetone with a small vacuum pump at an ordinary

controlled at 25°C. Fix the flask with a clamp

temperature because of its low boiling point.

attached to a supporting rod (Photo 2). Insert another
temperature probe into the water bath. Since the

Apparatus
Acetone (reagent grade), boiling stone, T-shaped glass

acetone is a volatile organic substance, you should
place the setup in a fume hood.

tube with a three-way stop cock, 300mL round-bottom

5. Connect the temperature probes and the pressure sensor

flask, silicone stopper, TYGON ® tube, supporting rod

to the data logger (Xplorer GLX), which is hooked up

with clamps, rubber tube for vacuum pump, glass tubes,

to a notebook computer by a USB cable. Run the data

thermostat water bath, Xplorer GLX (Pasco Co.) equipped

collection software on the computer.

The Three States of Matter

6. Start measuring the temperature(s) of acetone and
water bath, and the inside pressure of the flask. Wait
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3. Determine the variation of mass in acetone during the
depressurization.

for the system to achieve thermal equilibrium. The
temperature of water and acetone should be equal. The
temperature and pressure are displayed on the computer

1. Explain the phenomenon in the flask on the basis
of the mass change and the state of acetone during the

in the form of the scatter plot versus time.
7. Run the small vacuum pump for 5 minutes in order to

depressurization.

  %#  

[%     _  

   _Z|  %

than that of water bath (25°C) during the depres-

  _


Analysis and Discussion of Results

same time, pay attention to the scatter plot versus time

surization. Explain this phenomenon.
3. Explain the direction of heat transfer between the

for the temperature and pressure.
8. After 5 minutes, stop the depressurization and remove

acetone in the flask and the water in the thermostatic

the flask from the water bath. Wipe thoroughly the

water bath. In addition, explain how the thermal energy

 

was used in this phenomenon.

  _*   



4. Consider the relationship between the temperature of

 _%

acetone and the pressure in the flask, on the basis of
the aforementioned plot of the acetone vapor pressure
versus temperature.
5. Consult the data of molar heat of vaporization for
acetone and water in literature. Consider the difference
of these values from the point of view of intermolecular
bonds.
Photo 2 Experimental apparatus (in hume hood).

3. Phase Transition from Liquid to Solid
Introduction
The phase transition from liquid to solid involves a lattice
bond formation between molecules in a substance. This
is in contrasted to the aforementioned phase transition
from liquid to gas. In this experiment, we will measure the
temperature change during the phase transition of sodium
acetate trihydrate from supercooled liquid to solid, where
the supercooled liquid can be easily prepared. We will
understand the chemical energy change associated with
the phase transition in terms of chemical bond formation
through an analysis of experimental results.
Photo 3 _

    %

Apparatus
Sodium acetate trihydrate (reagent grade), ion-exchange
water, test tube (20 cm × 2.0 cm inner diameter.), silicone

Calculation
1. Print the scatter plots of temperatures and pressure.

stopper, thermometer, supporting rod with clamps, Bunsen

Check the relationship between the inside pressure

burner, beaker, spatula, Xplorer GLX (Pasco Co.) with

_      



three temperature probes, computer, and electronic balance.

depressurization.
2. Consult the data of vapor pressure of acetone at each
temperature using a chemistry handbook. Plot the vapor
pressures versus temperature.

Preparation of a Supercooled Liquid
1. Consult the data of melting point of sodium acetate
trihydrate in literature.
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2. Weigh 50.0 g sodium acetate trihydrate using an

temperature probes. The plots of temperature versus

electronic balance. Add to the test tube containing

time is displayed on the computer monitor as shown in

5.0mL water with the sodium acetate trihydrate. The

Photo 4.

small amount of water in the tube is necessary in order
to cancel the vaporized water out in heating.

5. Remove the silicone stopper from the test tube
containing the supercooled liquid. Put a crystal particle

3. Melt completely the sodium acetate trihydrate in the

of sodium acetate trihydrate into the test tube using

test tube with shaking by putting it in 75-85°C hot

a spatula. Observe the temperatures and the overall

water in a beaker.

situation of the test tube (Photo 4). If possible, record

4. After heating the sodium acetate trihydrate, put a

the change of the supercooled liquid of sodium acetate

silicone stopper on the test tube containing a liquid of

trihydrate and the plot of temperatures versus time with

sodium acetate trihydrate and shake the mixture lightly.

a video, as shown in Photo 4.

Remove the stopper from the tube, wipe the liquid on
the upper inner surface of test tube and the silicone
stopper.
5. Put the silicone stopper on the test tube and cool it
slowly in the aforementioned beaker containing warm
water. Wait until the supercooled liquid of sodium
acetate trihydrate forms at room temperature.
Notes on Supercooled Liquid Preparation
1. The preparation of the supercooled liquid should be
done one day before. Long period of time is needed
The supercooled liquid in the test tube (right),

to cool the supercooled liquid down to a room

Photo 4

temperature.

and the plots of temperature versus time on the computer

2. As explained in the previous preparation 3, the
small amountof water in the test tube is necessary in

monitor (left), immediately after the addition of crystalline
sodium acetate trihydrate in the tube.

order to cancel the vaporized water out in the heating.
3. You must use clean glassware, to avoid contamination.
Contaminants can become the nucleus for the phase
transition of the supercooled liquid.
4. As explained in the previous preparation 4, you should
carefully wipe off the liquid on the upper inner surface
of the test tube and the silicone stopper. The crystals

Results
1. Show the relationships between temperature and time
at the bottom, middle and top of the tube. Graph the
results.
2. At the graph, mark the time at which the liquid-solid
boundary arrived on each temperature sensor.

of sodium acetate trihydrate, which are unexpectedly
formed on the surface of test tube and silicone stopper,
might fall in the supercooled liquid. Thus, it may lead
to unwanted phase transition.

Analysis and Discussion of Results
1. Explain the relationship between the change in
temperature and phase transition on the basis of section
above results 2.

Experimental Procedure
1. Fix the test tube containing the supercooled liquid with
the clamp, which is attached to the supporting rod.
2. Attach three temperature probes at the top, middle, and
bottom positions on the test tube at regular intervals as
shown in Photo 4.
3. Connect the temperature probes to Xplorer GLX, which
is connected to a computer by a USB cable. Run the
data collection software.
4. Start the measurement of temperature with the three

2. Is the phase transition exothermic or endothermic?
Consider the chemical energy change with the key
word of “chemical bond”.
3. Explain the supercooled phenomenon chemically.

Solution

Solution
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dithizone dissolves in aqueous basic solution as an ion,

Teiji KAKIZAKI

which has a negative electric charge. If an aqueous phase
is acidic, dithizone does not have electric charge and will
be extracted by the organic phase.

1. Charge and Solubility of Solute

The densities of carbon tetrachloride and chloroform are
1.584 and 1.480 g/mL. Note that heavy organic solvents

The charge of a solute varies by alternations in pH of

sink under water.

solution. The solubility of solute to organic solvents is
examined.
Reagent and Apparatus
dithizone (diphenylthiocarbazone),

thioenol form

thioketo form

Fig. 1 Tautomers of thioenol and thioketo forms.

carbon tetrachloride or chloroform,
aqueous ammonia, hydrochloric acid,
stoppered test tubes, pipettes

Reagent preparation
Pure dithizone (diphenylthiocarbazone) is the dark-purple
crystalline powder. However, color of dithizone powder

Procedure
Wear safety goggles and disposable gloves.

is changed to black due to deterioration by oxidizing
    %       
the following method before use.

1. Pour 1-2 mL of water into a stoppered test tube. Add a

Dissolve dithizone powder (2 mg) in a carbon tetra-

small amount of dithizone. Dithizone dose not dissolve.

  Z]\`*      %

2. Pour about 1 mL of carbon tetrachloride or chloroform

Shake the solvent with 0.8 M aqueous ammonia, and extract

into the test tube and then shake. Dithizone is extracted

dithizone into the aqueous phase. If diphenylcarbodiazone

by the lower layer on the organic solvent phase.

is contained in the reagent, an organic phase should be a

3. Pour a small amount of aqueous ammonia into the test

yellowish brown color. With a little carbon tetrachloride,

tube until the upper aqueous solution is basic (pH > 7).

extract the impurities contained in an aqueous phase

Shake the test tube. Dithizone will move to the aqueous

several times, and remove them. Add a small amount of

phase.

sulfuric acid (hydrochloric acid) to an aqueous phase until

4. Add a small amount of hydrochloric acid to the test tube

dithizone precipitates. Again, shake an aqueous phase with

until the aqueous solution is acidic (pH < 2), and shake

carbon tetrachloride and use it as a solution of dithizone for

the test tube. Dithizone will move to the organic solvent

the procedure.

phase again.

After filtering the precipitated dithizone, dithizone can

5. Again, change the pH of the aqueous phase and check

be preserved by drying in a vacuum. The purity of the

about the solubility of Dithizone to the organic solvent.

prepared dithizone is examined as compared with the
        Z[\ * ½² % ¡ ]\4) in

Notes

carbon tetrachloride.

Although the solubility of dithizone to water is low,
dithizone dissolves easily in basic solutions (pH > 7).
The color of dithizone solution is yellow (wavelength of
   }\*   }½²[%[

2. Effect of Temperature on Solubility of
Manganese(II)

× 104). Dithizone is green in carbon tetrachloride, and
blue-green in chloroform. The colors of dithizone differ

It is examined experimentally that the solubility of

with the dielectric constants of organic solvents. Dithizone

a hydrate decreases by an increase or a decrease in

in organic solvents exists as a mixture of tautomers of

temperature. Note that the temperature dependence of

thioketo and thioenol types. The ratio of tautomers is

the solubility of a compound is various. In addition,

supposed to change with solvents. The thioenol tautomer

the compositions of the compounds (salt in a solubility

of dithizone is dibasic acid structurally, however pKa2 has

equilibrium) which deposits at several temperature of

not been measured. Since pKa1 of a thiol group is 4.5,

solution are analyzed.
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Reagent and Apparatus (I)
manganese sulfate (any hydrate can be used)
freezing mixture (ice and salt),
beaker, test tube, thermometer, hot plate
Preparation of manganese sulfate solution
Dissolve 33 g of anhydrous manganese sulfate (MnSO4)
in 50mL of water at room temperature. Solution containing
86g of MnSO4<$2O or 134 g of MnSO4$2O can be also
prepared in 50 mL of water.
Procedure (I) Solubility of manganese sulfate
Wear safety goggles and disposable gloves.

Fig. 2 Solubility of manganese(II) sulfate as a function of
temperature.

1. Place a stoppered test tube containing several milliliters
of the prepared manganese(II) sulfate solution in a

Reagent and Apparatus (II)

mixture of ice and salt.

<\` *  * * *   *

2. Observe the color and form of a crystal, cooling a test

water aspirator.

tube to the freezing point.
3. Return the temperature of a test tube to near room
temperature.

Procedure (II) Preparation of a manganese(II) sulfate
hydrate

4. Warm a test tube in warm water. Observe again the color
and form of a crystal.

1. Cool an about 10g saturated manganese(II) sulfate
solution from room temperature to about 5ºC in ice water.
Filter the precipitated crystal (sample I).
2. Heat manganese(II) sulfate solution to about 60ºC, and

Notes
1. This experiment demonstrates that the composition of
precipitates varies with temperature of a saturated

     Z%
3. Insert the separated crystals into the folded-up filter

solution. Furthermore, the temperature dependence of

paper, and remove the moisture of the crystals.

solubility changes with transition of a solid.

         

2. The composition change of a solid is the change of
the number of hydrated water. Manganese(II)

 *           



    %

sulfate monohydrate is obtained from the solution at
temperatures of 27 ºC and higher. The pentahydrate

Reagent and Apparatus (III)

and the heptahydrate are produced at temperatures

0.5 mol/L barium chloride, ethanol.

of 9 - 26 ºC and below 9ºC, respectively. When the

[\\` *

manganese(II) sulfate pentahydrate is kept in vacuum

aspirator, automatic oven, desiccator, chemical balance.

* *   * 

desiccator containing sulfuric acid, the tetrahydrate will
be obtained. The transition point between heptahydrate

Procedure (III) Measurement of the Crystal Water of

and pentahydrate is 8.6ºC, and the point between

Manganese(II) Sulfate

pentahydrate and monohydrate is 23.9ºC.

1. Weigh about 0.25 g of the crystals which precipitated in

3. The pink crystals are MnSO4$2O or MnSO4<$2O,
and the white precipitate is MnSO 4 $ 2 O. The
equilibrium in this experiment can be expressed as

the previous procedure (II).
2. Move the weighed crystal with pouring a small amount
of water to a 200 mL beaker.
3. Add the water of about 100 mL to the beaker, and

follows.

dissolve the crystal.
2-

MnSO4$2O(s) ≠ Mn2+(aq) + SO4 (aq) ≠ MnSO4$2O(s)

(pink precipitate) (pale pink solution) (white precipitate)

4. Add 0.5 mol/L barium chloride, stirring well with a glass
rod.
5. When a small amount of barium chloride solution is

Solution

added to a supernatant and new precipitation does not
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the color which were observed in procedure(I).

appear, add 20% of the amount of added barium chloride
solution.

Notes

6. Cool the beaker after heating gently for 5 minutes.

Determination of the crystal water of MnSO4<$2O is not

7. Carry out suction filtration of the precipitate using a

conducted, because a quantity of the crystal required for

 %   ][\¿   

experiments must be precipitated from a large amount of

       %
8. Wash the precipitate on a filter with warm water.

mother solution in comparison. Commercial MnSO4<$2O
is used as a sample of preliminary experiments.

Completion of washing is judged when suspension of
silver chloride does not appear with addition of a small


        %

3. Effect of Temperature on Solubility of
Copper(II) Sulfate

ª%     %
10. Dry a glass filter in a 120ºC oven, and cool it in a
desiccator.

When inorganic compounds containing crystal water
        *  

]]%     %

added to the solution and the amount of solvents changes
with dissolution. Therefore, solubility of hydrates cannot
be conveniently measured. The effect of temperature on

Consideration
The amount of sulfate contained in BaSO4 is equal to the

solubility is investigated from measurement of the density

amount of sulfate in the crystal contained by the Procedure

of saturated copper sulfate solutions, and the copper

(II). Since the quantity of the sulfate contained in

concentration by absorption photometry or chelatometric

manganese(II) sulfate hydrate is equivalent to the quantity

titration.

of manganese(II) ion, determine the number of crystal
water as follows

Reagent and Apparatus (I)
Copper(II) sulfate pentahydrate.

1. Amount of sulfate contained in BaSO4.
2-

Amount (mol) of SO4 = mass(g) of BaSO4 / molar mass

200 mL tall beaker, sample vials with caps, 1 mL auto
pipette (piston-driven air displacement), analytical balance,

(g/mol) of BaSO4

thermometer, and constant temperature water bath.

2. Molar mass of manganese(II) sulfate hydrate (formula

Procedure (I) Density measurement of saturated

weight)

copper(II) sulfate solution at each temperature

Since the amount of MnSO 4 equal to the measured

Wear safety goggles and disposable gloves.

amount of sulfate is contained in the sample of a
manganese(II) sulfate hydrate, the molar mass (g/mol) of
the manganese(II) sulfate hydrate can be calculated

1. Pour 50 mL pure water into a 200 mL tall beaker, and
dissolve CuSO4<$2O. For measurement up to 80ºC
or 60ºC, add 38 g or 25 g crystal into 50 mL water,

Molar mass (g/mol) of BaSO4 crystals (g/mol) =
weight (g) of BaSO4 crystals / molar mass (g/mol) of
BaSO4

respectively.
2. Place a tall beaker in the water bath controlled in
temperature of 10ºC. Wait until the temperature of the
solution in a beaker and the water bath becomes the

3. Quantity of water in manganese(II) sulfate crystals

same. Stir the solution in a beaker with a glass rod until

The empirical formula of manganese(II) sulfate hydrate is

copper(II) sulfate is saturated at the given temperature.

expressed by MnSO4$2O, where n represents the number

3. After sedimentation of suspension, take 1 mL of

of hydrated water.
Molar mass (g/mol) of MnSO4 hydrate = molar mass of
BaSO4 + n × molar mass of H2O

supernatant (saturated solution) into a sample vial using
the auto pipette. Weigh the sample vial containing the
solution. Calculate density from the mass and volume of

Calculate the number of the crystal water of the sample

the solution. It is not necessary to return the solution to

I and II obtained by the procedure (II). Discuss the

a beaker after measurement. Even if a crystal appears

relationship between the number of the crystal water and

during weighing operation, the result does not change.
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4. Record the variation of density (g/mL) for each 5-10ºC
rise in temperature of a water bath in 10-60ºC or 10-80

Ammonia solution (1:1): Dilute concentrated ammonia
water (28%) with an equivalent amount of pure water.
50 mL volumetric flask, 25 mL volumetric flask,

ºC.

volumetric pipettes of various capacity, 10 mL Komagome
pipette, glass colorimetric cuvette (10 mm optical path),

Notes
Even if the water in a tall beaker evaporates in the

spectrophotometer.

experiments and the volume decreases gradually, results do
not change.

Procedure(III) Preparation of the calibration
curve of tetraamminecopper(II) ion by absorption

Reagent and Apparatus (II)

spectrophotometry

Ammonia solution (1:1) : Dilute concentrated ammonia

1. Add 1, 3, 5, 6 and 8 ml of 5 mmol/L copper(II) standard

water (28%) with an equivalent amount of pure water.
[<`    _*  

Z  

air displacement), 10 mL Komagome pipette,

    [<`    _    
pipets, respectively.
2. Color development. Add 10 mL ammonia solution to

glass colorimetric cuvette (10 mm optical path), spectro-

 _  %    

photometer.

       _  %
3. Transfer a colored solution to a cuvette. Record an

Procedure (II) Determination of copper(II) in the

absorption spectrum in the range of wavelength from

saturated solution of CuSO4 at several temperatures

800 nm to 400 nm, and determine the wavelength of

(absorption spectrophotometry)

maximum absorption of tetraamminecopper(II) complex

1. Add 0.1 mL (100 L) of the saturated solutions at several

ion (ca. 620 nm).

temperatures in the procedure (I) to 25mL volumetric
_  %
2. Color development. Add 10 mL ammonia solution to
 _  %    
       _  %

%    

      

wavelength of maximum absorption.
5. To prepare the calibration curve, plot the absorbance as
 

 Z

    _

abscissa.

3. Add 10 mL ammonia solution to another volumetric
flask and dilute the solution to the mark of a flask with
pure water. This blank solution is used to calibrate a
spectrophotometer to zero absorbance.
4. Pour the colored solutions into cuvettes. Check that the
surface of cuvette is clean and put cuvette on its holder

Reagent and Apparatus (IV)
0.02 mol/L EDTA standard solution: Dissolve 3.7225 g
of pure disodium ethylenediaminetetraacetate dihydrate
(formula weight = 372.25) with pure water in a 500mL
    _%

of a spectrophotometer. Measure the absorbance of each

Acetate buffer solution: Mix 1 mol/L acetic acid with an

colored solution on a wavelength of maximum absorption

equivalent amount of 1 mol/L sodium acetate. The pH of

(see next procedure). Since corrosive ammonia is

the buffer solution is approximately 4.7.

evolved from the samples, don't permit sample to stand

PAN indicator: Make the ethanol solution containing 0.1%

in the sample chamber of a spectrophotometer for a long

of 1-(2-pyridylazo)-2-naphthol.

time.

[\\`

5. By comparing absorbance of samples with a calibration
curve (see next procedure), determine the copper (II)

  *<\\`    _*[`

Komagome pipette, auto micropipette (piston-driven air
displacement), 25 mL burette, laboratory hot plate.

   Z ³`    _% 
temperature dependence of the copper(II) concentration

Procedure (IV) Determination of copper(II) in the

in the saturated solution.

saturated CuSO4 solution of at several temperatures
(chelatometric titration)

Reagent and Apparatus (III)
5 mmol/L CuSO4 standard solution: Dissolve 0.6242g of
copper(II) sulfate pentahydrate with pure water in a 50ml
    _%

1. Add 0.1 mL (100L) of the saturated solutions at several
temperatures in the procedure (I) to 200mL conical
beakers with an auto micropipette.
2. Add 2 mL of pH 4.7 buffer solution and 50 mL of pure

Solution

water to conical beakers.
3. Warm the solutions at 60-80ºC on a hot plate.
4. Add several drops of PAN indicators. Dispense the
0.02 mol/L EDTA standard solution as a titrant from a
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2. Solubility of the copper(II) sulfate anhydride for 100 g
of water
The solubility (g) of CuSO4 anhydride dissolving in 100 g
of water is calculated from mass percent found above.

burette. The color change of the indicator from purplish
     _     
the titration. Since the reaction rate is relatively sluggish

Solubility (g) = 100 × (mass percent,%) / (100 - (mass
percent,%))

near an endpoint, the titration should be carried out
slowly.
5. Calculate copper(II) concentration (mol/mL) from

Show the relation of the solubility of CuSO4 anhydride for
100 g of water and the temperature on a graph paper.

titer and show the effect of temperature on change of the
copper(II) concentration in the saturated solution.

3. Solubility of CuSO4 pentahydrate for 100 g of water
Quantity of CuSO4 pentahydrate dissolving in 100 g of

Consideration

water at each temperature can be calculated. The molar

1. Mass percentage (%) of CuSO4 in the Saturated Solution

mass of anhydride and pentahydrate of CuSO4 is 159.6

Mass percentage (%) of the CuSO4 saturated solution

and 249.7, respectively. When a given quantity (M gram)

is calculated from the density (g/L) and molarity (mol/

of CuSO4 pentahydrate is dissolved in 100 g of water, the

L) of the solution, and the molar mass (g/mol) of CuSO4

mass of CuSO4 and the weight of the solution are exhibited

anhydride by using the following relation

as follows.

Mass percent (%)

Mass of CuSO4 (g) = (159.6 / 249.7) × M

= 100 × molar mass (g/mol) × molarity (mol/L) / density
(g/L)

Weight of solution (g) = 100 + M

The percent (%) by weight of CuSO4 in the saturated

From these values and mass percent (%) for the anhydride

solution as ordinate is plotted as a function of temperature

obtained above, solubility (M) for CuSO4 pentahydrate in

(ºC) as abscissa. Compare the result obtained by this

each temperature is calculated.

experiment with the reported value (Table 1). The percent
by weight here is based on CuSO4 of the anhydride not a
hydrate.

Mass percent (%) = (mass of CuSO 4, g) / (weight of
solution, g)
Indicate the temperature dependence of the solubility of
CuSO4 pentahydrate for 100 g of water.

Table 1 Mass percentage (%) Of CuSO4 in the saturated solution as a function of temperature.
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Chemical Reaction

5. Expose the negative and sensitized paper in direct

Yuji HIRAYAMA

sunlight. During exposure, the surface will change from
yellow to dark blue. Exposure times will vary according
to season, usually 3 to 10 minutes.
6. Wash print in trays of water, usually for 3 to 10 minutes,

Redox reaction (Blueprint)

until all the unexposed chemical has been washed out,
and the water runs clear.

Materials
   Z  Z      
|     ZZ     

Experimental results
Fig. 2 and Fig. 3 are calling card-sized paper (90×55

 <\` 

mm). The blue color dye is known as Prussian blue. This

]  

dye is stable at acidic environment and insoluble in water.

   

Alkaline-buffered papers cause degradation of image.

  Z]\%   

Watercolor paper gives good result, expensive.

|    
" 
   & "
|  
Procedure
1. Open your an image in whatever a post production
software. Convert the color photo to grayscale. Then,
Inverse to make your image a negative. Print the negative
to transparency Film.
2. Make a cheap contact print frame by using a thick paper
(Fig. 1).
Fig. 2 Example 1.

Fig. 1 A contact print frame.
Fig. 3 Example 2.
3. Add 2g of ammonium iron (III) citrate and 1g of
Potassium hexacyanoferrate (III) to a 50 mL beaker. Add
25 mL water and mix until dissolved. This photo sensitive
solution is then applied to thick paper and allowed to dry
in a dark place.
4. Place negative on a coated paper, and put in a printing
frame (Fig 1). Bind the frame by paper clips.

Observation by Microscope

Chapter 4

Observation by Microscope
Gen TAKAKU
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3. Put the square epidermis in water on slide glass,
and place a cover glass on the water. While putting the
epidermis in water, ensure that it is sunk in water and
place the cover glass slowly, because epidermis tends to
round and bubble may appear on water. (Fig. 2)

1. Observation of Epidermal Cells of Onion
Focus
Thin layer of epidermal cells, covering the surface of leaf
of bulb in onion Allium cepa, is suitable for observing plant
morphology under microscope without any complicated
treatment. The onion is familiar material and could be
obtained easily. It is an appropriate material for observation
of plant cell structures, such as cell wall, cell membrane,
nucleus and plastid. Besides, it is also an effective material
for learning how to make specimen for observation using
microscope, how to use microscope, and how to draw

Fig. 2 Slide specimen.

 %
4. Soak up excess water around cover glass with small
Preparation
Material: Bulb of onion Allium cepa

    %
5. At first, observe the specimen in low magnification,

Tools: Microscope, forceps, razor, slide glass, cover glass

and move appropriate specimen, e.g. cells having

(18 ×]*  *

distinct nucleus, not compressed cells, cells without any
bubble, in center of view. Then change objective lens

Methods

to high magnification, observe and draw cell wall, cell

1. Put a drop of water in the center of slide glass.

membrane, nucleus, plastid, mitochondria, and so on (Fig.

2. Cut the bulb of onion and get a leaf. Cut the epidermis of

3).

inner side of the leaf in 5mm square with a razor,
and then grasp the margin of the square fragment of
epidermis by forceps (Fig. 1).

Fig. 3 Epidermal cells.
6. Measure the lengths of nucleus and cells in view
Fig. 1 Epidermis of onion.

including the cells drawn.
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Suggestion for experiment
We can understand the structure of plant cell and also

Preparation
Material: Epidermal cells in human oral cavity

and cell growth in plant through the observation and

Tools: Microscope, cotton, slide glass, cover glass (18
× 18mm), filter paper, vial, stain solution (acetocarmine

measurement of epidermal cells of onion with microscope.

solution, Giemsa’s stain solution, and so on).

consider the relationship between cell size and nucleus,

Although it is impossible to see chloroplast in the epidermal
cell of onion, it may be possible to observe plastid as one

Methods

of chromatophore, nucleus, cell wall, and protoplasmic

1. Gargle with water to clean oral cavity, and then rub

streaming is also observable in living cell. After measuring
the length of cell and nucleus, it is possible to compare
their average and variance, and make a graph to discuss
correlation between size of the cell and nucleus. Variance
in cell size is larger, while size of nucleus is almost stable.

lightly the surface of oral cavity with cotton.
2. Smear the cotton on the center of slide glass and dry
(Fig. 4).
3. Put a few drops of stain solution on the position where
epidermal cells are smeared (Fig. 5).

By measuring and comparing the size of cells in the leaf
near the root and extremity, and size of cells in outer leaf
and inner leaf, we can understand that cells grow gradually
from part near the root of inner leaf.

2. Staining and Observation of Epidermal
Cells in Human Oral Cavity
Focus

Fig. 4

Fig. 5

Smearing by cotton.

Staining by aceto orcein.

Staining is “a method for coloring certain parts of
specimens by pigments and making contrast so as to

4. Wait for two minutes (acetocarmine and acetic orcein

observe and distinguish precisely the body parts of

sol.) or 15 minutes (Giemsa’s stain sol.), then wash the

organisms under microscope or naked eyes”. In other

stain solution. Care must be taken to avoid washing

words, staining is a technique for marking certain parts for
appropriate observation.

directly a part where epidermal cells are smeared.
5. Clear water on backside of slide glass, put a drop of

           

water on the center of slide glass, and put cover glass

respond to certain structure in the cell, and we can know

on the water. Observe by microscope after soaking up

what stained structure is. If proper stain solution is used,

  

cell can be observed in detail. In the units “Organisms and

paper (Fig. 6).

 

    

Cell” in second grade of junior high school and “Growth
and Reproduction in Organisms” in third grade, we have
opportunities to use stain solution to see cell and cell
division.
Although there are many kinds of materials in plant cells,
that of animal cell there are few. In the present experiment,
we will use epidermal cell in oral cavity as a material,
and stain it with some stain solutions, e.g. acetocarmine
solution, and then make observation with microscope. It is
important to understand the difference between animal and
plant cells.

Fig. 6 Epidermal cells in human oral cavity.

Observation by Microscope
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2. Set the slide glass on the stage of microscope without

Suggestion for experiment
In general, some fixatives (e.g. Carnoy solution and
methanol) are used in preparing cell specimens. However,

cover glass, and observe spores.
%    %

in the present experiment, such types of fixativea are not
required, because the experiment is carried out for short

4. After drawing the figure, breathe softly to the spores

time. In addition, acetocarmine and acetic orcein solutions

from side of the stage. Observe and note their movements

          %  

(Fig. 7).

orcein may be a better solution for staining nucleus than
acetocarmin solution.
Giemsa’s solution gives good result in staining nucleus
and chromosome. However, it contains methanol and
we should, therefore, pay a close attention while using
it. Sometime it is difficult to use Giemsa’s solution in
elementary and junior high school. In Giemsa’s solution,
some chemicals are usually deposited at the bottom of
the bottle, it is therefore necessary to suck them up with a
pipette before the solution is used for staining.
Animal cells have no cell walls, smaller cell size and
their cells are separated easily. Therefore, compared
 *        
animal cells. However, by staining cells, we can confirm

Fig. 7 Spore of horsetail.

nucleus, cytoplasm, and cell membrane, and understand the
differences between plant and animal cells.

Suggestion for experiment
Spore and its interesting move are observable by simple
methods. A spore has 4 arms, responds to humidity in air,

3. Observation of Spore of Horsetail

and its arms expand or contract depending on the condition.
Its arms expand in dry condition, and they contract and coil
quickly when breathing, because of water in its breath. In

Focus
Horsetail is a fern, and its spores are released from fertile
spore-bearing stem in spring (sterile stem and fertile spore-

dry condition, arms expand and air resistance increases.
And this allows spore to disperse far and wide.

bearing stem are connected by subterranean stem under the
ground). Bryophyta (moss) and Pterophyta (fern) will be


  À¹

 |Á    "  

Reference

high school. Shape of spore of horsetail is its peculiar

A. SATO, A. NAGAI and A. YAMAGAMI 2011

characteristics and it shows interesting move. Because

Experiments for Biology, Enlarged Edition. Tokai

fertile spore-bearing stem of horsetail appears only in

University Press, Kanagawa. 118pp.

spring season (mid to late April in Hokkaido), it may be a
good material for the unit “Observation of Organisms” in
    

  %

Preparation
Material: Fertile spore-bearing stem of horsetail
Equisetum arvense
Tools: Microscope, slide glass
Methods
1. Tap on the center of slide glass by the head of fertile
spore-bearing stem of horsetail.
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Winter Bud

1. Put an acute tip of tweezers into gap between bud-scales.

Kanji NAMIKAWA

Objectives
Individuals of annuals end their lives in fall, however,
their seeds survive winter and develop new individuals in

2. Peel bud-sclaes successively.

the following year. On the other hand, typical perennials
of temperate deciduous tree shed their leaves in fall.
Although this defoliation is compared to death of annuals,
trees without leaves are not dead. In this section, we will
observe how perennials and deciduous tree survive in
winter, which is unsuitable for living things and turn our
thoughts toward life in winter.
Winter buds of deciduous trees differ in shape, hairiness,
phyllotaxis, their contents such as leaf and/or flower or
_   *   %&   *    
in their shape, number and arrangement of bundles. These
facts awake us to the fact that there is intrinsic feature of
each species on above characteristics.

Since bud-scales are brown, they are easily distinguished
by green leaves.

Preparations
Ethyl alcohol, pruning shears, plastic bag, tweezers,

3. Pick up leaves successively

laboratory dish (or container with cap), magnifying glass,
and illustrated book on winter buds.

Methods
Cut terminal twigs (not lateral twigs) by pruning shears,
and take them to laboratory (or classroom). Since lengths
between buds of terminal twig (i.e., internodes) are usually
longer than those of lateral twig, students can easily
observe the characteristics of winter buds such as bud
arrangement (i.e., phyllotaxis). Furthermore, identify
group twigs by shape, phyllotaxis and hairiness of winter
bud and shape of leaf-scar, and, if possible, identify them
through illustrated book.
Dissect and observe winter bud by following these

All four leaves (number of leaves differ from species)

procedures; 1) soak a winter bud in a little ethyl alcohol
inside a laboratory dish to dissolve its resin coating, 2) put
an acute tip of tweezers into gap between bud-scales and
tear them successively.
Above procedures are illustrated by the following pictures
(ex. Cornus controversa) .

5 mm
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Winter Bud

Bud-scales of Cornus controversa derive from leaf, and

Winter Bud

we can understand their changes from leaf to bud-scales by
dissecting its winter bud. In a similar way, bud-scales of

1. Kind of winter bud

Salix spp. is derived from leaf. However, some species of

Winter bud (or sleeping bud, resistant bud) is a small

bud-scales are derived from petiole, while some are from

lump that grown on a plant, and from which a flower,

stipules. Examples of the former are Aesculus turbinate,

leaf or stem develops. Winter buds are divided into the

Acer spp, Prunus spp and so on, and those of the later

       }

are Ulmus davidiana var. japonica, Magnolia obovata,

 Z  _      Z&%[%

Quercus crispula and so on. Winter bud of M. obovata is

&   *        

so large (ca. 3–5 cm length) that we can easily dissect them

on twigs in terminal bud, lateral bud, terminally lateral bud

and understand their construction.

and pseudo-terminal bud (Fig. 3).

*_  

Terminal bud: bud on terminal of twig is generally larger

Explanation

than lateral buds and develops to become the leader.
Lateral bud: buds besides terminal buds on twigs and

Twigs
In most trees a distinction can be made between the trunk

usually on leaf axil (called axillary bud).

and the branch systems. Trunks can produce twigs from

Terminally lateral bud: lateral whorled buds around

epicormic buds. These may arise from persistent lateral

terminal bud.

buds, which become hidden in the bark, or from new buds.

Pseud-terminal bud: lateral bud on the latest leaf axil

Twigs are strictly defined as shoot which accomplish

which looks like terminal bud, because tip of shoot die at

    

the end of growing season.

 %  

divided into two types; terminal twig derive from terminal
bud, and lateral twig from lateral bud (Fig. 1). There are
winter buds, leaf scars and bud scars on twig and a few
year old shoot.

Fig. 1 Schematic (upper) and actual (lower, Tilia japonica) twig.
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Fig. 2 Mixed bud (Aesculus chinensis) (SHIDEI and SAITO
1978).

Fig. 4 Shape of winter bud.

Fig. 3

Twigs of species with terminal (a, b, c) or

terminally lateral bud (d, e, f). a, Quercus crispula; b,
Magnolia obovata; c, Kalopanax septemlobus (terminal
bud); d, Salix caprea; e, Ailanthus altissima; f, Tilia
maximowicziana (terminally lateral bud).

Fig. 5 Schematic section of winter bud (SHIDEI and
SAITO 1978).

2. Shape of winter bud
Shapes of winter bud differ widely from species,
especially in species with terminally lateral buds (Fig. 3).
Moreover, there is bud with or without hair, and the former
show variety in hairiness, and length, quantity and quality
of hair (Fig. 4).
3. Bud-scales
The bud-scales wrap tightly together to protect the leaf,
_   

 

 

   

(Fig. 5). Bud-scales fall just after flush of winter bud in
spring and left scale-scars on the base of twigs (Fig. 3).
Although deciduous broadleaved tree species ranged
from temperate to boreal zone primarily have bud-scales,
in species that lack bud-scales (called naked bud, refer to
Fig. 6) the young unfolded leaves may be protected with a
covering of hair, scales or by mucilage.

Fig. 6 Naked bud (Viburnum furcatum).

Winter Bud

4. Leaf-scars
Scars of leaf on twigs after defoliation are called leafscars. Bundle-scars in leaf-scars also show variety in shape
and size (Fig. 7).

Fig. 7 Bundle-scars in leaf-scars of Juglans madshurica
var. sachalinensis. Budle-scars look like eyes and nose.

Reference
T. SHIDEI and S. SAITO 1978

Pictorial book on

deciduouus broadleaf tree: winter dendrology.
Kyoritsu-shuppan, Tokyo. 375pp.
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Observation of Innate Behavior:
Courtship and Aggressive
Behaviors in Crickets
Ken-ichi KIMURA

nibosi (dried small sardines) could also be used as cricket
food. Care must be taken to avoid molten the case. Water is
applied through soaked cotton wool on petri dish or loaded
in plastic tube.
Adult female crickets lay eggs on the soaked cotton wool
which allows the eggs to be collected easily. The eggs

Introduction

on the cotton wool are kept in petri dish to prevent them

Animal behavior is one of the responses against some

from desiccation. Embryos develop nymphs at the 1st

environmental stimuli. The stimulus is received with

instar hatches at about 10 days after egg deposition. These

sensory receptors and conducted through sensory neurons

nymphs are then transferred into plastic case. The nymphs

to the central nervous system (CNS). In CNS, the

molt 9 times and become adults.

information of the stimuli is integrated and it activates
the motor program that causes sequential activation of
motor neurons, resulting in a type of behavior. “Instructive
behavior” of animals is innate one that is composed of
a series of stereotyped patterns. The innate behavior is


       À  

(key stimulus)”. Especially, the stimulus that is released
     

  À  Á%

Many animals that communicate with others live socially.
Sexual behavior is very expedient. It is so important for a
male and a female to meet and to produce offspring. So,
during evolution, various types of courtship behavior are
developed in various animals. Aggressive behavior also
plays an important role in acquiring a partner or food.
In this section, we introduce a practice procedure using
crickets, many of which behavior are innate ones. Here,
we will observe the courtship behavior and the aggressive
behavior in crickets. We will understand the roles of CNS
and sensory organs underlying the behavior.

Fig. 1 Plastic case for insect rearing (upside), isolation of
individual cricket (downside left), individual crickets in a

Materials and methods

plastic tube (downside right).

1. Animals and its rearing
The two-spotted cricket (black cricket), Gryllus
bimaculatus De Geer (Orthoptera: Gryllidae), inhabits

2. Isolation of individuals

the tropical and subtropical regions of Asia, Africa, and

Distinction between male and female adult cricket is easy

Europe. In Japan, the cricket is found in a strict region

(Fig.2). Male forewings have ridges on the surface where

around Ishigaki island. This species is an experimental

complicated pattern is seen, while female forewings are

animal suitable for research and practice for students

smooth on the surface where meshed pattern is seen. At

because of its ability to breed through the year and its short

the posterior abdomen, both sexes have a pair of cerci that

life span of about 2-3 months. Cricket could be obtained

have mechanosensory organs to detect air vibration (wind).

from researchers in some universities or institutes.

Between the cerci, a female has an ovipositor (egg laying

Recently, cricket is sold as feed for reptiles at pet shop,
so one can easily buy from the shop when needed.

appendage) extending from the posterior abdomen.
For the observation of courtship and aggressive behavior,

Cricket can be reared in plastic case made for insects (Fig.

both sexes of matured adults (after 5 days of eclosion)

1) at 25-30ºC The cricket is a polyphagous animal. You can

should be isolated individually. When crickets are reared in

feed crickets on dog (or cat) pellets. They are available

crowded conditions, the activity for courtship or aggression

at pet shops. Vegetables, such as carrot and cabbage, and

is low. So, to keep the activity to courtship or aggression,

Observation of Innate Behavior

an individual adult should be reared in a small plastic case
for a few days, prior to the observation of its behavior.
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2. Observation of aggression behavior
A pair of male crickets is individually introduced into
a divided region of an arena which is separated by a
cardboard. After the cardboard is removed, you can observe
the aggressive behavior, as shown below (Fig. 4).

Fig. 2

A female (left) and a male (right) of Gryllus

bimaculatus. An arrow indicates an ovipositor.

Fig. 4 Courtship behavior (left) and aggressive behavior
(right).

Experimental procedures
1. Observation of courtship behavior
A male and a female cricket are introduced in an arena (Fig.
3). The male will show the courtship behavior (Fig. 4). The
following patterns of behavior would be observed.

1. Antennal fencing: One or both individuals touches the
body surface of the other with the antennae.
2. Mandible spreading: One or both individuals spreads
mandibles. Animals lift the body off the ground and
shake the body with aggressive song.

1. The male starts to sing a calling song toward the female.

3. Mandible engagement: One or both individuals makes

It rubs the forewings together for stridulation and

contact with mandibles. Crickets grapple with



  

 

aggressive song and bite the body part of the opponent.

2. Male and female touch each other by antenna.

4. Winner: Winner sings a song of victory.

3. The male changes the sound from a calling sound to a

5. Loser: Loser escapes from the winner and usually does

courtship song.

not engage in any further aggressive interaction.

4. It turns its body away and backs toward her. When the
female mounts the male, the male extends the abdomen

3. Observations of sound producing organ and auditory

and slides backward beneath the female.

organ (ear)

5. It vibrates the cerci.

Cut the forewings of a male cricket and observe them

6. The male and female genitalia are coupled.

through magnifying glass or under binocular dissecting

7. The spermatophore is transferred from the male to the

microscope. You can see the file (a line of teeth) at

females. Copulation is completed.
8. The male and the female are separated.

underside (ventral side) of forewing (Fig. 5). Also, there is
the scraper at the medial side of forewing. For stridulation,
a male cricket lifts his two forewings and rubs the scraper
 

    %

To observe the auditory organ of a cricket, you cut the
foreleg and look at it through magnifying glass or under
binocular dissecting microscope. You can see the silver (or
white) tympanic membrane that is derived from the trachea
at tibia (Fig. 5). Under the membrane, there are many
mechanosensory neurons that respond to vibration of the
membrane, which is caused by sound.
Fig. 3 An arena separated by cardboard.
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1. A cricket is placed in saline and pinned at dorsal side up
on dissection plate.
2. Nicked the posterior end of the abdomen and then cut it
in an anterior direction till at thorax.
3. Spread the thorax and pin it on dissection plate.
4. Remove the internal organs such as digestive organs,
muscles, tracheal organs and fat bodies and expose the
ganglions.
5. Strip off the head cuticle and remove the muscles in the
head. Then, you can see the brain. Expose the brain and
the suboesophageal ganglion.

Commentary
A male cricket stridulates with sound producing organ
of forewings, by rubbing the scraper of one wing across
the file of another. There are three types of songs; one is
Fig. 5 Sound producing organ (upper side) and auditory

a calling song through which a male informs females far

organ (down side).

away of his presence, the second is a courtship song that
attracts a neighboring female, and the other is an aggressive

4. Observation of CNS

song that is produced when two males fight. In autumn,

Adult crickets fixed in 70% ethanol are prepared for

you can hear a chirping of crickets in the field in Japan.

the dissection. CNS of crickets is located at the ventral

The song would be a calling song. The sound of courtship

side. There are a brain and a suboesophageal ganglion in

song is more of soft tone. These sounds are received

the head, three thoracic (pro-, meso- and meta-thoracic)

with auditory organs on foreleg and its information is

ganglions in the thorax, 5 abdominal ganglions and a

transmitted to the pro-thoracic ganglion. Then, in the brain,

terminal one in the abdomen. The brain and ganglions are

the information is processed and integrated.

connected through a pair of connective nerves. So, the CNS

The response of a male cricket to a male opponent and a

is called a ladder-like nervous system. Dissect the crickets

female one is different. When a female gets closer, the male

as shown below (Fig. 6).

begin to sing a courtship song, while the aggressive song

Fig. 6 Dissection of thorax and abdomen of cricket (left). Exposure of the CNS after removing internal organs (right).

Observation of Innate Behavior

is induced by a male approach. Pheromonal signal would
be involved in the induction of the different behavior, as
a key stimulus. Pheromones that are released from the


    

   

 

cause their behavioral changes. The volatile chemicals of
pheromone are received with olfactory organs, while the
non-volatile ones are received with contact chemosensory
organs such as taste organs.
In crickets, cuticular wax that is released from the
epidermis works as pheromone. It is well-known that the
components of cuticular wax are different between sexes.
Because most of components of cuticular wax are nonvolatile chemicals, the pheromone should be received with
gustatory organs on the antenna.
This experiment would be suitable for practices for
students at high school or at junior high school to learn
the relationship between behavior and nervous system.
Comparison of nervous system between invertebrates
and vertebrates would help in showing the diversity and
generality of them. Crickets are also good educational
materials for elementary school students. Rearing the
cricket helps students to learn the pattern of growth in
holometabolous insects. Body structure of the cricket is
typical for insects. So, students can learn the structure of
body of insects and some insect-specific external organs
such as compound eyes, ocellus, antenna and mouthpart.
If a student hesitates to touch the insects, individuals in a
plastic tube (Fig. 1) will resolve the problem. Aggressive
behavior of crickets is stereotyped behavior. So, you can
treat it as “sumo wrestling of crickets”. This would be
available for an introduction of learning of insect studies.
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Observation of Animals Living
in Sand Interstices
Shin-ichi HIRUTA

Marine beaches are not as barren as generally believed.
There are many kinds of small animals living in this
peculiar environment, sand interstices. These microscopic
animals are called “interstitial animals”, which include
Protozoa, Plathelmintes, Nemertinea, Aschelminthes
(Rotifer, Kinorhyncha, Gastrotricha, Nematoda), Mollusca,
Annelilda, Tardigrada, and Crustacea (Arthropoda). In
addition, Cnidaria, Bryozoa, and Tunicata are also found in
sand interstices of marine bottoms. Those who observe the
interstitial animal world must be amazed at the diversity of
shape and the large number of individuals.
Interstitial animals display the clear adaptive features that
are related to their peculiar environment, a narrow void
system (GIERE 1993).
Adaptations to narrow spaces: Miniaturization, elongation,
 _%
Adaptations to the mobile environment: adhesion, modes

Fig. 1 Collecting site.

of locomotion, reinforcing structures.
Adaptations to the related three-dimensional dark
environment: static organs, reduction of pigment and eyes.

In case of quantitative research, quantitative core samples
(100ml) are taken at interval of 5 cm using five or sixjointed corers. The core is a cylindrical brass tube which
circumscribes an area of 20 cm2 and is 5cm long. Jointed

Methods

corers can be inserted into the sand to its maximum depth.
The sand is then dug away to the level of the bottom of

1. Collecting site
  *   

the corer, and the corer is removed. Another corer is then

look for a marine beach whose sand is relatively coarse.

         * 

Large sand interstices are colonized by a number of animal

this process is repeated. Animals are extracted from each

groups and individuals.

sample by means of decanting and sieving with tap-water,



   

and preserved by 70% alcohol.
2. Extracting techniques
Sand samples (500-1000ml) are taken from a beach

3. Observation

at different points and depths along a transect (Fig.1).

Extracted interstitial animals can be picked up under

Animals are extracted from each sand sample by means of

a binocular microscope (more than 30 times power is

decanting and sieving with seawater, using a sieving net

preferred), and observed by general biological microscopes.

(ca. 40%   

Z %

40 into a bucket, then sand sample is added and stirred,

Interstitial animals

and after momentary settling the water is decanted through
%    

 

Fig. 2 shows interstitial animals found in marine

a net. Extracted animals are alive for few days if they

beaches in Hokkaido. ① Turbellaria, ② Nemertinea, ③
Gastrotricha, ④ Nematoda, ⑤ Nematoda, ⑥
Kinorhyncha, ⑦ Mollusca (Prosobranchia), ⑧ Mollusca

are kept cool in a refrigerator, and are preserved in 70%
alcohol for further investigation.

Observation of Animals Living in Sand Interstices
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Fig. 2 Interstitial animals from Hokkaido.

(Opisthobranchia), ⑨ Ploychaeta, ⑩ Oligochaeta, ⑪
Tardigrada, ⑫ Halacarida, ⑬ Harpacticoida, ⑭
Ostracoda, ⑮ Microcerberidea.

interval of 5 cm using six-jointed corers. Animals were
estimated by counting the number of individuals appearing
in each 3-5/100 subsample. The median grain size was
0.7-1.1 mm at many depth points. Maximum number of

Microdistribution of total metazoans at
Wakka, the coast of the Sea of Okhotsk (Fig. 3)

total individuals of whole interstitial animals, most of
which were Harpacticoid copepods, was 11,798/100ml
sand sample (St. C:10-15 cm). Since the space of

The interstitial animals were studied on exposed sandy

interstices of 100 ml sand sample was approximately

beach on the coast of the Sea of Okhotsk (Wakka). An

50 ml, more than 200 individuals of different animal

intertidal transect of four stations (A-D) was sampled at

groups were living in one ml sand interstice. So many

ebb tide in June 1995. Quantitative core samples (100

animals are living at Wakka, but this is a usual situation

ml) were taken from a maximum depth of 60 cm at an

for a marine beach having relatively coarse sands.
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Fig. 3 Microdistribution of total metazoans, and distribution of temperature and median grain size at Wakka (the coast of
the Sea of Okhotsk).

References
O. GIERE 1993 Meiobenthology - The Microscopic Fauna

in Aquatic Sediments. Springer-Verlag, Berlin,
XVI+328p.
S. HIRUTA and K. HORI 1998 Notes on marine interstitial

animals from the coast of the Sea of Okhotsk. Kushiro
Ronsyu, 30:51-62, Hokkaido University of Education,
Kushiro (in Japanese).

Method of Making Specimens of Marine Algae

81

Method of Making Specimens
of Marine Algae
Fusayuki KANDA

Object
Hokkaido Island is surrounded by three seas Japan Sea,
|  #  #      % *
environs of Hokkaido Island face the seas. People living
in Hokkaido Island have many chances to see marine algae.
People living inland of Hokkaido Island are able to eat

Photo 1

    *
and algae in many markets.
Marine algae, mainly seaweeds, have important roles in

2. One species of marine algae should be put on one

the evolution of plants. And also they have important roles

backing paper by hand or using tweezers or the like.

on the bio-diversity in marine ecosystems. The origin of

Algae can be straightened in the fresh water as shown

the plant could be traced to the bacteria in the sea. The

in Photo 2.

bacteria evolved to cyanobacteria (blue-green algae) and

Since algae contain adhesive material, algae fasten

then evolved to green algae in the sea. After the green

to the backing paper after drying with ease. The

algae evolved to fresh water algae in land water, the fresh

calcareous marine algae have no adhesive material on

water algae evolved to plants living on land. The plants

their surfaces. In such case, algae should be fastened to

developed into many plant groups on land, like Moss, Fern

the backing paper with glue, like the method used for

and Seed Plant.

land plants.

The structure of Seed Plant consists of root, stem and
leaf. However, marine algae have no such structure.
Marine algae teach us that the structure of the Seed Plant
depends on the water on the land. The Seed Plant must use
the water on the land and have to take it up to the top of the
plant.
The method of making specimens of marine algae is
quite different from that of land plants. The reason is that
the marine algae contain high salt in their body and also
contain an adhesive material.
The outline for making specimens of marine algae is as
follows: 1) removal of salt from marine algae 2) pasting
each alga on a backing paper 3) draining of water 4)
drying 5) pasting a label on each specimen.

Photo 2

Method of making specimens of marine algae
The backing paper should be cut into sizes (e.g. ½ and ¼)
1. Soak algae in fresh water to remove salt. To remove
salt from algae, the algae are soaked in fresh water using
square tray. The level of water should be about half of
the tray. Thin algae like red algae should be soaked for
about 4-5minutes., while thick algae like kelps should
be soaked for about 10-30min (Photo 1).

beforehand, as shown in photo 3, to be used for different
sizes of algae.
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5. Place a cotton cloth on the algae that is still on backing
paper as shown in Photo 6. The appropriate size of the
cotton cloth which covers the absorbent papers is made
by cutting the long cotton cloth that is available in stores.
The algae are then placed between backing paper and
cotton cloth .

Photo 3
3. Draining. Algae are then put on a draining board (Photo
4), and should be kept for several minutes for the water
to drain.

Photo 6
6. Place a new absorbent paper on the cotton cloth
(Photo 7).

Photo 4
4. The algae on backing paper are then put on absorbent
paper or newspaper (Photo 5). The basal part of each
alga should be lined up in the same direction.

Photo 7

Repeat steps 4 to 6. Backing paper, algae, cotton cloth
and absorbent paper are piled up like sandwich as shown in
Photo 7.

Photo 5

Method of Making Specimens of Marine Algae
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7. Place a heavy wooden plate on the pile (Photo 8).

9. After completion of drying algae, the cotton cloth must

      

be removed from the algae that was fastened on a

on it.

backing paper. To avoid breakage of the algae, the
cotton cloth must be carefully removed from the basal
part of the algae to the upper part. The cotton cloth can
be reused for several times even if it was stained with
algae.
]\%        
on thick backing paper (a cover paper of 272mm ×
394mm）and pasted on it with glue. A label paper
is also pasted on the same thick backing paper. Each
specimen must be labeled (a sample of the label is
shown below).

Photo 8

Regional name

8. Absorbent papers are changed once every day.

  

However, on the first day, the paper is changed twice
a day. Specimens will be completed within one week

Collection Date

using well dried absorbent papers (Photo 9).
The absorbent papers that were used can be reused for

Collection Site

several times. The cotton cloth must be held on the
algae until drying is completed.

Collector

Two samples of completed specimens of marine algae
are shown in next page. The upper sample is Rhodymenia
pertusa (Japanese name: ANADARUSU). The lower
sample is Laminaria longipedalis (Japanese name:
KAKIJIMAKOMBU). Specimens can be conserved well
and it will be easy identifying them if they are kept in clear
plastic bags.

Photo 9
If the drying is not completed at marine station or on
the field, the specimens should be taken to university
or institute’s laboratory so that the drying could be
completed there. At that time, adsorbent papers are
changed to old newspapers.
Of course you can use the drying machines in
university or institute’s laboratory when you are back
there. It is easier and faster to dry algae in such places.
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A specimen of Rhodymenia pertusa (Japanese name:

A specimen of Laminaria longipedalis (Japanese name:

ANADARUSU).

KAKIJIMAKOMBU ).

Reference
Sokichi SEGAWA

1975

Colored illustrations of

the seaweeds of Japan (Foreword by Yukio YAMADA)
Hoikusha Publishing Co. LTD.
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Simulations of Microevolution
using Go Stones
Naoyuki FUJIYAMA
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about $20 to $30. In the simulations, we take advantage of
characteristics of Go stones, that is, possessing two colors,
almost standardized diameter and touch, and differences
in its thickness. Hereafter, each Go stone represents an
individual of an imaginary organism.

Introduction

Materials
Materials for twelve student groups are shown below.

The two major mechanisms responsible for biological

The simulations should be carried out simultaneously

evolution are natural selection and genetic drift. Natural

by as many groups as possible, because genetic drift is a

selection is the process that non-random and differential

stochastic process; the general pattern and nature of genetic

reproduction of different genotypes acts to preserve

drift will emerge through implementations by many groups.

favorable variants and to eliminate less favorable variants.

¹  }    ]\ %

This process would rather be intuitive and understandable,

[

    Z [\  

with some excellent empirical examples such as industrial

× 25 cm length); alternatively, plastic bags can be used,

melanism in the peppered moth Biston betularia or adaptive

if they are opaque and strong enough.

    { %#   *

|   

}%

process of genetic drift, or random changes in gene (allele)

Two pouches each are assigned to respective groups.

frequencies, and consequential fixation of neutral alleles

Put each 30 stones of different colors and thickness (120

   *          

stones in total) in a pouch, and this is regarded as a stock

compared with the case of natural selection. The reasons

population. The mean value of thickness of Go stones

         

of the stock population is 8.0 mm. Other pouch will be

process, and most neutral characters of organisms are not

used on the sampling of parents for filial generations.

related to conspicuous differences in morphologies or

Go stones with 6 mm and 10 mm thickness can be easily

behaviors between individuals or groups of organisms. In

distinguished from each other by naked eyes, if they are

this article, I will introduce two experiments for simulations

   _     Z&%]%

of microevolution using Go stones. These experiments
would mainly focus on the effect of genetic drift, and could
promote understandings of the mechanisms responsible for
the evolutionary changes in biological organisms.

Preparations
About Go stones
Go is a board game for two players that originated from
China more than 2,500 years ago. This game is quite
common and has been enjoyed by many people in East

Fig. 1 Go stones.

Asia countries, such as China, Japan, and Korea. In recent

Left two stones, 6 mm thickness; right two stones: 10 mm

years, Go is becoming popular among eastern people

thickness.

(http://intergofed.org/; accessed on 10 Jan. 2013). In this
game, players use black and white playing pieces, called

Methods

stones (Fig. 1). The size of each stone is approximately
22 mm in diameter, and one set of stones consists of 181
black and 180 white stones. In general, thicker stones

Experiment 1: A design with the sole effect of genetic
drift

are more expensive. This means that each stone set is

Put one hand into the pouch of the stock population and

composed of stones with particular thickness. There are

   %*   

stone sets with different thickness even for the stones

color (30 stones in total) as the 1st generation, regardless

made of glass (for beginners); each set can be purchased at

of the thickness. Put these 30 stones into the other pouch
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and mix well, and then take six stones unintentionally from
the 30 stones as parents for the next (the 2nd) generation.
The rest 24 stones in the pouch are returned to the stock.
$ *     



offspring as Go stones with the same color to respective
parents, and all offspring can survive to reproductive age.
In other words, there is no difference of reproductive ability
between individuals with the different colors, hence the
difference in the colors is a neutral character. Depending
ᵥᶃᶌᶃᶐᵿᶒᶇᶍᶌ

on the frequency of the two colors of the parents, take 30
offspring as the 2nd generation from the stock population,

Fig. 2 Temporal change of frequency of black stones under

again regardless of the thickness of stones. Repeat the

the sole effect of natural selection.

procedures above until all of 30 individuals possess the

Started from each three stones of black and white colors,



supposing that black and white individuals produce seven

 Z  Z  *  

and three offspring, respectively. All individuals from

10th generation.
For each generation that consists of 30 individuals,
frequency of two types of thickness is recorded.

respective generations were supposed to reproduce in the
[    %

What temporal changes will be observed in each of the
twelve replications, regarding the colors and thickness of

Remarks

30 Go stones?
Experiment 2: A design with the effect of both genetic

Fig. 3 shows the temporal changes in the frequency

drift and natural selection

of black (and white) stones in Experiment 1, based on

Next, let us think about a more complex design that

simulations by twelve student groups. By the 10th

genetic drift and natural selection operate at the same

generation, colors of five and four populations fixed

time. We suppose that parents with black and white colors

to black and white, respectively. The remaining three

produce seven and three offspring, respectively. In this

populations did not reach fixation regarding the colors.

case, reproductive ability is higher in individuals with

This result demonstrates well that the neutral traits will be

black color than individuals with white color, thus natural

         *

selection can operate. Just like in Experiment 1, prepare

chance. It should be noted that the fate of each population

    



 Z\  

is stochastically determined, so the pattern of temporal

the 1st generation, and sample six stones unintentionally

change and fate of twelve populations are not always

as parents for the next generation. Note that there is no

similar to the result shown in Fig. 3. Changes of the

advantage regarding black color in the process of taking

frequency of black and white stones through generations in

parents; the frequency of the parents' color is determined

each population imitate genetic drift.

by stochastic process. What temporal changes will be
observed?
In this design, the number of parents is always set as six,
although the number of individuals (stones) constituting
each generation will not always be 30 in the 2nd and
filial generations. Other procedures are the same as in
Experiment 1.
As for the design with the sole effect of natural selection
supposing different reproductive ability of black and white
individuals as described above, its consequence is very
simple; rapid and gradual increase in the frequency of
black stones (Fig. 2).

Fig. 3 Result of Experiment 1: sole effect of genetic drift
(12 replications).

Simulations of Microevolution using Go Stones

Fig. 4 shows the temporal changes in the frequency
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A) Experiment 1

of black (and white) stones in Experiment 2. In this
case, fixation to black color occurred in all of the twelve
populations by the 10th generation, exemplifying well
the effect of natural selection. It should be noted that
frequency of the two colors was changed toward white in
some generations of some populations by chance, even
under the condition that individuals with black color can
produce more offspring than individuals with white color
(Fig. 4). It has been shown through empirical studies using
Drosophila flies that even somewhat disadvantageous
variations could be fixed in a population by the effect of
genetic drift, if the population size was small enough.

Fig. 4

Result of Experiment 2: simultaneous effects of

genetic drift and natural selection (12 replications).
Then, how about the changes of mean values of thickness

B) Experiment 2

Fig. 5 Temporal changes of mean thickness of Go stones
in Experiments 1 and 2.
thinner stones.

of Go stones through generations in the two experiments

Teachers can develop these experiments to more

described above? Observed changes during the simulations

complicated and/or advanced simulations. For example,

are shown in Fig. 5. Mean thickness of respective

a design with various settings of the number of parents or

populations fluctuated through generations showing

individuals constituting each generation provides a chance

values similar to the mean value of the stock population,

to think about the relationships between strength of the

namely, 8.0 mm. This fluctuation of thickness exactly

effect of genetic drift and population size. It is also possible

cannot be attributed to genetic drift, because Go stones

to deal with the thickness of Go stones as a heritable

       

character. Effect of natural selection for the thickness can

of the thickness of each stone in both Experiments 1 and

be demonstrated using small plastic boards with a slit of

2, and there were no relationships between the thickness

certain width, or something like that. In Experiments 1

of parents and thickness of their offspring. In other words,

and 2 described before, Go stones with distinctly different

these experiments were designed under the condition

thickness (4 mm) were employed mainly for simplicity.

that thickness of stones is not a heritable character.

However, if Go stones with various thickness are prepared,

Therefore, it is self-evident that fixation of thickness did

some measurement with instruments such as electronic

not occur in any populations (Fig. 5), while fixation for

balances or calipers can be included in students' activities.

the color difference was frequently observed (Figs 3 and

Most teaching materials for studying biological evolution

4); evolution can occur only for the heritable characters.

are simulations with computer programs (SATO &

One may notice that observed mean values of thickness

OHSHIKA, 2005). One of the explanations for frequent

appear to be slightly larger than 8.0 mm (Fig. 5). This

use of computer programs could be the difficulty of

may be caused by the fact that thicker stones tended to

developing experimental teaching materials with living

be somewhat easier to be picked from the pouches than

organisms, because evolution is a phenomenon that
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takes place through multiple generations. Concerning
artificial selection, some experimental programs using
living organisms that are rather easy to culture, such as
Drosophila flies or some bacteria, have been proposed.
Nevertheless, these experimental programs still need much
time and labor, making the use as teaching materials to be
difficult. Some teaching materials for learning about the
process of natural selection with experimental approaches
using artificial life as models, such as LEGO ® blocks
(CHRISTENSEN-DALSGAARD & KANNEWORFF,
2009) or imaginary birds made of papers and straws
(YAMANOI, 2010), have also been developed, however,
these activities have the same problem; taking much time.
The simulations using Go stones can be carried out within
a short time, and can easily include both the effects of
genetic drift and natural selection. Deep understandings of
the process of microevolution would be attained through
activities using Go stones with various predictions,
discussions, and considerations.
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The Teaching Materials on Chicken
Wing Tip: How Do We Deal with
the Chicken Wing Tip in Teaching
and Experiments
Sayo TOMITA and Yu-ich ITO
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・Remove the muscles and bones.
・Observe the muscles and tendons.
・Make sure that the chicken wing tip’s muscle is
pulled, by stretching and contracting the muscles that
move the body.

Materials
・Chicken wing tip
・Dissecting scalpel
・Dissecting scissors
・Needle with handle
・Tweezers
・Vat (or Newspaper)
・Rubber gloves
Fig. 3 State by bending the joints.

Fig. 1 Materials.

Procedure
・Use dissecting scalpel and dissecting scissors to remove
the skin part of chicken wing tip.

Fig. 4 State by stretching the joints.
・Observe the muscles at the top and bottom of the ulna.
・Try to bend and stretch the joints, checking whether the
muscle is retracted.
・When a muscle is retracted, you can check with other
muscle.

Observing Skeletal Specimen
 Compare it with bones in human arm and hand.
º           %
    " * 
you pull the muscle, for the joint to moves.

Creating Skeletal Specimen
Fig. 2 State took the skin from chicken wing tip.

 Boil the chicken wings, remove the muscle.
 And for the fat that could not be removed, dissolved in
aqueous solution of sodium hydroxide（10％ )
 %
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Use as Teaching Materials on Chicken Wing
Tip

Aside this, it also has the role to pull in front of the
humerus, "coracobrachialis anterior", "deltoideus minor".
The forearm is the "triceps" as extensor, and the "biceps"
_ %

<Wing Bone>
Bird bone is shaped like a beehive, it is light but strong.
Skeleton of the wing is divided into three parts upper arm,

and "extensor digitorum communis".
Easy to be used as a teaching material, is the movement of

forearm, and the hand.
In the forelimb, the ulna is larger than the radius. There
are two carpal bones. Other carpal bones are adhered to
 %   

The hand is thumb "abductor pollicis", "adductor pollicis",

   %

          %

the "biceps" and "triceps".
However, when observing the movement of joints and
tendons important muscle is the "extensor metacarpi
radialis" and     #".

There is a finger bone of one finger, the third to the first
 %       %
By these, the bones are attached to the leading edge of the

<Grade Level and Range Chicken Wing Tip
Can Be Made with Teaching Materials in Japan>

wing of a bird.
◎ Structure and Function of Life
4th grade(Elementary school)

<Wing Muscle>
The flight of birds required large energy consumption

      

and active metabolism. Aside the pectoral muscle, muscle
◎ Commonality and Diversity of organisms

      {_%
Chicken wing tip has about 50 extensors and flexors

Second-year junior high school

and is often referred to as "muscle" or "bundle of muscle

¹

   

 %Ä

¹

   

The function of humerus is to pull back the humerus,
"subscapularis", "deltoideus major", "latissimus dorsi", and
"subcoracoideus".

$       
High school(basic biology)
      

Fig. 5 Skeletal Specimen.
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Practice and Observation on
the Geological Features of
Strata of the Konsen Plateau in
Eastern Hokkaido

feature for a long time. Therefore, during this period,

Yasuo IKEDA

introduce the students to methods of solving some basic

it is more appropriate for the students to remain in the
classroom and study such as reading and interpreting
geologic maps. These classroom exercises will also
geological problems such as faults, folds and unconformity.
Thus, by the time the students got to the Kushiro coast

The Konsen plateau in eastern Hokkaido is mainly

(in mid June when the weather is warm) they have had

comprised of the late Cretaceous-Paleocene Nemuro

         %

Group and the Eocene-Oligocene Urahoro Group. These

will be able to perform accurately map reading and practice

strata distributed along the coast of Kushiro-Nemuro

logic-based observations on stratigraphy to determine the

and towards the east-west direction. The Nemuro Group

chronological order of geological events at the coast. Basic

is unconformably overlain by the coal-bearing Urahoro

     

Group (Fig. 1). The Nemuro Group is mainly composed of

are geological hammer, clinometer (Brunton compass) and

alternating beds of sandstone and shale with volcanic rocks,

   Z

which is presumed to have been deposited in a forearc

The geological excursion guidebook, “Eastern Hokkaido

basin of the Paleo-Kuril arc-trench system. The Urahoro

Area”, is very useful and supportive in this course (Fig.

Group consists mainly of lacustrine, fluvial and lagoonal

2). Using these equipments students draw the geological

clastic sediments.

sketches of the outcrop and a route map along the coast (Fig.

    Z " 

    ]\ [\ %

3).

Fig. 1

Urahoro Group (conglomerate of upper part)

unconformably overlies Nemuro Group (lower part with

Fig. 2 Map showing observation points along the Kushiro

grass growing) at the Kushiro coast (location: stop 1 in

coast. The geological excursion guidebook, “Eastern

Fig. 2).

Hokkaido Area”, after the society of natural history studies
of eastern Hokkaido (1999).

The Kushiro campus is a few kilometers north of the
Kushiro coast. It should be emphasized the possibility for
the students to go to the outcrop of the coast for geological
feature practice in a scheduled timeframe within normal
class periods, because it is situated only about 30-60
minute walk from the campus.


   % 

Hokkaido the weather is too cold from April to June and
it is not suitable for outdoor observation of the geological
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Fig. 3 Observation of the outcrop of Nemuro Group at the
Kushiro-Nemuro coast.

Reference
The society of natural history studies of eastern Hokkaido
1999 Doutou no shizen wo aruku (geological excursion
guidebook “eastern Hokkaido area”). Hokkaido
Univercity Press. pp. 268 (in Japanese).

Eruptive History and Hazards of Usu Volcano

Eruptive History and Hazards of
Usu Volcano: Practical Educational
Programs for Volcanic Disaster
Prevention
Satoshi OKAMURA
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1. Learning the eruptive history of Usu
Volcano by means of topographic map and
view of landscape
Topographic maps represent a view of the landscape
from above, and are of great value for observation of the
effects of eruptive processes. A distinctive characteristic
of topographic maps is that they portray the shape and
elevation of the terrain through the use of contour lines
(Fig. 2). The relief of the landscape can be achieved by
constructing a topographic profile, i.e., a cross section of
the earth’s surface along a given line.

Fig. 2

Topographic map around Usu Volcano. “Toyako-

onsen”, 1: 25,000 in scale by Geospatial Information
Authority of Japan.
When used in conjunction with geologic map (Fig. 3)
and eruptive history (Table 1) of Usu Volcano, view of the
  Z&%      Z&%< 
Fig. 1 Index map of Usu Volcano.

much about the eruptive history of Usu Volcano. The main
volcanic body of Usu was formed by eruptions of lava and

Introduction

scoria of basalt and basaltic andesite (Usu Somma Lava)
in the latest Pleistocene age. After the completion of the

Usu Volcano is one of the most active volcanoes in Japan.

strato-volcano, about 7 or 8 thousand years ago, its summit

It is located on the northern coast of Funka-Wan (Bay of

was broken by a sector collapse accompanied by a debris

Volcano) in southwest Hokkaido (Fig. 1). The volcano

avalanche which rushed down the slope into the sea. The

is a post-caldera cone of Toya Caldera, and composed

debris avalanche deposits are widely distributed on the

of a somma volcano and a number of lava domes and

southern foot of the volcano, forming numerous “flow

cryptodomes. This area is a Global Geopark authorized by

mounds”. During the long period of quiescence, the nature

UNESCO, which promotes awareness of volcanic hazards

of the magma changed into extremely felsic. After this

and many help prepare disaster mitigation strategies among

period, the historic explosive eruptions have been recorded

local communities. Many ground movement and damaged

in 1663, pre1769, 1769, 1822, 1853, 1910, 1943-1945,

buildings by 2000 eruption of Usu Volcano are conserved

1977-1978 and 2000 (Table 1). Occurrence of conspicuous

for learning of a volcanic disaster. The area is the most

crustal movements with earthquake swarm and formation of

suitable site for the practical educational programs of

lava domes and cryptodomes are the characteristic features

eruptive history and disaster prevention.

of these historic activities. Eruptions of Usu Volcano have
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occurred at an interval of 30-50 years recently so it may be
used in the prediction of future eruption.

Fig. 3 Geologic map of Usu Volcano after KATSUI et al.

Fig. 5 Topographic cross sections of Usu Volcano.

(1981).

Fig. 4 View of Usu Volcano from Sairo observatory.

Table 1

Historic eruption of Usu Volcano after

2. Learning the volcanic disaster of 2000
eruption of Usu Volcano

NAKAGAWA et al. (2003).
After 23 years dormancy, Usu Volcano erupted from the
western piedmont of the Nishi-yama cryptodome on March
31, 2000, following by eruptions on the western flank of
Konpira-yama cryptodome, and produced the Nishi-yama
craters and the Konpira-yama craters, respectively. The
eruption was preceded by clear precursor activity, as in the
case of other historic eruptions. Based on the precursor
phenomena, such as earthquakes, crustal movement
and fissures, the eruption could be predicted and local
residents around the volcano were evacuated before the
     ]%  

  

and explosions, uplift of the crater areas continued to form
a new cryptodome. Many graben-type normal faults were
developed at the center of the uplifting area, and lateral
shortening movement on the foot of the new cryptodome

Eruptive History and Hazards of Usu Volcano

95

Fig. 6 Distribution map of craters, graben-type faults, and pressure ridges in west Nishi-yama craters area after HIROSE
et al. (2002).

(Fig. 6). Transportation systems, lifelines, and many
houses were damaged by these surface raptures induced by
ground movement.

References
HIROSE et al. 2002 The 2000 eruption of Usu volcano,
Northern Japan –with special reference to plume
observation, ash fall survey, surface rupture, vent
distribution, and cracks–. Rep. Geol. Surv. Hokkaido,
73, 1-50.
KATSUI et al. 1981 Field excursion guide to Usu and
Tarumai Volcanoes and Noboribetsu Spa. Volcanol. Soc.
Japan, 64p.
NAKAGAWA et al. 2003 Calderas and active volcanoes in

Southwestern Hokkaido. IUGG 2003 field trip
guidebook, Volcanol. Soc. Japan, 1-35.
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Understanding Eruption Process
and Volcanic Products by Obsidian
Sample

compared to the foam-part in a carbonated drink when
the cap has been removed. In extremely vesicular pumice,
threads of volcanic glass remain between bubbles, in the
same way that only a tiny bit of liquid remains when a

(1) Learning about the Eruption
Process through Pumice and
Obsidian

Keiji WADA

fizzing carbonated drink has gone completely flat. Many
extremely vesicular pumices have a density of less than 1 (g/
cm3* _  %
In order to learn about the qualities of pumice, the
following simple experiments and quizzes have been used.

Magmas rich in silica (SiO 2) include dacitic magma
(SiO2 = 63 - 69 wt.%) and rhyolitic magma (SiO2 > 70
wt.%). Because they are rich in SiO2, their viscosity is high
and they contain a great deal of H2O (> 3 wt.%). When
this rhyolitic magma has erupted, what are the results of
volcanic ejecta?
  _  

   * 

forms of rocks are created (lava and pumice), but certain
lava flows actually ate another kind of rock (obsidian).
Even in magmas of the same chemical composition,
differences in the form of eruption and cooling process
can create rocks with different qualities. Below is an
explanation of the qualities of volcanic ejecta formed by

Fig. 2 Simple experiment to confirm whether pumice

the eruption of rhyolitic magma.

_  %

1. Pumice

$         %& & 

 #

in water
Pumice is often generated through an explosive magma
eruption (Fig. 1). The water which was contained in the

[Purpose of the experiment]

magma foams at great speed during the eruption and leaves

       _  * 

the magma entirely. This is why there is no moisture left

role of water is in volcanic eruptions!

in the pumice. The remains of innumerable burst gas

[Equipment to be prepared]

bubbles in the pumice can be seen both with the naked eye
and at the scale of an electron microscope. Pumice can be

Aquarium, large pumice stones, igneous rocks (several
centimeters in size)
[Experimental procedure]
     _ 
in water. After presenting a number of rocks and asking
 _  *    
the aquarium to carry out this simple experiment (Fig. 2).
Distinguishing pumice from near-at-hand vesicular
materials
[Purpose]
Bread and cake which rise through foaming share a

Fig. 1 Pumice specimen from the Kutcharo pyroclastic

similar microstructure with pumice. Their common point

_   %

is that a gas has expanded and caused them to swell. If we

Understanding Eruption Process and Volcanic Products by Obsidian Sample

look at an enlarged photograph, the structures are extremely
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3. Obsidian

similar. We can ask people to guess which of several
enlarged photographs of vesicular materials is pumice, in

>_      *

order to have them understand how pumice is created (Fig.

a rock is rarely created which has hardly any phenocrysts

3).

and contains hardly any crystals in its groundmass. This is
obsidian.
Obsidian is a homogeneous glassy rock (Fig. 5). In
the case of obsidian, foaming and outgassing occurs
effectively, but very rapid cooling leads to hardening with a
little water left in the glass structure. It can be imagined as
a carbonated jelly with hidden bubbles. The characteristics
of obsidian are as follows:
1) It is almost entirely glass.
2) It has hardly any phenocrysts/large minerals
(crystallized in magma chamber).
3) It also has very few small minerals (crystallized
before and after the eruption).

Fig. 3 Distinguishing pumice from near-at-hand

4) Bubbles are barely visible.

vesicular materials.

5) It contains over 70% SiO2, but tends to form lava
_       %

2. Rhyolite

Given these characteristics, the conditions for the
formation of obsidian are that the temperature of rhyolite

When a lava flow takes place due to the ejection of

magma originally containing no phenocrysts is low (just

rhyolitic magma, rhyolite rock is created. Rhyolite, which

above glass transition temperature), while outgassing

has phenocrysts, displays a porphyritic texture (Fig. 4). As

gradually takes place.

a result of gas bubbles escaping from the magma system
during its ascent (outgassing), there is only a small amount
of water remaining in the magma at the time of eruption,
but even it leaves the magma when continuing to foam, and
_    %  * *
_   %

Fig. 5 Obsidian specimen from Akaishiyama in the
Shirataki obsidian complex, Engaru town, northeast
Hokkaido.

Fig. 4

Dacite specimen from the 1991 eruption lava in

Unzen-Fugendake volcano.
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(2) Vesiculation Experiment on
Obsidian

rhyolitic magma, naturally occurring in the underground. In

Eiichi SATO

general, hydrous magma vesiculates due to decompression

This experiment simulated the vesiculation of hydrous

when the magma rapidly ascends into the volcanic conduit.
The vesiculation experiment proved that water plays an
Obsidian is formed by a rapid cooling of hydrous
rhyolitic melt and because of this obsidian contains a little
water. We conducted vesiculation experiments on obsidian
at high temperatures to understand the role of water in
volcanic eruptions.
First, we put crushed obsidian into a portable clay


   

%   

     ]]\\Å 
paper fan (Fig. 1).

Fig. 1 Temperature of clay charcoal stove rises by fanning
the air with paper fan.
Obsidian began to vesiculate after about 5 minutes of
*    < ]\ 
later (Fig. 2). Obsidian originally was black and glassy, but
after vesiculation it became white and foamy, and the bulk
density decreased. The appearance of vesiculated obsidian
is similar to baked rice cake (mochi).

Fig. 2 Vesiculated obsidian in the clay charcoal stove.

important role of magma eruption.
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Analogue Experiments of
Pyroclastic Density Currents
Eiichi SATO

We developed analogue experiments that simulated
the flow of pyroclastic density currents (PDCs). In the
experiments, we used varying mixtures of milk coffee
and cocoa powder to simulate PDCs. First, we put a paper
clay volcanic model with a plastic tube threaded into the
     

      

   %          
the plastic tube (Fig. 1).

Fig. 2

Successive pictures of experiments. (a) The

experimental materials ascend into the water as a volcanic
 %Z 

  _  



volcanic model as PDCs.

    
Fig. 1 Schematic view of the experimental apparatus.

   _  

PDCs during the fountain collapse of an eruption column
from a Plinian eruption. In the Plinian eruption, the
volcanic materials eject from the volcanic vent into the air,

The experiments started by pouring the mixtures

and are characterized as the eruption column. The column

(50~100 ml) into the plastic tube using the infundibulum.

collapses due to gravity and the materials fall back to the

The mixtures reached the volcanic vent and ascend into

      %> * _ 

the water by inertial force (Fig. 2a). Subsequently, the

_     

mixtures collapsed due to gravity and flowed down the
volcanic model (Fig. 2b).



   %

This experiment is a convenient and yet effective tool to
show the dynamic process of volcanic activity for students.
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Analogue Experiments of Lava
Flows using Baking Soda

and therefore suitable for educational settings to understand
_   

 

%

Eiichi SATO

We conducted analogue experiments using baking
soda to simulate viscous and less viscous lavas such as
dacitic to rhyolitic lava domes and basaltic lava flows,
respectively. In the experiments, we used experimental
material, mixtures of plaster, glue, vermiculite, Indian ink,
water, and baking soda. The viscosities of the mixtures
changed depending on the mixing ratio of the experimental
materials. When the experimental materials were mixed in
the plastic container (Fig. 1), the mixture foamed up due
to the property of baking soda and the bulk volume of the
mixture drastically increased. Consequently, the mixture
ascended in the plastic tube and spilled from the top of the
volcanic model.

Fig. 2     _ %Z$
viscosity experiment. (b) Low-viscosity experiment.

Fig. 1 Experimental apparatus.

The baking soda mixture simulates the process of magma
ascending from the magma chamber through the volcanic
conduit and its eruption from the vent. In the experiments,
the more viscous mixture remained around the vent (Fig.
2a). On the other hand, the less viscous material flowed
out through the volcanic model (Fig. 2b). These results
both represent that the analogue experiments correspond to
_    %  
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Observation of Volcanic Ash using Stereomicroscope

Observation of Volcanic Ash using
Stereomicroscope

and volcanic glass through a stereoscopic microscope, and

Keiji WADA

creating standard preparations of volcanic ash from Biei

We carried out practical work of recognizing mineral



 _   Z&%[%

   

teaching methods and utilization for regional raw materials

Teacher’s study and training
We explained about the structure of topography, geology

through observation and preparation of samples obtained
from actual geological stratum.

and volcanoes in the Asahikawa region, based on the
tectonics of Hokkaido, in order to deepen understanding

*

+ #

% # #

of earth science phenomena related to natural disasters
such as volcanoes and earthquakes, which is compulsory

It is thought that in the central highlands of Hokkaido,

at elementary and middle schools. Following that, in

from 2.5 to 0.5 million years ago, at least four calderas

order to allow understanding of the time and space scale

were created through large-scale eruptions of pyroclastic

for regional natural history, terrestrial matter, and earth

flow with dacitic and rhyolitic magma. The hilly region

sciences, we covered the 'Biei pyroclastic flow', which

seen from Asahikawa to Furano is composed of these large-

formed an extensive pyroclastic plateau from Asahikawa

scale pyroclastic flow deposits (Ugetsuzawa pyroclastic

to Furano due to a huge eruption roughly 1.7 million years

_ *

ago (Fig. 1).

 _ *  

 _ %

The frequency of occurrence for the huge eruptions that
create calderas is low. However, they have occurred five
times during 2.5 million years in the Taisetsu-Tokachi
region. Volcanic products from eruptions accumulated
on the surface and created various volcanic landforms.
Past eruptions that repeated many times over occurred.
However, the pauses when they were not erupting were
longer, and at those times, volcanoes were blessings that
provided geographic scenery, land, hot springs, spring
water, mineral resources, and more.

2. Cleaning of volcanic ash sample
Fig. 1



Aerial view of hilly country that is composed of

Put the volcanic ash sampled from pyroclastic flow
deposits into a beaker and rinse it with water. Repeat the

 _   %

operation of removing the cloudy top layer, and following
that, use ultrasonic cleaning machine to make the volcanic
ash sample clean. If there is no ultrasonic cleaning
machine, put detergent in and wash well. The cleaning
effect increases further when heated on a hotplate.

Fig. 2 # 

 

in Asahikawa city.

 _   
Fig. 3

Floating crystals of weathered biotite during the

cleaning operation of volcanic ash.
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There is an observational point I want you to note during

fragments are found in the volcanic ash particles.

this cleaning operation of the volcanic ash from these Biei

If you gather these particles and create a standard

pyroclastic flow deposits. That is the biotite phenocryst

preparation, it will be useful in identification of particle

contained within the volcanic ash. The biotite phenocryst

component.

has weathered and become a brassy color, and the crystals
are thin. Because of this, if you hold it up to the light and
look at it directly after putting water in the beaker, you
can observe the way the biotite sparkles and shines as it
  *   _  

Z&%%

If you sort the particle sizes of the washed volcanic ash
samples further using a sieve, they can be easier to see
under a microscope. It doesn't matter if you do it without
using a sieve, however.

3. Observation of volcanic ash materials under
stereomicroscope

Fig. 4 Various particles in the volcanic ash observed under
stereomicroscope.
Identify the components of the volcanic ash using a
stereoscopic microscope (Fig. 4). The "New Volcanic Ash
Analysis Handbook" (2001, in Japanese) will be of use as a
reference.
With the volcanic ash from the Biei pyroclastic flow
deposits, the minerals mostly comprise of quartz,
plagioclase, and biotite, and a small amount of magnetite
is included. Also, a great number of pumice fragments
are included, and these can largely be divided into two
types from their foaming shape. One contains a countless
     *  

  

pumice type form. It is mostly made up of volcanic glass,
but may contain crystal. The other type has a large bubble
size, the volcanic glass is white or near to transparent, and
it displays a bubble type form. In addition, altered rock

How do you Distinguish Quartz Ball from Glass Ball by the Naked Eye?

How do you Distinguish Quartz
Ball from Glass Ball by the
Naked Eye?
Yasuo IKEDA
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2. Procedure of the experiment
(1) One polarizer was held in one hand against a bright
window or wall.
(2) Another polarizer was held with the other hand and
placed it in front of the previous polarizer about 3
cm apart. When the latter was turned clockwise or

Difference between quartz and glass

anticlockwise, it was found that both polarizers became
    Z

Both quartz (crystal) and glass consist of silicon dioxide

    

(see 1 in Fig. 1).

with the chemical formula SiO2. The difference between

(3) The glass ball was held with one hand, and placed it

them lies in their molecular arrangement. Quartz molecules

between crossed polarizers. This operation would be

are arranged in a well-organized, regular lattice. Glass, on

much easier with the help of another student (Fig. 2).

the other hand, is an amorphous solid and its molecules are

Then, a broad black cross can be seen at the center of

arranged in disorder.

the glass ball, even it is turned any direction or looked
at from any position (Fig. 3). This is a characteristic
feature of the glass.

Method for the discrimination
Both quartz and glass balls are colorless. It is difficult
to distinguish between them by the naked eye. However,
if we have prepared two polarizing plates, we can easily
distinguish quartz from glass using them.
1. Experiment materials (Fig. 1)
(1) Two polarizing plates
(2) Quartz ball of about 2 cm diameter
(3) Colorless glass ball of about 2 cm diameter

Fig. 2 Setting-up of the experimental materials.

Fig. 1 Materials: 1. polarizing plates, 2. quartz ball, 3.
glass ball.

Fig. 3 Image of the black cross for a glass ball.
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(4) The quartz ball was tested in the same way as in

Further practice

the glass ball. When the quartz ball was turned in
any direction, colored concentric rings with a colored

The methods mentioned above are explained more detail

"eye" and a black cross were appeared at the center

in the Japanese homepage of Dr. ISHIWATARI (http://

(Fig. 4). They are characteristic features of the quartz.

earth.s.kanazawa-u.ac.jp/ishiwata/crystal.htm).

The "eyes" correspond to the optic axis of the crystal.
The cross is called isogyre.

Fig. 4

Image of the concentric interference rings

with the black cross (isogyres) for a quartz ball.
(5) Turn the quartz ball to the right in the experiment
procedure 4. The eye, the rings, and the cross
(isogyres) also turn to the right together (Fig. 5).

Fig. 5 During the rotation to the right direction of a quartz
ball, the concentric interference rings and isogyres together
turn to the right.

All the quartz is either right quartz or left quartz. Tell the
students to examine a method to distinguish these crystals.

Reading the Marine Environment through Coastal Driftage Washed Ashore

Reading the Marine Environment
through coastal Driftage
Washed Ashore: Introduction to
Beachcombing Activity
Akihiko SUZUKI
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Field items
    

}  * *

hat, shoes, knapsack
| * *  * 
  **  *  * 

Objectives
The ocean that produces the coastal driftage and brings it
onto beaches all around the Japanese archipelago is facing
the dangers of global warming and marine pollution. The
interface between the land and sea serves as the front line
for reading the changes taking place in the ocean.
This study was:
     

 

       
the marine environment.

Field sites
Sandy beaches facing open sea were selected for
beachcombing as they were rich in a variety of costal
driftage.
Æ }  *  
|   }   *$  
#  }  *   

Fig. 2 Field items necessary for beachcombing study.

Research procedure
Observation of coastal driftage


       

=     
Ç   

   

Collecting coastal driftage
    
       


       

##   / #  / 
Coastal driftage, in general, is divided into four categories
based on origin and character.
Fig. 1 Sandy beach (Ishikari Beach, Hokkaido).
1. Natural driftage from sea; Shell, Crab, Fish,
Marine mammal, Tropical seeds and fruits (Fig.3), etc.
[%    }| _ *&  *
& *¹_ Z&%* %
3. Natural driftage from land: Driftwood, Walnut, Insects,
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Land mammal, etc.

Modern current systems around Japan

%    }|  **` * %
The Kuroshio Current, a warm ocean one, flows
northeastward along the southern part of the Japanese
archipelago, and a branch of it, known as the Tsushima
Current, flows into the Japan Sea along the west side of
the country. From the north, the Oyashio Current, a cold
*_ 

 Æ

*    

it, called the Liman Current, enters the Japan Sea from the
north. The mixing of these warm and cold currents helps
produce abundant marine life in Japanese waters.
The Japan Sea, has unique marine conditions and supports
a diversity of marine organisms. Changes in the sea surface
temperature of the Japan Sea appear to be related to the
inflow of the Tsushima warm currrent, which transports
warm-water taxa northward.

Fig. 3 Coconut palm, Cocos nucifera, on the beach.

Fig. 5

Modern current systems around the Japanese

archipelago.

Fig. 4 ¹_   %

Reading the Marine Environment through Coastal Driftage Washed Ashore

Warm-water driftages
Paper nautilus, Argonauta argo, are stranded on the beach
during autum-winter seasons. After 2005, mass strandings
of paper nautilus are recorded repeatedly in Japan Sea side
in Hokkaido. This intersting event is related to higher sea
surface temperature from average value. Higher sea surface
temperature in the Japan Sea is probably considered to
global warming in 21 century.

Fig. 6 Paper nautilus, Argonauta argo, on the beach.

107

108

Chapter 5 Earth Science

Let's Observe Clouds from Space!
Tsuneya TAKAHASHI

Activity: WHAT DO YOU FIND OUT FROM
SATELLITE IMAGES?
Observe the infrared images of the globe for a year
   

     %

Japanese geostationary weather satellite that provides
  * |  *   

        È

    ]ª%
Weather satellite imagery has great potential as a teaching

       È

material. This is because images from space have a strong
visual appeal for students. By using such images in class,

         

È

a student's perspective can expand from the local view of
the weather as observed in the student's surroundings, to a

d) Draw trends of cloud movements.

synoptic- or planetary-scale view of the weather system.
Here, we present our lesson plan that we have developed
for studying global weather and climates for junior high
school students.

1. How do you teach?
The purpose of our lesson plan is to give students a
basic understanding of weather satellite imagery and a
perspective in which students are able to see examples
of global weather and climates (TAKAHASHI and
TSUBOTA, 2004).
First, the basics of remote sensing and the interpretation
of satellite images are explained. The following topics are

Fig. 1 Activity sheet for global weather and climate
studies.

covered:
1) the difference between clouds when observed from
space and from the earth,
2) the history of weather satellites,
3) the types of weather satellites,
4) the principles of satellite observation,
5) the characteristics of visible imagery,
6) temperature determination by detecting infrared rays,
7) the characteristics of infrared imagery,
8) the discrimination of cloud types using infrared and
visible images.
In 6), an infrared radiation thermometer is used to
Example of an infrared image of the globe taken

demonstrate that the temperature of objects is determined

Fig. 2

by detecting their infrared rays.

from the Japanese geostationary weather satellite (provided
by Japan Meteorological Agency).

Next, a subject is addressed—the activity of which is
shown in Fig. 1—that makes free use of the infrared
images of the globe taken every 3 hour for a year with the
software. Fig. 2 shows an example of the images.

Let's Observe Clouds from Space!

Fig. 3

Infrared images on Australia in a nighttime (a)

and a daytime (b) on the same day. Even in daytime, the

Fig. 4
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Infrared images on India and Indochina in a dry

season (a) and a wet season (b).

southern area was white, because the land temperature was
low because of in June.

       _ 
The rotational direction of a cyclonic flow is

To display satellite images on a monitor screen, a software

counterclockwise in the Northern Hemisphere and

program that students can easily handle is applied (SUZUKI

clockwise in the Southern Hemisphere, as shown in Fig. 5.

et al., 1997, TAKAHASHI et. al., 2006). This program has
the minimum necessary functions by which weather can be
studied through image animation, coloring by temperature
or brightness, displaying cloud-top temperatures, and
superimposing an infrared image on a visible image. The
satellite data used with the software are prepared and
provided in a web-based system (TSUCHIDA et al., 2003).

2. What can you see?

Fig. 5

Infrared images of tropical cyclones (a) and an

extratropical cyclone (b) in the southern hemisphere.
Various atmospheric and environmental phenomena can
be read from the activity. The examples are as follows.
4) Cloud distribution and movement
1) Diurnal temperature variations on the continents

Cloud clusters near the equator are driven from east to

There are diurnal temperature variations on Australia

west by trade winds. A few cloud clusters develop into

and China (see Fig. 3). This is because land surface

tropical cyclones and typhoons. There are few clouds at

temperatures change visibly on a daily basis owing

latitudes from 20 to 30 degrees, where the subtropical

to incoming solar energy. The students could see this

high-pressure zones are located and there are desserts in

phenomenon because the color in the infrared images

continents. In mid latitudes, clouds are driven from west to

became darker in the daytime due to the rise in ground

east by prevailing westerlies.

temperature.

;&  #   # <
2) Rainy and dry seasons
Due to monsoons in India, Bangladesh, Indochina,

The lesson plan was practically applied in a science camp

and northern Australia, each year has a cloudy period (a

for 7th to 9th grade students (TAKAHASHI et. al., 2006).

rainy season) and a period of few clouds (a dry season).

  ]\É    

The example in India and Bangladesh is shown in Fig.

were discovered on the above subjects are summarized in

4.

Table 1. The main points are as follows:

Cloud formation suddenly increases in mid-June and

continues until September. There are few clouds from
December to March. In addition, these countries are
sometimes hit by cyclones.

1) Thirty-five percent of them noticed that Australia was
largely cloud-free and moreover, 19% found that
there were clouds over the northern part of Australia
in summer. These features could be observed because
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central Australia is in the subtropical high-pressure belt

3) On the swirling of clouds, 59% of the participants

but the northern part of Australia has a wet summer

found that clouds rotated counterclockwise in the

season caused by a monsoon. Also, diurnal variations

Northern Hemisphere but clockwise in the Southern

in temperature over Australia were found by 27% of the

Hemisphere; 11% pointed out only the counter clock-

participants.

wise rotation. Also, 32% pointed out that typhoons

11% of the participants misunderstood the temperature

were generated near the equator: one of participants

variation, that is, they thought that the sky was getting

accurately pointed out that typhoons were generated

overcast in the nighttime and the clouds lifted in

over 10 degrees of the equator. 19% wrote that there

the daytime. Attention should be paid to that some

were more typhoons in the Northern Hemisphere.

participants misinterpreted a white tone on a continent

4) 73% of participants drew the cloud motion in

by temperature drop in the nighttime as clouds, when a

mid-latitudes from west to east by the prevailing

teacher explains the characteristics of infrared imagery.

westerlies; 49% drew the cloud motion in low

2) For India, 35% of the participants wrote that there were

latitudes from east to west by the trade winds. And

a lot of clouds in summer and almost no clouds in

19% drew cloud clusters in the tropics, a few of

winter. 16% wrote only that there were a lot of clouds

which developed into tropical cyclones and typhoons.

in summer. 14% mistakenly thought that there were a
lot of clouds throughout the year. That is, some students
overlooked almost no clouds over India in winter.

Fig. 6 shows an example of cloud distribution and
movements, drawn by a participant (TAKAHASHI and

Table 1 Findings discovered on the activity by more than 10% of the 7th to 9th grade students (after TAKAHASHI et. al., 2006).

Let's Observe Clouds from Space!

TSUBOTA, 2004). This participant found that 1) the
westerlies prevailed in midlatitudes, 2) the easterlies
prevailed in the low latitudes, 3) there were few clouds in
the subtropical zones, and 4) there were cloud clusters in
the tropics.
Through the activity, the participants were able to find
out the global distribution and movements of clouds pretty
well.

Fig. 6 Example of the global cloud distribution and
cloud motions drawn by a 7th grade student (TAKAHASHI
and TSUBOTA, 2004). The legends in the above figure
are translated into English. “THIN CLOUDS” is a
misunderstanding.
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Meteor Observations
Tomohiko SEKIGUCHI

1. Necessities for observations
The most important point for observations is the weather.
It is not possible to succeed in making observations in bad
weather conditions. And it is recommendable to set the
observing place as dark as possible, or places with few
lights and far from towns having broad view.

Perseid Meteor (13, Aug, 2007, JST 01:14)

Meteor Observations with Naked Eyes at Taisetsuzan

A meteor is racing from upper right into upper center.

Institute of Science, Mt. Asahidake, (Lecture:

Thin clouds are shown in the brighter right area, and a

Fieldworks on Earth & Planetary Sciences)

part of the Milky Way is seen in the center region.
Taken by Kenji YOSHIO

Moreover, if possible, you should avoid a full moon night,
nevertheless it is more significant to chose the dates of
meteor stream.

Astronomical Observations: Let's Start with
Meteors

1) heavy winter clothing (ski suits / windbreaker)
2) writing implements & observing log

You might think that it is impossible to carry out
Astronomical Observations without a telescope. However,
in case of meteor, it is not necessary because the FOV

3) watch


Z_

5) mat, rug / folding chair, folding mattress

(field of view) of a telescope is too small to show the
whole paths of meteors. Also the naked-eye observations

2. LECTURE: Field works on Earth & Planetary Sciences

is are the easiest and it can give the basics available. The

At Asahikawa campus, Hokkaido University of Education,

         

a lecture of the Field works on the Earth & Planetary

          % 

Sciences is given on the peak dates of the meteor shower

things that very amateurs have to take into consideration

of the Perseids at the Taisetsuzan Institute of Science, Mt.

are observing dates of the meteor showers and the weather

Asahidake. The observing site is one of best places in Japan

forecasts.

from the viewpoint of its darkness.

Performing Meteor Observations
It is not so difficult to perform meteor observations.
You can see meteors if you watch the clear sky for about
1 hour in a fine night in the middle of August when it is
the summer vacation season, "Obon" in Japan. Then, if
you record the observing logs of meteors, it can be called
     %

Taisetsuzan Institute of Science, Mt. Asahidake,
(Lecture: Fieldworks on Earth & Planetary Sciences)

Meteor Observations
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Substance & Origin of Meteors

3. The origin place of Meteor

1. Meteoroids are made of small stones or sands

occurs inside of the air, and meteoroids, which is relatively

Where are meteors from? The meteor phenomenon itself
Meteoroids are small particles that evolve around the Sun.

large dust particles, are solar system objects that have the

The typical size is about mm—cm. They are the smallest

orbital motions around the Sun. The motions obey the

celestial bodies in the field of Astronomy science. They

Newtonian dynamics.

are composed of silicate minerals, just like stones by the
streets.

Here, the point is that the meteoroids come from the
comets, i.e., the origin of meteor is the comets.

2. Comets? Meteors?
Many people confuse the comets with the meteors,
which is called as the shooting stars in general. They are
completely different as the astronomical objects from the
point of view of size, time and place.
A comet has its orbital motion around the Sun. It can be
seen through the night by the set below the horizon. On the
other hand, meteor is a phenomenon in the atmosphere of
the Earth, occurring for just a moment in the sky about 100
km high. It can be watched only for a few seconds at most.
That is to say that their appearances in time are quite
different. Ancient people said that "one's wish can come
true if one can say it three times during the appearance
of a shooting star". This story would come from its
transitoriness of meteors.
Here, it is needed for the readers not to confuse them.
Nevertheless, they are very confusing that they have a close
relationship, which is like the parent and its daughter.

C/Hale-Bopp and the NRO 45m millimeter telescope
(C) National Astronomical Observatory of Japan

The following explanation may be highly specialized
relatively, thus, the beginner readers can skip it from the
rest of subsection (3).
Cometary nuclei originally come from the Kuiper-belt
region or the Oort cloud region into the inner region of
the solar system. They comprise the volatile ices such as
the solid state of H2O, CO, CO2, CH4, etc. and silicate dusts
such as olivine; (Mg, Fe)2SiO4, pyroxene; (Mg, Fe)2Si2O6
Schematic View of Dust Trail of Comet

and other minerals. The volatiles can easily sublimate from

mm—cm size particle are distributed along the

the surface (and/or the surface layer) of nuclei, so-called

cometary orbit. When the Earth evolves across the dust

the active region when they approach to the Sun in the

trail, the meteor stream is observed from the ground.

inner solar system and are irradiated by the solar radiation.

(C)National Astronomical Observatory of Japan

This degassing phenomenon is called the cometary activity.
The degassing sends up the cometary rocks and dusts
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from the surface of comets into the planetary space in the

Records & Reports of Observations

solar system. The small particles of micrometer size dusts
form the dust tailZ }

Ê

   

1. what should we record?

of flowing into the anti-solar direction by solar radiation

In order to carry out a scientific analysis of meteor

pressure. On the other hand, the relatively large particles

activity on a global scale, the IMO (International Meteor

such as the dune sands or stones start to orbit around the

Organization) needs to store observational data in the

Sun as the regular bodies in the solar system, because the

Visual Meteor Data Base (VMDB). The Visual Observing

heavier dusts bigger than 0.1mm are not possible to be

Form allows you to record all the necessary meteor and

moved by the radiation pressure. They can be called as the

watch data. If important data are missed, or obvious errors

orbital objects like the comets in the solar system.

 *

The large amount of big size dusts become to have a

         *  

%   

 

   

spread distribution along with the orbits of each comet, and

complete, you can do this work as soon after the watch as

these result in forming the dust trails and making the dust

you have free time. Once completed, your report should

tubes as the comets evolve their orbital paths many times.

be submitted to the IMO immediately. While reading the
rest of this section, you should keep a copy of the Visual

4. Formation of Dust Trails and Meteor Shower

Observing Form for reference.

In case that the cometary orbits cross the Earth's orbit
by chance, the dust trails may run into the Earth, and the
encounter can happen almost on the same date every year
because the orbital rotation of the Earth is once a year.
From the viewpoint of the observers on the Earth, this can
be seen as the meteoroids coming into the atmosphere.
This shows as the meteor phenomenon.
The most famous Meteor Showers
Meteor Stream

Peak Date

Parent Body

Quadrantids

4, Jan.

unknown

Perseids

13, Aug.

109P/Swift-Tuttle

Leonids

18, Nov

55P/Tempel-Tuttle

Geminids

14, Dec

Phaethon (asteroid)

5. The dusts are not burning.
It is very complicated how the meteors make the glitter.
Because the understanding of nuclear spectra is needed,
the details of glittering mechanism are not described
here. The only thing the reader should know is that the
explanation “the meteoroids are "burning" by the friction
with the Earth's atmosphere”, which is sometimes used, is
partly incorrect, because the terrestrial atmosphere itself

Observing Log Sheet

is shining as well. Some parts of lights come from the

http://www.imo.net/visual/report

thermal radiation of the meteoroids themselves and the

(c) International Meteor Organization

emission lines of the sublimated gases from the meteoroids,
and some parts from the oxygen and the nitrogen of the

See : http://www.imo.net/visual/major/report/summary

atmosphere, exited and caused by the dynamical energy of
the meteoroids.

}

    

  * 

 

if the start was before and the end after 0h UT; e.g. for a
watch running between 2215-0015 UT starting on 2012

Meteor Observations

December 12, the double date would be written as "Date:
12-13 (day), 12 (month), 2012 (year)". Always use your
local-time double date.
 }    %
> }   %
`  }         
your observing site as accurately as possible. E/W
means east or west of Greenwich meridian, N/S means
north or south of the equator. Several online services
(such as Google) provide latitude/longitude; note that
we use longitude/latitude. Once your first observations
have been submitted, the IMO will send a code number
for your site. If you do not know the code number, for
example if you are using a new site, leave this blank.
| }  

  %

nearest town or village name.
#  }&

  %#

observer code consists of the first three letters of your
     

 %& 

example, the code of the observer, Fritz Schmidt, would
be SCHFR. If the code exists already for somebody else,
or if, for technical reasons, require it, the last letter may
differ from this rule.
2. where should we send the observing results?
It is strongly recommendable to report your observing
results. You can send them via the Internet.
(1) National Astronomical Observatory of Japan (NAOJ)
http://www.nao.ac.jp/phenomena/20090811/index.html
(2) The Nippon Meteor Society (NMS)
}³³%% %"³³_%
(3) International Meteor Organization (IMO)
http://www.imo.net/visual/report
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Chapter 6

Science Education

The Introduction of Scientific
Inquiry and its Teaching Method
Koichi FURUYA

(5)Validation of the hypothesis
(KURITA, 1988)
Secondly, in the state of NY the process of inquiry is
   Z#ºet al., 2002):
(1) Planning
(2) Performance

 

(3) Analysis

         

important points in science education. However this does

(4) Application

not mean we use single approach to science teaching. It

Thirdly, today, the Course of Study 7th edition

depends upon the researcher or science educator, students

published by Ministry of education Japan (MEXT, 2008b) (2)

and educational environment. In this paper, we describe

showed us the three steps of the order as follows:

(1)

            %

(1) Identifying the problem

Here is an example that explores this further.

(2) Conducting an experiment/ an observation with

1. The Three Components of Inquiry

(3) Analyzing the results and interpreting it

purpose
&

*    

*   

When we teach science using Scientific Inquiry, there

physics and chemistry, of Middle school science curriculum

are three components to consider. These are the Process of

commentary of Course of Study (MEXT, 2008b), the

Inquiry, the Process Skills and the Knowledge of Science.



       %

We call the teaching method Scientific Inquiry when it

(1) Understanding the problem

meets the conditions necessary for these three components.

(2) Hypotheses

Three components does not have the same importance as

(3) Collection of data

Inquiry, for it depends upon teaching materials, children’s

(4) Evaluation of experiments

behavior or learning styles among other conditions

(5) Analysis and interpretation of results

in science class. However these three fundamental

(6) Derivation of the conclusion

components must be taken into account when considering

As we have seen, these four documents can be described

    % *     

as common in the sense of the basic pattern of the order of

called methodology.

   % *  * 
steps as the process of inquiry.

The Process of Inquiry
‘The Process of Inquiry’ refers to the order in which a set



   

_*

 

with the learner’s situation, not merely as routine work.

of classes is carried out. This series of classes are in some
cases, single, 50-minute lessons, as well as longer periods

The Process Skill

of study that may consist of a double 50-minute period and
so on. The length of the lesson may differ from case to case
but for the purpose of this paper we will be looking at the
most common class order.
First let’s look at the case of DEWEY. In solving problems
it is necessary for him to work in accordance with the
  %
(1) Understanding the problem

1. Todays science education and Process skill
The term ‘Process Skill’ is still used frequently in the US
or in England; conversely this is not something we are used
to hearing in Japan. Even though the term is not used today,
the practice is clearly expressed in the Course of Study.
In elementary school, this comes under ‘problem solving’,
    *Ì    %

(2) Hypotheses
(3) The collection and study of data
Z   Z

The problem solving competence that a student is
expected to have are outlined in the curriculum according

The introduction of Scientiﬁc Inquiry and its Teaching Method

to their grade, as written below (MEXT, 2008a):

|   

Grade 3: comparative

 

Grade 4: cause

Intermediate Grade

Grade 5: control experiment

     

Grade 6: reasoning

   

These all make up the four elementary school ‘process

&   

skill.’ Next we will look at middle school ‘process skill’ as

     

listed below (MEXT, 2008b):

> 
The Course of Study 4th edition published by MEXT in

|
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¹  

   

3. Current process skills in the US
As we have seen, the 13 process skills had already been

This is different to that of the elementary school

defined in the 1960s. Having said that, we discuss the

curriculum in that ① %º       ② . No

trend of process skills in the US by examining the National

       %     

Science Education Standards and the State of New York’s

of the teacher.

curriculum. The National Science Education Standard (This
is equivalent to the course of study in the United States but

Therefore, from elementary school through to middle

is not US government made. They are not legally binding

school, there are nine ‘process skills.’ What I want to

action) has been focused on Inquiry, and the contents

bring to your attention is that ① In middle school, ‘control

          

experiment’ is not mentioned despite its necessity and ②
In fifth and sixth grades, although ‘planning’ is also key

elementary through to high school.

again, it is not mentioned. Therefore, rather than dividing

Table 1 Content Standard for Science as Inquiry:

these nine skills between grades as things to be studied

&  º        

independently of each other, they should be complimentary

(NRC, 2000, p19).

to each other.
At this point, we look back at history the process skills.
We focus on the impact of curriculum developed in the US.

Grades K-4
    " * * 
the environment.

2. SAPA Process Skill
The American Association for the Advancement of
Science (AAAS) developed the elementary school science

|  

 %

>        
extend the senses.

curriculum in the 1960s and it is well known as the

=   

   %

Science-A Process Approach (SAPA).

      %

  ]       
these skills should be acquired in certain science content.

Grades 5-8

In this paper, only an overview of these 13 skills is stated.

             

They were separated into two groups; eight fundamental

   %

process skills and five comprehensive process skills. The

  

contents of which are listed below (MINATO, 1978).

  = 

Primarry Grade
# 
=    

=  
 
   



   %

  

         *

analyze, and interpret data.
      *  *     *  
models using evidence.
        
between evidence and explanations.
  

         

predictions.
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  %

=       %

Table 2 Analytical rubric For Revising And Evaluating
a Science Laboratory Report-Inquiry And Writing Skills
(DORAN et al., 2002).

Grades 9-12
          

I. Planning

investigations.
  

INQUIRY SKILLS

   %

=       
investigations and communications.
&         
using logic and evidence.
     
models.
          %

]%      
2. formulates hypothesis
3. explains or refers to experimental design
4. plans appropriate controls
II. Performance
1. demonstrates knowledge of technique
2. describes and observes accurately and completely
3. demonstrates quantitative measurement
%       
III. Analysis

When we look at this, while many of the basic principles

1. appropriately interprets observed data

are the same throughout elementary, middle school and

2. correctly interprets observed data

high school, it also extends with students’ growth.

3. shows qualitative relationships

In addition, cited in notes by the National Science

4. shows quantitative relationships

Education Standard the following was stated with regards

5. analyzes accuracy of data

to teaching methodology.

6. suggests limitations or assumptions affecting data

“Although the Standards emphasize inquiry, this should
not be interpreted as recommending a single approach to
science teaching. Teachers should use different strategies
to develop the knowledge, understandings, and abilities
described in the content standards. Conducting handson science activities does not guarantee inquiry, nor is
reading about science incompatible with inquiry.” (NRC,
1996, p23)
Now we take look at Inquiry Skills at the State of New
York’s curriculum (DORAN, 2002).
When we consider it in this way, the process skills of
Japanese curriculum are not different from SAPA or NY

Fig. 1 Five grade students were conducting a control

state curriculum. In the Japanese curriculum there are nine

experiment of the unit of “Pendulum” in gym.

process skills listed in the Course of Study. On this basis, I
have decided to incorporate those indicated as necessary by
SAPA and INQUIRY SKILLS of NY.

The Knowledge of Science
There are two meanings when we talk of ‘The Knowledge
of Science’. Firstly, the ‘Scientific Contents.’ It is

(Practice Exercise)

correspond approximately to scientific concepts. The

1) What’s the difference between “hypothesis” and

second is well known as ‘Nature of Science’ (LEDERMAN,

“prediction” in the process skills.
2) What is meant by “operational definition”? Explain it

2007). This is further divided into two. ① What is science?
and ② What kind of work do scientists do?

  %
3) What is control experiment? Explain specifically with
regards to teaching units.

]%   
      %

The Introduction of Scientiﬁc Inquiry and its Teaching Method
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concepts students need to understand. In addition, teacher
reveals how each of these concepts are connected to other
concepts and constructs structures of these concepts, which
will be studied by students throughout the school year.

Fig. 2 Three Components of Inquiry and its relationship.

In the Course of Study 7th edition, this structures are
indicated as the basic knowledge that should be learned

subsection I will look at how well these three elements are

from elementary school to high school. In addition, I

incorporated into class.

raise two points in reference to the guidelines of teaching
concepts within science education.

As shown, we reveal the relationship between knowledge
of science, the process of Inquiry and the process skills.
In the present study, we constrain that the knowledge of

1) It is necessary to understand the background of the

science shows the knowledge or concepts that students

concepts, even if you are not going to teach the

should acquire in the classroom only (Although the NOS is

background of the concepts to your students in the

important, we do not refer this topic in this paper). We will

science lesson.

therefore refer to this as “Contents”. On the other hand, the

2) Teacher should not include difficult contents in the
units when he/she teaches their students. Teachers who
are not good at teaching often include these kind of

process of inquiry and the process skills are different from
content as the knowledge of science.
The process of inquiry can be called learning steps when

difficult contents that student need not to understand

 

in their grade. He/she tries to make up for their poor

these kind of knowledg/skills are required when student

instruction by the difficult contents, but it does not

learn thinking power, decision making and self-expression.

work, and it is not appropriate.

Then student utilize the process skills. Thus we call the

     %  * 

process of inquiry and the process skills as “Procedure”.
 _
 _ 

    

(MEXT, 2008b: 17)

 %$     

In the classroom students should be able to acquire both

state. Especially in elementary and middle school, students

knowledge, the contents and the procedure. Here is an

need to understand "Big Idea" of certain unit. In some

overview of the steps required to develop a set of lessons.

cases it does not take much precision. To do so, students
should learn small number of concepts using a number of

1. Decide or choose unit what you teach. ‘Pendulum’ (grade

examples, not a number of concepts using small number of

*Ì     }   Z  

examples.

seven) and ‘Aqueous Solution and Ions’ (grade nine) are
good example.

2. The Nature of Science (NOS)

[%   

   

           *

the unit (Big Idea). The contents that student learn have

the Nature of Science refers to the scientific features

already were outlined in the course of study. Open the

itself, knowledge of science and the work of scientist. It

course of study and check them. Then the instructor

is required to determine the direction we (citizen) wish to

should review background of the unit (you learned these

take in our society. For this reason, the required knowledge

kind of knowledge, such as ‘introduction to Physics I, II’;

as a citizen is different to that of the actual science content

and ‘introduction to chemistry’ or equivalent university

education. As a science teacher in particular, guiding

course, when you were university students).

citizens in terms of real social contexts is necessary.

3. Identify process skills in this unit. If it is possible, I

In addition, knowledge about scientific inquiry is to be

highly recommend you make the plan to assign all

included in this area.

process skills to the curriculum from elementary to
middle school previously, so that students can learn all

2. The design of science lesson and the three
  #/# 
>$ +

process skills.
4. With reference to the process of inquiry to develop
 *   À    

   

    %

problem”. Therefor you develop the key question in the
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class that is appropriate for students to proceed along the

modern science learning theory (in Japanese), In Society

process of inquiry previously.

of Japan Science Teaching (Eds.), Rika Kyouikugaku

5. Collect all necessary resources, information and
laboratory equipment, so they are accessibly to the
children.

Taikei, pp. 1-35, Toyokan.
N. G. LEDERMAN 2007 Nature of science Past, present,
and future. In S. K. Abell & N. G. Lederman (Eds.),
Handbook of research on science education, pp. 831-

Everything mentioned here is a rough guide and an

879 . Mahwah: Lawrence Erlbaum Associates.

overview of the the three elements of inquiry and how they

A. MINATO 1978 Chapter Five: The Process Approach

are incorporated into a classroom situation. You can plan a

(in Japanese), In Society of Japan Science Teaching

        %

(Eds.), Rika Kyouikugaku Taikei, pp.141-190, Toyokan.
Ministry of Education, Culture, Sports, Science and
Technology in Japan (MEXT) 2008a Elementary school
science curriculum commentary of Course of Study (in
Japanese), Dainippon (Tokyo).
Ministry of Education, Culture, Sports, Science and
Technology in Japan (MEXT) 2008b Middle school
science curriculum commentary of Course of Study (in
Japanese), Dainippon (Tokyo).
NRC (National Research Council) 2000 Inquiry and the
National Science Education Standards A guide for
teaching and learning, National Academy Press.
NRC 1996 National Science Education Standards,
National Academy Press.

Fig. 3 Five grade students were making plan of
experiments.

The Central Education Council. 2006 Summary report
on discussions on education reforms (Elementary and
Secondary Education curriculum subcommittee) p16 (in

Note
(1) The Couse of Study is a national standard in K-12
Education in Japan. The first edition was published
1947. After that this document revised by MEXT
every ten years. At present we have 7th edition, which
was revised 2008. Each edition has its own features
influenced by social requirement. It is said that the
Course of Study is enforceable. Each subject has their
own Course of Study and its Commentary.
(2) “Ministry of Education, Culture, Sports, Science and
Technology in Japan” is a formal nomenclature.
However this is so long, in this paper we use MEXT
instead of formal name, for this ministry uses this
abbreviation by itself.
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preparation (prep) room, used for the preparation of

Hidetoshi ANDOH

various scientific experiments. Its functions can also be

In addition to what we call the laboratory is the

summarized in the following four points. 2)

1. Laboratory and Preparation Rooms

(1) For class preparation.
(2) To administer and keep an inventory on laboratory

For science teachers and instructors, whether in

items.

elementary, junior high or high school, the laboratory must

(3) A research room.

be the most important room at their disposal. Not only is

(4) To motivate students.

it a place to experiment and conduct research, it also plays
a central role in the teaching and learning of a variety of
  

Firstly, although point (1) is generally true for senior
high school teachers, who use such rooms on a daily basis,

%

The function of a laboratory can be summarized in the
1)

following 6 points.

for elementary and junior high school teachers who have
their main desks in the main school staff room and spend
a lot of their time there, it is used only when required for

(1) To make experiments and observations, including

conducting experiments or demonstrations. That as it may

demonstrative and instructive experiments, efficiently

be, there are many scientific materials and tools in the

and safely.

laboratory and prep room aside from the usual textbooks

(2) To enable breeding and cultivation processes.

and teaching materials, so it is advisable that as much

Z  

class preparation as possible be done there. It would be

    %

(4) To store, display, and preserve machinery, appliances,

advantageous for science teachers to station their main

apparatus and other tools, and expendable supplies

workplace in the prep room, creating an environment

(matches, chemicals, etc.) in sanitary and orderly

where fellow science teachers can communicate freely

conditions.

about teaching

(5) To pursue the study of science in a manner not
dangerous to health or safety.
(6) To awaken and sustain the interest of students, and
expand their learning experience in a smooth manner.

Secondly, the items in point (2) refer to the administration
and inventory of three groups of items: equipment,
expendable supplies, and chemicals. In order to carry out
the experiments and make the observations described

&   *  Æ* 

in textbooks, it is important teachers have a common

schools are equipped with a single laboratory, junior high

understanding of a long-term system administering to the

schools with one or two depending on student numbers,

provision of laboratory goods and equipment, keeping

and senior high schools with three or four. However, when

          * 

           

to purchase new equipment within their budget(s).

occur, they can overlap with other (science) classes,

Also, expendable supplies need to be replaced annually.

making it impossible for some classes to use the rooms.

Laws relating to the keeping of chemicals must be

And the more teachers become eager to use experiments

followed, in addition particular care is due when storing

and observational classes in their teaching, conversely

and dealing with highly reactive or poisonous chemicals.

the less available for use the laboratories become. In

The inventory book must include a full record of when a

addition, biological experiments can be seasonally

chemical was purchased, how much was used, how much

affected and the composition of the science curriculum

is remaining, and so on. Dangerous chemicals must be

makes for certain periods when the laboratories are in

stored in a locked chest or cabinet. Furthermore, steps

more demand. The need to divide the laboratory and its

must be taken to ensure that in the event of earthquakes

resources between classes into shifts to cope effectively

or other unforeseeable disasters, containers holding liquid

means that schoolteachers, depending on their school’s size

chemicals are not liable to tip over or fall.

  *     
resources at present to cope.
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Thirdly, we can say the function of the prep room as

Fig. 2 shows a laboratory with workbenches and apparatus

stated in point (3) is research. The study of science requires

stands at a high school in the Tokyo district. During

research, much more than in other subjects. Students’

practical lessons, the stands can be used as burette stands

interests and reactions can be naturally encouraged, by

     * %

hand-making experimental apparatus from materials near
at hand rather than using existing apparatus. Furthermore,
when carrying out preliminary experiments, or drawing
up a regular lesson plan, it is easy to retrieve apparatus
and materials from a prep room, as well as do any extra
research. Finally, with regards to motivating students in
point (4), it is important to create an environment where
students feel comfortable to ask questions and discuss their
studies. Teachers who are regularly seen to be actively
doing research raise the intellectual value and spirit of
inquiry in science, making the subject more appealing and
awakening students’ interests. In this manner, the prep
room plays a vital role for teachers.

Fig. 2 Laboratory with workbenches and apparatus stands
at a high school in Tokyo District.

2. The Design of the Laboratory
Fig. 3 shows the same laboratory with ventilation
Although not all lessons are held in the laboratory, for

ducts above each workbench. The room is also equipped

experiments and observational studies that cannot be

with a fume cupboard, but for group experiments this is

performed in a regular classroom, the laboratory is used.

not suitable. The ducts are particularly effective when

Depending on the size of the school, elementary schools are

conducting organic chemistry experiments.

equipped with one laboratory, whilst junior high schools
with two.

In addition, the provision of running water, electricity,
and gas is necessary. Just as with the workbenches, their
positions are fixed and contrived so that experiments run
smoothly and with ease. As in the example of this high
school, it is important that science teachers discuss daily
the use of the laboratory with their colleagues, so that with
a budget and the permission of the relevant management,
a laboratory can be remodeled into a more convenient and
science-friendly place.

Fig. 1 Science Laboratory No. 1 at Asahikawa Junior High
School attached to the Hokkaido University of Education.
Fig. 1 shows the layout of a laboratory with workbenches
at Asahikawa Junior High School attached to the Hokkaido
University of Education. There are workbenches with sinks
for 2 people, regularly interspersed with side workbenches

Fig. 3 Laboratory with ventilation ducts at the same high

for up to 3 people. Usually students look to the front

school.

and listen to the lecture, and during practical classes or
experiments sit or stand facing each other.
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3. Laboratory Equipment and Expendable
Supplies
When discussing purchasing equipment and expendables,
it is important teachers using the laboratory base their
discussion on their lesson planning over the period of the
forthcoming year. In addition, attention should be paid to
the following list when planning: 3)
(1) List the items that if lost or broken, would hinder the
usual functions of the laboratory.
(2) List the items that are expensive and used regularly.

Fig. 4 Storage cabinet Type A (Drawers are labeled with

(3) List the items that students use regularly and are well

clear description of items enclosed).

suited to their needs.
(4) List the items that can be repaired or their parts
replaced.
(5) List the items that need be replaced.
The first items to be purchased must go under list (1).
If these items cannot be met under the budget, then it is
        *  
an alternative resource in another school or education
centre. Items under list (2) may be multi-purpose items
such as stands and are the next to be purchased. The items
in (3) are the apparatus and other items commonly used
by students that are suitable to students’ age or ability, and
are important in helping them progress in their studies.

Fig. 5 Storage Cabinet Type B (Tray type storage cabinet.

Finally in the case of (4) and (5), in recent years companies

With this type we can see the contents from above, thus

making laboratory equipment tend to change and develop

convenient to store objects used with regularity).

new models more regularly, for example expensive items
such as microscopes that cannot be bought under one
budget but over a period of years, may be unavailable and

high schools, but any such substances need to be securely

so sometimes one type of laboratory equipment is not all of

stored in a storage cabinet under lock and key. Judging

the same model or maker. In these instances, it is important

from calculations based on the amount of poisonous or

to select equipment types that are general purpose and

reactive chemicals that can kill small animals of about

suitable to student group numbers.

1kg in weight, we can say that for a person of 60kg in

All of the purchased items must be labeled and numbered,

weight, less than 2g of a poison or 20 grams of a highly

and an up-to-date inventory kept of their numbers and

reactive chemical can be fatal. The types of chemicals

whereabouts.

typically found in an elementary or junior high school are
mercury (poisonous), ammonia solution, hydrochloric

4. Supervision of Chemical Substances

acid, sulphuric acid, nitrous acid, sodium hydroxide,
potassium hydroxide, methanol, hydrogen peroxide,

It is important to take due consideration for the safe

and phenolphthalein (all reactive) amongst others. Such

administration of hazardous chemical substances used

chemicals must be stored under lock and key and in a

in the laboratory. Also, understanding and obeying the

manner such that they are not allowed to spill or fall in the

laws relating to pharmaceuticals, poisonous and reactive

event of earthquakes, etc.

chemicals, and flammable substances is vital. Not many
dangerous substances are kept in elementary or junior
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and taking care of the soil. Depending on the region,
local plants from local farms can be grown as seedlings
in buckets and containers to encourage the interest of
students.

Fig. 6

Chemicals storage cabinet (Labeled dangerous

Fig. 7 Bean plant (left) and pumpkin (right).

or poisonous chemicals, not for medicinal use, and kept
locked).

7. Breeding and Rearing Facilities

5. Concerning Science Facilities on School
Premises



         

animals in built-up or suburban areas, it is preferable to
have the facilities available. If possible, they should be

#"  *        

kept in a sunlit and well-ventilated area, near to the staff

experimentation, is the acquisition of organic materials,

room for teachers to keep in sight, and students should

and acquiring the right amount or number when they are

take turns in caring for the animals in order to foster strong

needed. For this reason, it is useful for schools to keep

attachments. The most practical animals are usually rabbits,

and breed animals and plants as routine. Observing the

but there is also a case for chickens, marmots, ducks,

cultivation, breeding and nurturing of plants and animals

peacocks, etc. Some important considerations are firstly,

is educational in itself, so that students can learn and gain

hygiene when taking care of and feeding animals, and

moral guidance about the environment and how to protect

secondly, for weekends or school holidays, a roster needing

and respect living things and nature. In particular, from

to be drawn up detailing how, when and who cares for

the viewpoint of elementary school education, with the

them.

emphasis on gaining experience of handling living plants

Recently, classes have been conducted in elementary

and animals, facilities such as plantations and animal

schools with visits from veterinarians advising on animal

enclosures are important. The following will discuss these

upbringing and care.

facilities as well as the recent trend of designing biotopes
within school premises.

6. Plantations
In science, insects, animals, seasons and the plants
themselves all play their part in the long-life cycle and
cultivation of plants. Floriculture and olericulture such as
sunflowers, touch-me-nots, loofahs, bitter squash, French
beans, gourds, cucumbers, pumpkins, etc. are cultivated
Z&%%    

    

Fig. 8 Animal enclosures at an elementary school.

be secured to cultivation, planters and pots are used.
In summer months, eaves of buildings can be used to
cultivate bitter squashes and loofahs, also providing natural

8. Biotopes

sunshade.
A biotope derives from the Greek word “bio”, meaning
Depending on the plant, replanting or reusing the same

life or organism, and “topos”, meaning place. It is almost

areas can be damaging so caution is needed in fertilizing

synonymous with the word habitat, essentially a living
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place for animals and plants. In Japan, since environmental

These are just a few examples of biotopes possible, and

education has become more popular in the latter half of the

although they have educational value in allowing students

20th century, the concept of biotopes has gained attention

to interact with nature, one of the main problems is the

as one way of regenerating natural environment settings. In

conservation and care of the biotope once it is made. In

schools, these biotopes are man-made, and are also called

the end nature is the more important, but leaving a biotope

“school biotopes”. Such biotopes have the dual function of

too alone will only result in it returning to its original state

both regenerating the natural environment and providing

or being invaded by its surrounding habitat. It is up to the

environmental education4). Generally speaking but not

person or people in charge to maintain the balance between

necessarily, school biotopes feature a habitat based on a

      %

pond or water, but other biotopes such as woodland also
exist.
         
plants and animals, so in general organisms from outside
that habitat are not introduced. When introducing soil into
these habitats, soil should be used from sources as nearby
as possible, and even in this case unwanted growth from

Fig. 9 Biotopes at elementary school A (left) and B (right).

seeds and roots occurs. In any case, the projects often
require large-scale excavation, conservation, manpower,
administration and budgetary measures to succeed.
Generally speaking, schools create pond biotopes,
surrounded by vegetation typically associated with the
intended habitat, as well as aquatic plants, small animals
and insects in the pond itself. There are many variations
on this theme, but below we introduce a few seen in some

Fig. 10 Well and rain tank at elementary school C.

selected elementary schools.
Elementary school A uses a water tank as its main water
source to create its biotope (Fig. 9 left).
Elementary school B made a biotope with lilies, in


        _

(Fig. 9 right).
Elementary school C uses a well as their water resource
to draw water from underground. In addition to this are
five large rainwater tanks collecting water from the roof
of the school to provide water for the biotope. Students
also collect acorns from nearby hills to try to create an oak

Fig. 11 Woodland biotope at elementary school D.

tree biotope. Wind power and solar power in place also
provides electricity (Fig. 10).
The biotope in Elementary School D is a wood centred on
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the case that children’s minds reacted well whenever they
encountered it.
Case study no. 1
When elementary school third-graders in the Bear’s Kids
Club based in Higashiayase, Adachi-Ku, Tokyo, in the
Summer of 1977, entered a river for the first time, they
proclaimed “This water isn’t salty!”
We can easily imagine these young boys who had never

Introduction

before played in a river, shouting with surprise and
excitement. In this case, despite their previous lack of

In this essay, I wish to express a number of personal
opinions concerning science education, specifically

interaction with nature, their minds were activated in a very
positive way towards it.

focusing on environmental education for children.
From an educational point of view, according to Takashi

Case study no. 2

Oota, 1993, in the case of environmental problems, there

In the same club, during a winter excursion organized

are two barriers to finding practical solutions. Firstly,

by the “snow school”, upon exiting the underground

lack of scientific knowledge. Secondly, relying solely on

platform at Doai station near Mount Tanigawa in Gunma

           

|   *   "       

context with the environmental issue.

directions of their instructor and leapt into the snow with

According to Toshimasa SUZUKI (2009), modern

their rucksacks still on their backs. Covered in snow, they

scientific methods dictate environmental conservation

thus explained themselves to their instructor, “Well, we’ve

policy by defining the environmental issue through

never seen so much snow before, we were so excited!”

separation of the object of study (nature) from the subject

As these two examples demonstrate, even though the

(man), making clear the laws governing the object.

children lacked regular interaction with nature, at least at

Using this principle, we furthermore need to consider the

the rare times they did encounter it; their reactions were

relationships between the two, and to address or balance

very positive ones.

the needs of man with those of nature, thereby creating
environmental policy based on “environmental sense”.
With these theories in mind, I wish to present some
practical examples in order to consider the relationship

In the 1980s, people’s perception of, or sensitivity to
nature changed. Themes such as “nature is unnatural”, and
“living in a man-made environment away from nature”
emerged.

between students and their objects of study in elementary
school biology education.

Case study no. 3
On a trip to Kiyosato in Yamanashi prefecture, a 4th grade

1. Cross-section of the relationship between
children and nature.

girl of Higurashi Elementary School from Arakawa-ku,
Tokyo, gazing up at the night-sky full of stars, exclaimed
“Sensei, it’s beautiful! Just like a planetarium!”

First of all, I would like to give a broad overview of the
changing relationship between children and nature over

Case study no. 4

time, based on actual encounters of teachers, instructors,

At an evening group meeting of a camp outing for 150 or

leaders etc. with children. As these are recorded personal

so students and parents of the Funabashi City Children’s

experiences, I wish to give thorough analysis of the

Theatre (Chiba Prefecture), a young mother said: “Even

evidence in order to make any meaningful conclusions.

though I know the children are having a great time, I can’t

In the 1970s, the rapid economic development of Japan

help feeling uneasy because of all the noise - the rustling of

and the construction boom resulted in inevitable destruction

the trees, the chirping insects and the stream running by -

of the natural environment, meaning that in this period

I’d really like to go back as soon as possible to Funabashi

children lacking experience of nature became a problem.

where it is quieter.”

Even though children lacked such experience, it was still
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In these two examples we can see evidence of the
symbolic phrase and title of Rachel CARSON’s 1962 book

3) What kind of walking path do you prefer?
Concrete path 100% Dirt path 0%

“Silent Spring”. For these people, nature had become an

4) What kind of park do you prefer?

unnatural object, and the man-made world (science, culture,

With swings, slides, sand box 0%

language, symbols, tools, etc.) was the new “nature”. It

Sports park 90%

seems they had lost their ability to trust or rely on nature.

Nature park 0%
(Undecided/no answer 10%)

The above is highlighted in work by the mammologist
Hideo OBARA (For example “Self-Domestication” by

*Abbreviated source from “Ecosystem” issue no. 38 (ECO-

Hideo OBARA and Masao IWAKI, 1984, and other works).

JAPAN), 1998 and “Kodomo hakushi” (“Children’s White

It should be of great concern that children no longer

Paper”), 1996, issued by Soudo Bunka, from original data

consider themselves as part of nature even though they

 ]ªª]%

are created by it. They are nature’s creatures now living in
a wholly unnatural environment. In order to rebuild their

Case study no. 6

sense of oneness with nature, we must protect wildlife as

A 3rd grade school girl from Kousei Elementary School

one part of environmental conservation, which we can

in Kurota-ku, Tokyo decided to take home some mudflat

examine further in the following cases.

crabs from the dry-river bed connected to the Arakawa
river drainage system running through the Shitamachi
district. With the intention of "making them clean", she

Case study no. 5
The following are a sample of statements made by

inadvertently caused the death of the crabs by washing

students at Higurashi Elementary School, Arakawa-Ku,

them with soap everyday. A mother of another 3rd grade

Tokyo.

elementary schoolgirl, daily sprayed perfume over the
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sparrow?"
Her fellow students at school also asked questions such
as "Where do you buy Onamono?” (Xanthium Strumarium

larvae of the common bluebottle butterfly that were
collected in the local school district and taken home for
rearing and observation, explaining to the larvae, "This is
 _  Ä%   %

- a plant used in some traditional medicines, but also with

These examples demonstrate that how we humans,

poisonous properties) “Do you buy it at a greengrocer?

without any pause for thought, mistakenly apply the same

How much does it cost?" and "Are trees alive?"

standards or rules by which we live to the small creatures

Answers from a questionnaire given to the same grade

we collect or keep - resulting in their deaths. So, we need

in 1991 demonstrate that the students appeared to have

to learn (or relearn) that other animals in nature have means

become separated both physically and mentally from their

of survival different to ours.

surrounding natural environment. It became clear that

Whilst children increasingly lack the regular contact with

students were more familiar with concreted paths and rivers

nature and experience through keeping pets, or collecting

rather than their more natural forms. Examples of some

and raising insects (or other animals), they begin to think

answers in the questionnaire included "Long wild grass

that caring for animals is similar to a computer game that

can hurt ("stab") you", “nature is dark (cities are bright)",

they can switch off or reset any time they like.

"you can get lost", "nature is dirty", and "concreted rivers

With regards this problem, I believe that science education

are clean". This situation surely came about as a result of

(similarly in other subjects, too) should cultivate children’s

children having nature gradually taken away from them by

awareness through a dialectic exchange of the awareness

the rest of (adult) society.

they gain from their own personal intuitions, perceptions
and imagery and the conceptual awareness they learn (from

The following are a selection of those questions and
responses*.
1) What kind of park do you prefer?
Wild grasses 5% Lawn grass 95%
2) What kind of river do you prefer?
Concreted 95% Natural 5%

symbols, dialogue, books, etc.)
What is required is to consciously convert science lessons
into ones based on the premise that awareness of nature
comes from the free exploration and experiencing of local
nature's diversity.
   *

   

 *
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corresponding social concepts emphasize the intuition,

world. In the 2000s, even as the "nature is unnatural"

perception and mental imagery of respecting the lives of

way of thinking became more commonplace, children

others; in this sense “protecting the habitats of wild animals

were also increasingly speaking up in support of nature,

is important as we recognize (and respect) that their way

too. Provided this was the case, we should examine more

of living is different to ours”. We can create a powerful

carefully whether these views were linked to children’s

awareness (of environmental issues) through separation

actual intuitions and perceptions.

and dialectic exchange of the three themes; Intuitive and
Perceptive “Recognition” (nature’s way is different to

Case study no. 8

ours), mental imagery, and conceptual awareness we learn

In a blind-tasting test of commercial mineral water and

(through study, symbols, books, etc.). Perception and

tap water drunk from bottles with 4th grade students at

intuition are related to our emotions, mental imagery to our

Kousei Elementary School in Sumida-ku, Tokyo, 21 out of

sentiments, and our conceptual awareness is related to our

23 students said that the tap water tasted better. However,

sensibilities.

when informed that what they chose was tap water, they
reacted simultaneously and instantaneously with revulsion,

Perception, Intuitio ⇔ Emotion
Mental image ⇔ Sentiment
Conceptual awareness ⇔ Sensibility

exclaiming "yuck!" and "disgusting!" and pretending to
spit the water out.
I would like to discuss what was behind their initial
perceptions and intuitions that the water tasted nice, and

In the 2000s, we have seen a polarization in children's
perspective of nature.

why they changed their minds so radically. In particular,
I would like to draw attention to the difference between
their perceptive and intuitive awareness of how the water

Case study no. 7

tasted, and their conceptual awareness of how they think

Sixth grade students at Koume Elementary School in

the water should taste. That is, in opposition to their own

Sumida-ku, Tokyo, were asked to give their opinions of

intuition that tap water may taste nice, nowadays children

the adjacent Sumida Park. Their opinions divided them

are indirectly exposed to messages such as "tap water is

into two opposing groups. Some students thought that

dangerous to drink because it contains trihalomethane, a

"there are worms there, it's disgusting, they should get rid

cancer-causing chemical, produced by adding too much

of them", "the park is overgrown and dark so they should

chlorine in the water, as a result of the water needing to be

cut all the tree branches off", and "the paths are slippery

sterilized because it is dirty (and so on)” by mass-media,

and dangerous so we should concrete them", whilst other

their guardians or parents, etc.

students said "of course there are worms there, of course

As in the case of tap water here, children's intuitive

the branches overgrow and the paths are dirt, that's all

awareness and their conceptual awareness contrast hugely

natural". The two opposing arguments were left unresolved.

   %     
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instance, they were actually thinking only about the taste of

rapid economic growth policies in Japan and the continuing

the water. In this case, if we follow the water upstream to

urbanization of the landscape meant that in the 1970s, it

its' source (Kanamachi water plant - Edo river - Tone river -

            

Yubiso river - Ichinokura river), it actually comes from the

with nature. Though the number of opportunities to interact

snow-covered valley of Ichinokura river in the mountains

had decreased, in some way or other children still reacted

of Gifu Prefecture i.e. it is relatively natural. A further test

in a positive manner when coming into contact with the

compared the naturally sourced water (from the mountain)

natural environment.

and the tap water. After being informed that one was the

In the 1980s, people began to say things like "nature is

tap water (but of the same source), no students chose that

 Ä     Ä  

water as the tastiest, even though there should be minimal

means". In the 1990s, actions such as "spraying perfume

difference in taste (again, the same source). (Note: Tokyo

on butterflies" and "washing crabs in soap" showed that

water is now treated by ozonation, making the differences

people increasingly thought about animals in the same

in taste even more minimal).

way they thought about themselves, and lacked the
awareness to appreciate the "otherness" of the natural

Thus, study of science based on conceptual reasoning
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(from books, words, mass-media etc.) is inefficient in

To encourage individual responsibility, it is vital to

comparison to coupling it with perception and intuitive

cultivate intuitive and perceptive awareness in order to

reasoning.

influence people at an emotional or sentimental level,

There is an urgent need for initiatives to change society

          %

from one where currently, children's contact with
nature outside of school is insufficient, to a society that

2. Considerations for Science Education

intentionally and systematically brings children into contact
with nature on a regular basis, and by doing so promotes

The study of biology begins with children individually

environmental maintenance, nurtures children of all ages,

and tangibly discovering "facts" by themselves. These

and teaches skills and culture in connection with nature.

"facts", may not necessarily be true or may be only partly
true given the nature of the circumstances in which they

Case study no.9

were discovered or witnessed by students (e.g. owls

I listened to an interview of around 20 students at a

don't necessarily sleep all day), which is why it is all

preschool in Espoo, Finland, in October 2009, who talked

the more important that teachers guide their students

about their out of school activities.

towards discovering truth objectively by encouraging

Most students played in the woods at the end of the school

discussion and opinion exchange amongst students. They

day. According to the school's headmaster, in Finland "The

can encourage the interest of students in the educational

forest is a play park for kids, where they can play freely."

material or object of study. For example, getting students

The children were heard to say "There are....... (animals) in

to collect the objects of study/living organisms themselves

the woods near my house, it's fun!", and "near my friend’s

from where they can naturally be found. By requiring each

house there are woods with ........ (animals) in them, there

student to nurture and care for a living thing, they should

aren't any in the woods near my house, I wish there were!"

be able to make students feel more responsible and aware

concluding with "That's why I like the woods" and "I want

that they are custodians of life. Teachers need to encourage

to protect the woods".



      

  

These children’s intuitive and perceptive awareness of

facts, and this starts with the teachers putting in their own

nature, which was based on their experiences of playing in

research into and considering how they can achieve that.

the woods after school or on holidays, translated directly

It is very useful to start with these goals in mind when

into their desire and determination to protect the woodland

   %    

("I want to protect the woods"). Furthermore, we could

to gather the "facts" that students discover and build them

say that because they learn at a young age about how to

into the lesson. For example, he or she could use a "nature

take care of the forest through their willingness to protect

discovery book" to make a note of children's comments and

it, they go on to study society, economics and government

actions.

with the interests of protecting nature in mind, expanding
the field of environmental education at the same time.

Teachers and instructors should take into consideration
the following.

(Unfortunately to date, I have not done any practical
research to support this).

(1) Teachers should decide the framework by which they

Japanese children must surely say the same things - "The

aim to teach the (biology) subject matter. Stick to the

forest is important, I want to protect it". However, they lack

framework and help keep student's discoveries and

the experiences, and therefore the intuition, etc. described

work in order. For example, students might make

in the above case. So cognitively speaking, they cannot

observations such as body shape, mouth shape, how

attach as much meaning to the words.

it grows, how it feeds, what it eats, the eggs or larvae,

With only notional awareness of the problem, without

how it reproduces, how it breathes, etc.

any intuitive understanding, an individual's sentiments or
    _      

(2) Teachers should consider directing research towards the

to take responsibility, or by appealing to their sensibilities

following subjects when thinking of how to help

at an emotional level. Consequently it is difficult to

student's abilities of inquiry grow.

encourage individual responsibility or to pass on any
      %

1. Is it a subject that student’s can solve through

A Study of the Relationship Between Children, Nature and Living Organisms

observation, experiment, comparison and/or analogical
reasoning?
2. Can students by exchange of individually and tangibly
discovered "facts", come to any solution(s)?
3. Can students come to a solution with additional
information or materials suggested by the teacher?
4. Does the subject enable students to consider, compare
or contrast other living organisms to the one they are
studying?
5. Does the subject provide scope for further observations,
guidance, discussion or experiments?
6. Is the subject one with a solution that is perhaps
unobtainable, as it exceeds students’ levels of
cognizance?
(3) The teacher must place great importance on student's
discoveries or things that students "grasp". For example,
from a student's point of view, they might recognize
the differences between incomplete metamorphosis and
complete metamorphosis as "an insect that looks like its
parent DOESN'T turn into a chrysalis" and "and insect
that doesn't look like its parent DOES". The spiracles
in an insect's respiratory system might be described
as "There are holes in the belly area of a butterfly
chrysalis”. These expressions are, of course, very
important to pursue, as from these simple beginnings
students begin to develop their cognizant abilities.
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Chapter 6 Science Education

Science Events

Various Science Events in 2012
Shunsuke YAMAMOTO

Science Communication
Science has now become inseparable closely related to our
%    

  %

Think together what science brings us and the relationship
between science and us.
Science Communication has been a key concept in
the evolving link between science and society. Science
Communicators can be teachers at schools who impart

"Shibetsu Science Fair" in Shibetsu Town Hall (planners

knowledge to students, as well as mediators or interpreters,

and instructors: university students of Hokkaido University

sometimes giving feedback to scientists and policy makers

of Education, advisers: professors of Hokkaido University

who drive research activities.

of Education)

Science Events
One activity of Science Communication is Science Event.
Science Events in various areas of Japan have been offering
a place for science communication activities, the number of
its participants have been increasing every year.
Instructors teach basic and interesting scientific
experiments for visitors. Many groups of them make each
booth for their experiments. They make handicrafts and
scientific toys with visitors, especially elementary and
junior high school students.
     

   *

"Weather Festa" in Kushiro Weather Station (planners and

create handicrafts and make toys that are not usually done

advisers: forecasters of weather station, instructors: local

in school. Therefore, students will have a deep interest in

children)

science.
In addition, you will be able to visit other instructor’s
booth and exchange information to each other. It’s a good
chance to for science teachers to communicate to each
other, and students to become future scientists. Probably,
you can make a network of local scientists (science
teachers). This is important for the development of science
and culture in your region.
I think it is a very good opportunity for such events, to
become familiar with the science of local citizens while
playing.
"Science Festival" in Kushiro Children's Museum (planners

Reference

and instructors: high-school students and science teachers,

http://www.scienceagora.org/scienceagora/agora2012/

university students and professors, etc.)

