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Background 
• The misunderstanding of natural disasters, particularly 

for earthquakes, is mainly caused by the gap between 
seismologists and the public. 

• In Japan, there are many “earthquake prediction sites” 
by amateurs, most of which have no scientific basis. 

• In the Japanese high-school textbooks, they  treat 
  <High-spec seismology> such as “the Asperity model(Lay & 

Kanamori,1982) “ or “the Characteristic earthquake 
model (Schwartz et.al1984)”.   

• The Japanese gov. has made “the national seismic hazard 
maps” based on the above model for a long time.  

• But, the above models are now in controversy by 
seismologists.  

• On the other hand, statistic behaviors of earthquakes 
such as famous “The Gutenberg-Richter’s law” is omitted.  



 

“Hi-spec” sometimes causes 
too much of a good.  



 

Geoscience Textbook for Senior high. 
（Keirinkan,「Chigaku」,2013） 



 

Geller,2011 Nature 
denied this hazard map! 

Seismic Hazard Map 
By Japanese Gov,2016 



 

Kagan et.al,2012 SRL 
also contradicts “the 

characteristic EQ model” 
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Origin of misunderstandings 

• If an earthquake occurs. (After quake) 

• Reversely, We estimate the focus/focal 
mechanism/fault dimension/etc.. 

• We also forecast the wave (tsunami) 
propagation and seismic hazard! 

• But this is not the prediction of an EQ! 

• However, these processes sometimes 
confound with each other.  

• And this is one of origin of misunderstanding. 



 
Apart from ‘Hi-spec’ 
We should teach 
‘Fundamental’ seismology! 
  
i) Fault dislocations  
ii) Propagation of seismic waves 
iii) Power law behaviors 



Previous studies; 
• Flour & cocoa fault 

 model(Okamoto,2003) 

 

 

 

 

 



• 3D seismic maps using ChromaDepth 
Glasses(Okamoto,2008) 
 

 



 

Seismic fault  
+ Slinky model 

Piggy Bank model 

Spring-Block model 

“Three Destop Toys!! 
For Fundamental Seismology  



Q_1: How does an earthquake occur? 

• How and Why does an earthquake 
occur?  

• Fault and Earthquake 

• How do seismic waves propagate?  

• What is a quadratic pattern of  

  P-arrival phases?    



Toy_1: A seismic fault model  
two transparent spheres +  
four slinky springs  

Bolt(1999)  
 



Japanese High School Textbook 
（Keirinkan,「Chigaku I」） 

 
P-arrival phases:  
a quadrant pattern and   
a fault geometry 
 



Another Textbook 
（Sukenshuppan,「Chigaku」） 



• 気象庁のサイトに紹介されているものと同じ
ようなもの 

Fault plane (source) 
 and Slinkys (wave)  



Normal speed movie   



Slow play   



What this model shows: 
• Unfortunately, the movie is too fast to 

recognize the initial P-phases!! 
• The relation between the focal 

dislocation and the seismic wave 
generation is introduced.   

• A theoretical (wholly predictable) 
wave propagation is shown after an 
earthquake shocked. 
 



Q_2: Are the earthquakes on a 
same fault periodic? 

• If “the characteristic earthquake model” 
   is reasonable. 
• The earthquakes on a same fault are 

periodic!  
• Periodic means: the next event is predictable!  
• Simplified conditions -> 
• An interesting prior study:  
   Hall-Wallace: Can earthquake be 

predicted?, JGE 46, 439-449, 1998  
   



 

Toy_2: “Piggy Bank”  
as a fault slip model 

Neodium magnets 



 

“Piggy Bank”: Before Slip “Piggy Bank”: Before Slip 
Stress accumulates-> 

Coins Marbless 



 

“Piggy Bank”: After Slip 

Then an earthquake happens! 



Piggy Bank Movie! 
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trial number 

Overburden weights vs. trials pure acrylic

tape(both side)

detached tape

6mm+13mMagnet(marbles)

Values are scattered! 



pure acrylic

tape(both side)

detached tape

6mm+13mMagnet(marbles)
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Weight number 

Histogram (weight vs. frequency) 

An Irregular distribution is appeared. 
This results show even a simple friction model dose not 
behave pure periodic pattern!   



• Even a simple model shows a little bit 
complicated pattern. 

• If many faults affect each-other,  

   what kind of thing happens?? 

Q_3: How do faults affect 
 each other 

Burridge and Knopoff(1967)：Model and theoretical 
seismicity, BSSA.57, 341–371 



Spring-block model 
• What happens in a multi-block model? 

• Theses models are originated by Burridge and 
Knopoff(1967), This S-B model is inspired by 
Kato(2011) 

   Spring-block model: 
 8 thick iron plates 
lined up in a 
straight are 
connected to a 
surrounding 
wooden frame with 
rubber bands. 
The frame is driven 
by hand.  

Steel blocks 

Rubber bands 



 

Cutting  Iron Blocks 
by a “cheap” Band Saw Steel block 



 

Shaving surface by a milling machine 

Four pull-tags are attached 



Spring-block model Movie!! 



Spring-Block model exercise 

• The exercise is carried out on the 
classroom floor, students are 
watching and counting the slips of 
each blocks enjoyably. 
(Occurrence of earthquakes)  

• The wooden rim is driving slowly 
in one direction (a mimic of plate 
and/or fault motion).  
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Co-slipped blocks number 

Co-Slipped Blocks VS. Frequency  

地学教室前直列 

廊下リノリウム直列 

廊下リノリウム並列 

One dimensional  
S-B model 

Natural earthquakes 



Let’s count slipped blocks 
on two-dimension model! 

 



 

Co-Slipped blocks and frequency 
on two dimensional model 

↓Peak? 



 

Time sequential slips of each block 
On one-dimensional model 

Another feature of this model is  
lateral shifts of the blocks 

Time 



 

http://earthquake.usgs.gov/earthquakes/eqarc
hives/year/1999/1999_08_17_ts.php 



 

A PC simulation of Spring-Block model 



PC Simulation  



 

Time 

Black: position 
Purple: force 
Green: force-friction 



 

PC simulation results 
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Conclusion 

• Three desktop toys are developed to 
inspire students for seismology. 

• These models show two aspects of 
earthquakes; simple and complicated. 

• Also the models are introducing two 
compensative approaches for nature; 
deterministic and stochastic;  

   linear and non-linear. 
• Our students fully enjoyed these 

demonstrations.  



Conclusions 

• All models can be made from DIY store 
materials. Also tools are easily assembled and 
can be used as a class room demonstration.  

• These toys are useful for students to learn a 
complicated earthquake process, by discussing 
the following themes; Are the occurrence of 
large earthquakes in a single fault system 
"random or periodic"? Why is the earthquake 
prediction so difficult? If can, which situation 
is physics able to describe an earthquake, 
“before or after”? 
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Thank you for your attention! 
    

Please come to my Poster:#PB06 
Low-Cost and Easy-Made Horizontal Seismometer with Arduino for 

Educational Use -Demonstration and Observation 

http://www.osaka-kyoiku.ac.jp/~yossi  
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