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As I created a step function by using division by zero calculus, I will show how to create it.
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As I created a step function by using division by zero calculus, I will show how to create it. 
 
𝑦𝑦(𝑥𝑥) = |𝑥𝑥| 
𝑦𝑦′(𝑥𝑥) =

|𝑥𝑥|
𝑥𝑥  

𝑦𝑦′(0) =
|0|
0 = 0 

This is well known as division by zero calculus. 
The step function is created by using above. 
 
𝑥𝑥, 𝑏𝑏 ∈ 𝑅𝑅 
𝑖𝑖, 𝑛𝑛 ∈ 𝑁𝑁 
1 ≤ 𝑖𝑖 ≤ 𝑛𝑛 
0 ≤ 𝑥𝑥 ≤ 𝑏𝑏 ,  𝑎𝑎𝑖𝑖 = 𝑖𝑖

𝑛𝑛 ∙ 𝑏𝑏 , 𝑎𝑎𝑛𝑛 = 𝑏𝑏 , 0 < 𝑏𝑏 

𝑓𝑓𝑖𝑖(𝑥𝑥) =
|𝑥𝑥 − 𝑎𝑎𝑖𝑖|
𝑥𝑥 − 𝑎𝑎𝑖𝑖

 
 
Regarding 𝑓𝑓𝑖𝑖(𝑥𝑥), 
for 0 ≤ 𝑥𝑥 < 𝑎𝑎𝑖𝑖 , 𝑓𝑓𝑖𝑖(𝑥𝑥) = −1. 
for 𝑥𝑥 = 𝑎𝑎𝑖𝑖 ,  𝑓𝑓𝑖𝑖(𝑎𝑎𝑖𝑖) = |𝑎𝑎𝑖𝑖−𝑎𝑎𝑖𝑖|

𝑎𝑎𝑖𝑖−𝑎𝑎𝑖𝑖
= |0|

0 = 0. 
for 𝑎𝑎𝑖𝑖 < 𝑥𝑥 ≤ 𝑏𝑏 , 𝑓𝑓𝑖𝑖(𝑥𝑥) = 1  𝑒𝑒𝑥𝑥𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑓𝑓𝑛𝑛(𝑥𝑥) . 
𝑓𝑓𝑛𝑛(𝑏𝑏) = 0. 
 
Setting 

𝑓𝑓(𝑥𝑥) = 𝑛𝑛 + ∑  𝑓𝑓𝑖𝑖(𝑥𝑥)
𝑛𝑛

𝑖𝑖=1
 , 

This is Uchida’s Step Function which has n steps. 
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This is well known as division by zero calculus.
The step function is created by using above.

Regarding fi (x),

Setting

This is Uchida’s Step Function, which has n steps.
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Setting  𝑦𝑦 = 𝑓𝑓(𝑥𝑥). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Therefore, 

𝑑𝑑𝑓𝑓(𝑥𝑥)
𝑑𝑑𝑥𝑥 = ∑

|𝑥𝑥 − 𝑎𝑎𝑖𝑖|
𝑥𝑥 − 𝑎𝑎𝑖𝑖

(𝑥𝑥 − 𝑎𝑎𝑖𝑖) − |𝑥𝑥 − 𝑎𝑎𝑖𝑖|
(𝑥𝑥 − 𝑎𝑎𝑖𝑖)2

𝑛𝑛

𝑖𝑖=1
= ∑

|𝑥𝑥 − 𝑎𝑎𝑖𝑖| − |𝑥𝑥 − 𝑎𝑎𝑖𝑖|
(𝑥𝑥 − 𝑎𝑎𝑖𝑖)2

𝑛𝑛

𝑖𝑖=1
= 0 

 

 𝒂𝒂𝟏𝟏      𝒂𝒂𝟐𝟐      𝒂𝒂𝟑𝟑       ⋯     𝒂𝒂𝒊𝒊   ⋯     
 

 

 

. 
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𝒀𝒀  

𝑿𝑿  𝟎𝟎  

44

𝑓𝑓(𝑎𝑎1) = 1 

𝑓𝑓(𝑎𝑎2) = 3 

𝑎𝑎𝑛𝑛 = 𝑏𝑏 
𝑓𝑓(𝑎𝑎𝑛𝑛) = 2𝑛𝑛 − 1 

𝒃𝒃  

𝑓𝑓(𝑎𝑎𝑛𝑛−1) = 2𝑛𝑛 − 3 
・・
・・
・・  

Step 2 

Step 3 

Step n 

Step 1 
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