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ABSTRACT 
The aim of this paper is to consider the best strategy of motion, in the rain. In this paper, not only we considered the motion 
of object with standing vertically on the ground, but also we measured the motion of object, with angle too. Here we will 
show, whether the optimal speed-angle exists in any angle or in any speed, or not. If it is exists, then we can find the optimal 
speed or the optimal angle. We also find out the crucial factor for the optimal speed. A very clear solution of this problem is 
the result of using six variables in rectangle and ellipsoidal model. Moreover, here an interesting result, in comparison 
between motion of object in the same time and same distance, will appear. The motion of object considered in two and three 
dimensional coordinate system for rectangle and ellipsoid models. The discussed model also is applicable for other fields. 
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INTRODUCTION 

Till now there have been many articles about this problem. 

They approached by various methods to solve this problem. 

But some methods that previous authors used are difficult to 

understand and between those articles there were 

disagreements. Let us look at those papers. A long time ago 
some authors considered that it rains vertically and another 

author considered the angle and the speed of the rain. Their 

conclusion is that when it rains from behind, the best strategy 

is to move as the same speed of the rain. And other scientists 

ran in the rain and measured the amount of rain on their 

clothes. And they said that if they run, they will get less wet, 

approximately 40%, than if they walked, claiming that the 

best strategy is running. An author (Bailey, 2002) took into 

consideration that the rain falls from the side by using 

rectangular parallelepiped model and he said that the optimal 

speed has relevance to the body size. The fatty body should 
move as fast as possible and the slim body should move as 

the horizontal speed. Lately an author (Ehrmann & 

Blachowicz, 2011) took into consideration the cylinder body, 

and said that the top speed of running is not the best option. 

And another author (Hailman & Torrents, 2009) used the 

ellipse body, saying that the optimal speed of the ellipse body 

is not the horizontal speed of the rain like the rectangle 

model. Those authors used the models that move standing 

vertically to the ground, and the latest author (Bocci, 2012) 

used the slanted plane and vertical cylinder model.  He said 

that the optimal speed can exist when it rains from ahead. 

The size of the raindrop can influence the optimal speed. And 

in the minimum value the optimal speed is the same 

irrespective to the body type.  But the dispute about this 
problem has not ended yet. The conclusions above still have 

controversial things even though most of them are correct. 

The reason why this argument still goes on, I think it is 

because up to now there has not been the definite equation 

that will explain all the conclusions at the same time. Till 

now the focus of the dispute is “should we run or walk in the 

rain” and wanted to find the formula that would explain the 

relative value. But now we need the equation that can be 

applied not only “in the rain” but that can be applied in 

another field too. The target of this article is not only to find 

the equation that will show the solution “should we walk or 
run in the rain”, but also find the exact amount of the rain or 

the amount of the particle in another field. If we find the 

equation, I am carefully sure that there would be no longer in 

existence of the debate of this problem. At least we can reach 

the final conclusion of this problem. And by analysing those 

equations, we can check the new information that the 

previous authors didn‟t find. We will use two kinds of 

models: rectangle and ellipse (this article will show the 

equation of the cylinder model too). And we will compare the 

mailto:atraxis@naver.com


IJFPS, Vol. 2, No.4, pp.64-71 , Dec, 2012 S. Seo 

 

65 

 

two-dimensional models and three-dimensional models 

(when it rains from the side). Some authors have a doubt that, 

how it would be if we move in the same time instead of in the 

same distance? If the best strategy would be the same that of, 

when we have move in the same time?  

Here we consider two cases, when the object is moves; its 

angle will change, so we can check the optimal speed in any 

angle. This paper will present some methods to find the 

equation but all of them are made by the same line. We will 

use the new method that is clear and simpler.  

TERMS AND ASSUMPTIONS  

Before resolving the questions, let us define some terms 

and make assumptions. 

 
Figure.1 Terms 
 

Here we supposed, Qd is the relative amount of rain that 

will hit the object when it moves in the unit of distance. Qt1 

is relative amount of rain that will hit the object when it 
moves in the unit time. Qt2 is defined as the relative amount 

of rain that will hit the object when it moves in the time (1/
𝑚). Qt2 is for comparing to the value of Qd. Also 𝑥, is the 

height of the object, 𝑦 is the width of the object, 𝑎 is the 

angle of the object to the ground (+, to the direction of the 

movement of the object) 𝑏 is defined as angle of the rain to 

the ground (+, to the direction of the movement of the object) 

𝑛 is the speed of the object and  𝑚 is the speed of the rain. 
This is important to mention that the terms, cross wind, head 

wind and tail wind, will not be used. If we use these terms, 

then it makes the problem more complicate. The movement 

of some object will not be affected by the wind. Also 

assumed, that the speed of the rain and the speed of the object 

cannot be zero at the same time, because at least one of them 

should move to make a problem. 

 

 
Figure.2 Assumption and the main idea. 

 

We do not need to suppose that the rain is regularly in the 

space, but we have to suppose that the direction of the 

raindrops is the same and they are enough to be distributed 

equally in the space. 

RELATIVE AMOUNT OF RAIN 

We consider the rain region (the raindrops in the region 

which hit the object) as Q. We will find the area of the rain 

region when it moves in straight and in unit distance AB. 

only consider the value Q here. By knowing Q and some 

other values such as, average number of the raindrops in unit 

area and volume of the raindrop, the distance or the time of 

motion and so on, we are able to calculate the total raindrops 

or the total amount of the rain that will wet the object. The 
total (average) amount of rain, which will wet the object, is 

supposed be as Qd multiplied with distance and number of 

the rain in unit area multiplied by the volume of each 

raindrop. On some occasions, the result can be very different 

according to how we think about it. In an extreme case, when 

it rains directly from behind (𝑏 = 180). 

 Case 1: The existence of the object influences the rain 

before the object starts to move, that is the raindrops are not 

enough to be distributed equally in the space when it starts to 

move. There are no raindrops in front of it, so when it moves 

faster than rain, it will not get wet.  
Case 2: The existence of the object does not influence the 

rain before the object starts to move, that is the raindrops are 

enough to be distributed equally in the space when it starts to 

move. There are raindrops in front of it, so when it moves 

faster than the rain, then it will get wet.  

The difference of these two cases (influence or not) are big, 

if rains from behind but the object moves fast enough to get 

wet the front side of the object. But the other case (the angle 

of the rain is not big or the object moves slowly compare to 

the rain), even if the existence of the object affects the rain 

before it starts to move, the difference is zero or the 
difference is very small enough to ignore it, especially it 

moves enough distance. But to make it clear, we should 

suppose that the existence of the object before it starts to 

move does not affect the rain. In other words the raindrops 

are enough to be distributed equally on the space when it 

starts to move. In the Fig (2), the two parallel lines in the sky 

are made by the ratio of the speed of the rain and the object. 

When the object moves the distance 1, the ratio will 

be 1: (𝑚/𝑛). This ratio is very important in this article. 

Because by using this ratio, we will solve the problem. 

THE DIRECTION OF RAIN AND THE WETTING 

PARTS OF THE OBJECT 

First let us think that it rains from ahead. The location of 

the object in the sky is determined by the ratio of the speed of 

the rain and the object. When the object moves slowly 

compared with the rain, for example the speed of the object is 

120m/s and the speed of the rain is 13.451 × 1021  m/s, and 

then  𝑚/𝑛  will be nearly infinite and it will get wet 

infinitely. On the contrary to this, the object moves very fast 

compared with the rain, for example the speed of the object is 

0.00000342 m/s and the speed of the rain is 485.2123 ×
10−23   m/s, therefore  𝑚/𝑛  will be nearly zero and only the 
raindrops that are in front of the object will wet the object. 
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Figure.3 When it rains from ahead 

 

Assume the speed of the rain is constant (m ≠ 0), as the 

speed of the object increases, the (𝑚/𝑛) will be gradually 

smaller. And the wetting part of the object will change 

depending on its speed. As the speed of the object increases, 

the wetting part will change like follows: 
1. The object moves leaning forward his body: 

  (back +upper) (upper)upper+front 

2. The object moves laying back his body: 

  (upper+front)(front)front+base 

 

 

 
Figure.4 When it rains from behind 
 

When it rains from behind, we can consider it as the same 

way when it rains from ahead. But the changing of the 

wetting parts is a little more complicated. As the speed of the 

object increases, the wetting part will change as follows: 

1. The object moves leaning forward his body:  

(base+back)(back)back+upperupperupper+front  

2. The object moves laying back his body: 

(back+upper)(upper)upper+frontfrontfront+base 

 

 
Figure.5 The movement of the rain and the object. When the rain 

hits only upper side 

And some people may ask how the object gets wet only 

upper side when it rains from behind. The wetting part will 

be determined by the ratio between the speed of the rain and 

the object. The Fig (5), shows that it gets wet only upper side.  

THE METHOD TO FIND Qd 

Now let us find the Qd. The way to find Qd is various. 

When I made this article, I thought many ways and I found 

that the easiest method is to use vector (at least to me). 

 

 
Figure.6 The method to find Qd  
 

First find the length of the object that is projected to the 

vector4 and then multiply it by the distance of the two 

figures. That is Qd. Another method is to use the length of 

base of the parallelogram, 𝑄𝑑 = 𝑅 𝑠𝑖𝑛 𝑏. For the first time 

when I made this article, I used this method. This approach is 

a little hard to find the equation but it‟s easier to understand 

the principal.  

 

 
Figure.7 Another method to find, 𝑄𝑑 = 𝑅𝑠𝑖𝑛𝑏 (R=the length of 

base of the parallelogram) 

 

 

 
Figure.8 𝑄𝑑 = 𝑅𝑠𝑖𝑛𝑏 
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Figure.9 The way to find R 

 

By any method, we can find Qd as follow. 

0 ≤ a ≤ 360, 0 ≤ b ≤ 360,  0 ≤ n, m ,  
 0 < x , y, 𝑚 and 𝑛 cannot be 0 at the same time 

 

𝑄𝑑 =   𝑠𝑖𝑛 𝑎 +
𝑚

𝑛
𝑠𝑖𝑛 𝑎 − 𝑏  𝑥 +  𝑐𝑜𝑠 𝑎 +

𝑚

𝑛
𝑐𝑜𝑠 𝑎 − 𝑏  𝑦 

         (1) 

This equation can be divided into four by the wetting part 

of the object.  

 

1. Upper and (or) front  

𝑄𝑑 =
𝑚

𝑛
 𝑥 𝑠𝑖𝑛 𝑎 − 𝑏 +  𝑦𝑐𝑜𝑠 𝑎 − 𝑏  + (𝑥 𝑠𝑖𝑛𝑎 + 𝑦𝑐𝑜𝑠 𝑎) 

        (2) 

2. Upper and (or) base  

𝑄𝑑 =
𝑚

𝑛
 𝑥 𝑠𝑖𝑛 𝑎 − 𝑏 −  𝑦𝑐𝑜𝑠 𝑎 − 𝑏  + (𝑥 𝑠𝑖𝑛𝑎 − 𝑦 𝑐𝑜𝑠 𝑎) 

       (3) 

3. Back and (or) upper  

𝑄𝑑 =
𝑚

𝑛
 −𝑥 𝑠𝑖𝑛 𝑎 − 𝑏 +  𝑦 𝑐𝑜𝑠 𝑎 − 𝑏  − (𝑥 𝑠𝑖𝑛𝑎 − 𝑦 𝑐𝑜𝑠 𝑎) 

       (4) 

4. Back and (or) base  

𝑄𝑑 =
𝑚

𝑛
 −𝑥 𝑠𝑖𝑛 𝑎 − 𝑏 − 𝑦 𝑐𝑜𝑠 𝑎 − 𝑏  − (𝑥 𝑠𝑖𝑛𝑎 + 𝑦 𝑐𝑜𝑠 𝑎) 

       (5) 

Remember that Qd is the relative amount of rain that will 

hit the object when it moves unit distance 1. When the object 
moves in the time 1 with the speed n, it will move distance n. 

 

Qt1= 𝑄𝑑 × 𝑛 (When the object moves in the unit time) 
𝑄𝑡1 =   𝑛 𝑠𝑖𝑛𝑎 + 𝑚 𝑠𝑖𝑛 𝑎 − 𝑏  𝑥 +  𝑛 𝑐𝑜𝑠 𝑎 + 𝑚 𝑐𝑜𝑠 𝑎 − 𝑏  𝑦 

       (6) 

 

𝑄𝑡2 =
𝑸𝒕𝟏

𝒎
 (when it moves in the time 1/m)  

𝑄𝑡2 =    
𝑛

𝑚
 𝑠𝑖𝑛𝑎 + 𝑠𝑖𝑛 𝑎 − 𝑏  𝑥 +   

𝑛

𝑚
 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝑎 − 𝑏  𝑦 

      (7) 

 

 
Figure.10 Test by Excel. x=1.7m, y= 0.5m,  m=8m/s,  b=170 , in 

the same distance 1 

 

 
Figure.11 Test by Excel. x=1.7m, y= 0.5m, m=8m/s,  b=170 , in 

the same time 1/8 second 

ANALYSIS OF THE EQUATIONS 

Now let us analyse the equations. Fig (10) and Fig (11), 

show the most important things about the equations and the 

figures below are made by assuming that the speed of the rain 

is not zero and the height is longer than the width and also the 

object changes its angle until 𝑎 = 90. 

 
Figure.12 The conclusion: When the object has to move in the 

same distance 
 

In the Fig (10), we can observe how the body size 

determines if it exists the optimal speed-angle or not. As the 

object is thinner, the optimal speed-angle region is gradually 
bigger. In the region „no optimal speed-angle‟, it should 

move as fast as possible to get less wet. But when the speed 

of the object reaches a certain value, however it moves fast 

the difference is not so big. When it rains from ahead, the 

optimal speed-angle exists when the object gets wet only 

upper side. In a given condition (the angle and the speed of 

the rain), the best strategy (the least value of Q) is to run as 

fast as possible like the speed of light (to be exact, move very 

faster than the speed of the rain. For example, when the speed 

of the rain is 6.786 × 10−21m/s, it does not need to move 
with the speed of light).When it rains from behind and the 

object moves standing vertically to the ground, the optimal 

speed is the horizontal speed of the rain. When the optimal 

speed-angle exists, the optimal speed is 𝑛 = −𝑚
𝑠𝑖𝑛  𝑎−𝑏 

𝑠𝑖𝑛 𝑎
 

(upper side) or 𝑛 = −𝑚
𝑐𝑜𝑠  𝑎−𝑏 

𝑐𝑜𝑠 𝑎
 (back side). 

When the raindrops hit the object only the back side, the 

optimal speed-angle can exist if the object is very thin and the 

angle of the rain is very big. And we can know that the 

existence of the optimal speed-angle is affected by the body 

size (the ratio of the height and the width). But the value of 

the optimal speed or the optimal angle itself has nothing to do 

with the body size. (An author claimed that the drop size 

influences the optimal speed. That is true, because he 
supposed that originally the raindrop falls vertically with its 

own speed and the wind (head, tail and cross) influences the 

direction of raindrop. The effect of the wind to the drop is 

determined by the drop size. But such approach makes this 

problem more complicate one. When we do the real test (a 
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man runs in the rain),it is more easy and simple to measure 

only the angle and the speed of the rain than we measure the 

drop size and then calculate the effect of the wind to the 

speed of the rain. The advantage of the approach on this 

article is that we just need to consider the angle and the speed 

of rain). In the given condition (the angle and the speed of the 

rain), the minimum value of Qd is  𝑦 𝑠𝑖𝑛 𝑏, when  𝑏 − 𝑎 =
90, 𝑛 = − 1/ 𝑐𝑜𝑠 𝑏  (It‟s very good idea to check it by 

drawing on the paper). When 𝑎 = 𝑏 − 𝑡𝑎𝑛−1(𝑦/𝑥) or  

𝑎 = 𝑏 + 𝑡𝑎𝑛−1(𝑦/𝑥) − 180, it exists the range of n (the 

speed of the object), in that range, Qd is constant. 
 

 
Figure.13 The conclusion: When the object has to move in the 

same time 
 

Now let us think the object has to move in the same time. 

When it rains from ahead, the existence of the optimal speed 

is determined by the body size (the ratio between the height 

and the width). When  𝑡𝑎𝑛−1(𝑦/𝑥) ≤ 𝑎 ≤ 𝑏, the optimal 
speed-angle exists. When the object is in the optimal speed-

angle region, the optimal speed is  𝑛 = −𝑚 sin 𝑎 − 𝑏  /
(𝑠𝑖𝑛𝑎) (upper side). Now, we consider the rains come 

from behind. In this case, the optimal speed-angle 

region can be divided into two cases. 
1. When  𝑡𝑎𝑛−1(𝑦/𝑥) ≤ 𝑎.  In this case the optimal speed 

angle exists when the rain hits the object only upper side.The 

optimal speed is  𝑛 = −𝑚(sin⁡(𝑎 − 𝑏)/ sin 𝑎) 

2. When 0 ≤ 𝑎 ≤ 𝑡𝑎𝑛−1(𝑦/𝑥), 𝑎 ≤ 𝑏 − 90. In this case 

the optimal speed-angle exists when the rain hits the object 

only back side. The optimal speed is 𝑛 = −𝑚(cos⁡(𝑎 −
𝑏)/ cos 𝑎). When the object is thin, it will get more 

possibility of having the optimal speed-angle. When 𝑎 = 90 

and  𝑛 = −𝑚 𝑐𝑜𝑠 𝑏, it has minimum value  𝑄𝑡2 = 𝑦 𝑠𝑖𝑛 𝑏. In 

Fig (8), we see that, the values of optimal speed-angle are 

distributed symmetrically from the minimum point. And it 

also exists the range of the speed n, in that range, Q is 

constant when it satisfies 𝑎 = 𝑡𝑎𝑛−1(𝑦/𝑥)  and  𝑡𝑎𝑛−1(𝑦/
𝑥) ≤ 𝑏 ≤ 180. Now let us think another type of model.  

 

TWO-DIMENSIONAL ELLIPSE MODEL 

 

 
Figure.14 Ellipse model 

The equation can be found on the same principal of the 

rectangle model.  

𝑄𝑑 =   𝑠𝑖𝑛 𝑎 +
𝑚

𝑛
𝑠𝑖𝑛 𝑎 − 𝑏  

2

𝑥2 +  𝑐𝑜𝑠 𝑎 +
𝑚

𝑛
𝑐𝑜𝑠 𝑎 − 𝑏  

2

𝑦2 

      (8) 

 

 
𝑄𝑡1 =   𝑛 𝑠𝑖𝑛 𝑎 + 𝑚 𝑠𝑖𝑛 𝑎 − 𝑏  2𝑥2 +  𝑛 𝑐𝑜𝑠 𝑎 + 𝑚 𝑐𝑜𝑠 𝑎 − 𝑏  2𝑦2 

 
      

(9)
 

 

 

𝑄𝑡2 =   
𝑛

𝑚
 𝑠𝑖𝑛 𝑎 + 𝑠𝑖𝑛 𝑎 − 𝑏  

2

𝑥2 +  
𝑛

𝑚
𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝑎 − 𝑏  

2

𝑦2 

      (10) 

We don‟t need to divide these equations like a rectangle 

model. We will only analyse when it rains from behind. Let 

me leave another more detail analysis for you. 

 

 
Figure.15 Major axis x=1.7m, Minor axis y=0.5m, 

m=8m/s, b=120, in the same distance 1 

 

Let us look at the Fig (15). We can check that the optimal 
speed is different from the rectangle model. When a=90, it 

should move more fast than the horizontal speed of the rain. 

That is because the optimal speed is influenced by the size of 

the body. When the ellipse model is more similar to the 

round, the difference between the optimal speed and the 

horizontal speed of the rain is bigger. But when the length of 

the minor axis is the same of the width of rectangle model, 

they will have the same minimum value (when the direction 

of the rain is the same). In minimum value, the ellipse and the 

rectangle model have the same optimal speed. The optimal 

speed, by differentiating 

Qd,𝑛 = −𝑚
𝑥2 𝑠𝑖𝑛 2 𝑎−𝑏 +𝑦2 𝑐𝑜𝑠 2 𝑎−𝑏 

𝑥2 𝑠𝑖𝑛  𝑎−𝑏 𝑠𝑖𝑛 𝑎+𝑦2 𝑐𝑜𝑠  𝑎−𝑏 𝑐𝑜𝑠 𝑎
  

      (11) 

   

 

The minimum value exists in the one of the optimal speed-

angle. After we substitute the optimal speed to Qd and by 

using the arithmetic geometric mean, we can find the 

minimum value and the optimal speed. When  𝑏 − 𝑎 = 90 

and  𝑛 = −
m

𝑐𝑜𝑠 𝑏
, 𝑄𝑑 = 𝑦 𝑠𝑖𝑛 𝑏 (It rains from behind), Qd is 

minimum. The minimum value is only determined by the 

angle of the rain and the width (the width is shorter than the 

height), regardless of the body type. 

 

 
Figure.16 Major axis 𝑥 = 1.7m, Minor axis 𝑦 = 0.5m, 𝑚 =

8𝑚/s, 𝑏 = 120, in the same time 1/8 second 
 

http://endic.naver.com/enkrEntry.nhn?entryId=5eff6c14eff14a61abd32747a947360f&query=%EC%82%B0%EC%88%A0%EA%B8%B0%ED%95%98%ED%8F%89%EA%B7%A0
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And now let us think that the ellipse model has to move in 

the same time. Like the rectangle model, it has the minimum 

value when it moves standing vertically to the ground. And 

from the minimum value, the optimal speed-angle is 

distributed symmetrically making S form. Optimal speed, 

 

𝑛 = −𝑚
𝑥 2 𝑠𝑖𝑛 𝑎 𝑠𝑖𝑛  𝑎−𝑏 +𝑦2 𝑐𝑜𝑠 𝑎 𝑐𝑜𝑠  𝑎−𝑏 

𝑥 2 𝑠𝑖𝑛 2 𝑎+𝑦2 𝑐𝑜𝑠 2 𝑎
  (12) 

 

The minimum of Qd, when 𝑎 = 90 and 𝑛 = −𝑚 𝑐𝑜𝑠 𝑏, 

𝑄𝑑 = 𝑦 𝑠𝑖𝑛 𝑏 (it rains from behind) 

 

 
Figure.17 Understanding intuitively by the Fig (1) 

 

 

 
Figure.18 Understanding intuitively by the Fig (2) 

 

 

 

THREE-DIMENSIONAL MODELS (IT RAINS 

FROM THE SIDE) 

 

 
Figure 19 When it rains from side way (1) 

 

 
Figure.20 When it rains from side way (2) 

THREE-DIMENSIONAL RECTANGLE MODEL 

The equation of the three-dimensional rectangle model 

𝑄𝑑 = 𝑋𝑌  
𝑚

𝑛
 𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛 𝑎 + 𝑐𝑜𝑠 𝑎 + 𝑌𝑍  

𝑚

𝑛
𝑐𝑜𝑠 𝛼 

+ 𝑍𝑋  
𝑚

𝑛
 𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛 𝑎 − 𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 + 𝑠𝑖𝑛 𝑎  

      (13) 
𝑄𝑡1 = 𝑋𝑌 𝑚 𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛 𝑎 + 𝑛 𝑐𝑜𝑠 𝑎 + 𝑌𝑍 𝑚 𝑐𝑜𝑠 𝛼 +

𝑍𝑋 𝑚 𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛 𝑎 − 𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 + 𝑛 𝑠𝑖𝑛 𝑎   

        (14) 

𝑄𝑡2 = 𝑋𝑌   𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛 𝑎 +
𝑛

𝑚
 𝑐𝑜𝑠 𝑎 + 𝑌𝑍  𝑐𝑜𝑠 𝛼 

+ 𝑍𝑋   𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛 𝑎 − 𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 +
𝑛

𝑚
𝑠𝑖𝑛 𝑎  

      (15)

 Those equations also can be divided into four by the 

wetting parts. 

 

 
Figure.21 𝛼=68.61, 𝛽 = 150, 𝛿 =  70, 𝑋 = 1,𝑌 = 0,5 ,𝑍 = 1.7 

,m=8m/s, in the same distance 1 

 

Now the object has to move in the same distance. 

When  𝑎 = 90, the optimal speed is the horizontal speed of 

the rain, to the direction of the movement of the object. But 

from the minimum values, the values of the optimal speed are 

not symmetrically distributed. That is because of the effect of 

the raindrops that hit the side part of the object. In other 

words, the speed of the object affects the amount of rain that 

will wet the side part of body. It also have the range of the 

speed of object, in that range Qd is constant regardless the 

speed of object. When it rains sideway, the rectangle model 
also shows that the existence of the optimal speed-angle will 

be influenced by the size (ratio) of the body, but the optimal 

speed or optimal angle has nothing to do with the body size. 

Even though it is not marked the range of n that makes the 

value constant, it can exist. In the minimum value 𝑎 ≅ 30, 

optimal speed 𝑛 ≅ 11.670. 

 

 
Figure.22 𝛼 = 𝟔𝟖. 𝟔𝟏, 𝛽 =150, 𝛿 = 70, 𝑋 = 1, 𝑌 = 0.5, 

𝑍 = 1.7, 𝑚 = 8𝑚/𝑠, in the same time, 1/8 seconds 

 

Now the object has to move in the same time. When 𝑎 =
90, it has a minimum value. The values in the optimal speed-

angle are distributed symmetrically from the minimum value. 

That is because the speed of the object has nothing to do with 

the amount of rain that will hit the side part of object when it 

moves in the same time. The equation of the cylinder model 

can be made by the same principal (𝑋 is diameter and 𝑍 is 

height). 
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𝑄𝑑 =
1

4
𝜋𝑋2   

m

n
  𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛𝑎 + 𝑐𝑜𝑠 𝑎 + 

 

ZX  (m/n) 𝑐𝑜𝑠 𝛼 2 +  (m/n) 𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛 𝑎 − 𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 + 𝑠𝑖𝑛 𝑎 2 

      (16) 

THREE-DIMENSIONAL ELLIPSE MODEL 

In other to find the equation of the ellipse model, first we 

should find the orthogonal projection to the plane that is 

vertical to the vector 1. The orthogonal project to the plane 

that is vertical vector1 is ellipse. Line 1 and line 2, are the 

axes of the ellipse. So, the projected area =
1

4
𝜋 ×  𝐿𝑖𝑛𝑒1 ×

 𝐿𝑖𝑛𝑒2  

𝑄𝑑 =
1

4
𝜋 ×  𝐿𝑖𝑛𝑒1 ×  𝐿𝑖𝑛𝑒2 ×the distance between two 

figures. The length of Line1 is  𝑋2𝑐𝑜𝑠2𝜃1 + 𝑌2 𝑠𝑖𝑛2 𝜃1 . 

Where  𝜃1, is the angle between plane 𝐴 and 𝑦-axis. The 

figure that is cut three-dimensional ellipse by the Plane 𝐴 is 

two-dimensional ellipse. 𝐾 is the length of one of the axes of 

the ellipse.  

𝐾 =
𝑋2𝑌2 1+𝑡𝑎𝑛 2 𝜃1 

𝑋2+𝑌2 𝑡𝑎𝑛 2 𝜃1
   (17) 

The length Line2 =  𝑍2 𝑐𝑜𝑠2 𝜃2 + 𝐾2 𝑠𝑖𝑛2 𝜃2  and 𝜃2 is 

the angle between XY plane and vector1. The distance 

between two figures is 

  
m

n
𝑐𝑜𝑠 𝛼 

2
+  

𝑚

𝑛
𝑐𝑜𝑠 𝛽 + 1 

2
+  

𝑚

𝑛
𝑐𝑜𝑠 𝛿 

2
  (18) 

Then we can find the equation of the three-dimensional 

ellipse model. 

 

 

 

 

𝑄𝑑 =
1

4
𝜋 𝑋2𝑌2  

𝑚

𝑛
 𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛𝑎 + 𝑐𝑜𝑠 𝑎 

2

+ 𝑌2𝑍2  
𝑚

𝑛
𝑐𝑜𝑠 𝛼 

2

+ 𝑍2𝑋2  
𝑚

𝑛
 𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛𝑎 −𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 + 𝑠𝑖𝑛𝑎 

2

 

            (19) 
 

𝑄𝑡1 =
1

4
𝜋 𝑋2𝑌2 𝑚  𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛𝑎 + 𝑛 𝑐𝑜𝑠 𝑎 2 + 𝑌2𝑍2 𝑚 𝑐𝑜𝑠 𝛼 2 + 𝑍2𝑋2 𝑚  𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛𝑎 −𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 + 𝑛 𝑠𝑖𝑛𝑎 2 

            (20) 

 

𝑄𝑡2 =
1

4
𝜋 𝑋2𝑌2   𝑐𝑜𝑠𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛𝑎 +  

𝑛

𝑚
𝑐𝑜𝑠 𝑎 

2

+ 𝑌2𝑍2  
𝑛

𝑚
 𝑐𝑜𝑠 𝛼 

2

+ 𝑍2𝑋2    𝑐𝑜sβ sin a − cos δ cos a +
n

m
 sin a 

2

 

            (21) 

The optimal speed of Qd 

 

𝑛 = −𝑚
𝑋2𝑌2 𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛 𝑎 2 + 𝑌2𝑍2 𝑐𝑜𝑠 𝛼 2 + 𝑍2𝑋2 𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛 𝑎 − 𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 2

𝑋2𝑌2 𝑐𝑜𝑠 𝑎  𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛 𝑎 + 𝑍2𝑋2 𝑠𝑖𝑛 𝑎  𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛 𝑎 − 𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 
 

           (22) 

The optimal speed of Qd2 

 

𝑛 = −𝑚
𝑋2𝑌2 𝑐𝑜𝑠 𝑎 𝑐𝑜𝑠 𝛽 𝑐𝑜𝑠 𝑎 + 𝑐𝑜𝑠 𝛿 𝑠𝑖𝑛 𝑎 + 𝑍2𝑋2 𝑠𝑖𝑛 𝑎 𝑐𝑜𝑠 𝛽 𝑠𝑖𝑛 𝑎 − 𝑐𝑜𝑠 𝛿 𝑐𝑜𝑠 𝑎 

𝑋2𝑌2 𝑐𝑜𝑠2 𝑎 + 𝑍2𝑋2 𝑠𝑖𝑛2 𝑎
 

            (23) 
 

 

 
Figure.23  𝛼 = 68.61, 𝛽 = 150, 𝛿 =  70, X=1, Y=1, Z=1.7, 

m=8m/s, in the same distance 1 

 

Note: When 𝑎 = 30, 𝑛 = 11.608, Qd is not the minimum 

value of three-dimensional ellipse model. It has minimum 

value in the angle between  30 < 𝑎 < 35. It has different 

from the three-dimensional rectangular model even though 

the angle and speed of the rain is the same. And the two-

dimensional model has the same speed-angle in the minimum 

regardless of the body type as long as the angle and speed of 

the rain is same. 

 
Figure.24 𝛼 =68.61, 𝛽 =150, 𝛿 = 70,𝑋 = 1,𝑌 = 1, 𝑍 = 1.7, 

𝑚 = 8𝑚/𝑠, in the same time 1/8second 

 

Now it has to move in the same time. For  𝐴 = 90, it has 

minimum value, and in the minimum value, the optimal 

speed is the horizontal speed of the rain. From the minimum 
value, the values of the optimal speed-angles are distributed 

symmetrically shaping S.  
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RESULT 

In this work the equations between two-dimensional 

models and three-dimensional models are made with a rule. 

Moreover, the equation between the rectangle and ellipsoid 

model and their optimal speed also can be made by the rule. 

By rectangle model, we can find the range of the body‟s 

speed that makes the value of Qd constant. The equation of 

the rectangle model, are divided into four by the wetting part. 

The optimal speed of the rectangle model does not only exist 

when the rain hits only the shorter part of the body. The 

optimal speed of the ellipse model is different from the 
rectangle model. It‟s because of body size affects the optimal 

speed. The values in the optimal speed of two-dimensional 

rectangle are distributed symmetrically from the minimum 

value. But the values in the optimal speed of the three-

dimensional model (when it rains from the side) are not 

distributed from the minimum value. It‟s because the amount 

of the rain that hits side part of the body affects the value. 

The latest article said that the optimal speed in the minimum 

value is the same regardless of the body type, but that is not 

true. It can be only true in two-dimensional model (when it 

rains to the same direction of the path). When it moves in the 
same time, it should have another strategy. The ellipse and 

rectangle model have the minimum value when it moves 

standing vertically with the same horizontal speed of the rain. 

And the values in the optimal speed of the ellipse and 

rectangle model are distributed symmetrically from the 

minimum value.  

DISCUSSION  

The best strategy in the rain, considered here. It is 

interesting to compare the different results between the 

rectangle and ellipsoidal models, between two and three-

dimensional models; between same time and same distance. 

It is also interesting to check how the optimal speed-angle 
changes when the object changes his angle. Experiment and 

theoretical results may are different. By consider more 

variables such as, aerodynamic effect, the movement of the 

legs and the arms, the object can be more similar to the 

human body. If there is a big difference between the real and 

the theory, I think it‟s mainly because of the movement of the 

legs and the arms. When we run faster and wider then legs 

and arms move faster. It‟s a good idea to make an object 

which has jointed something similar to a pendulum. 

 

 
Figure.25 The ideal model 

 

This problem is not only for the best strategy in the rain. 

The object can be in the flow of particle or another field and 

by using the equations on this article, we can establish 

various strategy and we can calculate the number of the 

particles when the object moves in a certain distance or in a 

certain time. 

 

 
Figure.26 Apply to the another field 
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