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Abstract 
 
We discuss three-dimensional uniform distribution and its property in a sphere; give a method of assessing 
the tactical and technical indices of cartridge ejection uniformity in some type of weapon systems. Mean-
while we obtain the test of generating function and the estimation of equivalent radius. The uniformity of 
distribution is tested and verified with ω2 test method on the basis of stochastic simulation example. 
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1. Introduction 
 
Uniform distribution is very important in the probability 
statistics, many scholars pay attention to it. The follow-
ing questions have been explored: the estimate of inter-
val length about uniform distribution in [a,b] [1,2], the 
estimate of regional area about two dimension uniform 
distribution in a rectangle [3], the estimate of cuboid 
volume about three dimension uniform distribution [4], 
the estimate of regional area about two-dimensional uni-
form distribution in a circle [5,6], estimate of radius on 
three-dimensional uniform distribution in a sphere [7]. In 
addition, many scholars get useful test statistics and limit 
theorems [8-12]. In this paper, basing on some articles 
[13-18], according to t the indices of cartridge ejection 
uniformity in some type of weapon systems, we give the 
test of generating function and the estimation of equiva-
lent radius by simulation example. 

Definition 1 [7]. If ( , , )X Y Z  is three-dimensional 
continuous random variable, its probability density func-
tion is 

3
0

3 , ( , , )
4π( , , )

0 ( , , )

,

.

x y z G
Rf x y z

x y z G

  
 

       (1.1) 

where  2 2 2 2
0 0( , , ) , 0G x y z x y z R R     , then we 

call that ( , , )X Y Z  obeys uniform distribution in 

 2 2 2 2
0( , , )G x y z x y z R   



, recorded as (X,Y,Z)~U(G). 

Give a transformation  

0

sin cos

sin sin (0 ,0 π,0 2π)

cos

x r

y r r R

z r

 
   



      
 

(1.2) 

The probability density function of three-dimensional 
r.v. ( , , )R    is 
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Jacobi determinant of the transformation (1.2), and 
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Therefore the probability density function of ( , , )R    
is 

2

03
0

3 sin
, 0 ,0 π,0 2π

( , , ) 4π

0, otherwise

r
r R

h r R

  
 


      




 

(1.5) 

Theorem 1. If the marginal density functions of  
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Proof. According to (1.5) and the definition of mar-
ginal density function, we have 
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Corollary 1 [7]. If r.v. ( , , )R    is defined by (1.5), 
then three  are independent each other. r.v. , ,R  

Corollary 2. If is defined by (1.5), the 
marginal distribution function of about 

 are 

r.v.

1 2( ), H

( , , )R  

3( ), ( )H
r.v. ( , , )R  

, ,R   H r   , then 

3

1 03
0

0

0, 0

( ) , 0

1,

r

r
H r r

R

r R



  

 

R , 

      2

0, 0

1
( ) (1 cos ), 0 π

2
1, π

H



 




   




 , 

3

0, 0

( ) , 0 2π
2π
1, 2π

H


 




  




. 

Proof. According to theorem 1, we can get it easily. 
Corollary 3. If ( )E R  , 2( )Var R  , then the 

probability of cartridges falling into a ball with radius 
  is about 42.2%, and the probability of cartridges fal-
ling into a sphere with radius    is about 84.0%. 

Proof. By the definition of Mathematical expectation, 
we have 
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then the probability of cartridges falling into a sphere 
with radius    is about 
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2. Test of Generating Distribution Function 
 
Usually there are 2  test method, 2  test method and 
Cole Moge Rove test method (K test method) [17] to test 
distribution function. Here, we use 2  test method, we 
want to know the sub-sample is uniform distribution or 
not. Because the locations of any cartridges are ascer-
tained by three-dimensional , so we should r.v. ( , , )R
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is Smirnov distribution. For the given confidence level  , 
according to the Table 10 in [17], we obtain the boundary 
value z  of 2n , in which 2(P n )z  . Then 
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3. Estimation of Equivalent Radius 
 
On the supposition that N is the number of cartridges 
from a shrapnel, n is the actual observed number of car-
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Based on Formula (3.4), if N is large enough, 
,  becomes small enough. In order to 

ss of above methods, we 
some type of weapon 
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n N

le size 
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p is nough. 
 
4. Stochastic Simulation 
 
In order to verify the correctne

ive a simulation example. For g
systems, assuming the tactical technical requirements, 
the cartridges from single shrapnel should be more 
evenly scattered in a ball with equivalent radius (120 ± 
20) m, launching a shrapnel, the number of cartridges is 
N = 400, measuring the coordinates of one hundred car-
tridges near the dispersion centre (n = 100), they were 
produced by computer simulation basing on uniform 
requirements in a sphere, i.e. ( , , )r    were produced 
by stochastic simulation according to the following for-
mulas  
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:100 
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random 
), coor-produced by stochastic simulation in

dinates idg  bel nd the MAT-
LAB program as below, 
>> clear 
for k=1:100 

nd(1,3);     r=ra
        x=60
        y=acos(-
        z=2*pi*r(3); 
[x, y, z] 
 end 
>>clear 

1:10for k=
a=(x^2-(
b=(y^2/3600-
c=(z^2/3600-((2*k-1)/200)
[a, b, c] 
end  
 

ar >> cle
or k=1f

s=1/1200+
u=1/1200+su
v=1/1200+sum(c); 
[s u v] 
End 
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Table 1. Polar coordinates points of fall for cartridges. 
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