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ABSTRACT 
Probability theory is an important mathematical branch to study the law of random phenomena. Its application widely 
exists in our life. As a typical random experiment of classical probability model, lottery is an excellent material for the 
study of probability theory. Similarly, the study of various probability problems in lottery can also guide the real lottery 
activities. This paper will explore the probability information hidden in the double chromosphere, one of the two state-
run lotteries, from the perspective of probability theory and answer the important question that many lottery people are 
concerned about—what is the specific odds of winning the lottery? Is it realistic to buy lottery tickets to get rich? Finally, 
the relevant conclusions are verified by publishing the data of double chromosphere lottery. 
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1. INTRODUCTION 

Lottery tickets are printed with numbers or graphics, 
purchased voluntarily by people, and can prove that the 
buyer has a written certificate to obtain rewards 
according to specific rules. It is an entertainment game of 
fair competition based on equal opportunities. Lottery 
tickets first appeared in ancient Rome 2000 years ago. 
The birth of China's welfare lottery can also be traced 
back to the period of economic reform in the 1980s[1]. 

The birth of lottery is accompanied by opportunity 
and uncertainty, which is precisely the important reason 
why lottery attracts countless people to participate. 
According to the Ministry of Finance of China, the total 
lottery sales in China reached 77.4 billion dollars and 
64.9 billion dollars respectively in 2018 and 2019. 
Although the lottery sales were influenced by COVID-19 
in 2020, it still reached 51.4 billion dollars. The main 
attraction of the lottery is that a person may become a 
millionaire just after spending only a few dollars[2]. As a 
result, an increasing number of people dream of getting 
rich by buying lottery tickets. But what are the specific 
odds of winning the lottery? Is it realistic to get rich by 
buying lottery tickets? Can we answer these questions 
within the scope of science? The answer is yes. 
Probability theory is an important subject to scientifically 
solve the problem of random phenomena. This paper will 

explore the probability information hidden in the double 
chromosphere, one of the two state-run lottery tickets, 
from the perspective of probability theory, and verify the 
results through public data. The second chapter explains 
the background knowledge used. The third chapter 
calculates the probability information of double 
chromosphere in detail. The fourth chapter verifies the 
probability calculation through the official public double 
chromosphere data. The fifth chapter is the conclusion of 
the paper. 

2. BACKGROUND 

2.1. Double Chromosphere 

The Double Chromosphere is one of the most popular 
playing ways of China Welfare Lottery. There is a group 
of red balls which contains 33 numbers and a group of 
blue ball which contains 16 numbers. Gamblers need to 
choose a number from 1 to 33 in the group of red balls 
and a number from 1 to 16 in the group of blue ball. Those 
six red ball numbers cannot repeat each other. Then, six 
red ball numbers and one blue ball number make up a 
single betting number. If the number you selected is the 
same as the winning number, you can win the prize. The 
order of the selected number can be different from the 
winning number. Each betting costs two yuan. See Table 
1 for specific winning rules[3]. 
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Table 1. Award distribution table 

Award level Wining conditions Award distribution 

Red ball Blue ball 

The first prize 6 winning 

numbers 

1 winning 

number 

When the prize pool fund is less than 100 million yuan, the 

total amount of the first prize award is 75% of the current 

high prize award and the sum of the accumulated funds in 

the prize pool. 

When the prize pool fund is equal or more than 100 million 

yuan, the total amount of the first prize includes two parts, 

one is 55% of the current high prize award and the sum of 

the accumulated funds in the prize pool. The other part is 

20% of the high prize of the current period. 

The minimum prize is equivalent to the second prize. The 

highest prize for single betting is 10 million yuan 

The second prize 6 winning 

numbers 

0 winning 

number 

The total amount of award is 25% of the current high prize. 

The maximum limit of single betting is 5 million yuan. 

The third prize 5 winning 

numbers 

1 winning 

number 

The award for single betting is fixed at 3000 yuan. 

The fourth prize 5 winning 

numbers 

0 winning 

number 

The award for single betting is fixed at 200 yuan. 

4 winning 

numbers 

1 winning 

number 

The fifth prize 4 winning 

numbers 

0 winning 

number 

The award for single betting is fixed at 10 yuan. 

3 winning 

numbers 

1 winning 

number 

The sixth prize 2 winning 

numbers 

1 winning 

number 

The award for single betting is fixed at 5 yuan. 

1 winning 

number 

1 winning 

number 

0 winning 

number 

1 winning 

number 

2.2. The classical probability 

If the probability model satisfies the following two 
conditions，it is called classical probability model: 

1) All events are equally likely. 

2) There are a finite number of basic events that can 
occur.  

The basic formula of classical probability is: 

𝑃ሺ𝐴ሻ ൌ
௙

௡
 （1） 

In fact, A is a specific event, n is the total number of 
basic events, f is the frequency of event a, and P (A) is 
the probability of event A. In the double chromosphere 
example, A can be set as the winning event, n is the 
number of all ball selection situations, and f is the number 
of all winning situations. P (A) represents the winning 
probability[4-5]. 
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3. PROBABILITY ANALYSIS 

3.1. Analysis of winning probability of double 
chromosphere 

Let N be the sample space of all possible ball 
selection of the double chromosphere. A is the winning 
event. A0, A2..., A6 is a complete event group of N 
(where a1-a6 represents the winning event from the first 
prize to the sixth prize, and A0 represents the non-
winning event). There are the following conclusions. 

A ൌ A1 ∪ A2 ∪ A3 ∪ A4 ∪ A5 ∪ A6 

N ൌ A0 ∪ A1 ∪ A2 ∪ A3 ∪ A4 ∪ A5 ∪ A6 

According to the combination formula: 

n ൌ Cଷଷ
଺ Cଵ଺

ଵ ൌ 17721088 

Then according to formula (1): 

First prize probability：PሺA1ሻ ൌ
୤ଵ

୬
ൌ

େల
లେమళ

బ େభ
భେభఱ

బ

େయయ
ల େభల

భ ൌ
ଵ

ଵ଻଻ଶଵ଴଼଼
 

Second prize probability ： PሺA2ሻ ൌ
୤ଶ

୬
ൌ

େల
లେమళ

బ େభ
బେభఱ

భ

େయయ
ల େభల

భ ൌ
ଵହ

ଵ଻଻ଶଵ଴଼଼
 

Third prize probability：PሺA3ሻ ൌ
୤ଷ

୬
ൌ

େల
ఱେమళ

భ େభ
భେభఱ

బ

େయయ
ల େభల

భ ൌ
ଵ଺ଶ

ଵ଻଻ଶଵ଴଼଼
 

Fourth prize probability ： PሺA4ሻ ൌ
୤ସ

୬
ൌ

େల
ఱେమళ

భ େభ
బେభఱ

భ ାେల
రେమళ

మ େభ
భେభఱ

బ

େయయ
ల େభల

భ ൌ
଻଺ଽହ

ଵ଻଻ଶଵ଴଼଼
 

Fifth prize probability ： PሺA5ሻ ൌ
୤ହ

୬
ൌ

େల
రେమళ

మ େభ
బେభఱ

భ ାେల
యେమళ

య େభ
భେభఱ

బ

େయయ
ల େభల

భ ൌ
ଵଷ଻ସ଻ହ

ଵ଻଻ଶଵ଴଼଼
 

Sixth prize probability ： PሺA6ሻ ൌ
୤଺

୬
ൌ

େల
మେమళ

ర େభ
భେభఱ

బ ାେల
భେమళ

ఱ େభ
భେభఱ

బ ାେల
బେమళ

ల େభ
భେభఱ

బ

େయయ
ల େభల

భ ൌ
ଵ଴ସଷ଺ସ଴

ଵ଻଻ଶଵ଴଼଼
 

∵A1, A2,..., a7 belong to the same complete event 
group and are independent of each other 

∴according to the formula of probability addition: 

 PሺA ∪ Bሻ ൌ PሺAሻ ൅ PሺBሻ െ PሺABሻ             （2） 

Total winning probability: 

PሺAሻ ൌ PሺA1ሻ ൅  PሺA2ሻ ൅  PሺA3ሻ ൅  PሺA4ሻ ൅  PሺA5ሻ

൅  PሺA6ሻ ൌ
1188988

17721088
ൎ 6.71% 

As can be seen from the above formula, even the 
probability of winning the lottery is very small, let alone 
the probability of winning the first prize. But even if the 
extremely low probability of one in ten million still can 
not stop people's dream of winning the prize. More 
people buy lottery tickets for a long time in the hope that 

they can get paid. Next, we will analyze from the 
perspective of probability how long to buy the lottery 
before we have a chance to win the first prize. 

3.2. The number of times you need to buy a 
double chromosphere to win a grand prize 

Let X1, X2, X3..., Xn be independent and identically 
distributed random variables, indicating the probability 
of winning the first prize when buying a lottery. The 
probability distribution of Xi is shown in the table below. 

Table 2.  Probability distribution of random variables of 
first prize in each lottery 

xi 0 1 

p 17721087
17721088

 
1

17721088
 

Where 0 and 1 represent not winning the first prize 
and winning the first prize respectively. 

Let the random variable X ൌ ∑ Xi୬
୧ୀଵ  indicates the 

number of times to win the first prize when buying n 
lottery tickets. X obeys binomial distribution, i.e. 

X~B（n, p）, where p ൌ
ଵ

ଵ଻଻ଶଵ଴଼଼
. 

Assuming that the probability of winning the grand 
prize is greater than 90%, PሺX ൐ൌ 1ሻ ൐ 90% is required. 
According to the binomial distribution probability 
function. 

 pሺk, n, pሻ ൌ C୬
୩p୩ሺ1 െ pሻ୬ି୩         （3） 

∵p=
ଵ

ଵ଻଻ଶଵ଴଼଼
，PሺX ൐ൌ 1ሻ ൌ ∑ C୬

୧ p୧ሺ1 െ pሻ୬ି୧୬
୧ୀଵ  

∴Required calculation∑ C୬
୧ p୧ሺ1 െ pሻ୬ି୧ ൐ 90%୬

୧ୀଵ ，
as well as ሺ1 െ pሻ୬ ൏ 10% 

∴get n>=40804312 

If you want to win the lottery, the probability of 
winning the lottery is greater than 90%. If each lottery 
ticket is random, you should buy at least 40804312. If you 
buy lottery tickets for 50 years, the number of drawing 

lottery per year is 156 times. Then buy at least 
ସ଴଼଴ସଷଵଶ

ହ଴ൈଵହ଺
ൎ

5232 each lottery. 

In the case of buying only one note in each issue, if 
you insist on buying the lottery for 50 years, the 
probability of winning the first prize is 

n=50*156=7800, PሺX ൐ൌ 1ሻ ൌ ∑ C଻଼଴଴
୧ p୧ሺ1 െ଻଼଴଴

୧ୀଵ
pሻ଻଼଴଴ି୧=0.044% 

It can be seen that whether you want to win the first 
prize one time or insist on buying the lottery to win the 
first prize, it is very difficult. So what is the possibility of 
not pursuing the first prize but making profits through the 
double chromosphere lottery? 
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3.3. Double chromosphere revenue expectation Let Y represent the random variable of profit when 
buying a lottery ticket, and the probability distribution of 
Yi is shown in the table below. 

Table 3. Probability distribution of random variables of lottery profit per lottery ticket 

𝑦௜ 0 6641037 143799 3000 200 10 5 

p 16532100
17721088

 
1

17721088
 

15
17721088

 
162

17721088
 

7695
17721088

 
137475

17721088
 

1043640
17721088

 

Among them, the first prize and the second prize are 
floating bonuses, so the average value of each profit 
period from 17 years to now is calculated by point 
estimation as the profit expectation. The first prize is 
6641037 and the second prize is 143799.According to the 
expectation formula 

 EሺXሻ ൌ ∑ x୧p୧
∞
୧ୀଵ              （4） 

EሺYሻ ൌ ෍ y୧p୧

଺

୧ୀ଴

 

ൌ 0 ൈ
16532100
17721088

൅ 6641037 ൈ
1

17721088

൅ 143799 ൈ
15

17721088

൅ 3000 ൈ
162

17721088
 

൅200 ൈ
7695

17721088
൅ 10 ൈ

137475
17721088

൅ 5 ൈ
1043640

17721088
ൌ

17415972
17721088

 

ൎ 0.983 

The expected profit of each lottery ticket is 0.983 
yuan, while it takes 2 yuan to buy a lottery ticket. The 
expected rate of profit is 

0.983
2

ൌ 49.1% 

4. DATA VALIDATION 

4.1. Classical probability verification 

The author collected the data of 17001-22029 double 
chromosphere lottery from 17 to 22 years[6], and 
collected the number of prize numbers. The results are 
shown in Figure 1 and Figure 2. 

Although the occurrence frequency of each number is 
not exactly the same, it is relatively similar on the whole. 
The assumption that double chromosphere is a classical 
probability model with equal probability of each basic 
event is credible. 

 

 
Figure 1 frequency of occurrence of red ball numbers of double chromosphere in phase 17001-22029 
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Figure 2 frequency of occurrence of green ball numbers of double chromosphere in phase 17001-22029 

4.2. verification of winning probability 

The author collected the lottery data of 17001-22029 
double chromosphere from 17 to 22 years to verify the 
winning probability. According to the data, the sales 
volume in five years was 277640252354.00 yuan, 
including 13882012677 lottery tickets of double 
chromosphere, including 7687 tickets of the first prize. 

The probability of winning the first prize is: 
଻଺଼଻

ଵଷ଼଼ଶ଴ଵଶ଺ଵ଻଻
≈0.000005537% 

It is very close to the theoretical first prize probability 

of  
ଵ

ଵ଻଻ଶଵ଴଼଼
ൎ 0.0000056% 

There are 120391 tickets for the second prize, and the 

probability of the second prize is 
ଵଶ଴ଷଽଵ

ଵଷ଼଼ଶ଴ଵଶ଺ଵ଻଻
≈

0.000088%. 

It is very close to the theoretical second prize 

probability of 
ଵହ

ଵ଻଻ଶଵ଴଼଼
ൎ 0.0000846%  calculated 

previously. 

In addition, the expected rate of return of 49.1% 
calculated in Section 3.3 is also consistent with 49% of 
the officially released sales as a bonus. 

5. CONCLUSION 

In this paper, we have made a detailed exploration of 
the double chromosphere game and its hidden probability 
information. Firstly, the double chromosphere purchase 
problem is modeled, combined with the classical 
probability, and the winning probability, rate of return, 
expected profit and so on are calculated in detail. Finally, 
the relevant probability calculation is verified by the 
official data. It comes to the conclusion that buying 
lottery tickets is a project with a very low winning 
probability and a very low rate of return[7-8]. As an 
entertainment,  we should not be too persistent in winning 
the lottery[9]. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/by-nc/4.0/), which permits any noncommercial use, sharing, adaptation, distribution
and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license and indicate if changes were made. 
     The images or other third party material in this chapter are included in the chapter s Creative Commons license, unless indicated
otherwise in a credit line to the material. If material is not included in the chapter s Creative Commons license and your intended use
is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright
holder. 
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