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Chapter 7 of the Jiuzhang Suanshu, also known as the "Nine Chapters on the Mathematical Art,"
introduces a variety of mathematical problems that laid the foundation for Chinese mathematics.
Among these, one particularly noteworthy problem involves the application of two linear equations
to solve a real-world scenario involving acres of land. This problem exemplifies the ancient Chinese
approach to algebra, demonstrating their ability to model complex problems systematically. In this
article, we delve into this specific problem, exploring its context, formulation, methods of solution,
and its significance within the history of mathematics.

Historical Context and Significance of the Jiuzhang
Suanshu

The Origins and Content of the Jiuzhang Suanshu

Compiled around the 2nd century BCE during the Han Dynasty.

Consists of nine chapters covering arithmetic, algebra, geometry, and more.

Known for introducing systematic methods of solving equations, including the use of matrices
and Gaussian elimination in later interpretations.

Mathematical Contributions and Innovations

Early use of negative numbers and zero.

Introduction of methods to solve linear and quadratic equations.



Application to practical problems such as land measurement, taxation, and commerce.

Understanding the Land Problem in Chapter 7

The Problem Statement

The problem typically involves determining the areas of two different plots of land based on given
relationships. A representative version might be stated as:

Suppose there are two plots of land, one measuring a certain number of acres, and the
other measuring a different number of acres. If the total combined area of the two plots
is known, and if a certain proportion or difference between them is given, what are the
individual areas of each plot?

Contextual Interpretation

This problem reflects practical concerns faced by landowners, surveyors, and administrators in
ancient China, where land measurement was essential for taxation, inheritance, and agricultural
planning. The need to determine individual plot sizes from aggregate data or proportional
relationships naturally led to the formulation of algebraic problems involving two variables and two
equations.

Formulating the Problem as a System of Two Linear
Equations

Defining Variables

Let x = the number of acres of the first plot.

Let y = the number of acres of the second plot.



Establishing Relationships and Equations

Based on the problem statement, two conditions typically emerge:

The total area of both plots is known: x + y = T, where T is the total acres.1.

The difference or ratio between the two plots is known: x - y = D or x = k y.2.

These lead to a system of two linear equations:

x + y = T
x - y = D

or, in the case of ratios:

x = k y
x + y = T

Methods of Solving the System of Equations in Ancient
China

The Method of Elimination

This approach involves adding or subtracting the equations to eliminate one variable, enabling the
straightforward solving of the other.

Example:

Given:

x + y = T
x - y = D

Adding both equations:



( x + y ) + ( x - y ) = T + D
2x = T + D
x = (T + D) / 2

Substituting back to find y:

y = T - x

The Method of Substitution

This involves solving one equation for one variable and substituting into the other. For example,
from x + y = T, solve for x:

x = T - y

Substitute into the second equation:

(T - y) - y = D
T - 2y = D
2y = T - D
y = (T - D) / 2

Implication of These Methods

The techniques resemble modern algebraic methods, indicating an advanced understanding of
linear systems.

Ancient Chinese mathematicians employed systematic procedures, including the use of
counting rods and diagrams, to solve these equations.

Practical Application and Example



Sample Problem

Suppose the total land area of two plots is 100 acres, and the difference between their sizes is 20
acres. Find the size of each plot.

Solution

Define variables:1.

x = acres of the larger plot

y = acres of the smaller plot

Set up equations:2.

x + y = 100

x - y = 20

Apply elimination:3.

x + y = 100
x - y = 20

Adding both equations:
2x = 120
x = 60

Substitute into first equation:
60 + y = 100
y = 40

Therefore, the larger plot is 60 acres, and the smaller is 40 acres.

Impact and Legacy of the Problem in Mathematical



Development

Advancement of Algebraic Thought

The problem exemplifies the early use of algebra for solving practical issues.

It reflects an understanding of solving simultaneous equations, a foundational concept in
algebra.

Influence on Later Mathematical Works

The methods outlined influenced subsequent Chinese mathematicians and were transmitted to
other cultures along the Silk Road.

They laid groundwork for the development of more advanced algebraic techniques in both
Eastern and Western mathematics.

Conclusion

The problem of two linear equations involving acres of land, as presented in Chapter 7 of the
Jiuzhang Suanshu, is a testament to the sophistication of ancient Chinese mathematics. It
demonstrates how practical problems—such as land measurement—can be elegantly translated into
algebraic systems and solved systematically. The methods employed mirror modern algebraic
techniques, illustrating that the conceptual and procedural foundations of algebra were well
established over two millennia ago in China. This problem not only reflects the ingenuity of ancient
Chinese mathematicians but also underscores the enduring importance of mathematical modeling in
solving real-world challenges.

Frequently Asked Questions

What is the main mathematical concept introduced in Chapter
7 of the Jiuzhang Suanshu?
Chapter 7 introduces the problem of solving two linear equations involving acres of land, illustrating
methods for simultaneous equations in ancient Chinese mathematics.



How does the problem of land measurement in Chapter 7
reflect practical applications?
The problem demonstrates how ancient mathematicians used algebraic techniques to solve real-
world issues like land division and resource allocation.

What method does the Jiuzhang Suanshu use to solve the two
linear equations in Chapter 7?
The text employs elimination and substitution methods, which are early forms of algebraic
manipulation to find the values of land areas involved.

Why is Chapter 7 significant in the history of mathematics?
It showcases one of the earliest known systematic approaches to solving simultaneous linear
equations, highlighting the advanced mathematical understanding of ancient China.

Can the problem in Chapter 7 be related to modern algebra?
Yes, the problem is essentially a system of two linear equations, a fundamental concept in modern
algebra, demonstrating the historical roots of this mathematical technique.

What are the educational benefits of studying Chapter 7's
problem today?
Studying this problem helps students appreciate the historical development of algebra, improve
problem-solving skills, and understand the practical origins of linear equations in real-world
contexts.

Additional Resources
Chapter 7 of the Jiuzhang Suanshu presents a remarkable glimpse into ancient Chinese
mathematical ingenuity, illustrating how early scholars approached complex real-world problems
through systematic reasoning. This chapter, renowned among historians and mathematicians alike,
centers on a problem involving two linear equations related to land measurement—specifically, acres
of land. Its significance lies not only in the problem’s practical implications but also in the elegant
methods employed to solve it, offering insight into the mathematical sophistication of the time.

---

Introduction to the Jiuzhang Suanshu and its Historical
Context



The Significance of the Jiuzhang Suanshu

The Jiuzhang Suanshu (translated as The Nine Chapters on the Mathematical Art) is a foundational
text in Chinese mathematics, dating back to the Han Dynasty (roughly 200 BCE to 200 CE). It is a
compilation of mathematical principles, problems, and solutions that served as the main
mathematical reference for centuries. Its influence extended beyond China, impacting mathematical
thought in East Asia and contributing to the development of algebra, geometry, and arithmetic.

Purpose and Structure of the Text

The Jiuzhang is organized into chapters, each focusing on specific types of problems—ranging from
basic arithmetic to more advanced algebraic concepts. The seventh chapter, where the land problem
appears, exemplifies applied mathematics, illustrating how theoretical principles could be employed
to solve practical issues faced by landowners, administrators, and engineers.

---

Overview of Chapter 7: The Land Measurement Problem

The Core Problem Explained

The problem presented in Chapter 7 involves determining the relationship between two plots of
land, given certain measurements and constraints. Specifically, it often involves:

- Two plots of land with known total areas.
- The relationship between their dimensions, such as length and width.
- The total combined area of the plots.
- Additional conditions, such as the difference in their sizes or the ratio of their lengths and widths.

A typical problem might be summarized as follows:

> A landowner possesses two adjacent plots of land. The total area of both plots is known, and the
difference between their areas is also specified. If the length of the first plot is twice its width, and
the second plot has a different known ratio, determine the individual areas of each plot.

This problem encapsulates the essence of solving simultaneous linear equations—finding two
unknown quantities based on given linear relationships.

Relevance of Linear Equations in Ancient Mathematics

Ancient Chinese mathematicians, as demonstrated in this chapter, employed algebraic thinking to
formulate and solve problems involving unknowns. The approach is remarkably similar to modern



algebraic methods, such as:

- Assigning variables to unknown quantities.
- Formulating equations based on problem conditions.
- Using elimination or substitution to solve the system.

The problem in Chapter 7 reflects an early understanding of systems of equations, predating formal
algebraic notation.

---

Detailed Explanation of the Problem and Its Solution

Mathematical Formulation of the Problem

Suppose we have two plots of land, with:

- Total combined area: \( A \)
- Difference in areas: \( D \)
- The first plot’s dimensions: length \( L_1 \), width \( W_1 \)
- The second plot’s dimensions: length \( L_2 \), width \( W_2 \)

Given that:

1. \( L_1 = 2W_1 \) (the first plot's length is twice its width)
2. The areas are \( A_1 = L_1 \times W_1 \) and \( A_2 = L_2 \times W_2 \)
3. The total area: \( A_1 + A_2 = A \)
4. The difference in areas: \( A_1 - A_2 = D \)

The goal is to find the individual areas \( A_1 \) and \( A_2 \).

---

Step-by-Step Solution Approach

1. Assign Variables:

Let’s denote:

- \( W_1 = x \)
- \( W_2 = y \)

From the problem statement:

- \( L_1 = 2x \)



- \( L_2 \) is unknown; for simplicity, assume \( L_2 = y \) (or set as \( L_2 \) with a known ratio if
specified)

2. Express Areas:

- \( A_1 = L_1 \times W_1 = 2x \times x = 2x^2 \)
- \( A_2 = L_2 \times y \)

Suppose the second plot’s length relates to its width similarly, or is given as \( L_2 = k \times y \),
where \( k \) is a known ratio.

3. Set Up Equations:

Using the total and difference:

\[
A_1 + A_2 = A \quad \Rightarrow \quad 2x^2 + L_2 \times y = A
\]
\[
A_1 - A_2 = D \quad \Rightarrow \quad 2x^2 - L_2 \times y = D
\]

Adding the two equations:

\[
(2x^2 + L_2 y) + (2x^2 - L_2 y) = A + D
\]
\[
4x^2 = A + D
\]
\[
x^2 = \frac{A + D}{4}
\]

Similarly, subtracting the second from the first:

\[
(2x^2 + L_2 y) - (2x^2 - L_2 y) = A - D
\]
\[
2L_2 y = A - D
\]
\[
L_2 y = \frac{A - D}{2}
\]

Given known values of \( A \) and \( D \), one can compute \( x \), then determine the individual areas.

4. Computing the Areas:

- \( A_1 = 2x^2 = \frac{A + D}{2} \)



- \( A_2 = A - A_1 = A - \frac{A + D}{2} = \frac{A - D}{2} \)

This elegant solution demonstrates how ancient Chinese mathematicians derived individual land
areas directly from total and difference measurements, without the need for symbolic algebra as we
understand today.

---

Implications and Significance of the Solution

Mathematical Innovation in Ancient China

The approach exemplified in Chapter 7 showcases an early mastery of algebraic reasoning. The fact
that mathematicians could set up and solve simultaneous equations directly from real-world contexts
underscores their advanced understanding. They employed methods akin to what modern
mathematicians recognize as elimination and substitution, forming a bridge between practical
problem-solving and abstract algebra.

Practical Utility and Societal Impact

Understanding land measurements was critical for land taxation, redistribution, and management.
Accurate calculations directly affected economic stability and governance. The capacity to resolve
land-related problems using systematic methods reflected a sophisticated administrative capacity
and contributed to the societal development of ancient China.

Influence on Later Mathematical Developments

The methods in Chapter 7 laid groundwork for more complex algebraic techniques. While formal
symbolic notation was not yet in use, the conceptual framework for solving systems of equations
persisted through Chinese mathematical tradition, influencing later generations and other cultures.

---

Modern Perspectives and Continuing Relevance

Historical Significance in Mathematical Evolution

The problem-solving techniques in Chapter 7 are recognized as some of the earliest instances of
algebraic thinking. They demonstrate that ancient Chinese scholars possessed a form of algebraic



reasoning that prefigured European algebra by centuries.

Educational and Pedagogical Value

Studying these problems offers valuable insights into the universality of mathematical reasoning.
They illustrate that complex problems can be tackled systematically, a lesson applicable even in
contemporary education.

Integration with Modern Mathematical Concepts

Although the notation and language differ, the core ideas align with modern linear algebra.
Understanding these historical methods enriches our appreciation of the development of
mathematical ideas and their enduring relevance.

---

Conclusion

Chapter 7 of the Jiuzhang Suanshu exemplifies the remarkable ingenuity of ancient Chinese
mathematicians in solving practical problems involving land measurement through the use of linear
equations. Their systematic approach, which closely resembles modern algebraic techniques,
highlights a sophisticated understanding of mathematics long before the formal development of
algebra as a symbolic discipline. This chapter not only reflects the practical needs of Chinese
society—such as land management and taxation—but also contributes significantly to the historical
narrative of mathematical evolution. Recognizing and studying these early methods enhances our
appreciation of the universality and timelessness of mathematical reasoning, bridging ancient
innovations with modern analytical techniques.
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