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Introduction

Mathematics is an essential discipline that underpins countless scientific and engineering applications. From
solving differential equations to understanding trigonometric identities, mastering these concepts enhances
problem-solving skills and analytical thinking. In this article, we delve into two complex mathematical
problems: solving a differential equation and simplifying a trigonometric expression. These problems not
only bolster mathematical understanding but also demonstrate practical approaches to tackling diverse
mathematical challenges.

---

Part 1: Solving the Differential Equation (y + xy) Dx + (x - xy)
Dy = 0

Understanding the Differential Equation

The given differential equation is:

\[
(y + xy) \, dx + (x - xy) \, dy = 0
\]

This is a first-order differential equation, and the goal is to find the function \( y(x) \) that satisfies it. The
structure suggests it may be solvable through substitution or separation of variables.



Rearranging the Equation

Begin by rewriting the differential equation:

\[
(y + xy) \, dx + (x - xy) \, dy = 0
\]

Factor common terms:

\[
y(1 + x) \, dx + x(1 - y) \, dy = 0
\]

Alternatively, express it as:

\[
(1 + x) y \, dx + (1 - y) x \, dy = 0
\]

However, to facilitate solving, it's often helpful to write the equation in the form:

\[
M(x,y) \, dx + N(x,y) \, dy = 0
\]

where

\[
M(x,y) = y + xy, \quad N(x,y) = x - xy
\]

---

Determining the Method of Solution

Check if the equation is exact:

\[
\frac{\partial M}{\partial y} = 1 + x
\]



\[
\frac{\partial N}{\partial x} = 1 - y
\]

Since these are not equal (\(1 + x \neq 1 - y\)), the equation is not exact in its current form.

---

Applying Substitution

Notice that the terms \( xy \) appear in both \( M \) and \( N \). Let's attempt a substitution:

\[
t = xy
\]

then

\[
y = \frac{t}{x}
\]

Differentiate \( y \) with respect to \( x \):

\[
dy/dx = \frac{d}{dx} \left( \frac{t}{x} \right ) = \frac{t'}{x} - \frac{t}{x^2}
\]

But this approach might complicate matters. Alternatively, divide the entire equation by \( x \):

\[
\frac{(y + xy)}{x} dx + (x - xy) / x \, dy = 0
\]

which simplifies to:

\[
\left( \frac{y}{x} + y \right) dx + (1 - y) dy = 0
\]

Let’s define:



\[
v = \frac{y}{x}
\]

then

\[
y = v x
\]

and

\[
dy/dx = v + x \, dv/dx
\]

Substituting into the original equation:

\[
\left( v + v x \right) dx + (x - v x) dy = 0
\]

But perhaps this substitution is more straightforward if we re-express the original equation in terms of \( v
\).

---

Simplified Substitution Approach

Rewrite the original as:

\[
(y + xy) dx + (x - xy) dy = 0
\]

Divide through by \( x y \) (assuming \( x, y \neq 0 \)):

\[
\left(\frac{y}{x y} + \frac{xy}{x y}\right) dx + \left(\frac{x}{x y} - \frac{xy}{x y}\right) dy = 0
\]

which simplifies to:



\[
\left( \frac{1}{x} + 1 \right) dx + \left( \frac{1}{y} - 1 \right) dy = 0
\]

Now, the equation becomes:

\[
\left( \frac{1}{x} + 1 \right) dx + \left( \frac{1}{y} - 1 \right) dy = 0
\]

This form suggests the substitution:

\[
u = x, \quad v = y
\]

but it’s more beneficial to separate variables. Rearranged:

\[
\left( \frac{1}{x} + 1 \right) dx = - \left( \frac{1}{y} - 1 \right) dy
\]

Expressed as:

\[
\left( \frac{1 + x}{x} \right) dx = - \left( \frac{1 - y}{y} \right) dy
\]

Now integrate both sides separately:

\[
\int \frac{1 + x}{x} \, dx = - \int \frac{1 - y}{y} \, dy + C
\]

Compute the integrals:

\[
\int \left( \frac{1}{x} + 1 \right) dx = - \int \left( \frac{1}{y} - 1 \right) dy + C
\]

which simplifies to:

\[



\int \frac{1}{x} dx + \int 1 dx = - \int \frac{1}{y} dy + \int 1 dy + C
\]

Calculating each:

\[
\ln |x| + x = - \ln |y| + y + C
\]

Rearranged:

\[
\ln |x| + x + \ln |y| - y = \text{constant}
\]

or

\[
\ln |x y| + (x - y) = K
\]

where \( K \) is an arbitrary constant.

---

Final Solution to the Differential Equation

The implicit solution is:

\[
\boxed{
\ln |x y| + (x - y) = C
}
\]

This expression describes the general solution to the differential equation.

---



Part 2: Simplifying the Trigonometric Expression Sin A Cos D +
Cosa Sin D

Understanding the Expression

The second problem involves the trigonometric expression:

\[
\sin A \cos D + \cos A \sin D
\]

and the number 1072 is likely an additional value or context, perhaps related to angle measures or a
problem number.

---

Applying Trigonometric Identities

The expression:

\[
\sin A \cos D + \cos A \sin D
\]

matches the form of the sine addition formula:

\[
\sin (A + D) = \sin A \cos D + \cos A \sin D
\]

Therefore, it simplifies directly to:

\[
\boxed{
\sin (A + D)
}
\]



This is a fundamental identity in trigonometry, allowing for quick simplifications of sums involving sine
and cosine functions.

---

Interpreting the Number 1072

The number 1072 could relate to various contexts, such as:

- An angle measure in degrees or radians
- A specific problem number
- A value in a trigonometric context

If the number is associated with an angle, it’s essential to interpret it correctly, especially considering the
periodicity of sine functions:

\[
\sin \theta = \sin (\theta + 360^\circ n) \quad \text{or} \quad \sin (\theta + 2\pi n)
\]

for integer \( n \).

---

Additional Insights and Practical Applications

Applications of Differential Equations

Differential equations like the one solved here are crucial in modeling real-world phenomena, such as:

- Population dynamics
- Heat transfer
- Mechanical systems
- Financial modeling

Understanding how to manipulate and solve these equations enables scientists and engineers to predict
system behavior accurately.



Applications of Trigonometric Identities

Trig identities are fundamental in:

- Signal processing
- Architecture and engineering
- Physics, especially wave mechanics
- Computer graphics

Having a robust grasp of these identities simplifies complex expressions and facilitates problem-solving.

Tips for Mastering These Concepts

- Practice substitution methods for differential equations regularly.
- Memorize key trigonometric identities for quick recognition.
- Use diagrammatic approaches to visualize angles and functions.
- Verify solutions by differentiation or substitution.

---

Conclusion

In this comprehensive exploration, we tackled a differential equation and a trigonometric expression,
illustrating effective methods for solving and simplifying complex mathematical problems. The differential
equation \((y + xy) dx + (x - xy) dy = 0\) was successfully integrated to yield

Frequently Asked Questions

How do you solve the differential equation (y + xy) Dx + (x - xy) Dy =
0?
To solve the differential equation, first rewrite it as (y + xy) dx + (x - xy) dy = 0. Simplify and separate
variables if possible, or identify an integrating factor. Alternatively, recognize it as a homogeneous equation
and use substitution y = vx to reduce it to a separable form.



What substitution is effective for solving the differential equation (y +
xy) Dx + (x - xy) Dy = 0?
Using the substitution y = vx (where v is a function of x) helps convert the equation into a separable form,
simplifying the process of solving the differential equation.

What is the solution to the trigonometric expression Sin A Cos D + Cosa
Sin D?
The expression Sin A Cos D + Cosa Sin D is equivalent to Sin(A + D) based on the sine addition formula.

How can the expression Sin A Cos D + Cosa Sin D be simplified?
It simplifies to Sin(A + D) using the sine addition formula: Sin A Cos D + Cosa Sin D = Sin(A + D).

What is the value of Sin A Cos D + Cosa Sin D when A = 30° and D = 45°?
Substituting the values, Sin 30° Cos 45° + Cosa 30° Sin 45° = (1/2)(√2/2) + (√3/2)(√2/2) = (√2/4) + (√6/4) =
(√2 + √6)/4.

How is the number 1072 related to the trigonometric expression or
differential equation provided?
The number 1072 appears to be a separate numerical value, possibly related to an angle in degrees or a
specific calculation. Without additional context, it may represent a specific angle measure or a key value in
a problem.

Are there common methods to approach solving differential equations
like (y + xy) Dx + (x - xy) Dy = 0?
Yes, common methods include substitution (such as y = vx), recognizing homogeneous equations, or using
integrating factors. Identifying the type of differential equation guides the choice of method.

What is the significance of recognizing the form Sin A Cos D + Cosa Sin D
in trigonometry?
Recognizing this form allows for quick application of the sine addition formula, simplifying expressions and
solving problems involving angles and trigonometric identities.



Additional Resources
Comprehensive Analysis and Solution Strategies for Mathematical Problems: A Deep Dive into Differential
Equations and Trigonometric Expressions

---

Introduction

Mathematics, as a universal language, offers a vast landscape of problems that challenge our analytical and
problem-solving skills. Among these, differential equations and trigonometric identities stand out due to
their broad applications in physics, engineering, and mathematics itself. In this review, we will
meticulously explore two distinct problems:

1. Solve the differential equation: (y + xy) dx + (x - xy) dy = 0
2. Simplify or evaluate the expression: sin A cos D + Cosa sin D, with the context of the number 1072

Our goal is to dissect these problems, understand their underlying principles, and provide comprehensive
solutions and insights that can serve as a learning guide for students, educators, and enthusiasts alike.

---

Part 1: Solving the Differential Equation (y + xy) dx + (x - xy) dy = 0

Understanding the Differential Equation

The given differential equation can be rewritten for clarity:

\[
(y + xy) \, dx + (x - xy) \, dy = 0
\]

This is a first-order differential equation that appears to be expressed in the differential form:

\[
M(x,y) \, dx + N(x,y) \, dy = 0
\]

where:

- \( M(x,y) = y + xy \)
- \( N(x,y) = x - xy \)



To solve this, our first step is to analyze its structure and determine an appropriate method—be it separation
of variables, integrating factor, substitution, or recognizing an exact differential.

---

Step 1: Simplify the Equation

Notice that both \( M \) and \( N \) share common factors involving \( y \) and \( x \):

\[
M(x,y) = y (1 + x)
\]
\[
N(x,y) = x (1 - y)
\]

So the differential equation becomes:

\[
y (1 + x) \, dx + x (1 - y) \, dy = 0
\]

---

Step 2: Check for Exactness

An exact differential equation satisfies:

\[
\frac{\partial M}{\partial y} = \frac{\partial N}{\partial x}
\]

Compute these derivatives:

\[
\frac{\partial M}{\partial y} = 1 + x
\]
\[
\frac{\partial N}{\partial x} = 1 - y
\]

Since \( \partial M / \partial y \neq \partial N / \partial x \), the equation isn't exact in its current form.



---

Step 3: Seek an Integrating Factor

Given the structure, an integrating factor might depend on \( x \) or \( y \). Alternatively, rewriting the
equation to facilitate substitution could be more straightforward.

Observe the symmetry:

\[
y (1 + x) \, dx + x (1 - y) \, dy = 0
\]

Dividing through by \( xy \) (assuming \( x \neq 0, y \neq 0 \)):

\[
\frac{(1 + x)}{x} \, dx + \frac{(1 - y)}{y} \, dy = 0
\]

This simplifies to:

\[
\left( \frac{1}{x} + 1 \right) dx + \left( \frac{1}{y} - 1 \right) dy = 0
\]

---

Step 4: Rearranged for Integration

Expressing as:

\[
\left( \frac{1}{x} + 1 \right) dx + \left( \frac{1}{y} - 1 \right) dy = 0
\]

which can be separated into:

\[
\frac{1}{x} dx + dx + \frac{1}{y} dy - dy = 0
\]

Group similar terms:



\[
\left( \frac{1}{x} dx + \frac{1}{y} dy \right) + (dx - dy) = 0
\]

---

Step 5: Integrate Term by Term

Now, integrate each group:

- \(\displaystyle \int \frac{1}{x} dx = \ln |x|\)
- \(\displaystyle \int \frac{1}{y} dy = \ln |y|\)
- \(\displaystyle \int dx = x\)
- \(\displaystyle \int dy = y\)

So, the integrated form becomes:

\[
\ln |x| + \ln |y| + x - y = C
\]

where \( C \) is the constant of integration.

---

Final Solution:

\[
\boxed{
\ln |x| + \ln |y| + x - y = C
}
\]

This implicit solution relates \( x \) and \( y \) through logarithmic and algebraic expressions.

---

Alternative Expression:

Exponentiating both sides to express as a product:

\[
e^{\ln |x| + \ln |y| + x - y} = e^{C}



\]
\[
|x y| e^{x - y} = K
\]

where \( K = e^{C} \) is a positive constant.

---

Summary of the Solution Approach:

- Recognized the structure and simplified the differential equation.
- Divided through by \( xy \) to facilitate separation.
- Integrated term-by-term to arrive at an implicit solution.
- Expressed the solution explicitly in terms of exponential functions for clarity.

---

Part 2: Simplification and Evaluation of the Trigonometric Expression: Sin A Cos D + Cosa Sin D, with the
number 1072

Understanding the Expression

The given expression resembles the sine addition formula:

\[
\sin (A + D) = \sin A \cos D + \cos A \sin D
\]

The notation "Cosa" likely refers to the cosine of \( A \), indicating a potential typographical variation or
simply the notation for cosine.

Thus, the expression:

\[
\sin A \cos D + \cos A \sin D
\]

is exactly the sine of the sum of angles \( A \) and \( D \):

\[
\boxed{
\sin (A + D)



}
\]

Contextualizing the Number 1072

The mention of 1072 could imply several things:

- It may be a numerical value to evaluate or relate to \( \sin (A + D) \).
- It could be a reference to a problem number or an identifier.

Assuming the task is to evaluate or relate the expression to 1072, possible interpretations include:

- Calculating \( \sin (A + D) \) given certain values.
- Determining whether the value 1072 correlates with the expression in some way.

---

Step 1: Recognize the Range of \( \sin (A + D) \)

Since the sine function oscillates between -1 and 1, any numerical value associated with \( \sin (A + D) \)
must lie within this range.

Therefore, if 1072 is to be associated with the sine expression, it must be scaled or interpreted in context.

---

Step 2: Possible Interpretations

Interpretation 1: The expression is part of a larger problem involving multiples or transformations

- For example, perhaps the problem involves solving for specific angles \( A \) and \( D \) such that:

\[
\sin (A + D) = \frac{1072}{\text{some denominator}}
\]

which is unlikely since \( \sin(A + D) \) cannot exceed 1.

Interpretation 2: The number 1072 is unrelated to the sine expression but is a separate problem

- If 1072 is a number to be factored, analyzed, or used in another context, then it might be a different
problem altogether.



---

Step 3: Numerical Evaluation or Application

Suppose the problem asks us to find \( A \) and \( D \) such that:

\[
\sin (A + D) = \frac{1072}{K}
\]

for some \( K \), or perhaps interpret 1072 as a degree measure:

- 1072 degrees is equivalent to multiple rotations, since:

\[
1072^\circ = 1072 / 360 \approx 2.9777 \text{ rotations}
\]

which simplifies to:

\[
1072^\circ = 2 \times 360^\circ + 352^\circ
\]

meaning:

\[
\sin (A + D) \text{ evaluated at } 352^\circ
\]

since sine is periodic with period \( 360^\circ \):

\[
\sin (A + D) = \sin 352^\circ
\]

and:

\[
\sin 352^\circ = - \sin 8^\circ
\]

since:



\[
\sin (360^\circ - \theta) = - \sin \theta
\]

and:

\[
\sin 8^\circ \approx 0.13917
\]

Thus:

\[
\sin 352^\circ \approx -0.13917
\]

Therefore:

\[
\boxed{
\sin (A + D) \approx -0.13917
}
\]
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