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Understanding how to compute derivatives with respect to a variable,
especially in complex expressions involving multiple terms, products, and
powers, is a fundamental skill in calculus. In this article, we will explore
the step-by-step process to find the derivatives of the given functions with
respect to the variable \( x i \). We will analyze each function
independently, applying relevant differentiation rules such as the power
rule, product rule, and constant multiple rule. Whether you're a student
studying calculus or a professional needing to perform such derivatives, this
comprehensive guide will enhance your understanding and application skills.

Analyzing the First Function: \( Y = 2x~{-2} +
4x m*3 - 3x m y*{ii} \)

The first function involves multiple terms with different structures,
including powers of \( x \), constants, and variables \( m \) and \( y \).
Our goal is to find \( \frac{\partial Y}{\partial x i} \), which, in many
contexts, implies differentiating with respect to the variable \( x i \),
assuming \( x i \) is a component of the vector \( x \). For simplicity, and
due to the lack of explicit vector notation, we'll treat \( x \) as the
variable with respect to which differentiation is performed, considering all
other variables as constants unless specified otherwise.

Step 1: Break Down the Function into Components

The function:

\ [
Y = 2x~{-2} + 4x m™3 - 3x m y~{ii}
\1

can be viewed as a sum of three terms:

2x™M{-2} \)
4x m™3 \)

1. \(T1
2.\( T2



3. \(( T3 = -3xmy~{ii} \)

Each term will be differentiated separately, then combined to find the total
derivative.

Step 2: Differentiate Each Term

Term 1: \( T 1 = 2x™{-2} \)

- Use the power rule: \( \frac{d}{dx} x*{n} = n x*{n-1} \)
\ [

\frac{d}{dx} T 1 = 2 \times (-2) x~{-3} = -4 x~{-3}

\1]

Term 2: \( T 2 = 4x m™3 \)

- Since \( m™3 \) is treated as a constant, differentiate as a product:

\[
\frac{d}{dx} T 2 = 4 m"3 \times \frac{d}{dx} x = 4 m"3
\1

Term 3: \( T 3 = -3x m y*{ii} \)
- Assuming \( m \) and \( y~{ii} \) are constants with respect to \( x \):

\ [
\frac{d}{dx} T 3 = -3 m y*{ii}
\1

Note: If any of these variables depend on \( x i \), the derivatives would

include additional terms. However, based on the given expressions, we treat
\( m\) and \( y*{ii} \) as constants.

Step 3: Combine the Derivatives

Adding the derivatives:

\ [
\frac{\partial Y}{\partial x} = -4 x*{-3} + 4 m™3 - 3 m y™{ii}
\1

This expression provides the rate of change of \( Y \) with respect to \( x
\).



Analyzing the Second Function: \( Y =
\frac{3}{4} x*{-4} + 4mx~{-5} + 500 \)

The second function involves fractional powers and a constant term. The goal
remains to compute \( \frac{\partial Y}{\partial x} \).

Step 1: Break Down the Function

Expressed explicitly:

\ [

Y = \frac{3}{4} x~{-4} + 4m x~{-5} + 500
\1

The constant 500 will vanish upon differentiation, as its derivative is zero.

Step 2: Differentiate Each Term

Term 1: \( T 1 = \frac{3}{4} x~{-4} \)
- Using the power rule:

\ [

\frac{d}{dx} T 1 = \frac{3}{4} \times (-4) x~{-5} = -3 x~{-5}
\1

Term 2: \( T 2 = 4m x~{-5} \)

- Treat \( 4m \) as a constant:

\ [
\frac{d}{dx} T 2 = 4m \times (-5) x~{-6} = -20 m x~{-6}
\1]

Term 3: \( T 3 = 500 \)
- Constant term, derivative:
\ [

\frac{d}{dx} T 3
\1]
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Step 3: Combine the Derivatives

Total derivative:
\ [

\frac{\partial Y}{\partial x} = -3 x*{-5} - 20 m x~{-6}
\1]

which simplifies the derivative of the entire function.

Understanding the Differentiation Rules Applied

Throughout the process, several fundamental differentiation rules are
employed:

Power Rule

- Used for terms like \( x~{n} \):
\ [

\frac{d}{dx} x*{n} = n x*{n-1}

\1]

- Example: differentiating \( x~{-2} \) yields \( -2 x~{-3} \).

Constant Multiple Rule

- When differentiating a term multiplied by a constant:
\ [

\frac{d}{dx} [c \times f(x)] = c \times f'(x)

\1]

- Example: \( 4 m"™3 \) is constant with respect to \( x \), so derivative is
\N( 4 m3\).

Sum Rule

- Derivative of a sum is the sum of derivatives:



\ [
\frac{d}{dx} [f(x) + g(x)] = f'(x) + g'(x)
\1]

- Applied when combining derivatives of multiple terms.

Constant Term Derivative

- Constant terms differentiate to zero:

\ [
\frac{d}{dx} (constant) = 0

\]

Additional Considerations in Derivative
Calculations

While the above calculations are straightforward under the assumption of
constant parameters, real-world scenarios often involve variables dependent
on \( x 1 \). Here are some factors to consider:

e Variables as Functions of \( x_i \): If \( m \), \( y*{ii} \), or other
variables depend on \( x i \), their derivatives must be included using
the chain rule.

e Vector Differentiation: When dealing with vector functions, partial
derivatives with respect to each component are necessary. The
derivatives then form gradient vectors or Jacobian matrices.

e Higher-Order Derivatives: For more advanced analysis, second derivatives

or derivatives of derivatives may be required, especially in
optimization problems.

Summary of Derivatives for the Given Functions

| Function | Derivative with respect to \( x \) | Notes |



| \NCY =2x~{-2} + 4x m™3 - 3x m y*~{ii} \) | \( -4 x*{-3} + 4 m3 - 3 m
y~{ii} \) | Assumes constants \( m, y~{ii} \) |
| \( Y = \frac{3}{4} x~{-4} + 4 m x~{-5} + 500 \) | \( -3 x*{-5} - 20 m

x~{-6} \) | Assumes constant \( m \) |

Practical Applications of These Derivatives

Understanding how to compute derivatives like these is essential in various
fields, such as:

1. Physics: Calculating rates of change in physical systems involving
inverse powers of variables.

2. Economics: Derivatives of functions representing cost, revenue, or
utility functions.

3. Engineering: Analyzing system sensitivities and stability through
derivatives.

4. Machine Learning: Gradient calculations in optimization algorithms like
gradient descent.

Accurately computing derivatives allows for optimization, understanding
system behaviors, and making predictions based on variable changes.

Conclusion

Deriving functions with respect to specific variables requires meticulous
application of differentiation rules. The first function, involving powers
and products, highlights the importance of the power rule and product rule

Frequently Asked Questions

What is the derivative of Y = 2x - 2 + 4x™3 - 3x™m
y~1i with respect to xi?

The derivative is dY/dx i =4 3x*2 - 3 m x*{m-1} y*i - 3 x™m i y~{i-1}



dy/dx_i.

How do you differentiate Y = 3/4 x - 4 + 4mx - 5 +
500 with respect to xi?

Since the expression involves x, the derivative is dY/dx i = 3/4 + 4m,
assuming m is a constant and x is the variable.

In the first function, what role do the exponents m
and 1 play in the derivative calculation?

They determine the power to which x and y are raised, affecting the
derivative as per the power rule: for x”m, derivative is m x~{m-1}; for y™i,
chain rule applies depending on dy/dx i.

Are the derivatives linear with respect to xi for
both functions?

The derivatives are linear if the functions are linear in x. For the second
function, the derivative is constant; for the first, it depends on the powers
m and 1i.

How does the presence of y*i and y*{i-1} in the
first function affect the derivative with respect to
Xi?

It introduces terms involving dy/dx i, requiring the use of the chain rule to
differentiate y~i with respect to x i.

Can the derivatives of both functions be simplified
further?

Yes, by explicitly substituting dy/dx i where necessary and simplifying
algebraically to express the derivatives in terms of x and vy.

What assumptions are necessary to differentiate
these functions with respect to xi?

Assuming that y is a function of xi (i.e., y = y(x 1)), and that exponents m
and i are constants, facilitates applying standard differentiation rules.

What is the significance of the constants in these
functions when finding derivatives?

Constants like 2, -2, 3/4, -4, etc., remain unchanged during differentiation,
while coefficients like 4m and 500 influence the slope of the derivative.



How do the derivatives differ between the two
provided functions?

The first involves derivatives of polynomial and exponential terms with
respect to xi, including chain rule components, while the second is a simpler
linear function with a constant derivative.

Additional Resources

Find The Following Derivatives With Respect To Xi is a fundamental task in
calculus, essential for understanding how functions change with respect to a
particular variable. Whether you're a student tackling calculus homework, a
researcher analyzing model behaviors, or an engineer optimizing systems,
mastering derivatives with respect to a specific variable like \( x i \) is
crucial. In this comprehensive guide, we will delve into the derivatives of
the given complex functions with respect to \( x i \), dissecting each
component methodically, explaining the underlying principles, and providing
clear step-by-step solutions.

Introduction to Derivatives with Respect to \( x i \)

Derivatives measure the rate at which a function changes as its input varies.
When working with multivariable functions, finding the derivative with
respect to a particular variable-here denoted as \( x i \)—becomes a nuanced
task.

Key concepts to keep in mind include:

- Partial derivatives: Derivatives of a multivariable function with respect
to one variable, treating others as constants.

- Chain rule: Applied when a function depends on \( x i \) through other
functions.

- Product rule: When the function is a product of terms involving \( x i \).
- Sum rule: Derivatives of sums are sums of derivatives.

Overview of the Given Functions
Let's start by examining the two functions we need to differentiate:

Function 1:

\ [

Y=2x -2 +4x m3 - 3 xmy {ii}
\1]

Function 2:
\ [



Y = \frac{3}{4} x - 4 + 4 m x - 5 + 500
\1

Note: The notation used here suggests the functions involve constants and
variables, with possible subscript notation (\( y {ii} \)). We will interpret
these carefully in context.

Clarifying the Variables and Notation

Before calculating derivatives, it's critical to clarify the variables and
parameters involved:

- \( x \): The primary variable with respect to which derivatives are taken
(also noted as \( x i \) in the prompt).

- \( m\): Presumably a constant or parameter.

- \( y {ii} \): Likely a second-order partial derivative or a notation
representing some function of \( y \). For the purpose of this guide, we will
treat \( y {ii} \) as a function or constant with respect to \( x i \); if
it's a function, it may depend on \( x i \).

Assuming \( m \) and \( y {ii} \) are constants with respect to \( x i \),
unless otherwise specified.

Step-by-Step Derivation of the First Function
Let's analyze and differentiate the first function:

\ [
Y=2X -2+ 4x m™3 - 3 xmy {ii}
\1]

Step 1: Break down the function

Expressed as a sum of terms:
1. \( 2x \)

2. \( -2 \)

3. \( 4x m"3 \)

4. \( -3 xmy {ii} \)

Step 2: Identify derivatives of each term

- The derivative of \( 2x \) with respect to \( x i \) (assuming \( x = x 1
\)):

\ [
\frac{d}{dx i}(2x) = 2
\1]



- The derivative of a constant \( -2 \):

\ [

0

\]

- The derivative of \( 4x m™3 \):

Since \( m™3 \) is constant, treat as a constant coefficient:

\ [

\frac{d}{dx i}(4x m"3) = 4 m"3

\1

- The derivative of \( -3 x my {ii} \):

Assuming \( m \) and \( y {ii} \) are constants:

\ [

\frac{d}{dx i}(-3 x my {ii}) = -3 my {ii}
\1]

Step 3: Combine the derivatives

Putting it all together:

\ [
\frac{\partial Y}{\partial x i} =2 + 0 + 4 m™3 - 3 my {ii}
\1

Final result for the first function:

\ [

\boxed{

\frac{\partial Y}{\partial x i} =2 + 4 m"3 - 3 my {ii}
}

\1]

Step-by-Step Derivation of the Second Function
The second function appears as:

\

Y = \frac{3}{4} x - 4 + 4 m x - 5 + 500

\1]

Step 1: Simplify the function

Combine like terms:



\ [
Y = \left( \frac{3}{4} x + 4 m x \right) + (-4 - 5 + 500)

\1]

\ [
Y = \left( \frac{3}{4} x + 4 m x \right) + 491

\1

Step 2: Factor out \( x \) in the variable terms

\ [
Y = \left( \frac{3}{4} + 4 m \right) x + 491

\1]

Step 3: Differentiate term-by-term

- Derivative of \( \left( \frac{3}{4} + 4 m \right) x \):
Since the coefficient is constant with respect to \( x i \):

\ [

\frac{d}{dx i} \left[ \left( \frac{3}{4} + 4 m \right) x \right] =
\frac{3}{4} + 4 m

\1

- Derivative of constant \( 491 \):

\ [
0

\1]

Final result for the second function:

\ [

\boxed{

\frac{\partial Y}{\partial x i} = \frac{3}{4} + 4 m
}

\1

Summary of Derivatives

| Function | Derivative with Respect to \( x i \) |

| =< | -

| \CY=2x -2 +4xm3 -3 xmy {ii} \) | \( 2 +4 m3 - 3 my {ii} \) |
| \(CY =\frac{3}{4} x - 4+ 4 mx -5+ 500 \) | \( \frac{3}{4} + 4 m\) |

Additional Considerations



When Variables Are Not Constants

If \( m\) or \( y {ii} \) depend on \( x i \), then the derivatives would
involve the chain rule:

- For \( m(x i) \):

\ [
\frac{d}{dx i} (m(x 1i)) = \frac{dm}{dx i}
\1]

- For \( y_{ii}(x_1i) \):

\ [
\frac{d}{dx_i} (y_{ii}(x_1i)) = \frac{dy {ii}}{dx_i}
\]

In such cases, the derivatives would include these terms:

\ [

\frac{\partial Y}{\partial x i} = \text{coefficients} + \text{terms involving
} \frac{dm}{dx i} \text{ and } \frac{dy {ii}}{dx i}

\1]

However, in the absence of explicit dependence, treating \( m \) and \(
y {ii} \) as constants simplifies the calculations.

Practical Tips for Derivative Calculations

1. Identify all terms involving \( x i \): Isolate each term that depends on
\N( x_1\).

2. Apply basic derivative rules: Power rule, constant rule, sum rule, product
rule.

3. Treat constants carefully: Coefficients and parameters that are constants
with respect to \( x i \) can be moved outside the differentiation.

4. Use chain rule when necessary: When variables depend on \( x i \),
explicitly include derivatives of those variables.

5. Verify units and dimensions: Ensure that all terms are consistent and
derivatives are correctly computed.

Final Thoughts

Mastering derivatives with respect to a specific variable such as \( x i \)
unlocks deeper insights into the behavior of multivariable functions. Whether
analyzing the sensitivity of a function or optimizing parameters, accurately
computing these derivatives is a foundational skill.



The functions provided demonstrate common structures encountered in calculus,
involving sums, products, and constants. By breaking down each function into
manageable parts and applying fundamental derivative rules, we can
confidently determine how the functions change with respect to \( x i \).

Remember, practice makes perfect. Work through similar problems, explore
functions with more complex dependencies, and always double-check your
calculations to build a strong calculus intuition.
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This guide aims to equip you with the tools and understanding necessary to
find derivatives with respect to \( x i \) effectively
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