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Calculate The Partial Derivatives /T And T/ Using Implicit Differentiation Of
((T)~2)In(W)=In(13) At is a fundamental concept in multivariable calculus, especially
when analyzing how variables interact in complex equations. This process involves finding
the partial derivatives of a function with respect to one variable while holding others
constant, and it is particularly useful in fields like physics, engineering, economics, and data
science where multiple variables influence a system.

In this article, we will explore the detailed steps needed to compute the partial derivatives
\(\frac{\partial W} {\partial T}\) and \(\frac{\partial T} {\partial W}\) for the implicit relation
\(((T)~2) \In(W) =\In(13)\). We will also discuss the techniques of implicit differentiation,
how to handle such equations, and why understanding these derivatives is important. This
comprehensive guide aims to clarify the process with clear explanations, illustrative
examples, and tips for solving similar problems.

Understanding the Given Equation

The Equation in Focus

The equation provided is:

\[
(T)~2\In(W) =\In(13)
\]

Here, \(W\) and \(T\) are variables that are implicitly related through this equation. Our goal
is to compute the partial derivatives of \(W\) with respect to \(T\) (\(\frac{\partial
W} {\partial T}\)) and vice versa (\(\frac{\partial T} {\partial W}\)).

Why Use Implicit Differentiation?

In many cases, functions are not explicitly solved for one variable in terms of another.

Instead, the relationship is given implicitly, making explicit differentiation impossible or
cumbersome. Implicit differentiation allows us to differentiate both sides of an equation
with respect to a variable, considering the other variables as functions of that variable.

In our case, since \(W\) and \(T\) are related through the given equation, implicit
differentiation will enable us to find how changes in \(T\) affect \(W\), and vice versa.



Step-by-Step Derivation of Partial Derivatives

1. Differentiating with respect to T to find
\(\frac{\partial W} {\partial T}\)

To find \(\frac{\partial W} {\partial T}\), treat \(W\) as a function of \(T\), i.e., \(W = W(T)\).
Differentiating both sides of the equation with respect to \(T\):

\[
\frac{d}{dT} \left( T~2 \In(W) \right) = \frac{d}{dT} \left( \In(13) \right)

\]

The right side simplifies because \(\In(13)\) is a constant:

\[
\frac{d}{dT} \left( \In(13) \right) = 0

\]

Now, differentiate the left side using the product rule:

\[

\frac{d} {dT} \left( T~2 \In(W) \right) = \frac{d}{dT} (T"2) \cdot \In(W) + T~ 2 \cdot
\frac{d}{dT} \left( \In(W) \right)

\]

Calculate each term:

-\(\Mfrac{d}{dT} (T"2) = 2T\)
-\(\frac{d}{dT} \left( \In(W) \right) = \frac{1}{W} \cdot \frac{dW} {dT}\)

Putting it all together:

\[
2T\In(W) + T~ 2 \cdot \frac{1}{W} \cdot \frac{dW}{dT} =0

\]

Rearranged to solve for \(\frac{dW} {dT}\):

\[
T~2 \cdot \frac{1}{W} \cdot \frac{dW}{dT} = -2T \In(W)

\]
\[
\frac{dW}{dT} = -2T \In(W) \cdot \frac{W}{T"2}
\]

Simplify:



\[
\frac{dW}{dT} = -2 T \In(W) \cdot \frac{W}{T"2} = -2 \In(W) \cdot \frac{W}{T}
\]

Hence, the partial derivative of \(W\) with respect to \(T\) is:

\[

\boxed{

\frac{\partial W} {\partial T} = -2 \In(W) \cdot \frac{W}{T}
}

\]

This expression shows how \(W\) varies as \(T\) changes, considering the implicit
relationship.

2. Differentiating with respect to W to find
\(\frac{\partial T} {\partial W}\)

Similarly, to find \(\frac{\partial T} {\partial W}\), treat \(T\) as a function of \(W\), i.e., \(T =
T(W)\). Differentiate both sides of the original equation with respect to \(W\):

\[
\frac{d}{dW} \left( T~2 \In(W) \right) = 0
\]

Since \(T\) depends on \(W\), apply the product rule:

\[

\frac{d}{dW} \left( T~2 \right) \In(W) + T~ 2 \cdot \frac{d}{dW?} \left( \In(W) \right) = 0
\]

Calculate derivatives:

-\(\frac{d}{dW} (T™2) = 2T \cdot \frac{dT} {dW}\)
-\(\frac{d}{dW} \left( \In(W) \right) = \frac{1}{W}\)

Substitute back:

\[
2T \frac{dT}{dW} \In(W) + T~ 2 \cdot \frac{1}{W} =0
\]

Solve for \(\frac{dT}{dW}\):

\[

2T \frac{dT}{dW} \In(W) = - \frac{T"2}{W}
\]

\[



\frac{dT}{dW} = -\frac{T~2}{W} \cdot \frac{1}{2T \In(W)} = -\frac{T}{2 W \In(W)}
\]

Therefore, the partial derivative of \(T\) with respect to \(W\) is:

\[

\boxed{

\frac{\partial T} {\partial W} = - \frac{T}{2 W \In(W)}
}

\]

This derivative indicates the sensitivity of \(T\) to small changes in \(W\), given the implicit
relationship.

Interpreting the Partial Derivatives

Understanding these derivatives provides insights into the behavior of the system
described by the equation.

Implications of \(\frac{\partial W} {\partial T}\)

- The negative sign indicates that as \(T\) increases, \(W\) decreases if \(\In(W) > 0\), i.e.,
when \(W > 1\).
- The magnitude depends on both \(W\) and \(T\), modulated by the logarithmic term.

Implications of \(\frac{\partial T} {\partial W}\)

- The negative sign also indicates an inverse relationship: increasing \(W\) decreases \(T\).
- The magnitude depends on the current values of \(T\), \(W\), and the logarithm of \(W\).

Additional Considerations and Tips

Handling Domain Restrictions

- Since \(\In(W)\) appears in the derivatives, \(W\) must be positive.
- To avoid division by zero, \(W \neq 1\) (since \(\In(1) = 0\)) when computing \(\frac{\partial
T} {\partial W}\).



Numerical Evaluation

- When applying these derivatives numerically, ensure that the values of \(W\) and \(T\)
satisfy the original equation.

- Use iterative methods or software tools like WolframAlpha, MATLAB, or Python's SymPy for
complex calculations.

Extending to Higher-Order Derivatives

- The approach can be extended to compute second derivatives or derivatives with respect
to other variables if needed.

- Careful application of implicit differentiation rules will be necessary for more complex
functions.

Applications of Partial Derivatives in Real-Worid
Problems

Understanding how variables change with respect to each other in implicit equations is
crucial in various fields:

e Physics: Analyzing thermodynamic systems where variables like temperature and
pressure are related implicitly.

e Economics: Understanding how supply and demand quantities relate when modeled
implicitly.

e Engineering: Designing systems where multiple parameters interact through
complex relationships.

e Data Science: Sensitivity analysis in models with implicit relationships between
features and outcomes.

Conclusion



