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Let Y =tan(5x + 3). Find The Differential Dy When X = 1 And Do 0.3 Find The
Differential Dy When I = is a classic calculus problem that involves
understanding the concept of differentials and how to apply differentiation
rules to the tangent function. In this article, we will explore the process
step-by-step, providing a comprehensive explanation suitable for students and
enthusiasts looking to deepen their understanding of derivatives,
differentials, and their applications.

Understanding the problem requires familiarity with the derivative of the
tangent function, the chain rule, and the concept of differentials. We will
also work through a numerical example to solidify the ideas, making this
guide both theoretically informative and practically useful.

Understanding the Function and Its Derivative

Function Definition

The function in question is:
\[ Y = \tan(5x + 3) \]

This is a composite function where the inner function is \( u = 5x + 3 \),
and the outer function is \( \tan u \).

Why Find the Differential Dy?

The differential \( dy \) represents an approximate change in \( y \)
corresponding to a small change \( dx \) in \( x \). It is particularly
useful for estimating how small changes in the input affect the output,
especially when \( dx \) is small.

Derivative of Y
To find \( dy \), we first need \( dy/dx \). Using the chain rule:

\ [

\frac{dy}{dx} = \frac{d}{dx} \tan(5x + 3) = \sec™2(5x + 3) \times
\frac{d}{dx} (5x + 3)

\1]



Since \( \frac{d}{dx} (5x + 3) = 5 \), this simplifies to:

\ [
\frac{dy}{dx} = 5 \sec”2(5x + 3)
\1

Thus, the differential \( dy \) can be expressed as:

\ [
dy = \frac{dy}{dx} dx = 5 \sec™2(5x + 3) dx
\1]

This formula will be used to compute the differential \( dy \) at specific
values of \( x \) and \( dx \).

Calculating the Differential \( Dy \) at \( x =
11\)

Step 1: Find the value of the argument \( 5x + 3 \)
at \( x=1 \)

Substituting \( x=1 \):

\ [

5(1) +3=5+3=238
\]

So, \( 5x + 3 =8 \).

Step 2: Compute \( \sec”2(8) \)
Recall that:
N

\sec”™2 \theta = 1 + \tan”™2 \theta
\1]

But for numerical calculation, it's often best to directly evaluate \(
\sec”2(8) \), which requires calculating \( \cos(8) \):

\ [
\sec”2(8) = \frac{1}{\cos"2(8)}
\1]

Ensure your calculator is in radians mode because the input is in radians.



Calculating:

\ [
\cos(8) \approx -0.1455

\1]

Then,

\ [
\sec”2(8) = \frac{1}{(-0.1455)"2} \approx \frac{1}{0.0212} \approx 47.17
\1]

Step 3: Calculate \( dy \) for \( dx = 0.3 \)

Now, plug into the differential formula:

\ [
dy = 5 \times \sec”2(8) \times dx \approx 5 \times 47.17 \times 0.3
\1]

\ [

dy \approx 5 \times 47.17 \times 0.3 = (5 \times 47.17) \times 0.3 \approx
235.85 \times 0.3 \approx 70.76

\1]

Result:
The approximate differential \( Dy \) when \( x=1 \) and \( dx=0.3 \) is
approximately 70.76.

Interpreting the Result and Practical
Applications

What Does \( Dy \) Represent?

The differential \( Dy \) provides an estimate of how much the function \( Y
= \tan(5x + 3) \) will change when \( x \) increases by a small amount \( dx
\). In this case, an increase of 0.3 in \( x \) near \( x=1 \) results in
approximately a 70.76 increase in \( y \).

Applications of Differentials

Differentials are invaluable in various fields:

e Engineering: Approximating small changes in system parameters.



e Physics: Estimating small variations in measurements.

e Economics: Predicting the impact of small changes in economic
indicators.

e Mathematics and Calculus Education: Understanding the behavior of
functions locally.

Additional Examples and Practice Problems

Example 1: Find the differential \( dy \) when \( x
=2 \) and \( dx = 0.5 \)

- Step 1: Compute \( 5(2) + 3 =10 + 3 = 13 \).
- Step 2: Calculate \( \sec™2(13) \) in radians.
- Step 3: Use the formula \( dy = 5 \sec™2(13) dx \).

Example 2: Approximate the change in \( y \) when \(
X \) increases from 0.5 to 0.5 + 0.1

- Use \( dx = 0.1 )
- Calculate \( 5(0.5) + 3 =2.5+3 =5.5
- Find \( \sec™2(5.5) \) and compute \( d

\).
y \).

These exercises help reinforce the process of calculating differentials and
understanding their significance.

Common Mistakes and Tips for Accurate
Calculations

e Ensure proper mode: Always verify if your calculator is in radians or
degrees. For most calculus problems, radians are standard.

e Accurate evaluation of trigonometric functions: Use sufficient decimal
places, especially when dealing with functions like \( \sec”™2 \), which
can vary rapidly.

* Remember the chain rule: For composite functions, always differentiate
outer and inner functions appropriately.

e Approximate vs. exact: Understand that differentials provide approximate



changes. For precise values, consider exact calculations or higher-order
approximations.

Conclusion

Understanding how to compute differentials for functions like \( Y = \tan(5x
+ 3) \) is fundamental in calculus. It allows us to estimate small changes in
the output based on small changes in the input, which is crucial in both
theoretical analysis and practical applications.

By following the systematic approach—deriving the derivative, evaluating the
necessary trigonometric functions, and applying the differential formula-you
can confidently solve similar problems. Remember, practice is key to mastery,
so work through various examples to become comfortable with these techniques.

Whether you're a student preparing for exams or a professional applying
calculus in real-world scenarios, mastering differentials and their
calculations equips you with powerful tools to analyze and interpret changes
effectively.

Frequently Asked Questions

How do you find the differential Dy of Y = tan(5x +
3) at x = 1?
First, differentiate Y = tan(5x + 3) with respect to x: Dy/dx = sec™2(5x + 3)

5. Then, evaluate at x 1: Dy/dx = 5 sec™2(51 + 3) =5 sec™2(8). To find Dy
for a small change dx = 0.3, multiply Dy/dx by dx: Dy = 5 sec™2(8) 0.3.

What is the value of the differential Dy when x =1
and dx = 0.3 for Y = tan(5x + 3)7?

Calculate Dy/dx at x=1: Dy/dx = 5 sec”2(8). Find sec(8) (with 8 in radians),
then square it and multiply by 5. Finally, Dy = Dy/dx 0.3. The approximate
value depends on the calculator's evaluation of sec(8).

Why is it important to evaluate sec”2(5x + 3) when
finding the differential Dy?

Because the derivative of tan(5x + 3) involves sec™2(5x + 3), which
determines how small changes in x affect y. Accurate evaluation of sec™2(5x +
3) at the point x = 1 is essential for precise differential calculation.



How do you compute sec(8) in radians for this
problem?

Use a calculator set to radians mode to find cos(8), then compute sec(8) =1
/ cos(8). Square this value to get sec”2(8), which is used in the
differential calculation.

What is the significance of the small change dx =
0.3 in calculating Dy for the tangent function?

The small change dx = 0.3 represents an approximate increment in x, allowing
us to estimate the corresponding change in y (Dy) using the differential.
This approximation is useful when the exact change in y is complex to compute
directly.

Additional Resources
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Understanding how to find differentials in calculus is fundamental for
analyzing how functions change with respect to their variables. In
particular, the problem involving the function \(Y = \tan(5x + 3)\) offers a
rich example of applying differentiation rules, such as the chain rule, to
determine the differential \(dy\). This process is crucial in fields like
physics, engineering, and economics, where small changes in inputs lead to
changes in outputs, and approximations are necessary for complex functions.
This article provides a comprehensive exploration of how to compute the
differential \(dy\) for the given function, interpret the results at specific
points, and understand the implications of small changes in the variable

\ (x\).

Understanding the Function and Its Derivative

The function \(Y = \tan(5x + 3)\) is a composite function where the tangent
function operates on the linear expression \(5x + 3\). To find the
differential \(dy\), we first need to determine the derivative \(dy/dx\),
which quantifies the rate of change of \(Y\) concerning \(x\).

The derivative of \(Y\) with respect to \(x\) involves applying the chain
rule, considering that \(\tan(u)\) has a derivative of \(\sec”2(u)\), where
\(u = 5x + 3\). Specifically:

\[



\frac{dy}{dx} = \frac{d}{dx} \tan(5x + 3) = \sec™2(5x + 3) \times
\frac{d}{dx}(5x + 3)

\1

Since \(\frac{d}{dx}(5x + 3) = 5\), the derivative simplifies to:

\ [
\frac{dy}{dx} = 5 \sec”2(5x + 3)
\1

This derivative serves as the foundation for calculating the differential
\(dy\), which estimates the change in \(Y\) for a small change \(dx\).

Calculating the Differential \(dy\)

The differential \(dy\) relates to the derivative as:

\ [
dy = \frac{dy}{dx} dx
\]

Given the derivative:

\ [
dy = 5 \sec™2(5x + 3) dx
\1]

This formula indicates that, for a small change \(dx\), the change in \(Y\)
can be approximated by multiplying \(dx\) with \(5 \sec”2(5x + 3)\).

Evaluating \(dy\) When \(x = 1\)

To find \(dy\) at \(x=1\), we substitute into the differential formula.
First, compute the inner function:

Next, evaluate \(\sec™2(8)\). Recall that:

\ [
\sec”2(\theta) = 1 + \tan™2(\theta)



\]

Since \(\tan(8)\) (in radians) is needed, precise calculation or
approximation is required. Assuming we're working in radians, approximate
\(\tan(8)\):

\ [
\tan(8) \approx \text{Using a calculator or approximation}
\1]

Suppose \(\tan(8) \approx 6.343\) (since 8 radians is about 458.366°, and
tangent values can be computed accordingly). Then,

\ [
\sec™2(8) =1 + (6.343)"2 \approx 1 + 40.213 \approx 41.213

\1]

Now, decide on \(dx\). If the problem specifies \(dx = 0.3\) (a small change
in \(x\)), then:

\ [
dy = 5 \times 41.213 \times 0.3 \approx 5 \times 12.364 \approx 61.82

\1
Result: When \(x=1\) and \(dx=0.3\), the differential \(dy \approx 61.82\).

Note: The actual numeric value depends heavily on the units (radians vs
degrees) and the approximations used for \(\tan(8)\). Always ensure clarity
on the units when performing such calculations.

Interpreting the Result

The computed differential \(dy \approx 61.82\) indicates that a small
increase of 0.3 in \(x\) around \(x=1\) results in approximately a 61.82
increase in \(Y\). This highlights the sensitivity of the tangent function,
especially near points where the function's slope becomes steep. It also
demonstrates the importance of understanding the behavior of

\ (\sec”2(5x+3)\), which can grow large near asymptotes of the tangent
function.

Understanding the Second Part: "Do 0.3 Find The



Differential Dy When I ="

The second part of the problem appears to be a repetition or a typo: "Do 0.3
Find The Differential Dy When I =". Assuming this is intended to be similar
to the first, but perhaps with a different variable or context, it’s
essential to clarify the meaning.

If the intended meaning is to find \(dy\) for \(dx=0.3\) at some other point
\(x = i\), then a similar approach can be taken by substituting \(x = i\):

Calculate \(\sec™2(5i + 3)\), then:

\ [
dy = 5 \sec™2(5i + 3) \times 0.3
\1

Without a specific value for \(i\), the calculation remains symbolic.
However, the process remains the same: evaluate the inner function, compute
the secant squared, and multiply by 0.3.

Features, Pros, and Cons of Using Differentials
in Calculus

Features:

- Approximates small changes in function values

- Useful in error analysis and estimates

- Based on derivatives, linking rates of change to small variations

Pros:

- Simplifies complex calculations for small changes

- Useful in engineering and physical sciences for quick estimations
- Provides insight into the local behavior of functions

Cons:

- Only accurate for small \(dx\); larger changes reduce accuracy
- Requires knowledge of derivatives and function behavior

- Can be misleading near asymptotes or discontinuities



Conclusion and Practical Applications

The process of computing the differential \(dy\) for the function \(Y =
\tan(5x + 3)\) demonstrates the power and utility of derivatives in analyzing
how functions change with respect to their variables. Whether estimating the
change at \(x=1\) with a \(dx=0.3\) or understanding the sensitivity of the
tangent function in various contexts, the methodology remains consistent:
find the derivative, evaluate at the point of interest, and multiply by the
small change \(dx\).

In practical settings, such as physics for small displacement analysis,
economics for marginal cost and revenue, or engineering for stress and strain
calculations, differentials provide a quick and effective tool for
approximation. It is crucial, however, to be mindful of their limitations and
ensure the assumptions of smallness hold true. Mastery of these techniques
forms a cornerstone of calculus and enhances one’s ability to model and
analyze real-world phenomena accurately.
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