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Understanding the area of a specific region bounded by curves is a
fundamental concept in calculus and geometry. In this article, we will
explore the problem: What is the area of the region in the first quadrant
bounded on the left by the graph of \( x = y*2 \) and on the other side by
another curve or boundary? We will analyze this problem step by step,
providing clear explanations, mathematical derivations, and practical
applications. Whether you are a student preparing for exams or a math
enthusiast interested in geometric problems, this comprehensive guide will
clarify the concepts involved and equip you with the tools to compute such
areas effectively.

Understanding the Geometric Region in the First
Quadrant

Before delving into calculations, it is essential to understand the geometric
figure and the boundaries involved.

1. The Graph of \( x = y*2 \)

- Shape Description: The graph of \( x = y*2 \) 1is a parabola opening to the
right.

- Quadrant Placement: Since \( y*2 \geq 0 \) for all real \( y \), and \( x =
v~2 \), the parabola lies in the first and fourth gquadrants. For our focus,
the first quadrant, both \( x \) and \( y \) are non-negative, so \( y \geq O
\) .

2. The First Quadrant Boundaries

- First Quadrant: The region where \( x \geq 0 \) and \( y \geg 0 \).

- Bounded Region: The problem specifies the region is bounded on the left by
\( x = y*2 \). The other boundary could be a vertical line, another curve, or
a specific value of \( y \).

3. Additional Boundaries

Since the initial statement cuts off, a common scenario involves the region
bounded between the parabola \( x = y*2 \), the \( x \)-axis (where \( y=0



\)), and another boundary such as a vertical line \( x = a \) or a curve.
For the purpose of this article, we will analyze a typical case:
> Problem statement: Find the area of the region in the first quadrant

bounded on the left by \( x = y*2 \), on the right by a vertical line \( x =
a \), and below by the \( x \)-axis \( y=0 \).

Setting Up the Problem: Boundaries and Limits

To compute the area, we need to clearly define the region's boundaries:

- Left boundary: \( x = y*2 \)
- Right boundary: \( x = a \), where \( a > 0 \)
- Lower boundary: \( y=0 \)

The region is therefore:

— Bounded between \( y=0 \) and some upper limit \( y = y_{max} \),
- From \( x = y*2 \) to \( x = a \).

Determining the Limits of Integration

- The upper limit of \( y \), denoted as \( y_{max} \), occurs at the

intersection point of \( x=y*2 \) and \( x=a \), i.e., when \( y*2 = a \).
\ [

\Rightarrow y_{max} = \sqgrt{a}

\1

- Since \( y \geg 0 \), the bounds for \( y \) are from 0 to \( \sgrt{al} \).

Calculating the Area in the First Quadrant

The area \( A \) of the region can be computed using definite integrals.
There are two common approaches:

1. Integrating with respect to \( y \) (Vertical slices)

- For each \( y \in [0, \sqgrt{a}] \), the horizontal slice extends from \( x
= y"2 \) to \( x =a\).

- The width of each slice: \( a - y*2 \).

The area:

\ [
A = \int_{y=0}"{\sgrt{a}} \left( a - y*2 \right) dy



\]
2. Integrating with respect to \( x \) (Horizontal slices)

- For each \( x \in [0, a] \), the region's vertical extent is from \( y=0 \)
up to \( y = \sgrt{x} \).

- The height of each slice: \( y = \sgrt{x} \).

— The area:

\ [

A = \int_{x=0}"{a} \sgrt{x} dx
\]

Both approaches yield the same result.

Step-by-Step Calculation of the Area

Let's perform these integrations explicitly.

Approach 1: Integrating with respect to \( y \)

\ [

A = \int_{0}"{\sqgrt{al}t} (a - y"2) dy
\1

Calculations:

\ [

A = \int_{0}~{\sqgrt{alt} a\, dy — \int_{0}~{\sgrti{a}} y*2\, dy

A = a \left[ yv \right]_0"{\sqgrt{a}} - \left[ \frac{y"3}{3}
\right]_0~{\sqgrt{a}}

\]

\ [

A = a (\sgrt{a} - 0) - \frac{(\sgrt{a})”"3}{3} = a \sqgrt{a} -
\frac{a~{3/2}}{3}

\]

Recall that \( a \sgrt{a} = a \times a”~{1/2} = a~{3/2} \), so:

\ [

A = a”{3/2} - \frac{a”{3/2}}{3} = a™{3/2} \left( 1 - \frac{1}{3} \right) =
a~{3/2} \times \frac{2}{3}

\1

Final formula:

\ [
\boxed{
A = \frac{2}{3} a~{3/2}



Approach 2: Integrating with respect to \( x \)

\ [

A = \int_{0}"{a} \sgrt{x} dx
\1

Calculations:

\ [

A = \left[ \frac{2}{3} x"{3/2} \right]_07{a} = \frac{2}{3} a~{3/2}
\]

This confirms the previous result.

Interpreting the Result and Generalizations

The computed area:

\ [
A = \frac{2}{3} a~{3/2}
\]

has several important implications and can be generalized:

— Dependence on \( a \): The area scales with \( a*~{3/2} \), indicating a
nonlinear relationship between the boundary \( x=a \) and the enclosed area.
— Application in Real-World Problems: Such areas are relevant in physics
(e.g., calculating cross-sectional areas), engineering, and computer graphics
for modeling curved regions.

- Extension to Other Boundaries: If the right boundary is a different curve
or the top boundary is not \( y=\sgrt{a} \), similar integration techniques
apply with adjusted limits and functions.

Other Variations and Related Problems

The problem of finding areas bounded by curves in the first quadrant is
common in calculus. Here are some related scenarios:

1. Bounded by \( x = y*2 \) and \( yv = k \)
- For a fixed \( y=k \), the bounded region is from \( x = y*2 \) to \( x \)
at some other boundary.

— Area calculation involves integrating between these bounds.

2. Bounded between two parabolas, e.g., \( x = y"*2 \) and \( x = 4 y*2 \)



— The area can be computed by setting up integrals with appropriate limits.
3. Bounded by \( x = y*2 \) and \( x = y*4 \)

- More complex, but the principle remains the same.

Practical Applications of Computing Areas
Bounded by Curves

Calculating such areas is vital in various fields:

— Physics: Determining cross-sectional areas for material properties.

- Engineering: Designing curved components or analyzing stress distribution.
— Economics: Calculating consumer or producer surplus represented by curved
regions.

— Computer Graphics: Rendering curved shapes and calculating fill areas.

— Mathematics Education: Teaching integral calculus concepts through visual
and analytical methods.

Summary and Key Takeaways

- The area of a region in the first quadrant bounded on the left by \( x =
v*2 \) and on the right by \( x = a \) can be found using definite integrals.
- The integral setup depends on whether you integrate with respect to \( y \)
or \( x \), both leading to the same result.

— The final formula for the area when bounded between \( x = yv*2 \), \(

Frequently Asked Questions

What is the general approach to finding the area of
the region bounded by the graph of x = y? and another
curve in the first quadrant?

To find the area, identify the points of intersection between the curves, set
up the appropriate integral (either with respect to x or y), and integrate
the difference of the functions over the relevant interval in the first
quadrant.

How do you determine the limits of integration when

calculating the area bounded by x = y? and another

curve in the first quadrant?
The limits are found by solving for the intersection points of the curves in

the first gquadrant. These intersection points define the bounds for the
integral, typically in terms of y or x, depending on the method used.



If the region is bounded on the left by x = y? and on

the right by another curve, how do you set up the
integral to find its area?

You express x as a function of y for both curves, then integrate the
difference (right curve minus left curve) with respect to y over the interval
between the intersection y-values.

What are common challenges when calculating the area
of a region bounded by x = y? and another curve, and

how can they be addressed?

Challenges include correctly identifying intersection points and choosing the
proper limits of integration. These can be addressed by carefully solving for
intersection points and verifying the bounds before setting up the integral.

Can the area of the region in the first quadrant
bounded by x = y? be computed directly without
integration?

No, generally calculating such an area requires setting up and evaluating an
integral, as it involves continuous curves rather than simple geometric
shapes.

How does understanding the symmetry of the curves
help in calculating the area of the bounded region?

Symmetry can simplify the problem by reducing the calculation to a portion of
the region and then multiplying by a factor, or by helping confirm the limits
of integration and the shape of the region.

Additional Resources

What Is The Area Of The Region In The First Quadrant Bounded On The Left By
The Graph Of X = y?

Understanding the geometric properties of regions bounded by curves is a
fundamental aspect of calculus and analytical geometry. Among the various
problems encountered, determining the area of a specific region in the
coordinate plane often provides insight into the interplay between algebraic
equations and geometric shapes. In particular, the problem of finding the
area in the first quadrant bounded on the left by the graph of \( x = y*2 \)
and on other boundaries is a classic example that demonstrates the
application of integral calculus to real-world and theoretical problems.

This article aims to thoroughly explore the concept of calculating the area
of the region in the first quadrant bounded on the left by the parabola \( x
= y*2 \), discussing the mathematical foundations, methods to approach the
problem, and the implications of the solutions obtained. We will break down
the problem into manageable parts, analyze the properties of the boundary
curves, and provide step-by-step solutions with detailed explanations.



Overview of the Problem
Understanding the Boundaries

The main challenge in this problem lies in identifying the boundaries that
enclose the region. The problem states that the region is in the first
quadrant, which implies that both \( x \) and \( y \) are non-negative:

\
x \geq 0, \quad y \geqg O
\1]

The region is bounded on the left by the graph of \( x = y*2 \). This
parabola opens to the right and passes through the origin, creating a curved
boundary in the first quadrant.

Other boundaries are not explicitly specified in the initial statement, but
common assumptions or typical configurations suggest the region might be
enclosed between:

- The parabola \( x = y*2 \) on the left,

— A vertical line \( x = a \) or at a specific \( x \)-value,

— The \( x \)—-axis (\( y = 0 \)), which is a natural boundary in the first
quadrant,

— And possibly another curve or a line to form a closed region.

For the most comprehensive analysis, we'll consider the scenario where the
region is bounded on the right by a vertical line \( x = b \) (with \( b > 0
\)) and on the top by some upper boundary \( y = ¢ \) or the intersection
points of the parabola with other curves.

Clarifying the Boundaries

To proceed effectively, we need a precise description of the bounded region,
which can vary depending on the problem statement. A common interpretation
is:

— The region in the first quadrant bounded on the left by \( x = y*2 \),

- On the right by a vertical line \( x = a \), where \( a > 0 \),

— On the bottom by the \( x \)-axis (\( y=0 \)),

- And possibly on the top by the intersection of the parabola with \( x=a \)
or some other boundary.

In the absence of explicit external boundaries, a typical problem considers
the area enclosed between the parabola \( x = y*2 \), the \( x \)-axis, and a

vertical line \( x = a \), for \( y \) from O up to some upper limit where
the curves intersect or the boundary is specified.

Mathematical Foundations
Graphs and Their Properties

The parabola \( x = y*2 \) 1is a standard quadratic curve opening to the
right. In the context of the first quadrant:



- The vertex is at the origin \( (0, 0) \),
- The parabola extends infinitely to the right as \( y \) increases,
- For each \( y \geg 0 \), the corresponding \( x \) value is \( y*2 \).

This curve is symmetric with respect to the \( x \)-axis (though in the first
quadrant, only the upper part is relevant).

Setting Up the Area Calculation

The general approach to finding the area involves using definite integrals,
which sum the infinitesimal widths or heights of the differential elements
covering the region.

Depending on the boundary description, the integral can be set up in two main
ways:

1. Vertical slices: Integrate with respect to \( x \), summing vertical
strips.

2. Horizontal slices: Integrate with respect to \( y \), summing horizontal
strips.

Given the boundary \( x = y"*2 \), it is often most straightforward to use

horizontal slices, integrating over \( y \) from the lower boundary (\( y=0
\)) to the upper boundary (\( y=c \) or the intersection point).

Step-by-Step Solution

1. Defining the Region

Suppose the region is bounded as follows:

- On the left: \( x = y*2 \),

- On the right: \( x = a \), with \(a > 0 \),

(
- On the bottom: \(y =0 \),
- On the top: \( vy where \( h \) is determined by the intersection of

zh\)l
the parabola with \( x = a \):
\ [
a = y”2 \quad \Rightarrow \quad y = \sqgrt{a}
\]

The region, therefore, is in the first quadrant between \( y=0 \) and \(
y=\sgrt{a} \), and between \( x = y*2 \) and \( x = a \).

2. Graphical Representation
Plotting these boundaries helps visualize the region:
from \( y=0 \) to \( y=\sqgrt{a} \),

\)
\)) .

- The parabola \( x=y*2 \)
— The vertical line \ ( x=a
— The \( x \)-axis (\( y=0
The enclosed area is the set of points:

\ [
\{ (x, y) \mid y \in [0, \sgrt{a}], \quad x \in [y"2, al] \}
\]



3. Setting Up the Integral

Using horizontal slices, the area \( A \) can be expressed as:

\ [

A = \int_{y=0}"{\sgrt{a}t} \left ( \text{right boundary} - \text{left boundary}
\right) dy

\1

In this case:

\ [

A = \int_{0}"{\sgrt{a}} (a - y"2) \, dy

\]

This integral sums the widths \( (a - y"*2) \) of horizontal strips from \ (

y=0 \) to \( y = \sgrt{a} \).
4. Computing the Integral
Calculate:

\ [
A = \int_{0}~{\sqgrt{alt} a \, dy - \int_{0}*{\sqgrt{alt} y~2 \, dy
\]

which simplifies to:

\ [

A = a \left[ v \right]_0"{\sqgrt{a}} - \left[ \frac{y"3}{3}
\right]_0"{\sgrt{a}}

\1

Evaluating:

\ [
A = a \cdot \sgrt{a} - \frac{(\sqgrt{a})"3}{3}
\1]

Recall:

\ [
\sgrt{a} = a~{1/2}
\1]

and

\ [
(\sgrt{a})"3 = (a™{1/2})"3 = a~{3/2}
\]

Thus:

\ [

A = a \cdot a™{1/2} - \frac{a™{3/2}}{3} = a~{3/2} - \frac{a™{3/2}}{3} =
\left (1 - \frac{1}{3}\right) a~{3/2}

\]

Simplify:



A = \frac{2}{3} a~{3/2}
\]

This formula gives the area of the region bounded on the left by \( x = y*2
\), on the right by \( x = a \), between \( y=0 \) and \( y=\sqgrt{a} \).

Extensions and Variations
Considering Different Boundaries

- Without a right boundary \( x=a \): If the region extends infinitely to the
right, the area becomes infinite, and the integral diverges.

— Different upper boundaries: If the top boundary is a different curve, the
integration limits and setup would change accordingly.

— Other boundary conditions: For example, if the bounding line is \( y=h \),
the integral limits adjust to \( y \in [0, h] \), provided \( h \leq \sqrt{a}
\) .

Changing the Variable of Integration
Alternatively, integrating with respect to \( x \):

- The parabola \( x=y*2 \) can be inverted to \( y=\sgrt{x} \), valid for \(
x \geq 0 \),
— The area between \( x=0 \) and \( x=a \), with \( y \) from \( 0 \) to \(
\sqgrt{x} \).

This yields:
\ [
A = \int_{x=0}"{a} \left( \text{top boundary } y = \sqgrt{x} \right) - \left (

\text{bottom boundary } y=0 \right) dx = \int_{0}"{a} \sgrt{x} \, dx
\1

which evaluates to:

\ [
A = \left[ \frac{2}{3} x*{3/2} \right]_
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