
Change From Rectangular To Cylindrical
Coordinates. (Let R 0 And 0 2.)(a)(2,
2, 2)B)(-9,9sqrt(3),6)C)Use
Change From Rectangular To Cylindrical Coordinates. (Let R 0 And 0 2.)(a)(2,
2, 2)B)(-9,9sqrt(3),6)C)Use

Understanding how to convert between different coordinate systems is a
fundamental skill in multivariable calculus, physics, and engineering. Among
the various coordinate systems, rectangular (Cartesian) and cylindrical
coordinates are widely used because they simplify the description of
geometric shapes and physical phenomena, especially those involving
cylinders, circles, and rotational symmetry. This article provides a
comprehensive guide on how to convert from rectangular to cylindrical
coordinates, illustrates this with examples, and explains the practical
applications of this conversion process.

---

Introduction to Rectangular and Cylindrical
Coordinates

Before diving into the conversion process, it's essential to understand the
basics of both coordinate systems.

Rectangular Coordinates
- Also known as Cartesian coordinates.
- Described by three variables: \(x, y, z\).
- The position of a point is given by its distances along the x, y, and z
axes.
- The coordinate system is straightforward, especially for rectangular shapes
and problems involving linear boundaries.

Cylindrical Coordinates
- A three-dimensional coordinate system that combines the properties of polar
coordinates and height.
- Described by three variables: \(r, \theta, z\).
- \(r\): the radial distance from the z-axis (the distance to the origin
projected onto the xy-plane).
- \(\theta\): the angle measured counterclockwise from the positive x-axis to
the projection of the point onto the xy-plane.



- \(z\): the same as in rectangular coordinates, representing height.
- Particularly useful for problems involving cylinders, cones, and rotational
symmetry.

---

Converting Rectangular Coordinates to
Cylindrical Coordinates

The conversion formulas are derived from basic trigonometry and geometry:

Conversion Formulas
- \( r = \sqrt{x^2 + y^2} \)
- \( \theta = \arctan\left(\frac{y}{x}\right) \) (adjusted based on the
quadrant)
- \( z = z \) (remains unchanged)

Note: When calculating \(\theta\), consider the signs of \(x\) and \(y\) to
determine the correct quadrant of the angle.

---

Step-by-Step Conversion Process

Let's explore how to convert specific points from rectangular to cylindrical
coordinates, using the provided points:

- Point A: \((2, 2, 2)\)
- Point B: \((-9, 9\sqrt{3}, 6)\)
- Point C: Use the conversion formulas for an arbitrary point or as
specified.

Step 1: Calculate \(r\)

Use the formula:
\[
r = \sqrt{x^2 + y^2}
\]

Step 2: Calculate \(\theta\)

Use:
\[
\theta = \arctan\left(\frac{y}{x}\right)



\]
- Adjust \(\theta\) based on the quadrant:
- If \(x > 0, y \ge 0\): \(\theta\) in \([0, \frac{\pi}{2}]\)
- If \(x < 0\): \(\theta\) in \([\pi, \frac{3\pi}{2}]\)
- If \(x > 0, y < 0\): \(\theta\) in \([-\frac{\pi}{2}, 0]\)

Step 3: \(z\) remains the same.

---

Example Conversions

Let's perform detailed conversions for the points provided.

Point A: \((2, 2, 2)\)
- \(r = \sqrt{2^2 + 2^2} = \sqrt{4 + 4} = \sqrt{8} = 2\sqrt{2}\)
- \(\theta = \arctan\left(\frac{2}{2}\right) = \arctan(1) = \frac{\pi}{4}\)
radians
- \(z = 2\)

Cylindrical coordinates: \(\boxed{(2\sqrt{2}, \frac{\pi}{4}, 2)}\)

---

Point B: \((-9, 9\sqrt{3}, 6)\)
- \(r = \sqrt{(-9)^2 + (9\sqrt{3})^2} = \sqrt{81 + 81 \times 3} = \sqrt{81 +
243} = \sqrt{324} = 18\)
- \(\theta = \arctan\left(\frac{9\sqrt{3}}{-9}\right) = \arctan(-\sqrt{3})\)

Since \(x = -9 < 0\) and \(y = 9\sqrt{3} > 0\), the point lies in the second
quadrant, so:
\[
\theta = \pi - |\arctan(\sqrt{3})| = \pi - \frac{\pi}{3} = \frac{2\pi}{3}
\]
- \(z = 6\)

Cylindrical coordinates: \(\boxed{\left(18, \frac{2\pi}{3}, 6\right)}\)

---

Applications of Coordinate Conversion

Converting from rectangular to cylindrical coordinates has numerous practical



applications:

1. Solving Partial Differential Equations (PDEs)
- Many PDEs, like Laplace's equation or Poisson's equation, are easier to
solve in cylindrical coordinates when rotational symmetry exists.

2. Analyzing Physical Systems with Symmetry
- Problems involving cylinders, pipes, or circular motion are best modeled
using cylindrical coordinates.

3. Computer Graphics and Visualization
- Rendering objects with circular or cylindrical features often requires
coordinate transformations.

4. Engineering and Robotics
- Designing robotic arms or mechanical parts involving cylindrical parts
relies on coordinate conversions to analyze movements and forces.

---

Practical Tips for Conversion

- Always pay attention to the quadrant when calculating \(\theta\),
especially when \(x\) or \(y\) are negative.
- Use a calculator or software that provides accurate inverse tangent
functions and can handle angles in radians.
- Remember that the \(z\)-coordinate remains unchanged during the conversion.
- When working with angles, consider converting between radians and degrees
depending on your application.

---

Conclusion

Converting from rectangular to cylindrical coordinates is an essential skill
in multivariable calculus, physics, and engineering. It simplifies the
analysis of problems with rotational symmetry and helps visualize three-
dimensional objects more effectively. By understanding the conversion
formulas, working through examples, and recognizing practical applications,



students and professionals can enhance their problem-solving toolkit.

Whether you're analyzing electromagnetic fields, designing mechanical
components, or solving complex mathematical equations, mastering this
coordinate transformation will enable you to approach problems more
efficiently and accurately.

---

Further Resources

- Textbooks on multivariable calculus cover coordinate systems extensively,
including conversion techniques.
- Online calculators can assist in converting points between coordinate
systems.
- Software tools like MATLAB, Mathematica, and WolframAlpha have built-in
functions for coordinate transformations.

Feel free to practice with more points and explore the use of cylindrical
coordinates in various scientific and engineering contexts to deepen your
understanding.

Frequently Asked Questions

How do you convert a point from rectangular
coordinates to cylindrical coordinates when R = 0
and θ ranges from 0 to 2π?
In cylindrical coordinates, a point (x, y, z) is represented as (r, θ, z),
where r = √(x² + y²) and θ = arctangent(y/x). When R = 0, it indicates the
point lies on the z-axis, so r = 0 and θ can be any value between 0 and 2π.

Given the point (2, 2, 2) in rectangular
coordinates, what are its cylindrical coordinates?
For the point (2, 2, 2), r = √(2² + 2²) = √8 = 2√2, θ = arctangent(2/2) =
π/4, and z remains 2. Thus, its cylindrical coordinates are (2√2, π/4, 2).

How do you convert the point (-9, 9√3, 6) from
rectangular to cylindrical coordinates?
Calculate r = √((-9)² + (9√3)²) = √(81 + 813) = √(81 + 243) = √324 = 18.
Then, θ = arctangent((9√3)/(-9)) = arctangent(-√3) = -π/3 (or 5π/3 if
adjusting to [0, 2π)). The z-coordinate remains 6. So, cylindrical



coordinates are (18, 5π/3, 6).

What is the significance of the range 0 ≤ θ ≤ 2π in
cylindrical coordinates?
The range 0 ≤ θ ≤ 2π ensures a unique representation of the angular
coordinate, covering the entire circle once, and avoiding ambiguity in the
position of points around the z-axis.

When converting from rectangular to cylindrical
coordinates, what is the role of the angle θ, and
how is it determined?
The angle θ represents the direction of the point's projection onto the xy-
plane from the positive x-axis. It is determined by θ = arctangent(y/x), with
adjustments made based on the signs of x and y to place θ within the range 0
to 2π.

Additional Resources
Coordinate Transformation: From Rectangular to Cylindrical Coordinates

Transforming coordinates from rectangular (Cartesian) to cylindrical systems
is a fundamental concept in multivariable calculus and mathematical modeling.
This transformation is particularly useful in scenarios involving rotational
symmetry, such as problems involving cylinders, circular motion, or fields
with radial symmetry. In this detailed review, we’ll explore the principles
behind this change of coordinate systems, walk through specific examples, and
highlight their practical applications.

---

Understanding Rectangular and Cylindrical
Coordinates

Rectangular Coordinates (Cartesian System)
In the rectangular coordinate system, any point in three-dimensional space is
described by an ordered triplet \((x, y, z)\). These coordinates are
straightforward, representing distances along the x-, y-, and z-axes.

Advantages:
- Simplicity in algebraic calculations.
- Direct interpretation in many physical problems.



Limitations:
- Less intuitive for problems with circular or rotational symmetry.
- Can lead to complicated integrals when dealing with circular regions or
cylinders.

Cylindrical Coordinates
Cylindrical coordinates \((r, \theta, z)\) describe a point via:
- \(r\): the distance from the z-axis to the point's projection onto the xy-
plane.
- \(\theta\): the angle between the positive x-axis and the projection of the
point onto the xy-plane.
- \(z\): the same as in Cartesian coordinates, representing height.

This system is ideal when dealing with objects or phenomena with symmetry
around an axis, such as cylinders, pipes, or circular fields.

Advantages:
- Simplifies equations for symmetric objects.
- Reduces the complexity of integrals over circular regions.

---

Converting from Rectangular to Cylindrical
Coordinates

The core of the coordinate transformation lies in the relationships between
\((x, y, z)\) and \((r, \theta, z)\):

\[
\begin{cases}
r = \sqrt{x^2 + y^2} \\
\theta = \arctan\left(\frac{y}{x}\right) \quad \text{(adjusted for quadrant)}
\\
z = z
\end{cases}
\]

Important notes:
- The angle \(\theta\) ranges from \(0\) to \(2\pi\).
- When converting back, the relations are:
\[
\begin{cases}
x = r \cos \theta \\
y = r \sin \theta \\
z = z
\end{cases}



\]

Conversion process:
1. Calculate \(r\): Find the distance from the origin to the point's
projection in the xy-plane.
2. Determine \(\theta\): Use the arctangent function, considering the signs
of \(x\) and \(y\) to identify the correct quadrant.
3. Use the same \(z\): Since \(z\) remains unchanged.

---

Example Conversion: Specific Points

Let’s analyze the two points provided:

Point A: \((2, 2, 2)\)
Step 1: Calculate \(r\):
\[
r = \sqrt{2^2 + 2^2} = \sqrt{4 + 4} = \sqrt{8} = 2\sqrt{2}
\]

Step 2: Find \(\theta\):
\[
\theta = \arctan\left(\frac{2}{2}\right) = \arctan(1) = \frac{\pi}{4}
\]
Since \(x > 0\) and \(y > 0\), \(\theta = \pi/4\) is in the first quadrant.

Step 3: \(z\) remains 2.

Cylindrical Coordinates:
\[
(r, \theta, z) = \left(2\sqrt{2}, \frac{\pi}{4}, 2\right)
\]

---

Point B: \((-9, 9\sqrt{3}, 6)\)
Step 1: Calculate \(r\):
\[
r = \sqrt{(-9)^2 + (9\sqrt{3})^2} = \sqrt{81 + 81 \times 3} = \sqrt{81 + 243}
= \sqrt{324} = 18
\]

Step 2: Find \(\theta\):
\[
\theta = \arctan\left(\frac{9\sqrt{3}}{-9}\right) = \arctan(-\sqrt{3})
\]

Since \(x < 0\) and \(y > 0\), the point lies in the second quadrant, where



\(\theta\) is between \(\pi/2\) and \(\pi\).

\[
\arctan(-\sqrt{3}) = -\frac{\pi}{3}
\]

Adding \(\pi\) (to get the correct angle in the second quadrant):

\[
\theta = \pi - \frac{\pi}{3} = \frac{2\pi}{3}
\]

Step 3: \(z = 6\).

Cylindrical Coordinates:
\[
(r, \theta, z) = (18, \frac{2\pi}{3}, 6)
\]

---

Using Cylindrical Coordinates in Practice

Transforming points is the first step; the real power of the cylindrical
coordinate system emerges in solving equations and integrating over symmetric
regions.

Application 1: Surface and Volume Integration
Suppose you need to integrate a function \(f(x, y, z)\) over a cylindrical
region. Converting to cylindrical coordinates simplifies the integral:

\[
\iiint_{V} f(x, y, z) \, dV = \iiint_{V} f(r, \theta, z) \, r \, dr \,
d\theta \, dz
\]

The Jacobian determinant \(|\partial(x,y,z)/\partial(r,\theta,z)| = r\)
accounts for the change in volume element.

Application 2: Solving Differential Equations
Many PDEs involving cylindrical symmetry (e.g., heat conduction in a
cylinder, wave equations in circular domains) are more manageable in
cylindrical coordinates due to the natural alignment with the symmetry.

Application 3: Geometric Modeling
Designing objects like pipes or cylindrical tanks requires understanding how
to move between coordinate systems for precise modeling and structural
analysis.



---

Practical Tips and Best Practices

- Quadrant considerations: Always verify the signs of \(x\) and \(y\) to
determine the correct \(\theta\).
- Range of \(\theta\): Typically, \(\theta\) is taken from \(0\) to \(2\pi\).
- Handling points on axes: When \(x=0\) or \(y=0\), special care is needed to
define \(\theta\), often set to \(0\), \(\pi/2\), or \(\pi\).
- Inverse transformations: When converting back from cylindrical to
rectangular, use \(x = r \cos \theta\), \(y = r \sin \theta\).

---

Conclusion: The Power of Coordinate
Transformation

Transforming from rectangular to cylindrical coordinates unlocks a new realm
of problem-solving capabilities, especially for geometries and phenomena with
rotational symmetry. Whether calculating integrals, solving differential
equations, or designing engineering components, this transformation provides
a more natural and efficient framework.

Understanding the step-by-step process—calculating radius, angle, and
maintaining the height—equips engineers, mathematicians, and scientists with
a robust toolset for tackling complex three-dimensional problems. As
demonstrated with the sample points, mastering this transformation simplifies
analysis and enhances intuition about spatial relationships.

In essence, the shift from rectangular to cylindrical coordinates is not just
a mathematical exercise but a strategic approach to making complex problems
more approachable, intuitive, and solvable.
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