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Converting rectangular coordinates into polar coordinates is a fundamental skill in
coordinate geometry, especially useful in fields such as physics, engineering, and
mathematics. The process involves transforming a point's position from the Cartesian
plane, represented by (x, y), into a form expressed through the radius \( r \) and the angle
\( \theta \). When given the point (0, 5), our goal is to find its corresponding polar
coordinates, ensuring the angle \( \theta \) falls within the specified range \( 0 < \theta <
2\pi \). This article will guide you through the detailed steps involved in this conversion,
discuss the underlying principles, and highlight common pitfalls to avoid.

Understanding Rectangular and Polar
Coordinates

Rectangular Coordinates
Rectangular, or Cartesian, coordinates are defined by ordered pairs \((x, y)\), where:
- \( x \) indicates the horizontal distance from the origin.
- \( y \) indicates the vertical distance from the origin.

These coordinates are straightforward for plotting points on a grid, but sometimes,
especially in problems involving circles or rotation, polar coordinates are more convenient.

Polar Coordinates
Polar coordinates express a point's position using:
- \( r \): the distance from the origin to the point.
- \( \theta \): the angle measured from the positive x-axis to the line segment connecting
the origin to the point, measured in radians or degrees.

The conversion formulas are:
- \( r = \sqrt{x^2 + y^2} \)
- \( \theta = \arctan\left(\frac{y}{x}\right) \), adjusted based on the quadrant.



Step-by-Step Conversion Process

Step 1: Identify the Rectangular Coordinates
For our point:
- \( x = 0 \)
- \( y = 5 \)

Step 2: Calculate the Radius \( r \)
Using the formula:
\[
r = \sqrt{x^2 + y^2}
\]
Plugging in the values:
\[
r = \sqrt{0^2 + 5^2} = \sqrt{0 + 25} = \sqrt{25} = 5
\]
Thus, the radius \( r \) is 5 units.

Step 3: Determine the Angle \( \theta \)
The general formula:
\[
\theta = \arctan\left(\frac{y}{x}\right)
\]
However, since \( x = 0 \), direct substitution leads to an undefined expression. Instead,
we analyze the point's position:

- The point (0, 5) lies directly on the positive y-axis.

The angle \( \theta \) corresponding to a point on the positive y-axis is:
\[
\theta = \frac{\pi}{2}
\]
since this is the measure of the angle between the positive x-axis and the positive y-axis.

Important Note: The range of \( \theta \) is specified as \( 0 < \theta < 2\pi \). Since \(
\frac{\pi}{2} \) (or 90 degrees) lies within this interval, no adjustments are necessary.

Final Polar Coordinates

Given the calculations:
- \( r = 5 \)
- \( \theta = \frac{\pi}{2} \)



The polar coordinate representation of the point (0, 5) is:
\[
\boxed{(r, \theta) = \left( 5, \frac{\pi}{2} \right)}
\]

This indicates that the point is 5 units away from the origin, located at an angle of 90
degrees from the positive x-axis.

Additional Considerations in Coordinate
Conversion

Handling Points in Different Quadrants
When converting other points, it’s crucial to determine the correct quadrant, which affects
the calculation of \( \theta \). The general rules are:

- If \( x > 0 \):
\[
\theta = \arctan\left(\frac{y}{x}\right)
\]
- If \( x < 0 \):
\[
\theta = \arctan\left(\frac{y}{x}\right) + \pi
\]
- If \( x = 0 \) and \( y > 0 \):
\[
\theta = \frac{\pi}{2}
\]
- If \( x = 0 \) and \( y < 0 \):
\[
\theta = \frac{3\pi}{2}
\]

In all cases, ensure \( 0 < \theta < 2\pi \).

Dealing with Negative \( r \) Values
While typically \( r \) is positive, some conventions allow \( r \) to be negative, with \( \theta
\) adjusted accordingly. For clarity, always choose \( r \geq 0 \) and adjust \( \theta \) to
match the point's position.

Common Pitfalls and How to Avoid Them



Incorrect Quadrant Determination: Always analyze the signs of \( x \) and \( y \) to1.
identify the correct quadrant, which influences the calculation of \( \theta \).

Forgetting to Adjust \( \theta \): When \( x < 0 \), add \( \pi \) to \( \arctan(y/x) \) to2.
place the point in the correct quadrant.

Ignoring Range Restrictions: Ensure \( \theta \) stays within \( 0 < \theta < 2\pi \).3.
If necessary, add \( 2\pi \) to negative angles.

Miscalculating \( r \): Always use the distance formula, and remember that \( r \) is4.
always non-negative.

Summary: Converting (0, 5) into Polar
Coordinates

- The point (0, 5) lies directly on the positive y-axis.
- Its distance from the origin is \( r = 5 \).
- Its angle from the positive x-axis is \( \theta = \frac{\pi}{2} \).
- The polar coordinate form is \( (5, \frac{\pi}{2}) \).

This process exemplifies the straightforward conversion for points on axes and emphasizes
the importance of understanding the geometric interpretation of these coordinates.

Extensions and Practice Problems

To strengthen understanding, consider practicing with other points:
- (3, 3)
- (-4, 2)
- (-2, -3)
- (0, -7)

For each, follow the same steps:
1. Find \( r \)
2. Determine the correct \( \theta \) based on the signs of \( x \) and \( y \)
3. Adjust \( \theta \) to fit within \( 0 < \theta < 2\pi \)

By doing so, you develop a solid intuition for coordinate transformation and enhance your
problem-solving skills.

---

Summary: Converting rectangular coordinates to polar coordinates involves calculating
the distance \( r \) and the angle \( \theta \), carefully considering the point’s position in
the coordinate plane. For the specific point (0, 5), the conversion results in polar



coordinates \( (5, \frac{\pi}{2}) \), satisfying the condition \( 0 < \theta < 2\pi \). Mastery
of this process is essential for tackling more complex problems involving polar
representations.

Frequently Asked Questions

How do you convert the rectangular coordinate (0, 5)
into polar coordinates?
To convert (0, 5) into polar coordinates, find r = √(x² + y²) and θ = arctangent(y/x). Here, r
= √(0² + 5²) = 5, and θ = arctangent(5/0). Since x=0 and y>0, θ = π/2. So, the polar
coordinate is (5, π/2).

What is the polar coordinate form of the point (0, 5)
with the condition 0 < θ < 2π?
The polar coordinate form is (5, π/2), because r = 5 and θ = π/2, which is within the range
0 < θ < 2π.

Why is the angle θ = π/2 for the point (0, 5) in polar
coordinates?
Because the point (0, 5) lies directly above the origin on the positive y-axis, where the
angle from the positive x-axis is π/2 radians.

If the rectangular point is (0, 5), what is the radius r in
polar coordinates?
The radius r is √(0² + 5²) = 5.

What is the significance of choosing 0 < θ < 2π in
converting rectangular to polar coordinates?
It ensures the angle θ is within the standard range for polar coordinates, covering all
directions around the origin without ambiguity.

Can the point (0, 5) have a different polar coordinate
representation? Why or why not?
Yes, because adding 2π to the angle θ or considering the negative radius r with an
adjusted angle can represent the same point, but typically, the principal value is used
within 0 < θ < 2π.



Given the point (0, 5), what is the polar coordinate r =
... with the specified conditions?
The polar coordinate is (5, π/2), where r = 5 and θ = π/2, satisfying 0 < θ < 2π.

Additional Resources
Coordinate Conversion

Converting rectangular coordinates to polar coordinates is an essential skill in
mathematics, particularly in fields like engineering, physics, and computer graphics.
Understanding this transformation allows for easier analysis of points in a plane,
especially when dealing with phenomena involving angles and distances, such as waves,
rotations, or circular motion. In this article, we will explore the process of converting a
specific point, (0, 5), from rectangular (Cartesian) coordinates into polar coordinates, with
particular emphasis on choosing the principal angle \(0 < \theta < 2\pi\).

---

Understanding Rectangular and Polar
Coordinates

Before diving into the conversion process, it’s crucial to grasp the fundamental differences
between rectangular and polar coordinate systems.

Rectangular Coordinates (Cartesian Coordinates)
In rectangular coordinates, a point in the plane is described by an ordered pair \((x, y)\),
where:
- \(x\) represents the horizontal distance from the origin (positive to the right, negative to
the left).
- \(y\) signifies the vertical distance from the origin (positive upwards, negative
downwards).

This system is straightforward and familiar, especially since it aligns with the conventional
x-y axes.

Polar Coordinates
In polar coordinates, a point is described by \((r, \theta)\), where:
- \(r\) is the distance from the point to the origin (also called the modulus or radius).
- \(\theta\) is the angle measured from the positive x-axis to the line segment connecting
the origin to the point (measured in radians).



The polar system is particularly useful in contexts involving circles, rotations, and angles,
offering a more natural representation of many physical phenomena.

---

Step-by-Step Conversion Process of (0, 5) to Polar
Coordinates

Let’s dissect the process of converting the point \((0, 5)\) from rectangular to polar
coordinates, ensuring the angle \(\theta\) is chosen such that \(0 < \theta < 2\pi\).

Step 1: Determine the Radius \(r\)

The radius \(r\) is the distance from the origin to the point, calculated using the
Pythagorean theorem:
\[
r = \sqrt{x^2 + y^2}
\]
Substituting the values from the point \((0, 5)\):
\[
r = \sqrt{0^2 + 5^2} = \sqrt{0 + 25} = 5
\]
This indicates that the point is 5 units away from the origin, regardless of its position
along the y-axis.

Step 2: Determine the Angle \(\theta\)

The angle \(\theta\) is found using the inverse tangent function, considering the ratio of
\(y\) to \(x\):
\[
\theta = \arctan\left(\frac{y}{x}\right)
\]
However, special attention must be paid when \(x = 0\) because division by zero is
undefined. In such cases, the placement of the point along the y-axis determines \(\theta\).

For \((0, 5)\), since \(x = 0\) and \(y > 0\), the point lies directly along the positive y-axis.
Thus, the angle \(\theta\) is:
\[
\theta = \frac{\pi}{2}
\]

This is because the positive y-axis corresponds to an angle of 90 degrees or \(\pi/2\)
radians from the positive x-axis.



---

Choosing the Principal Angle \(0 < \theta < 2\pi\)

In polar coordinates, \(\theta\) is typically restricted to the interval \((0, 2\pi)\) to provide a
unique representation for each point (except for points at the origin). For the point \((0,
5)\), the angle \(\pi/2\) indeed falls within this interval, satisfying the principal range.

Important Considerations:
- When \(x > 0\), \(\theta = \arctan(y/x)\).
- When \(x < 0\), \(\theta = \arctan(y/x) + \pi\).
- When \(x = 0\) and \(y > 0\), \(\theta = \pi/2\).
- When \(x = 0\) and \(y < 0\), \(\theta = 3\pi/2\).

This system ensures each point (except the origin) has a unique \(\theta\) in \((0, 2\pi)\).

---

Final Conversion and Representation

Putting it all together, the point \((0, 5)\) in rectangular coordinates converts cleanly into
polar coordinates as:

\[
\boxed{
(r, \theta) = (5, \pi/2)
}
\]

This indicates that the point is 5 units from the origin, along a line making a 90-degree
angle with the positive x-axis, which aligns precisely with the y-axis in the Cartesian
system.

---

Additional Insights and Variations

While the primary conversion provides a unique representation, it’s worth noting that
polar coordinates are not unique without additional constraints. For example, adding
\(\pi\) to \(\theta\) and changing \(r\) to \(-r\) yields the same point:

\[
(r, \theta) \equiv (-r, \theta + \pi)
\]



However, adhering to the principal range \(0 < \theta < 2\pi\) ensures the most standard
and unambiguous form.

Alternative representations of the point \((0, 5)\) could involve negative \(r\), but these are
generally avoided unless the problem specifies otherwise.

---

Summary of Key Takeaways

- Radius calculation relies on Pythagoras: \(r = \sqrt{x^2 + y^2}\).
- Angle determination depends on the position relative to axes, with special cases when
\(x=0\).
- Principal angle range is \(0 < \theta < 2\pi\), ensuring a unique representation.
- Point (0, 5) in rectangular coordinates converts directly to \((r, \theta) = (5, \pi/2)\) in
polar coordinates.

This process underscores the importance of understanding coordinate systems in multiple
contexts—be it navigation, robotics, or complex number analysis. Mastering the
conversion techniques enhances spatial reasoning and mathematical fluency, making it a
fundamental skill for students and professionals alike.

---

In conclusion, converting \((0, 5)\) from rectangular to polar coordinates is straightforward
once the key steps are understood. The radius \(r = 5\) and the principal angle \(\theta =
\pi/2\) provide a clear, unambiguous representation within the standard interval \(0 <
\theta < 2\pi\). This exercise encapsulates the essence of coordinate transformation,
showcasing the elegance and utility of polar coordinates in various mathematical and
applied scenarios.
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