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Understanding the relationships between the trigonometric functions sine and cosine is fundamental
in trigonometry. These functions are deeply interconnected, and their values depend on the specific
angles or points on the unit circle. In this article, we'll explore how to find the cosine of an angle
given certain information about its sine and the quadrant in which the angle resides. Through
detailed explanation and examples, we'll clarify the methods to determine cosine values in different
scenarios, ensuring a comprehensive grasp of these concepts.

Understanding the Basics of Sine and Cosine

Definitions and Unit Circle Representation

- The sine and cosine functions are defined based on the unit circle, where each point on the circle
corresponds to an angle 6.

- For an angle 0, located at the origin, with a point (x, y) on the unit circle:

-sin(0) =y

-cos(0) =x

- The unit circle allows visualization of these functions and their signs in different quadrants.

Quadrants and Sign Conventions

- The plane is divided into four quadrants:

1. Quadrant I: sin(6) > 0, cos(6) > 0

2. Quadrant II: sin(6) > 0, cos(0) < 0

3. Quadrant III: sin(6) < 0, cos(0) < 0

4. Quadrant IV: sin(8) < 0, cos(6) > 0

- Knowing the quadrant helps determine the signs of sine and cosine for a given angle.

Scenario 1: Find Cos(0) Given That Sin(0) = 0 and



Cos(0) <0

Understanding the Conditions

- Given that sin(8) = 0, the point on the unit circle lies on the x-axis.
- The possible points are at (1, 0) or (-1, 0).
- The condition that cos(6) < 0 indicates the cosine value is negative.

Identifying the Corresponding Angles

- Since sin(0) = 0, the angles are:

-6=0°

-6 =180°

-0 = 360° (or 2m radians)

- In the context of cosine being negative, the relevant angle is 6 = 180°, where:
- cos(180°) =-1

-sin(180°) =0

Conclusion

- Therefore, when sin(6) = 0 and cos(0) < 0, 6 = 180°, and:
-Cos(0) = -1

Summary

e The angle is on the x-axis where sine is zero.
e Cosine is negative at 180°, corresponding to the point (-1, 0) on the unit circle.

e Hence, Cos(0) = -1 in this case.

Scenario 2: Find Cos(0) Given That Sin(0) = 5/13 and A
Is In Quadrant

Understanding the Given Data

- The sine value is given as sin(8) = 5/13.
- The specific quadrant in which 0 lies is crucial for determining the sign of cosine.



- The value 5/13 suggests a right triangle with legs 5 and 12 and hypotenuse 13, corresponding to a
5-12-13 Pythagorean triple.

Applying the Pythagorean Theorem

- Recall that:

- sin(0) = opposite/hypotenuse

- cos(8) = adjacent/hypotenuse

- Given sin(0) = 5/13, the opposite side is 5, and the hypotenuse is 13.

Determining the Adjacent Side

- Using the Pythagorean theorem:
- adjacent = V(hypotenuse? - opposite?)
- adjacent = V(13%-5%) = V(169 - 25) = V144 = 12

Calculating Cos(0)

- Cosine is the ratio of the adjacent side to the hypotenuse:
- cos(B) = adjacent / hypotenuse = 12 /13

Sign of Cosine Based on Quadrant

- The sign of cos(0) depends on the quadrant:

- Quadrant I: both sine and cosine are positive.

- Quadrant II: sine positive, cosine negative.

- Quadrant III: both negative.

- Quadrant IV: sine negative, cosine positive.

- Since sin(0) = 5/13 is positive, 6 must be in either Quadrant I or II.

Determining the Exact Sign of Cos(0)

- If the problem states the angle is in Quadrant I:
-cos(B) = +12/13

- If in Quadrant II:

-cos(9) =-12/13

Summary of Results

¢ Given sin(0) = 5/13, then cos(0) = £12/13 depending on the quadrant.
¢ Specifically:

o Quadrant I: cos(0) = 12/13



o Quadrant II: cos(0) = -12/13

Additional Considerations and Applications

Using the Pythagorean Identity

- The fundamental identity:

- sin?(0) + cos?(0) =1

- Allows verification of the computed cosine value:

- For sin(0) = 5/13:

- (5/13)? + (12/13)%? = 25/169 + 144/169 = 169/169 = 1

Practical Applications

- These calculations are essential in:

- Solving triangles

- Analyzing wave functions

- Engineering and physics problems involving oscillations
- Computer graphics and rotation matrices

Common Mistakes to Avoid

- Forgetting to consider the quadrant when determining the sign of cosine.
- Assuming the positive value when the quadrant indicates a negative cosine.
- Misapplying the Pythagorean theorem or misidentifying the side lengths.

Summary and Final Remarks

In summary, understanding how to find cosine given sine and the quadrant involves:
- Recognizing the geometric representation on the unit circle.

- Using the Pythagorean theorem to find the missing side.

- Considering the sign conventions based on the quadrant in which the angle resides.

For the specific scenarios:
- When sin(0) = 0 and cos(0) < 0, the angle is 180°, and cos(0) = -1.
- When sin(0) = 5/13, and the angle is in Quadrant I, cos(6) = 12/13; in Quadrant II, cos(8) = -12/13.

Mastering these approaches enables precise calculation of trigonometric functions in various



contexts, fundamental to advanced mathematics, physics, engineering, and computer science.
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Frequently Asked Questions

If Sin(0) = 0 and Cos(0) < 0, what is the value of Cos(0)?
Since Sin(0) = 0, 6 is at 0° or 180°. Given Cos(8) < 0, 8 must be 180°, where Cos(0) = -1.

Given Sin(0) = 5/13 and 0 is in a certain quadrant, how do we
find Cos(0)?

Using the Pythagorean identity, Cos(8) = V(1 - Sin?(0)) = V(1 - (5/13)?) = V(1 - 25/169) = v(144/169)
= 12/13. The sign of Cos(0) depends on the quadrant.

If Sin(0) = 5/13 and Cos(0) < 0, which quadrant is 0 in?

Since Sin(0) is positive and Cos(0) is negative, 0 is in the 2nd quadrant.

How do you determine the sign of Cos(0) given Sin(0) and a
specific quadrant?

The sign of Cos(0) depends on the quadrant: positive in quadrants 1 and 4, negative in quadrants 2
and 3. Use this to assign the correct sign after calculating the value.

What is the value of Cos(0) if Sin(0) = 5/13 and 0 is in the
second quadrant?

Cos(0) = -12/13, since in the second quadrant Cos(0) is negative and the Pythagorean calculation
yields 12/13.

In which quadrant does Sin(0) = 0 and Cos(0) < 0 occur?

This occurs at 6 = 180°, which is on the negative x-axis, corresponding to the second quadrant for
angles approaching 180°.



Additional Resources
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Understanding the relationships between sine and cosine functions is fundamental to trigonometry,
a branch of mathematics that deals with the properties and relationships of angles and sides in
triangles. This article offers an in-depth exploration of how to determine the cosine value given
specific sine conditions, particularly when sine equals zero or a positive fraction, and when cosine's
sign is constrained by quadrant considerations. By dissecting these scenarios, we aim to clarify the
principles, methods, and implications involved in solving such trigonometric problems.

Introduction to Trigonometric Functions and Their
Significance

Trigonometry revolves around the study of angles and their associated ratios within right-angled
triangles and the unit circle. The two primary functions—sine (sin) and cosine (cos)—are ratios that

relate the angles to side lengths. These functions are essential in various scientific, engineering, and
mathematical applications, from wave analysis to navigation.

Understanding how to find one function's value based on the other, especially under specific
conditions like quadrant restrictions or given values, is crucial for solving real-world problems. The

scenarios presented in this discussion involve:

- When the sine of an angle is zero and the cosine is negative.
- When the sine of an angle is a specific fraction (5/13) and the angle's quadrant is known.

In each case, the goal is to determine the corresponding cosine value, considering the constraints
imposed by the problem's conditions.

Scenario 1: Find Cos() Given That Sin()=0 and Cos() <
0

Understanding the Conditions

The first scenario presents two critical conditions:

-Sin(0) =0
-Cos(0) <0



These conditions exist within the context of the unit circle, which is a fundamental concept in
trigonometry. The unit circle is a circle with a radius of 1 centered at the origin (0,0). Each point on
the circle corresponds to an angle 0, with coordinates (cos(8), sin(0)).

Sin(0) = 0 indicates that the point lies on the x-axis, where the y-coordinate is zero. The points on
the unit circle where sin(6) = 0 are at:

- 0 = 0 radians (0 degrees)
- 8 = mradians (180 degrees or 180°)

At these points, the coordinates are:

-(1,0)at86=0
-(-1,0)atb6=mn

The second condition, Cos(8) < 0, restricts us to points where the x-coordinate (cosine) is negative.
On the unit circle, this occurs at:

- 0 = m radians (180°)
since at 6 = 0, cos(0) = 1, which is positive, contradicting the condition.

Therefore, the only point satisfying both conditions is at 6 = i1 radians.

Determining Cosine in this Scenario

Given the above, the cosine value at 6 = o radians is:

-cos(m) = -1

This is because on the unit circle, the point at 180° (or r radians) is (-1, 0).
Summary:

| Condition | Result |

-}

| sin(0) = 0| 6 = 0 or i radians |

| cos(0) < 0| 6 = m radians |

| Therefore, | cos(B) |at® =m | -1 |

Conclusion:

- The cosine value, given that sin(6) = 0 and cos(8) < 0, is -1.



Scenario 2: Find Cos() Given That Sin()=5/13 And A Is
In Quadrant

Understanding the Given Data

This scenario involves a specific sine value, sin(6) = 5/13, and a determination of the cosine based on
the quadrant where the angle 0 resides.

The fraction 5/13 suggests a classic 3-4-5 right triangle scaled proportionally:

- Opposite side: 5
- Hypotenuse: 13

Using this ratio, we can find the adjacent side (cosine component) once the quadrant is known.
Key point: The sign of cosine depends on the quadrant:

- Quadrants I and IV: cosine is positive.
- Quadrants IT and III: cosine is negative.

Without the specific quadrant, we can only find the absolute value of cosine; the sign depends on the
quadrant.

Calculating Cosine from Sin(0) = 5/13

Using the Pythagorean identity:

\[
\sin”™2(0) + \cos™2(0) =1
\]

Substituting sin(6):

\[
\left(\frac{5} {13 }\right)~2 + \cos"~2(0) = 1
\]

Calculations:

\[
\frac{25}{169} + \cos™2(0) =1
\]

\[
\cos™2(0) =1 -\frac{25}{169} = \frac{169}{169} - \frac{25}{169} = \frac{144} {169}

\]



Taking the square root:

\[
\cos(0) = \pm \frac{12}{13}
\]

Sign determination depends on the quadrant.

- If 8 is in Quadrant I: cos(0) = +12/13
- If 8 is in Quadrant II: cos(0) = -12/13

- If 0 is in Quadrant III: cos(0) = -12/13
- If 0 is in Quadrant IV: cos(0) = +12/13

Note: The sign of cosine is positive in Quadrants I and IV and negative in Quadrants II and III.

Determining the Quadrant

The question mentions an "A" in a specific quadrant, but the quadrant is not explicitly provided. For
completeness, suppose:

- If A is in Quadrant I: cos(6) = +12/13
- If A is in Quadrant II: cos(0) = -12/13

- If A is in Quadrant III: cos(6) = -12/13
- If A is in Quadrant IV: cos(0) = +12/13

The choice of the sign hinges on the context or additional information about the angle's location.
In many problem statements, the focus is on the magnitude unless specified.
Summary:

| Sin(0) | 5/13 |

[
| Cos(8) | £12/13 |

- Sign depends on quadrant:
- Quadrant I: +12/13

- Quadrant II: -12/13

- Quadrant III: -12/13

- Quadrant IV: +12/13

Analyzing the Quadrant and Its Impact on Cosine

Understanding the role of quadrants is essential in trigonometry because the signs of sine and
cosine are quadrant-dependent.



Quadrant Sign Chart:

| Quadrant | Sine | Cosine |

| T]+]+]
| T+ -]
| - - |
| IV]-]+]

This chart provides a quick reference for the sign of each function depending on the angle's
quadrant.

Implications:

- When sine is positive and cosine is negative, the angle resides in Quadrant II.
- When both sine and cosine are negative, the angle is in Quadrant III.

- When sine is positive and cosine positive, the angle lies in Quadrant I.

- When sine is negative and cosine positive, the angle is in Quadrant IV.

In our example, with sin(6) = 5/13 (positive), the cosine's sign depends on the quadrant. If the
problem specifies that A is in a particular quadrant, the sign can be definitively assigned.

Practical Applications and Examples

To solidify understanding, consider practical examples where these principles apply.
Example 1:

Suppose an angle 0 has sin(8) = 0 and cos(0) < 0. Find cos(8).

Solution:

- sin(0) = 0 implies 6 = 0 or 1 radians.

- The constraint cos(0) < 0 indicates 0 = o radians.

-At 0 =1, cos(mm) = -1.

Answer: cos(0) = -1.

Example 2:
Given sin(0) = 5/13 and the angle 0 is in Quadrant II, find cos(0).
Solution:

- From earlier, cos(0) = -12/13 (since Quadrant II cosine is negative).



- The negative sign aligns with the quadrant's sign convention.

Answer: cos(0) = -12/13.

Example 3:
Given sin(0) = 5/13 and the angle 0 is in Quadrant I, find cos(0).
Solution:

- From previous calculations, cos(0) = +12/13.
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