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Understanding how to find missing sides or angles in triangles is a fundamental skill in trigonometry.
The Law of Sines is a powerful tool that enables us to solve for unknown parts of a triangle when
certain information is given. Whether you're dealing with an ambiguous case, a non-right triangle, or
simply need to find a missing measure, mastering the Law of Sines is essential. This comprehensive
guide will walk you through the principles, applications, and step-by-step procedures for using the
Law of Sines effectively, ensuring you can confidently solve triangle problems and round your answers
to the nearest tenth.

What Is The Law Of Sines?

The Law of Sines relates the ratios of the sides of a triangle to the sines of their opposite angles.
Specifically, for any triangle ABC with sides a, b, and c opposite angles A, B, and C respectively, the
law states:

\[
\frac{a}{\sin A} =\frac{b}{\sin B} = \frac{c}{\sin C}
\]

This equality allows us to set up proportions to find unknown sides or angles when certain parts of the
triangle are known. It is particularly useful in non-right triangles where the basic SOH-CAH-TOA
trigonometric ratios do not apply directly.

When To Use The Law Of Sines

The Law of Sines is applicable in triangles under specific conditions:

- Given two angles and one side (AAS or ASA cases): When two angles and one side are known, the
third side can be found.

- Given two sides and a non-included angle (SSA case): Known as the ambiguous case, it can
sometimes yield zero, one, or two solutions.

- In oblique triangles: Triangles that are not right-angled.

Important note: The Law of Sines cannot be used directly if you are given two sides and the included
angle (SAS case). In such cases, the Law of Cosines is more appropriate.



Step-by-Step Procedure for Using The Law Of Sines

To effectively utilize the Law of Sines, follow these general steps:

1. Identify the known parts of the triangle (sides and angles).

2. Determine which unknowns you need to find.

3. Set up the Law of Sines proportion based on known and unknown parts.
4. Cross-multiply to solve for the unknown.

5. Use inverse sine (arcsin) when solving for angles.

6. Round your final answers to the nearest tenth as required.

Example Walkthrough:
Suppose you're given:

- Angle A = 50°

- Side b = 7 units

- Find side a and angle C.

Step 1: Write the Law of Sines:

\[
\frac{a}{\sin A} = \frac{b}{\sin B}
\]

Step 2: Plug in known values:

\[
\frac{a}{\sin 50" \circ} = \frac{7}{\sin B}
\]

Step 3: To find side a, you need to find angle B or vice versa. First, find angle B using the Law of
Sines:

\[

\frac{7}{\sin B} = \frac{a}{\sin 50" \circ}

\]

But since side a is unknown, it's easier to find angle B first.

Step 4: Use the Law of Sines to find angle B:



\[
\frac{7}{\sin B} = \frac{a}{\sin 50™\circ}
\]

However, you need to relate angles and sides directly. Alternatively, since you know angle A and side
b, you can find angle B using the Law of Sines:

\[
\frac{\sin B}{b} = \frac{\sin A}{a}
\]

But because side a is unknown, it's better to use the Law of Sines to find angle B directly:

\[
\sin B = \frac{b \times \sin A}{a}
\]

But without a known side a, this approach isn't straightforward. Instead, because you know one side
and its opposite angle, and another side, you can use the Law of Sines to find angle B:

\[
\sin B = \frac{b \times \sin A}{a}
\]

Alternatively, since side a is unknown, but side b and angle A are known, the more direct approach is:

\[
\text{Find } B \text{ using the Law of Sines:} \quad \frac{\sin B}{b} = \frac{\sin A}{a}
\]

Given the complexity, the typical approach is:
- First, find angle B using the Law of Sines with known sides and angles if available.
- Or, if only one side and angle are given, and the other angle is unknown, use the Law of Sines to find

the missing angle C and side c.

This example highlights the importance of carefully selecting which parts of the triangle to relate
using the Law of Sines.

Handling the Ambiguous Case (SSA)

One of the trickiest scenarios when using the Law of Sines involves the SSA configuration, often called
the ambiguous case because it can produce:

- Zero solutions (no triangle)
- One solution (right at the boundary)
- Two solutions (two distinct triangles)



How to approach SSA problems:

1. Use the known side and angle to find the height or an auxiliary value.
2. Calculate the sine of the unknown angle.

3. Determine if the sine value corresponds to one or two possible angles.
4. Find all possible solutions if applicable.

5. Verify if solutions are valid within the triangle's constraints.

Common Mistakes and Tips

- Confusing the Law of Sines and Law of Cosines: Remember, Law of Sines relates sides and opposite
angles, ideal for ASA, AAS, or SSA, while Law of Cosines is for SAS or SSS.

- Incorrectly identifying the given parts: Always double-check which angles and sides are known.

- Neglecting the ambiguous case: Always consider the possibility of two solutions when dealing with
SSA.

- Not rounding properly: Round your answers to the nearest tenth as specified, and check that your
angles sum to 180° where applicable.

Practice Problems

To reinforce your understanding, try solving these problems using the Law of Sines:

1. Given: Angle A = 40°, Side b = 9 units, find Side a and Angle C.
2. Given: Side a = 8 units, Side ¢ = 10 units, and Angle C = 60°, find Angle A and Side c.

3. Given: Angle A = 30°, Side a = 7 units, and Side c = 15 units, find Angle C and Side c.

For each problem, follow the step-by-step process outlined above, ensuring accuracy and proper
rounding.

Conclusion

Mastering the use of the Law of Sines is crucial for solving a wide range of triangle problems,
especially when dealing with non-right triangles. Remember to carefully identify the known parts, set
up the appropriate proportions, and solve systematically. Always consider the ambiguous case in SSA
scenarios, and verify your solutions. By practicing these techniques and following the outlined steps,
you'll enhance your problem-solving skills and confidence in trigonometry.



Key Takeaways:

- The Law of Sines relates sides and angles in any triangle.

- Use it when you know ASA, AAS, or SSA (with caution).

- Always round your answers to the nearest tenth.

- Carefully analyze the given data to determine the best approach.

With consistent practice and attention to detail, you'll become proficient in applying the Law of Sines
to find missing sides or angles efficiently and accurately.

Frequently Asked Questions

Given a triangle with angles A=40°, B=60°, and side a=8
units, find side b using the Law of Sines.

Using the Law of Sines: (a/sin A) = (b/sin B). So, b = (a sin B) / sin A = (8 sin 60°) / sin 40° = (8
0.8660) / 0.6428 = 10.8 units.

In a triangle, side a=7 units, side b=10 units, and angle
A=30°. Find angle B.

Using Law of Sines: (a/sin A) = (b/sin B). So, sinB = (bsin A)/a=(100.5)/7 = 0.7143. Then, B =
arcsin(0.7143) = 45.6°.

A triangle has sides a=9 units, b=12 units, and angle A=50°.

Find side c.
First, find angle B using Law of Sines. (a/sin A) = (b/sin B): sinB = (b sin A) /a = (12 0.7660) / 9 =

1.021. Since sine cannot be greater than 1, check for possible errors or consider the triangle's
existence. Assuming valid data, if sin B = 1, then B=90°, and proceed accordingly.

Given a triangle with side a=5 units, side ¢=10 units, and
angle C=60°, find side a.

Using Law of Sines: (a/sin A) = (c/sin C). So, sin A = (a sin C) / c. Rearranged to find A: sin A = (a sin
60°) / c. Since a is unknown, rearranged as: a = (c sin A) / sin C. But with only given data, to find

missing side a, more info is needed. If assuming side a is unknown, you can set up the ratio once you
find angle A if necessary.

In a triangle, side a=15 units, side b=20 units, and angle
A=45°. Find angle B.

Using Law of Sines: (a/sin A) = (b/sin B). So, sin B = (b sin A) /a = (20 0.7071) / 15 = 0.943.
Therefore, B = arcsin(0.943) = 70.8°.



A triangle has sides a=8 units, b=15 units, and angle A=35°.
Find side c.

First, find angle B: sin B = (b sin A) /a = (15 0.574) / 8 = 1.075. Since sine cannot be greater than 1,
this indicates no triangle exists with these measurements.

Given a triangle with sides a=9, b=12, and angle B=60°, find
angle A.

Using Law of Sines: (a/sin A) = (b/sin B). So, sin A= (asinB) /b = (9 0.8660) / 12 = 0.6495. Then, A
~ arcsin(0.6495) = 40.6°.

Find side a in a triangle where side b=10 units, side c=14
units, and angles A=45°, C=60°.

Use Law of Sines: (a/sin A) = (b/sin B). First, find B: sum of angles in triangle is 180°, so B=180° - 45°
- 60° = 75°. Then, sin B=0.9659. Now, a = (b sin A) /sin B = (10 0.7071) / 0.9659 = 7.32 units.

In a triangle, side a=6 units, side b=8 units, and angle B=50°.
Find side a.

Since side a is given as 6 units, perhaps the question intends to find side c. Using Law of Sines: (a/sin
A) = (b/sin B), sosin A= (asinB)/b =(60.7660) / 8 = 0.5745. Then, A = arcsin(0.5745) = 34.9°. To
find side ¢, additional data needed; otherwise, the problem is to verify or find angle A.

Additional Resources

Directions: Use The Law Of Sines To Find Each Missing Side Or Angle is a fundamental concept in
trigonometry that empowers students and professionals alike to solve non-right triangles efficiently.
This method is especially useful when dealing with oblique triangles—those that are not right-
angled—and when certain sides and angles are known. Mastering this technique not only enhances
problem-solving skills but also deepens understanding of the relationships between angles and sides
in triangles. In this comprehensive review, we will explore the principles behind the Law of Sines,
provide step-by-step guidance on applying it, discuss common challenges, and highlight best
practices to ensure accuracy and confidence in your calculations.

Understanding the Law of Sines

Definition and Formula

The Law of Sines states that in any triangle (whether acute, obtuse, or right), the ratios of the lengths
of sides to the sines of their opposite angles are equal:



\[
\frac{a}{\sin A} =\frac{b}{\sin B} = \frac{c}{\sin C}
\]

where:
-\(a, b, c\) are the lengths of the sides,
-\(A, B, C\) are the respective angles opposite those sides.

This law provides a direct relationship between angles and sides, allowing us to find unknown parts
once enough information is known.

When to Use the Law of Sines

The Law of Sines is most effective in the following cases:

- The SSA (Side-Side-Angle) configuration: where two sides and a non-included angle are known.
- Two angles and a side (AAS or ASA): enabling the calculation of the third side.

- Ambiguous Case (SSA): where there may be zero, one, or two possible solutions.

Step-by-Step Approach to Applying the Law of Sines

Step 1: Identify Known and Unknown Elements

Begin by carefully examining the given information:
- List known sides and angles.
- Determine the configuration of the triangle (ASA, AAS, SSA, SAS, or SSS).

Step 2: Decide Which Parts to Find

Based on the known data, decide whether you'll find a missing side or angle first. For example:

- If two angles are known, find the third using the fact that the sum of angles in a triangle is 180°.
- If two sides and an angle not between them are known (SSA), be cautious about the ambiguous
case.

Step 3: Set Up the Law of Sines Equation

Use the relevant known data to set up the ratio:

\[

\frac{\text{known side} } {\sin \text{opposite known angle}} = \frac{\text{unknown side}}{\sin
\text{opposite unknown angle}}

\]



Step 4: Solve for the Unknown

- Rearrange the formula to solve for the unknown side or angle.
- Use inverse sine (\(\sin™{-1}\)) carefully, considering the possible multiple solutions in SSA cases.

Step 5: Round to the Nearest Tenth

After calculating, round your answer to the nearest tenth, as per instructions.

Common Challenges and How to Overcome Them

Dealing with the Ambiguous Case (SSA)

- Challenge: SSA can lead to zero, one, or two solutions.

- Solution:

- Use the Law of Sines to compute \(\sin B\).

- Check if \(\sin B \leq 1\). If \(\sin B > 1\), no solution exists.

-If\(\sin B \leg 1), find \(B\) using \(\sin”~{-1}\).

- Consider the supplementary angle \(180"\circ - B\) to find the second possible solution.

Ensuring Accuracy in Calculations

- Always verify that angles sum to less than 180°.
- Double-check your inverse sine calculations to account for potential multiple solutions.
- Use a scientific calculator set to correct mode (degrees or radians).

Handling Rounding Errors

- Maintain sufficient decimal places during intermediate steps.
- Round only at the final step to avoid compounding errors.

Features and Benefits of Using the Law of Sines

Features:

- Applicable to all types of triangles (acute, obtuse, right).
- Useful when given non-included sides and angles.

- Facilitates solving for missing parts with minimal data.

Pros:



- Simplifies complex problems into manageable ratios.
- Enables determination of unknown parts without requiring right angles.
- Helps to identify the number of possible solutions, especially in SSA configurations.

Cons:

- Cannot be used when only three sides are known (SAS or SSS) unless combined with other laws.
- Ambiguous case can be confusing for beginners.

- Requires careful attention to inverse functions and solution validity.

Practical Examples

Example 1: Finding a Missing Side in an ASA Triangle

Suppose you have a triangle with:
-\(A = 40"\circ\),

-\(B = 60™\circ\),

- Side \(a = 8\).

Solution:

1. Find \(C = 180" \circ - 40™\circ - 60" \circ = 80™\circ\).
2. Set up ratios:

\[

\frac{a}{\sin A} = \frac{b}{\sin B}

\]

\[

\frac{8} {\sin 40~\circ} = \frac{b}{\sin 60™\circ}

\]

3. Calculate:

\[

b = \frac{\sin 60"™\circ \times 8}{\sin 40™\circ}

\]

\[

b \approx \frac{0.8660 \times 8} {0.6428} \approx \frac{6.928}{0.6428} \approx 10.8
\]

Rounded to the nearest tenth: 10.8

Example 2: Solving an SSA Triangle with Two Sides and a Non-
Included Angle

Given:

-\(A = 30"™\circ\),
-\(a=17)),

-\(b = 10\),

find side \(b\).



Solution:

1. Set up the ratio:

\[

\frac{a}{\sin A} = \frac{b}{\sin B}

\]

\[

\frac{7}{\sin 30™\circ} = \frac{10}{\sin B}
\]

2. Calculate:

\[

\frac{7}{0.5} = 14 = \frac{10}{\sin B}

\]

\[

\sin B = \frac{10} {14} \approx 0.7143

\]

3. Find \(B\):

\[

B =\sin™{-1}(0.7143) \approx 45.6"\circ
\]

4, Consider the supplementary angle:

\[

1807\circ - 45.6"\circ = 134.4"\circ

\]

5. Check the sum of angles:

- First possibility: \(A + B = 30™\circ + 45.6"™\circ = 75.6"™\circ\),
- Second possibility: \(30”™\circ + 134.4"\circ = 164.4"\circ\),
which leaves a valid third angle:

\[

C = 180" \circ - 75.6"™\circ = 104.4"\circ

\]

or

\[

C = 1807"\circ - 164.4"~\circ = 15.6™\circ

\]

Depending on the context, you may have one or two solutions.

Conclusion

Mastering the use of the Law of Sines for finding missing sides or angles is a crucial skill in solving
non-right triangles efficiently and accurately. By understanding the fundamental ratios, recognizing
the appropriate scenario, and carefully applying inverse functions, students can resolve complex
problems with confidence. While challenges such as the ambiguous case require cautious analysis,
systematic steps and attention to detail can mitigate errors. The ability to round answers to the
nearest tenth ensures clarity and precision in reporting solutions. Whether in academic settings,
engineering, navigation, or architecture, proficiency with the Law of Sines enhances problem-solving
versatility and deepens comprehension of triangle relationships. With practice, applying this law
becomes an intuitive and powerful tool in your mathematical toolkit.
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