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Trig Law Of Sines Cosines Word
Problems

trig law of sines cosines word problems are essential for students and professionals alike who seek to
apply trigonometry principles to real-world scenarios. These problems often involve calculating unknown sides
or angles in non-right triangles—scenarios that frequently occur in fields such as engineering, architecture,
navigation, and physics. Understanding how to approach and solve these word problems using the Law of
Sines and Law of Cosines is crucial for mastering trigonometry and enhancing problem-solving skills. This
article provides a comprehensive guide to understanding, setting up, and solving trig law of sines and cosines
word problems, along with practical tips and example problems to reinforce learning.

Understanding the Trigonometric Laws: Law of Sines
and Law of Cosines
Before diving into problem-solving strategies, it’s essential to understand the two fundamental laws used in
non-right triangle problems.

Law of Sines
The Law of Sines relates the ratios of the sides of a triangle to the sines of their opposite angles: \[
\frac{a}{\sin A} = \frac{b}{\sin B} = \frac{c}{\sin C} \] where: - \(a, b, c\) are the lengths of the sides
opposite angles \(A, B, C\) respectively. This law is particularly useful when: - You are given two angles and
one side (AAS or ASA). - You are given two sides and a non-included angle (SSA), though this can sometimes
lead to ambiguous cases. Key points: - It allows solving for unknown sides or angles when sufficient data is
provided. - It can lead to the "ambiguous case" (SSA), which may have zero, one, or two solutions.

Law of Cosines
The Law of Cosines generalizes the Pythagorean theorem for non-right triangles: \[ c^2 = a^2 + b^2 - 2ab
\cos C \] Similarly: \[ a^2 = b^2 + c^2 - 2bc \cos A \] \[ b^2 = a^2 + c^2 - 2ac \cos B \] This law is especially
useful when: - You are given two sides and the included angle (SAS). - You are given all three sides (SSS) and
need to find angles. Key points: - It helps solve for unknown sides or angles in more complex triangles. - It can
be used to find angles when all sides are known.

Common Types of Word Problems Involving the Laws of
Sines and Cosines
Understanding the typical scenarios where these laws are applied will help you quickly identify the
appropriate approach.

1. Solving for Unknown Sides or Angles in Triangles (AAS, ASA,
SAS, SSS, SSA)
- Problems often specify enough data to determine an unknown side or angle. - Example: "A triangle has two
angles measuring 45° and 60°, and the side opposite the 45° angle is 10 units. What is the length of the side



opposite the 60° angle?"

2. Navigation and Distance Problems
- Calculating distances between points when angles and some distances are known. - Example: "An observer
sights two landmarks and measures the angles between them. Find the distance between the landmarks."

3. Engineering and Construction Problems
- Determining lengths and angles in structures. - Example: "A roof truss forms a triangle with known lengths
and angles. Find the length of a supporting beam."

4. Physics and Trajectory Problems
- Calculating projectile paths or forces based on angles and distances.

Step-by-Step Approach to Solving Trig Law Word
Problems
Approaching these problems systematically ensures accuracy and efficiency. Here’s a detailed process:

Step 1: Read and Understand the Problem Carefully
- Identify what is given: sides, angles, or both. - Determine what you need to find. - Note units and conversions
if necessary.

Step 2: Sketch the Triangle
- Draw a clear diagram, labeling all known sides and angles. - Mark the unknowns with variables (e.g., \(x, y,
z\), or \(A, B, C\)).

Step 3: Decide Which Law to Use
- Use Law of Sines when you have: - Two angles and a side (AAS or ASA). - Two sides and a non-included angle
(SSA). - Use Law of Cosines when you have: - Two sides and the included angle (SAS). - All three sides (SSS).

Step 4: Set Up the Equation(s)
- Write the relevant law with the known quantities. - Be mindful of the ambiguous case in SSA situations.

Step 5: Solve for the Unknown(s)
- Use algebraic manipulation and inverse trigonometric functions as needed. - Check for multiple solutions,
especially with Law of Sines.

Step 6: Verify the Solution
- Ensure that the found angles and sides make sense within the context. - Confirm that angles are within valid
ranges (0° to 180°).
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Step 7: Write a Clear Final Answer
- State the solution with appropriate units. - Include any assumptions made during the process.

Practical Tips for Solving Word Problems
- Always draw a detailed diagram to visualize the problem. - Label all known quantities clearly. - Identify the
type of problem (AAS, ASA, SAS, SSS, SSA) early. - Be cautious with the SSA case; verify if solutions are
possible and if multiple solutions exist. - Use calculator carefully, especially when dealing with inverse sine or
cosine. - Check your answers by substituting back into the original problem.

Example Word Problems and Solutions

Example 1: Using the Law of Sines
Problem: A triangle has angles \(A = 50^\circ\) and \(B = 60^\circ\). Side \(a = 8\) units (opposite \(A\)). Find
side \(b\) (opposite \(B\)). Solution: 1. Find angle \(C\): \[ C = 180^\circ - 50^\circ - 60^\circ = 70^\circ \] 2.
Set up Law of Sines: \[ \frac{a}{\sin A} = \frac{b}{\sin B} \] \[ \frac{8}{\sin 50^\circ} = \frac{b}{\sin
60^\circ} \] 3. Solve for \(b\): \[ b = \frac{\sin 60^\circ \times 8}{\sin 50^\circ} \] 4. Calculate: \[ b =
\frac{0.8660 \times 8}{0.7660} \approx \frac{6.928}{0.766} \approx 9.045 \text{ units} \] Answer: Side \(b
\approx 9.05\) units.

Example 2: Using the Law of Cosines
Problem: In a triangle, sides \(a = 7\) units, \(b = 10\) units, and the included angle \(C = 60^\circ\). Find side
\(c\). Solution: 1. Use the Law of Cosines: \[ c^2 = a^2 + b^2 - 2ab \cos C \] 2. Plug in values: \[ c^2 = 7^2 +
10^2 - 2 \times 7 \times 10 \times \cos 60^\circ \] \[ c^2 = 49 + 100 - 140 \times 0.5 \] \[ c^2 = 149 - 70 = 79
\] 3. Take the square root: \[ c = \sqrt{79} \approx 8.89 \text{ units} \] Answer: Side \(c \approx 8.89\) units.

Common Challenges and How to Overcome Them
- Ambiguous Case (SSA): Sometimes, given two sides and a non-included angle, there may be two possible
triangles, one triangle, or none. Solution: - Use the Law of Sines to find possible angles. - Check if the solutions
are valid (angles within 0°–180°). - Draw multiple diagrams if necessary. - Calculations with Inverse Functions:
Be cautious with calculator mode and radians/degrees settings. - Multiple Solutions: Always verify each
potential solution against the problem's constraints.

Conclusion
Mastering trig law of sines and cosines word problems requires a clear understanding of the laws, careful
diagramming, and systematic problem-solving approaches. By recognizing the types of problems and applying
the appropriate law, you can efficiently determine unknown

Trig Law of Sines and Cosines Word Problems: An Expert Guide When tackling real-world problems involving
triangles, especially those that do not conform to simple right-angle configurations, the laws of sines and
cosines become invaluable tools. These laws are fundamental in solving oblique triangles—triangles that are
neither right-angled nor equilateral—and are essential for students, engineers, surveyors, architects, and
anyone involved in fields that require precise measurement and geometric reasoning. In this comprehensive
guide, we will delve into the intricacies of the Law of Sines and the Law of Cosines, emphasizing their
application in word problems. Through detailed explanations, step-by-step strategies, and illustrative



examples, you'll gain confidence in navigating complex triangle scenarios.

Understanding the Foundations: Law of Sines and
Cosines
Before approaching word problems, it’s critical to understand what these laws state and when to use them.

The Law of Sines
Statement: For any triangle with sides \( a, b, c \) opposite angles \( A, B, C \) respectively, the law states: \[
\frac{a}{\sin A} = \frac{b}{\sin B} = \frac{c}{\sin C} \] Implications & Uses: - Useful when you know: - Two
angles and one side (AAS or ASA), or - Two sides and a non-included angle (SSA) (though this case can be
ambiguous). - Helps to find missing sides or angles. Limitations: - The SSA configuration can sometimes lead
to ambiguous cases—either zero, one, or two solutions.

The Law of Cosines
Statement: For the same triangle, \[ c^{2} = a^{2} + b^{2} - 2ab \cos C \] Similarly, for other sides: \[
a^{2} = b^{2} + c^{2} - 2bc \cos A \] \[ b^{2} = a^{2} + c^{2} - 2ac \cos B \] Implications & Uses: - Ideal
when: - You know two sides and the included angle (SAS), or - All three sides (SSS). - Facilitates solving for
unknown sides or angles in non-right triangles where the Law of Sines is insufficient.

Applying the Laws to Word Problems: A Strategic
Approach
Word problems involving triangles often come with real-world context—distances, angles, heights, and other
measurements. Here’s an effective strategy to approach such problems: Step 1: Read the Problem Carefully -
Identify what is given: sides, angles, heights, distances. - Determine what you need to find. - Recognize the
type of information provided: SSA, SAS, ASA, SSS. Step 2: Sketch and Label the Triangle - Draw a clear
diagram. - Label all known sides and angles. - Mark unknowns as variables. Step 3: Decide Which Law to Use -
Use the Law of Sines if: - Two angles and a side are known, or - Two sides and a non-included angle are
known. - Use the Law of Cosines if: - Two sides and the included angle are known, or - All three sides are
known (to find an angle). Step 4: Set Up Equations - Write the relevant law based on your knowns. - Substitute
known values. - Solve algebraically. Step 5: Solve and Check for Ambiguities - Be cautious with SSA cases;
verify if multiple solutions are possible. - Use logical reasoning or additional information to select the correct
solution. Step 6: Interpret and Verify the Results - Ensure the angles sum to 180°. - Check the reasonableness
of the side lengths. - Revisit the context to confirm the solution makes sense.

Common Types of Word Problems and How to Solve
Them
Let’s explore typical scenarios and detailed solutions.

1. Finding a Side in a Non-Right Triangle (Using Law of Cosines)
Problem Example: A surveyor measures two sides of a triangular plot of land as 150 meters and 200 meters,
with the included angle between them being 60°. What is the length of the third side? Solution: - Known: - \( a
= 150 \) m - \( b = 200 \) m - \( C = 60^\circ \) - Goal: - Find side \( c \). - Apply Law of Cosines: \[ c^{2} =
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a^{2} + b^{2} - 2ab \cos C \] \[ c^{2} = (150)^2 + (200)^2 - 2 \times 150 \times 200 \times \cos 60^\circ \]
\[ c^{2} = 22500 + 40000 - 2 \times 150 \times 200 \times 0.5 \] \[ c^{2} = 62500 - 2 \times 150 \times 200
\times 0.5 \] Calculate the second term: \[ 2 \times 150 \times 200 \times 0.5 = 2 \times 150 \times 200 \times
0.5 \] \[ = 2 \times 150 \times 200 \times 0.5 = (2 \times 0.5) \times 150 \times 200 = 1 \times 150 \times 200 =
30,000 \] Now, compute: \[ c^{2} = 62,500 - 30,000 = 32,500 \] \[ c = \sqrt{32,500} \approx 180.28 \text{
meters} \] Answer: The third side is approximately 180.28 meters.

2. Finding an Angle When Two Sides and an Angle Opposite One
of Them Are Known (Using Law of Sines)
Problem Example: In a triangle, side \( a = 8 \) units, side \( b = 10 \) units, and angle \( A = 30^\circ \) are
known. Find angle \( B \). Solution: - Known: - \( a = 8 \) - \( b = 10 \) - \( A = 30^\circ \) - Use Law of Sines: \[
\frac{a}{\sin A} = \frac{b}{\sin B} \] \[ \frac{8}{\sin 30^\circ} = \frac{10}{\sin B} \] \[ \frac{8}{0.5} =
\frac{10}{\sin B} \] \[ 16 = \frac{10}{\sin B} \] \[ \sin B = \frac{10}{16} = 0.625 \] - Find \( B \): \[ B =
\sin^{-1}(0.625) \approx 38.68^\circ \] - Check for possible ambiguous case: Since \( \sin B = 0.625 \), the
supplementary angle \( 180^\circ - 38.68^\circ = 141.32^\circ \) also has a sine of 0.625. - Now, verify
whether this second solution makes sense: Sum of angles: \[ A + B = 30^\circ + 141.32^\circ = 171.32^\circ
\] Remaining angle: \[ C = 180^\circ - 171.32^\circ = 8.68^\circ \] This is valid, but depending on the context
or constraints, the second solution may or may not be acceptable. Final note: Always check if the second
solution leads to a feasible triangle in your particular problem.

3. Solving for a Missing Side with All Sides Known (Using Law of
Cosines)
Problem Example: Triangle with sides \( a = 7 \), \( b = 9 \), \( c = 12 \). Find the angle \( C \). Solution: - Use
Law of Cosines: \[ c^{2} = a^{2} + b^{2} - 2ab \cos C \] \[ 12^{2} = 7^{2} + 9^{2} - 2 \times 7 \times 9
\times \cos C \] \[ 144 = 49 + 81 - 126 \cos C \] \[ 144 = 130 - 126 \cos C \] \[ 144 - 130 = -126 \cos C \] \[ 14 =
-126 \cos C \] \[ \cos C = -\frac{14}{126} = -\frac{1}{9} \approx -0.1111 \] - Find \( C \): \[ C =
\cos^{-1}(-0.1111) \approx 96.4^\circ \] Answer: Angle \( C \) is approximately 96.

Questions & Answers About trig law of sines cosines
word problems

No Question Answer

1 How do you apply the Law of Sines
to solve a word problem involving
an oblique triangle?

Identify the known angles and sides, then set up the Law of
Sines ratio (sin A / a = sin B / b = sin C / c). Use the given
information to find an unknown side or angle, ensuring the
correct pairings, and solve for the unknowns step-by-step.

2 When solving a triangle with two
sides and a non-included angle
(SSA), how can the Law of Sines
lead to ambiguous cases?

The SSA configuration can result in zero, one, or two possible
solutions because the Law of Sines may produce two different
angles that satisfy the given data. Careful analysis of the
possible angles and the triangle's constraints is necessary to
determine the correct solution.

3 How are the Law of Cosines and
word problems involving side
lengths and angles related?

The Law of Cosines is useful when you know two sides and the
included angle (SAS) or all three sides (SSS). It helps find an
unknown side or angle by relating side lengths and angles
directly, which is often necessary in word problems involving
non-right triangles.



4 What strategies can help in setting
up word problems for using the Law
of Sines or Cosines?

Start by clearly identifying all given information, label the
triangle's sides and angles, and determine whether SAS, ASA,
SSS, or SSA conditions apply. Draw a diagram, assign variables,
and translate the words into mathematical ratios or equations
before solving.

5 Can the Law of Sines and Cosines
be used together in a complex word
problem, and how?

Yes, in multi-step problems, you may use the Law of Sines to
find an unknown angle or side initially, then switch to the Law
of Cosines to find the remaining sides or angles. Combining
both laws helps to solve more complex triangles where direct
methods are insufficient.

trigonometry, law of sines, law of cosines, word problems, triangle solving, angle-side relationships, sine rule,
cosine rule, problem-solving strategies, triangle applications
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