
Civil Engineering and Architecture: Applications and Review of
Trigonometry

Objectives:

• Review trigonometric ratios, and use them to approximate dimensions of hard to measure
objects

• Use a clinometer to measure angles

Common Core Mathematics Standards: Geometry (9-12)

• Similarity, Right Triangles, and Trigonometry - Define trigonometric ratios and solve problems
involving right triangles

6. Understand that by similarity, side ratios in right triangles are properties of the angles
in the triangle, leading to definitions of trigonometric ratios for acute angles.

8. Use trigonometric ratios and the Pythagorean Theorem to solve right triangles in applied
problems.

National Science Education Standards: Science/Technology (9-12)

• Content Standard E: As a result of activities in grades 9-12, all students should develop
Abilities of technological design Understandings about science and technology

– Abilities of Technological Design

Prerequisite Knowledge and Materials:

• Prerequisite Knowledge

– Students should have completed a high school course in geometry and understand con-
gruence and similarity in geometric shapes. Students should also have a beginning
knowledge of trigonometry.

• Materials

– clinometer app for iOS or Android

– long measuring tape

– rulers/ straight edges

Set/Hook:

Some objects and distances are very difficult or impossible to directly measure by hand or with
tools. Engineers must have an accurate understanding of lengths and dimensions, even when they
cannot be measured. Often in these cases, engineers use trigonometry and other mathematical
relationships to find very close approximations to lengths and dimensions. In the design of large
structures, engineers must ensure that forces acting on the structure will balance so that they
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remain stationary. Engineers use trigonometry to account for vertical and horizontal components
of the different forces that act on structures, thus determining that the structure will be able to
stand without collapsing before it is even constructed. These strategies, based on mathematical
knowledge, enable engineers to design solutions to problems that might otherwise be unsolvable.

Procedure:

1. Review of Trigonometry: 10-15 min review lecture

• Define Sine, Cosine, Tangent

– sin θ =
a

c
, cos θ =

b

c
, tan θ =

a

b
• Similar Triangles

Consider these questions related to the drawn figures:

– What do you notice about the angles of these two triangles? (congruency of corre-
sponding angles.)

– How do you know ALL of the corresponding angles are congruent even though not
all are marked as such? (all of the angles in a triangle must sum to 180 degrees.)

– How many sides/angles of a right triangle must we know in order to figure out all
of the other sides/angles? (Answer: Knowing at least one acute angle and one side
allows for discovery of all other parts of a right triangle.)

– How can you relate these two triangles? What information do you need?
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2. Introduction to clinometers: 15-25 min activity

Figure 1: Screen Shot of an example of a free iOS clinometer app.

• Do one example on the board for the whole class

• Have groups of 2-3 students

(a) One member of the group needs to download a free clinometer app(could be done at the
beginning of the lesson as well.)

(b) Use straight edges to draw right triangles on the board.

(c) Measure one of the angles and one of the sides.

(d) Calculate the rest of the angles and side lengths using that information.

(e) Repeat for a different triangle and different side measure.

3. Application to Architecture Drawings and Projects 15-25 min activity (Either the next day
or during a block period)

• Take students outside to estimate dimensions of tall objects. Pick 2-3 to have them draw
and label dimensions. Use large

Closure:

These skills will aid in the ongoing project of monitoring and observing neighboring construction
sites. The students have been developing a a visual time line of the construction progress and the
ability to accurately approximate distances will make their observations more meaningful.

Prepared By:

Katy Martinez

Developed with:

Developed for the PLTW Civil Engineering and Architecture in anticipation of potential gaps in
mathematical knowledge necessary to practice good engineering.

References:

Adapted from a similar lesson called Handheld Trigonometry from the Teach Engineering database.
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https://www.teachengineering.org/view_lesson.php?url=collection/uno_/lessons/uno_handheld/uno_handheld_lesson01.xml

