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TxCETP Course Component: Mathematical Connections

This material is based on work supported by the National Science Foundation under Grant No. DUE 9987332.

Introduction

Objectives:
The student will investigate connections and interplay among various mathematical topics and
their applications so that all students can:

recognize equivalent representations of the same concept;

relate procedures in one representation to procedures in an equivalent representation;
use and value the connections among mathematical topics;

use and value the connections between mathematics and other disciplines.

Connections to TEKS:
111.31(a)(b)(1)(3)(c)
111.33(a)(b)(2)(3)
111.34(2)(b)(2)(3)(e)(d)(2)(e)(D)
HTL.35(b)(e)(D(AN2)(A)(3)(4)(6)
111.36(b)(c)(1)(2)(8)(9)

Prerequisites:
Algebra II, Geometry
Materials:

e graph paper

e pencil

e ruler

e calculator

Instructional Game Plan:
This is intended as an out-of-class activity.

Estimated Time:
Varies by activity and level of students.

Resources:
Ellen Moreland

Angelo State University
Ellen.Moreland@angelo.edu
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Activities
I. Graphing
Using graph paper, plot the following points:
A(-10, 0), B(10,0), C(0,10), O(0,0), D(-8,0), E(-8,2), F(-6,0), G(-6,4), H(-4,0), 1(-4,6), J(-2,0),
K(-2,8), L(2,0), M(2,8), N(4,0), P(4,6), Q(6,0), R(6,4), S(8,0), T(8,2).

Form line segments AB, AC, BC, DE, FG, HI, JK, LM, NP, QR, and ST.
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II. Roofing (slopes, angles, triangles)

Construction workers building a house have to place several support posts for the roof. They
placed these posts every 2 feet along the horizontal beam starting at the eave and running parallel
to the eave. The diagram we have drawn above (in Part I) represent the roof along with its
support posts. The eave is segment OC.

A. Calculate the slope of each side of the roof. Show the points that you used and the
calculations you performed.

B. Explain the significance of the slopes being numerically the same, but opposite in signs.

C. Calculate the measure of angles CAB and CBA using one of your trigonometric formulas.
Show your calculations.

D. Explain why these two angles must be congruent within the realm of this application.

E. Explain how the slope of a line is related to the particular trigonometric function you used in
Part C.
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F. The peak of the roof is located at which point on our diagram?

G. Write the equation of lines AC and BC by using the slope intercept form.

H. Are these lines perpendicular? How can you tell? Do you think that lines AC and BC will
always be perpendicular no matter where on the y-axis point C is located?

I. Are triangles ADE, AFG, AHI, AJK, and AOC congruent or similar or neither? If they are
congruent or similar, how would you prove this (sss,sas,asa,aaa)?

J. Find the areas of the following triangles: ADE, AFG, AHI, AJK, and AOC.

K. Set up a sequence containing the ratios of the area of each triangle to the area of the next
triangle.
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L. Look for any patterns you can find in this sequence. Write a formula to represent the nth
term of this sequence.

M. Find the lengths of the following legs of these triangles: AD, AF, AH, AJ, and AO.

N. Set up a sequence containing the following ratios: AD/AF, AF/AH, AH/AJ, and AJ/AO.

O. Look for any patterns you can find in this sequence. Write a formula to represent the nth
term of this sequence.

P. Find the lengths of the following legs of these triangles: DE, FG, HI, JK, and OC.

Q. Set up a sequence containing the following ratios: DE/FG, FG/HI, HI/JK, JK/OC.
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R. Look for any patterns you can find in this sequence. Write a formula to represent the nth
term of this sequence.

S. Explain how the formulas from parts L, O, and R are related.

T. List the x coordinates of the points A, E, G, I, K, and C. These coordinates form an
arithmetic sequence of numbers. What is the common difference?

U. List the y coordinates of the points A, E, G, I, K, and C. These coordinates form an
arithmetic sequence of numbers. What is the common difference?

V. Find the ratio of the common difference of the y coordinates to the common difference of the
x coordinates.
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III. Transformations

A general transformation M: (X, y) — (ax, by) stretches the plane by factors that are not
necessarily the same in the x and y directions. Map triangle ABC to triangle A’B’C’ using the
transformation M: (X, y) = (X, 2y). On the same grid, show triangle ABC and triangle A’B’C’.
The diagram we have just drawn represents a roof along with its support posts. The eave is
segment OC’ where O is the origin. Support posts are placed every 2 feet on the horizontal beam
starting at the eave and running parallel to the eave.

A. Find the points D’ through T’ by using the above transformation on points D through T.

B. Calculate the slope of each side of the roof. Show the points that you used and the
calculations you performed.

C. Explain the significance of the slopes being numerically the same, but opposite in signs.

D. Calculate the measure of angles C’A’B’ and C’B’A’ using one of your trigonometric
formulas. Show your calculations.

E. Explain why these two angles must be congruent within the realm of this application.
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F. Explain how the slope of a line is related to the particular trigonometric function you used in
Part C.

G. The peak of the roof is located at which point on our diagram?

H. Write the equation of lines A’C’ and B’C’ by using the slope intercept form.

I.  Are these lines perpendicular? How can you tell? Can you make a conjecture about under
what conditions they will be perpendicular?

J. Find the areas of the following triangles: A’D’E’, A’F°’G’, A’H’I’, A’J’K’, and A’OC’.

K. Set up a sequence containing the ratios of the area of each triangle to the area of the next
triangle.
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L. Look for any patterns you can find in this sequence. Write a formula to represent the nth
term of this sequence.

M. Find the lengths of the following legs of these triangles: A’D’, A’F’, A’H’, A’J’, and A’O.

N. Set up a sequence containing the following ratios: A’D’/A’F’, A’F’/A’H’, A’H’/A’)’, and
A’T/AO.

O. Look for any patterns you can find in this sequence. Write a formula to represent the nth
term of this sequence.

P. Find the lengths of the following legs of these triangles: D’E’, F’G’, H’I’, J’K’, and OC’.
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Q. Setup a sequence containing the following ratios: D’E’/F’G’, F’G’/H’T’, H'T’/J’K",
K /0°C’.

R. Look for any patterns you can find in this sequence. Write a formula to represent the nth
term of this sequence.

S. Explain how the formulas from parts L’, O’, and R’ are related.

T. List the x coordinates of the points A’, E’, G°, I, K’, and C’. These coordinates form an
arithmetic sequence of numbers. What is the common difference?

U. List the y coordinates of the points A’, E’, G°, I’, K’, and C’. These coordinates form an
arithmetic sequence of numbers. What is the common difference?

Revised 11/29/01
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V. What is the ratio of the common difference of the y coordinates to the common difference of
the x coordinates?

W. What can you say about the relationship between the slope of a line £ and the slope of the
transformation of line £ under the mapping <: (x,y) — (ax, by)

Revised 11/29/01
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IV. Roofing (pitch, snow, wind)

Let’s talk a little more about building roofs. Roofs of buildings can be any of several different
types. We will only discuss three of the easiest types; the flat roof, the shed roof, and the gable
roof. Flat roofs have a slope of zero. Not many roofs are built perfectly flat. Many roofs that
are called “flat” actually have a very small incline. Shed roofs are roofs that slope in only one
direction. Gable roofs slope in two directions. The most common roof used on houses is the
gable roof. The part of the roof on which the roof covering is placed is called the deck of the
roof. The framed structure usually consisting of groups of triangles is called the truss.

The ratio of the vertical projection of the deck to the horizontal projection is called the slope or
incline of the roof. In mathematics, we usually would say the slope has no units as it is measured
in foot/foot, or inches/inches, and so on. However, in construction the slope is usually measured
in inches vertical projection / 1 foot horizontal projection. The slope or incline of the roof is
sometimes referred to as the pitch but, it is best to refer to it as slope or incline because the ratio
of the center height of a roof to the span of a symmetrical roof truss is called the pitch of the
roof. So, for example, a roof with center height of 10 feet and a span of 40 feet has a pitch of

1 1 . 1 1 .
10 = — or quarter pitch; the roof slope, however, is 10 = — or 6 inches per foot.
40 4 20 2

Gable Flat Shed

Suppose a house in Denver, Colorado, is built with a gable roof whose span is 60 feet and whose
center height is 20 feet. A snowstorm drops 36 inches of snow weighing 9 pounds per cubic foot
in a two day time span. Assume the wind is negligent. Do not take into account the type of roof
surface or thermal effects on the roof.

A. What is the slope of this roof in inches of vertical projection / 1 foot horizontal
projection?

B. What is the pitch of the roof?
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C. What is the angle of inclination of the roof?

D. If this same snow fell uniformly on a flat roof, how many pounds of pressure per square
foot would be placed on the roof by the snow?

E. Now, let’s think about the gable roof described above. See diagram below. What is the
pressure in pounds per square foot acting in the direction perpendicular to the incline of
the roof?

Weight
of snow
Ib/sq ft

F. If instead the roof had been built with a pitch of 1/8, find the pressure of the snow in
pounds per square foot acting perpendicular to the incline of the roof.

G. If snow were the only consideration in building this roof, which of the three roofs
discussed (flat, pitch 1/3, pitch 1/8) would be best suited for this location?
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H. Now, let’s consider the effects of the wind. If a wind of 70 miles per hour is blowing in a
horizontal direction, find the magnitude of the component acting perpendicular to a roof
with a pitch of 1/3.

I. If a wind of 70 miles per hour is blowing in a horizontal direction, find the magnitude of
the component acting perpendicular to a roof with a pitch of 1/8.

J. Which of these two pitches would be preferable, if only wind blowing in the horizontal
direction were considered?

K. We notice that steeper roofs are preferable for areas of high snowfall, but not for areas of
high wind. What we have done above is a very simplistic look at how snow and wind
can affect the construction of a roof. What other things do you think might come into
play when designing a roof for a house?
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V. Snow Loads on Roofs

The example we discussed in part IV was a very simplistic view of how the slope of a roof
affects the pressure placed on the roof by snow and wind. Now, let’s look at the way snow loads
are actually calculated taking into account not only the slope of the roof, but also thermal effects
on the roof, the type of roof surface, and the effect on a gable roof of wind acting on the roof
along with the snow.

Ground snow loads for different locations can be looked up in a table or read off of a contour
map for snow loads. Generally, the snow load on a flat roof in pounds per square foot is
assumed to be 30% less than the ground snow load. If the roof is on a heated structure, a thermal
factor of 1.0 is used in calculating snow loads on the roof. If the roof is on an unheated structure,
a thermal factor of 1.2 is used in calculating snow loads on the roof. The slope of the roof is a
major factor in calculating snow loads on a roof. The steeper the roof, the more snow that is
expected to slide off the roof as we have seen in part [V. The type of roof surface also affects the
snow load on a roof. A metal roof is slippery in nature, allowing the snow to slide off the roof
faster than off of a shingle roof which is not slippery in nature. The slope reduction factor is 1
(roofangle — A) for
(70-A4)
roof angles of between A degrees and 70 degrees, and O for roof angles greater than or equal to
70 degrees; where A depends on how slippery the roof surface is and whether the roof surface is
warm or cold. We will use A =0 degrees for warm, slippery roofs; A = 15 degrees for cold,
slippery roofs; A = 30 degrees for warm, non-slippery roofs; and A = 45 degrees for cold, non-
slippery roofs. The formula used to calculate the snow load on a roof is:

for roofs with angles of inclination of between 0 degrees and A degrees, 1—

Roof Snow Load = (0.7)(ground snow load)(slope reduction factor)(thermal factor)

See table below for ground snow loads in pounds per square foot:

Location Snow Loads in Pounds per Square Foot
South Texas 0

Central Texas 5

Texas Panhandle 15

Central Colorado 30

Wisconsin 50

Tennessee 10

Northern Maine 100

Florida 0

Southern California 5

Revised 11/29/01 16



TxCETP Course Component: Mathematical Connections
This material is based on work supported by the National Science Foundation under Grant No. DUE 9987332.

Let’s consider a house built in central Wisconsin. It is built with a gable roof having a pitch of

% . It is a conventional (cold) roof.

A. Use the table shown above to look up the ground snow load at this location.

B. Calculate the snow load on this roof if it has asphalt shingles. Show work!

C. Calculate the snow load on this roof if it is a metal roof. Show work!

D. Now, let’s take into account wind acting simultaneously with the snow on this gable
roof. The snow load on the roof is probably no longer a uniform load as the snow from
one part of the roof blows to the other. The unbalanced snow load on the roof is
calculated as 1.5 times the snow load on the leeward side of the gable with a snow load
of 0 on the windward side. Calculate the unbalanced snow load on the roof in Part B.

E. Calculate the unbalanced snow load on the roof in Part C.
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V1. Mathematical Connections

List the different connections within mathematics that you found by doing this project. Use full
sentences to describe these mathematical connections.

Revised 11/29/01
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VII. Applications

List some applications other than the slant of a roof that would use some of these mathematical
concepts.

Revised 11/29/01
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Answers to: II. Roofing (slopes, angles, triangles)

A.

B.

n
.a,=
(n+lj

Left: 1 Right: -1

The roof has the same inclination on both sides. One side is increasing in height while the
other is decreasing in height as you move across the roof.

45 degrees for both angles
Because the roof has the same inclination on both sides.

The tangent of the angle of inclination of the line (roof) = the absolute value of the slope
of these lines.

C(0,10)
y=1xx+10

Yes, because the slopes of the lines are negative reciprocals. However, if we move point
C, they may not be perpendicular.

Similar by aaa
2,8, 18, 32, 50 respectively

1/4, 4/9, 9/16, 16/25 respectively

2
n
a, =
(n+lj

2,4, 6,8, 10 respectively

1/2, 2/3, 3/4, 4/5 respectively

2,4, 6,8, 10 respectively

1/2,2/3, 3/4, 4/5 respectively

n
aﬂ =
(n+1j
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