
Television Screens and Pythagoras

Television manufacturers often des-
cribe the size of their rectangular pic-
ture screens by giving the length of
the diagonal. The set pictured here
has a 25-inch diagonal screen. Several
companies also advertise a 50-inch
diagonal color stereo television. How
well does giving the measure of the
diagonal describe the rectangular
screen? 

1. For this activity, consider a 20-inch
TV picture screen.

a. Model the 20-inch diagonal by drawing a 5-inch segment on your paper.
(Each member of your group should do this.) In your drawing, each inch
represents 4 inches on the picture screen. This is done so that the drawing
will fit on your paper. Your drawing has a 1 to 4 (1:4) scale.

b. Draw a rectangle with the seg-
ment you drew as its diagonal.
One way to do this is to place a
piece of notebook paper with a
90˚ corner over the segment.
Carefully position the paper so
that its edges just touch the ends
of the segment. Mark the corner.
Describe how the entire rectan-
gle can be drawn from this one
point and the segment.

c. Compare your rectangular screen
with those of others in your
group. Are they the same? How do they compare in perimeter? In area?

d. Draw a scale model of a TV screen that is 4 inches wide and has a diagonal
of 20 inches. What are the lengths of the other sides? What is its area?

e. Make a scatterplot of at least eight (width, area) data pairs for 20-inch 
diagonal screens. Use your plot to estimate the 20-inch diagonal screen with
the greatest viewing area.

f. How well does the length of the diagonal of a TV screen describe the
screen? Give reasons for your opinion.
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2. A manufacturer of small personal
TVs thinks that a screen measuring
6 inches by 8 inches is a nice size
for good picture quality. What diag-
onal length should be advertised?

3. You can calculate the diagonal
lengths of screens by considering
the right triangles formed by the
sides. To see how to do this, exam-
ine the figures below in which
squares have been constructed on
the sides of right triangles.

a. For each right triangle, calculate the areas of the squares on the triangle’s
sides. Use the unit of area measure shown. To calculate areas of squares on
the longest side, you may have to be creative as suggested by the first fig-
ure. Record your data in a table like the one below.

Area of Square on Area of Square on Area of Square on 
Short Side 1 Short Side 2 Longest Side

i.

ii.

iii.

= 1 square unit

i

ii

iii



b. Describe any pattern you see in the table. Check to see if the pattern holds
for other right triangles. Have each member of your group draw a different
test case on a sheet of square dot paper. Record these data in your table as
well.

c. Now examine the figure at the right.
Explain how this figure illustrates the
general pattern in the table of data you
prepared in Part b.

d. In general, how are the areas of the
squares constructed on the two short-
er sides of a right triangle related to
the area of the square on the longest
side? Compare your discovery with
those made by other groups.

e. Represent the lengths of the two shorter sides of the right triangle by a and b.
How could you represent the area of each of the two smaller squares? If the
length of the longest side is c, what is the area of the largest square?

f. Write an equation expressing the conjecture you made in Part d using a, b,
and c.

The discovery you made in Activity 3 was based on a careful study of several
examples. The Greek philosopher Pythagoras is credited with first demonstrating
that this relationship is true for all right triangles. The relationship is called the
Pythagorean Theorem. Historians believe that special cases of this relationship
were discovered earlier and used by the Babylonians, Chinese, and Egyptians.

4. Now investigate how the Pythagorean Theorem can help in sizing television
screens.

a. Recall the 6-by-8 inch TV screen. 

■ Find the square of the diagonal.

■ How can you find the length of the
diagonal when you know its square?
What do you get in this case? 

■ How do you think the manufacturer
advertises the size of the 6-by-8 inch
TV set? Compare this answer to what
you proposed in Activity 2.

b. Use your calculator or computer to find the length of a diagonal whose square
is 56. 
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c. In Activity 1, the diagonal of the TV screen was 20 inches. Suppose one of
the sides of the screen is 13 inches. Find, to the nearest 0.1 inch, the length
of the other side.

d. For a 50-inch TV, find five possible length-width pairs that would be rea-
sonable dimensions for a rectangular screen.

5. In Part f of Activity 3, you wrote an equation relating the squares of the lengths
of the sides of a right triangle. Jonathan wondered if that Pythagorean relation
is true for triangles without a right angle. Draw several triangles, measure the
sides, and test the Pythagorean relation. Does it work for such triangles?
Divide the work among your group and summarize your findings.

6. Now consider cases of other triangles for which the Pythagorean relation does
hold.

a. Verify that the numbers 8, 15, and 17 satisfy the Pythagorean relation. Use tools
such as a compass or pieces of uncooked spaghetti to draw a triangle whose
lengths, in centimeters, are 8, 15, and 17. What kind of triangle is formed?

b. Find four more sets of three numbers that satisfy the Pythagorean relation.
Make triangles with these lengths as sides. Divide the work and report the
kind of triangles you get.

In a right triangle, the longest side (the one opposite
the right angle) is called the hypotenuse and the short-
er sides are called legs. The Pythagorean Theorem
can be stated in the following form:

The sum of the squares of the legs of a right triangle
equals the square of the hypotenuse.

The Pythagorean relation is an important property of, and test for, right
triangles.

Write a calculator keystroke sequence to compute the length of the longest
side of a right triangle with shorter sides of lengths 7 cm and 10 cm.

Write a keystroke sequence to compute the length of the third side of a
right triangle when the longest side is 25 cm and one other side is 7 cm. 

Given the lengths of the sides of any triangle, how can you tell if the
triangle is a right triangle?

Be prepared to share and defend your group’s procedures

and right-triangle test.

Checkpoint

a

b

c

b
c

a

a2 + b2 = c2



The Morgan family made a garden for perennial
flowers in the corner of their lot. It was a right trian-
gle with legs of 8 and 10 meters.

a. Find the perimeter of the garden and explain how
this information might be used by the Morgans.

b. Find the area of the garden and explain how this
information might be used in care of the garden.

1. A TV manufacturer plans to build a picture screen with a 15-inch diagonal.

a. Find the dimensions of four possible rectangular picture screens.

b. Find all picture screens with whole number dimensions. Describe the pro-
cedure you used to do this.

c. Of all possible 15-inch screens, which design would give the largest view-
ing area? Do you think this would be a good design? Why or why not?

2. The Alvarez family purchased twenty 90-cm
sections of fencing to protect their planned gar-
den from the family dog. They plan to use an
existing wall as one of the borders. The 90-cm
sections can not be cut or bent.

a. Make a table of the dimensions and areas of
gardens that can be enclosed by the 90-cm
sections.

b. What is the largest garden area that can be
enclosed with these sections of fence?

c. For a garden with the largest area, how
many sections of fence should be used for
each width of the border? For the length of
the border?
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d. The Alvarez family could have purchased fifteen 120-cm sections of fencing
for the same price as the shorter sections they bought. Could they have
enclosed a larger garden area using these sections? Explain your response.

e. What else might influence the decision about how to set up the garden?

3. A historical museum plans to paint a mural on its walls illustrating different
flags of the world. The flags of the Czech Republic, Switzerland, Thailand,
and Japan use some combination of red, white, or blue as shown below. Each
of the flags is to be 3 yards long and 2 yards wide. A quart (32 ounces) of paint
covers approximately 110 square feet. Paint can be purchased in cans of 
32, 16, 8, and 4 ounces. How much paint of each color should be purchased to
paint these flags?

4. Materials tend to expand when heated. This expansion needs to be considered
carefully when building roads and railroad tracks. In the case of a railroad
track, each 220-foot-long rail is anchored solidly at both ends. Suppose that on
a very hot day a rail expands 1.2 inches, causing it to buckle as shown below.

a. At what point along the rail do you think the buckling will occur?

b. Do you think you could slide a gym bag between the raised rail and the
track bed?
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c. Model this situation using right trian-
gles, and then calculate an estimate of
the height of the buckle.

d. Would you expect your estimate of the
height of the buckle to be more or less
than the actual value? Explain your 
reasoning.

e. Research expansion joints. How does
the use of these joints in railroad tracks
and concrete highways minimize the
problem you modeled in Part c?

5. In Lesson 1, Investigation 1, you used an 11-inch-long sheet of paper to model
a rectangular prism column.

a. If 0.5 inch is used for overlapping before taping the seam, how should the
paper be folded to make the area of the rectangular base as large as possible?

b. Does the paper folded as in Part a produce the rectangular prism column
with the largest possible surface area? Organize your work and provide evi-
dence to support your answer.

1. Carefully trace the figure shown here.

a. Cut out the square labeled A and the
pieces labeled B, C, D, and E.

b. Can you use the five labeled pieces to
cover the square on the hypotenuse of
the right triangle? If so, draw a sketch
of your covering.

c. This puzzle was created by Henry
Perigal, a London stockbroker who
found recreation in the patterns of
geometry. How is Perigal’s puzzle
related to the Pythagorean Theorem?

d. After studying the puzzle, Anne conjectured: “Every square can be dissect-
ed into five pieces which can be reassembled to form two squares.” Do you
think Anne is correct? Explain your reasoning.
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2. The television industry has set a standard
for the sizing of regular television screens.
The ratio of height h to width w, called the
aspect ratio, is 3:4. That is �

w
h

� � �
3
4

�.

a. Write an equation expressing h as a
function of w.

b. Use the Pythagorean Theorem to write
an equation relating h, w, and the diag-
onal length 19.

c. Use your equations in Parts a and b to find the standard dimensions of a 
19-inch TV screen.

d. Check the dimensions you obtained against actual measurements of a 
19-inch TV screen.

3. Draw squares of side lengths 2, 4, 7, 8, 10, and 11 centimeters on centimeter
grid paper.

a. Measure the diagonals to the nearest 0.1 cm. Record your data in a table.

b. Make a plot of your (side length, diagonal) data.

c. Does the plot appear to have a linear pattern? If so, find a linear model that
you believe fits the trend in those data.

d. Find an equation for your line.

■ What is the slope? What does it mean?

■ What is the y-intercept? Does it make sense? Explain.

e. Predict the length of the diagonal of a square with side length of 55 cm.

f. Compare your predicted length to that computed by using the Pythagorean
Theorem. Explain any differences.

4. Locate six cylindrical shapes of different sizes. Cans and jar lids work well.

a. Measure the circumference of each cylinder to the nearest 0.1 cm. Record
your data in a table.

b. On a sheet of paper, trace around the base of each cylinder. Then measure,
to the nearest 0.1 cm, the diameter of each tracing and record it in your table.

c. Make a plot of your (diameter, circumference) data.
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d. Find a line and its equation that you believe models the trend in these data.

■ What is the slope of the line? What does it mean?

■ What is the y-intercept? Does it make sense? Explain.

e. The diameter of a small fruit-juice can is approximately 5.5 cm. Use your
linear model to predict the circumference of the can.

f. Compare your predicted circumference to that computed by using the for-
mula for the circumference of a circle. Explain any differences.

5. Imagine a plane intersecting a cube. 

a. Describe the shape of the intersection of a cube and a plane that has the
largest possible area.

b. Describe the shape of the intersection of a cube and a plane that has the
smallest possible area.

c. Find the least and greatest possible areas of shapes formed by the intersec-
tion of a plane with a cube 5 cm on a side.

6. Draw a segment 10 cm long on a sheet of paper.

a. Imagine a right triangle that has the segment as its hypotenuse. If one side
is 0.5 cm long, where would the vertex of the right angle be? Locate that
point and make a mark there. (Use a technique similar to the one in Activity 1
of Investigation 2, page 362.) Where would that vertex be if the side is 1 cm
long? Mark that point. Now increase the side length in steps of 0.5 cm 
and plot those vertices of the resulting triangles. Stop when the side length
is 10 cm.

b. Examine your plot of the points. What shape do they appear to form?

c. Support your view by citing appropriate measurements from your model.

1. Architects use many design
principles. For example, tall
buildings will always provide
more daylight, natural ventila-
tion, and openness than low
buildings of the same floor area.
Explain why this is the case.
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2. Which shape encloses more area: a square with perimeter 42 or a circle with
perimeter (circumference) 42? Justify your reasoning.

3. In what kind of units is area measured? How can you use this fact to avoid
confusing the formulas 2πr and πr2 when computing the area of a circle?

4. Experimenting, collecting data, and
searching for patterns is a powerful
way to discover important mathemati-
cal relationships. However, it also has
limitations. Consider the following
example.

On the circle at the right, three points
are marked. Each point is connected to
all the others. Four nonoverlapping
regions are formed.

Anthony investigated what hap-
pened when differing numbers of points
were marked on a circle and each was
connected to all the others. He summa-
rized his findings in the table below.

Number of Points 1 2 3 4 5

Number of Regions 1 2 4 8 16

a. Do you see any pattern in the table?

b. Anthony predicted that the number of nonoverlapping regions formed by
six points would be 32. Check his prediction.

c. What lesson can be learned from this example?

1. Examine more closely the dissection method of “proof ” of the Pythagorean
Theorem in Organizing Task 1. Will this method establish the relation for any
right triangle?

a. There are two “cut lines” dividing the square on the longer leg of the trian-
gle. Is one of those lines related in a special way to the hypotenuse of the
right triangle? Explain.

b. How are the two “cut lines” related to each other?
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2. The circle at the right has been dis-
sected into eight sections. These sec-
tions can be reassembled to form an
“approximate” parallelogram.

a. How is the base of this “approxi-
mate” parallelogram related to the
circle?

b. What is the height of the “approxi-
mate” parallelogram?

c. How could you dissect the circle
into sections to get a better approx-
imation of a parallelogram?

d. Use the above information to pro-
duce the formula for the area of a
circle.

3. Suppose you are designing a hexagonal flower garden for which all sides are
the same length and all angles are the same size.

a. How much decorative fencing is
needed to enclose the garden if it
measures 4 meters between oppo-
site vertices?

b. Suppose the distance between
opposite sides is to be 4 meters.
How much fencing is needed?

c. How many flowers can be plant-
ed in the garden described in Part a if each flower requires 225 square
centimeters?

d. How many flowers can be planted in the garden described in Part b?

e. Suppose the 4-meter length measured the length of other segments through
the center of the hexagon. What can you say about the amount of fencing
needed? Explain your reasoning.

4. In order for kites to fly well, they
need to have a high ratio of lift area to
weight. For two-dimensional kites,
the lift area is just the area of the kite.
Find the lift area of the traditional kite
shown with cross pieces of lengths
0.8 m and 1.0 m.
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