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for Meg and Anne, of course.

With thanks to all the students who tried these out, 
and to my ever-encouraging colleagues near and far.
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Sample Activity: The Only Step-by-Step Task
This section contains a single activity you can use to help students (or yourself) get 
to know how these investigations work. We’ve written the instructions in much 
greater detail than for any of the other activities in the book, and made offline 
connections that do not appear elsewhere.

So you can use these pages as a handout for students, or as a guide for how you 
could lead students through a typical activity.

It’s more complicated than the beginning activities in this booklet, however, 
because it’s nonlinear. We’re using a nonlinear example to show how students 
might approach something more complex.

Therefore, while most activities begin with one student page, this one has three to 
five, depending what you want to do. 

Usually, that single page will describe the problem, tell students what variables to 
measure and plot, then leave them with a few fairly open-ended questions. 

Here, the first page gives them the problem and a data table. 

The second page gives students an already-scaled graph and asks them to draw the 
points—by hand. It also lets them know about common graph-making conven-
tions. Note: this graph is of data points at this stage—and the points should not be 
connected! We’ll make the curve later. 

The third page continues with the data analysis, walking students though the 
reasoning about what function to plot. Here, we’re treating this as an investiga-
tion where students should be able to figure out the function based on what 
they know from before—the Pythagorean Theorem. The analysis verifies that 
Pythagoras seems to be right. 

The page also explains how to draw the function by hand. They may never have to 
do this again, but many teachers (including the author) feel that it’s important for 
students to have the experience, at least once.

This is a good place to make sure students understand the distinction between the 
graph of the data—the points—and the graph of the model—the curve. Briefly, 
the data is reality and the model is imagination. We cannot change reality. We 
want our imagination to line up with reality. It never will, completely, but we will 
do our best. 

The next pages give students instructions on how to use a computer to graph the 
points and the curve. The instructions are not exhaustive, and they don’t include 
calculator instructions. But they’re enough so that most students will succeed. As 
you might expect, students will gradually figure  out the graphing programs. 
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This situation calls for that famous Pythagorean Theorem. Let’s see if the Pythagorean Theorem really holds. 
Does a2+ b2 really equal c2?

he
ig
ht

A B C D E F G

length

Situation and Measurement
The drawing has a bunch of right triangles that share a common height (a) but different “b” legs and, there-
fore, different hypotenuses. You will measure the sides of these triangles, then see how the hypotenuse c 
depends on the changing leg b. 

We have designed this activity with the vertical leg a being the same for every triangle on purpose. Neverthe-
less, in your data table, include a, b, and c. 

❖❏ Measure the triangles and record the lengths of their sides in the table.

triangle height (a) length (b) hypotenuse (c)

A

B

C

D

E

F

G

1. A Sample Activity: Hypotenuse
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We will do our data analysis by hand and with a 
calculator in this first activity. Then we’ll get the 
computer to help us.

❖❏ Plot c against b (by hand) on the graph.

Note: when we say “c against b” that will 
always mean, put c on the vertical axis. We 
list the vertical-axis variable first. We might 
also say, “plot a c-b graph.” It means the same 
thing. Here it also makes sense because c is 
the dependent variable: we constructed a and b 
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first, and then connected up the endpoints to 
make c. That is, c depends on b (and a), not the 
other way around.

You have points on the graph. We want to find a 
curve to go through the points. You could just sketch 
it, but instead we want a formula so we can plug in 
length and get hypotenuse. We will draw the graph of 
that equation; it should go (more or less) through the 
points.

Hypotenuse Data Analysis (Student Page 2)
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In this case, we know something about the relation-
ship between these numbers. They are, after all, 
sides of a right triangle. That means we can use the 
Pythagorean Theorem,

2 2 2a b c+ = .

It may not be obvious how to use this, so we’ll go 
over it carefully right now; later on you’ll need to do 
this on your own. Note: this is one of the big ideas in 
this booklet, so it’s worth understanding well.

1. Figure out which quantity you want to be able 
to predict. In this case, it’s the hypotenuse. 
Why? Because in the drawing, we set up the 
length first, and then connected up the hypot-
enuse. Notice that the thing we want to predict 
is on the vertical (y) axis.

2. Figure out, in the equation you have, which 
variable corresponds to y. In this case, the 
formula is 2 2 2a b c+ = , and the hypotenuse 
variable is c. (The leg b is length; it’s like x.)

3. Use algebra! Solve the equation for the vari-
able. This time, it’s easy: take the square root of 
both sides: 2 2c a b= + .

4. Plot that curve on your graph. You need a 
value of c for every value of b.  You might think 
that there is a problem here because we have 
another variable: a. But we set this up so that 
a is the same for every triangle: about 7 cm. 
If we measure everything in centimeters, and 
a is exactly 7, then a2 = 49, and the equation 
becomes 492c b= + . Your a2 might be a little 
different.

Where are x and y? If this looks confusing, 
rewrite the formula with x and y. Which vari-
able is on the y-axis? It’s c. Similarly, b is on the 
x-axis. Substitute to get 492y x= + .

How do I plot the curve? Make a T-table (an 
in-out table) of b and c values, for example:

b (or x) c (or y)

0 7

1 sqrt(49 + 1) = 7.07

2 sqrt(49 + 4) = 7.28

and so forth. Plot these points and then 
(smoothly) connect them. Note that these 
points are just for helping you draw the curve. 
They are not data like the points you plotted 
from your measurements. 

If everything worked out, the curve should mostly 
pretty much go through the data points. 

Why does this graph matter? It shows that our 
measurements are consistent with the 2 2 2a b c+ =  
formula. Having a good formula means that we can 
predict the hypotenuse for any length. We don’t have 
to make the triangle—all we have to do is plug length 
into the formula. This doesn’t matter a lot if you 
can make the triangle by drawing it on paper, but if 
you’re in the real world and building it out of steel, 
knowing the length of the hypotenuse in advance can 
save you a lot of trouble and expense.

If everything works out, your graph should look 
something like this:

Hypotenuse Data Analysis (Student Page 3)
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You will be making a lot of graphs and plotting a lot of curves. Once you know how 
to do it by hand, you should get a computer to help you. Here are instructions for 
using Fathom to make your graph:

❖❏ Open up a new document in Fathom.

❖❏ Make a table by dragging one off the shelf.

❖❏ Make column headings in your table by clicking where it says <new>. At a 
minimum, you’ll need columns for b and hypotenuse. You may want columns 
for segment and a as well. 

❖❏ Enter your data. Your table might look like this:

Note: In Fathom, you may enter units with your data, but you don’t have to.

❖❏ Making a graph. Drag a new graph off the shelf. It will be empty. Label your 
axes by dragging length to the horizontal axis and hypotenuse to the vertical 
axis. You’ll see a graph like the one in the margin.

❖❏ Plotting a curve. Right-click on the graph (use control-click if you have a one-
button mouse) and choose Plot Function from the context menu that pops up 
(it’s way down at the bottom). The formula editor appears.

❖❏ Enter the formula in the formula editor. Notice that hypotenuse = is already 
there. Use the keypad to get the square root symbol, and use the  key (or 
shift-6) for exponents. Your formula will look like this:

❖❏ Press OK to make the function plot on the graph. It may say #Units incompat-
ible#. We’ll fix that later. 

❖❏ Rescaling axes. You might have noticed that the vertical axis starts around 
7. If you want to see the origin and the length axis, grab the number 7 by the 
axis and drag up.

Hypotenuse Data Analysis: Getting the Computer to Help (Fathom)
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What if your triangles aren’t exactly 7 cm high? It would be better if we didn’t use 
the 49 in our formula. So double-click the formula at the bottom of the graph and 
enter hypotenuse = a2 +b2  instead. Fathom will say it doesn’t understand. 

You need a slider. Drag one off the shelf; it will be named V1 by default. Edit its 
name to be a. Now adjust a, by dragging or typing, to fit your data. 

Ordinarily, it’s best to leave as many things as possible “in letters,” that is, written 
using variables. The illustration shows the slider a at 6.4. You can see that the curve 
doesn’t fit the points. Move the slider, and the curve updates instantly.

Sliders start out having a range of about –1 to 13. Suppose the number you need is 
outside that range. You have at least two options:

❖❏ Edit the value to make it the number you want, or

❖❏ Drag the numbers on the axis. If you want to get a higher number, for 
example, 34, grab the 12 on the axis and drag left. Higher numbers 
will appear. 

Usually the second plan is surprisingly better. That drag-the-numbers gesture is 
the same as for rescaling graph axes; this is because a slider is an axis. 

And if your slider is too “coarse”—the function jumps around too fast—you may 
need to “zoom in” to the number, so that moving the slider doesn’t change the 
value as much.  For that, drag the numbers off the axis. Or become a real pro: 

❖❏ Hover the mouse over the place on the axis you want to zoom into.

❖❏ Hold down option (Mac) or control (Windows). The cursor turns into a 
magnifying glass. 

❖❏ Click! Zoom!

Fathom is deep. There’s a lot to learn, but you can watch the videos or just explore 
to learn most of what you need for these activities. And ask your friends; you’ll 
figure a lot out together.

A Slider for a, the Height 

Making Your Slider 
Work Beautifully

Hypotenuse Data Analysis: Getting the Computer to Help (Fathom, continued)
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You will be making a lot of graphs and plotting a lot of curves. Once you know how 
to do it by hand, you should get a computer to help you. Here are instructions for 
using Desmos to make your graph:

❖❏ Go to www.desmos.com. Click the link to go to the “graphing calculator.”

❖❏ Click the plus sign in the panel to the left of the (empty) graph. Choose table. 

❖❏ (optional) Change the name of x to b and y to c.

❖❏ Enter your data. Your table will look like the one in the illustration

 

Note: Do not enter units with your data.

❖❏ Adjusting your graph. The points will appear automatically on your graph. 
But you’ll need to change the graph limits. Click the wrench icon at the upper 
right of the graph. A pop-up appears showing the graph limits. 

❖❏ To edit the limits, click on them. Enter limits that encompass your data. 

❖❏ Pro tip: that wrench box is also where you control degree and radian mode.

Now the graph itself looks like this:

Hypotenuse Data Analysis: Getting the Computer to Help (Desmos)

The “wrench” popup before and 
after we entered limits. You can 
also enter labels for the axes.
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❖❏ Plotting a curve. In the “add item” menu (the plus-sign on the left) 
add an expression. 

❖❏ Enter a formula. You can just write an expression in x, as in x2 +49; or you 
could write a function, as in f (b)= b2 +49. Either one will plot.

What if your triangles aren’t exactly 7 cm high? It would be better if we didn’t use 
the 49 in our formula. So enter f (b)= b2 + a2 instead. Desmos will give you a 
button to make a slider for a. Press it! Now you can adjust a, by dragging or typing, 
to fit your data. 

Ordinarily, it’s best to leave as many things as possible “in letters,” that is, written 
using variables. The illustration shows the slider at 6.4. You can see that the curve 
doesn’t fit the points. Move the slider, and the curve updates instantly.

You can learn the rest of Desmos easily by exploring or reading the manual. If you 
want to save your work on the site, you need an account. It’s free.

Sliders start out having a range of –10 to 10. Suppose the number you need is 
outside that range. You have at least two options:

❖❏ Edit the value to make it the number you want, or

❖❏ Change the limits of the slider. Just click on the plus or minus 10 at each end 
of the slider, and Desmos will let you type in new values.

And if your slider is too “coarse”—the function jumps around too fast—you may 
need to “zoom in” to the number, so that moving the slider doesn’t change the 
value as much.  For that, again, change the limits but make them closer together. 
For example, if you need a number really close to 5, and you need a lot of control, 
you might enter 4.99 and 5.01.

A Slider for a, the Height 

Making Your Slider 
Work Beautifully

Hypotenuse Data Analysis: Getting the Computer to Help (Desmos, continued)
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Pick’s Theorem Handout
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ART and ACT Handout
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Paragraphs (Same Font Size) Handout

Each paragraph has the same text and 
font, but a different width. 

Measure these paragraphs to gather 
data. Measure height and width. Plot 
the data and find a function that fits as 
well as possible.

Yonder, by ever-brimming 
goblet’s rim, the warm 

waves blush like wine. The 
gold brow plumbs the blue. 
The diver sun—slow dived 
from noon—goes down; my 
soul mounts up! she wearies 
with her endless hill. Is, then, 
the crown too heavy that 
I wear? this Iron Crown of 
Lombardy. Yet is it bright with 
many a gem; I the wearer, 
see not its far flashings; but 
darkly feel that I wear that, 
that dazzlingly confounds. 
’Tis iron—that I know—not 
gold. ’Tis split, too—that I 
feel; the jagged edge galls me 
so, my brain seems to beat 
against the solid metal; aye, 
steel skull, mine; the sort that 
needs no helmet in the most 
brain-battering fight!

Yonder, by 
ever-

brimming 
goblet’s rim, 
the warm waves 
blush like wine. 
The gold brow 
plumbs the 
blue. The diver 
sun—slow 
dived from 
noon—goes 
down; my soul 
mounts up! she 
wearies with 
her endless 
hill. Is, then, 
the crown too 
heavy that 
I wear? this 
Iron Crown of 
Lombardy. Yet 
is it bright with 
many a gem; 
I the wearer, 
see not its far 
flashings; but 
darkly feel that 
I wear that, 
that dazzlingly 
confounds. 
’Tis iron—that 
I know—not 
gold. ’Tis split, 
too—that I feel; 
the jagged edge 
galls me so, my 
brain seems to 
beat against 
the solid metal; 
aye, steel skull, 
mine; the sort 
that needs no 
helmet in the 
most brain-
battering fight!

Yonder, by ever-brimming goblet’s rim, the warm waves blush like wine. The gold brow plumbs the blue. The diver sun—
slow dived from noon—goes down; my soul mounts up! she wearies with her endless hill. Is, then, the crown too heavy 

that I wear? this Iron Crown of Lombardy. Yet is it bright with many a gem; I the wearer, see not its far flashings; but darkly 
feel that I wear that, that dazzlingly confounds. ’Tis iron—that I know—not gold. ’Tis split, too—that I feel; the jagged 
edge galls me so, my brain seems to beat against the solid metal; aye, steel skull, mine; the sort that needs no helmet in the 
most brain-battering fight!

Yonder, by 
ever-brimming 

goblet’s rim, the 
warm waves blush 
like wine. The gold 
brow plumbs the 
blue. The diver 
sun—slow dived 
from noon—goes 
down; my soul 
mounts up! she 
wearies with her 
endless hill. Is, 
then, the crown too 
heavy that I wear? 
this Iron Crown 
of Lombardy. Yet 
is it bright with 
many a gem; I the 
wearer, see not its 
far flashings; but 
darkly feel that I 
wear that, that daz-
zlingly confounds. 
’Tis iron—that I 
know—not gold. 
’Tis split, too—that 
I feel; the jagged 
edge galls me so, my 
brain seems to beat 
against the solid 
metal; aye, steel 
skull, mine; the 
sort that needs no 
helmet in the most 
brain-battering 
fight!

Yonder, by ever-brimming goblet’s rim, the warm waves blush like wine. The gold brow plumbs the 
blue. The diver sun—slow dived from noon—goes down; my soul mounts up! she wearies with her 

endless hill. Is, then, the crown too heavy that I wear? this Iron Crown of Lombardy. Yet is it bright 
with many a gem; I the wearer, see not its far flashings; but darkly feel that I wear that, that dazzlingly 
confounds. ’Tis iron—that I know—not gold. ’Tis split, too—that I feel; the jagged edge galls me so, my 
brain seems to beat against the solid metal; aye, steel skull, mine; the sort that needs no helmet in the 
most brain-battering fight!

Yonder, by ever-brimming goblet’s rim, the warm waves blush like wine. The 
gold brow plumbs the blue. The diver sun—slow dived from noon—goes 

down; my soul mounts up! she wearies with her endless hill. Is, then, the crown 
too heavy that I wear? this Iron Crown of Lombardy. Yet is it bright with many a 
gem; I the wearer, see not its far flashings; but darkly feel that I wear that, that 
dazzlingly confounds. ’Tis iron—that I know—not gold. ’Tis split, too—that I 
feel; the jagged edge galls me so, my brain seems to beat against the solid metal; 
aye, steel skull, mine; the sort that needs no helmet in the most brain-battering 
fight!

Yonder, by ever-brimming goblet’s rim, the 
warm waves blush like wine. The gold brow 

plumbs the blue. The diver sun—slow dived 
from noon—goes down; my soul mounts up! 
she wearies with her endless hill. Is, then, the 
crown too heavy that I wear? this Iron Crown 
of Lombardy. Yet is it bright with many a gem; I 
the wearer, see not its far flashings; but darkly 
feel that I wear that, that dazzlingly confounds. 
’Tis iron—that I know—not gold. ’Tis split, 
too—that I feel; the jagged edge galls me so, my 
brain seems to beat against the solid metal; aye, 
steel skull, mine; the sort that needs no helmet 
in the most brain-battering fight!
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13. Cornbread Are Square 

“Pie are round; cornbread are square”—Anonymous

In this activity, you will explore the areas of circles. 

What to Do
Count the squares in each of the circles below (or you 
could make your own using graph paper). Count the 
area in the partial squares as well, estimating how 
many whole squares they make up together. 

You will measure area and radius in the units 
of the grid.

How will area be related to radius? 

❖❏ Predict: What do you think the relationship 
will look like? Daw your predicted graph. If you 
can, be precise and quantitative.

❖❏ Record measurements of area and radius for as 
many circles as you can.

❖❏ Plot area against radius.

❖❏ Find and explain a mathematical function that 
fits the points. Be sure you can explain the 
meaning of any parameter.

❖❏ Use your function to predict the area of a circle 
with radius = 5. Then make the circle and check!

❖❏ Be sure you can explain why the symbolic form 
of your function makes sense.
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Paragraphs (Different Font Size) Handout

Each paragraph has the same text and width, but a different font size. 

Measure the heights of these paragraphs to gather data. The font size appears at the end of each 
paragraph. Plot height against font size, and find a function that fits as well as possible.

Yonder, by ever-brimming goblet’s 
rim, the warm waves blush like 

wine. The gold brow plumbs the blue. 
The diver sun—slow dived from 
noon—goes down; my soul mounts up! 
she wearies with her endless hill. Is, 
then, the crown too heavy that I wear? 
this Iron Crown of Lombardy. Yet is it 
bright with many a gem; I the wearer, 
see not its far flashings; but darkly 
feel that I wear that, that dazzlingly 
confounds. ’Tis iron—that I know—
not gold. ’Tis split, too—that I feel; the 
jagged edge galls me so, my brain seems 
to beat against the solid metal; aye, 
steel skull, mine; the sort that needs 
no helmet in the most brain-battering 
fight! (9 point)

Yonder, by ever-brimming 
goblet’s rim, the warm 

waves blush like wine. The 
gold brow plumbs the blue. 
The diver sun—slow dived 
from noon—goes down; 
my soul mounts up! she 
wearies with her endless 
hill. Is, then, the crown too 
heavy that I wear? this Iron 
Crown of Lombardy. Yet is 
it bright with many a gem; 
I the wearer, see not its far 
flashings; but darkly feel that 
I wear that, that dazzlingly 
confounds. ’Tis iron—that I 
know—not gold. ’Tis split, 
too—that I feel; the jagged 
edge galls me so, my brain 
seems to beat against the 
solid metal; aye, steel skull, 
mine; the sort that needs no 
helmet in the most brain-
battering fight! (12 point)

Yonder, by ever-
brimming goblet’s 

rim, the warm waves 
blush like wine. The gold 
brow plumbs the blue. 
The diver sun—slow 
dived from noon—goes 
down; my soul mounts 
up! she wearies with her 
endless hill. Is, then, the 
crown too heavy that I 
wear? this Iron Crown of 
Lombardy. Yet is it bright 
with many a gem; I the 
wearer, see not its far 
flashings; but darkly feel 
that I wear that, that daz-
zlingly confounds. ’Tis 
iron—that I know—not 
gold. ’Tis split, too—that 
I feel; the jagged edge 
galls me so, my brain 
seems to beat against 
the solid metal; aye, steel 
skull, mine; the sort that 
needs no helmet in the 
most brain-battering 
fight!  
 
(14 point)

Yonder, by ever-brimming goblet’s rim, 
the warm waves blush like wine. The gold 

brow plumbs the blue. The diver sun—slow 
dived from noon—goes down; my soul 
mounts up! she wearies with her endless hill. 
Is, then, the crown too heavy that I wear? 
this Iron Crown of Lombardy. Yet is it bright 
with many a gem; I the wearer, see not its 
far flashings; but darkly feel that I wear that, 
that dazzlingly confounds. ’Tis iron—that I 
know—not gold. ’Tis split, too—that I feel; 
the jagged edge galls me so, my brain seems 
to beat against the solid metal; aye, steel 
skull, mine; the sort that needs no helmet in 
the most brain-battering fight! (8 point)

Yonder, by ever-brimming goblet’s rim, the 
warm waves blush like wine. The gold brow 

plumbs the blue. The diver sun—slow dived from 
noon—goes down; my soul mounts up! she wearies 
with her endless hill. Is, then, the crown too heavy 
that I wear? this Iron Crown of Lombardy. Yet is it 
bright with many a gem; I the wearer, see not its 
far flashings; but darkly feel that I wear that, that 
dazzlingly confounds. ’Tis iron—that I know—not 
gold. ’Tis split, too—that I feel; the jagged edge 
galls me so, my brain seems to beat against the 
solid metal; aye, steel skull, mine; the sort that 
needs no helmet in the most brain-battering fight! 
 
(7 point)

Yonder, by ever-brimming goblet’s rim, the warm waves 
blush like wine. The gold brow plumbs the blue. The 

diver sun—slow dived from noon—goes down; my soul 
mounts up! she wearies with her endless hill. Is, then, the 
crown too heavy that I wear? this Iron Crown of Lombardy. 
Yet is it bright with many a gem; I the wearer, see not its far 
flashings; but darkly feel that I wear that, that dazzlingly 
confounds. ’Tis iron—that I know—not gold. ’Tis split, 
too—that I feel; the jagged edge galls me so, my brain 
seems to beat against the solid metal; aye, steel skull, mine; 
the sort that needs no helmet in the most brain-battering 
fight! (6 point)

Yonder, by ever-brimming goblet’s rim, the warm waves blush 
like wine. The gold brow plumbs the blue. The diver sun—slow 

dived from noon—goes down; my soul mounts up! she wearies with 
her endless hill. Is, then, the crown too heavy that I wear? this Iron 
Crown of Lombardy. Yet is it bright with many a gem; I the wearer, see 
not its far flashings; but darkly feel that I wear that, that dazzlingly 
confounds. ’Tis iron—that I know—not gold. ’Tis split, too—that I feel; 
the jagged edge galls me so, my brain seems to beat against the solid 
metal; aye, steel skull, mine; the sort that needs no helmet in the most 
brain-battering fight! (5 point)
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Circle for Chord Star
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P0P1

P2

∆0

Spiral 20 Diagram
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4 3
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Golden Rectangle Sheet 



120

The Model Shop, Volume 1: Functions from Geometry • eeps media © 2016

Chord Gap Handout

Draw chords carefully on this arc  
and find their midpoints. 

For each chord, 
measure the length of the chord 
and the gap between the midpoint and the arc. 

What’s the relationship  
between the length of the chord  
and the size of the gap?
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Cone Template
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In this activity, you will construct and mea-
sure right triangles with a common base. Then 
you will relate the lengths of the “vertical” 
sides to the changing angle. 

You need paper (possibly this paper), a ruler, 
and a protractor.

What to Do
Draw a number of triangles that share a 
common base. (See the illustration.) Measure 
the angle in the triangle (like the one that’s 
marked) and the length of the opposite side.

How will angle be related to opposite? 

❖❏ Predict: What do you think the relation-
ship will look like? Draw your predicted 
graph: 
 
 
 
 
 
 
 

❖❏ Record your measurements of opposite 
and angle. Use a protractor to measure 
angle in degrees.

The angle is the one between the base 
and the hypotenuse

Make at least six triangles. Be sure that 
angle ranges as widely as possible.

❖❏ Plot opposite against angle. (So angle 
goes on the horizontal axis.)

❖❏ Find and explain a mathematical 
function that fits the points. Be sure 
you can explain the meaning of any 
parameter.

❖❏ Be sure you can explain why the form of 
your function makes sense.

36. Tangent

base
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Vertex Angles Diagram

30°

30°

15°
20°

25°

All radial segments are the same length.
You can make many isoscles triangles
with di�erent vertex angles.
The two dashed lines are examples 
of bases for 30° and 65°.

10°

50°
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5 55

The diagram shows a very small Ferris wheel, full size. 

Abigail, an ant, is standing at the bottom waiting to get on, while her friend Amaryllis rides 
around. It takes 60 seconds—one minute—for the wheel to go around. The numbers of seconds 
appear around the wheel. 

Explore how the straight-line distance from Abigail to Amaryllis changes over time. This handout 
shows the relevant straight lines. How does the distance depend on time?

Small Ferris Wheel Handout
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M0

M20

M40

M60

M80

M90

M100

M120

M135

M150

M180

E0

Circle E
(orbit of Earth)

Circle M
(orbit of Mars)

Sun

  “Distance to Mars” Diagram
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Eccentric Handout

30

45

60

75

90

105120

135

150

165

180 0

195

210

225

240 255

270

285

300

315

330



176

The Model Shop, Volume 1: Functions from Geometry • eeps media © 2016

This chart shows, for each activity, the “correct” 
functions students can use to model the data. There 
is much opportunity, however, for practicing other 
functions. For example, seeing data that are based on 
sinusoids, some students use quadratics. The chart 
also has icons indicating broad geometry topics.

Most terms in the chart are obvious, except: 

❖ˬ Root Pythagorean: The kind of square root 
relationship you get when you solve the 
Pythagorean Theorem, e.g., f x k x= −( ) 2 2.

❖ˬ Direct Quadratic: means f(x) = kx2 here.

❖ˬ Surprise: Experienced folks might not expect it 
to be this way.

❖ˬ △ triangles, ○ circles, □ area, ~ similarity

 

1 A Sample Activity: Hypotenuse (p 14). 
Root Pythagorean. △

2 Stack of Books (p 22). Direct proportion.
3 Rolling Rolling Rolling (p 25). 

Direct proportion. ○
4 Stack of Cups (p 28). Linear.
5 Opposite Sides of the Ruler (p 31). 

Linear, negative slope.
6 Pick’s Theorem (p 33). 

Linear, two input variables. △□

7 Circumference (p 38). Direct proportion. ○
8 Isosceles Angles (p 41). 

Linear, negative slope. △
9 Triangle Ladder (p 45). 

Direct proportion, linear. △~
10 ART and ACT (p 48). Direct proportion. △○

11 Paragraphs (Same Font Size) (p 54). 
Inverse proportion. □

12 Paragraphs (Different Font Size) (p 70). 
Direct Quadratic. □~

13 Cornbread Are Square (p 58). 
Direct Quadratic. ○□

14 Cardboard Squares (p 61). Direct Quadratic.□
15 Cardboard Circles (p 64). 

Direct Quadratic. ○□

Activities and Functions
16 Bundles (p 67). 

Direct Quadratic, square root. ○□

17 Chord Star (p 73). Inverse proportion. ○~
18 Chord Star 2 (p 76). 

Quadratic, opens down. ○
19 Spiral 45 (p 80). Exponential. △~
20 Spiral 20 (p 83). Exponential. △~
21 Triangle Spiral (p 87). 

Surprise square root. △
22 Golden Rectangles (p 90). 

Exponential decreasing.~
23 Zeno the Frog (p 94). 

Exponential, approaching from below.
24 Shaded Strips (p 97). 

Exponential, approaching from below. □~
25 Do Fret (p 100). 

Exponential, approaching from below.
26 Tilting Chairs (p 104). Root Pythagorean. △
27 Shadowlands (p 108). Surprise rational. △
28 Tinkertoy Stick Lengths (p 111). 

Complicated exponential. △
29 Chord Gap (p 115). Rational. ○
30 Triangle Folding (p 121). Surprise cubic. △□

31 Toilet Paper Roll (p 124). Square root. ○□

32 Maximum Box (p 131). Cubic. Volume.
33 Vegetable Matter (p 134). 

Varies. Linear, cubic. ○
34 Making a Cone (p 138). Root Pythagorean.○
35 Filling a Cone (p 142). Cube root. △○

36 Tangent (p 147). Tangent. △
37 Vertex Angles (p 150). Sine, cosine,  

Law of Cosines square root. △
38 Sines of the Times (p 155). Sine, Cosecant. △
39 SAS Area (p 158). Sine, cosine. △□

40 Small Ferris Wheel (p 162). 
Law of Cosines square root. △○

41 Distance to Mars (p 167). 
Law of Cosines square root. △○

42 Eccentric (p 172). 
Law of Cosines square root. △○




