This Is
a Stickup!

In this
Thread,

el we ae
% Purpose continu-

ing to
examine the passage of time from obser-
vations we can make about the outside
world. In Hello, Sun!, we saw that the Sun
appears to jog across the sky during the
school day. It looks like a nice and smooth
motion. By using the shadow of the Sun
during the day, we may make safe and
accurate measurements of that motion.
The National Standards require that stu-
dents be learning what causes light, heat
and shadow, and how time passes, how to
use rulers and other measuring tools. The
vocabulary words which can be intro-
duced to help us talk about our experi-
ences are line, length, angle, sphere,
straight, and model.

Teacher
% Background
We have

already explored the way the Sun moves
in the sky during the day. The next step is
to try and see that motion from another
perspective. Some classes may have been
able to determine the height of the Sunin
fists and found that the Sun first gets
higher then lower in the sky. Did students

You will need: pencils , construction
paper flags, flashlights, paper, and
either a 12-inch stick/ruler or half-
meter stick; 2-4 additional: chalk or
wipe board, chalk/markers, big roll
white paper, coffee can filled with
sand, tape, flashlights/toothpicks/
clay/paper enough for half the
class number; 4-6 additional: easel,
protractors, yarn or string, a calcu-
lator with trigonometry functions
(tangent/co-tangent).

The class will initially need a sunny
day for this with repeated measure-
ments throughout the day every
hour, starting with the earliest hour
in the school day. You will need to
have previously located South in
the school yard. Materials gather-
ing time is minimal since most of the
materials are common in the class-
room.

In the classroom, you will want to
spend several class periods over a
week or more exploring your data
and what it means. The older your
grade level, the more time you will
want to spend. There is a lot of
good math which can be intro-
duced in this Thread and taught
simultaneously. The procedure
described in the Investigation por-
tion of this Thread should be
repeated at least three more times
during the year.

=

jdmyong

e SISIy

also notice that their shadows got shorter and then longer again? Do they have a
record of that? As we saw from the Thread, Me and My Shadow, the height of a
light source changes the lengths and orientations of shadows. Using a standard

Everyday Classroom Tools: This is a Stickup!



70

stick with careful measurements can give us a better record of the changing
shadow lengths outside in the Sun and aso good data for exploring deeper.

A day’s worth of sunstick shadow measurements will produce a shadow pattern
which will look like a fan of lines, first long then shorter then longer again. This
fan will begin with its first shadow line on the left of the stick, if you are looking
from South of the stick. This fan pattern will then proceed with lines moving ever
more to the right and at steeper angles to the edge of the paper. Thisis because the
Sunrisesin the East, or to theright of the stick. A light source on the right will cast
a shadow of an object to the left. The angle of the Sun above the horizon deter-
mines the length of the shadows it causes behind objects. The higher the Suniis, the
shorter the shadow. Thisiswhy the fan gets shorter at mid-day. In fact, if the Earth
did not tilt on its axis 23.5° as it does, then the Sun's height at mid-day would be
the same every day of the year. The Thread called Latitudes and Attitudes will let
us explore this further.

Y ou will be calculating tangents of angles for the upper grades. In aright triangle
(onewith a90° angleinit), the tangent is defined as the value of the side of the tri-
angle opposite an angle divided by the side of the triangle adjacent to the angle.
Neither of these sidesis the hypotenuse, or long side, when you are measuring the
angles.

As part of the ECT curriculum, we offer some lessons about how ancient and his-
torical cultures used observations similar to those the students will make in the
Threads. For Thisis a Stickup, you can use the background information and class-
room activities written for Hello, Sun! relating to how Scandinavians one thousand
years ago used the Sun to tell time. Wecall it Telling Timewithout a Clock, and it
isamodule found in the Additional Resources.

"Cherish [Science], venerate her, follow her methods faithfully
... and the future of this people will be greater than the past.”
—Thomas Huxley

"Nature is a language and every new fact one
learns is a new word; but it is not a language
taken to pieces and dead in the dictionary, but
the language put together into a most significant
and universal sense. | wish to learn this language--
not that | may know a new grammar, but that |
may read the great book which is written in that
tongue."

—Ralph Waldo Emerson
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Kmdgr%ar”r@n Through Secend Grade

This age group cannot yet manage the precision

Developmental required for the Investigation in this Thread. They
Issues Will not be able to make good measurements nor

understand their importance. What we want them to

learn from this adventure is that as the Sun moves

across the sky, the Sun's light changes the stick's shadow, something which they
should remember from Me and My Shadow. However, we can emphasize using the
Sun asaclock inthis Thread. It is suggested that instead of employing the measur-
ing stick and paper that you instead use a sapling or pole in the school yard and
bright marking objects or flags. This way we can express the same basic concept in
avery big and persona way, using first our bodies to mark where the shadows are
and then special flags we place to make semi-permanent records of the shadows.
Decorating personal flags would be afine integration of art into this Thread for this

age group.

What is happening to the Sun outside during the

Inquiry day? Is it staying in one place? Does_it seem to

Introduction ™Move? What happens to our shadows if the light

moves? Do you think our sunlight shadows could

move, too? What if we move? Do our shadows

move with us? Does the Sun/Blocker/Shadow game work if we move? How could

we try it out? How long would it take before we noticed any movement? Can we

actually see the Sun moving? How long did it take in Hello, Sun! before we
noticed the motion?

Arrange ahead of time for your observation place to be
undisturbed by students during the day and recess. Per-

haps alerting your principal about the activity will help.
Outside, let's pick a short tree or pole on which the
school's shadow does not fall anytime during the day. It would be best if this object
were near the place where we all did Hello, Sun! so similar horizon landmarks are
around us. Thiswill help us understand what is going on.

Inquiry
Investigation

What timeisit? Where is the shadow of our tree? Can we al go run to the shadow
and stand on it? How long is the shadow? Could someone go stand at the very end

of the shadow? Place a little class flag there with the time written on it. Who thinks the
shadow will be somewhere else in an hour? Where? Stand on the spot you think it
will be. With our names on our own flags (of a different color than the class flag),
let's each place a flag down where each of us thinks the shadow will be in one hour.
Pick random students' flags and ask them why they chose that spot. Could they relate their

decision to the Sun at all? Where do we think the Sun will be in one hour?
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In one hour, go outside again. Where is the end of the shadow? Mark this with
another class flag. Who was closest? Which way did the shadow move? What is
changing? Where is the Sun? Did the tree shrink or grow? Let's retrieve our per-
sonal flags. Where might the shadow be next hour? This time students may begin to
see that a pattern might be forming, and many will put their flag to the right of the second
class flag. Again, ask them why and if they can relate it to the Sun.

By the third hour out, it should be clear what is happening to the pattern of the shadow. The
shadows are moving to the right. The length of the shadow is not going to make much
sense to them, since it involves the height of the Sun; pointing out the correlation will be dif-
ficult. However, with flashlights inside, repeating the You Light Up my Life investigation may
allow more modeling of the situation. Consider this if you feel your students might gain
insight. Otherwise, it is not crucial at this age group. These are understandings they can
build as they get older.

Which way did the Sun go today? Which way did the shadow go? Did the tree
move at all during the day? No ... so what happened? Play the Sun/Blocker/Shadow
game again inside with a flashlight, some object, and paper. Model the experience from out-
side with everyone. Ask them every step of the way if this is where the Sun was and this is

where the tree or pole was. Which way did the shadow go? Is the Sun going that
way? Does it happen like that for everyone in the whole world?

"Reason is experimental inteligence, conceived after the pat-
tern of science, and used in the creation of social arts; it has
something to do. It liberates man from the bondage of the
past, due to ignorance and accident hardened into custom.
It projects a better future and assists man in its realization. And
its operation is always subject to test in experience... The prin-
ciples which man projects as guides... are not dogmas. They
are hypotheses to be worked out in practice, and to be
rejected, corrected and expanded as they fail or succeed in
giving our present experience the guidance it requires. We
may call them programmes of action, but since they are to be
used in making our future acts less blind, more directed,they
are flexible. Intelligence is not something possessed once for
all. It is in constant process of forming,and its retention requires
constant alertness in observing consequences, an open-
minded will to learn and courage in re-adjustment.”

—John Dewey
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Second Grade Throu%h Fourth Grade

Thisis agood Thread for this age group. They are

Developmental beginning to learn about numbers and how to use

Issues mMeasuring tools. At this age they are extra keen not

to make mistakes, since they are desperate to fit in

and avoid looking stupid. And they want to be given

real tasks to do. These characteristics make a subset of this Thread perfect for your

students. We will not delve into this situation's geometry with these students, but

we will let them participate in some serious observing, building, and modelingin a
way which we hope will satisfy their intellectual desires.

How does the Sun seem to move during the day?

Inquiry Eron:j v(\]/lhere to where’.ioll?ecall theclj-|ello, r;Sun! bl acrI:

- oard drawings? Could anyone draw them on the

Introduction board? So, since we were facing South, the Sun

moved from left to right. What happens to shadows

made by the Sun during the day, then? How could we observe them and be able to
take them inside to look at? Can we take somebody else's shadows inside? How

could we do this? Gather suggestions from them. Many will recall that we were able to

take the Hello, Sun! data indoors because we made a record of it. How could we make a
record of the shadows? They will suggest putting paper on the ground, perhaps, or
taking pictures. Will one picture be able to show us all of the shadows from a
whole day? No. A piece of paper would work, if it had all of the shadows on it.
How big a piece of paper? How long are shadows? And what should we use as a
shadow maker?

Look around the room and find a meter stick. How could we keep this stick from falling
over?A can with junk in it to keep the stick still is a good idea: things like clay and rocks, a
Styrofoam plant basket block and stones, or a coffee can filled with sand are good ideas.
Paper from a big roll and masking tape will be good for the record keeping. And a nice new
marker.

Time the observations to coincide with the times we all
went out for Hello, Sun! Bring all of the materials outside.
Find the location from Hello, Sun! and put your equip-
ment down there. Pull out a large sheet (about four feet
long and as wide as the paper itself) and lay it down with one corner pointing towards south.
(Human symmetry ideals would want you to put it square with a side facing south. Don't
give in. Since the shadows at morning will be longer than those in mid-day, you will need to
account for this in the orientation of your paper.) Tape the paper very firmly down. You may
want to mark where the edges of the paper are in case it blows out of position. Put the can
down in the corner. Make a careful circle around the bottom of the can so that you always

Inquiry
Investigation
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know where it is supposed to go.

So that we don't all crowd the paper with our shadows, let's stand on the north side
of the paper. (There is no need to call things north and south with this age group. They will
get all fuddled up with the vocabulary. You might say, “Let's stand at the top of the paper.”)

What time is it? Someone look at a watch. Where is the shadow here? Trace the
shadow line carefully with a dark marker. Write the time at the shadow's end. (Do this for
every shadow observation today. Putting the date down near the bottom of the paper is

probably a good idea.) The shadow isto our right. Where isthe Sun? It isto our left.
How long is this shadow? Where do we think the shadow will be in one hour?
Does anyonerecall Hello, Sun! and what we learned about how the Sun moved in
the course of one hour? What might that do to the shadow? Will the Sun be higher

in the sky? What might that do to the shadow? The students may want to place stones
on the paper marking where they think the next shadow will be. If they think the shadow
might change size, they should place their stone where they think the end of the shadow
will be.

Back outside again in one

hour ... where did the
shadow move? How many
things outside in our set-up
could be changing? Let them
decide if the stick could have
changed size. Could the
paper have changed size?
What else is changing? Are
people attempting to locate §
where the Sun is (remember
to not look directly at the
Sun)? Is there a connection?
How long is the shadow?
Wherein the sky isthe Sun?

Back in the classroom, retrieve the Hello, Sun! easel drawing. Leave it in view during this

day as a reference guide for students. What time did we make this last observation?
Can anyone find it on the Hello, Sun! drawing? How high is the Sun now as com-
pared to one hour ago? Did anything happen to the shadow during this last hour?

What might be the link? They may or may not see the height and length relationship right
away, so encourage more thinking until they propose the idea. When they do, ask them
when they think the shadow might be the shortest today, or when it will be the longest. If
they do not see the connection yet, revisit this line of questioning after each observation
outside until they do.

After a completed sun stick record has been made (i.e. at the end of the day) tape the
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record up in the classroom. Tomorrow we will be thinking more about this day and
building our own models of it.

The next day, set aside a table for the flashlight/toothpick/clay/paper materials and begin

talking with the class about our experiences from the previous day. What did we do yes-
terday and what do we think we have discovered? We think we discovered that as
the Sun moved across the sky and up and down in the sky, the shadows moved
across the paper and got longer or shorter. How could we try to model that inside
the classroom? We would need a Sun, right? What if we wanted everyone to have

his own Sun? What could we use instead of a Sun? What is the Sun anyway? They
should hopefully recall their experiences with You Light Up My Life well enough to know that
light is light, whatever its source, and that objects in the path of flashlights will cast shadows

just as they do in the path of sunlight. What else do we need? We need some kind of
little stick stuck into something. A toothpick in clay works well. And we need
paper and markers. No problem.

In teams of two, have them gather one set of materials and bring them to a desk or table.
Can they recreate what happened outside? Give them plenty of time to fiddle with the mate-
rials. They will want desperately to play with the flashlights at first, but not as badly as they
did in You Light Up My Life. Ask them to focus on recreating the events of yesterday. What
must they do with the flashlight to get their toothpick shadows looking like those on yester-
day's record taped to the wall? Have them tell you why they built their model the way they
did and how they constructed it. Perhaps teams could later come to the front and explain
their models to the rest of the class.

What can we see here? Grab someone's flashlight and aim it down from above the very

top of the toothpick. What kinds of things would happen to the shadows if we did
this? There would be no shadow. Does this happen on the Earth anywhere? What
about if wereally lowered the flashlight (aim it at the side of the toothpick and very

low). The shadows would be very long. Does this ever happen on the Earth? Gather
their suggestions. Ask that they write up their experiences from the past few days, espe-
cially what they think they learned and what more they might want to learn about how shad-
ows work on the Earth.

"[Young persons] grow up in libraries, believing it their duty to
accept the views which Cicero, which Locke, which Bacon
have given, forgetful that Cicero, Locke and Bacon were only
young men in libraries when they wrote those books."

—Ralph Waldo Emerson
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Fourth Grade Throu%h Oixth Grade

These students are ready to make some serious
Developmental observations about their world. This age group is
Issues @able to record data and comprehend the need for
careful observation. They are responsible and eager
to master skills. The onset of puberty often hampers
a child's desire to take risks. The simplicity of the observations and the obvious
results as they comein provide a student with a comfortable experience in which to
make some important predictions. The journal keeping isavery personal thing and
can be asafe, private place also to record their ideas. Modeling our investigation in
this Thread will help make some connections between the math we are doing and
what it shows about the world around us. At this age group, most curricula are
introducing basic geometry: triangles, circles, and some simple concepts associ-
ated with them. This Thread uses degrees, fractions, angles and trianglesto explore
the spin speed of the Earth, the height of the Sun, and later in the year, the tilt of
the Earth. It is fairly important that the students be familiar with the protractor
before this Investigation. By the time protractors are used in this Investigation, you
and your class will be involved in some serious thinking and connection building.
It will distract from the cognitive process to stop and learn about the protractor in
the middle of the thread.

When the Sun moves across the sky, how could we
Inquiry really record its exact position? It is extremely dan-
Introduction 9erous to look directly at the Sun. How else could

we possibly try to record the motion? Let's hope they
are thinking about the Sun as a light source and that they
know an awful lot about the characteristics of light sources now. If not, ask them if the Sun

is a light. What do they know about light sources? What can lights do? What results
occur when we put something in the way of the light? Is there anything important
about the light we can learn from what happens to the shadow of the object in its
way? We can tell how bright it is, sometimes, by the darkness of the shadow if the
object is very opaque. What about the height of the light? If light travelsin straight

lines, what happens to a shadow if the light comes from up here? Aim a pretend
flashlight up high above someone's head. This may not be obvious to everyone. Good. That
means it is time to go outside and experience this all for ourselves.

Let's bring something outside which we know a lot about. Here's a piece of wood
(the 12 inch dowel rod). How long isit? How could we know for sure? Have them

suggest and implement the act of measuring it with a ruler. OK, so we know it is a foot
long. Let's stick this outside and watch its shadows all day and measure them as

well. If they did this kind of thing last year, they may pipe up and say so. Ask them if they
ever measured the shadows they made then or if they discovered the speed of the Sun's
movement? Well, no. OK, then. Time to roll.
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Bring the easel and paper out again. Outside, with the
materials set up in a good sunny spot, have them care-
fully pin down the paper somewhere safe where it won't
be trampled. You might ask them which way is south.
Suggest they point a corner of the big paper to the South and put the can with dowel upright

near that corner. What happens if the can dips? What could we do to make sure we
always know where the can goes? What happensiif the paper dips? What could we

do to make sure we know where the corners of the paper were? Taping the corners
down and chalking the outline of the paper seems to work well. Also, outline the can on the
paper. If it is windy, weights on the corners of the paper should be used.

Inquiry
Investigation

What time is it? Where is the shadow? Have someone trace the shadow with dark
marker very very carefully. Why so carefully? When we measure, we need to have a

good record. Mark the time at the top of the traced line. We might all make some
guesses as to where we think the shadow might be next time we come out to check
our set-up by placing rocks or sticks on the paper.

Where is the Sun? Have a team draw the horizon on the easel as seen from the spot in
front of the stick (i.e. the sky's southern hemisphere). In that case, what might we want
to know about where we are standing with the easel ? Have them make some mark on
the ground so that they can stand in the same place again after one hour. Ask them to draw
the Sun in, using the "fists" technique from Hello, Sun! Where will the Sun be in an

hour? They will point to some spot on the paper. Let's keep this drawing going along
with the sun stick record. So, where might the shadow be after the Sun has moved
for an hour? And the length of the shadow? Longer, shorter, or the same? Why?

Gather ideas but don't encourage any one over another. We'll soon see in an hour!

In one hour, revisit the set-up. Before we trace the shadow, what might we want to
do? Check that everything is in its place. Then have someone trace the shadow carefully,
marking the time at the top of the shadow line again. So, what happened here? Tell me
about how the new shadow is changed from the last one. Someone will tell you that it

moved and that it got shorter. Why did it do this? Did the stick move or get shorter?
What is the only thing that can change the shadow? The light. So, the light moved

in some way. Whereisthe Sun now? Have the Sun keepers stand in their spot and draw
the Sun in on the easel. | sthere a connection? If no one sees that when the Sun moves to

the right, the shadow moves to the left, that is fine. We can just keep saying these things.
Also, how many "fists" high isthe Sun? How long is the shadow? What is happen-
ing here?

Each successive visit outside will become less interesting to them until the shadows get
longer again. Why is this happening? Do we now make the connection? How could
we model that inside of the classroom? They should think about this for tomorrow, for
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we will be building our own models then and discovering some things about the world from
them. For homework, you may have them write in their journals what they think happens
during the day to shadows and the Earth and Sun. Can they imagine what shadows would
be like somewhere else on the Earth? Before they arrive for the next day, tape the easel
drawings to the wall above the sun stick drawing (in the diamond orientation).

The next day, ask them what happened yesterday and what they think they now know.
Show them that you put up the drawings we made so that they are just like they were when
we saw them on the ground. Have them think about (but not call out) the two positions the
drawings have been in.

Break the students into teams of four people, hand out the sets of sun-stick models (flash-

light/toothpick/clay/paper) and have the teams rebuild the set-ups. How can we recreate
the scene with flashlights? Where did the Sun come up this morning? Where did it
go and how high? When were the shadows the longest? The shortest? What is the

real connection? Have them tell you what they think is happening. They will say

things like, "When the Sun is highest, the shadows are shortest." Ask them why. Does it
have to do with the nature of light? Can anyone draw what is happening in their
model or outside on the board?

Help by drawing the stick in the middle and put the Sun on the far left. Ask someone to
come up and draw how the light is coming to the stick. Ask the class where the shadow is.
They will want to come up and point or draw it in. Extend the sunlight lines past the very tip
top of the stick line (if they are not past it already) so that they reach beyond and mark the
end of the shadow. Ask them about shadows again and what they learned from You Light
Up my Life if they wonder why you are asking that. Flashbacks are no problem, and are
always encouraged. When everyone understands, draw the Sun higher and over more to
the right. Have someone else come up and draw how the light is coming to the stick. Where
is the shadow now? And so on.

Tape to the board next to the
chalk drawings (but higher up)
the easel drawing of the Sun.
Underneath this, tape the sun

stick drawings for comparison.
Is this what we saw? Yes.
What has happened isthat we
have experienced something
and set it aside. We then
modeled it and thought about
it in lines and direction, and
set this next to our first expe-
rience. What was true for one

Hallg, Sun aic
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is true for the other, and vice versa. Since these two experiences support each
other, each view is as valid as the other. The next step is taking a trip to the third realm

of experience: the mathematical one. How could we communicate our experience in
terms of mathematical models?

Isolate one section of the chalk drawing on the board (by either erasing the rest or re-draw-
ing the key parts) so that it looks like a little triangle formed from the sunlight line zooming
past the top of the stick, the sun stick itself, and the line marking where the shadow was

cast. What shape isthis? A triangle. What do you know about triangles? What does
the word itself say to you? Tri = Three, angle = some height measured in degrees.
Point back to the drawing on the board. Which angle opens up and points to the
Sun's position?

Draw a Sun high on the board. Ask some class members where the stick’s shadow would
be on their model if this Sun could give off light? How could we test this? Hopefully, they
will use the flashlight in their hands and move them so that they are in line with the Sun
mark without leaving their desks. So, how high is the flashlight or the Sun mark above
the paper in degrees? Trace the line from the Sun to the end of the shadow—but with
what?

It would be good to trace the length of the shadow with a pencil first. Then, have one person
hold the flashlight while another holds a string to the flashlight near the lens. A third person
should pull the string until the other free end reaches the tip of the shadow drawn on the
paper. What is the shape made by the string, the toothpick, and the paper shadow
outline? The fourth person should be able to see this shape by viewing the whole construc-

tion from the side. What does the string represent? It pointsto the Sun. It follows that
an angle formed at the corner by the string and the paper “ground”, represents the
"Sun's’ angle above the ground. Can the fourth person see how thisis possible by
following the line made by the string up to the "Sun"? Can she explain it to every-
one else in the group?

Have the fourth person in each group take a protractor and measure the height of the Sun

(or the string line, in this case) in degrees. How high is our Sun in degrees above the
paper? How long was the shadow? L et's record these numbers on the bottom of the

paper somewhere. Erase the first Sun and draw another significantly lower on the board

and redo this entire procedure for that new height. What does this triangle look like?
How isit different from the first one? What is the height of our Sun? What is the
length of the shadow?

What is happening here? There must be some relationship between the height of
the Sun and the length of shadow it makes, but we knew this from our experiences
outside. There also seems to be some mathematical relation between that angle of
the triangle and the length of the triangl€'s bottom side. Did the size of the tooth-
pick ever change? No. This makes a steady length for one side of the triangle.
Maybe we could think about that some more. Is there a fraction we could think
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about that might change as the small angle changes? How about the toothpick
length divided by the shadow length? What is the number? Is it greater than one
here (for the first set of numbers, write them on the easel as a fraction.) How big

was the angle? And what about for the other set? Write them on the easel also (if there

is any room left, that is!). How big was its angle? We seem to find that the bigger the
angle, the bigger the fraction. Cool. Do we have any other data we can check?
Let's gather all of our data in one place so we can look for patterns, if there are
any!

Start a table on a new sheet on the easel. The table should have room enough for 7 col-
umns, with Time and Length of Shadow and Length of Stick as headers for columns 1-3.

Obviously, the third column will not change! Let’s think about how we have gotten data
so far. The first column we know because we were careful to write down the time
each time we took a measurement. The second column we had to measure our-
selves with aruler. The third column we knew already, because we had measured
the stick. What else have we been talking about that we can figure out about this

system of three lines, stick, shadow, and ray of sunlight? They should continue think-
ing about the idea of the triangle and that fraction.

How might we redly find the
angles we want to know about?
Does anyone suggest using the
string idea on the real setup?

Set up the stick and paper on the
floor. Let students use string to
connect the top of the stick to the
end of the first shadow. Someone
can then measure the angle made
at the paper with the string and
write this into a measured angle
column. They should do this for all
of the shadow lengths.

Look only at the sun stick
drawings, not the Hello, Sun! set. How long was our stick? It was one foot, or 12
inches, or 50 centimeters, if you used the half-meter stick. What are the lengths of

these shadows? A group should measure the lines and record the lengths in the table.
Can they make a fifth column for the fraction and fill it in? If not, you might consider using a

calculator and giving them fractional values for the numbers they call out. Is there a pat-
tern? Could we make some guesses based on the sizes of the fractions as to what
the angles might have been for those times?

We are so close to being able to find an angle from this information, even though
we have one we think we measured correctly. If this relationship is so simple, is

there a table somewhere? Producing a table of tangents might be cool. It is not possible
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to expect these students to read the table very well, nor is it reasonable to expect them to
understand radians of a circle. So, it is suggested that you instead tell them the calculator
has the table built in. Yes, really. And for each fraction we find, we can find the angle that
goes with it. Do this for each tangent fraction and write the calculated angle in on the easel
in a sixth column.

The trick here, if they have not suggested it already, is that the Hello, Sun! drawing has fists
drawn in to indicate height. Since a fist is about 10 degrees, we can see how the angles
match. If someone can call out the fist measurement, the rest should be able to tell you the
degrees. Write fist degrees into the seventh and final column. The two last columns will not
be perfectly matched, but they will be close. Ask them which measurement do they think is
the less accurate and why? The fists, obviously, because the variables are the measurer's
accuracy and hand size. Those who recorded the Hello, Sun! drawing should not be made
fun of at this point, but should be reminded that if their eyesight were as perfect as the

math, they would be in the Guinness Book of World Records! Human error is a fact of life.
How could we have made mistakes in the math? The way we typed data into the
calculator, the way we measured the shadow length, or the wiggling of the sun
stick outside in the first place.

What are we looking to find out from this work, anyway? Probe the class for what
ideas they might be having about why we are doing this today. Some may think about the
height of the Sun changing, because they can see from the Hello, Sun! data that it is. Some
may think we are trying to learn more about triangles and angles. Others may think this is a
load of malarkey. OK, two out of three isn’'t bad. The gist is to see if we can use three differ-
ent means of finding the same answer, to prove that if the logic is correct, there are several
methods to find the same answer. So many times we discourage children from using their
own problem solving techniques because we ourselves have not internalized their method
enough to comprehend if it is sound. Hopefully, after this investigation, students will see that
a few minutes of thought can create three separate means of finding the same value for the
Sun’s angle.

Encourage your class to think about how each method was different in terms of accuracy,
levels of math and observation, and simplicity.

The last thing to think about with this single data set is the time it took for the Sun
to zip across the sky or the shadows to zip across the paper during the day. The pat-
tern of shadows makes a big fan on the paper. How would you use the protractors
to find out things about the pattern? Are there any places where you would want to

measure angles? Let them measure for a while. Then ask what is the biggest angle they
can find. It will be the angle between the first and last shadows. What is this angle? What
does it represent about the Sun itself? How long did it take the Sun to travel that
far? Subtracting the times listed on the shadows, it is (if you measured from, say, 9
amuntil 2 p.m.) five hours. How many degreesisthat? 75 degrees.
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How many degreesisit around the Earth? It is 360 degrees, because the Earthisa
ball. So how far around the Earth did the Sun appear to scoot in five hours? (Of

coursg, it is the Earth spinning around like a top past a steady Sun.) Give them time
to puzzle with this. Some will ignore the 360 degrees and use the 5 hours instead, knowing
a day is twenty-four hours. They can divide 24 hours by 5 hours and discover that 5 hours
goes into 24 hours almost 5 times. So, the Earth almost went one-fifth of the way around on
its axis past the Sun. Others will divide the degrees traveled in five hours into the degrees
around the Earth and also give you a fraction of almost one fifth. Are both answers right? Of
course they are.

How could we find out how many miles of Earth spun past the Sun in five hours?
We'd need to know how many miles around the Earth is. Is there any way to find
that out without looking it up? No, not yet. We need another measurement from
Latitudes and Attitudes. For now, let’s use a circumference for the Earth of 25,000
miles. So, in our example, in 5 hours, about 5,000 miles of the Earth’s surface
would have spun past the Sun!

Measure the shadow lengths again around the time of the winter solstice (about December
22), recreating the steps you or your class did for the autumn equinox. After they have also
observed and measured the spring equinox (about March 21) shadow lines, begin the dis-
cussions for the end of the Thread Tilt-A-World.

A note about the autumn equinox (about September 22): Since you are likely to have read
this entire package ahead of time, here's a note for you. If your class has not reached this
Investigation before the autumn equinox, please attempt to build and make your own record
of the sun stick shadows on that day. If there are other teachers in your school who are par-
ticipating in this curriculum, they could help you keep up the observations or at least watch
your classroom while you run out to make these records on the equinox. You should try to
measure the fist height of the Sun each time you go out, just as the kids will do. No need to
measure your lines; they can do that themselves when they do the others. Curious students
will want to know what you are doing, and you can tell them that soon they will be doing it as
well. If it is really impossible for you to get autumn equinox data, then what is there to do?
You will have two sets of data to use and not three for the next Thread.
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Related Internet Sites

Sites include online projects about shadows and latitude and also live cameras to
demonstrate the day/night changes all over the Earth!

http://www.ed.uiuc.edu/coe/projects/noon-project/ o _
Noon Project —Here's information about how schools can join in making calcula-
tions of the size of the Earth from sunstick data.

http://www.cmi.k12.il.us/Urbana/projects/UHSArt/mic3/sundialproject.htmi
Shadow Project — This is a sundial project done at Urbana High School. They have
some interesting ideas and links here for learning about the sun clocks.

http://www.eduplace.com/projects/shadow2.htmi
Shadows and Latitudes — A formal online project for collecting shadow length
data and collaborating with people around the world.

http://hea-www.harvard.edu/ECT/nightday.htmi _
Night and Day around the Web — This is a summary page of the best live cameras
around the Internet.

http://www.ed.uiuc.edu/courses/satex/sp96/noon-project/Eras.html
Erastothenes — Read a story about how Erastothenes and friends calculated the
circumference of the Earth using shadow measurements.

Joke: "There is a theory which states that if ever anyone ever
discovers exactly what the universe is for and why it is here, it
will instantly disappear and be replaced by something even
more bizarre and inexplicable. There is another theory which
states that this has already happened.”

—Douglas Adams

84 Everyday Classroom Tools: This is a Stickup!



