Latitudes
and
Attitudes

= This Thread invites us to explore the effect our lat-

@ itude has on the shadows we get from the Sun. We

will learn from this experience that the shape of the

e Purpose Earth must be curved in some manner to account

for the different lengths of shadows at different lat-

itudes and that the Sun isvery far away. The National Science Education Standards

mandate that students should understand the motion and positions of the Earth and

how they affect the path of sunlight we get in different places. Students should also

be thinking about how life is affected by the changes on the Earth. This Thread's

use of models and the Internet also answers Standard requirements concerning

technology and the building of equipment. V ocabulary which can be introduced to

help us talk about our experiences are latitude, altitude, angle, triangle, sides, and
parallel lines.

= L ati- You will need: globe, blue-tak, miniature
Teacher tude  tree-shapes made from toothpicks cut in

4 IS half, overhead projector, flashlights;

' Bcckground easy Grades 2-4: blue-tak, clay, enough golf

to tees for half of the class, globes, paper,

understand with a globe in front of pencils, flashlights for half the class,
. e Grades 4-6: manila paper, computer with

you. Notice you can d|V|(_jethe globe Internet WWW browser or cities packet,

in half anywhere so that it will make golf tees, blue-tak.

two symmetrical pieces. We call the ’

imagined horizontal line running

sapnuny

Some time outside is needed to recreate

e @

sapnye|

around Earth's middle the equator.
See that any other horizontal lines
imagined above or below the equa-
tor divide the globe unevenly. Such
non-equatorial lines are referred to
in terms of their distance from the
equator. A line caled 20° North

would tell you that this line is somewhere north of (or "up" from) the equator at a
distance measured not in miles, but in degrees. In other words, this distance repre-

the Stick-Up! observation. You will also
need several class periods to really
explore this challenge in perspective.
Also, computer time may be required to
retieve data from different countries,
unless you use the cities packet. Collect-
ing materials may take an hour or so.

sents some angle. Where is this angle measured from?
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If we pick a point on the equator and connect it back to the center point of the
globe, we would have a kind of line commonly called aradius. This radius would
have an angle of zero degrees, because it is stretched flat from the middle of the
Earth to the equator. A line (or radius) stretching straight up from the Earth's center
to the North pole of the Earth would measure 90° N. Can there be any angle from
the Earth's center higher than that? No. What if we connected all the points 20°
above the equator to the center of the Earth? They too would make radii, but these
would be at 20° angles to the flat radii running out from the Earth's center to the
equator. Thisiswhat is meant by 20° N latitude.

The height of the Sun above the horizon is determined by severa things, one of
them being the position of the viewer on the Earth. The further the viewer is from
the equator, the lower the Sun will appear in the sky. To understand this, we must
first recall that the Sun is a huge sphere 93,000,000 miles away. Its light comes to
us as direct rays. With a non-tilting Earth, this would mean the direct rays would
hit the equator dead on, and the viewers there would see the Sun directly overhead,
while elsewhere along the curved Earth other viewers would see the Sun at some
height over the horizon, but not directly above them like at the equator.

Thisis easier to understand if we think about an imaginary line cutting the sky in
half. This sky equator would be right over the Earth equator, slicing the sky into
two half-spheres, asif the Earth equator were a big disk stretching out into space.
The Sun would travel along this sky equator around and around right above the
Earth equator if the Earth were not tilted. Those of us not living on the Earth equa-
tor would have to look somewhere other than directly overhead in the sky to see
the Sun's path. Just as we would have to look lower on the Earth (in the northern
hemisphere) from where we are to find the Earth's equator, we would have to ook
lower in the sky (as opposed to directly overhead) to find the Sun. With globe in
hand, imagine that sky equator disk jutting out from the Earth equator. Now, imag-
ine you are walking from the equator north, to someplace like Boston. When you
began, you were directly under the Sun. In Boston, your sky would be different,
with the Sun's path in the South part of the sky, closer to the horizon, and not over-
head.

The other factor determining the height of the Sun’s path is the Earth'stilt. Most of
the planetsin the Solar System spin on an axiswhich istilted over compared to the
plane in which they orbit the Sun. Thetilt of the Earth'saxisis23.5°. Thisisarigid
tilt, which means that the Earth always seems to tilt over 23.5° in one direction
only with respect to the stars around it. So, asit goes around the Sun, thistilt orien-
tation makes the Sun’s height change an awful lot during the year, since tilting
towards or away from the Sun causes the Sun to appear respectively higher or
lower in the sky. But understand that the Earth is not rocking back and forth! It is
just the fact that the forward tilt axis (of the North pole) is always along one
straight line, while the Earth is going around the Sun in a roughly circular path.
This means the Sun will sometimes be in line with the forward tilt of the pole and
other times it will be not in line and still other times it will be opposite of the for-
ward tilt direction.

When the Earth isin a section of its orbit around the Sun where the Sunisin line
with the forward tilt of the pole, then places in the Northern Hemisphere have a
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higher Sun in the sky, hence a longer arc for the Sun to go through across the sky.
This results in alonger amount of sunlight (longer daylight time in summer), and
hence a longer time to heat up the surface. This causes warmer temperatures; this
is summer. In contrast, when the Earth has orbited around the Sun to the section
where the Sun isin the opposite direction of the forward tilt of the pole, placesin
the Northern Hemisphere will see a lower path of the Sun in the sky, hence a
shorter arc for the Sun to go through across the sky, hence a shorter time to heat up
the surface. This causes cooler temperatures, this is winter. So, what is happening
to the Southern Hemisphere? With the Sun’s view of the Earth’s top tilting back,
the southern areas of the planet are tiltling towards the Sun, just like bending back-
wards and having your tummy sticking out! So, the Southern Hemisphere is get-
ting warmer with ahigher Sun arcing alonger distance across the sky. What about
when the Sun is in line with the tilt arcing towards it? Well, then the Southern
Hemisphere is having winter.

What about in between these two seasons? The Earth has moved into a section of
its orbit where the Sunis not in the direction of the forward tilt of the pole, nor isit
in the opposite direction. Thereis no extreme Sun height during these times of year
which we call fall and spring. For one day in both the spring and the fall, the Sun
strikes directly over the equator. No part of the Earth is tilting toward the Sun. The
only affect on the height of the Sun isthe fact that the Earth is a sphere, and we all

live somewhere along the curve. The specia day is called an equinox, meaning
equal night and day times. The day is exactly 12 hours long, making the night 12
hours as well.

Why do we care about the equinox? What we learned from Thisis a Stickup! is
there’s a link between the length of a shadow and the height of the Sun. We can
measure a stick's shadow on an equinox and get the height of the Sun. On these
special equinox days, it is possible to measure our latitude, since the tilt factor is
non-existent on this day and the only degrees added to the angle of the Sun are
those already added by our latitude. Cool, huh? And relatively easy. Later you will
make some inferences about the tilt of the Earth from these same sun stick mea-
surements.

On the next page is a diagram of the Earth-Sun-Tilt relationship. Imagine that you
are looking at this three-dimensional system at a 45° angle above it and over a
year’ stime. Becauseit isadiagram, it is not a perfect representation. But we hope
it will be helpful inillustrating the text.

"Indeed, attention is not simply a virtue of intelligence or the
result of education, and something one can easily do without.
It is a state of being. It is a state without which we shall never
be able to perfect ourselves. In its truest sense it is the listening
post of the universe."

— Jacques Lusseyran , The Blind in Society
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A Diagram of the Earth-Sun Relationship

Notice that the Earth’s tilt is always directed towards one place in space (in this
model, it istowards the |eft. But notice all you need to do is move your perspective
to underneath or some other side, and saying the pole tilts towards “the left”
becomes meaningless. Something to keep in mind when you talk about how mod-
els are limited.) The Earth moves around the Sun during a year, changing the line-
up between forward tilt and Sun, and hence causing the seasons. For example,
when the Sun is on the same side as the forward tilt, the Northern Hemisphere has
summer.
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Hl‘ﬂd@hg@ﬁ“@m #hrou%h Second Grade

This activity involves a shift in perspective to think-

Developmental ing about the world that we are standing on as

Issues something that is on the Earth in the form of a

model. Then we need to envision ourselves and oth-

ers as being on that model. This is a challenge for

K-2. Thereis also very little chance students of this age group will be able to com-

prehend the large-scale measuring system of latitude. Nor will they be able to

imagine the world cut up into bits according to their angle above the equator. So

what to do? How are we going to link the idea of Sun shadow to Place on the

Earth? We will put objects on the globe and see what shadows look like there. We
will talk about why we think they look that way.

Does everybody in the world have shadows? How
Inquiry do you know? What if there were no lamps? Could

Introduction they still have shadows? From what? They will talk

about the Sun. Does everyone have sunlight? Why?

Doeseveryone have aday and night? Y es, of course.
But do they all have shadows like ours? Would they have had their flags in the
same place as ours were if the tree were in their town? How could we try this?

. Get a globe with no frame and put a bit of blue-tak on

.'”q‘?”y your town or close to it. Put a mini tree shape on this spot

Investigation as if it were growing straight up out of the globe. Ask

someone to pick a town somewhere else on the globe.

Put another dab of blue-tak and another mini tree shape on this spot. Do this for a few more

places (in good spots above and below the equator) and then turn on the overhead projec-
tor so that it is pointing at the globe.

Gather everyone around so that they can see the shadows cast by the little trees. Are the
shadows the same or different? Turn the globe so that all of the places with trees get the

light. Which shadows are the longest shadows? Which shadows are the shortest?
Where do the shortest ones all seem to be? Around the middle of the globe. And

the longest are al around the poles. Why? Move to the blackboard or a map with some
blue-tak. Where do you think we could put trees on this world here so that they'd
have different shadows? Let them stick trees on this flat object. Aim this towards the light
as well, but at a slight angle (or no shadows, right?). Are any of these shadows on the
paper different from each other? They will be the same length. Have them look at both
the paper and the globe. What is the difference between these two worlds? Oneisflat
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the other isround, they will say. Which oneis like our world? It is not important that

they know the real answer, only that they keep thinking about it for a while as the year con-
tinues.

Where people are located on the Earth determines how much Sun they get in aday.
Who do you think gets less Sun? They may want to think some about the coldness or
hotness of a place. Which placeis hotter, Florida or Alaska? Where are they on this
globe? Who has longer shadows? Who has shorter shadows? How did we make
long or short shadows when we were playing with the flashlights? They may recall
that when they tipped the flashlight up or down, they could change the shadow lengths.
Relate this to people living tipped up or down from the middle of the world.

"What we call the beginning is often the end
And to make an end is to make a beginning.
The end is where we start from ...

We shall not cease from exploration

And the end of all our exploring

Will be to arrive where we started

And know the place for the first time."
—T. S. Eliot

"Mind boggling is a definition for ‘astronomical.” As such,
astronomy...can be a fascinating hook for grabbing and
holding the attention of students to science. Not just those
who will go into science, but all students, including those who
become librarians, lawyers, doctors, politicians, and home-
makers. They all need to know what science is about and why
it is useful and important!"

— David Crawford and Eric Crane
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Second Grade Throu%h Fourth Grade

This activity involves a shift in perspective. We are

Developmental going to use amodel to represent the Sun, the Earth,
Issues and our place on the Earth. The children need to

imagine that a globe is really the Earth, and they

need to envision themselves and others as being on

that model of the Earth. This is a challenge for 2-3. These students have acquired
an intellectual capacity which allows them to think about more than one variable.
They can think about where others are and even begin to think about things almost
unrelated to their position - with some helpful concrete example to guide them.
The modeling we did during Thisisa Stickup! allowed us to see our investigation
as it would have looked from the sky. What we would like to think about in this
Thread is what would it have looked like from some other person's school. Chil-
dren at this age tend to form groups, so it should be easy to divide the class up into
teams which will al pick a place they want to examine. Letting each team recreate
the previous investigation, but this time for atown of their own choosing will sati-
ate their desire for collective endeavors and their need to be given important tasks.

Does everyone in our world see the same sun stick
Inquiry shadows as we do? Would people somewhere else
Introduction N theworld see a difference between our sun stick
drawings and their sun stick drawings? Why might
they be different? Do they have the same day and
night as we do? How could we examine this in the classroom?

) Hang a globe from the ceiling, low enough to be reached

.I hquiry easily, or hold one without a frame. Ask students where to

Investigation put the Sun, or a strong bulb. Shine the light source at the

globe. The light source must be large enough to illumi-

nate the entire face of Earth. (While the Earth is actually tilted in its orbit, this is a complica-
tion which will not be dealt with just yet.)

The class should be divided into three or four groups. In each group, they should choose a
place somewhere in the world other than their home town, maybe where they have family or
friends. One group should locate their place on the hanging globe and help you place a
small golf tee (head down) to the spot with blue-tak. You should place a tee at the school's

location as well. What are the golf tees supposed to represent? Small versions of the
sun stick!

How would we make the sun stick shadows on the globe? Students will say move the
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overhead projector or the globe. Which is easier? Answering this question may help
us understand why the Sun's apparent movement is caused by the Earth spinning
and why the Sun is not orbiting around the Earth instead—the Sun is large and

much harder to move! Slowly turn the globe counter clockwise so that each tee "sees"

the Sun rise in the east and set in the west. Is the pattern of shadow lines from the tees
similar to the pattern cast by the sticks in the previous Threads? What are the dif-
ferences between the golf tee shadows at the school's location on the globe and at
the location picked by thefirst team? Why is this happening? Does the shape of our
world make this happen?

Attach a third tee to the second team's spot on the globe. Slowly turn the globe again. Does
the light reach this tee before or after it reaches the first team's tee or even the
school's tee? So, does the Sun rise earlier or later in this new location? Are both
team's tees alwaysin light together or are both alwaysin darkness together? Or can
one bein light while the other isin darkness? What if the two tees were on oppo-
site sides of the Earth?

Continue placing the other team's tees on the globe and asking the same questions. When
they are all attached and examined, ask the students what they think is making the shad-
ows shorter or longer? Which teams had the longest shadows? Where was thisteam's
tee? What makes its location different than the other tees? Students should begin to
articulate the differences, some unrelated and others crucial.

Ask students to remember how they were able to make longer or shorter shadows when
they used flashlights. Tilt, yes—now your students may begin thinking about the tilt of the
tees. However, it may not be very obvious that the curve of the globe is the same as the tilt
of the tee. This is OK.

Ask them how they would move either the overhead projector or the globe to get shorter
shadows. They will say lift the projector. Could you really lift that thing! Then what is
another solution? You could tilt the globe. Select the school's tee so as not to appear to be
favoring any single team, and tilt the globe. Ask the students to be watching the shadow

lengths carefully. What happened when the globe tilted back? How short was the
shadow?

Attach two more golf tees to the globe at various latitudes but along the school's meridian of
longitude (so that you can keep your tee there for consistency). One should be on the equa-
tor and one should be near theNorth pole. It is not necessary at this juncture to call these

positions by their map names. Face them into the overhead projector. What do the shad-
owslook like for the different tees? Whose shadow is longest, the top, the school's,
or the bottom? Why is this?

Viewing the globe from the side, can we see how the tees appear to be along a
curve? Get a textbook and blue-tak three more golf tees to the front of it. Hold it
next to the globe so that the tees are pointed straight at the light. What are the shad-
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ows like? There are nonel What could we do to make some? Tilt the book? Tilt the

book and have students look at the shadows. There are shadows now, but all three are
the same length.

How do we know if we're spinning the globe in the right direction? Can they see the
sun-stick shadows moving in the familiar direction? What is the shadow like at the equator?
What about at your latitude? Ask the students what life is like at the different latitudes used.
What are the trees like? The weather? The animals? What if the North Pole were

pointed towards the Sun? Where would it be day and night? Would al locations
still have both day and night?

"The fascination of astronomy is a powerful tool for engaging
the intellect and imagination of our youngsters, and this is
what encourages us to make it part of the positive school

experience of every child."
— Andrew Fraknoi

"The world of learning is so broad, and the human soul is so lim-
ited in power! We reach forth and strain every nerve, but we
seize only a bit of the curtain that hides the infinite from us."

— Maria Mitchell

"The popular idea that a child forgets easily is not an accurate
one. Many people go right through life in the grip of an idea

which has been impressed on them in very tender years."
— Agatha Christie
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Fourth Grade ﬂf)rou%h Dixth Grade

In this age group, big numbers, careful measuring,

Developmental datacollection, pattern finding and abstract problem

Issues solving are now possible. This Thread at its most

complex isideal for students of this age level. They

will be guiding their own learning. The sun stick

construction is by now old hat, and they will be comfortable about reconstructing it

and taking data from it. Familiarity with the modeling will help them take their

observations back into the classroom with their mental gears aready searching for

ways to talk about what they've seen in the different arenas of experience. By now,

hopefully everyone understands that every way of talking about our observationsis

helpful. The use of the Internet can be an important part of this Thread, and these

students have the dexterity and the skills to use it well. If you or someone you

know does not have access to the Internet for collecting sunrise/sunset times,

please request a packet of them from us. It is crucial here that teachers not do this

investigation around an equinox. It will not demonstrate the situation it is intended
to at that time.

What do sun stick measurements look like for peo-

Inquiry ple living elsewhere on the Earth? Are they the

Introduction same? How? Well, the Sun probably rises and sets

for al people, so they have shadows that seem to

move during the day in time with the Sun. What

might be different about sun stick shadows around the world? What is the shape of

the world? Does this curving shape have any impact on the shadows or where the

Sun appears to be during the day or year? Could the shape of the world also make
adifference in the length of daylight time people get in different countries?

There is a good Internet site for sunrise and sunset times
for almost any city in the world. If you do not have access
to this Internet site, http://www.argonet.co.uk/location/
works/sunrise/ssr.html, request the packet. Get sunrise
and sunset times for today for your town or the capital of the state you are in (local paper
will give you these). Write the times on the board, and ask the students how they would find
out the total number of daylight hours from these times. This is not as easy as it looks, but
the easiest way to do it is to think about the day in two parts: morning and afternoon. This is
because the clock reaches its maximum value at twelve and then starts counting from one
again. This makes it rough for adding or subtracting! However, taking twelve noon and sub-
tracting the sunrise time tells you the number of morning light hours. The sunset time is

Inquiry
Investigation

Everyday Classroom Tools: Latitudes and Attitudes



always going to be a number which is equivalent to the number of hours past noon, hence
"afternoon”. So, adding the sunset time to the number of hours of light before noon gives
you the total hours of daylight. They should, however, be able to come up with this on their
own. But now you have the background information you need to nudge them a little towards
the discovery. Give them time to play with the numbers and see what schemes they can
devise.

Have every student choose a state capital or country somewhere in the world. If you are
using the packet only, use capital cities of the United States, and encourage the choice of
Hawaii, Alaska, and the Virgin Islands. Where is your city on a globe? Provide globes on

every table or a big globe in the front of the class. Put little tabs on your city or at least
mark it on a photocopy of aworld map. Before you look up your city in the packet
(or on the Internet), do you have any predictions about how long you think the day-
light will last at your chosen location when compared to the length of daylight at

the school for today? What is your reason? In their journals, have them write down their
city and what country it is in. Suggest that they write down what they think about the length
of day.

Give students the appropriate entry in the packet and explain to them how the packet is laid
out. If you are using the Internet, let them take turns at the computer gathering data from
the Internet site for their capital city. They should write their numbers down carefully some-
where or even print out the page from the computer screen. Keeping a table of the numbers
would be best done by older students. Can each of us calculate the length of daylight
for our chosen cities?When each student has a length of daylight for his or her city, begin
your own table of daylight times, but with a row for each city and a column next to this for
the length of day. And later, when it is realized that the latitude is linked to the length of the
day, add one more column for the latitude.

Going around the room, have each student call out his city and the length of day he calcu-
lated for it. Write this in the table. After a few cities are discussed, the students will definitely
notice there is a difference in the lengths of day. Locate on the globe the first few cities that
have been mentioned. Does anyone see why these places might have different
amounts of sunlight during the day? They will list those things which are different about
where each city is. But the question is, of course, why should those differences have any

influence over the sunlight? Gather more cities and find them on the globe. Which cities
have the shortest amount of daylight? Where are they? Which have the most
amount of sunlight during the day? Where are these cities? If you have cities in

both the southern and northern hemispheres, there will be a definite pattern of average
daylight time for cities nearer the middle of the globe and longer days for cities on one half
of the globe only. The cities on the other half will have shorter days. What is happening?

Place small blobs of blue-tak with toothpicks of equal length on a few of the labeled cities
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which have the greatest differences in daylight times. Shine a very bright overhead projec-

tor or lamp onto the globe and hit those cities. Can everyone see the shadow |engths of
the toothpicks at these different cities? Is there a pattern? Is there any connection
between the daylight time and the sun stick lengths? What might be the situation

here? It may be necessary to step back and think about what it looks like to do the sun stick
measurement.

What does the shape of the world look like outside? Does it ook like a sphere out
there? No, it looks rather flat! Let's try to create flat areas for our cities here. Get a
small square of stiff paper like manila or oaktag paper. Put the paper under one of the cities
so that it lies flat on the point where the city blue-tak is and creates a tangent plane at that
point. (A tangent plane is a plane touching only one point along the surface area defined by

a sphere.) Then make another for the other cities. Are these flat views the same as each
other? No, but they are what each person sees at that spot, flatness. What is the dif-
ference between the flat areas? How do you have to move your head to be flat with
them? Thereis atilt of some kind here. Does that change where the Sun appearsin

the sky?If it is not painful for the eye, have students come up and move their heads so that

they are flat with the city and then look at the light source chosen to be the Sun. How high
does it look compared to the background of the classroom? The higher you tilt on
the globe, the lower the Sun appears. Do you think that people who see the Sun
very low have more or less sunlight during the day? Less. Where are those places
on the globe? What were the daylight times for those cities?

There will still be confusion regarding the strangeness of how the two halves of the Earth
have the greatest difference in daylight time. Ask them directly what would happen to the
shadows if you tilted the globe even more in one direction? In some places, the Sun will
seem higher, and in other places, lower. Discuss this until the students can understand the
changing perspective.

Isthere agood way of dividing the globe into pieces that we could talk about more
easily than saying, "Well, at the location of Tokyo ..." How do we give locations of

cities anyway? Students will call out the latitude and longitude idea. Can they point out on

which latitude lines the various cities on the map lie? Why is the equator zero? What
does zero mean? Why isn't zero at the top or bottom? And why are the latitudes in
degrees?

Thinking about this convention might be difficult. When we did the sun stick trian-
gles, we used the flat line of the shadow on the ground as the bottom of the triangle
and said the Sun's height, measured in degrees, was the size of the angle — also
measured in degrees — made when a line drawn from the position of the Sun
meets the shadow line on the ground. But where on Earth would you start from,
where would “zero” be? Where on the Earth would the Sun, at mid-day, be most
likely to cast “zero” shadow? In other words, where are you most likely to find the
Sun directly overhead? At the equator, the line drawn around the middle of the
Earth which divides the Earth into two equal parts. If you take a line drawn from
the equator to the center of the Earth as having an angle of 0 degrees, then you can
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measure the latitude of any place on Earth above or below the equator by measur-
ing the angle between a line drawn from that spot to the center of the Earth and a
line drawn to the center from the equator.

Hold a globe to the blackboard and have someone help you trace the outline of the globe on
the board. Draw a careful line in the middle of the circle on the board. What is this? The
equator, of course. Mark the center of the circle on the board. Using protractors fixed on the
center point, can the students mark lines along the circle where 20° and 40° etc. all hit?
When these marks are made, extend them out longer to the globe circle, so that they will be
clearly visible. Draw horizontal lines across the globe which hit these marks on the edges of
the circle. Then hold the globe back on the board over the trace and see if the marks match
those corresponding latitude lines on the globe. Bingo! That is how all this is works.

Can alatitude line give us the exact location of a city on the globe? If you say the
city isat 42° north latitude, how many cities are also on this latitude? What else do
we need?

What about those longitude lines? Look down on the top of the globe. There are
rays coming out of the North pole as well. The same exercise could work here, how-
ever, the longitude conventions use an 180° basis instead of the 90° basis used by the lati-

tude system. But the idea is the same: rays made from angles drawn around a circle. So,
how could you classify two cities such as Beljing, China and Denver, Colorado?
Then try Oslo, Norway and Pittsburgh, PA?

If we didn't have aglobe, how could we figure out our latitude? There are two good
ways, one involving the North Pole star and the other using those sun-stick mea-

surements. Obviously, in the classroom, there is only one we can use easily. But we'll
include information about the other one, so that students can do it at home.

Using the equinox data collected by you or your class, follow the procedures for finding the
height of the Sun in degrees outlined in This is a Stickup! OK, so we've got some angles

measuring the Sun's height. What can we do to think more about how this relates to
the whole world?

Ask the students about their Stickup set-up. What did it ook like? Draw on the board the
stick and a shadow coming off to the right. Where is the sunlight coming from? They
should be able to tell you that there is sunlight coming over the stick. Draw rays coming
over the stick and hitting the stick or going over it to make the shadow. Draw this carefully
so that the rays hit the stick and we can tell where the shadow will be by making that last set
of rays skim over the top of the stick and mark the end of the shadow.

Are the lines straight? Is this what was happening at our set-ups? Does this ook
confusing? Do we need all of these sun rays? Which ones are the most important to

think about here? Erase all of the rays except the one that points directly from the top of
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the stick to the Sun. What is the shape being made by the lines of sun stick, shadow,
and sunlight line? Students should be able to tell you this from their experiences with the
previous Thread that it is a triangle. But can they tell you what this would look like from outer
space? Please refer to the diagram at the end of this Thread for help recreating it on your
board.

Where is the angle that marks the height of the Sun? They will point to the end of the
shadow and how it can be linked to the top of the stick and then back to the Sun. Good.

On the board, draw a large circle to represent the Earth with a line through the middle and
extend the line out from the circle quite a bit. What special mark on the Earth is this?
That isthe equator. Draw a short line sticking straight out of the side of the circle (about at
your latitude, basically), somewhere above the equator line. Imagine thisis the stick we
stuck in acan. Connect the stick line to the center of the world with a dotted line so that we

can think about where the stick is with relation to where the equator is. What does that
angle made by the Equator and the stick line mean about where the stick is on the
Earth? It means it is the same number of degrees above the middle, or equator,
which isthe same as saying it is at that latitude. Do we see that? Take another look
at the drawing at the end of this section, if thisisnot clear. Let' smark adark L in
the angle; L for latitude. Cool.

Where is the Sun? Many will point off to the side somewhere. Draw a circle there. Isthe
Sun this small? Is it this close to the world? Maybe we should make it bigger and

move it further away. Use the whole side edge of the blackboard as the Sun's edge and
draw lines of sunlight coming from this edge to the world. The lines should be straight and
parallel to the Equator line. This allows us to see that the rays are very straight when they
hit the world and the stick.

What can we notice now about this ray and the line of the Equator? They are paral-
lel, or flat with each other. What about the stick? Its extension crosses both the
lines. Let'stry to zoom in here.

Below the big world drawing, simplify the diagram by drawing two parallel lines crossed by
another line like the stick line. Label them like they are labeled in the world drawing, includ-
ing marking where L is. Does everyone agree that the lines you've just drawn are really a
simpler version of the drawing above them? This is a math drawing, and it will help us to talk
more easily about triangles.

Do any of these other angleslook like L ? It is difficult to see. How could we check
it out? Make a right triangle out of heavy paper so that it fits perfectly into this L angle and
is big enough to be seen across the room. In other words, make a triangle with one angle
90° and another angle L°. Mark L at the L angle and on the other side of the triangle as
well. Where does this fit into our drawing? Where else might we be able to fit this

Everyday Classroom Tools: Latitudes and Attitudes



triangle in the picture? Have students come up to the board and try to fit the triangle into
some place of their choosing. They will find that it fits into the space made by the stick's end

and the ray of sunlight. Flip the triangle over. Is this angle L the same as it was
before? Yes. It can't be different because the triangle did not change. Thisis like
flipping shapes from Guess My Shape. The shape can look different even if it does
not change but is only flipped or rotated. In the drawing provided, the shaded area
shows that thisisindeed the same triangle.

They will then find that the triangle shape fits into all angles directly across from the L one.
Great. This means something important. This meansthat the angle of the latitude is
the same as the angle made by the Sun line and the top end of the sun-stick. But in
Thisis a Sickup, we only measured the angle of the shadow line and the ground,
and not the angle of the stick and the ray of sunlight, which we now know as L.
How could we ever find L ?

What is the angle made by the sun stick and the ground for every sun-stick mea-
surement? Was the stick straight up? Straight up means what angle? Can everyone
find straight up with a protractor? What is the angle? 90°. OK. So, now we know
two of the anglesin the triangle: we know the one we measured at the shadow and
the ray of sunlight and we know about the 90° made by the stick and the ground.
What is the other angle, L ? Does anyone suggest just looking up our latitude in the
atlas? Why not? Does anyone think we can really discover it ourselves? Nah, that’s
what scientists do or something, right?

Hand out paper right triangles of different side lengths. Have teams measure each angle in

each triangle. Add the three angle values together. What is the total of each team's
triangle? 180° aways. So here'saclue. If we know two out of three angles of atri-

angle, we can find the third angle. How? Let them puzzle this for a while, and then if

they can't come up with the solution, ask them to add up the angles they do know. How
much of the total do they have? Is that 180°? How much more until they can get
180°, or in other words, what is 180° minus their sum? Tah-dah!

Back to the sunstick problem. What was the angle of the stick with the ground?

90°. Write this into the sunstick triangle drawing. What is the angle of the Sun’s height
at midday on the equinox, (that is the angle of the shadow tip and the ray of sun-
light)? We will have to look at our data from Stickup to get this value; we have

three different ways of finding it, remember? Write this angle in the drawing as well.
Add them together. What is the third angle, or what is 180° minus our sum? Write
it in the sunstick triangle and then move it over to the corresponding place on the
simpler paralel line drawing. Which angleislike this missing angle? That is angle
L! It must be our latitude. How do we know if we are right? Who looked it up ear-
lier? How did we do? Werule.

Now for some predictions. What would happen to the shadow lengths if the Sun
moved up or down? Or if the Earth somehow tilted over and back? Do you think
these things happen? If we take length of daylight and shadow length measure-
ments every week for the school year, do you predict we will we see anything
change?
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