10
11
12
13
14
15
16
17

18

19
20

21
22
23
24
25
26
27

28
29

30

31

32

33

01:00:47:09
01:00:48:21
01:00:51:24
01:00:54:21
01:00:56:22
01:00:58:14

01:01:00:28
01:01:03:09

01:01:07:07
01:01:09:18

01:01:13:04
01:01:21:22
01:01:23:20
01:01:26:06
01:01:28:12
01:01:31:17
01:01:33:29
01:01:36:20

01:01:39:07
01:01:41:06

01:01:46:16
01:01:49:29
01:01:53:18
01:01:55:24
01:02:06:24
01:02:18:10
01:02:22:14

01:02:26:29
01:02:29:00

01:02:32:13

01:02:35:05

01:02:38:29

01:02:42:15

01:00:48:19 WOMAN:
Measurement is the process

01:00:51:22 of quantifying properties

of objects.

01:00:54:19 And to do that,

we have set procedures

01:00:56:20 that enable us to measure.
01:00:58:12 Oh.

01:01:00:26 Measuring helps you

to understand

01:01:03:07 how things relate to each other.
01:01:07:05 Our volume of a sphere
actually has a formula

01:01:09:16 of 4/3 pi r-cubed.

01:01:13:02 This course really made me think

about how | approach measurement

01:01:16:05 and how | can use measurement
every day in the classroom.
01:01:23:18 CHAPIN:

In session four
on angle measurement,

01:01:26:04 I had a number of objectives.
01:01:28:10 One was, first, to review
01:01:31:15 what many participants already
knew about angle measure--

01:01:33:27 how to write angles,

what the symbolism was

01:01:36:18 and what different

angle measures mean.

01:01:39:05 But in addition,

we wanted to go beyond that

01:01:41:04 and look at angle relationships
01:01:46:14 and to get to the point of some
informal justification or proof

01:01:49:27 of what they supposedly
always take for granted.

01:01:53:16 An angle is a union of two rays
at a common point

01:01:55:22 which is known as the vertex.
01:01:57:27 And if we look up here...
01:02:13:23 we can name that angle

by ABC or CBA...

01:02:22:12 or even angle B,

in terms of the vertex.

01:02:26:27 When we want to talk

about measuring that angle,

01:02:28:28 we often put an M

01:02:32:11 to say that we're interested

in the measure of angle ABC,

01:02:35:03 and that's when we are

then going to consider

01:02:38:27 how many degrees

are involved in that angle.

01:02:42:13 Along with naming angles

and the symbolism,

01:02:46:20 we have some tools that are used
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01:02:46:22
01:02:51:10
01:02:56:03
01:03:01:21
01:03:03:02
01:03:04:13
01:03:06:23
01:03:12:01
01:03:15:21
01:03:20:27
01:03:24:13
01:03:27:05
01:03:30:07
01:03:33:14
01:03:36:13
01:03:40:19
01:03:45:29
01:03:49:09
01:03:51:15
01:03:58:03
01:04:00:15
01:04:02:09
01:04:04:11
01:04:07:12

01:04:10:22
01:04:16:03

01:04:20:13

01:04:25:15

01:04:29:05

01:04:31:24

01:04:35:23

01:04:38:19
01:04:39:26

to measure angles.

01:02:51:08

One tool that you have

in front of you is a protractor.

01:02:56:01

Another tool that is also used

is called an angle ruler.

01:03:01:19

We're going to look at how this

works as well to measure angles.

01:03:03:00
01:03:04:11
01:03:06:21

All right?
Kind of interesting.
This one is what | call

a more dynamic instrument,

01:03:11:29

in that it shows the movement

as | open up the arc

01:03:15:19

and have a larger

and larger angle.

01:03:20:25

You also have

a very simple device

01:03:24:11

which is another way

to measure angles.

01:03:27:03
01:03:30:05
01:03:33:12
01:03:36:11
01:03:40:17
01:03:45:27

It's a simple straw protractor.
Now, would it matter if I...

Say, here's a 90-degree angle.
What if | cut the rays?

Would it affect the angle size?
The angle does not depend

on the length of the rays.

01:03:49:07

It's the region

between the rays.

01:03:51:13
absolutely.
01:03:58:01

Right,

This is a common misconception,

and one where many people think

01:04:00:13

that this angle

would be different

01:04:02:07
01:04:04:09
01:04:07:10
of the angle
01:04:10:20

than if | cut it off,
so that they get easily swayed
by, again, looking at the sides

and think that that's going

to make a difference

01:04:12:20
01:04:20:11

from the actual measure.
We can classify angles

in a number of different ways,

01:04:25:13

and one way is according

to their measure.

01:04:29:03

And listed up here

on the yellow pad

01:04:31:22

are a number of different ways

that we classify angles.

01:04:35:21

Anyone want to give us a quick

definition of an acute angle?

01:04:38:17

That's an angle that measures

less than 90 degrees.

01:04:39:24
01:04:41:05

obtuse angle?

All right.
How about
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01:04:41:07

01:04:45:24

01:04:48:02

01:04:56:10

01:04:59:07

01:05:01:24

01:05:05:05

01:05:08:28
01:05:11:06

01:05:14:17
01:05:16:19
01:05:19:17
01:05:23:00
01:05:24:26
01:05:28:16
01:05:31:01
01:05:34:27
01:05:37:05
01:05:40:02
01:05:44:17
01:05:47:09
01:05:49:17

01:05:52:20

01:05:55:13
01:05:57:05

01:06:00:29
01:06:02:28

01:06:07:08
01:06:09:29

01:06:12:28

01:06:20:12
01:06:23:29

01:04:45:22 An obtuse angle is greater
than 90, but less than 180.

01:04:48:00 Now, | think we all know

a right angle.

01:04:56:08 Straight angle is simply,
by definition, a straight line.

01:04:59:05 So ABC there is

a straight angle.

01:05:01:22 CHAPIN:

We reviewed some of the terms
01:05:05:03 that are associated
with angle and angle measure.

01:05:08:26 We looked at how we classified
angles by their measure

01:05:11:04 such as acute and obtuse angles.
01:05:14:15 We looked at also other ways
of classifying them

01:05:16:17 by their relationship

with other angles.

01:05:19:15 We looked at the supplementary
angles, complementary.

01:05:22:28 What's the difference?
01:05:24:24 Two angles are supplementary
01:05:28:14 when the sum of their measures
is equal to 180 degrees;

01:05:30:29 and whereas

complementary--

01:05:34:25 their sum will be equal

to 90 degrees.

01:05:37:03 We also have

congruent angles--

01:05:40:00 angles that are exactly

the same size.

01:05:44:15 Adjacent angles are those that
are right next to each other,

01:05:47:07 that share a common side,

all right?

01:05:49:15 And then we have

four relationships

01:05:52:18 that we may not have thought
about in a while--

01:05:55:11 vertical angles,

alternate interior angles,

01:05:57:03 alternate exterior angles,
01:06:00:27 and we're going to hold off

on corresponding angles first

01:06:02:26 for a minute.

01:06:07:06 Now, these relationships

are ones that are true

01:06:09:27 when we have two parallel lines.
01:06:12:26 Now, bear with my drawing,

all right?

01:06:20:10 Imagine that line one here and

line two are perfectly parallel,
01:06:23:27 equal distance apart,
01:06:26:11 and they are cut by another line
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01:06:26:13
01:06:29:16
01:06:33:26
01:06:37:08
01:06:40:15
01:06:41:23
01:06:42:28
01:06:44:02
01:06:46:20

01:06:49:06

01:06:51:06
01:06:52:17
01:06:54:03
01:06:55:09
01:06:58:02
01:07:01:08
01:07:05:12
01:07:07:12
01:07:09:11
01:07:14:23
01:07:18:05
01:07:20:16
01:07:22:23
01:07:24:25
01:07:26:26
01:07:29:23

01:07:32:17
01:07:33:26

01:07:35:12

01:07:39:14
01:07:41:10

01:06:29:14 which we call the transversal,
all right?

01:06:33:24 Now, there's some interesting
relationships that occur here.

01:06:37:06 Does anyone want to share
with us any of those?

01:06:40:13 Can you letter them,

like, A through G?

01:06:41:21 Is that the

eighth letter?

01:06:42:26 How's that?

01:06:44:00 For example,

01:06:46:18 angles A and D

are vertical angles.

01:06:49:04 They're across a VvV

from each other.

01:06:51:04 That's kind of

where the word

"vertical"

01:06:52:15 can be a nice

little hint.

01:06:54:01 And they're

the same

measurement.

01:06:55:07 Okay.

01:06:58:00 Similarly, B and C

would be the same.

01:07:01:06 Okay, now can | stop

for a minute and say

01:07:05:10 how do we know that vertical
angles are equal to each other

01:07:07:10 and their measure is the same?
01:07:09:09 How... you know.
01:07:14:21 A and B are supplementary, so we
know that A and B add up to 180.
01:07:18:03 And similarly,

B and D are supplementary.

01:07:20:14 They add up

to 180.

01:07:22:21 So if A plus B

equals 180

01:07:24:23 and B plus D

equals 180

01:07:26:24 because

they're both...

01:07:29:21

the same thing

01:07:32:15

A and D both have

being added to them,

and you get the same result,

01:07:33:24
01:07:35:10
we've got it
01:07:39:12

they have to be equal.
Okay, so

that vertical angles

are equal measures

01:07:41:08
01:07:44:08

which is a handy thing to have.
Now, what do you notice
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01:07:44:10

01:07:48:09

01:07:50:05

01:07:51:21

01:07:53:13

01:07:55:05
01:07:56:14

01:07:59:08

01:08:02:06

01:08:03:24

01:08:05:08

01:08:06:13
01:08:09:19

01:08:15:23
01:08:17:23

01:08:22:12
01:08:27:02
01:08:28:29
01:08:30:27
01:08:34:29
01:08:38:00
01:08:41:16
01:08:45:00
01:08:50:19
01:08:54:23
01:08:56:23
01:09:01:02
01:09:03:28
01:09:07:20
01:09:10:14

01:09:13:06

about B and F?

01:07:48:07 If line one and line two

are parallel,

01:07:50:03 and the

transversal line

01:07:51:19 iS moving

across them

01:07:53:11 at the same

angle...

01:07:55:03 in the same

direction--

01:07:56:12 it isn't moving--
01:07:59:06 then those angles would
have to remain the...

01:08:02:04 would have to be the same
because of the cross.

01:08:03:22 Right, and those

are known

01:08:05:06 as corresponding

angles,

01:08:06:11 that they

correspond

01:08:09:17 in regards to the parallel lines
01:08:15:21 and so that we can say that B

and F are also equal in measure,

01:08:17:21 Cand E,DandH
01:08:22:10 because they are getting cut,
again, by the transversal...

01:08:27:00 the parallel lines at the same
angle by that transversal.

01:08:28:27 So we've got corresponding.
01:08:30:25 We've done vertical.
01:08:34:27 Well, that leaves alternate

interior and alternate exterior.

01:08:37:28 Well, alternate interior
have to do in terms

01:08:41:14 of the interior angles
formed by the parallel lines.
01:08:44:28 Finally, we have
alternate exterior angles.

01:08:50:17 Well, here the exterior,
in terms of the parallel lines,
01:08:54:21 alternate exterior is

B and G and A and H

01:08:56:21 because they're on the exterior.
01:08:58:04 They're alternating.
01:09:03:26 NARRATOR:

The class is now given
the opportunity

01:09:07:18 to apply some of the concepts
they have been examining.

01:09:10:12 Using power polygons,

they begin the task

01:09:13:04 of finding the measurement
of each angle

01:09:15:00 found in different shapes.



161

162

163

164

165

166

167

168

169
170
171
172
173
174
175
176
177
178
179
180
181
182

183
184

185
186

187

188

189

190

01:09:15:02

01:09:17:03

01:09:19:05

01:09:21:03

01:09:24:16

01:09:26:06

01:09:27:27

01:09:31:24

01:09:35:09
01:09:37:19
01:09:39:05
01:09:41:00
01:09:42:22
01:09:47:07
01:09:48:23
01:09:50:08
01:09:52:21
01:09:54:12
01:09:56:03
01:09:58:22
01:10:01:17
01:10:03:27

01:10:07:13
01:10:09:16

01:10:13:18
01:10:15:07

01:10:18:20

01:10:20:29

01:10:23:16

01:10:27:05

01:09:17:01 So we've got

a parallelogram,

01:09:19:03 and the two sides
are equal.

01:09:21:01 All the angles have
to equal 360.

01:09:24:14 WOMAN:

Okay, and we have two acute
angles and two obtuse.

01:09:26:04 Right, and

they're opposite.

01:09:27:25 And the opposites

are equal.

01:09:31:22 So we need to figure out
what they measure.

01:09:35:07 I'm taking

an equilateral
triangle here.

01:09:37:17 And we know that

all three angles

01:09:39:03 in this one

measure 60,

01:09:40:28 so this angle
measures 60.

01:09:42:20 And that one
measures 60.

01:09:47:05 So if these measure 60,
together that's 120.

01:09:48:21 Right.

01:09:50:06 And angle one was 60;
01:09:52:19 angle two was 60

and then 120, 120.

01:09:54:10 And that equals 360.
01:09:56:01 Yep.

01:09:58:20 CHAPIN:

In the power polygon activity,

01:10:01:15 participants were asked

to determine the measure

01:10:03:25 of the angles

in the different polygons.

01:10:07:11 And one of the interesting
things that occurred was

01:10:09:14 they started to use information
01:10:13:16 that they had gleaned from some
of the other power polygons.

01:10:15:05 So, for example,

01:10:18:18 they used the idea that

in an equilateral triangle,

01:10:20:27 the angle measures are

60 degrees,

01:10:23:14 and then they could place
that triangle

01:10:27:03 on top of another polygon

to determine a new measure.
01:10:30:24 They also started to build
and put together power polygons
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01:10:30:26
01:10:32:28

01:10:35:17
01:10:37:21

01:10:41:14

01:10:44:11

01:10:46:25

01:10:49:17
01:10:51:05

01:10:54:15

01:10:58:09

01:11:03:12

01:11:08:11

01:11:15:15

01:11:17:29

01:11:32:00

01:11:35:01

01:11:36:22

01:11:40:11
01:11:42:17

01:11:47:06

01:11:50:15

01:11:53:10
01:11:55:04

01:11:58:10

01:12:01:27
01:12:03:24

01:12:08:08

01:12:10:24

01:12:13:09

01:12:16:22
01:12:18:19

01:10:32:26 to use some of the relationships
01:10:35:15 with parallel lines

cut by a transversal,

01:10:37:19 so they were going to make sense
01:10:41:12 of alternate interior angles

and corresponding angles and,

01:10:44:09 using what

they had discussed earlier,

01:10:46:23 and apply it to the solution

of these problems.

01:10:49:15 If you notice up here,

| have a very large triangle,

01:10:51:03 just any old triangle.
01:10:54:13 It can be scalene, isosceles

or equilateral.

01:10:58:07 And I've labeled each

of the angles on the inside.

01:11:03:10 And what I'd like you to do with

the paper that I've passed out--

01:11:08:09 that gray sheet-- is to cut out,
using your scissors, a triangle.

01:11:15:13 And I'd like you also to label
the angles inside your triangle.

01:11:17:27 And then what
we're going to do is,
01:11:22:02 we are going to actually cut

them or tear those angles off.
01:11:34:29 CHAPIN:
Everyone knows that the sum
of the angles in a triangle

01:11:36:20 is 180 degrees.

01:11:40:09 What's a little more difficult

is to explain why.

01:11:42:15 And so we grappled with that
01:11:47:04 and came up with two different
ways that we could justify...

01:11:50:13 One that is very accessible
to learners is,

01:11:53:08 we had triangles where

we labeled each angle.

01:11:55:02 We tore off the angles,
01:11:58:08 and then we realigned them
along a straight line,

01:12:01:25 finding that the three angles
formed a straight angle,

01:12:03:22 thus summed to 180.
01:12:08:06 A very informal proof

or justification,

01:12:10:22 but it allows us

to really make sense

01:12:13:07 of where does

that number come from.

01:12:16:20 Now, there's another way that

we can look at this same idea
01:12:18:17 that's a little bit more formal.
01:12:22:07 Take a look
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01:12:22:09

01:12:30:12

01:12:35:05

01:12:41:14

01:12:46:02

01:12:48:28

01:12:51:28

01:12:53:19

01:12:56:22
01:12:59:28
01:13:02:01
01:13:06:05
01:13:10:18
01:13:14:10
01:13:16:17
01:13:18:13
01:13:20:12
01:13:22:02
01:13:23:21

01:13:24:25
01:13:25:28

01:13:28:04
01:13:29:26

01:13:31:11
01:13:32:25
01:13:34:07
01:13:36:08
01:13:39:06
01:13:44:22

01:13:46:02

at this diagram up here.

01:12:30:10

We have triangle ABC,

and I've drawn another line

01:12:35:03

of triangle ABC.

01:12:41:12

that is parallel to the base

Why can we say angle measures

in this triangle sum to 1807

01:12:46:00

Angles A and 1 are

alternate interior

angles.
01:12:48:26
01:12:51:26

angles 3 and B

01:12:53:17
the same,
01:12:56:20

1,2 and 3 add

up to 180,
01:12:59:26

They're equal.
And then also

would also be

and we see that

so A, B and C should

also add up to 180.

01:13:01:29

So we can see

01:13:06:03

CHAPIN:

that there are a number of ways

that we can justify

01:13:10:16

why the measure of the angles

in a triangle add to 180.

01:13:14:08

What about the measure of

the angles in quadrilaterals?

01:13:16:15 There are a lot

of quadrilaterals

01:13:18:11 in your shape set.
01:13:20:10 What do those angles sum to?
01:13:22:00 They sum

to 360 degrees.

01:13:23:19 Why do you know

that, John?

01:13:24:23 Why do

| know that?

01:13:25:26 | don't know.

01:13:28:02 It's arule

I learned in school.

01:13:29:24 (laughter)

01:13:31:09 Can anyone

help John?

01:13:32:23 Let's see.

01:13:34:05 Mary.

01:13:36:06 | didn't see

the correlation at first,

01:13:39:04 but Sue came up with, that
if you can take any vertex

01:13:44:20 and make a triangle

to another vertex,

01:13:46:00 how many triangles

in it

01:13:48:04 makes how many degrees

will be in it
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01:13:48:06

01:13:49:22
01:13:52:06

01:13:54:25

01:13:56:04

01:13:58:14

01:14:04:07

01:14:06:23

01:14:09:18

01:14:12:07
01:14:15:29

01:14:20:12
01:14:25:18

01:14:28:06

01:14:31:03

01:14:34:10

01:14:39:25

01:14:40:25
01:14:42:07

01:14:44:12
01:14:46:26
01:14:49:17
01:14:53:20
01:14:57:15
01:15:04:28
01:15:07:28
01:15:10:25

01:15:15:28

01:15:19:08

01:15:23:10
01:15:24:10
01:15:26:25

01:13:49:20

every triangle

01:13:52:04
01:13:54:23

because we know

has 180 degrees.
So would that work

for all quadrilaterals?

01:13:56:02
01:13:58:12
divide it into

two triangles

01:14:04:05

Yes.
That we could

and come up with

180 plus 180 is 3607?

01:14:06:21

NARRATOR:

The class considers
whether this method

01:14:09:16 for finding the sum

of the angles in a quadrilateral

01:14:12:05 will also apply

to other polygons

01:14:15:27 such as a pentagon or hexagon.
01:14:20:10 If you choose any vertex

on your polygon

01:14:25:16 and draw it to another vertex,
01:14:28:04 you have three triangles

right here,

01:14:31:01 and we know that each triangle
has 180 degrees,

01:14:34:08 so we can say the sum of the
interior angles of this polygon

01:14:39:23 is 3 times 180,

which is... what is it?

01:14:40:23 MAN:

540.

01:14:42:05 540.

01:14:44:10 Okay, | know it,

but I can't figure it out.

01:14:46:24 So | can do that

with any polygon,

01:14:49:15 so if | choose

this six-sided figure,

01:14:51:29 | just draw my diagonals.
01:14:57:13 Now | have four triangles.
01:15:03:20 4 times 180, which is 720.
01:15:07:26 And this works with any polygon.
01:15:10:23 You can choose a number...
any number of sides you want,

01:15:15:26 draw in all the diagonals and
multiply the triangles by 180.

01:15:19:06 Is there any pattern

of how many triangles

you get

01:15:23:08 based on the number of sides
of the figure?

01:15:24:08 What did you notice?
01:15:26:23 Well, if there's, um...
01:15:28:18 | always start

with a triangle first.
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01:15:28:20

01:15:33:22

01:15:37:24

01:15:40:29

01:15:44:04
01:15:47:28

01:15:50:27

01:15:53:07

01:16:01:19
01:16:04:02

01:16:06:20

01:16:09:21

01:16:11:29

01:16:17:10

01:16:22:09

01:16:25:24

01:16:29:08

01:16:34:05

01:16:37:10

01:16:39:01

01:16:41:21
01:16:43:17

01:16:46:13
01:16:47:29
01:16:49:15
01:16:52:02
01:16:53:26
01:16:55:25

01:16:59:08
01:17:00:27

01:17:03:13

01:15:33:20

Triangle has three sides,

no diagonal, 180 degrees.

01:15:37:22

two triangles.

01:15:40:27

three triangles.

01:15:44:02
less two.

01:15:47:26
01:15:50:25

There's four sides,
This is five sides,
So it's the number of sides

That's my, uh... my idea.
If we called N the number

of sides, minus two

01:15:53:05
of triangles,
01:16:01:17

gives us the number

and then times 180

will give us the total sum

01:16:04:00
01:16:06:18

of the angles in that shape.
One thing we have

to be careful about, though,

01:16:09:19

is that unless the shape

is a regular shape

01:16:11:27

are congruent,

01:16:17:08

and all the angles

we still don't know what is the

measure of each of those angles.

01:16:22:07

We know all together, those five

add up to 540 degrees,

01:16:25:22

but we don't know what

any one is using this method

01:16:29:06

unless it happened

that all five were identical.

01:16:30:26
01:16:37:08

And in this case, they're not.
NARRATOR:

The class is now introduced

to Geologo,

01:16:38:29

that lends itself

01:16:41:19

a computer program

to the exploration

of angle and shape.

01:16:43:15
01:16:46:11

After a short review,
Professor Chapin lets

participants begin

01:16:47:27
01:16:49:13
01:16:52:00

by building their own polygon.
Jump ahead.
If you think automatically

"I know how to make a square,

01:16:53:24

and | understand

what's going on there,"

01:16:55:23

try to make a pentagon,

a regular pentagon.

01:16:59:06

Try to make a regular hexagon

or a regular octagon, okay?

01:17:00:25
01:17:03:11

So experiment a little bit
with how you are going

to make different shapes

01:17:05:25

using what

we have learned
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01:17:05:27

01:17:08:19

01:17:12:11

01:17:16:08
01:17:17:26

01:17:19:07

01:17:20:19

01:17:22:22

01:17:24:07

01:17:28:04

01:17:32:11

01:17:35:08
01:17:37:06

01:17:40:28
01:17:42:16
01:17:44:03

01:17:46:19

01:17:48:27
01:17:50:05
01:17:51:21

01:17:53:19

01:17:57:08
01:17:58:09
01:17:59:14
01:18:01:03
01:18:02:11

01:18:04:12
01:18:05:23
01:18:07:00
01:18:08:09
01:18:09:16
01:18:10:26

01:18:16:23
01:18:18:06
01:18:19:16
01:18:21:10

about angles

01:17:08:17

session today,

01:17:12:09
considering

what is the sum

01:17:16:06

so far in our

and likewise,

of the exterior angles

when | make a shape

each time.
01:17:17:24
01:17:19:05

All right?
We've tried

a couple of things

01:17:20:17

to make this

regular pentagon,

01:17:22:20

but what do you think

with the 72-degree angles?

01:17:24:05

some success?

01:17:28:02

You think we'll have

Okay, I think if we look

at the exterior of the pentagon

01:17:32:09

and make sure we know all

the angles will be 180 degrees,

01:17:35:06

if we subtract that

from 180, get 72.

01:17:37:04
01:17:40:26
forward 40,
01:17:42:14
01:17:44:01
01:17:46:17

the brackets.

01:17:48:25

So if we do the "repeat" button
and do it five times,

70 right angle, 72 degrees.
Let's try that.
So we have to do

So now we're going to do

the repeat command.

01:17:50:03
01:17:51:19
01:17:53:17
five times.

01:17:57:06

Repeat.
That will make and allow us
to do the same command

Okay, and we want to repeat it

"five" space "five."

01:17:58:07
01:17:59:12
01:18:01:01
01:18:02:09
01:18:04:10

Bracket?

No, space.

Okay.

Bracket.

Okay, now, how far you

want to move it forward?

01:18:05:21
01:18:06:28
01:18:08:07
01:18:09:14
01:18:10:24
01:18:16:21

We want to do 40?

Yeah.

Or maybe we can make it...
Well...

Want to try 50?

50, and then we're going

to do right turn, 72, right?

01:18:18:04
01:18:19:14
01:18:21:08
01:18:22:11

And repeat.
And close.
And let's see.
Yes.
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01:18:22:13
01:18:23:17
01:18:24:22
01:18:26:09
01:18:27:25
01:18:29:28

01:18:31:20

01:18:35:18

01:18:38:08

01:18:40:04
01:18:41:19

01:18:42:29

01:18:44:10

01:18:47:14

01:18:53:03

01:18:55:23

01:18:58:03

01:19:01:15

01:19:04:09

01:19:06:21

01:19:09:15

01:19:14:07
01:19:16:19
01:19:20:00
01:19:21:00
01:19:22:00
01:19:23:05
01:19:27:22
01:19:31:18

01:19:34:14

01:18:23:15
01:18:24:20
01:18:26:07
01:18:27:23
01:18:29:26

compensating

01:18:31:18
one angle 72
01:18:35:16

Yay!

( both giggling )
Finally!

Okay, that's great
because we had tried

and making

and then figured

we had to compensate
for the others

01:18:38:06 by making them 108,
and we didn't.

01:18:40:02 We had to keep
them all 72.

01:18:41:17 That's fabulous.
01:18:42:27 So this was

a little different

01:18:44:08 than some of

the other figures.

01:18:47:12 When we were, um,
building shapes

up there,

01:18:53:01 | asked you to look

for the sum of the
exterior angles.

01:18:55:21 Can anyone tell us
what they found out,

01:18:58:01 and perhaps justify
why they are...

01:19:01:13 what they say the sum
of the exterior angles was

01:19:04:07 in any of the shapes
that they looked at?

01:19:06:19 Supplementary angle
to the angle of the...

01:19:09:13 to the interior angle

of the shape we were drawing.
01:19:14:05 All right, so if

this interior angle

here is 60,

01:19:16:17 the exterior angle

out here is 120,

01:19:19:28 and then what is the sum
of the exterior angles

01:19:20:28 of this shape?

01:19:21:28 360.
01:19:23:03 360.

01:19:27:20 Now, is that true

for all shapes?

01:19:31:16 On the square that we made,
it had a sum of 360.

01:19:34:12 Okay, so it

also had 360.

01:19:38:25 Anybody else find one

on any other shapes?
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01:19:38:27

01:19:41:07
01:19:42:24

01:19:45:21
01:19:47:08

01:19:50:00

01:19:52:24

01:19:54:17
01:19:56:14

01:19:59:02
01:20:00:27

01:20:03:18

01:20:05:19

01:20:07:24

01:20:11:13

01:20:14:06

01:20:17:26

01:20:20:07

01:20:23:03

01:20:25:29

01:20:29:17
01:20:30:28

01:20:34:03
01:20:36:23
01:20:38:19

01:20:43:11

01:20:47:07

01:20:51:17

01:20:55:23
01:20:57:25

01:20:59:01

01:21:01:20

01:19:41:05 It would have to have

an exterior sum of 360,

01:19:42:22 ‘cause if using the program,
01:19:45:19 if we're going to continue
having the turtle make turns

01:19:47:06 to get back to where we are,
01:19:49:28 we have to turn eventually
360 degrees to get back.

01:19:52:22 So the exterior angles being
the opposite of the interior,

01:19:54:15 we have to turn 360

for all of them.

01:19:56:12 For example, for a pentagon,
01:19:59:00 we want interior angles

of 108 degrees;

01:20:00:25 we want to turn five times.
01:20:03:16 So we're going to turn

72 degrees five times

01:20:05:17 for a total of 360

on the outside

01:20:07:22 and 540 on the inside.
01:20:11:11 CHAPIN:

When you are using
a computer program like this,

01:20:14:04 one of the first things

you have to realize

01:20:17:24 is that when you turn, that is
the actual exterior angle

01:20:20:05 and it is forming

an interior angle.

01:20:23:01 So if you wanted to have
a triangle

01:20:25:27 with 60-degrees

interior measures,

01:20:29:15 you actually have to make
a turn of 120 degrees.

01:20:30:26 This allows us then,
01:20:34:01 as we think about going
around the triangle--

01:20:36:21 we have to do that three times--
01:20:38:17 to start to investigate
01:20:43:09 what is the sum of the exterior
angles now of any polygon.

01:20:47:05 Exterior angles

in all polygons

sum to 360,

01:20:51:15 and we can show this very
clearly with the GeolLogo

01:20:55:21 because we can look at
the addition of the turns,

01:20:57:23 or the exterior angles.
01:20:58:29 CHAPIN:

Well, | hope that

01:21:01:18 as you reflect

on this session today,

01:21:05:09 that the various activities
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01:21:05:11
01:21:06:27

01:21:10:04

01:21:13:02

01:21:16:02

01:21:27:26

01:21:31:15

01:21:33:12

01:21:36:21
01:21:38:19

01:21:42:13

01:21:46:08

01:21:49:14

01:21:51:05

01:21:55:12

01:21:57:06

01:21:59:13

01:22:01:00
01:22:02:24

01:22:08:11

01:22:12:07

01:22:15:07
01:22:16:24

01:22:20:27

01:22:25:00
01:22:26:15

01:22:30:00
01:22:35:13
01:22:37:01
01:22:42:17

01:22:44:24

and discussions we've had

01:21:06:25 around angle measure
01:21:10:02 have enabled you to expand your
understanding of this topic--

01:21:13:00 both in terms of how

we can classify angles

01:21:16:00 and how we can use

what we know about angles

01:21:19:10 to prove different relationships

in mathematics.

01:21:31:13 NARRATOR:

John Feldman,
a doctoral candidate from MIT,

01:21:33:10 is challenging Albert Chou,
01:21:36:19 an assistant professor

of mathematics at Harvard,

01:21:38:17 to a friendly game of pool.
01:21:42:11 They are playing eight ball,
a complex game of angles

01:21:46:06 that is as difficult to master
as itis fun to play.

01:21:49:12 The first step is learning how

to determine the correct angle
01:21:51:03 to strike the ball.
01:21:55:10 MAN:

What a lot of people do is stick
their cue behind the ball

01:21:57:04 as if they're going to hit it
straight.

01:21:59:11 And then you sort of look

at where the cue ball is

01:22:00:28 in relation

to that straight line

01:22:02:22 and you can really see exactly
01:22:05:12 what angle you have to hit

the target ball at.

01:22:12:05 But equally importantly, there's
an angle behind every shot

01:22:15:05 which goes mostly unrecognized
with beginners,

01:22:16:22 and that is the angle
01:22:20:25 that your cue ball comes off
the object ball after the shot,

01:22:23:14 And this angle is actually
always constant.

01:22:26:13 Consider this shot:
01:22:29:28 | want to put the object ball--
in this case, the 1 ball--

01:22:31:21 into the side pocket.
01:22:36:29 Now notice what happened.
01:22:42:15 | sent the object ball from a

position here in this direction.

01:22:44:22 And what happened
to the cue ball?
01:22:47:22 After hitting the object ball,

you would have noticed
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01:22:47:24

01:22:51:02
01:22:52:18

01:22:55:18

01:22:58:16

01:23:01:28
01:23:06:05

01:23:09:18
01:23:11:12

01:23:13:11
01:23:14:23

01:23:18:25

01:23:24:00
01:23:25:18

01:23:27:17

01:23:30:09

01:23:33:09

01:23:36:06

01:23:38:28
01:23:40:11

01:23:43:28

01:23:47:01

01:23:49:15

01:23:53:01

01:23:56:11

01:23:58:25

01:24:07:08

01:24:10:10

01:24:13:00

01:24:15:13

01:24:21:10

01:22:51:00 the cue ball traveled more
or less in this direction here.

01:22:52:16 And notice

01:22:55:16 that this direction and this

make an angle of 90 degrees.

01:22:58:14 It turns out that this angle is
constant in every shot.
01:23:01:26 Now I'm going to make

the same shot | made before

01:23:03:19 but with a steeper angle.
01:23:09:16 The cue ball again went

at an angle of 90 degrees.

01:23:11:10 If I know now, initially,
01:23:13:09 what direction my cue ball's
going to go

01:23:14:21 after sinking this shot,
01:23:18:23 | could now work with it

and use the effects of spin.

01:23:22:13 So if | hit the cue ball

below the center...

01:23:25:16 notice it comes back.
01:23:27:15 So, this is really

the beginning,

01:23:30:07 the first two steps in playing
position pool,

01:23:33:07 | can now use this predictable
angle of 90 degrees

01:23:36:04 on a shot which is not straight,
and combine it

01:23:38:26 with these effects

of reverse and forward spin

01:23:40:09 to change the angle.
01:23:43:26 So, I'm going to make the same
shot | made before.

01:23:46:29 I'm going to predict the

cue ball to come off initially

01:23:49:13 at an angle of roughly 90
degrees, like this.

01:23:52:29 But if | put reverse spin on the

cue ball, I'm going to predict

01:23:56:09 that this 90-degree angle

will be perturbed

01:23:58:23 to an angle

slightly more than 90

01:24:01:24 with the direction

of the object ball.

01:24:10:08 Let me make the same shot now
with forward spin,

01:24:12:28 and again I'm going to predict,
as opposed to a 90-degree,

01:24:15:11 I'm... the forward spin is going
to change this angle

01:24:17:17 to something slightly less
than 90.

01:24:23:21 FELDMAN:

You really have to think
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01:24:23:23

01:24:25:14

01:24:27:10

01:24:29:22

01:24:31:12
01:24:32:14

01:24:34:25

01:24:39:17

01:24:42:25

01:24:45:24

01:24:48:02

01:24:50:05

01:24:51:28

01:24:54:19

01:24:58:02
01:24:59:15

01:25:01:23

01:25:04:09

01:25:09:00

01:25:11:25

01:25:14:10

01:25:16:03

01:25:18:10

01:25:22:25

01:25:25:11

01:25:27:16

01:25:29:26

01:25:32:01

not only about one shot

01:24:25:12 but the next shot

you're going to make.

01:24:27:08 And if you can set up your shot
in such a way

01:24:29:20 so that the cue ball will come
off the ball that you hit

01:24:31:10 and end up in a place

that will be easy

01:24:32:12 to make the next shot...
01:24:34:23 14 in the far

corner.

01:24:37:22 FELDMAN:

Then you'll be able to make

two shots in a row and not one.

01:24:42:23 NARRATOR:

In order to play competitively,

it is important

01:24:45:22 to master one more angle in
pool, and that's the bank shot.

01:24:48:00 This is where the cue ball
bounces off the rail

01:24:50:03 before hitting a ball

into the pocket.

01:24:51:26 FELDMAN:

One principle we can use

01:24:54:17 is that the angle

that it comes in to the rall

01:24:58:00 is the same angle that it will
have as it goes off of the rail.

01:24:59:13 And so we'd like a point
01:25:01:21 such that that principle

will allow us

01:25:04:07 to have the ball go

in the right direction.

01:25:08:28 For instance, if we hit it

too far to the right...

01:25:11:23 that time our angle was too

steep, and so we miss the ball.

01:25:14:08 On the other hand, if we go
too far to the left,

01:25:16:01 then the angle

will be too small,

01:25:18:08 and we're going to miss

that way.

01:25:22:23 For instance, if | shoot it down

this way, the angle's too small

01:25:25:09 and | miss the ball

in the other direction.

01:25:27:14 So what we really want to do
is judge the point

01:25:29:24 where, if we draw a line
from the cue to that point

01:25:31:29 and a line from that point

to our target ball,

01:25:35:04 we want those two lines
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01:25:35:06
01:25:36:21

01:25:45:01
01:25:48:08

to have the same angle

01:25:36:19 in relation to the rail.
01:25:40:20 Okay, so now we're
going to make our shot.

01:25:46:05 And there we go.
01:25:54:18 Captioned by

access.wgbh.org



