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01:00:47:07

01:00:48:22

01:00:52:27

01:00:56:23
01:00:58:15

01:01:00:29

01:01:03:10

01:01:09:09

01:01:12:23

01:01:21:01

01:01:24:19

01:.01:27:11

01:01:29:29

01:01:32:11

01:01:35:04

01:01:37:04
01:01:39:06

01:01:42:10

01:01:45:25

01:01:50:00

01:01:55:04

01:01:58:13

01:02:04:05

01:02:06:29

01:02:09:07

01:02:13:18

01:02:16:19

01:02:20:20

01:02:25:14

01:00:48:20 CHAPIN:
Measurement is the process

01:00:52:25 of quantifying properties
of objects, and to do that,
01:00:56:21 we have set procedures

that enable us to measure.
01:00:58:13 Oh.

01:01:00:27 Measuring helps you

to understand

01:01:03:08 how things relate to each other.
01:01:09:07 CHAPIN:

Our volume of a sphere actually

has a formula of 4/3 pi r-cubed.

01:01:12:21 This course really made me think
about how | approach measurement

01:01:15:21 and how | can use measurement
every day in the classroom.
01:01:24:17 NARRATOR:

In today's session,
the class is going to examine

01:01:27:09 the circumference

and area of a circle.

01:01:29:27 They will investigate formulas
for these measures,

01:01:32:09 and make sense

of the unique relationship

01:01:35:02 between circles and

the irrational number pi.

01:01:37:02 So we're going to kind

of start our day today

01:01:39:04 by doing a little estimating
01:01:42:08 to just get ourselves

thinking in circles.

01:01:45:23 Now, as you notice, some

of you are bike riders,

01:01:49:28 and | have a bicycle wheel here,
and we're going to look

01:01:55:02 at what we estimate to be

the circumference of this wheel.

01:01:58:11 I've put a mark
on the floor here,
01:02:04:03 and I've marked the edge,

or the one point on the circle,

01:02:06:27 and then we're going

to roll it along.

01:02:09:05 CHAPIN:

Most adults do not estimate

01:02:13:16 the length of a circumference

of a circular object very often.

01:02:16:17 We started the session by asking
participants to estimate

01:02:20:18 the length of the circumference
of a bicycle wheel.

01:02:23:13 Where do you think,

along that line...

01:02:27:24 one rotation would take you?
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01:02:27:26
01:02:28:26
01:02:29:26
01:02:31:00

01:02:33:03
01:02:34:12

01:02:36:07
01:02:38:10

01:02:47:12
01:02:48:12
01:02:49:20
01:02:51:13

01:02:54:14
01:02:56:08

01:02:59:08

01:03:02:07
01:03:04:02

01:03:07:27

01:03:10:18

01:03:13:24

01:03:17:07

01:03:19:27
01:03:22:19

01:03:26:16

01:03:29:24

01:03:32:21

01:03:37:08
01:03:40:07

01:03:44:17

01:03:47:01

01:03:50:29

01:03:53:21

01:04:00:19

01:02:28:24 All right.
01:02:29:24 Right here.
01:02:30:28 Right there,
okay.

01:02:33:01 Now | need
another volunteer.

01:02:34:10 Katy, come on up.
01:02:36:05 | think he's

a little short.

01:02:37:05 Okay.
01:02:40:19 So this is where
it's going to start.

01:02:48:10 Right there.
01:02:49:18 All right.
01:02:51:11 CHAPIN:

We laid the wheel on the ground,
01:02:54:12 and after a couple of
participants made estimates,

01:02:56:06 we then rolled it out.
01:02:59:06 Not surprisingly,

one of the participants

01:03:02:05 had way underestimated
the actual circumference,

01:03:04:00 and this is very typical.
01:03:07:25 We actually don't often use
relationships in a circle

01:03:10:16 to help us estimate

the circumference,

01:03:13:22 and, as a result,

do underestimate its length.

01:03:17:05 But now I'd like to think

about, how can we investigate

01:03:19:25 the relationship

between the circumference

01:03:22:17 and the diameter of a circle?
01:03:26:14 And one way is

that we can look at circles

01:03:29:22 that are inscribed

in other shapes.

01:03:32:19 If you check out your packet
on page two,

01:03:37:06 you will see a diagram

of three different circles

01:03:40:05 that are inscribed in a square,
01:03:44:15 and then inscribed

in the circle is a hexagon.

01:03:46:29 Now, we're going to take

a couple of measures,

01:03:50:27 and we're going to put it

up here on our poster

01:03:53:19 to look at

the relationships here

01:04:00:17 between circles, squares
and hexagons, okay?

01:04:03:26 So, let's take a look,

and let's work together
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01:04:03:28
01:04:06:10

01:04:09:15
01:04:11:22
01:04:13:01
01:04:13:01
01:04:14:13
01:04:15:25
01:04:19:23
01:04:23:11
01:04:24:19
01:04:27:01

01:04:29:15
01:04:31:12

01:04:34:21

01:04:38:04

01:04:42:10

01:04:45:19

01:04:47:29

01:04:52:02

01:04:55:27
01:04:58:02

01:05:02:11

01:05:04:20
01:05:06:05

01:05:08:14
01:05:10:10

01:05:13:22
01:05:15:29

01:05:21:21

01:05:27:18

01:05:32:17

01:05:37:00

01:05:40:27

01:04:06:08
01:04:09:13

to put this information up here.
In design one, what's

the diameter of the circle

01:04:11:20
01:04:12:29
01:04:14:11
01:04:14:11
01:04:15:23
All right.

01:04:19:21

in that design?
Two.

Two centimeters.
Centimeters.
CHAPIN:

What's the perimeter of

the hexagon in that shape?

01:04:21:15
01:04:24:17
01:04:26:29

Six centimeters.
Okay.
CHAPIN:

We were looking at a circle

01:04:29:13

that was bounded

by a square and a hexagon,

01:04:31:10
01:04:34:19

each with the same diameter.
Now, we could use that

information to help us look

01:04:38:02

for relationships between

the perimeter of the square,

01:04:42:08

the perimeter of the hexagon and

the circumference of the circle.

01:04:45:17

And what we found was that

the circumference of the circle

01:04:47:27

was bounded by these

other two perimeters.

01:04:52:00

The perimeter of the square

was four times its diameter,

01:04:55:25

and the circumference, or

perimeter, of the hexagon,

01:04:58:00
01:05:02:09

was three times the diameter,
and thus, in between was

the circumference of the circle.

01:05:04:18

Now, we're going to go on

and look at another way

01:05:06:03
01:05:08:12

that we perhaps can get closer.
We now know that

the circumference

01:05:10:08
01:05:13:20

really precisely.

01:05:15:27
01:05:21:19

is between three and four,

but we haven't narrowed it down

So let's look at the next page,
where you have some diagrams

of regular polygons.

01:05:27:16

You have a square, a pentagon,

a regular hexagon, octagon.

01:05:32:15

Now, what we're going to do is

we are going to look again here

01:05:36:28

at the relationship between

the perimeter of the shape

01:05:40:25
of a shape.
01:05:43:07

and a diagonal, or a diameter,

CHAPIN:

Now that we'd narrowed down
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01:05:43:09

01:05:46:10

01:05:50:00

01:05:54:08

01:05:57:19

01:06:00:05
01:06:01:28

01:06:05:19
01:06:08:08
01:06:10:11
01:06:13:26
01:06:15:04
01:06:16:28
01:06:18:04
01:06:19:11
01:06:21:25
01:06:24:17
01:06:25:17
01:06:26:29

01:06:28:16

01:06:31:06

01:06:32:25

01:06:36:12

01:06:40:11

01:06:44:14

01:06:48:06

01:06:50:19

01:06:55:03

01:06:57:28

01:07:02:08

01:05:46:08 that circumference-diameter
relationship

01:05:49:28 was between three and four times
that diameter,

01:05:54:06 we went and looked at regular
polygons, and we started

01:05:57:17 with polygons with a very
small number of sides

01:06:00:03 and went up

to many-sided polygons,

01:06:01:26 in this case a dodecagon.
01:06:05:17 In each one, we measured the

perimeter and formed a ratio

01:06:08:06 comparing it to both

the diagonal length

01:06:10:09 and the diameter length.
01:06:13:24 Okay, so I'm

going to do six

divided by ten?

01:06:15:02 You get

six-tenths.

01:06:16:26 Yeah, this is

a little bit bigger.
01:06:18:02 Itis.

01:06:19:09 If you look at the...
01:06:21:23 looking at the picture,
going straight across,

01:06:24:15 instead of not quite
going straight across...

01:06:25:15 Okay.

01:06:26:27 It doesn't look...
01:06:28:14 All right,

| can see that.

01:06:31:04 | wonder if

that's the case

in all of them.

01:06:32:23 Probably,
probably, yeah.

01:06:36:10 CHAPIN:

What people found as they
converted their ratios

01:06:40:09 was that their numbers were
coming very close to pi,

01:06:44:12 and as the shape had more

and more sides, we realized

01:06:48:04 that it was becoming even

a closer approximation to pi,

01:06:50:17 and one way we can

think about it is

01:06:55:01 that as we make the side lengths

shorter and shorter and shorter,

01:06:57:26 the distance between each
of the vertices
01:07:02:06 is becoming less and less, and

the actual diameter or diagonal
01:07:06:04 are becoming closer and closer
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01:07:06:06

01:07:08:25

01:07:11:18

01:07:14:26

01:07:18:15

01:07:21:01
01:07:23:03

01:07:26:29
01:07:28:03

01:07:30:17

01:07:32:08

01:07:33:08
01:07:34:21

01:07:37:14
01:07:39:08
01:07:40:11
01:07:41:15
01:07:43:14
01:07:45:21

01:07:47:17
01:07:49:17

01:07:51:25
01:07:54:09
01:07:55:21
01:07:56:27
01:07:58:13
01:08:02:29

01:08:06:10
01:08:08:11

01:08:11:14

01:08:15:09

01:08:17:20

to a diameter of a circle,

01:07:08:23 because it's approximating
a circle.

01:07:11:16 And thus,

our perimeter-diameter ratio

01:07:14:24 is going to come closer
and closer to pi.

01:07:18:13 So we notice that when we
have a perimeter of 3.5,

01:07:20:29 and we had measured
that diameter,

01:07:23:01 and we reduce that ratio,
01:07:26:27 we get three point...
approximately 3.29 to one.

01:07:28:01 Okay.

01:07:30:15 It's a little bit

more than pi.

01:07:32:06 And | had found four
before we had done it,

01:07:33:06 except measured
exactly.

01:07:34:19 Uh-huh.

01:07:37:12 Now, how about you when you
did the... the diagonal?

01:07:39:06 What kind of a ratio

did you get?

01:07:40:09 | came up with 2.9.
01:07:41:13 Oh, interesting.
01:07:43:12 So one ratio is

a little less than pi,

01:07:45:19 and another ratio is

a little more than pi.

01:07:47:15 What do you think

is going to happen

01:07:49:15 as we get, um, to a larger...
01:07:51:23 a shape with more

and more sides?

01:07:54:07 They'll probably

become a closer...

01:07:55:19 closer to each other.
01:07:56:25 Yeah, | think.
01:07:58:11 So let's go and
investigate that.

01:08:00:25 That sounds like a great
idea of what to do next.

01:08:06:08 Okay, let's talk

about some of the results

01:08:08:09 that we have just gotten.
01:08:11:12 What do people notice
about the ratios

01:08:15:07 that they were forming
of some of these figures?

01:08:17:18 Remember, that's a ratio
of the perimeter

01:08:21:23 to either the diameter

or the diagonal.
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01:08:21:25

01:08:24:19

01:08:27:15

01:08:31:16

01:08:36:06

01:08:41:17

01:08:46:05

01:08:49:12

01:08:52:11

01:08:55:24
01:08:57:01

01:08:58:23

01:09:02:00

01:09:05:15

01:09:08:20

01:09:10:04

01:09:12:15

01:09:14:17

01:09:16:09

01:09:19:02

01:09:22:06
01:09:23:19

01:09:25:25

01:09:29:04

01:09:32:16

01:09:36:01

01:09:38:24

01:09:41:28

01:08:24:17 As the polygons that we were
measuring had more sides--

01:08:27:13 as we went from a pentagon
to a hexagon to an octagon--

01:08:31:14 the ratios got closer

to the number of pi.

01:08:36:04 How is this helping us make
sense of the relationship

01:08:41:15 in a circle,

between perimeter and diameter?
01:08:46:03 We were looking at, also,
the narrowing of the difference

01:08:49:10 between the perimeter
and diameter ratio,

01:08:52:09 and the perimeter

and diagonal ratio,

01:08:55:22 and we were saying
that it would make sense

01:08:56:29 that that should narrow,
01:08:58:21 because when you

get to a circle,

01:09:01:28 there's no difference

between those two measures,

01:09:05:13 because there isn't a vertex
versus a middle of a side.
01:09:08:18 And as you increase

the number of sides
on these polygons,

01:09:10:02 you're approaching

a circle,

01:09:12:13 in which case those two
would be diameters,

01:09:14:15 so they should

be the same.

01:09:16:07 CHAPIN:

Exactly.

01:09:19:00 Well, let's now actually
investigate

01:09:22:04 the relationship in circles,
all right?

01:09:23:17 So our next activity is
01:09:25:23 that we're going to do

a little bit of measuring,

01:09:29:02 and then we are going to collect
data and put it together.

01:09:32:14 CHAPIN:

We then wanted to actually

look at the relationship

01:09:35:29 in circular objects, so we
measured many different objects

01:09:38:22 and formed ratios of
circumference to diameter,

01:09:41:26 reduced those, and we found
that most of these ratios

01:09:45:15 were very close to an
approximate value of pi--
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01:09:45:17
01:09:47:03

01:09:49:09

01:09:52:07

01:09:54:09

01:09:57:20
01:09:59:18

01:10:02:10
01:10:05:11
01:10:07:06
01:10:08:24
01:10:11:14
01:10:12:19
01:10:15:10
01:10:17:18
01:10:19:11
01:10:21:11
01:10:24:11
01:10:29:09
01:10:32:10
01:10:34:11
01:10:35:11
01:10:36:11
01:10:38:01
01:10:41:07
01:10:44:21

01:10:48:00
01:10:49:18

01:10:52:26

01:10:55:16

01:10:59:10
01:11:01:11

01:11:05:05

01:11:08:04

01:11:14:14

01:09:47:01 3.14, approximately, to one.
01:09:49:07 It also led us

to be able to talk about,

01:09:52:05 "Well, what do you do when you
collect a lot of data

01:09:54:07 and it's all not

exactly the same?"

01:09:57:18 We could find averages,

we could look at extremes,

01:09:59:16 and then find a median value.
01:10:02:08 But we can also then use that
to just show

01:10:05:09 that we are going to have some

inaccuracy in our measurement

01:10:07:04 when we do it

in a physical manner.

01:10:08:22 Just about 38.
01:10:11:12 38.7.

01:10:12:17 Okay.

01:10:15:08 And it was almost
38 before, so...

01:10:17:16 We're real close.
01:10:19:09 So if we take...
01:10:21:09 Um, actually 37.7,
01:10:24:09 because it

wasn't quite 38,

01:10:29:07 so if we take 37.7,
divided by our diameter,
01:10:32:08 which was 12...
01:10:34:09 we get three point...
01:10:35:09 one, four.
01:10:36:09 3.14.

01:10:37:29 That makes sense.
01:10:41:05 CHAPIN:

One of the very interesting
things about circles

01:10:44:19 is that the relationship between
circumference and diameter,

01:10:47:28 no matter what size the circle,
is always going to be pi.

01:10:49:16 It's an irrational number.
01:10:52:24 So circumference divided

by diameter equals pi.

01:10:55:14 And this has fascinated
mathematicians

01:10:59:08 for thousands of years,

because it is a constant ratio.

01:11:01:09 In fact, that's one reason
01:11:05:03 the number pi actually has a
special name-- because of its...

01:11:08:02 the constant nature in terms
of the relationship

01:11:10:08 between circumference

and diameter.

01:11:17:05 Well, our next activity

is going to involve
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01:11:17:07

01:11:20:05
01:11:22:01

01:11:25:21

01:11:28:23

01:11:32:04

01:11:35:12

01:11:41:18

01:11:46:02

01:11:50:08

01:11:52:02

01:11:53:25

01:11:54:28
01:12:02:20

01:12:06:23
01:12:08:00

01:12:11:04
01:12:12:26

01:12:14:19

01:12:18:10
01:12:20:13

01:12:23:29

01:12:28:04
01:12:29:27

01:12:32:07

01:12:35:08

01:12:37:10

01:12:40:26
01:12:42:13

01:12:46:26
01:12:48:15

01:12:51:17
01:12:56:15

01:11:20:03 us trying to make sense

of this area formula.

01:11:21:29 Where did it come from?
01:11:25:19 Why is this the formula

for area of a circle?

01:11:28:21 And what you're going

to work with is,

01:11:32:02 you each have circular disks
on your table

01:11:35:10 that you are going to cut
into sections

01:11:41:16 and re-create your sectors
into a parallelogram.

01:11:46:00 So we're going to see if we

can use another area formula

01:11:50:06 to help us make sense

of the formula for a circle.

01:11:52:00 So we should end up

with eight pieces?

01:11:53:23 And we're going

to put them together

01:11:54:26 to make

a parallelogram?

01:11:55:27 Right.

01:12:06:21 Okay, so, we're going

to do... this way.

01:12:07:28 (class talking )

01:12:11:02 So that they're

lined up like that, yeah.

01:12:12:24 Okay.

01:12:14:17 CHAPIN:

In area of a circle,

01:12:18:08 we were really trying to make
sense of the area formulas--

01:12:20:11 to justify them, to explain them
01:12:23:27 in terms that would make sense
to the ordinary lay person.

01:12:28:02 We took a circle and divided it

up into very, very small wedges.

01:12:29:25 We then cut the wedges out
01:12:32:05 and rearranged them

to form something

01:12:35:06 that looked approximately
like a parallelogram.

01:12:37:08 We then could

actually figure out

01:12:40:24 what was the base and the height
of that parallelogram

01:12:42:11 and determine the area.
01:12:46:24 And we linked what we found
to the area-of-a-circle formula.

01:12:48:13 Is that on

that point?

01:12:49:14 Yeah.

01:12:56:13 It's 29.3.

01:12:57:21 Okay?
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01:12:57:23

01:13:00:17
01:13:05:05

01:13:07:08

01:13:09:26
01:13:10:26
01:13:11:26
01:13:12:26
01:13:14:01
01:13:16:26
01:13:19:22
01:13:21:05
01:13:25:00

01:13:30:24
01:13:34:03
01:13:40:20
01:13:44:18
01:13:45:25
01:13:47:24
01:13:50:14
01:13:51:16
01:13:54:16
01:14:00:23
01:14:02:20
01:14:10:22
01:14:12:08
01:14:17:14
01:14:18:25
01:14:22:04
01:14:27:22
01:14:30:04
01:14:32:27
01:14:36:02
01:14:37:06
01:14:38:07
01:14:39:26
01:14:43:07

01:14:48:08

01:13:00:15

So how does the area

of the figure compare

01:13:02:12
01:13:07:06

with the area of the circle?
Well, we can use

the formula to start,

01:13:09:24

to figure out what

the area of the circle was

01:13:10:24
01:13:11:24
01:13:12:24
01:13:13:29
01:13:16:24
01:13:19:20
01:13:21:03
01:13:23:23
01:13:30:22

equals 90.25"

01:13:34:01
times pi.
01:13:40:18
01:13:44:16
01:13:45:23
yeah.
01:13:47:22

and then...

Should we try that?

Yeah, let's do that.

Okay.

So pi... or ra...

Area equals pi radius-squared.
Right.

Okay, and the radius was 9.5.
"9.5 times 9.5

is our radius-squared
( class discussing )
283.53...

Point five three,

We can take it to

the hundredths place.

01:13:50:12

All right, so that's the area

according to the formula--

01:13:51:14
01:13:53:07
01:14:00:21

the circle.
Okay.
Then, to find the area

of the parallelogram...

01:14:02:18

I think it's

base times height.

01:14:10:20
times 29.3.

01:14:12:06
01:14:17:12
01:14:18:23
01:14:22:02

Okay, so 9.5 times 29...

Okay.

Area... | got 278.35.
Yeah.

When we did the area of

the circle with the formula,

01:14:25:15

we came up with about

five centimeters more.

01:14:30:02

So how does the area

of the figure compare

01:14:31:18

of the circle?

01:14:36:00

with the area

It's point... or, it's

five centimeters less?

01:14:37:04
01:14:38:05
01:14:39:24
01:14:43:05

is talk a little bit

01:14:48:06

Less-- right.

Okay.

Can everybody look up here?
What I'd like us now to do

about how we can make sense of

this area of a circle formula,

01:14:49:22

pi r-squared.
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01:14:49:24
01:14:51:10

01:14:54:02

01:14:56:23

01:15:00:24
01:15:02:01

01:15:04:08
01:15:05:26

01:15:12:05

01:15:14:27
01:15:16:10

01:15:19:25

01:15:22:04
01:15:24:11

01:15:29:13
01:15:34:03
01:15:35:07
01:15:38:01
01:15:42:05

01:15:46:08
01:15:49:23

01:15:55:03
01:15:59:21

01:16:03:17
01:16:05:12
01:16:11:13
01:16:15:21

01:16:18:14
01:16:20:04

01:16:25:09
01:16:29:21
01:16:33:14
01:16:35:06
01:16:39:23

01:16:43:10

01:14:51:08 Susan, do you mind coming up
01:14:54:00 and showing everyone what you
and | were talking about?

01:14:56:21 NARRATOR:

On this chart is a drawing

of circle wedges

01:15:00:22 arranged to form what looks
approximately like a rectangle.

01:15:01:29 With this in mind,
01:15:04:06 the participant gives

her explanation.

01:15:05:24 Okay, if we know
01:15:12:03 that the formula for the area

of a circle equals pi r-squared

01:15:14:25 and we examine

our figure here...

01:15:16:08 If we notice

01:15:19:23 that all of these little wedges
together form the base

01:15:22:02 and that there's two set

of wedges,

01:15:24:09 we can think of the base
01:15:29:11 as being equal to half

the circumference of the circle.

01:15:34:01 So the base equals

one-half the circumference.

01:15:35:05 Okay?

01:15:37:29 Or we can also think of that
01:15:42:03 as being the circumference
divided by two.

01:15:46:06 Circumference is equal

to two pir, or pi D.

01:15:49:21 So I'm going to say,
01:15:55:01 if | think of the circumference
equaling pi D,

01:15:59:19 ortwopir...

01:16:03:15 now | have another way

of thinking of the base.

01:16:05:10 So I'm going to say
01:16:11:11 that the base equals...
01:16:15:19 two pi r divided by two,
01:16:18:12 because | had thought

of my circumference

01:16:20:02 as being divided by two.
01:16:25:07 And if | think about

canceling out these two 2s,

01:16:29:19 | can say that the base is equal
topir.

01:16:33:12 So | have my dimension for this.
01:16:35:04 Now | need to come back
01:16:39:21 and | need to think about this

measurement to find the area.

01:16:43:08 And if | look at these wedges,
| know that it's actually...
01:16:46:26 this measurement is actually

just the radius of my circle.
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01:16:46:28

01:16:51:20

01:16:56:08

01:17:02:21

01:17:05:17

01:17:08:12

01:17:10:26
01:17:12:23

01:17:15:00

01:17:18:03

01:17:22:20
01:17:24:04

01:17:31:24
01:17:35:13

01:17:42:28
01:17:45:17

01:17:48:00
01:17:52:27
01:17:57:29
01:18:02:08
01:18:05:17
01:18:07:28

01:18:13:28
01:18:14:28

01:18:16:11
01:18:17:27
01:18:19:11
01:18:21:20
01:18:25:09
01:18:26:14

01:18:27:22
01:18:29:01

01:16:51:18

And if we think of area as

equaling length times width,

01:16:56:06

times my pi r.

01:17:02:19

| can multiply my radius

Consequently, | go back

to my formula of pi r-squared.

01:17:05:15

NARRATOR:

When wedges of a circle are

rearranged

01:17:08:10
like this one,
01:17:10:24

of the formula

01:17:12:21
01:17:14:28

to approximate a parallelogram
it helps make sense

for the area of a circle.
Now we're also going

to continue to think

01:17:18:01

about the formula for area

of a circle in one other way.

01:17:22:18

And that is, sometimes

when you say "r-squared”

01:17:24:02
01:17:31:22
of a square
01:17:35:11
01:17:42:26

we think of the radius,
but we could also think

in which each side is length r,
and thus the area of that little

square there is r-squared.

01:17:45:15
01:17:47:28
on them

01:17:52:25

Now, you have some sheets
that have some different circles

and on each one

there is a blackened square

01:17:57:27

for that circle--

01:18:02:06

which represents r-squared

namely, it is a square

with sides of lengthr,

01:18:05:15
01:18:07:26
01:18:13:26

and its area is r-squared.
And what we want to do is

see how many of these r-squared

squares will fit in one circle.

01:18:14:26
01:18:16:09
this piece

01:18:17:25

Like this...
We can just figure out

and figure out

how much of it it is

01:18:19:09
by four.
01:18:21:18

and we can multiply it

Right. I'm thinking

that this complements

this somehow;

01:18:25:07
01:18:26:12
the reverse.
01:18:27:20
01:18:28:29
01:18:31:13

that once we know this,
we would know

Mm-hmm.
Does that make...
And then we could figure out

what we've taken away?
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01:18:31:15
01:18:34:05

01:18:35:22

01:18:38:20

01:18:40:25

01:18:42:06

01:18:43:17

01:18:45:28

01:18:49:05

01:18:55:11

01:18:56:16

01:18:58:10
01:18:59:18

01:19:01:10
01:19:04:15
01:19:05:16
01:19:07:06
01:19:10:27
01:19:14:03
01:19:18:00
01:19:21:21
01:19:24:15
01:19:28:18
01:19:32:09
01:19:35:15

01:19:39:06
01:19:40:21

01:19:42:06

01:19:46:03

01:19:51:21

01:18:34:03 Maybe.
01:18:35:20 Because it's
symmetric, too.

01:18:38:18 Like, if we

could figure out

how much this piece is,
01:18:40:23 then that piece
and that piece are

kind of obvious

01:18:42:04 because they're
whole squares.

01:18:43:15 Squares, right.
01:18:45:26 And then this one

and this one are
exactly the same.

01:18:47:06 And if you look...
well, yeah.
01:18:53:07 What I'm wondering is

if two of these

complete this.

01:18:56:14 Well, we can...
01:18:58:08 Maybe that's what we
can cut out and try.

01:18:59:16 Try.

01:19:01:08 CHAPIN:

In the next activity,

01:19:04:13 what if we take squares

that are r-squared size,

01:19:05:14 and cover a circle?
01:19:07:04 How many of them will it take?
01:19:10:25 Participants took squares,
they cut them out,

01:19:14:01 they tried to fit them

onto the circles

01:19:17:28 and they found that three
and a little bit more

01:19:21:19 of those r-squared squares fit
on the circle.

01:19:24:13 Now, if we relate that

to the formula,

01:19:28:16 we know the formula for area is
area equals pi r-squared,

01:19:32:07 so the pi is approximately

a little more than three--

01:19:35:13 3.1 or so-- and we found

that that was exactly

01:19:39:04 how many of those r-squares
squared we needed

01:19:40:19 to cover the surface.
01:19:42:04 CHAPIN:

Did anybody have any luck

01:19:46:01 doing that, or, uh,

skilled precision

01:19:51:19 in terms of about how many
of these r-square squares

01:19:58:12 were they able to fit on, um...
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01:19:58:14
01:20:00:14

01:20:03:13
01:20:04:16
01:20:05:27

01:20:08:01
01:20:09:29

01:20:12:24
01:20:13:27

01:20:16:04

01:20:19:06

01:20:21:04

01:20:24:28

01:20:28:20
01:20:29:28

01:20:33:21

01:20:37:08

01:20:40:11

01:20:42:28

01:20:47:19

01:20:49:28

01:20:53:05

01:20:56:11

01:20:58:17

01:21:02:07

01:21:04:23
01:21:06:01

01:21:07:29
01:21:09:20

01:21:24:29

01:21:28:19

cover the area of their circle?

01:20:00:12
01:20:03:11

| used the negative space
to find out how much less

than four squares | used.

01:20:04:14
01:20:05:25
01:20:07:29

the little bits...

01:20:09:27
01:20:12:22

Ah, so you...
Okay.
So | cut off

Little curves around, yeah.
And found out how many square

units were in those little bits

01:20:13:25
01:20:16:02

you also got...

01:20:19:04

and then subtracted it.
Ah, and so then

| got that it was

three and one-ninth.

01:20:21:02

Okay, so three

and a little bit more.

01:20:24:26

Does this three and one-ninth,

three and a little bit more,

01:20:28:18

remind us of any number that

we've been talking about today?

01:20:29:26
01:20:33:19

(laughter)
Pi. And so again,

what's happening here is

01:20:37:06

it's about pi number

of these r-squares

01:20:40:09
in here--

01:20:42:26
than three--
01:20:47:17

that we are able to place
pi being a little more

and thus that's one reason

why in our approximate attempts,

01:20:49:26
up with.
01:20:53:03

that's about what we're coming

In our session today,

we've investigated circles;

01:20:56:09

in particular we've tried

to make sense of the formulas

01:20:58:15

for circumference

and area of circles.

01:21:02:05
all the time
01:21:04:21

We use these geometric shapes

and it's important for us

to have actually...

01:21:05:29
01:21:07:27
come from?
01:21:09:18
01:21:11:16
today.

01:21:28:17

to be able to justify:
Where do these formulas

How do we make sense of them?
Which is what we've focused on

WOMAN:

The circle is a very important

shape in Islam.

01:21:30:28
a metaphor

It represents, visually,
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01:21:31:00

01:21:33:21

01:21:37:06
01:21:39:19

01:21:44:18

01:21:48:21

01:21:52:24

01:21:54:29

01:21:59:02

01:22:05:18

01:22:09:06

01:22:12:17

01:22:16:19

01:22:20:16

01:22:26:24

01:22:31:16

01:22:36:21

01:22:40:09

01:22:44:07
01:22:45:15

01:22:48:19

01:22:53:05

01:22:57:00
01:22:59:05

01:23:03:13

01:23:08:19

01:23:11:21
01:23:13:25

01:23:17:28

01:23:22:07
01:23:25:06

01:21:33:19 for the religious philosophy
of Islam,

01:21:37:04 as well as, physically,

it informs the art

01:21:39:17 and architecture of Islam.
01:21:44:16 The circle starts with a center

point that determines its shape.

01:21:48:19 This center point can also be
seen as God, or Allah.

01:21:52:22 God radiates his message
through the Koran,

01:21:54:27 as you can see here

in the radius.

01:21:59:00 The Koran is then given

to Prophet Muhammad

01:22:05:16 to disseminate, or to spread,

the knowledge of God's word.

01:22:09:04 By doing so, Prophet Muhammad
creates a community,

01:22:12:15 or a circumference,

of the circle, or a circle.

01:22:16:17 And that circumference
represents the Ummabh in Islam.

01:22:20:14 The center is further empowered
by the five daily prayers
01:22:26:22 that Muslims must perform facing

Mecca, or the Kaba in Mecca.

01:22:31:14 The circle also represents,
visually, the dome of heaven.

01:22:36:19 Here in this plan of a mosque,
we can see the dome of heaven

01:22:40:07 as represented by a full

and complete circle.

01:22:44:05 All points on the circumference
of a circle are equidistant

01:22:45:13 from the center.

01:22:48:17 To determine how large

the dome will be,

01:22:53:03 the architect must first figure
out the area of the circle.

01:22:56:28 And the area is derived

by "area equals pi r-squared,”

01:22:59:03 and that determines for him
01:23:03:11 the space that he needs to allow
for the dome to fit.

01:23:08:17 In this plan we see a series
of circles and semicircles.

01:23:11:19 The semicircles are used
structurally

01:23:13:23 to support the main dome.
01:23:17:26 The circle again becomes
the point of departure,

01:23:22:05 or the beginning, of

a decorative pattern in Islam.
01:23:25:04 This is a 12-pointed star.
01:23:28:15 The circle is divided equally
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01:23:28:17

01:23:32:23

01:23:36:21

01:23:39:10
01:23:41:27

01:23:46:08
01:23:49:01
01:23:52:06
01:23:54:21
01:23:58:10
01:24:00:26
01:24:03:13
01:24:07:08
01:24:09:20
01:24:12:25
01:24:14:20
01:24:17:05
01:24:21:10
01:24:26:06
01:24:30:14
01:24:38:29
01:24:41:26
01:24:46:07
01:24:49:10
01:24:52:13
01:24:53:28
01:24:57:06
01:25:01:13
01:25:03:29
01:25:09:19

01:25:14:09

01:23:32:21

using the diagonals,

or the diameters, of the circle,

01:23:36:19

which then measure the points,

or place the points

01:23:39:08

superimposed

01:23:41:25
01:23:46:06

where the squares are

to reveal stars, or star shapes.
The artisan then blacks out

some points of the star

01:23:48:29
or white,
01:23:52:04
pattern.
01:23:54:19

also practice

01:23:58:08

and leaves others open,
to create a wonderfully rich
The students in my class

this age-old Islamic tradition

of pattern-making

01:24:00:24

with the circle

01:24:03:11
squares

01:24:07:06
of the circle.
01:24:09:18

a star pattern

01:24:12:23

organic shape

01:24:14:18
01:24:17:03
01:24:21:08

by first starting

in which they superimpose

by dividing the diameters

This then generated

which then evolved into a more
of leaves and petals.

Once the motif was perfected,
it was then used to fabricate

this Islamic panel.

01:24:26:04

The corners of the panels remain

constant to the original design,

01:24:30:12

but the connectors, or the vines

that connect the corners,

01:24:33:08

are derivatives

of the original motif.

01:24:41:24

The classical arch is

the Roman arch,

01:24:46:05

and that's constructed

through the use of semicircles.

01:24:49:08
at the apex
01:24:52:11

But the Islamic arch is pointed

and doesn't have a complete

and rounded top

01:24:53:26
01:24:57:04
01:25:01:11

like the Roman arch.
To arrive at the Islamic arch,
we intersected

two perfect semicircles;

01:25:03:27
became
01:25:06:24

their point of intersection

the center point

of the Islamic arch.

01:25:14:07

This allowed for a perfect

Islamic pointed arch

01:25:17:11

to be perceived in the design.
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01:25:18:28

01:25:22:00
01:25:24:03

01:25:27:21
01:25:29:03

01:25:33:22

01:25:21:28 All the points of these arches
essentially go back

01:25:24:01 to the source, the center.
01:25:27:19 The success of this project
allowed this panel to be chosen

01:25:29:01 for the new mosque
01:25:32:00 that will be completed in Boston
in the near future.

01:25:37:10 Captioned by

access.wgbh.org



