The Mathematics of Maps — Lecture 3

(A map hanging in my son's kindergarten class a few years ago.)
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That map is completely wrong! Any country will undergo shape
distortion when dragged around the map!
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http://thetruesize.com
http://kai.sub.blue/images/True-Size-of-Africa-kk-v3.pdf

That map is completely wrong! Any country will undergo shape
distortion when dragged around the map!

Aside from illiteracy and innumeracy, we should recognize
“immappancy”. For a much better way to see a given country “all
over the world", check out:
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http://thetruesize.com
http://kai.sub.blue/images/True-Size-of-Africa-kk-v3.pdf

That map is completely wrong! Any country will undergo shape
distortion when dragged around the map!

Aside from illiteracy and innumeracy, we should recognize
“immappancy”. For a much better way to see a given country “all
over the world", check out:

What about Africa? It's enormous...

Dennis The The Mathematics of Maps — Lecture 3 2/31


http://thetruesize.com
http://kai.sub.blue/images/True-Size-of-Africa-kk-v3.pdf

Visualizing distortion

At each point on the sphere, 3 (perp.) “principal” directions along
which scaling is maximal and minimal.
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Visualizing distortion

At each point on the sphere, 3 (perp.) “principal” directions along
which scaling is maximal and minimal. Draw corresponding ellipse
("Tissot's indicatrix” ) with axes along principal directions.
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Visualizing distortion

At each point on the sphere, 3 (perp.) “principal” directions along
which scaling is maximal and minimal. Draw corresponding
with axes along principal directions.

(,\*‘“;;@«f =
e 7

In Lecture 1, we discussed scale factors Ap,, A, along meridians and
parallels for “orthogonal maps"”.
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Visualizing distortion

At each point on the sphere, 3 (perp.) “principal” directions along
which scaling is maximal and minimal. Draw corresponding
with axes along principal directions.

In Lecture 1, we discussed scale factors Ap,, A, along meridians and
parallels for “orthogonal maps".
@ Conformal: A\p, = Ap: indicatrices are circles
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Visualizing distortion

At each point on the sphere, 3 (perp.) “principal” directions along
which scaling is maximal and minimal. Draw corresponding
with axes along principal directions.

In Lecture 1, we discussed scale factors Ap,, A, along meridians and
parallels for “orthogonal maps".

@ Conformal: A\p, = Ap: indicatrices are circles

e Equi-areal: A\, = 1: indicatrices have same area
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Equi-areal maps
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Lambert azimuthal projection
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Lambert cylindrical (Archimedes) projection
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Gall-Peters projection
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Sinusoidal projection
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Mollweide projectio
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Areas on the sphere

On the unit sphere, we have spherical polar coordinates

F(H, @) = (cos ¢ cos B, cos ¢ sin @, sin ¢)
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Areas on the sphere

On the unit sphere, we have spherical polar coordinates

—

(6, ¢) = (cos ¢ cosb, cos ¢sin b, sin )

Compute = fy x E;
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Areas on the sphere

On the unit sphere, we have spherical polar coordinates

—

(6, ¢) = (cos ¢ cosb, cos ¢sin b, sin )

Compute 7= fé X f; We find the area element

| |
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Areas on the sphere

On the unit sphere, we have spherical polar coordinates

—

(6, ¢) = (cos ¢ cosb, cos ¢sin b, sin )

Compute 7= fé X @ We find the area element

| |

Let D = region btw latitudes ¢1 < ¢ & longitudes 61 < 6. Then:

02 o2
A(D)—/e /¢ cos 6 df = (B> — 0)(sin 6o — sindy)  (0.1)
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Areas on the sphere

On the unit sphere, we have spherical polar coordinates

—

(6, ¢) = (cos ¢ cosb, cos ¢sin b, sin )

Compute 7= fé X @ We find the area element

| |

Let D = region btw latitudes ¢1 < ¢ & longitudes 61 < 6. Then:

02 o2
A(D)—/e /¢ cos 6 df = (B> — 0)(sin 6o — sindy)  (0.1)

2= § (A=)

Full sphere: take 0y = —7, 02 = 7, 1 = —

VB
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Lambert azimuthal projection
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Lambert’s equi-areal azimuthal projection

In Lecture 1, we considered maps of the form ‘ ‘
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Lambert’s equi-areal azimuthal projection

In Lecture 1, we considered maps of the form ‘

We calculated scale factors along the meridians and parallels

Am = (@),  Ap = F()seco.
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Lambert’s equi-areal azimuthal projection

In Lecture 1, we considered maps of the form ‘

We calculated scale factors along the meridians and parallels

Am = (@),  Ap = F()seco.

Let's map the north pole to the origin, so require

T\ = ' _r T
f<2)_0, F(#) <0 for —2<o<z.
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Lambert’s equi-areal azimuthal projection

In Lecture 1, we considered maps of the form ‘

We calculated scale factors along the meridians and parallels

Am = (@),  Ap = F()seco.

Let's map the north pole to the origin, so require

™ _ / _T m
f<2)_0, F(#) <0 for —2<o<z.

Equi-areal condition: I:'
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Lambert’s equi-areal azimuthal projection

In Lecture 1, we considered maps of the form ‘ ‘

We calculated scale factors along the meridians and parallels

Am = (@),  Ap = F()seco.

Let's map the north pole to the origin, so require

™ _ / _T m
f<2)_0, F(#) <0 for —2<o<z.

Equi-areal condition: I:' Get a differential equation:

—f(8)f'(¢) = cos(¢).
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Lambert’s equi-areal azimuthal projection

In Lecture 1, we considered maps of the form ‘ ‘

We calculated scale factors along the meridians and parallels

Am = (@),  Ap = F()seco.

Let's map the north pole to the origin, so require

T\ = ' _r T
f<2)_0, F(#) <0 for —2<o<z.

Equi-areal condition: I:' Get a differential equation:
—f(¢)f'(¢) = cos().

Let's solve it! Integrate the DE wrt ¢ to get

_%f(¢)2 =sin(¢) + C
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Lambert’s equi-areal azimuthal projection

In Lecture 1, we considered maps of the form ‘ ‘

We calculated scale factors along the meridians and parallels

Am = (@),  Ap = F()seco.

Let's map the north pole to the origin, so require

T\ = ' _r T
f<2)_0, F(#) <0 for —2<o<z.

Equi-areal condition: I:' Get a differential equation:
—f(¢)f'(¢) = cos().

Let's solve it! Integrate the DE wrt ¢ to get

P =sn(@)+C = C=-1
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Lambert equi-areal azimuthal - 2

F(6) = /2(1 — sin(¢)) = \/2 <1 — cos (g - ¢))

e 3)) -2

using the double angle formula cos(2a) = 1 — 2sin?(a).
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Lambert equi-areal azimuthal - 2

F(6) = /2(1 — sin(¢)) = \/2 (1 — cos (g - ¢))

:%(wc: )

|

|

|

|=
=g
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Lambert equi-areal azimuthal - 3
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Lambert equi-areal azimuthal - 4
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Lambert equi-areal azimuthal - 4

J

Projection recipe: Follow circular arcs with centre N through P to
the tangent plane at N.
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Lambert / Archimedes projection
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Lambert cylindrical (Archimedes) projection
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Lambert cylindrical (Archimedes) projection

-

Recall (0, ¢) = (cos ¢ cos b, cos ¢sin 0, sin ¢).
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Lambert cylindrical (Archimedes) projection

-

Recall (6, ¢) = (cos ¢ cos b, cos ¢sinf,sin ). The map is simply:

Vi X=0, Y=sing|
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Lambert cylindrical (Archimedes) projection

-

Recall (6, ¢) = (cos ¢ cos b, cos ¢sinf,sin ). The map is simply:

Vi X=0, Y=sing|

dX dY = cos ¢ df do
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Gall-Peters projection
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Gall-Peters

Along the equator, the Lambert cylindrical map has no length
distortion, but have severe shape distortion in the upper latitudes.

Dennis The The Mathematics of Maps — Lecture 3 19/31



Gall-Peters

Along the equator, the Lambert cylindrical map has no length
distortion, but have severe shape distortion in the upper latitudes.

IDEA: Instead of a single std line (equator), have two std lines.
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Gall-Peters

Along the equator, the Lambert cylindrical map has no length
distortion, but have severe shape distortion in the upper latitudes.

’ IDEA: Instead of a single std line (equator), have two std lines.

Fix ¢o. Take map width to be 27 cos(¢p), i.e. the circumference of
parallels at latitude +¢o. How to make this map equi-areal?
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Gall-Peters

Along the equator, the Lambert cylindrical map has no length
distortion, but have severe shape distortion in the upper latitudes.

’ IDEA: Instead of a single std line (equator), have two std lines.

Fix ¢o. Take map width to be 27 cos(¢p), i.e. the circumference of
parallels at latitude +¢o. How to make this map equi-areal?

@ Map meridians to equally spaced vertical lines. Thus,
longitude 8 corresponds to
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Gall-Peters

Along the equator, the Lambert cylindrical map has no length
distortion, but have severe shape distortion in the upper latitudes.

’ IDEA: Instead of a single std line (equator), have two std lines.

Fix ¢o. Take map width to be 27 cos(¢p), i.e. the circumference of
parallels at latitude +¢o. How to make this map equi-areal?

@ Map meridians to equally spaced vertical lines. Thus,
longitude 8 corresponds to

@ Map parallels to horizontal lines, so with
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Gall-Peters

Along the equator, the Lambert cylindrical map has no length
distortion, but have severe shape distortion in the upper latitudes.

’ IDEA: Instead of a single std line (equator), have two std lines.

Fix ¢o. Take map width to be 27 cos(¢p), i.e. the circumference of
parallels at latitude +¢o. How to make this map equi-areal?

@ Map meridians to equally spaced vertical lines. Thus,
longitude 8 corresponds to

@ Map parallels to horizontal lines, so with

o Area element: dXdY = cos(do)f(¢)d0de "2 cos(6)dOds.
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Gall-Peters

Along the equator, the Lambert cylindrical map has no length
distortion, but have severe shape distortion in the upper latitudes.

’ IDEA: Instead of a single std line (equator), have two std lines.

Fix ¢o. Take map width to be 27 cos(¢p), i.e. the circumference of
parallels at latitude +¢o. How to make this map equi-areal?

@ Map meridians to equally spaced vertical lines. Thus,
longitude 8 corresponds to

@ Map parallels to horizontal lines, so with

o Area element: dXdY = cos(co)f'(¢)d0de W2

F/(¢) = cos(9) sec(¢o). £(0) =0}

cos(¢)dOdo.

We get the IVP:
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Gall-Peters

Along the equator, the Lambert cylindrical map has no length
distortion, but have severe shape distortion in the upper latitudes.

’ IDEA: Instead of a single std line (equator), have two std lines.

Fix ¢o. Take map width to be 27 cos(¢p), i.e. the circumference of
parallels at latitude +¢o. How to make this map equi-areal?

@ Map meridians to equally spaced vertical lines. Thus,
longitude 8 corresponds to

@ Map parallels to horizontal lines, so with
o Area element: dXdY = cos(co)f'(¢)d0de W2
F'($) = cos(¢) sec(¢o), (0) =0}

Solve it to get: f(¢) = sin(¢) sec(¢po).

cos(¢)dOdo.

We get the IVP:
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Gall-Peters - 2

{ X = 0 cos(¢o); —T <0<
Y =sin(¢)sec(¢o), —5 <<%
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Gall-Peters - 2

{ X = 0 cos(¢o); —T <0<
Y =sin(¢)sec(¢o), —5 <<%

¢o = 0: Archimedes / Lambert projection

v
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Gall-Peters - 2

{ X = 0 cos(¢o); —T <0<
Y =sin(¢)sec(¢o), —5 <<%

v

¢o = 0: Archimedes / Lambert projection
¢o = 7 Gall-Peters projection
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Sinusoidal projection
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Sinusoidal projection

Cylindrical projections: have severe shape distortion close to poles.
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Sinusoidal projection

Cylindrical projections: have severe shape distortion close to poles.

Sinusoidal projection (1570): Discard rectangular map shape.
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Sinusoidal projection

Cylindrical projections: have severe shape distortion close to poles.

Sinusoidal projection (1570): Discard rectangular map shape.

Warning: Meridians & parallels are not L in the map!
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Sinusoidal projection

Cylindrical projections: have severe shape distortion close to poles.

Sinusoidal projection (1570): Discard rectangular map shape.

Warning: Meridians & parallels are not L in the map! | Properties:

e Equi-areal
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Sinusoidal projection

Cylindrical projections: have severe shape distortion close to poles.

Sinusoidal projection (1570): Discard rectangular map shape.

Warning: Meridians & parallels are not L in the map! | Properties:

e Equi-areal
o Parallels — horizontal line segments in
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Sinusoidal projection

Cylindrical projections: have severe shape distortion close to poles.

Sinusoidal projection (1570): Discard rectangular map shape.

Warning: Meridians & parallels are not L in the map! | Properties:

e Equi-areal
o Parallels — horizontal line segments in
@ Images of parallels are evenly spaced.
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Sinusoidal projection

Cylindrical projections: have severe shape distortion close to poles.

Sinusoidal projection (1570): Discard rectangular map shape.

Warning: Meridians & parallels are not L in the map! | Properties:

Equi-areal
Parallels — horizontal line segments in
Images of parallels are evenly spaced.

Images of meridians are evenly spaced.
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Sinusoidal projection - 2

5
/ \

d ;] \ ™
(7 7 o | IR TR S
(L N N N I R S

. \\ /I / e
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Sinusoidal projection - 2

5
d / f/ \\ ™
(7 7 o | IR TR S
(L N N N I R S
. \\ /I / e

@ Parallel at latitude ¢ is mapped to a horizontal line segment
of width , placed at a height Y = ¢ above the X-axis.
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Sinusoidal projection - 2

5
/ \

d ;] \ ™
(7 7 o | IR TR S
(L N N N I R S

. \\ /I / e

@ Parallel at latitude ¢ is mapped to a horizontal line segment
of width , placed at a height Y = ¢ above the X-axis.

e Meridian at longitude 6 is mapped to the curve X = 6 cos(Y)
for -5 <Y < 3.
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Sinusoidal projection - 2

5
/ \

d ;] \ ™
(7 7 o | IR TR S
(L N N N I R S

. \\ /I / e

@ Parallel at latitude ¢ is mapped to a horizontal line segment
of width , placed at a height Y = ¢ above the X-axis.

e Meridian at longitude 6 is mapped to the curve X = 6 cos(Y)
for -5 <Y < 3.

Sinusoidal projection:

v {X O cos(p), —m<O<m,
' Y = ¢, —5<¢< 3
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Sinusoidal projection - 3

Let D = region btw latitudes ¢1 < ¢ & longitudes 6; < 6,.
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Sinusoidal projection - 3

Let D = region btw latitudes ¢1 < ¢ & longitudes 61 < 6. Then

A(V(D)) = ) (62 cos(¢) — 61 cos(¢))d¢
= (62 — 61)(sin(¢2) —sin(¢1)) = A(D),

Thus, the map is equi-areal.
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Sinusoidal projection - 3

Let D = region btw latitudes ¢1 < ¢ & longitudes 61 < 6. Then

A(V(D)) = ) (62 cos(¢) — 61 cos(¢))d¢

= (02 = 01)(sin(¢2) — sin(é1)) = A(D),

Thus, the map is equi-areal. However, we can also arrive at this
infinitesimally...
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Sinusoidal projection - 3

Let D = region btw latitudes ¢1 < ¢ & longitudes 61 < 6. Then

A(V(D)) = ) (62 cos(¢) — 61 cos(¢))d¢

= (02 = 01)(sin(¢2) — sin(é1)) = A(D),

Thus, the map is equi-areal. However, we can also arrive at this
infinitesimally...

Let A denote an anti-symmetric operation, i.e.

dXANdY =—=dY ANdX, dXANdX=0=dY AdY.
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Sinusoidal projection - 3

Let D = region btw latitudes ¢1 < ¢ & longitudes 61 < 6. Then

A(V(D)) = ) (62 cos(¢) — 61 cos(¢))d¢

= (02 = 01)(sin(¢2) — sin(é1)) = A(D),

Thus, the map is equi-areal. However, we can also arrive at this
infinitesimally...

Let A denote an anti-symmetric operation, i.e.

dXANdY =—=dY ANdX, dXANdX=0=dY AdY.

Instead of dXdY/, think of area element instead as dX A dY.
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Sinusoidal projection - 3

Let D = region btw latitudes ¢1 < ¢ & longitudes 61 < 6. Then

A(V(D)) = ) (62 cos(¢) — 61 cos(¢))d¢

= (02 = 01)(sin(¢2) — sin(é1)) = A(D),

Thus, the map is equi-areal. However, we can also arrive at this
infinitesimally...

Let A denote an anti-symmetric operation, i.e.

dXANdY =—=dY ANdX, dXANdX=0=dY AdY.

Instead of dXdY/, think of area element instead as dX A dY.‘

dX A dY = (—0sin ¢d + cos(¢)dd) A do = cos(¢)dO A d,

i.e. area element for the plane becomes area element for S2.
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Area-preserving linear transformations

The following linear map is area-preserving:

1,1 2,1

Dennis The The Mathematics of Maps — Lecture 3 25/31



Area-preserving linear transformations

The following linear map is area-preserving:

1,1 2,1

(1,0)

dxdy = (dx + dy)dy, but dX A dy = (dx + dy) A dy = dx A dy.
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Area-preserving linear transformations

The following linear map is area-preserving:

1,1 2,1

(1,0)

dxdy = (dx + dy)dy, but dX A dy = (dx + dy) A dy = dx A dy.

Q: Which linear transformations of the plane preserve dA?
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Area-preserving linear transformations

The following linear map is area-preserving:

1,1 2,1

(1,0)

dxdy = (dx + dy)dy, but dX A dy = (dx + dy) A dy = dx A dy.

Q: Which linear transformations of the plane preserve dA? Let

5)-C D06
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Area-preserving linear transformations

The following linear map is area-preserving:

1,1 2,1

(1,0)

dxdy = (dx + dy)dy, but dX A dy = (dx + dy) A dy = dx A dy.

Q: Which linear transformations of the plane preserve dA? Let

X (o B (X
()-( 5 )
dX A dY = (adX 4 BdY) A (vdX + 6dY) = (ad — By)dX A dY
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Area-preserving linear transformations

The following linear map is area-preserving:

1,1 2,1

(1,0)

dxdy = (dx + dy)dy, but dX A dy = (dx + dy) A dy = dx A dy.

Q: Which linear transformations of the plane preserve dA? Let

5)-C D06

dX A dY = (adX 4 BdY) A (vdX + 6dY) = (ad — By)dX A dY

A: I:l matrices!
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Mollweide projection
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Mollweide projection

-60° -30° 0° 30° 60° 90° 120° 150°
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Mollweide projection

-150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150°

e Equi-areal
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Mollweide projection

-150° -120° -90° -60° -30° 0° 30° 60° 90° 120° 150°

e Equi-areal
@ Parallels are mapped to horizontal line segments
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Mollweide projection

e Equi-areal
@ Parallels are mapped to horizontal line segments
e Meridians at 6 and —0 — ellipse Ey. (Axes indep. of 0.)
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Mollweide projection

e Equi-areal
@ Parallels are mapped to horizontal line segments
e Meridians at 6 and —0 — ellipse Ey. (Axes indep. of 0.)
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Mollweide - 2

q 30°__60° 90° 120° 150°

a

e E=E;: = Area(S?) = 4n — Area(E).
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Mollweide - 2

30°  60° 90b° 120° 150°
a

e E=E;: = Area(S?) = 4n — Area(E).
e C = E;/>: bounds the image of a hemisphere, so
Area(C) — 27, and C has radius b = /2.
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Mollweide - 2

30°  60° 90b° 120° 150°
a

e E=E;: = Area(S?) = 4n — Area(E).

e C = E;/>: bounds the image of a hemisphere, so
Area(C) — 27, and C has radius b = /2.

o Area(E) = 41 = mab, so a = 2/2.
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Mollweide - 2

E=E: = Area(S?) = 4n — Area(E).
C = E; /;: bounds the image of a hemisphere, so
Area(C) — 27, and C has radius b = /2.
Area(E) = 4 = mab, so a = 2V/2.

Ey has semi-axes b = /2 and a(f).
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Mollweide - 2

E=E: = Area(S?) = 4n — Area(E).

C = E; /;: bounds the image of a hemisphere, so

Area(C) — 27, and C has radius b = /2.

Area(E) = 4 = mab, so a = 2V/2.

Ej has semi-axes b = /2 and a(f). On S, region btw —6 and
fis a with area %4% =46 — Area(Ep).
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Mollweide - 2

E=E: = Area(S?) = 4n — Area(E).

C = E; /;: bounds the image of a hemisphere, so

Area(C) — 27, and C has radius b = /2.

Area(E) = 4 = mab, so a = 2V/2.

Ej has semi-axes b = /2 and a(f). On S, region btw —6 and
0 is a with area 2247 = 40 — Area(Ey). .. a(0) = @.
Thus, Eg hasegqn 1 = %‘32)2 + 2—22 = ”;;f + Y;
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Mollweide - 2

E=E: = Area(S?) = 4n — Area(E).

C = E; /;: bounds the image of a hemisphere, so

Area(C) — 27, and C has radius b = /2.

Area(E) = 4 = mab, so a = 2V/2.

Ej has semi-axes b = /2 and a(f). On S, region btw —6 and
0 is a with area 2247 = 40 — Area(Ey). .. a(0) = @.
Thus, Eg hasegqn 1 = %‘SQ + 2—22 = ”;;f + Y;

But what does the map function look like?

Dennis The The Mathematics of Maps — Lecture 3 28/31



Mollweide - 3

AR r AN
ok |

C=E,,

)
S\
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Mollweide - 3

AR r AN
3 |

C=E,,

)
S\

On C, we have Xo = v/2cos(7(4)) and Yo = h(¢) = v/2sin(7(s)).
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Mollweide - 3

Y =h(9) N (Xy,Y,)
v \
ST(9)

C=E,,

On C, we have Xo = v/2cos(7(4)) and Yo = h(¢) = v/2sin(7(s)).

Since meridians are equally spaced,

v X = 2\T@9 cos(1(¢)), —m<O<m,
| Y=Vasin(r(¢), -5<¢<3
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Mollweide - 3

Y =h(9) (X,.Y,)
/ '3 7(0) \

C=E,,

7/

On C, we have Xo = v/2cos(7(4)) and Yo = h(¢) = v/2sin(7(s)).

Since meridians are equally spaced,

Y =V2sin(r(¢), -3<¢<3

On S2, the area btw Equator and parallel at latitude ¢ is 27 sin ¢.

v - { X = 2\T@9cos(7(¢))), —T<f<m,
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Mollweide - 3

Y =h(9) (X,.Y,)
/ '3 7(0) \

C=E,,

7/

On C, we have Xo = v/2cos(7(4)) and Yo = h(¢) = v/2sin(7(s)).

Since meridians are equally spaced,

v - X = 2\T@9 cos(1(¢)), —m<O<m,
' Y =V2sin(7(¢)), -3<¢<3

On S2, the area btw Equator and parallel at latitude ¢ is 27 sin ¢.
. Strip btw Y =0 and Y = h(¢) has area 27 sin ¢.
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Mollweide - 3
Y=hm

On C, we have Xo = v/2cos(7(4)) and Yo = h(¢) = v/2sin(7(s)).

Since meridians are equally spaced,

v - X = 2\T@9 cos(1(¢)), —m<O<m,
' Y =V2sin(7(¢)), -3<¢<3

On S2, the area btw Equator and parallel at latitude ¢ is 27 sin ¢.
.. Strip btw Y =0 and Y = h(¢) has area 27 sin ¢. .. Strip inside
C has area msin ¢ = V2 cos()h + 2.Lm(v/2)? = sin(27) + 27.
This defines 7(¢) :
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Mollweide - 4

: dX A dY = cos¢df A dg. (Identity 7 cos ¢ = 4 cos?(T)7’
follows from differentiating ‘ msin ¢ = sin(27) + 27‘ (%))

Can't explicitly solve (x) for 7.
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Mollweide - 4

: dX A dY = cos ¢ df A dg. (Identity 7cos ¢ = 4 cos?(7)7’
follows from differentiating ‘ msin ¢ = sin(27) + 27‘ (%))

Can't explicitly solve (x) for 7. But numerically, this is what
Newton—Raphson approximation is for!

t Newton-Raphson “idea”
Initial Guess \ f'(x))
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Mollweide - 4

: dX A dY = cos ¢ df A dg. (Identity 7cos ¢ = 4 cos?(7)7’
follows from differentiating ‘ msin ¢ = sin(27) + 27‘ (%))

Can't explicitly solve (x) for 7. But numerically, this is what
Newton—Raphson approximation is for!

t Newton-Raphson “idea” Graph gf
f(@)=sin(27)+27-1
|

Initial Guess

T < g and
_ _ f(7n)
0=0, Th+1=Tn— 5 .
f'(7n)
Iterates will converge to a root of f(7) = 0.
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Math Of Maps will conclude...

@ Conformal mappings

@ Stereographic projection

@ Mercator projection

@ What does C have to do with it?

Dennis The The Mathematics of Maps — Lecture 3 31/31



