MAT B41: Week 11 Fall 2022

Week 11: Coordinates and Transformations

The point with polar coordinates (r, ) has Cartesian coordinates (z,y) = (r cos 8, r sin 8).
Sketch the following points (r, §): (v "We e e ( cose | Y 5ine)
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MAT B41: Week 11 Fall 2022

Find three polar coordinate representations of the point (z,y) = (1,1).
Warning: There are infinitely many!
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MAT B41: Week 11 Fall 2022

Sketch the polar following polar curves:
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MAT B41: Week 11 Fall 2022

Find all the points of intersection between r = cos(26) and r = 1/2.
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MAT B41: Week 11 Fall 2022
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MAT B41: Week 11 Fall 2022

/Sketch the region E= 1, 9)‘: 0<0<T 0<r< B,
/‘/Calculate the area of J§ by comparing it to a circle of radius R.

e Write a Riemann sum for the area bounded by r = f(6) where a < 6 < b.

e Write an integral formula for the area bounded by r = f(6) where a < 6 < b.
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Fall 2022

Calculate the area bounded by one “petal” of the curve r = cos(26).
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MAT B41: Week 11 Fall 2022

A point with cylindrical coordinates (r, 0, z) has Cartesian coordinates

(@, 2) =.(rcosd, rsind, z),

7L
Idea: Cylindrical coordinates are “polar x cartesian.” m ~ (ll, |

N s

Figure 1.4.2 from M&T p. 53
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MAT B41: Week 11 Fall 2022

Convert the point following (cartesian) points to cylindrical coordinates: q
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MAT B41: Week 11 Fall 2022

Convert the following surfaces to cylindrical coordinates:

Cone 2% =12 + 4?2

Paraboloid z = z? + 32

Sphere z2 + 12+ 22 =1
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MAT B41: Week 11 Fall 2022

The spherical coordinates of a point with Cartesian coordinates (z,v, 2) are (p, 6, ¢) such that:

(o) = (psm¢cos¢9 p81n¢>81n9 pcos )
where 0 < p, 0 < 0 < 2, an@\ ::\Mnemomc ¢ is for z-axis and has a vertical line in it.

Figure 1.4.5 from M&T p. 55
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Convert the following points (x, vy, z) to spherical coordinates.
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MAT B41: Week 11 Fall 2022

Let D* C R2. A C?function T : D* > R? is a transformatlon( or ma;)mf the plane.
We write: (z,y) = T'(z*,y*) to distinguish the output (z,y) from the INPUbLwE ™)

Translation For any (a,b) € R? we have a transformation given by T'(z*,y*) = (z* 4 a,y* + b).
Linear Maps For a 2 x 2 matrix M, we get a transformation T'(z*,y*) = M [z*} ;

Polar to Cartesian We can transform polar coordinates (r, ) in to cartesian coordinates:

T(r,0) = (rcosf,rsind).

*i: (oD (et ¥ V)

| \)‘74{
" T
LO W)
7('( 5 %(

(.0\0\ (1,0)
T NG\ >(\\9V\ Mb Ced) b\
N X
5, "o fﬂ (¢ [C i )
_ (W)
(o) (n,C
(\zvx% T —) X*

L\V\ QN N\”\VB

o ﬁm Hexe we uee
N r

0% RN |
anoid Yexrmas \i ke

cos(1) aeh S ().

?@\W‘( [00((}5

© Parker Glynn-Adey 2022 p. 140 Version: 1.0




MAT B41: Week 11 Fall 2022

A map T : D* — D is one-to-one (or injective) if T'(x) = T'(x’) implies x = x.
A map T': D* — D is onto (or surjective) if for all x € D there is x* € D* such that: T'(x*) = x.

If a transformation is one-to-one and onto then we say that it is bijective.

*

When is a linear transformation 7'(z*,y*) = M B*} bijective?
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MAT B41: Week 11 Fall 2022

Consider a translation transformation 7' : R? — R? given by T'(z*,v*) = (a + z*, b+ y*).
Show that 7' is one-to-one and onto.
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MAT B41: Week 11 Fall 2022

Consider a translation transformation 7' : R? — R? given by T'(r,0) = (r cos 0, r sin ).
Show that 7" is onto but not one-to-one.
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Follow-Up Question: What restricted domain D* C R? would make T one—to—oné/?
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