Math 141 Spring 2015

Section 11.1: Parametric Equations

Motivation: We can describe a particle’s motion by specilying its coordinates as a {unction of
time £

v = f(1) y=g(l). (1)
In other words, at time £, the particle is located at the point
e(t) = ([(1), (1)) (2)

Definition: The equations in 1 arc called parametric equations, and their graph is called a
Lelipition: !
paramelric curve. We refer to ¢(1) as a parameterization with parameter (.

Note: Because x and y are functions of £, we often write ¢(l) = (x(t), (1)) instead of (f(1), g(t)).
Example 1: Sketch the curve with parametric equations

z=92-4 y=3+1 (3)
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Example 2: Describe the parametric curve
c(t) = (2t — 4,3+ 1?) (1)

in the form y =

@fofMZ’C”f X, === bt

(x#f

[
(D Plug in € inte 3+¢%

)/;24-&’&: 3 4 /K"-Ejjl =% 4 (vw:)l

Example 3: A bullet follows the trajectory
c(t) = (80,200t — 1.91%). (5)

What is the bullet’s height at [ =

= hcghF
ey
oo & ~Y.q¢?

yl5)= Te0-5 4.9 (5)* =5§77.5
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Example 4: Verily that the ellipse with equation (;f )2 + (%)"J2 =1 is parameterized by

c(t) = (acost, bsinl) -r<t<x (6)
X = a cos {;/ y = bsint
(Y)"- ( V)'L,h atest\? bS"MeJ'l
— + e 52 i +
q b a b
= CCJSzé + S/'fll'é
= ! . WTﬁ.cc(/

Theorem: (Slope of the Tangent Line) Let ¢(t) = (1), y(1)), where x(1) and y(1) are differ-
entiable. Assume that 2(¢) is continuous and 2'(£) # 0. Then

d
dr %rt_ (1)

Example 5: Let (1) = (12 + 1,1 — 41). Find:
(a) An equation of the tangent line at £ = 3.

n ‘3 z\ -
dy ylg 3Lt di)!/ 230399 a3
C(X X4 ?E Xt:;

(3= (3" +1, 53 -4-3) = 10,15)

=2 \/~/5="Zf‘(><’/°)

o
S(r)(?e =0 = Z;_Y =0

(b) The points where the tangent is horizontal.

dy o — ¥ _ dx
d,;Z,O ’dt <O ond ¢ *0O

:y'(é):3é"-‘f"-‘>6=f’z'
(BY:-(F, 55 (-5)-(% 3%

K01 -2€ = x'(1F) 20
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Section 11.3: Polar Coordinates

Definition: (Polar Coordinates) We label a point P by coordinates (r,8), where r is the distance
to the origin O and # is the angle between OF and the positive r-axis. By convention, an angle is
positive if the if the corresponding rotation is counterclockwise. We call » the radial coordinate

Cra?[n. F"‘.' C E)—zﬁ/:-)

and # the angular coordinate.
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Note: We have ihe following relationships between rectangular and polar coordinates: Polar to

Rectangular:
r = rcost C _ o
Af S5 2
y = rsin# ’L}/ (8)
X
1

Rectangular to Polar:

P
ro= vty reos©
N | (9)
tanf = = (z#£0)
7

Example 1: Find the rectangular coordinates of the point Q = (3, %), which is in polar coordi-

nates. —
77, )3
X = 3 Cos g /é T TS 0=

r=3
y: 350 7 Y

Q- (-22,%)

Example 2: Find the polar coordinates of the point P = (3,2), which is in rectangular coordinates.

r=337% = I3

©=tea(%) 0558

3
~ Al i
F:(i3, ta'( %))
Example 3: Find two polar representations of P = (=1, 1), one with » > 0 and one with r < 0.

Y\___Eé.[)'?._'_l‘z:\)'—i \s L/(-:.r?:

G = %"—M-‘("D:”% ?0 +1
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