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9.4 Parametric Equations

Consider the path of an object that is propelled into the
air at an angle of 45 degrees. When the initial velocity of
the object is 48 feet per second, it can be shown that the
object foIIowsZthe parabolic path.
y= X +x Rectangular equation
72

as shown in Figure 9.42. However, this equation does not tell the whole story. Although
it does tell you where the object has been, it does not tell you when the object was
at a given point (x. v) on the path. To determine this time, you can introduce a third
variable ¢, called a parameter. It 1s possible to write both x and v as functions of 1 to
obtain the parametric equations

x=M,2 Parametric equation for x

From this set nfequatiun:& vou can determine that at time ¢ = (), the object is at the point
(0, 0). Similarly, at time r = 1, the object is at the point

(242,242 — 16)

and s0 on.

R-_'n.:l'.lu_'__'ulit £ uation: | ¥ P ﬁ .
kI:_;_;‘i Iﬂ‘.—.-— 4 I=3__;.-2
—_ q-/ﬂg:?\[::, 0)
Parameltric equations: (0, Oy .!. jlg ;-; ].;;. d.ii 5I-I f:}.'* ’.l'l- ’
=24,/ =0
y==1602 + 24/
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# S -
Definition of a Plane Curve

If fand g are continuous functions of f on an interval I, then the set of
ordered pairs

(filz), gle))
15 a plane curve C. The equations given by
x = fl1) and v = gli)

are parametric equations for C, and 1 1s the parameter.

b
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Orientation of the curve: By plotting the resulting points in
the order of increasing values of t, you trace the curve in a
specific direction.

Sketch the curve given the parametric equations

x:fz— y:é -251:53

Describe the orientation of the curve
t -2 -1 0 1 2 3
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Sketch the curve given by the parametric equaons

t | x=th+t | y=2t-1 3
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Using a Graphing Ulity in Parametric Mode

Use a graphing ulity to confirm your result.

MODE Y= WINDOW
I ENG Flatl Flotz Flots WIHOOW

~HiTATE+T Tmin=-2
WerB2T-1 Tmax=1

~ar = Tster=,2
War= Amin=-1

nap= HMaR=3
ey = :"‘:5':-].:1

wHyr = Jmin=-6&

TABLE

HwiT Y11

[t o -1 PR =1 =1 g1}

=

2.-5)

t | x=t*+t | y=2t-1

-2 -5

-1 -3
-0.5 -2

0 -1

1 1
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Use a graphing calculator set in parametric
mode to graph the curve

x=t and y=1-¢

Set the viewing window so that -4 < x <4 and
-12 < y< 2. Now, graph the curve with various
settings fort. Use the following.

a. 0<t<3
b.-3<t<0
c.-3<t<3

Compare the curves given by the different t
settings. Repeat this experiment using x = -t.

How does this change the results?
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Eliminating the Parameter

Eliminating the parameter is the process of
rewriting a parametric equation as a rectangular
equation (in terms of x and y)

Steps:
Solve for t in one equaon
Substute in second equaon

When converting equations from parametric to rectangular form, it
may be necessary to alter the domain!
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Eliminating the Parameter

Many curves that are represented by sets of parametric equations have graphs that can
also be represented by rectangular equations (in x and v). The process of finding the
rectangular equation is called eliminating the parameter.

Parametnc Solve for t in Substitute Rectangular

equations :> one equation. |::> in second equation
equation.

x=1—4 t=2y x=(2yP—4 x=4dyi—4

y=1it
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Eliminang the Parameter

‘ x=12-4 Granh
_1 rap
y=1t —

Substute in second equaon

¢

Rectangular equaon
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Study Tip

It is important to
realize that eliminating
the parameter is

primarily an aid to curve
sketching. When the parametric
equations represent the path of
a moving object, the graph
alone is not sufficient to
describe the object’s motion.
You still need the parametric
equations to determine the
position, direction, and speed
at a given time.

March 13, 2017
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|ldentify the curve represented by the equations

1 t
X = y = —
Ji+1 t+1
Solve for t.
Solution

Solving for ¢ in the equation for x produces

11



not.notebook March 13, 2017

Eliminang the Parameter
Idenfy the curve represented by the equaons

Parametric Equaons

Flakl Flekz Flokz

1T ELATET+HL
1 t T T

X=———= and y=_'- (&=

ot t+1 &

* T [ Hir [ Wir

* i E ERRDR | &

x |:>Solve for t in one equaon gL | fRROR | ERKOR

* L Eg%é ZEEEE?

* y :EH?Ei ZEE

* -Substute in second equaon =

%

* =M=

*

YY B 1o Y o)
- Rectangular equaon  [:1E& \
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Find a set of parametric equations to represent the graph of v = 1 — x* using the
parameters (a) f = xand (b)1 = 1 — x.

Solution

a. Letting r = x, you obtain the following parametric equations.
xX=1t Parametric equation for x
y= 1 =12 Parametric equation for y

The graph of these equations is shown in Figure 9.57.

4 r--lj‘"\r-l 4

|\

Figure 9.57
b. Letting ¢+ = | — x, you obtain the following parametric equations.
x=1—1 Farametric equation for x
y= | — '[] - J']'3 =2 -7 Parametric equation for y

The graph of these equations is shown in Figure 9.58. Note that the graphs in Figures
9.57 and 9.58 have opposite orientations.

2

I= Zj'dh\.hlzﬂ

:-3[ i==]
/

-4




not.notebook

Add to your partner paper .
Sketch the curve described by the parametric

equations:
Xx=t-3
y=2+1,-1<t<3

March 13, 2017
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Eliminate the parameter and write the
corresponding rectangular equation for:
x=t-3

y=t+1

March 13, 2017

15
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To eliminate the parameter in equations
involving trigonometric functions...
solve for sin and cos
then use trig identities

Rewrite solving for the trig

x=4cosd function
y=5sin6 cos@ =2
4
sinf) = 2
5
Square both sides
2
cos’ @ = x_2 Trig ldentity
2
sin2«9=§—2 cos’ @ +sin* =1
2 2
Z 4 Y _ 1 What type
4> 5° of graph is

this?

16
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Eliminate the parameter and graph:
X =13 cos @
y=4sin@

March 13, 2017
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Finding Parametric Equations for a Graph

let x = anything in terms of t
substitute that into y to get the second equation

18
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Comparing Plane Curves In Exercises 35 and 36,

do a-c
determine how the plane curves differ from each other.
36. (a) x = 2./1 (b) x =231
y=4- I v=4- 3
(€) x=2r+ 1) (d) x = —2¢2
y=3—1 y=4+1?

19
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Eliminating the Parameter In Exercises 37-40,
eliminate the parameter and obtain the standard form of

the rectangular equation.

3. Crcle: x=h+rcosf,y=k+rsmé

Finding Parametric Equations for a Given Graph In
Exercises 41=-44, use the results of Exercises 37=40 to

find a set of parametric equations for the line or conic.

42, Circle; center; (3, —2); radius: 4

20
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Find 2 different sets of parametric equations for
the given rectangular equation.
y — 1 - X2

*write your own, do not copy from BOB!

21
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