MATH 135 Lecture Notes Sections 4.3 & 7.7
November 9, 2006 Curvilinear Motion

The motion of a object in a plane along a specified path is called curvilinear motion. (page 126,
top of page)

In describing an object undergoing curvilinear motion, it is common to express the x- and y-
coordinates of its position separately as functions of time. Equations given in this form—that is
x and y both given in terms of a third variable (in this case ) —are said to be in parametric
form. The third variable ¢ is called the parameter (page 126, paragraph 2).

To graph the path of an object under curvilinear motion, press the MODE key. Then scroll to the
fourth line and select Par (“parametric mode”) rather than Func (“function mode”).

In Example 4 on page 128 the x- and y-coordinates of a moving object are given by x =1+ 2¢
and y =t* -3t. Enter these in the Y= menu as X,;=14+2T and Y ,,=T"2-3T.
Suggested window:

Tmin=0, Tmax = 10, Tstep = .1

Xmin =0, Xmax = 9.4, Xscl =1

Ymin=-5, Ymax =5, Yscl =1.

When you press GRAPH you will observe the curve being traced out as T (time) goes from O to
10 in increments of 0.1.

TRACE the graph to the point (5, -2). Observe that at this point ¢ = 2.

dy

Use 2ndCalc to find dy/dx, dy/dt, and dx/dt. Show that % - %
X

dt

Now study the analysis in the text.

The velocity of the moving object has two components: v = % =2andv, = % =2t-3.

Knowing v, and v, we can find the magnitude and the direction of the velocity vector:

v

Magnitude: v =,/v} +v. Direction: tan@, = —-
i v

X

When ¢ = 2, as in this example, v|,_,=+v2° +1* =2.24 and tan = %so 0 =26.6°.

The gray box on page 127 summarizes the formulas for both velocity and acceleration. Note that
the acceleration components are the derivatives of the velocity components with respect to time,
that is the second derivatives of x and y with respect to 7.



Now let’s look at an example where the parametric equations involve trigonometric functions.
The classic case involves motion around a circle as in Example 5 on page 259.

x =cos2tand y =sin2¢. Be sure that MODE on your calculator is set for Radian and Par, then
enter these in the Y= menu as X,;=cos(2T) and Y ,;=sin(27T)
Suggested window:

Tmin=0, Tmax = 3.2, Tstep = .1

Xmin =-1.5, Xmax = 1.5, Xscl =1

Ymin=-1, Ymax = 1, Yscl =1.

When you press GRAPH you will see a circle traced out in a counter clockwise direction,
starting and ending at (1,0).

V. =

X

X 2sin2f andv =d_y =2co0s2t.
dt T dt

We are asked to find the magnitude and direction of the velocity when ¢ = %

Substituting into the above equations, we find v_ = —\/E sV, = \/E , v=2,and tan6, = -1.

There are actually two values of 6, for which tan6,6 = -1, 135° and 315°. Study Figure 7-60 on

page 259 to convince yourself that in this case 6, = 135°= £

We can extend the analysis beyond the example in the book to find the magnitude and direction
of the acceleration.

dv, d’x dv, d’y

a, = =——=-4cos2tanda, = =—
dt dt Tooodt dt

=-4sin2¢t. When ¢ = % we can find a = 4 and

tan0, = —1. The acceleration vector points toward the origin and 6, =225° = S—n

(This is an example of centripetal force in physics.)
Study Example 7 on page 128 and Example 4 on page 259.
Exercises:

page 129: 1,3,5,7, 11, 13, 15, 17
pages 260-261: 13,17, 19, 21






