CONCEPTUAL TooOLS

By: Neil E. Cotter

ROSETTA STONE METHOD

GRAPHICAL MATH
Derivative

Ex1

EX: Given x(¢) shown in Fig. 1, sketch

dx(t)

dt

using the blank axes below in Fig. 2.
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Fig. 1. Example function.
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Fig. 2. Blank axes for plotting derivative of X(7).
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EX 1 (CONT.)

SOLN:

Fig. 3 shows the derivative of x(¢), which steps up by two units at —4.5
and steps down by two units at —3.5. The derivative of a unit step is an
impulse, 6(¢). Thus, we get impulses (shown as lollipops) of area 2 and

—2 for the rectangular pulse between —4.5 and —3.5 in x(¢).

The derivative of sin(zt) is mwcos(mr) using the chain rule. The
derivative steps up by m at r = —2, since the derivative suddenly

changes atr = —2.

The derivative changes suddenly again at r =2. The downward slope
-2
(i.e., derivative) at t = 2 is A_)t] =01 = —2. The slope is constant up to

t=3, after which x(t) steps up by two units, causing another impulse

function (of area 2) in the derivative.

Elsewhere, x(¢) is horizontal with a derivative of zero. Note that a

derivative may zero for horizontal segments that are nonzero.
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Fig. 3. Derivative of x(1).
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Ex:	Given   TexMaths12§display§x(t)§svg§600§FALSE§ shown in Fig. 1, sketch   TexMaths12§display§\cfrac{dx(t)}{dt}§svg§600§FALSE§ using the blank axes below in Fig. 2.





Fig. 1.  Example function.





Fig. 2.  Blank axes for plotting derivative of   TexMaths12§display§x(t)§svg§600§FALSE§.

Soln:		Fig. 3 shows the derivative of   TexMaths12§display§x(t)§svg§600§FALSE§, which steps up by two units at −4.5 and steps down by two units at −3.5.  The derivative of a unit step is an impulse,   TexMaths12§display§\delta(t)§svg§600§FALSE§.  Thus, we get impulses (shown as lollipops) of area 2 and −2 for the rectangular pulse between −4.5 and −3.5 in   TexMaths12§display§x(t)§svg§600§FALSE§.

The derivative of   TexMaths12§display§\sin(\pi t)§svg§600§FALSE§ is   TexMaths12§display§\pi\cos(\pi t)§svg§600§FALSE§ using the chain rule.  The derivative steps up by   TexMaths12§display§\pi§svg§600§FALSE§ at   TexMaths12§display§t = -2§svg§600§FALSE§, since the derivative suddenly changes at   TexMaths12§display§t = -2§svg§600§FALSE§.

The derivative changes suddenly again at   TexMaths12§display§t = 2§svg§600§FALSE§.  The downward slope (i.e., derivative) at   TexMaths12§display§t = 2§svg§600§FALSE§ is   TexMaths12§display§\cfrac{\Delta y}{\Delta t} = \cfrac{-2}{1} = -2§svg§600§FALSE§.  The slope is constant up to t=3, after which x(t) steps up by two units, causing another impulse function (of area 2) in the derivative.

Elsewhere,   TexMaths12§display§x(t)§svg§600§FALSE§ is horizontal with a derivative of zero.  Note that a derivative may zero for horizontal segments that are nonzero.



Fig. 3.  Derivative of   TexMaths12§display§x(t)§svg§600§FALSE§.



