MATI1500-04/06 O4F Final Exam  Print Name (Last, First):

El 1. limear approximation
a) Find the linear approximation I.(x) to the function f{x) =1n{ 1 + x) at the reference point x = 0.
b) How 15 the graph of f related to the praph of the In function? Make a rough hand graph of f and
L on the interval x = -1..1. I= the linear approximation too high or too low? Explain why based on
second derrvative mformation.
c) Use the linear approximation to approximate In(1.1) and evaluate the actual error = approx -
exact. [1.1 =1+0.11]
d) Plot the function error L{x) — f{x ) with technology by trial and error on the horizontal window
and find the interval where thiz error iz less than 0.1 in absolute value, reporting it= endpoints to 2
decimal place accuracy. Make a completely labeled sketch of what yvou see. Is thiz interval
compatible with the ermrer you found in part c)?

F| 2. related rates, differentials

a) The mechanics at CarTalk Central are boring a 6-in-deep cylinder to fit a new piston. The
machine they are using increases the cylinder's radius one-thousandth of an inch every 3 minntes.
How rapidly 1z the cylinder volume (recall F'== o } increasing when the bore (diameter) 13
3.800 1n? Grve yvour result to 3 sigmificant figures (number of digits, not number of digits after the
decimal point).

b) Starting with a bore diameter of 3.500 1n, if the radivs increazes by 003 inches, use the
differential approximation to evaluate the approximate increaze in the volume. What are the
approximate percentage increazes in radins and volume?

|;| 3. max/min function
1

Vo' 16’ +256
a) Find the exact and 3 significant figure (number of digitz. not number to nght of decimal pont)
accurate valoes of the frequency @ (0 = @) and ampliinde 4 of this amplitude-versus-frequency
resonance response function for a damped oscillator at 1tz peak:
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b) Explain why this has to be the global maximum, uzing derivative information.



E 4. max/min word problem

Consider two real numbers between 0 and 1 (inclusrve) whose sum 13 1. How should they be
chozen (exactly, not decimal numbers) so that the cube of the first plus 4 times the cube of the
second:

a) is maximum {and what 15 that maximuom value?)

b) iz minimwm (and what 13 that minimum value?)?

Make sure your Englizh sentence responses to each question are unambignous to the reader
without referring to vour derivation. Support vour conclusions by hand work as though yvou did
not have techology to make a graph. Then confirm vour work with a rough hand sketch from a
technology graph, labeling all key points by both coordinates.

=| 5. roadmap graphing

Conzider the graph y = f{ x) for the function [note: exp(-x/2) not exp(-1/2x)) ]

(-1/1x)
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a) Evaluate the x and y intercepts and state and evaluate the limitz of f as x approaches +w/-=
{vsing L Hopital's rule when appropriate). Does f have any honzontal asymptotes? If so, what are
their equations?
b) Evalvate the first and second derivatives step by step and factor the results.
c) Find the zeros of the first and second derivatives by hand.
d) Make z1gn charts for £ f' and £" and above them draw a stick figure graph and concavity icons
as appropriate.
e) Identify the exact (and 2 decimal place accurate values of the) coordinates (x,¥) of points on the
graph of f which are entical points. indicating whether they are local maxima or minima or
nerther.
f) Identifyy the exact (and 2 decimal place accurate values of the) coordinates (x,)) of points on the
graph of f which are points of inflection
g) Make a roadmap plot of f showing all of these points including intercepts labeled by
approximate 2 decimal place values of their coordinates, identifving critical points by C{x,)) and
inflection points by I{x,y), and write in the equations of any horizontal asymptotes, identifying
them as well.

Inztructionz. Show all work, including mental steps, n a2 clearly orgamzad way that speakes for 1tzelf. TUse proper
mathamatical notahon, 1dentifying expreszions by their proper symbols (mfroducing them if necessary), and use amrows
and equal s1zm= when appropriate. Always smmphfy expressions. BOX final short answers. LABEL partz of problam. Ksep
answers exact (ho decimal approxmations, if pozsible). After vou are done, sign and date:

"Durmnz this examimation. all work has been my own I grve oy word that I have not resorted fo any ethacally questionable
means of mproving my zrade or anyone elsa's on this examimahion and that T have not discussad this exam with anyone
other than mv mstroctor, nor will I untl after the exam period is terminated for all parficipants.”

Signature: Date:



