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1. This examhastwelve pagesincludingthiscover. Therearetwelve questions.
2. Useof books,notes,or scratchpaperis not allowed. You may certainlyusea calculator(but not its
manual).
3. Show all of your work! Partialcreditis availablefor many problemsbut canonly begivenif thegraders
understandyourwork. Besureto explainyourreasoningcarefully. Includeunitsin youranswerswhenever
appropriate.Showing your work will show gradersthatyou arenot usingyour calculatorinappropriately.
In general,you will notgetcreditfor work doneon yourcalculatorif we expectyou to do it by hand.
4. Readdirectionscarefully. For someproblems,a brief answeris sufficient, but othersrequireyou to
show all work or give explanations.

PROBLEM POINTS SCORE

1 6

2 5

3 9

4 8

5 8

6 10

7 6

8 10

9 10

10 8

11 12

12 8

TOTAL 100
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1. (6 points)Stateeachof the fundamentaltheoremsof Calculus. Pleaseusebrief, symbolic,
mathematicalnotation(asopposedto wordsandphrases)whereappropriate.

2. (5 points)Calculatethederivativewith respectto � of
� ������� �	��

� ��� 
 �

����� � ���
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3. (3 pointseach)Calculatethesedefiniteintegralsby hand.Show your work.

a. ������ � �	� �������

b. � "!� ��� .

c. ! 
#%$ � ���
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4. (8 points)A circularsectionis theshapeboundedby two radii of a circle andthecirculararc
from oneto another. (A pieceof pie is usuallyacircularsection.)A circularsectionwith angle&
cut from acircleof radius' hasarea(
 ' 
 . Thelengthof thecurvedsegment(just the“crustof the
pie”) is &)' . Find a circularsegmentwhoseperimeter(includingall threeedges)is 10 andwhose
areais aslargeaspossible.
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5. (8 points)Theequation�+* 
-, * �/.10 definesa curve in theplane,andthepoint
� �32345� is on

this curve.

a. (4 points)Find 6
76 � at this point.

b. (2 points)Find theequationof thetangentline to thecurveat this point.

c. (2 points)Whatis the* coordinateof apointonthecurvewhose� coordinateis �38:9�; ? Estimate
usingpartb.
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6. (10 points)As you may or may not have noticed,Baltimorehasweakwater lines, andoc-
casionallypipesbreakunderthestreetsandsidewalks. Whenthis happens,the waterseemsto
bubbleoutof thestreetatanever increasingrate.Assume...

1. Theinitial flow rateof thewateris tengallons/minute

2. The flow rate increaseslinearly (at a constantrate of increase)until it reaches; $ gal-
lons/minute,whenthebreakis repaired.

3. Therepairhappens0 ; hoursafterthebreak.

How muchwateris wastedbeforetheproblemis solved?As usual,show all work.
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7. (6 points)(Thisproblemandthenext arerelated,but mostlyindependent.)Usethemethodof
substitutionto calculatetheintegralbelow. Of course,show all work.

$ ��� �
� 
 � � �<� $

���



8

8. (10points)(Thisproblemandthepreviousarerelated,but mostlyindependent.)
a. (8 points)Usethemethodof partialfractionsto calculatetheintegralbelow. Show all work.

$ ��� �
� 
 � � �<� $

���

b. (2 points)Is your resultthesameasthaton thepreviouspage?Justify.
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9. (10points)

a. (8 points)Computethefirst four terms(constanttermthroughcubicterm)of theTaylorseries
(at � . 9 , asusual)for thefunctionbelow. Simplify your answerasmuchaspossible.

= � ��� .
4

� 4 , ��� 


b. (2 points)Your answerto parta. canbeusedto estimate !> !@? �5A !@BDC (without dividing, which can
bearduous).Whatis this estimate?Is it closeto theactualvalue?
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10. (8 points)Whenmy youngestcat,Lucy, feelsexcited,shestartsrunningrandomly, fasterand
faster, aroundthehouse,until shetires,andthensheslowsdown. Of course,I haveattemptedto
modelherbehavior mathematically, andI havecomeup with this formulafor hervelocity:

E �:F � . 4�G � 4 ,�F � �
Here

F
is time in secondssinceshegetsexcited.

a. (6 points)Accordingto my analysis,how far doesLucy run in thefirst two secondsaftershe
getsexcited?

b. (2 points)Doesthatsoundreasonable?Explain.
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11. (12points)Hereyouwill haveto setup,but not solve, certainproblems,by simplywriting an
integral which answersthequestion.Do not attemptto solve the integrals! For theseproblems,
onceyou have written down thecorrectintegral,you’re done.In all theseproblems,“the curve”
refersto thegraphof * . � ? � C for positive valuesof � . Write anintegralwhichcalculates:

b. (3 points)Thelengthof thecurve.

a. (3 points)Theareaunderthecurveandover the � axis.

c. (3 points)Thevolumeobtainedby rotatingtheareaunderthecurvearoundthe � axis.

d. (3 points)Thevolumeobtainedby rotatingtheareaunderthecurvearoundthe * axis.
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12. (8 points)Usingthetablebelow, calculateasaccuratelyaspossibletheintegral H
 �+I3J J � ������� .

� I � ��� I3J � ��� I�J J � ���
4 4 $ 4�8:� , 938K4
$ 4 0 4�8 � , 938K45�� 4L� 4�8 $ , 938 $
0 4LM 4�8K4 , 938K4
� 4L; 4�8:9 938DNO 4LN $ 8 � 4�8P4
M $ 0 � 8 0 4�8D�


