MA-161 (F,06)
Test 4 (Integration and FTC)
210 possible points; 30 for each problem 1 -7. Name
The generd directions are on page 3. Read them first.
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[10 each]
1. Givethe genera antiderivatives of the given expressions. For each, X isthe independent variable. Writethe

problem and your answer using correct “indefinite integral” notation. [Like 5‘ secX dx =tan x + C ]

ex : 1 1 1
a a®+bx+c b. & +2-€inx c. T4+ L+
z R*HX X J1-x

[10 each]
2. Evaluate these definite integrals. Give the exact result. Write the problem and show your work, using notation

correctly.

a [ (ex+2x) dx b. fs%dx C. jf4 a(d+1) du
0 1

1

[20 ptsfor the first question; 10 pts for the second)]

3. Compute 5 kx dx (where k is a positive constant) in two different ways, first by using the definition of

definiteintegral, and, second, by using the Fundamental Theorem of Calculus (Part 2). Tell whichiswhich.

[10for & 5for b; 15 for ]
4. (If you understand the FTC, and you know an antiderivative of 1/x, this question should take no more than a

few minutes.)
Draw the graph of f(x) = 1/x for x > 0 and consider theinterval [1, 3].
Suppose we partition [1, 3] into n equal subintervals, each of length (3 — 1)/n = 2/n. We then use right-hand

n
endpoints to form the n'" Riemann sum: R, = S1 %-f(1+i ,%)
=

a. Onyour graph, draw a picture of the situation when n = 4. Then tell exactly the value of Ry.

b. You have the means to approximate Rys. Find this value rounded to the third decimal place. Tell how you got
your value.

c. [Thisistheimportant part of thisproblem.] Finaly, weconsider lig R,. What isthe exact value of this
limit? Tell how you can find the value without actually having to go through the limiting pr ocess.

[10for & 20 for b]
5. Thegraph of the function y = f(t) at right consists of two lines and a semicircle. q

2 4 4
a Usethe graph to give the exact values of (i) 5 f(t) dt and (ii) 5 f(t) dt. 2l
1 1

b. Let g(x) = jx f(t) dt for O£ x £ 7. Answer these questions about g:
0
(i) Givethevauesof g(0), g(2), g(4), and g(6).

(i) Onwhat interval(s) isgincreasing?

ol

(iii) Where, if at all, does g have arelative maximum? arelative minimum?

(iv) For EXTRA CREDIT, draw agraph of g. (You'l haveto draw your own coordinate system.)




[25 ptsfor a 5, 5,10; 10 ptsfor b]
6. The velocity, v(t), of acar pulling onto an interstate is shown in the graph below. To estimate the total distance

25
the car travels during the first 25 seconds, we would find 5' v(t)dt. We can't find this value exactly, but we can

estimateit by dividing theinterval [0, 25] into equa

subintervals and computing Riemann sums using left &0
endpoints or right endpoints or midpoints of the subintervals. L~
[Note: | know that areagivestotal distance in this problem

situation. Your job below isto explain why areagives E B0
distance] A
H
a. | partitioned [0, 25] into five equal subintervals and : 40
computed one of the Riemann sums to be approximately H
2.5+ 165 + 40-5 + 64-5 + 73-5 . 8
020
-

(1) Isthisaleft- or right-hand or midpoint Riemann sum?

(i) Draw _the rectangles that correspond to this sum on the
graph at right. 1] 5 10 15 20 25

(iif) Explain why the third term in the sum -- the term Tine (seconds)
40-5 -- is an estimate for the distance the car travels betweentimest = 10 and t = 15. (The important thing hereis
to explain why the product 40-5 represents adistance.)

b. What, approximately, isthe total distance the car traveled during the first 25 seconds? Tell how you got your
estimate and answer the question in a sentence.

[aisworth 18 points; b and ¢ are each worth 6 points]

7. A bal is catapulted vertically upward from the bottom of a 64 foot deep hole at the
initial velocity of 80 feet per second. With respect to the coordinate line shown (ground
level is zero, up is positive) S(t) isthe position of the ball t seconds after it beginsits

flight. Ground 0
a. We'regiven that theinitial velocity is 80 feet per second, the initial position is 64 feet

below ground level. We also know that the accel eration due to gravity is a constant 32 of st
feet per second per second. (i) State theseinitial conditionsin termsof the function s s

and itsderivatives. (ii) Then use antidifferentiation to derive an equation for s(t). e .

(Obvioudly you have to show your work. Also, you cannot start with an equation for the
position that you may have memorized. It'sthat equation that you are to derive.)

Note: If you cannot derive the equation, ask meto give it to you so you can do (b) and (c).
b. When doesthe ball reach its apex? How highisit then?
c. Whenistheball at ground level? What is the velocity of the ball then?
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The remaining problems are for EXTRA CREDIT.
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[30 possible]

. .. d _ a .
8a By differentiating, show that (arctan (%)) = Pra (Obviously, you must show your work.)

Thenfind {7 2 ax intwoways
enfin ), Taxe X intwo ways:
b. Approximately, using your calculator program. (Approximate to two decimal places.)

c. Exactly, using the Fundamenta Theorem of Calculus.

Be sure to show what you're doing in both cases.

[20 possible]
9. The graph of acertain function f has the property that the slope of the tangent line at each point (x, y) on the
graph is4x3 —5. The graph also containsthe point (1, 2). Find the equation for the function f.

[30 possible]
10. Use your graphing utility to draw the graph of f(x) = cos x2 on theinterval [0, A/ 320 | Reproduce your graph

on your answer sheet. Note that the graph intersects the x-axis at /g and at ,/ 3§ . In answering the following
guestions, be sure to explain what you did to get the results.

a. Estimate the areaof the region between f(x) and the x-axisfrom 0to /8 .

b. Estimate the areaof the region between f(x) and the x-axis from \/§ toy/ 2

c. Approximate 5/{}? f(x) dx. d. Approximate 5 F f(x) dx.

[30 possible]

11. Hereisa"reduction formula' given in the table of integrals: 5 xNeXdx = x"et — n-j xN—1leXdx.
(&) Show by differentiating that this formulais correct.
(b) Usetheformulato find 5 x2eXdXx.
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GENERAL DIRECTIONS:

Do your work and give your answers on the paper |’ ve provided. (You may do the drawing for Problem 6 on the
test paper.) Answer all problemsin sentences, even thoserequiring anumerical result. Please remember

that a sentence could be assimple as Jf 3x2dx =x3+ C. Show your work and explain what you are doing.

(Your explanations will be graded. "Answers’ without explanations are not acceptable.) An exact value usually
involvesaradica or p or eor In. It isnot adecimal approximation given by your caculator.

Note about EXTRA CREDIT: Asyou know by now, EC points are not nearly asimportant in determining your
test grade as are the points on the required problems. Y ou should therefore always spend time making sure you
have the required problems as correct as you can make them. On thistest, it ispossibleto earn upto 110 EC
points. Because of this, if you think you have not done well on some of the required problems, it would be worth
whileto use the full two hoursto get some of the EC problems done.



