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FIGURE 5.29 

EXERCISES for Section 5.4 

Section 5.4 I The Fundamental Theorem of Calculus 267 

Now, from_ the Mean Value Theorem for Integrals we know there exiSts a 
number_ c 1

~ the interval [x, x + Ax] such that the integral in the above 
expres

st
on is equal to /(c)Ax. Moreover, since x ~ c ~ x + ax, it follows that c ➔ x as Ax ➔ 0. Thus, we have 

F' (x) == lim [} f(c)Ax] = lim /(c) = f(x). 
Ax .... Q uX Ax--o 

REMARK Using the area model for definite integrals, we can view the approximation 

f(x)A.x "" f +Ax f(t) dt 

as saying that the area of the rectangle of heightf(x) and width A.xis approximately 
equal to the area of the region lying between the graph off and the x-axis on the 
interval [x, x + A.x], as shown in Figure 5.29. 

Note that the Second Fundamental Theorem of Calculus tells us that if 
a function is continuous, then we can be sure that it has an antiderivative. 
This antiderivative need not, however, be an elementary function. (Recall the 
discussion of elementary functions in Section 1.5.) 

EXAMPLE 6 Applying the Second Fundamental Theorem of Calculus 

Evaluate 

d rx 
dx Jo Yt2+1 dt. 

SOLUTION 

Note that/(t) = W+1 is continuous on the entire real line. Thus, using 
the Second Fundamental Theorem of Calculus, we can write 

In Exercises 1-24, evaluate the definite integral. 9. r (:2 - l) dx 10. { (3x3 - 9x + 7) d.x 

12. f 3 

v113 dv l. f>x dx 

3. ( (x - 2) dx 

S, fi (t2 - 2) dt 

7
· I: (2t - 1)2 dt 

2. J: 3 dv 

4. J: (-3v + 4) dv 

6. J: (3x2 + X - 2) dx 

8. f I (t3 
- 9t) dt 

11. r (5x4 + 5) dx 

13. f 
1 
(Vt - 2) dt 

15. f u~
2 

du 

r1 X -Vx 
17. Jo . 3 d.x 

-3 

14. f ~dx 

16. J_~l ( u - ~2) du 

18. J: (2 - t)Vt dt 
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.,_ r. ,,13 - ,.S,• 

n. f. w• 
l.\. r ~ --h ,.. 11 dr 

lll. - ---b [

I .r - r 
1 1V.r 

Z1. £ lh - 3l b 

U. f I !i3I d.J 

In E.e.cises 25-30. detennine the area of the indicated ..... 
2'. J ::::-r 7 1x T 3 

D. y :::: I - ~ 

C\ 
s . J' = \1/h 30. J = (3 - .r)\ ri 

In Exen:ises 31-34, find the area of the region bounded 
by the graphs of the given equations. 

31. y = 3.x2 + I • .r = 0, .x = 2, y = 0 
32. J' = l + ½, .x = 0, .r = 4, y = 0 
33. )' = .r3 + .r, .r = 2, y = 0 
34. y = - .r1 + 3.r, }' = 0 

In Exercises 3~38. find the values of c guaranteed by 
the Mean Value Theorem for Integrals for the given func­
tion over the specified interval. 

F,mcti,on 

JS. /(.r) = .xl 

9 
36. /(x) = 3 .r 

[TllO\•al 

[O, 2] 

[l , 3] 

~ 
(0, 3) 
(1, 9) 

iseS 39-42, sketch the ~ Ph Of !f4,,~ 

I~ ExelC the specified !ntertal. Flfld the:~ ,. 
tiOO u,effu-w.n u,ef the interval anc1 au'°"'~~ · of the JIii--'--" • -~ • ~ 
the functiOO equals its average Yahle. Qi ~ ... '::-, 

F,a,aioft_ __ 

,9. J<.r> = 4 - r r + i 
.tO. / (x) == ~ 

- 1'6 41. f(x) = .r -
l 

C. /(x) = (.I - 3)2 

~ 
[ -2. 2) 

H.2] 
[O, 4) 

[O, 2) 

In Exercises43-48, (a} int~teto find fasa t-;::-. 
of :c and (b) demonstrate the-~ F~~ ,> 
rem of Calculus by differentiating the result Gi Rt:; 

43. Ft-c) = r ( I + 2) dJ 44. F(I) = r ,(i'. ' . 

45. F(.r) = J: eft d1 4'. F(I) = r \ ~.: 
·:x I 

47. F(.r) = J
1 
p dJ 

In Exercises 49-52, use the Second Fur~~­
Theorem of Calculus to find P (.r). · 

49. F(.r) = J:
2 

( 12 - 2t + 5) dJ 

SO. F(.r) :::: r 'if", dJ 

51. F(.r) = r 
1 
W+} di 

r ,2 
52. F(x) = )1 ,2 + I dJ 

53. The rnlume V in liters of air in the lllllg) d;Jq · · 

second respiratory cycle is approximared ~ 0: re? 

V = 0.17291 + 0.15'712 - 0.0374r3 

where tis the time in seconds. Appro~ tt r.:. s 
•. . """Clt volume of air in the lungs during one • 1 • • : 

J~.,.-54. The velocity v of the flow of blood :u a tm •• _ . 

the central axis of an artery of radius R i5 ~'~" · 

V = k(R2 - r-"') 
,. _ 

where k is the constant of ~ ooi? . ~ ; 
ood -'ooo ~ r~' average rate of flm~' of bl ;u . = ~ ;,-, :-~-

anery. (Use zero and R as I.be lirruts 01 ,.. ••• 
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