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5.2 | THE DEFINITE INTEGRAL

SECTION 5.2 THE DEFINITE INTEGRAL =

D Click here for answers.

1-7 = Use the Midpoint Rule with the given value of n to approxi-
mate the integral. Round the answer to four decimal places.

5, _ 3 1 _
I.fox dx, n=25 Z.L _7dx, n=4

2x

3. [T+ x2dx, n=10
IV

4. L’TM tanxdx, n=4

10 _ T _
5. fo siny/xdx, n=35 6. JO sec(x/3)dx, n=06

7. rxlnxdx, n=+4
2

8-9 = Express the limit as a definite integral on the given interval.

8. lim D, [2(x¥)* — 5xF]Ax, [0, 1]
=1

9. lim Y /xF Ax, [1,4]

S
n i=1

10-19 = Use the form of the definition of the integral given in
Theorem 4 to evaluate the integral.

10. Lhcdx 1. ﬂz (6 — 2x) dx

12. J‘f (x* = 2) dx 13. f (2 + 3x — x?) dx
14. JOI (ax + b) dx 15. J: (2x* — 3x — 4) dx
16 ' =+ var 17 |7 (Px* + Qx + R) dx
18 " (' + 42 ax 19. [ — 20+ 3)ar

B Click here for solutions.

20-23 = Evaluate the integral by interpreting it in terms of areas.

20. J’]3(1 + 20) dx 21. ﬁl(z — X dx

2. |7 (1 - |x[)dx 2. ['[3x - 5dx

24-27 = Write the given sum or difference as a single integral in
the form " f(x) dx.

24. f Fx) dx + f * F(x) dx + L‘z £(x) dx
25. ij(x) dx + f(:f(x) dx
26. LIO f(x) dx — J: f(x) dx

27. f: f(x)dx — fi f(x)dx + f: f(x) dx

28. If [} f(x) dx = 1.7 and [} f(x) dx = 2.5, find [} f(x) dx.

29. If [} f()dt =2, |} f()dt = —6, and [} (1) dt = 1,
find [} f(7) dt.

30-32 = Use Property 8 to estimate the value of the integral.

30. fﬂ (x* + 2x) dx 31. fﬂm cos x dx
-3 /4

32 | 1+ xtdx
-1
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2 = SECTION 5.2 THE DEFINITE INTEGRAL

5.2 | ANSWERS

A Click here for exercises.

24.

25.

26.

27.
28.
29.
30.

3.

32.

"4
. 140.25

o © =

. 153.125
. —0.7873
. 1.8100

. 0.3450

. 6.4643

. 3.9379

. 6.6969

. f01 (29:2 — 5m) dx
[ zde
. (b—a)c
.9

. 15

Q wle

3 3 2 2
.P(%—%) +Q(%—%) +R(b—a)

4
b + 202

12 1 (@) dae
I3 f (@) dw
20 f (2) d
I3 f (z)dw
—0.8
-9

—3< [°, (a® +22) dw < 9.
21 < f:/fcosxdx < %

2< [T VIt atde <22

Bl Click here for solutions.
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5.2 | SOLUTIONS

SECTION 5.2 THE DEFINITE INTEGRAL = 3

A Click here for exercises.

1. The width of the intervals is

partition points are 0, 1,2, 3,

Az = (5—0) /5 =1so the
4,5 and the midpoints are

0.5,1.5,2.5, 3.5,4.5. The Midpoint Rule gives

5
fc? e =~ Y f(T) Ax
=1

= (0.5)° + (1.5)* + (2.5)® + (3.5)® + (4.5)*

= 153.125

2. The width of the interval Az = (3 — 1) /4 = 0.5 so the
partition points are 1.0, 1.5,2.0,2.5, 3.0 and the midpoints

are 1.25, 1.75,2.25, 2.75.

4

[329:— Z xl)A

x

1 1
=05 [2(1.25) —7 Y am) =
PN U A—
2@25)—7 | 2@ -7
~ —0.7873

3. Az = (2—1) /10 = 0.1 so the partition points are
1.0,1.1,...,2.0 and the midpoints are 1.05,1.15,...,1.95.

2 10
/ Vit a2de =) f (%)
1 i=1

Az

=0.1 [\/1 + (1.05)* + \/1 + (1.15)?

4ot 1+(1.95)2]

~ 1.8100
4. Az = % (£ —0) = £ so the partition points are 0, 7%, 2%,
3% 4% and the mldpomts are 25, 3%, 52 7% The Midpoint
Rule gives

f Mtan:ﬂdm ~ (%) (tan— + tan 3Z

=~ 0.3450

32

+ tan3—72r +tan3—72')

5. Az = (10 — 0) /5 = 2, so the endpoints are 0, 2, 4, 6, 8, and
10, and the midpoints are 1, 3, 5, 7, and 9. The Midpoint
Rule gives

J3Psiny/zde ~ i f (@) Az

=2 (sin\/IJrsin\/g
+ sin\/f_)Jrsin\/’?Jrsin\/é)
~ 6.4643
6. Az = (m —0) /6 = Z, so the endpoints are 0, %, 2%, 23X,

and the midpoints are =&, 3* 5r Tz 97

4w 5w d6‘_7r
12° 12> 12° 12° 12°

6> 6°

and £&. The Midpoint Rule gives

Mc»

fg sec (z/3)dx ~ f (@) Az

=1

T s . 3w . 57
= 3 (BGC 36 + sec 36 + sec 36
11m
+ SGC— +SGC— +SGC—)

36
3.9379

Q

7. Az = (4 — 2) /4 = 0.5, so the endpoints are 2, 2.5, 3, 3.5,
and 4, and the midpoints are 2.25, 2.75, 3.25, and 3.75. The
Midpoint Rule gives

[lemadr ~ i](il) Az [f(z)=zInz]

— 0.5[f(2.25) + f (2.75) + [ (3.25) + f (3.75)]
~ 6.6969

8. On [0, 1],

lim Y [2(z])* —52;] Az = [} (22% — 5z) da.

n—oo /7

9. 0n[L,4], im Y /2] Az = [ /zdz.
n—oo [

10. f cdx = hmb—Zcf fim 2=

n-—0o0 n =1 n-—o00

a
nc

= lim (b—a)c=(b—a)c

n-—o0
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4 = SECTION 5.2 THE DEFINITE INTEGRAL

11. ff 6 — 2z)dx = lm gz [6—2(—2+%)} 15. f83(2x — 3z —4) dx
—o0o N ;27 n
: 3o 3i\° 3i
9 18: = 1im—z[2(—3+—) —3(—3+—)—4]
= lim = 10 — —
nglgonzzzl[ 'I’L:| nﬁmnz:l n
(90 » 162 .3 [182 45
= lim |— - == = lim = = = 4923
s |5 5 fm 3 | e
. [B4 2, 1352 . 69
i |2 _L‘QQM} i _32@2__@”_21}
n—oo | M n 2 n—oo i=1 i=1 i=1
[ 54 on+1) 135 1
— lim 90_81.1(1+l)} — lim TM_TM }
n—oo | n n—oo | M 6 n 2 n
=90 -81=9 = lim 9~1(1+l (2+1)—§~1(1+1)+69}
12, [*(2* - 2)d el " " 2 "
T — XL
' \ a2 —9.2-13 } 69—-195
. i 2
= dm X (1+g) —2] 6 [1 (P —t2 +1)dt
-\ 3 2
.3 9% 6 w2 (1) (g 1
:ngog;[ﬁm—l} RN Dl | to) T
o [or ey, 18 o2 [/8&® 12 6
7nlg£>lo nd = +n—ZZZ——Zl} 7nh~r»1;>lo?Lz;|:(F_ n2 +g_1
2 .
~ bm 27 n(n+ )(2n+1)+18n(n+1)_§ B 4L—£+1 1
n—oo | N3 6 n? 2 n n2 n
TR 1 1 2. (& 162 104
7nh~rvrolo |2 1(1+E) (2Jr )+9 1(1+n)_3} :nlg%oﬁz;{ﬁ_ n2 +__1}
5 n —o00 n4 = 'fL3 = n2 = n =
13. [0 (2432 —2”) da L= i= = i=
: 2 o [16m° (4 1) 32n(n+1)(2n+1)
. 4 43 43 = lim |— 3
= 1lim - S [243(14+=)—(14+—= n—oo | M 4 n 6
n—oo 1 ;—q n n
Jr20n(n+1) Qn}
zhméz[_%JrﬁJﬂl} n 2 n
e lomn o [ 1\? 16 1 1
i 642 o 1632 . 16 & 1 :nlingo 4-1° (1+E) 3 (1+E) (2+E)
B PO P IS -
1
[ Gdn(n i) @nt1)  16n(@ntl) 16 +10.1(1+_)_2}
= lim |—— +—n n
n—oo | m3 6 n2 2 n . ,
. 32 1 1 1 =5 +10-2=3
= lim — 114+ = 24+ —)+8-1(1+—)+16 b
nooo |3 n n n 17. [0 (P2® + Qz + R) da

64 8
:__+8+16:_ n _ 2
? ? ) , hm—aZ[P( “z')
W [} (az+b)dz = lim = {a (1) +b} =l
n—oo M ;1 mn —a
n—oo | N° =7 ni= n ( a)2 o
. an(n+1) b } :nler;o 2{ n2 !
= lim — +—-n =
n—oo | M 2 n _a q
a 1 a + (2Pa + Q) i+ (Pa’ + Qa+ R)
= lim |=-1(1+—)+bl == +0b ]
e |2 n 2 (b—a)® & (b—a) &
9 - -9 - .
+(Pa2+Qa+R)bnai1
i=1 |
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s (b—a)’n(n+1)(2n+1)
= lim [P 3 5
+(2Pa+ Q) %w

+ (Pa2+Qa+R)b_a

o [FO= (1 1) (24 1)
+(Pa+§)(b—a)21(l+%)

+ (Pa2+Qa+R) (b—a)]

_plt _3“)3 + (Pa+ g) (b—a)?

+(Pa2+Qa+R)(b—a)

3 3
:P(%—b2a+ba2—%

2

»®  d® b2 a?
*P(i—ﬁ)w(a—?)*

18. fob (9:3 + 49:) dx

b? a?
+Q(§—ab+—+ab—a2) + R(b—a)

R(b—a)

Il
:i—i
li—'
g8
SRS
i7:
| —— |
N
3|
N————
w
+
W=~
/N
IS
N————
| I

b4 n 3 2 n
,nlggo —421 +4—2§1’L:|
. [bt n?(n+1)? n(n+1)
:nlggo _F 4 n2 2
. )
= lim b—-12(1+1) +2b2-1(1+1)]
n-—o00 4 n n
b4
== +2?
4+
9. ) (t3—2t+3)dt
3 3 3
= lim =% (2+ Z) 2(2+ Z)+3
n [ -3
= lim §Z —27; +—54Z +&+8 4—@+3]
nﬁoonizl_n
. 3. 27 54d% 304
:,}E‘E.‘OE;_F+7+_”]
n 162 90 »~ . 21 2 ]
:hm[ Z +—Z += it =31
n—00 n° ;=1 n ;=1 ]
. 81n? (n+1)> 162n(n+1)(2n+1)
:JL“E.‘O[H 1 s 6
9_On(n+1)+21
n? 2

+ab® —2a%b + a® + a’b — a3)

SECTION 5.2 THE DEFINITE INTEGRAL =

2
= lim [ﬁ-ﬁ(ul) +27-1(1+1) (2+1)
n— oo 4 n n n
1
+45-1(1+—) +21]
n

20. |, 13 (1 + 2z) dx can be interpreted as the area under the graph
of f(z) =1+ 2z between x = 1 and x = 3. This is equal
to the area of the rectangle plus the area of the triangle, so
fPa+2r)dz=A=2-3+3-2.4=10.

Or: Use the formula for the area of a trapezoid:
A=1(2)(B+7) =10
y

— 8L 4 544 45+ 21 = 140.25

3.7

51
(1,3)

ol 1 2 3 «x

— Ay, where A; and
A, are the areas of the triangles shown. Thus,
P @-x)de=1-3.3-1.1.1=4

21. fi)'l (2 — ) dz can be interpreted as A;

- 0‘ Z\LX

2. [ 32 (1 — |#]) d can be interpreted as the area of the middle
triangle minus the areas of the outside ones, so
[, Q-|a)de=1-2.1-2-1.1.1=0.

v

2. [, 5’ |3z — 5| dx can be interpreted as the area under the graph
of the function f (z) =
This is equal to the sum of the areas of the two triangles, so
JoBz—5lde=4-5-5+3(3-5)4=%.

|3z — 5| between z = 0 and = = 3.

I 2 3%
u. [P f(x)de+ [5f(x)de+ [}° f(x)dx
*fl x)derf (x)dx =[] 12y f(x)dx

5
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27.

30.

3.

32.

ST @dat 2 (@)da
*fo x)dx+f5 x)dx*fo (x)dx

. f f(x) dx—f2 (z) dx

= [T f(@)de+ [}° f(z)de— [] f(z)dz = [}°f(x)da

2 f(@)yde — [°, f (z)dz + [L f () da

= [° f(@)da+t [0 f(z)de— [, f (z)dz+ [ f (x)da
= [ f(x)dx

R x)dx+f5 gn)clchf2 (x)dz =

[ f(x)de +25=17 = [ f(z)dz=—0.8

RO [ ©a [ [ o

= 2+ [f@®)dt+1=-6 =

[Pr)dt=-6-2-1=-9

If f(z) = 2% + 22, =3 <2 < 0, then f' () =2x +2 =0

when z = —1, and f (—1) = —1. At the endpoints,

f(=3) =3, f(0) = 0. Thus the absolute minimum is

m = —1 and the absolute maximum is M = 3. Thus

—1[0 — (=3)] < [°, (2* + 22) dx < 3]0 — (=3)] or
—3<f T +2x)dx<9

(«?
<z< 3, then—<cosx< ‘/_ , SO
) <

If =
1(z-z ”/ cosx dr < f(g—g)or

= <f7r//43cosxdx< Von
For—1<z<1,0<z*<landl1<+v1+z*<+2 50

~1)] < [T VIt atde <V2[1— (=) or
2< [T VIt atde <2v2.



