4 Iﬁtegration

‘Section 4.5 Integration by Substitution

J' S (g(x))g’(x) dx u = g(x) du = g'(x)dx

1. I(sz + 1)2(16x)dx 8x? + 1 16x dx
2[5+ 1ax X+l 3x% dx

3. J'tan2 xsec? x dx tan x sec? x dx

4. fc?os;x dx .sinx cos x dx

sin? x
.
5. [(1+6x'(6)ar = +56") +C

5
Check: i (1_*'2‘)_ +
dx 5

C| =60+ 6x)

6 [(x* - 9(2x)dx = (- ) +C

4
Check: gx— Q_;._?)_ +Cl = 4(x24— 9) (2x) = (xz _ 9)3(2x)
' N2
% [NB )i = B )

+C = E(25 - x2)3/2 +C
3
d|2 32 2(3 12 X
Check: E[E(ZS - x2) + C:, = 5(5)(25 - xz) (-2x) = V25 - »? (=2x)

(3 - 42"

8. [Y3-a7 —Sx)éx = [3- 4 (8 ax =

+C = 3—(3 - 43;2)4/3 +C

4/3
Check: %[%(3 - 4x2)“/3 + C:, _ _2_ (g)(:; N 4x2)]/3 (‘8") _ (3 _ 4x2)1/3(—8x)
4 3 4 3
2 e Y- ?lif("" +3) (457) e = l(x ;3) ot 1; Ve

, |
Check: 21—+ €| = S aw) = (x* + 3)(+)
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][ BB S (o
:Check: pr R + = T = x (x _ 1)
5 .2 + 4 4 5 2 4 4
Jalsrt + 4) dr = = (55 + 4)"(108) ax = % (> - P X4O ) .o
2 4 2 3
Check: % (Sx 4; 4) + = 4(§x :,(j) (10") - x(sz + 4)3
2 32 ) 32
ST CEEYERY [ (P %(L%+c _( +32) .
2 32 1/2
Chek: 5? y":i'z')"' *Cl= w = (2 +2)"
1 / L2+ 3)” 2 4 32
TN (O PR ik KPR K
a| @+ 3" 2ot + 3" (s7)
Check: Z " +Cl=2 = _ l3m

‘ B
15, [sx(t = x2)" ax = —2[(1 - ) (2x) ax = -g : 9—4%)— +C = -%(1 -2 " e

Check: %[—185(1 - )" C] = —1—85 : g—(l - )P (2x) = 5x{1 - ) = 5xdfT 2

f 7
1M+C=M+C
3 32 9

16. IuZ\/ W+ 2du = %J(zﬁ + 2)]/2(3u2)du =

3 32
Check: % _Z_(u_gj)_ +Cl= % . %(u’ + 2)]/2(3u2) = (u3 + 2)'/2(u2)
x 1 3 (- #)* B
e (R e L e e
Check: —| ! =+ C| = %(_2)(1 _ xz)'3(_.2x) - x

Section 4.5 Integration by Substitution 405
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406 Chapter 4 Integration

5 ) | ) )
o [ L= o g
A _Ln o 4yt _ P .
Check: dx 4(1 + x“) +C 4(l * x“) (4x3) = (1 N x4)2
‘ -1
o frga = e ga - 0 el
+ x _ e
Check: 41 +Cl= —l(—l)(l - x3)—2(3x2) - x?
dx 3(1 + x3) J 3 (l . x3)2
20. J' 6x* 5 dx = 'I‘J‘(4x3 _ 9)—3(12x2)dx _1 (4;;3 - 9)"2 el } .
(45 - 9) 2 2 —2 War - 9)
-1 d 1 2 ] 5, 62
Check: — Cl= —|-=(4x® -9 CJ=____ - N
ecl 44x* - 9) + J dx[ 4( 2 -9 + (-2)(4x* - 9) (124 7= 9)3

ety L

2

._[l_f_f‘_l/_‘i +C|= —%(4)(1 + 1)3(_%2) - _1_(]_ .\ %)3

:z*
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- 1 (2x)—]/22dx 2] (zx)l/z CTmac
J2x 2 2| 12 (?j
ternate Solution: .[—I—dx = —I—J'x-'ﬁ dx = _]_i +C=~2x+C
2x NG V2 (1/2)
. .4 y ol N2y
Sheck: E[\/Z + C:l = -2—(2x) (2) = =
X 1 V3 g 1 3 a3 3 3 a
= = | gEx = = o 25x + C
R N s
Alternate Solution:
v 1 W L ()" 3 (5,20 301
X _ - 2 - 2 2.2 . 4s
35x2dx_.[(5 ) xdy = .K ) (]O )dx 0 (2/3) +C 20(5 ) +C 2 35x +C
13 1 3 4. x
e v = Cl= —=. = =x" =
Check s 4x + :I 72 3x Jin
/ /2
4x 12 x2 (16 - xz) R 5
= [dx+ | ax =4 [xax -2 - —2x)ex = 4 — -2\ +C=2x"-416-x*+C
ey e e e L B
j 10x? b 31.. (a) Answers will vary. Sample answer:
N+ X2 oy
10 12 ‘
= 5[ ) ()
_Lofe ) o <F>
3 1/2 .\,.(/“)
\_
-2 1+x*+C
3
: x+ 17 ’
(x2 + 2x ~ 3)2 ’
1 -2 1 2 3/2 1 2
=EI("Z +2x - 3) (2x + 2) o = —-2-~-§(4—x2) +C = _3(4_x2) i C
2 _ -1 1 32 -
Ji@ +C (2,2):2=_5(4_22) +C=C=2
B 1 32
I y=-sl4-2)" -2
= +C )
2(x* +2x - 3) <
x -4 \ oy
= —— d). -2 2
J-\/x2 -8x +1 N\

- %j(xz' —gr e ) - g e

) 12
i I FCRY ey AP

1
2 12
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408 . Chapt

32. (a) Answers will vary: Sample answer: 33. fﬂ sinrxdx = —cosx + C

er 4 Integration

¥

. T, 1
34. _[ sindx dx = 7 I (sin 4x)(4) dx = 5 C0s4x +

35. jcos 8xdx = %J‘(cos 8x)(8) dx = % sin 8x +.C

) 2l X = 2| X _1__ - z
P _ xz(x3 _ 1)2, , 0) 36. Icsc (Zde 2!08}3 (2)(2)0& 2(-,0{2
dx .
y= [ -1)ax 3. J'el—zcos%de - —-Jccs_;—(_%)dg _ _sin_‘lg_;
2 =) =36 < @) » .
- Leos 1
= l_(fs___l_)j. +C = l(xs _ 1)3 i C 38. _[xsmxz dx = -2-I(sm xz)(Zx)dx - ——2—00st i
3 3 =9
0=C
y=5l -
2
il H

39. jsin 2x

_{ sin 2x

I sin 2x

‘ ¥2
40. J-N [tan x sec? x dx = (tan )™ +C= %(tan e

32 _
csc?x 3
41. Icot’x dx = .-—J'(cot x) (—csc2 x)d.x
=—M‘ C=—1—+C=ltan2x+C=-1-(sec2x-—l)+C=—1-'seczx+C,
-2 2cot? x 2 2 2 ‘
sin x 3, . : . X X
42. Icos3xdx = —_[(cosx) (-sinx) dx 43. f(x) = J-smadx = 2"053: +C
(cos 2 | ‘ =6=2002]+C,C=4s
=_T+C Becausef(O)—é—ZcosE +C, C = 4.S0,
-1 ic-lecxic f()—2cos£+4
2 cos? x 2 *) = 2
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. 2
l(sm 2x) N
2 2

p—

cos 2x dx = %j(sin 2x)(2 cos 2x) dr = C = sin?2x + C OR

£~

A _ 2
cos 2x dx = —%J'(cos 2x)(=2sin 2x) dx = ___;:(c_oszz_x)_ +C = —}II cos?2x + C; OR

cos2x dx = lstiancostdx = lJ.sin4xdx = *lcos4x+ C,
2 2 : 8




Section 4.5 Integration by Substitution 409

47. u = x+6,x=u~—6,dx = du

’(x) = sec?(2x), (%, 2) v

f |
Ix\/x+6dx=j(u_6)\/;du (\(/_> ,
f(_x) = %—tan(Zx) +C - J'(u3/2 _ 6ul/2) du ;
-f(ﬁ) = é—tan 2(-7-;-) +C=2 = %uﬂz -4 4 C
2 2u3/2
~0)+C =2 =3 (u-10)+C
C=2 = %(x + 6)[(x+ 6) - 10] + C
f(x) = -“tﬂn(zx) + 2 = %(x + 6)3/2(.}5 _ 4) + C~
2 ~\ :
=) = 2;(4;;2 - 10) ,(2,10) 48. u=3x—4,x=" ; 4, e gdu
1 (4 - 10) 225 - 5)’ 4 ,
fO) =¥ O [o/3 e = LA L
—_ 3 1 ‘
f(2)=12—(83—5)+0=18+c=10=>0=—8 = 5@ + 4 f
- SN2 9, 8y |
f(x)=%(2x2—5)3—8 = 9(5u52+3u”)+c |
. 2 s 8 32 :
—— = Z(3x-4)" + =(3x - C
f’(.x) = -2x/8 ~ xz’ (2’ 7) ' 45( X ) + 27( X 4) +
2(8 _ x2)3/2 = T§§(3x - 4)3/2[3(3:: - 4) +’20] +C
7(x) = gt c _ T% (3 4)3/2(9x +8)+C (-\)
32 v ~\
PO S (ORI S | )
28 — 52 32
S = e ;) +§

i

*I(u"z -2 & us/z) du

_(Zua/z _dn Eumj +C
3 5 7

32
=205 o+ 15u*) + C
105

2 e _ 3
=(1-2) [35 - 420 - )+ 150 - ] + C
2

=i - W (155 + 122 + 8) 4 C

I/\‘
o
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410 Chapter 4 Integration

50 u =2 —-x,x=2-u,dx = —du

[(xr+ V2 =% ar

51. u = 2x -1, x

2 -1 [(/2) + )] 13
it By S d
j\/2x—1 ] Ju 2
= %J-.u"/z[(uz +2u+1)—4]du
= %I(um + 20 - 337 gy
= l(gusﬂ + A _ 6u'/2) +C
8.5 3
2
=_65(3u2 +10u ~ 45) + C
V2x -1 2
= 6—0[3(2x 1) +10@2x 1)~ 45]+ C
1
= 5\/2;:—1(12;:2 +8x — 52) + C
= %\/Zx—l(sz +2x-13)+C
52 u=x+d x=u—4 di=dx 53. u=x+1x=u~1dx=du
2x +1 Au-4)+1 : -
j-————dx= j————-——-du —X ~(u-1)
— : dr = d
¥4 Vi I(x+1)-\/x+l Iu-—\/'u_ “
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—J‘(3—u)\/1:du

-—_"(Bu‘/2 -~ u”z)du

-(2143/2 - %—u’lz) +C

= —-2—1153/—2-(5 - u) +C
- ...i.(z -)P[s-(@-5]+cC

= —%(2 -+ 3)+C

i

%@+ua=§@

= I(Zul/z - 7u‘V2) du

(),
Nu(u - 1)

—I(I + u"/z) du

= —(u + 2u’/2) +C

= %ﬁﬂ 144 + C

il

= —i—u’/z(Zu -2+ C

= %-\/x_ﬂ[z(x +4)-21]+C

=-u-2Ju+C
=§M(2x—13)+c ' =—(x+1)-2/x+1+C;

=ex-2/x+1-14+C =

=—(x+2ﬁ)+c,

where C, = -1+ C.
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=1+ 10,6 = u - 10, du = di

el +10)" at = (- 10 ai _ (>v
: = J(u“/3 - ]()u'/J) du \
3

SEM O N e
7 2
= —3—u4/3(2u -35)+ C
14
3 4/3
= 17(’ +10)7°[2(r +10) - 35] + C

= %(: +10)7(20 -15) + C

Letu = x* + 1, du = 2x dx.

Lol s o= 4 (2 = e = [3 + ] =0

i 6. Let u = 2x* + 1, du = 8x° dx.

8. Letu =1 — x* du = —2xdx.

Letu = 2x + 1, du = 2dx.

4 1 _ 1 ¢4 42 _ . .
.[o /——--2x—+1dx—-§_[o(2x+1) (2)dx-[\/2x+1]0—\/§_\ﬁ_2
Letu = | + 2x%, du = 4xdx.

g e e- a2 2oL
ek E ]

6. Letu = 1+ ~/x,du = 1
X

2x

L VY LY B
-[1 \/;(]+\/;)2 .[1(+ )

9 1 ~

1 2 1
dx = =——4l==
2x 1+ 2 2

| | )
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412" Chapter 4 Integration

62. Let w =2x—-1,du = 2dx,x = %(u+1).
When x = L,u = 1. When x = 5,4 = 0.

5 o x 20+
I’\/Zx—ldx_"" Ju 7=

9
-I-[-Z-uw + 2uv{|
43 1

1Gen - 0)-(2+2)

%Lg (u’/2 + u“‘/z) du

il

_ 16
3
63. & - 187025 + 1)1, (0,4) 65 u=x+lx=u-ldo=di
dx When x = 0,u = 1.When x = 7, u = 8.
=3[(2x% + 1) (6x2) ax (u = 207 +1
y =3[ e 1) (6)ar (v = 2 +1) Area =[] x3x 4 1dr = [ (u - 1)/ du
28 +1)
y=3(—x—3i—)+C=(2x3+l)3+C = f(um—u‘”’)du
3 . 3 3 8
4=P+C>C=3 =[_u7/s__u4/s]
=23 +1) +3 ’ toa
v =) =(ﬁ_,2)_(z_z)
" o 7 7 4
64 = = ——— (-1, 3) 1209
e (3x+5) =
-3
y = ~48[(3x + 5) e 66. u=x+2,%x=u-2ds = du
=(—48)%J(3x+5)_33dx When x = —2, 4 = 0. When x = 6, u = 8.
-2 6
_ —16(3x2+ e Area= [ x*fx+2ds
N . )
= u—-2 Q/Zdu
=_8—2+C J’o( )
(3x +5) - J‘: (u7/3 _ 4B . 4u1/3) du
8 8
3= B(-1) +5)° te=gre=c=l ={_3.uw/3_1_2.u7/s+3u4/3]8 = 47132
‘ 10 7 , 35
y= 8 +1
=
(3% +3) 67. Area= I 23 secz(fjdx
7f2 2

g7 (e
= [2 tan(%j] ” =23 -])

nf2
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Tet u = 2x, du = 2dx.

n/4
= %Lm esc 2x cot 2x(2) ok

7f4 1

= [—% csc 2x]”/12 =3

S f(x) = x(x2 + 1)3 is odd.

1 I: x(x2 + 1)3 dx = 0

~7f

(b) f:;: cos x dx

n
]

ZI”/4 cos x dx
0

(©) j:/;jz cos x dx

J’_ZZ A+ ax = 2[ (x4 + ) dx =
= 2{:32_ + §} _—_‘._2_7_2.
53] 1s

[2 sin «]

a/4
0

2 j:lz cos xdx = [2sin x]glz

/4 N . L
, Sinx dx = Obecause sin x is symmetric to the origin.

Section 4.5 Integration by Substitution 413

71. f(x) = sin? x cos x is even.

[

J'”/Z sin?x cos x dx 2[”/2 sin? x(cos x) dx
~nf2 0

.3 #f2
sin” X
3

i

2
2
3
72. f(x) = sin x cos x is odd.

w2
J' sinxcosxdx =0
~rf2

3
73. r dr =2 = —6—4;the function x? is an even
0 3, 3
function.
0 o _ [t _ 64
(a) Lxdx_oxdx- .
4o, 128
(b) _[_4x dx_zjox dr = ==
4 2 _ 4 5 _ 64
(c) IO(—x)dx——jox dx———3—

@ [ 3 ax =3[ xdx = 64

= /2 becanse cos x is symmetric to the y-axis.

#

2

@+ 4 -3x-6)ar= [ (2 -x)ars [ (4 - 6)dx = 0+ 2], (4x2‘ - 6)ax = 242 - 6]

/2 . 7 7 ° x,
_‘. / (sin 4x + cos4x)dx = j' 12 sin 4x dx + j 72 cosdxdx = 0+ 2"'v/20054xdx = [zsin4x]
#f2 -nf2 -n/2 0 4

a2 o : - . . -
(d) J 2 sin x cos x dx = 0because sm(—x)cos(—x) = —SIn x cos x and so, is symmetric to the origin.
-7 .

3
= 36
o

#f2

]
[e=)

0

fu=5- x%,then du = —2x dx and jx(s - ):2)3 dx = —%I(S - xz)s(—Zx)dx = —-%Jzﬁ a.'u.

76) = (5 + 1) isodd. So, [* x(x* +1) dr = 0,
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414  Chapter 4 jntegration

79. (a) The second integral is easier. Use substitution with # = x* + land du = 3x%dx. The answer is

.fxz\/ x> +1dx lJ‘(x3 +1 l/zibczd:(

'n

A + l) +C.
(b) The first integral is easier. Use substitution with # = tan3x and du = 3sec? (3x)dx.’ The answer is
[tan (3x)sec? (3x)dx = + jtan‘(Sx)3secz(3x)dx = Ltan’3x + C.
80. @) [(2x-1dr=1f(@x-1 2 =42 -1 +C =80 -22+x-14G
J@x -1t ax = [(ax? ~drtl)dr =40 -2 4 x4 G

They differ by constant:; C, = C; ~ %

.2
(b) Itanxseczxdx - fan Xic
2
jtanxsec’xdx = Isecx(secxtan x)dx = ¢ X, C,
2 2, 2
tan x+cl=sec X 1+C1=sec x—-l+C,
2 ) 2 2 2
They differ byéconstant: C,=0C - %
s &k
at  (r+1)
' k k
V) = dt = +
) J‘(t+1)2 t+1

V(0) = —k + C = 500,000
V() = -——k + C = 400,000
Solving this system yields k& = -200,000and C = 300,000. So, V(t) = 2—(;0_’:0% + 300,000.
When 1 = 4,7(4) = $340,000.
82. (a) The maximum flow is approximately R ~ 62 thousand gallons at 9:00 A.M. (t ~ 9).

(b) The volume of water used during the day is the area under the curve for 0 < + < 24. Thatis, V = _[)2 ‘ R(¢)dt

(c) The least amount of water is used approximately from 1 AM. to 3 AM. (1 < £ < 3),

b
8. ——[ 74.5o+43.75sin1‘Jd: = 1 7450 - 2625 o 7t
b-q’a 6 ‘b-a z 6|,

262.5

262.5 m]’
COS — =
z o

(223.5 + ) ~ 102.352 thousand units

1 1
~{ 74.50¢ - =
@ 4 :

H

6
) l[74.501‘ _ 2625 cos —ﬂl} (447 + 2625 _ 223 5) ~ 102.352 thousand units
3 b4 61 3 b4

12
© -[74 50¢ — 2623 (o ﬂ’] = ——-(894 _ 2625, @J = 74.5 thousand units
2 o T

6 12 1
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Secrion 4.5 Inregration by Substitution 415

. vl
Z%—a [ [2 sin(60m) + cos(1207)] = b%a[-gg—ﬂ: cos(607t) + 17[ sin(lZOm)]a
1 1 1 Voo 1 1 4
(2 —-—————[ —— cos(607z) + sin(l 20m‘)} = 60 (—- + 0) - (———) = — » 1.273 amps
(1/60) — O 307 b3 ) 307 307 7

: 1/240
1 1 . 1 1
| ——— c0s{607¢) + sin{120xt = 240 - ——
®) (1/240) - { 307 os(60m) 1207 ( )]0 [( 3027 1207:) { 3o7rﬂ
= 3(5 - 2\/5) = 1.382 amps
7
’ ] [ 1 —— cos(607t) + 1 sin(l,’l()m)]mo = 30) (m-l——} ( __.I_.N = 0 am
© T730) o 307 z 307, | 307) P

Lu=1-x,x=1-udx = —du
When x = a,u =1-a When x = b,u =1- 6.

Py = jbls x/l*xd.x

(1 - u)\/— du

I-a

_ 1-h 32 I-h. o 32
I8 [ _ ) gy = E[zusn e - )

4 415 . 4L 15 -
( B x)3/2 0.75
@ Fso 015 = ————(3x +2)| = 0353 =1353%
0.50

s

32 b R
) Py = ——9———5—)———(3; +2)] = —gl——;)—(Sb +2)+1=05

(1-5"@b+2) =1
b ~ 0.586 = 58.6%

u=l-x,x=1-u,dx = —-du
When x = aq,u =1-a When x = b,u =1-0

5 1155 3/2 1155 3
Py = L 5 21 - x)" dx = 5 J - (1= u)u¥ du

2 153 [ O - 3 3 - ) aie = WSS[2 s _ 2,0, Sy L 2 5/21
32 Ji-a % 32 11 3 7 5

/ -6 5/2
“55{2 (105 3 38542 + 495y —~ 23 1)} = [“1—6(105143 — 385u® + 495u — 23 1)] '

1-4

1155

t-a 1-a
u5/2 0.75
@) FRoo2s = [¥(105u3 ~ 385u% + 495u — 231)} ~ 0.025 = 2.5%
1
0

(105u3 — 385u% + 495u — 231)] ~ 0.736 = 73.6%
- ldos

52

®) Ps, = [%—6—
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416 Chapter 4 Integration

87. () &

\\v/ \)f

-4
(b) g is nonnegative because the graph of f is positive at the beginning, and generally has more positive sections than
‘negative ones.

(c) The points on g that correspond to the extrema of f are points of inflection of g.

(d) No, some zeros of f,like x = 7/2, do not correspond to an extrema of g. The graph of g continues to increase aﬁ
x = m/2 because f remains above the x-axis.

(e) The graph of 4 is that of g shifted 2 units downward.

4

94

g) = [ 1@dx = [ rGar+ [ 1) = 2+ )
88. Let / (x) = sinzx, 0 < x < 1. 90. (a) sinx = cos(—’-zz— - x) and cos x = sin[% -X

Let Ax = 1 and use righthand endpoints

n Letu=£—x,du=—dx,x=£~u:
i, ' 2 : 2
¢ =—i= ,2,..,n / #f2
" J' sinzxdx=.[o coz[—— )dx
. sm(m/n
hm = ¢;) Ax
n—»ao; . |Ax|rn Z f( ) = IO/ coszu(—du}
= Jo sin 7x dx = I costudu = fo’ﬁ cos? x dx
1 1
= = €S ”x]o (b) Let u = 12’_ — x as in part (a):
1 2
= ——){=] = 1 = - ) 4 7
7r( =)= jolz sin” x dx = j0/2 cos"(% - )dx
8. (@) Letu =1~-x,du=~dx,x=1-u = I cos” u(—du)
/2
=0=u=Lx=1=2u=0
= _[ cos"udu = I cos”x dx.

.[lo (- u)zus(—du)
_‘-; w(l - u)2 du
j: x(1 - x)2 dx

(b) Letu =1-x,du=-de,x=1-u

J: x*(1 - x)s dx

1

]

=0u=Lx=1=u=0
[ 2 -2 = [ (1 - w)'ul(-du)

= I; ub(1 - u)’ du

= Io‘ xb(1 - x)" dx
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False

False

4, True

5, True

4Jsinxcosxa'x =

6. False

J'sin2 2x cos 2x dx

97. Let u = cx,du = ¢

cﬁ J(ex)ax

1]

So, _[u sinu du

IOKZ sin\/g dx

Ix(xz + l)dx = %!(xz + 1)(2x)dx =

(b) Let u = ~/x, u?

Jex ) dr = Lf(x+ )24 = Hax 1) 4 C

L
4

Odd

2jsin 2xdx = —cos2x + C

% .f (sin 2x)*(2 cos 2x) dx

. 3
(sin 2x) .

C
3

1
2
lsin3 2x+ C
6

dx:

b du
cLa S -
[7 £y
J-cb

“98. (a) %[sinu —ucosu +C] = cosu —cosu +usinu

ICrS

= usiny
=siny - ucosu + C.
= x,2udu = dx
I: sin u(2u du)
2!:usinudu

2sin u — u cos u]; (part (a))

2~ cos(r)]

27

(xz + 1)2 +C

Section 4.5 Integration by Substitution 417

e b v s d)an = [1 o e [ (b 0 )k = 002 (o )

Even

b, b . b+2r
I sin x dx = [~cos x]a = —cosb '+ cosa = —cos(b + 27) + cosa = f sin x dx
a a

99. Because / isodd, f{~x)} = —f(x). Then .

[0 r@dr+ [0 f(x)ax
[ Ayl e [ ()

Let x = —u, dx = —du in the first integral.

[© r(xyax

l

When x = 0, « = 0. When x = —g,u = a.

[, 7 as = - [ S} + [] f(x)
=-[ r@au+ f f(x)ax =0
100. Let u = x + h,then du = dx.
When x = aq,u = a + h.

When x = b,u = b + h. So,

b+h

J-b+h 7 (x) dx

a+h

[+ myar= [ pa)du =

a+h

101. Let f(x) =ay + qx + ax* + -+ a,x".

1

2 3 n+t
1 x x x
_" f(x)dx = |apx + =+ ay— + - + a,
[ 2 3 n+1j
a  a a .
=ay + =+ =2+ + —"_ = ((Given)
3 n+1

By the Mean Value Theorem for Integrals, there exists ¢
in [0, 1] such that

[, f(x)ax = £(e)1 - 0)
0= f (c)

So the equation has at least one real zero.

]
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