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(c) T|E—T|x 100 = 0%
rue Value
1. (a) Forn=4,h=bga=§-z—1=%=%=>%=%; X; f(x;) m mf(x;)
Xo 1 1 1 1
Y mi(x;) =36 = S = 1(36) = 6; x | 3/2] 2 4 8
X, | 2 3 2 6
fx)=0=>M=0=|Eg|=0 X3 | 5/2| 4 4 16
X, | 3 5 1 5
3 3
(b) J (2x-1) dx =6 = |Eg|= J (2x—-1)dx-S=6-6=0
1 1
© wIBL 0o
rue Value
1
3. J(x2+1)dx
21
I. (a) Fo_rn=4,h=¥=1_‘gw1)=%=%=>%=%, X; f(x;) m mf(x;)
Xg ~1 2 1 2
Y mi(x) =11 = T=1+(11) =2.75; x |-1/2] 5/4 2 5/2
X, | 0 1 2 2
fx)=x+1=2fx)=2=>"x)=2=>M=2 x3 | 1/2| 5/4 2 5/2
Xg | 1 2 1 2

= |Ep|< ( )( )(2) £ or 0.08333
(b) } (x2+1)dx=[";+x]1 =(3+1)-(-3-1)=8=8,= } (P+1)dx-T=8-11-_1
21 -1 1

= |Ep|=|- 35|~ 0.08333

E
() -Trl;lx 100 = (1§2)x 100 ~ 3%

ue Value
3
II. (a) Forn=4,h=b;a=%=%=%=>%=%; X f(x,) m mf(x;)
Xp | -1 2 1 2
Y mif(x) =16 = S = 1(16) = § = 2.66667; x |-1/2| 5/4 4 5
Xq 0 1 2 2
f3x)=0= %) =0=>M=0=|Eg|=0 x3 | 1/2| 5/4 | 4 5
x| 1 2 1 2
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(b) ] (x2+ 1)dx=[’§—3+x]ll
21

|Es|

4. T (xz—l)dx

I (a) Forn=4,h=bﬁa=
Y mitx)=3=T=10)=3;

f(x)=x*-1=fx)=2%+1=>{"(x)=2=>M=2

0—-(=2) 1V gy _ 1 _
= |Ep|S—15—2(3) (2) = {5 =0.08333

-2

(b) T(x2_1)dx=[>§—3—x]o =0-(-$+2)=2¢=E;
2

_1
=:>|ET|_E
——Ei—xloo— 111 x 100 ~ 13%
(©) True Value - % ~ 1970
b—a_0-(-2)_2_1_h_1.
II. (a) Forn=4,h= a 7 =§{=5=>3=¢§

Y mix)=4=S=t@)=%

fx)=0=fx)=0=>M=0=|Eg|=0

0

2

|Es|
True Value x 100 = 0%

(©)

(4]
(b) J (xz_l)dx=%2>|Esl= J (x2_1)dx_s___%_
2

1
=8 |Bs|= J (x+1)dx-5=3
-1

8 _
3= 0
x| f(x) m | mf(x;)
X | -2 3 1 3
X, |-3/2| 5/4 | 2 5/2
x, | -1 0 2 0
xs |—1/2| —3/4 2 | -3/2
x, | 0 | -1 1| -1
= J (x-1)dx-T=2-2=-
x| 1) m | mf(x)
Xg | —2 3 1 3
x, |-3/2] 5/4 | 4 5
X, | —1 0 2 0
X3 | —1/2] —3/4 4 | -3
x, | 0 | -1 1| -1




5.

6.

T (t3+1t) dt

L (a) Forn=4,h=bga=u:%=

DO bt
Y

> mi(t;) =25 =>T=%(25)=24_5;
f(t) =3+t = F(t) = 3>+ 1 = f'(t) =6t => M =12

2
=1"(2) = |Eg| < 3503 12 =1
2

0
1
|Ex| 1__\

(©) True Value x100 =

II. (a.) Forn=4,h=b;a=u=%=%=>%=%;
Y mi(t;) =36 = S =1(36) = 6;

(1) =6=ft)=0=>M=0=|Eg|=0

2 2
(b) I (t3+1t)dt = 6 = |Eg|= J (t+t)dt—S=6-6=0
0 0

|Es|
(¢) TFrue Value ¥ 100 = 0%

](t3+1)dt

—(~1
L (a) Forn-_—_4,h=b;a‘—_-l ( )=%=
Y mf(t) =8 = T=1(8) =2;

f(t)=t3+1 = f(t) =3t2 = f/(t) =6t => M =6

= (1) = By < 5504 6) =
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2 4 2
(b) J (t3+t)dt=[§+§] =(24—+22-)—0:6:>|ET|= I (3 4t)dt-T =6—
0

t; f(t;) m mf(t;)
to | 0 0 1 0
t, | 1/2 | 5/8 2 | 5/4
t, | 1 2 2 | 4
ty | 3/2 | 39/8 2 | 39/4
t, | 2 | 10 1 | 10

o felent)

| () m | mi(t)
b | 0 | 0 1| o
t, | 1/2 | 5/8 4 | 5/2
t, | 1 2 2 | 4
ts | 3/2 | 39/8 4 | 39/2
ty | 2 | 10 1| 10

t | f(t) | m | mi(t)
to | —1 0 1 0
6, |-1/2| 7/8 | 2 7/4
t; | 0 1 2 2
t5 | 1/2] 9/8 | 2 9/4
6, | 1 2 | 1 2
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1
(t3+1)dt:[%4+t]

1 1
4 —1)* '
(b) J' :(—1‘—1-+1)—(( 4) )=2=>|ET|=J.(t3+1)dt—T=2—2=0
-1 -1 -1
(c) —lE—T-‘-—x 100 = 0%
True Value -
b 1-(=1) _2_1_.h_1
II. (a) Forn=4, h._——zl 7 =437 3= t; f(t;) m miff(t;)
ty | —1 0 1 0
Y mf(t) =12 =8 =1(12) =2; t, |-1/2| 7/8 4 7/2
ty 0 1 2 2
) =6 = tt)=0=>M=0=|Eg|=0 ty | 1/2]| 9/8 4 9/2
ty 1 2 1 2
1 1
J (t*+1)dt =2 = |Eg|= J (t3+1)dt-S=2-2=0
_Bs| _
(©) True Value ~ 100 = 0%
2
1
7. | L4
[ 3
1
1. (a,) For n = 4, hzbga:%—l %:}% %— 8; f(si) m mf(si)
s | 1 1 1 1
179,573 _1(179,573\ _ 179,573
> mi(s) = 20 = T= g( 22100 )_ 352800 s; | 5/4 ] 16/25 | 2 | 32/25
s, | 3/2 | 4/9 2 8/9
~ 0.50899; f(s) = -517 = f/(s) = -S% = (s) =s§4 ss | 7/4 ] 16/49 | 2 | 32/49
s, | 2 1/4 1 1/4

> M=6=1(1) >|Eg|< 2—2—(%) (6) = 55 = 0.03125

(b)

s

—_e—
w

2 2 2

Lgs= j sPas=[-4] =-1-(-})=}=B;= J L ds— T = 1 ~0.50899 = —0.00899
1 1

= |Ex| = 0.00899

E
(© L T = 0:00899 100 ~ 2%

True Value
II. (a) Forn=4,h=b;a=—22—1=%=>%=%2—; 5 f(s;) m mf(s;)
o | 1 1 1 1
264,821 . _ 1 (264,821 _ 264,821

2 mils) =g g0 = S = 12( 44,100 )— 529,200 s, | 5/4] 16/25 | 4 | 64/2%
s, | 3/2| 4/9 2 8/9

~ 0.50042; 1®)(s) = —-3—;1- = f{4)(s) = 152—60 s3 | 7/4 | 16/49 | 4 | 64/49
e | 2 1/4 | 1 1/4




|

L
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— 190 = £9) 2-1(1Y 190y =L
= M =120 = (1) = | Eg| < &z (4) (120) = 517 ~ 0.002604

2 2
1 1 _ 1 _1
(b) J —2d8—~2-=>ES—J TdS—S—g—
1 1

8

w

| Es|

(©) enevares X 100 = 3094 100 ~ 0.08%

05

1
17

0.050041 = —0.00041 = IES | = 0.00041

— 3—-1_1 h_1.
(a) Forn:4,h=¥:—:§¢§_z,

Z mf(s;) = 1425—609 =

f(s) = (s—1)"2 = f'(s) = — 2

(s~1)°

= f'(s) = =>M=6=1{'(2)

()4

2
= |Eg|< 4—22-(%) ©)=1=025

4
(®) I vﬁzds=[(s—_ll)]:=<4_—ll) (Zr)=t=m=] ;

2

= |Eq|# 0.03833

|E|

— 0.03833 ~

3)

(a) Forn=4 h._bn :3_2_1=%=>131-=%,
_1813 _, o _ 1(1813)_ 1813 _
> mf(s;) = 18 S—e( 50)_ 353 ~ 0.67148;
3)(s) = 24) = f4(s) = ( 12‘;)6 =M =120

4

=19(2) = |Es| < 432(3) (120) = £; ~ 0.08333

)
4 4
| et &

_|Bs|
(c) True Value

(b)

(s-1)

x 100 = 9:00481 . 1099~ 19

3)

N

s | f(sp) m | mi(s)
So 2 1 1 1
s, | 5/2 | 4/9 2 8/9
s, | 3 1/4 2 1/2
s | 7/2 | 4/25 | 2 8/25
s, | 4 1/9 1 1/9
o 1)2 ds—T =2 -0.705 ~ —0.03833

5 | f(s) m | mi(s)
8o 2 1 1 1
s; | 5/2 | 4/9 4 16/9
s, | 3 1/4 2 1/2
s | 7/2 | 4/25 4 | 16/25
s, | 4 1/9 1 1/9

ds— S ~ £ -0.67148 = —0.00481 = | Eg| ~ 0.00481




376 Chapter 4 Integration

IL.

1
10. J.
]

L.

(a) Forn=4,h=-b7"fa-‘-=”20=

PNE]
4
[\l
]

ool

Y mi(t) =2+2y/2~4.8284=> T = 22 +24/2)

~ 1.89612; f(t) = sin t = f/(t) = cos t = f(t) = —sin ¢

= M=1=|f(0)|=|Eg|< ”1—20(@2(1) = &~ 0.16149
n

(b) J sin t dt = [—cos t]g = (—cos 7) — (—cos 0) =2 = |Eq|=
0

, |Ex| 0.10388
(a) Forn=4,h=ll-'n'—a'=”zo=%=>%=%;

3" mif(t) =2+4y/2~7.6569 = S = (2 +4¢/2)
~ 2.00456; f(a)(t) = —cos t = 1(4)(1:) =sint

= M=1=£4(0) = |Eg|< %ﬁ,g(%{-)‘!(l) ~ 0.00664

T

|Es| 0.00456
(c) Teas Valns © 100 = =52 x 100 ~ 0.23%

sin =t dt

(a) Forn =4, h=llﬁj=-l-z—0=%=>%=%‘;
Y mi(t) =2+2v/2~ 4828 = T= l(2+2V2)
~ 0.60355; f(t) = sin 7t = f'(t) = 7 cos =t

= f'(t)= —nsinmt => M= 72 =|"(0) |

1-0(1¥(22) n
= |Ep|< 158(3) () ~ 0.05140

| 1) m | mi(t)
to | O 0 1 0
t, | 7/4| V/2/2 2 V2
ty | w/2 1 2 2
ty [37/a| V2/2| 2 V2
ty T 0 1 0

|

sin t dt — T ~ 2 —1.89612 = 0.10388

w
(b) I sintdt=2=Eg= J sin t dt — S &~ 2 — 2.00456 = —0.00456 = |ES | 2 0.00456
[ 0

t | () m | mi(t)
ty | O 0 1 0
t, | ©/a | V2/2 4 | 22
t, | /2 1 2 2
tg (37/4| V2/2| 4 | 22
ty ™ 0 1 0

t; | f(t) m | mf(t)
tg | O 0 1 0
t, | 1/4 | V2/2 2 V2
t, [ 1/2| 1 2 2
t; | 3/4 | v2/2 | 2 V2
b, | 1 0 1 0

PR

PP S STy
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1 1
b) J sin t dt=[—71r-cos wt]é:(——%cos w)—(—;l,.—cos 0):%—%0.63662=>|ET|=J sin 7t dt - T
0 0

~~

2 _0.60355 = 0.03307

|Ex|

— 0.03307 ~

(%)

I (a) Forn=4,h=b;a:—1-7:—(l=;]i-:$g—l=l—12-, t; f(t;) m | mi(t)
to | 0 0 1 0

Y mi(t;) = 2+4v/2 % 7.65685 = S = (2 + 4/2) t, |1/4|v22 | 4 | 212
t, | 1/2] 1 2 2

~ 0.63807; f(3)(t) = —73 cos 7t = 1(4)(1;) = 7% sin t ts | 3/4 | V2/2 4 2/2
t, | 1 0 1 0

- 4
= M =* = 14(0) = |Bs| < L52(3) (v*) ~ 0.00211

(b) | sin mt dt =2 ~ 0.63662 = Eq =

ot——~
[ L

sin 7t dt — S ~ 2 — 0.63807 = ~0.00145 => | Eg|~ 0.00145

| Es| 0.00145
(c) leOO: 2) X100~0%
T

h_1,

2=16°

3" mf(x;) = 1(0.0) + 2(0.12402) + 2(0.24206) + 2(0.34763) + 2(0.43301) + 2(0.48789) + 2(0.49608)
+2(0.42361) + 1(0) = 5.1086 = T = 15 (5.1086) = 0.31929

= =lyh_1.
(b)n—82h—8=>3—24,

3~ mf(x;) = 1(0.0) + 4(0.12402) + 2(0.24206) + 4(0.34763) + 2(0.43301) -+ 4(0.48789) + 2(0.49608)
+4(0.42361) + 1(0) = 7.8749 = S = 2L, (7.8749) = 0.32812

(c) Letu:l—x2=>du=—2xdx=>—%—du=xdx;x=0=>u=1,x=1=>u=0
1 0 1 1
3/2 1
[ sV ax= | a(-}a)=} [ w2 d=[%(_3/_)] =[] =3V -0 =}
1 0 2

0 0

. (&) n=8=h=1=

1
Ep= J xV1-x?dx-Tw %— 0.31929 = 0.01404; Eg = J xV1-x?dx-Sw %—0.32812 =0.00521
1] 0.

= =3h_3.
12. (a) n=8=h=g=5=15

3" mf(6;) = 1(0) + 2(0.09334) + 2(0.18429) + 2(0.27075) + 2(0.35112) + 2(0.42443) + 2(0.49026)
+2(0.58466) + 1(0.6) = 5.3977 = T = 3(5.3977) = 1.01207
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b)n=8=>h=3=B=1;

3 mi(6;) = 1(0) +4(0.09334) + 2(0.18429) + 4(0.27075) + 2(0.35112) + 4(0.42443) + 2(0.49026)
+4(0.58466) + 1(0.6) = 8.14406 = S = 1 (8.14406) = 1.01801

() Letu=16+62=>du=20df =2 du=0d%;0=0=>u=16,0=3=>u=16+3"=25
25

3 25 25
0 S0 v (a1 [ omyz [ w27 _
0 _a9= J _—(- du) =1 g2 qu= {—(— =/25-/16=1;
ey 2 2 2l 1 ;
o V16490 ‘16 Ve is 2 /e

3 3
B, = J 8 46—T ~1—1.01207 = —0.01207; Eq = I §  d46—S=~1-0.01801 = —0.01801
T | V16 + 62 § ] V16 + 62

h_

— T h_ 7,
13. (a)n—8=>h—8=>2—16,

3 mi(t;) = 1(0.0) +2(0.99138) + 2(1.26906) + 2(1.05961) + 2(0.75) + 2(0.48821) + 2(0.28946) + 2(0.13429)
+1(0) = 9.96402 = T = 7%(9.96402) r~ 1.95643

- _m_ h_m,
(b)) n=8=h=F=3=74

3 mi(t;) = 1(0.0) +4(0.99138) + 2(1.26906) + 4(1.05961) + 2(0.75) + 4(0.48821) + 2(0.28946) + 4(0.13429)
+1(0) = 15311 = S 5 (15.311) ~ 2.00421

(c) Letu=2+sint¢du=costdt;t:—%:>u=2+sin(—-’25)=l,t=%=>u=2+sin-’5=3

2
/2 3 3 1 3
3 cost | 3 4= -2 gy = u_ —af _L\_g(_1)- 9.
J (2+sint)2dt—J u2du‘—3j wdu [3(—1)]'1 3( 3) 3( 1) %
-r/2 1 1
w/2 w/2

3cost Jcost
Er = D CO8L 4t T a2-—1.95643 = 0.04357; Eq = J — - dt—-S
T Jﬂ (2 +sin t)? 'S (2 +sin t)?

—r —r/2

~ 2 —2.00421 = —-0.00421

= —x  h_ =,
14. (a) n=8=>h=g5=>3=¢p

3 mi(y;) = 1(2.0) +2(1.51606) -+ 2(1.18237) + 2(0.93998) + 2(0.75402) + 2(0.60145) + 2(0.46364)
 42(0.31688) + 1(0) = 13.5488 = T ~ J7(13.5488) = 0.66508

= -7 . h_m.
(b) n=8 = h=qg5= 3 =g¢;

3 mi(y;) = 1(2.0) + 4(1.51606) +2(1.18237) + 4(0.93988) + 2(0.75402) + 4(0.60145) + 2(0.46364)
+4(0.31688) + 1(0) = 20.29754 = S » (20.29754) = 0.66424

(c) Letu=coty=>du=—-csc2ydy;y=%=>u=1,y= =S>u=0

LUE]
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x/2 0 1
[ ey vamyay=| aa=] du=[9§—”]l=§<ﬁ)3—§m)3=§;
©/4 1 0 2 1y
x/2 =2
Er= J (csc?y) feoty dy—T =~ g- 0.66508 = 0.00159; Eg = J (csc?y)y/ecot y dy — S
w4 x/4
~2-0.66424 = 0.00243
15. 3(6.0 +2(8.2) +2(9.1+... +2(12.7) + 13.0)(30) = 15,990 £t
16. (a) Using the Trapezoid Rule, h = 200 = }2—1-= 2% = 100; X; f(x;) m mf(x;)
%o 0 0 1 0
> mif(x;) = 13,180 = Area ~ 100(13,180) X, | 200 520 2 1040
Xq 400 800 2 1600
= 1,318,000 ft2. Since the average depth = 20 ft X3 600 1000 2 2000
we obtain Volume = 20 (Area) ~ 26,360,000 ft3, Xy 800 1140 2 2280
(b) The number of fish = V%})uo% = 26,360 (to the nearest x, | 1000 1160 2 2320
fish) = Maximum to be caught = 75% of 26,360 = 19,770 xg | 1200 1110 2 2220
= Number of licenses = “311° = 988 | x, | 1400 | 860 | 2 | 1720
xg | 1600 0 1 0
17. Use the conversion 30 mph = 44 fps (ft per (fv )
sec) since time is measured in seconds. The : ps /,_.
distance traveled as the car accelerates from, 1 //
say, 40 mph = 58.67 fps to 50 mph = 73.33 fps : //
in (4.5 —3.2) = 1.3 sec is the area of the 1

trapezoid (see figure) associated with that time
interval: 1(58.67+73.33)(1.3) = 85.8 ft. The
total distance traveled by the Ford Mustang

— - t (sec
Cobra is the sum of all these eleven trapezoids b 5 10 15 2 > £y 35 (sec)

(using %ﬁ_ and the table below):
s = (44)(1.1) + (102.67)(0.5) + (132)(0.65) -+ (161.33)(0.7) -+ (190.67)(0.95) + (220)(1.2) + (249.33)(1.25)
+ (278.67)(1.65) + (308)(2.3) + (337.33)(2.8) + (366.67)(5.45) = 5166.33 ft ~ 0.978 mi
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v (mph) | 0 | 30 40 50 60 70 80 90 100 110 | 120 130
v (fps) 0|44 | 58.67 | 73.33 | 88 |102.67| 117.33| 132 |[146.67 {161.33 | 176 |190.67
t (sec) 0 2.2 3.2 4.5 5.9 7.8 10.2 | 127 16 20.6 26.2 | 37.1

At/2 0|11 0.5 0.65 | 0.7 0.95 1.2 1.25 1.65| 2.3 2.8 5.45

18. Using Simpson’s Rule, h =252 = %6_—0 =2y X; Yi m my;
x| 0 | 0 1 0
> my; =350 = S = $(350) = 1400 x 466.7 in.2 x, | 4 [1875 ] 4 75
f X, | 8 | 24 2 48
xs | 12 | 26 | 4 | 104
X, | 16 | 24 | 2 48
Xy 20 | 18.75 4 75
Xg | 24 | 0 1 0
19. Using Simpson’s Rule, h=1 = %— %; X; Yi m my;
X% | 0 | 15 1 | 15
3 my; = 33.6 = Cross Section Area~ $(33.6) =112 ft%. |x | 1 [ 16 4 | 64
Let x be the length of the tank. Then the Volume V X, 2 1.8 2 3.6
= (Cross Sectional Area)x = 11.2x. Now 5000 b of X3 3 1.9 4 7.6
gasoline at 42 b/ft3 => V = 3900 = 119.05 £:* x, | 4 |20 2 4.0
= 119.05 = 11.2x => x ~ 10.63 ft Xg 5 2.1 4 8.4
' x¢ | 6 | 21 1 2.1

20. Using Simpson’s Rule, h = 24 = & = 12; 12(0.010 + 2(0.020) + 2(0.021) +... + 2(0.031) +0.035] = 4.2 L

21. n=2=>h=2—59-=1=>%—=%; | X; f(x;) m mf(x;)
’ Xo 0 0 1 0
Y mi(g) =12 =5 =1(12) =4 Xy 1 1 4 4
Xg 2 8 1 8

jxsdx—[ ] =%4-—-(§-=4

0

T_0 -0
- 2 4
22. (a) |Es|sb1803(h4)M; n=4sh=2 =1 f9|<1aM=1= |ES|5g—————)(%) (1) = 0.00021

180




23.

24,

25.
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() h=F= % = X (x;) m mf(x;)
Xq 0 1 1 1
> mi(x;) = 10.472087048 x, | 7/8 | 0.974495358 4 | 3.897981432
x, | m/4 | 0.900316316 2 | 1.800632632
= § = 77(10.472087048) ~ 1.37079 x3 | 3m/8 | 0.784213303 4 | 3.136853212
‘ x, | m/2 | 0.636619772 1 | 0.636619772
~ (0:00021 o
(€ w~ (1‘37079)x 100 = 0.015%
(a) h= b 2 ——OQ 0.1 = erf(1) = W(O;;l)(}b +4y, +2y;+4y3+... +4y9 +¥10)

(€0 4+ 4e™001 4 9004 | 4e=0.09 4 4¢=0.81 4 o—1) 08427

30f

(b) |E,|< 1z ] 0.(0.14(12) % 6.7x 1078

The average of the 13 discrete temperatures gives equal weight to the low values at the end.

(a) fi(x) = 2x cos(x?) :
f'(x) =2x-—-2x sin(x2) + 2 cos(x?) = —4x? sin (x2) + 2 cos(x?)
(b)

¥ = ~4x sin(x) + 2 cos(x?)
¥

|||/|||‘|T Lild LN

X

Hlllulnjn1

(c) The graph shows that —3 < f”(x) <2so|f'(x)|<3for-1<x< 1.
@ x| < 25 (02)3) =

2
(e) For 0<h50.v1,|ET|<—7 0.1 — 0.005 < 0.01

0 a2 222

26. (a) f'"'(x) = ~4%%.2x cos (xz)— 8x in(xz)—-4x sin(xz) = —8x3 cos(xz)- 12x sin(xz)

f<4)(x) = —8x%-—2x sin(xz)— 24x2 cos(xz) —-12x-2x cos(xz)— 12 sin (xz)
= (16:(4 - 12) sin (xz) — 48x? cos(xz)
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(b)

{-1,1] by [-30, 10]

(c) The graph shows that —~30 < f(4)(x) <0so |t(4)(x) I <30for -1<x<1.

1-(=1)(4 _ht
ht 0.4
(e) For 0 <h <04, lEslS T < =3 7 0.00853 < 0.01

® nx1=Cl> 2 5

Exercises 27-30 were done using the nInt( ) command on a TI-92 Plus calculator. Your answer may be
different depending on your calculator.

27. 3.1415927
28. 1.0894294 29. 1.3707622 30. 0.82811633

31. (a) Ty ~ 1.983523538
T;00 ~ 1.999835504
Ty 000 ~ 1.999998355

®)| n |Er|=2-T,
10 0.016476462 = 1.6476462 x 10~2
100 1.64496 x 10~
1000 1.645 x 1076

© |Br,q. |~ 10-?| Er|

2 2 3 3
d)b-—a=mh=" M=1=|E <L(L>=-"— d|E <—T _—=10"%E
@ A= n?’ :l Tn|_12 n? 12n? an |'T10nl—12(10n)2 | Tnl

32. (a) Syo~ 2.000109517
S100 ~ 2.000000011
S1000 & 2-000000000




(b)| n |Es|=2-5,
10 | 1.09517 x 10~*
100 | 1.1x10°8
1000 0

© [Bay = 10725,

4
(d b-—a=mht=L

4 5
— A - _T
4,M—1=>|Esn|<180( )—

CHAPTER 4 PRACTICE EXERCISES

1.

i 2 4
2. (8t3-—§2—+t)dt=ﬂ-
J

Chapter 4 Practice Exercises

5 -
o) = 8007 2™ B10n| < Tao(10my7 = 10 s

2. c
'6-+-2—+
[ 4 1/2 | 42 3t3/2 44! 3/2 4
3. (3\/E+t—2-)dt=J.(3t +4t )<11;=T B-+0=2%2-%+4C
~ 3)
o [ (Le-8)ar=[ (3 -a*)a =340 )- B o= vis Lo
T\t ot 2 2\ 1 (=3) 3
2
5. Letu=r2+5=>du=2rdr=>-%—du=rdr
1
a dl.l -1
J I‘dl‘ 2=I(2)2 =%Ju‘2du=%(‘i—1>+0— 2\1_ + —'_—21 +C
(r2+5) u 2(r +5)

6. Letu=r3—ﬁ=>du=3r2dr=>2du=6r2dr

J 6r2 dr

(- v2)

7. Letu=2-o2=>du=-2ode=>-%du=ado

J39\/2-—02d0= J Va(-3du)=-

=I2%u=2ju—3du=2(-‘£—
" —

2
2)+C=—U—Z+C‘—=—-—r—3——1—57+c

[ [V
%
]
-
~
)
o
=
H
I
[ [5C)
=
tolo:l K
©
SN—
+
Q
]

Vv2)

383
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8.

10.

11,

12,

13.

14.

15.

16.

17.

2
Let u=73+6% = du =362 df = - du=%—d0

27
C g dg:j_l_(Ldu)=Lju—1/2du=.1_ w2\ c=2ul24 022V E +C
| Wy V27 27 71 27 27

e* sin(e*) dx = J sin u du, where u = ¢* and du = e* dx

=—cos u+C = —cos(e*)+C

et cos(3et - 2) dt = J cos u du, where u = 3¢* — 2 and du = 3e¢* dt

sin(3et —2)+C

3= o=

=%sin u+C=

J e* sec?(eX—7)dx = J sec2u du, where u = ¢X — 7 and du = e* dx

=tan u+C =tan(e*-7)+C

Ie’ csc(e’ +1) cot(e¥ +1)dy = Jcsc u cot u du, where u = ¢¥ +1 and du = ¢¥ dy

=—cscu+C=—csc(e?+1)+C

J taH(V_ln % gv = Itanudu= J 8% du, where u =1In v and du = g dv

= —In|cos u|+C=—ln|cos(]n v)|+C

Letu=g=>du=%do=>3du=de

Jsec%tan%d&: J(secutan u)(3 du)=3secu+C=3sec%+C

Letu=31—‘=>du=%dx=>4du=dx

Isinzi‘-dx= J(sinzﬁ)(4 du) = J‘4(l_—c§#2u) du =QI (1 - cos 2u) du =2(u_sin22u)+c

= 2u —sin 2u+C=2(31—‘)—sin 2(§)+C=§—sin§+0

-3
J (o :c() dx = I u3 du, where u =In x and du = '11E dx

-2
=“_—2+C = —%(ln x)"24+C

I %cscz(l +Inr)dr= Jcsc2u du, where u=1+Inr and du=%—dr




18.

19,

20.

21.
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=~—cotu+C=—cot(l+Ilnr)+C

Mdv:—Jcosudu,w.hereu:l—-lnvanddu:—%dv

=—ginu +C=-sin(l1-Inv)+C

x3"2 dx = % J 3" du, where u = x% and du = 2x dx

J2°‘“x sec?x dx = JZ“ du, where u = tan x and du = sec?x dx
=1 _(gu
=52 )+C=2—> e ~+C

(a) Each time subinterval is of length At = 0.4 sec. The distance traveled over each subinterval, using the
midpoint rule, is Ah = %(vi +Vi41)At, where v; is the velocity at the left, and v;, the velocity at the
right, endpoint of the subinterval. We then add Ah to the height attained so far at the left endpoint v; to
arrive at the height associated with velocity v, at the right endpoint. Using this methodology we build
the following table based on the figure in the text:

t(sec) {0 [04,08]|12(1.6]|20|24|28]|32)|36{4.0|44)|48]|5.2](5.6]86.0

v(fps) |0 | 10 | 25 | 55 | 100| 190| 180| 170| 155| 140| 130| 120 105| 90| 80| 65

h(ft) [0 2| 9] 25| 56| 114 188 258 323 | 382| 436 | 486 | 531 | 570( 604 | 633

t (sec) | 6.4]6.8|72]76]80

v (fps) | 52| 40| 30| 15[ O

h (ft) [ 656 674 688 697| 700

NOTE: Your table values may vary slightly
from ours depending on the v-values you
read from the graph. Remember that some
shifting of the graph occurs in the printing process.
The total height attained is about 700 ft.
(b) The graph is based on the table in part (a). httecy

700
600
500
400
300
200
ton
L J L Il "
of 6§ )
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22. (a) Each time subinterval is of length At =1 sec. The distance traveled over each subinterval, using the

23.

24,

25.

26.

midpoint rule, is As = %’(Vi +v _H)At, where v; is the velocity at the left, and v;_, the velocity at the
right, endpoint of the subinterval. We then add As to the distance attained so far at the left endpoint v;
to arrive at the distance associated with velocity v;; at the right endpoint. Using this methodology we

build the table given below based on the figure in the text, obtaining approximately 26 m for the total

- distance traveled:

(b)

t (sec) 0 1 2 3 4 5 6 7 8 9 10
v (m/sec) 0 0.5 1.0 2 3.5 4.5 4.8 4.5 3.5 2 0
s (m) 0 0.25 | 1.00 | 2.5 5.25 | 9.25 | 13.9 | 18.55 | 22.55 | 25.3 | 26.3

The graph shows the distance traveled by the
moving body as a function of time for

0<t<10.

Let.u=2x——l=>du=’2dx=>%du’=dx;x=1=>u#1,x=5=>u=9

|

9
9
(2x—1)"1? dx = J w2 (Lan) =[] =3-1=2
1

Letu=x2—1=>du=2xdx=>%du=xdx;x:1=>u=0,x:3:>u=8

3 8

1/3 8
I x(x2-1)" dx= J u1/3(% du):[%u4/3]o=%(16—0) =6
1

Let

I

Let

©/2

0
u=%=>2du=dx;x=—-7r=>u=—%,X=0=>u=0
0
cos(%) dx = J (cos u)(2 du) = [2 sin u]‘iﬂ_/2 =2sin0—-2 sin(—%):?(ﬂ—(—l)) =2
—-n/2

u=sinx=>du=cosxds;x=0=>u=0,x=%=>u=1

2

2

(sin x)(cos x) dx = T udu= [u__]: = %
0




27.

28.

29.

30.

31.

32.

33.

34.
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2

2 2 5 5 2

(a) J f(x) dx =1 J 36(x) dx=1(12) = 4 (b) Jf(x)dx: I f(x) dx — j f(x) dx = 6—4 = 2
-2 -2 2 -2 -2
-2 5 5 5

© | o) ax=- | g ax=-2 @ [ (7o) ax=-r [ g dx=-r2)= -
5 -2 - =2

(o) 5 (f(x) 1 8x) ) dx=1 i () dx+3

-2

N‘-—-ﬁm

g(x) dx=3(6)+1(2) =g

2 2 2 2 1

(a) I g(x) dx:% J 7 g(x) dx:%(?):l (b) J g(x) dx = J. g(x) dx—I gx)dx=1-2=-1
0 0 1 0 0
0 2 2 2

© j f(x) dx = — J (x) dx = —r ) j V2 (x) dx = /2 J f(x) dx = \/2 (1) = 7/
Z 0 , \ 0 0

© J [g(x) — 3 £(x)] dx = J g(x) dx—3 J f(x) dx = 1~ 3r
0 )] 0

1
I (3x?—4x+7) dx =[x*-2x? +7x]1_1 =[13-2(1)2 + 7(1)]-[(-1)® - 2(-1)2 + 7(-1)] = 6 — (-10) = 16
-1

1
J (85— 1252 +5) ds =[2s* — 4s° +5s](1] =[2(1)*-4(1)® +5(1)]-0=3
0

4

()b | (beed)os=gbe vl =308 m ) (o )= f+f1ms
1

|c1

6+ln\/—-———+ln2

=2 3_19)=2 _21y_2 T = 2/3) 7 _ _
=2(n8+3 12)_3(ln8 L) =2(n 8)-7=m(8*%)-7=In 4-7

2)

%l

4 4
dt _ [ dt _ [ =3/2 gy = [_gp-1/2]t = =2 _(
J t/t «1[ £3/2 J -2, V4

1

Le1;x—'1+\/_=>dx—1 _l/zdu=>2dx=%;u=1=>x=2,u=4=>x=3
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:[ (-5%?2 du= J x/%(2 dx) =[2(§)x3/2]z =$(332)-$(2*?)=4y3-8 2= $3v3-2V3)

2

35. Letu=2x+1=>du=2dx = 18du=36dx;x=0=>u=1,x=1=>u=3
1

—M—=3 18u'3du=[lsu——2]3 =9 =9\_(=2 ‘
| o= | ] =[] -(3)-()- ,

36. Letu=7—5r=>du=—5drﬁ—%du:dr;r:ﬂ:u=7,r=1=>u=2

1 1 )
.[ 3 /——"‘(7 5r)? l (7-51)"%3 dr = !u—z/a(_%du)= _%[3‘11/3]: =%(3\/7—3\/§)

In5 16
37. I e’ 3 +1) 3/2 %— _3/2du,whereu=3e'+1,du=3e';r=0=>u=4,r=1n5=>u=16
0 4

__2[.—1721% _ _2(qa-1/2_ 4-1/2) _(_2Y(1

n9 1/2 8

38. J ef(ef —1) d0='I ul/? du, whereu=¢’—1,du=¢?d8; 0 =0=>u=0,=ln9=>u=8
0 0

_2[ 3/21% _ 2(e3/2 _3/2) — 2(99/2 _ _9ll/2_ 322
= 2u¥/2] = 2(8%/2 - 0%/?) = L(27/2 - 0) = 25— = 2542

2 &2

2
39. J 1 dxzj (lnx)'llz,l—(dx=I u’l/zdu,whereu:lnx,du=%dx;x=e=>u=1,x=e2=>u=2
e 1

o»

In x

—olw/?] = 2(ﬂ—1)= 2/2 -2

40. Letu:4t-—%§du=4dt:%du:dt;t:ﬂ:u:—ﬂ: —E=>u="‘%r

.A

T wrfumgpas | cornpan)=ifprimap - 28

/4 -7 /4

ool

-1_
16

8

SI'-‘

a. | fa+7mx)Pax=

~3j—

—_—0

8
J u'l/sdu,whereu=1+7lnx,duz%dx,'le$u=1,x=e=>u=8
1

_ 87.2/31% _ 8 (gq2/3_q2/3)_(3 _9 )
—ﬁ[u/]l——4(8/ 1/)—(-4-)(4—1)—:?4-. , ’ i




42,

43.

44.

45.

46.

47.

48.

49.
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3r/4
csc?x dx = [—cot x]:;_";‘/l4 = (—-cot -3:1—") - (—cot {—) =2

w/4
/3
dt=\/§ I -2—2—-}?(1“’ whereuz\/gt, du=\/§dt;

2
J, e
—2v3 t=—2=>u=—2\/§,t=2=>u=2\/?_)

il Q)] =l (V) VB Y5 (-3)] = 2

-2\/3

e

A +(\/'t

4

3 2 3 In
J in (v"_:'ll)] dv = J [In(v+ 1)] v= | u?du, whereu=In(v+1),du=
1 1 In2

v

v=1=2u=In2,v=3=u=In4

n 3
= s = 40 42~ %)= @ m 27— (2] = B (g - 1) = Tm 2

secxtanxdx:[secx](l"/3=sec0—sec(—§)=1—2=—1

- /3

3r/4

csczcotzdz:[—cscz]sw/ —( csc-&f-)—( csc ) \/_+\/— 0

n/4

2/3 2/3

1 dy = 3 dy =
\/Ji/a 1y 1vVoy =1 ‘/l—/a |3Y!;;(3Y)2—1

1

Nt du, where u = 3y, du =3 dy;

|
/i
y =:Aé§ =1 ::\/E,y =:§ =u=2

=[sec™! u]i/; =[sec™12 —sec™! V2]= -7?:: ——% = {7

Letu=1-x*=du=—-2xdx=> —du=2xdx;x=-1=>u=0,x=1=>u=0
1 0

I 2xsin(1—x2)dx=[ —sinudu=0

-1 0

Letu:1+3sin2x=>du=6sinxcosxdx=>%du=3sinxcosxdx;x=0=>u=1,x=%
:u=1+3sin2%=4
w/2

4 4
3 sin X o8 X 1 11, -1/2 _|1 ul/2 = [1/2]7 = 41/2 _q1/2
d_I——d _J- du=|ifu’” [l/2]] = 41/2 _11/2 =y
J) Vi+3sinlx il W=y [2( 3 )] ’
1
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-1 -1 -1
2 1
50. I ————-—dv=2J ————-——dv=2j
, Vi+Havts 2, 1+(v2+4v+4) 3, 1+(v+2)2

du,

m
O

whereu=v+2,du=dviv=-2=u=0,v=—-1=u=1

= 2[ta.n"1 u](l) = Z(ta.n_l 1—tan™! O) = 2(%—0) =%

1 1 1 3/2
51. J y e 4 ;4 J = ;’;I v=3 | —L
vy 4 z+(v +v+i 2 (_) (v+%)2 i (@ o
where.u=v+%,du=dv;v=—1:u:-%,v=1=>u_—_%
32 /3 - V3r_ V/3(2x V3
2 -1 — -1 L \|=M3x_(_m\I_Ve(2x  m\_Vo 71
[ tan™ (Tu)] —T[t‘“‘ v/3—tan ( \/g)]— 713 ( 6)]_ 2 (é’+§)— 72

-1/2

52. Letu:sin\/f=>du=(cos ﬁ)(%t'”ﬂdt:%dt=>2du=coi/.1/£dt;t=%=>u=sin%=%,
tzi‘lz:u:sin%:l

w2/4
I cos Vi g = I \/_(2 du) = j /2 du:_[4\/ﬁ]i/2=4\/I—4\/%=2(2-

”2/36 ;;t sin \/_ 1/2 1/2

-

53. x2—4x+3=0= (x-3)(x-1)=0=>x=3orx=1; v
1 3 3

Area = J (x2—4x+3) dx — J (x2-—4x+3) dx 2 f(x).xz..4x+3
o 1 X

[3‘33—2x2 +3x]:—[x§— 2x% + 3x]j vx
=[(% 20743 ) o] N |
—[(3;—‘2(3)2 +3(3))—(13—3—2(1)2 +3(1))]= (3+1)-[o-(3+1)]=8

2
x° _ 2 — .
5. 1-=-=0=24—-x*-0=>x= +2; 1(1)_1_0‘2/4)

4

2 3 2 0.5
Area = J (1——-)dx—f (1—%)dx .
2 -2 -1 X

-
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[e-8)-( )
{(s-%)-(- )] 4-(-9)-@-9-1

55. 5-5x2/3 = 0= 1-x*3=0 = x= +1; /s& ) = 5 = 5x%
1 8
Area = j (5—5x2/3) dx—I (5—5x2/3) dx ' X
-1 1 -5
=[5x——3x5/3]1_1—[5X—3x5/3]i -10
= [(5(1) - 3(1)5/3)—(5(~1) - 3(—1)5/3)] -18

~[(58)-3(8%/2) - (5(1) ~3(1)/%)] = [2 - (~2)] - (40~ 96) — 2] = 62

56. 1—\/)—c= ;
Area= | (l-ﬁ)dx—J (1- /5 dx ;

S - () =1-Vx
“[e-32n] (-2

X 0_ 3 1

<[40 -o}-[4-§or)-(-§o s{ ~ ]
57. f(x) = x, g(x):;{%,a:l,b=2=>A f(x) g(x)] dx perfea

2 2

[ D‘

[f(X) —g(x)] dx

58. f(x) = x, g(x)=71=,a=1,b=2=>A

-1/r

-] (e el -] <)
_T—44/2

-2
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59. f(x)=(1-—\/>_()2,g(x):O,a:O,b:l=>A=

pe—c

1 1
10 — 9] dx = | (1= V&Y dx= [ (1-2y/&+x) dx
0 0

1 1
= I (1—2xl/2+X)dx=[x—%x3/2+x—] = 1—%+%=l(6-—8+3) =%
0

2
60. f(x) =(1-x3)", g(x) =0,a=0,b=1=> A=

I

1 1
[f(x) —g(x)] dx = J (1—x3,)2 dx = J (1-2x®+x%) dx
0

0
x* x71 1,1_9
= X—7+~7—0=1—--§—|—7=T‘I
61. f(x) = x, g(x) =sin x, a =0, b=% y
b /4
ﬁA:J[f(x)—g(x)] dx = J (x —sin x) dx
a 0
2 s aes] " < (£4 ) :
= 7+cosx0 = §§+_2— -1 l "y
62. f(x) =1, g(x) =lsinx|,a=~-F, b=7

us
2’
b 72
=>A=.[[f(x)—g(x)]dx_ J (1-Isin x]) d
a —n/2
0 w/2
= J (1+sinx)dx+.[ (1 —sin x) dx
-n/2 0
w/2 )
=2 J (l—sinijdx.=2[x+cosx]g/2=2(—7-2r-—1)=7r—2
0

63. a=0, b=, f(x) — g(x) = 2 sin x —sin 2x

ki3
(2 sin x — sin 2X) dx = [—2 cOoS X +_C0822X]
’ 0

= A=

O——3

=[_2'("1)+%]‘(—2-1+%)=4




64.

65.

66.

67.

68.

69.

70.
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a= _%, b=%, f(x) — g(x) = 8 cos x —sec?x

w/3
> A= J (8 cos x—seczx) dx = [8 sin x — tan x]’_'f‘_?'/a
—-/3
=(8'§—\/§)—(—8-§+ \/§)= 6+/3
f(x) = %3 — 3x% = x3(x — 3) = (x) = 3x% — 6x = 3x(x—2) = £ = +++ | ———— | +++
0 2
: . 4 ]
= f(0) = 0 is a maximum and f(2) = —4 is a minimum. Then A = — J (x3-3x%)dx = _[XT"XS]
0
0

--(-7)-7

A=

(=

1 1
(1—x1/3)3 dx = I (1—3:{1/3+3x2/3—x)dx=[x—%x‘l/?’+%x5/3—x72]0=716
0

2
y= J X ;1dx= [(1+x'2)dx=x—x‘1+C=x-—,1-3+C;y=—1 when x =1 =>1—--%—+C=—1
x

=>C=—1=>y=x—%-—1

g% —e X V2 o % =e* 2. eV Vdy=e*2dx = J e dy = I e 2dx >V =—*"24C;x=0

andy=-2=e?=-e24C=>C=222e"=-e 2422 ()= In(—e*~2 + 2¢~2)
=>y= In(—e>"2+ 2¢2)

¢ = I (15\/E+i) dt = I (156124 3672/2) dt = 106%/2 4 6t1/2 4. C; £ =8 when t =1

NG
= 10(1)*/2 +6(1)1/2+C =8 = C = —8. Thus % =10t32 4 6t1/2_g =1 = J(m@/? +6t1/2-8)dt

=4t5/% 1 443/2 84 +C;r = 0 when t = 1 = 4(1)*/2 +4(1)*/2 —8(1) + C, = 0 = C, = 0. Therefore,
r=4t53/2 + 4t3/2 _gt

d*r : " : d?r :
CI_— | —costdt=-sint+C;r""=0whent=0=>—-sin0+C=0=C=0. Thus,>5=—sint
:g{: J—sintdt:cost+Cl; '=0whent=0=1+C;=0=C;=-1. Then%:cost—l

Sr= J(cost—l) dt:sint—t+Cz;r=~1‘whent=0¢0—0+02=—l. Therefore, r =sin t —t —1
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X 1
1. y=x2+ J %—dt =>3ir2x+x=>g;——2——,y(1)—1+ I %dt:landy'(l)-_-2+1=3
1 1
2
2.y J (142+/sec t ) dt => =1+424/sec x = % = 2(%)(sec x)~/?(sec x tan x) = /sec % (tan x);
0
x=0=>y=J(1+2\/sec )dt-Oandx-O:} —1+2\/sec =3
3 -
X . 5 .
73 y= J Smtdt—3=>gy MX. x=5b=>y= J ﬂ%—tdt—3=—3
5 5
x d -1
74. y = V2 —sin?t dt + 2 so that 5{= 2—sin2x; x==1l=y= I V2-sin®tdt+2=2
-1 -1
L [ ] =g (22 4 ) (G2 s
75. (a) av(f) = =D J (mx+b)dx =35 —2—+bx]_-1 =3 o) +b(1) J- T+b(—l))] = -2-(2b) =b
-1
f | “ o f(m@? m(—k)
(b) av(f) = ) [ (mx+b)d =—E[ o) +bx] ) =ﬂ[( ) +b(k)> ( 3 +b(—k))]
k
=L (2bk) =b
2k
3 3 V3 V312 V3
6. () v =gg | VB ax=} | VB ax= R R] = R0/ -307] = P 2vE) =2
0 0
a . a
®) vy =5kg | VaRax=} | yax/tax= 2 /) = (% o 20%2) =Y (2ay5) =2
0 0
h f(b) — f
77. £, = l—){_a, J fi(x) dx = ﬁ[f(x)]g = E{_a[f(b) —f(a)] = %)- so the average value of f over [a,b] is the
a
slope of the secant line joining the points (a,f(a)) and (b, f(b)).
b
78. Yes, because the average value of f on [a,b] is 5 -l—a. I f(x) dx. If the length of the interval is 2, then b—a =2
b a
and the average value of the function is 5 J f(x) dx.
a
79. %: V2 + cos® x
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80. %: V2 +cos® (7x2)- L(7x2) = 14x1/2 + cos® (7x2)
d X
dy _ d _6 —__2F5
L= dX( .[ 3+td dt) 3+xt
d ezx X 2
2. T=4d J 1 dt-—J——l dt |=—L—(2e%) - L= 2 __1
dx " dx} ) 1447 4 1+t ] 14+(e™) 1+x2 1+e® 1+x2
83. h=b;a=”—gg=%=>%=i%; X; f(x;) m | mf(x)
o Xg 0 0 1 0
mf(x) =12 = T = (& )(12) = 7; x, | 7/6] 1/2 2 1
= 1 12 1
= xg | ©/3 ] 3/2 2 3
X3 | w/2| 2 2 4
X, | 27/3]| 3/2 2 3
x5 | 57/6 1/2 2 1
Xg E 0 _ 1 0
X | f(x) m | mif(x)
. Xo 0 0 1 0
Z mf(x;) = 18 and%:%bS:(T‘%)(lS)zw. X, | w/6 1/2 4 2
=0 X, | 7/3] 3/2 | 2 3
xg | m/2 2 | 4 8
xg | 27/3] 3/2 | 2 3
x5 | 57/6 1/2 | 4 2
Xg T 0 1 0

84. (a) Each interval is 5 min = -112- hour.
24[2 5+2(2.4) +2(2.3) +... +2(2.4) +2.3] =

(b) (60 mph)( hours/gal) 24.83 mi/gal

85. y,,,,:P’—&,)lTﬁaT5 [37 sin(Z (x — 101) )+ 25| dx = 54[ 37
0

=3(1i_5[( 37(365)cos[365(365—101)]+25(365)) ( 31(

3

as 2.42 gal

m
= 3% cos 5 (264) ) + 25 + 3T cos 5 (-101) ) = —§T cos (3

cos (& (x - 101))+ 25x)]

2

365

cos[3—67r5 (0- 101)] + 25(0))]

— cos (%(—101))) +25
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86.

87.

88.

89.

90.

91.

~ — 81 (0.16705 - 0.16705) + 25 = 25°F

675

av(C,) = grsag [ [8.27 + 10~*(26T - 1.87T2)] dT = %g[s.wr + %{%Tz - 9451%%3-31“3]675
20 20

~ % [(5582.25 + 59.23125 — 1917.03194) — (165.4 + 0.052 — 0.04987)] ~ 5.434;

8.27 +10~5(26T — 1.87T2) = 5.434 = 1.87T% — 26T — 283,600 =0 = T ~ 26+ /676 '2"(‘:(;;;7)(283’600)

~ 396.45°C '

Using the trapezoidal rule, h =15 = % =17.5; X; f(x;) m mf(x;)
Xq 0 0 1 0

Y mi(x;) = 794.8 = Area » (794.8)(7.5) = 5961 ft?; X | 15| 36 2 72
X | 30| 54 2 108

The cost is Area - (82.10/ft?) ~ (5961 £t2)($2.10/#¢?) x3 | 45| 5l 2 102

= $12,518.10 => the job cannot be done for $11,000. Xy 60 | 49.5 2 99
Xs | 75| 54 2 108
Xg | 90 | 64.4 2 | 1288
x; | 105 | 67.5 2 135
Xg | 120 | 42 1 42

(a) Upper estimate: ,
3(5.30 +5.25 + 5.04 + ...+ 1.11) = 103.05 ft
Lower estimate:
3(5.25+5.04 +4.71 +... 4+ 0) = 87.15 ft

(b) 315.30 +2(5.25) + 2(5.04) + ... +2(1.11) +0] = 95.1 ft

Yes. The function f, being differentiable on [a,b], is then continuous on [a,b]. The Fundamental Theorem of

Calculus says that every continuous function on [a,b] is the derivative of a function on [a,b].

The second part of the Fundamental Theorem of Calculus states that if F(x) is an antiderivative of f(x) on

b
[a,b], then J f(x) dx = F(b) — F(a). In particular, if F(x) is an antiderivative of v'1+ x% on [0,1], then

a
1

I VI8 dx = F(1) - F(0).

0

X
y(x) = J Sirtltdt+3
5

e
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X
92. y' =cos x—‘f—x J cos 2t dt = cos x —cos 2x = y” = —sin x + 2 sin 2x
w

Thus, y satisfies condition i.
T

y(n) =sin 7+ J cos 2t dt + 1 =1 and y'(7) = cos T — cos 27 = —2
n

Thus, y satisfies condition ii.

1
93. (a) g(1) = I £(t) dt = 0
1

(b) g(3) = | £(t) dt =-F(2)(1) = -1

—_———w

-1 1
(c) 8(-1) = [ f(t) dt = —j f(t) dt = _%;,,(2)2 =
1 -1

(d) g'(x) =f(x); Since f(x) >0 for -3 <x < 1 and f(x) < 0 for 1 < x < 3, g(x) has a relative maximum at
x=1.

(e) g(-1)=1(-1)=2
The equation of the tangent line is y — (=m) =2(x+ 1) ory =2x +2 -7

(f) g"(x) =f(x), f'(x) =0 at x=—1 and ' is not defined at x = 2. The inflection points are at x = —1 and
x = 2. Note that g"(x) = f'(x) is undefined at x =1 as well, but since g"(x) = f'(x) is negative on both
sides of x = 1, x = 1 is not an inflection point.

(g) Note that the absolute maximum is g(1) = 0 and the absolute minimum is

g(-3) = J f(t) dt = — j f(t) dt =~—%7r('2)2 =2
1 -3
The range of g is [-2,0].
94. (a) Before the chute opens for A, a = —32 ft/sec?. Since the helicopter is hovering, v =0 ft/sec

=>v= J ~32 dt = —32t + vy = —32t. Then s, = 6400 ft = s = J —32t dt = —16t2 4 55 = —16t2 + 6400.
At t = 4 sec, s = —16(4)? + 6400 = 6144 ft when A’s chute opens;

(b) For B, s = 7000 ft, vy =0, a = —32 ft/sec? = v = I —32dt = -32t+vy=-32t = s= J —32t dt
= —16t% + sy = ~16t% + 7000. At t = 13 sec, s = —16(13)? + 7000 = 4296 ft when B’s chute opens;

(c) After the chutes open, v = —16 ft/sec = s = J —16 dt = —16t +s5. For A, s, = 6144 ft and for B,

8o = 4296 ft. Therefore, for A, s = —16t 4 6144 and for B, s = —16t +4296. When they hit the. ground,
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s=0= for A, 0= -16t+6144 = t = 6144 = 384 seconds, and for B, 0 = —16t + 4296 => t = 4%%

= 268.5 seconds to hit the ground after the chutes open. Since B’s chute opens 54 seconds after A’s opens
=> B hits the ground first.

30 )
=4 j (1200 — 40t) dt = {1200 - 2062] = 25((1200(30) — 20(30)%) - (1200(0) - 20(0)*)]
0

= 4(18,000) = 600; Average Daily Holding Cost = (600)(80.03) = $18

95. av(T)

[y

4

14
96. av(l) =1 | (600+600t) dt = (600t +300t*}" = = £;(600(14) + 300(14)? — 0] = 4800; Average Daily

0
Holding Cost = (4800)(80.04) = $192

30 9 30
97. av(l) = 35 [ (450 - %) dt = %[45% - -]
0

= (300)($0.02) = $6

3
= 315[450(30) - Q_g__ - 0] = 300; Average Daily Holding Cost
0

60 60

98. av(l) = g I (800 — 20+/15t) dt =61_0J 600—20\/1_5t1/2)dt=616[600t—20\/ﬁ(§)t3/2]60
0
1

) 0

40 . .
64600(60)——‘/_(60)3/2 ] —6(36 000 — (%)152) 200; Average Daily Holding Cost

c>

= (200)($0.005) = $1.00

CHAPTER 4 ADDITIONAL EXERCISES-THEORY, EXAMPLES, APPLICATIONS

1 1
1. (a) Yes, because J f(x) dx =% I 7i(x) dx = %(7) =1
0 0

0

1 ) 1 ‘ T 4y
(b) No. For example, J‘ 8x dx = [4x2]0 =4, but J 8x dx = [ \/_<'3_)] = —3—( 13/2 _ ¢3/2)
0 § 0

RN

5
f(x) dx = — J f(x) dx = -3
2

5 5 2 5 5
[f(x)+g(x)] dx = j £(x) dx + J g(x) dx = J £(x) dx + j £(x) dx + I
-2 —2 -2 2 -2
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5 5 5 5
(c) False: J f(x) dx=44+3=7>2= J g(x) dx = J [f(x) — g(x)] dx > 0 = J [g(x) — f(x)] dx < 0.
=2 -2 -2 ~2

On the other hand, f(x) < g(x) = [g(x) —f(x)] > 0= | [g(x)—f(x)] dx >0 which would be a

|¢*q‘

contradiction.

X X
3.y =% J f(t) sin a(x —t) dt :%— J f(t) sin ax cos at dt—é J f(t) cos ax sin at dt
0 0 0

X
; d
= sin ax a—){-:cosax I f(t) cos at dt

0

OF—X

X
f(t) cos at dt — 258X J {(t) sin at dt =
0

X

x X
4 §in ax "‘x(di J f(t) cos at dt)+ sin ax J f(t) sin at dt — <28 ax( I f(t) sin at dt)
0

0 0

Of%Y—¥

X
f(t) cos'at dt +§-ill-a-a‘—x(f(x) cos ax) + sin ax I f(t) sin at dt — 258X (f(x) sin ax)
0

= cos ax
X X
5= = cos ax J 1(t) cos at dt +sin ax J f(t) sin at dt. Next,
0 0
X X X
j—y = —a sin ax J f(t) cos at dt + (cos a.x)( J f(t) cos at dt) +a cos ax J f(t) sin at dt
0 0 0

X
+ (sin ax) (% J f(t) sin at dt) = —a sin ax J f(t) cos at dt + (cos ax)f(x) cos ax
0 0

+acos ax | f(t) sin at dt + (sin ax)f(x) sin ax = —a sin ax

(=0 ]
(= ]

X
f(t) cos at dt + a cos ax I f(t) sin at dt +f(x).
0

X
Therefore, y'’ + a%y = a cos ax J f(t) sin at dt —a sin ax | f(t) cos at dt +f(x)
0

Of— %

X X
+a? (sinaax J f(t) cos at dt — <05 8X 1 f(t) sin at dt) = f(x). Note also that y'(0) = y(0) = 0.
0 0

y Yy y Co
1 d d 1 d 1 dy :
L x= —_ dt = L (x :-—-J dt = = J dt ( >fromthecha1nrule
* J; V1+at? ax ™ d ) VT4 dY[ V1+4t2 ]ﬁ
d
(\/1+4y’)( y)

4
—t
I
i
+ =
1S
~<
/N
Da o
'~<
\_/
[a—y
+
'S
<
=
=
9
!:
Il
Q..la'
[a—y
+
.:;
Q-IQ_
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(%) v

=31 4y (sy)@g?) T Vitay?

proportionality is 4.

x2

I

0

x2

. (a)

0

V1 +4y?

f(t) dt = x cos mx = a%—( J f(t) dt = cos mx —

2
=4y. Thus g—% = 4y, and the constant of
X

#x sin 7x = f (xz)(Zx) = cos TX — X sin 7TX

= f(xz) — cos 7rx—7;x sin wx Thus, x = 2 = f(4) = 8 2T —-Zr sin 27 _ 1

£(x)
(b)

= f(4) = 3/3(4) cos 47 =3/12

a‘2

f(x) dx = 5

a
. j +%ina+%cosaandlet F(a) =
0
= f(a) = F/(a) =a.+%sin a+%cos a—
b b

1 1

. The derivative of the left side of the equation is:

d
dx

X

J u f(u) du =

0

X

J

0

side of the equation is:

o
|

when x = 0, the constant must be 0. Therefore,

f(u)(x —u) du:| = (ii—x

I

X

I f(u) du]

0

_4d
dx

|

=3x24+2=2y= J(3x2+2)dx=x3+2x+C.

dy _
ax

§y=x3+2x—4

|

-72£sin a=>f(-72£)=12r-+

I f) dx = VBT 1-v2 = f(b) = & J x) dx = L(b2+1) "2 (2b) =

dx

d
f(u) du + xl:-&)—c

£(x)
t2dt = [%] = %(f(x))3 = %(f(x))3 = x cos 7x => (f(x))% = 3x cos 7x => f(x) = 3/3x cos mx
0

~

a

f(t) dt = f(a) = F'(a). Now F(a) =% +35sin a+3cosa

in L4222 T _
sin 5 + =

1
+§—

e

DNj—
ICTE]
DNOf—

b _
T T W=
|
u f(u) du

|

u

J £(t) dtjl duil -

0

f(t) dt; the derivative of the right

-

|
x.'f(u) xdu—
0

dx

Oy %

X

|

0

f(u) du] —xf(x) = | f(u) du + xf(x) — xf(x)

f(u) du. Since each side has the same derivative, they differ by a constant, and since both sides equal 0

|

f(u)(x — u) du.

[roue-]

Then (1,~1) on the curve = 134+ 2(1)+C=-1=>C=—4

f(t) dtjl du =
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10. The acceleration due to gravity downward is —32 ft /sec2 = v= J —32 dt = —32t + v, where v is the initial

velocity => v=—-32t+32 => s = J (=32t 4 32) dt = —16t2 + 32t + C. If the release point is s = 0, then C =0

= g = —16t% +32t. Thens =17 = 17 = —16t2 + 32t = 16t2 — 32t + 17 = 0. The discriminant of this

quadratic equation is —64 which says there is no real time when s = 17 ft. You had better duck.

3 0 3
i1 J f(x) dx = J x2/3dx+J —4 dx
-8 -8 0

=[Ber] + e

=(0-3(-8)*)+ (-43)-0) =5 - 12

]
=36
]
3 0 3
12. J f(x) dx = J ,/—xdx+! (x?-4) dx
-4 -4 0

1 2
13. Jf(t) dt = J tdt+J sin 7t dt
0 0 1

=[%]1 +[_T cos 7rt;]2

0

=(%-—0)+[—,lr-cos 21r—(——1- cos w)]
-1-2

14.

o

=[-%a- z)3’2]: +[ (72— 6)2/3]:
fo-—(-fo-or")

(L@ -0 - a0 -6
(8-3)=5

Y]

1 2
f(z) dz = J Vi-z dZ+J (72— 6)"/3 dz
0 1

0 4 y -
y=singr
-1

1

W-Jl—; ,W-az_s)—ua

—Z
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2 1 2
15. Jf(x)dx:de+I (l—xz)dx+I2dx
-2 -1 1

17.

18.
19.

20.

21.

=-1-(-2) +<1 - 133)—(-1 - (_31)3>+ 2(2) - 2(1)
)

2 0 1 2
Jh(r)dr:[r J (1—r2)dr+J
-1 21 0 1

3 1 2 3
Ave. value:bla I f(x) dx=3_1_0 J f(x) dxz%[J dx+J 0dx+ I dx]:%
0 0 1 2

1/x

0= | b 00 =3E)-(F)(&W)=h-x(-E)=kri=1
/

sin x

£(x) = J’ a0 = (1—_—:—i;1-2—;>(%(sin x))"(ﬁﬁxf_x (cos %)) =

Cos8 X

=1 1
=5 Xt 5 x

15

a= | sni?ae=g) = (m2y5F) V)~ (an(A) (M) = -5k

NG

[1—0+0+3—2]=§

€os X + sin x
el v
cosx sin“x
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x+3
22. f(x) = J 6(5 — t) dt=>f'(x)=(x+3)(5—(x+3))(adi(x+3))-x(5-x)(g—§)=(x+3)(2-x)-x(5-x)

X
=6-x—x>-5x+x*=6—6x. Thusf'(x) =0 =>6—6x=0=>x=1. Also, f/(x) = —6 <0 = x = 1 gives a

maximuin.
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NOTES:
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TECHNOLOGY NOTES:
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