MATH180 - HOMEWORK SOLUTIONS

HOMEWORK #7

Section 5.6: 1, 5, 9, 15, 21, 30
Section 6.1: 1-61 (odd only), 69, 73
Section 6.2: 1-53 (odd only), 59, 61

EXERCISES 5.6 , page 388

. a. The growth constant is £ = 0.05. b. Initially, the quantity present is 400 units.
C.

{ 0 10 20 100 1000

O | 400 660 1087 59365 2.07 x 10**




a. We solve the equation
5.3e"01%8 = 3(5.3) or %1% =3,

or 00198 =In3ands= 3 ~555.
0.0198

So the world population will triple in approximately 55.5 years.
b. If the growth rate is 1.8 percent, then proceeding as before, we find
1.018(5.3) = 5.3¢" ,and k=1In1.018=0.0178.
So N(f) = 53" 1f t = 55.5, the population would be
N(55.5) = 5.3¢%01780559) = 1423, or approximately 14.23 billion.

The resale value of the machinery at any time ¢ is given by V(f) = 500,000e™
(¢ = 0 three years ago). We have ¥(3) = 320,000 = 500,000¢>* which gives

320,000 In0.64

¢k = o000 = 0-64. Therefore, —3kIne=1In 0.64 and k = =~ 0.149. Four

years from now, the resale value of the machinery will be given by
Y(7) = 500,000 "7 = 176,198, or approximately $176,198.

P(h)= p, e* P(0) = 15, therefore, po = 15.

125
P(4000) = 156 400% = 12.5; 4000k —=

15°
125
4000k = In (—1—5—) and k = 0.00004558.

Therefore, P(12,000) = 15¢7000004538012000 g 68 or 8.7 1b/sq in.
The rate of change of the atmospheric pressure with respect to altitude is given by

P'(h)= %(15500""0“”“) =—0.0006837¢ 7%

So, the rate of change of the atmospheric pressure with respect to altitude when the
altitude is 12,000 feet is P'(12,000) = —0.0006837¢™%+53(12%9) + _0.00039566.
That is, it is dropping at the rate of approximately 0.0004 lbs per square inch/foot.

We are given that Q(280) = 20. Using this condition, we have
Q(280) = Qo * 278" =20, So Qp*22=200r %0— = 24—0 =5. So the initial

amount was 80 mg.

Suppose the amount of phosphorﬁs 32 at time ¢ is given by



10.

11.

12.

O(t) = Qoe™

where Q) is the amount present initially and & is the decay constant. Since this
element has a half-life of 14.2 days, we have
Ink
%QO =Q, e, e = %, -14.2k = ln%, k= ——4—2— ~ 0.0488.
Therefore, the amount of phosphorus 32 present at any time ¢ is given by

Q(t) — 100670.04881
The amount left after 7.1 days is given by

O(7.1) = 100¢ OM880-1) = 1103465

=70.617, or 70.617 grams.

The rate at which the phosphorus 32 is decaying when ¢ = 7.1 is given by

Q(t)— [100 004881 = 100(—0.0488)e ™ ** = —4.88¢ "M

Therefore, Q'(7.1) = —4.88 00488GD ~ 3451 that is, it is changing at the rate of
3.451 gms/day.

Suppose the amount of strontium 90 present at time ¢ is given by Q(f) = Qoe™
where Q) 1s the amount present initially and % is the decay constant. Since this
element has a half-life of 27 years, we find ;

10, =0, e =1 -27k=In, k=-5%Iny

ZQO_QOe b € — 2> _nz’ b 27 n2.
Therefore, the amount of strontium 90 present at any time ¢ is given by

Q(t) — Qoe((1f27)|n 172)¢ — Qoeln(l/2)(t/27) = Q0(1/2)1/27-

We want to find ¢ when Q(¢) = (1/4) (.

1127 t/127
1 1 1 1 ¢, 1 1
-0,=0,=| ,1=| ==, —Ih—=In-,
Q° Q‘)(z) (2) 4’27 2 4

1 _
t= 27n— = 27( In 4) ~ 54, or approximately 54 years.
Ini —-In2

We solve the equation 0.20, = Qe 0%

obtaining t= _In02 ~ 13,412, or approximately 13,412 years.

-0.00012

We solve the equation 0.18Q, = Qge 0001

_ In0.18
-0.00012

giving
~ 14,290, or approximately 14,290 years.



13.

14.

15.

The graph of Q(¢) follows.
2w

100

+———t—tt—3 1
I 10 20
a. 0(0)=120(1 — %) + 60 = 60, or 60 w.p.m.
b. O(10) = 120(1 - e %) +60=107.22, or approximately 107 w.p.m.
c. 0(20)=120(1 - ") + 60 = 135.65, or approximately 136 w.p.m.

a. S(r) = 50,000 + Ae™ Using the condition S(1) = 83,515 and S(3) = 65,055, we
have S(1)= 50,000 + de *=83,515 and S(3) = 50,000 + 4e* = 65,055.

The first equation gives 4e”* = 33,515 and the second equation gives
Ae™=15055. So

Ae™* 33,515  ,, 33,515 1, (33,515
= , e’ = , or k=—1
Ae 15,055 15,055 2 15,055

b. A =33515¢" = 33515¢ %4 =22463. So S(f) = 50,000 + 224633 0401,
In particular, S(4) = 50,000 + 22463¢ 049149 ~ 54 533,
or approximately 54,533.

c. S()= 57[50’ 000 + 22463 7>4014]

]z 0.40014.

=22,463(~0.40014)e™ ¥ = _8988 34¢™04"

and so S'(f) = -8988.34¢ " ~ ~1813.7.
That is, the sales volume is dropping at the rate of approximately $1814/week.

The graph of D(¢) follows.




16.

17.

18.

19.

a. After one month, the demand is  D(1) = 2000 — 1500 %% = 573.

After twelve months, the demand is D(12) = 2000 - 15006~ 1177.
After twenty-four months the demand is D(24) = 2000 — 1500¢™"* = 1548.
After sixty months, the demand is D(60) = 2000 ~ 15007 = 1925.

b. lim D(¢) = lim 2000 — 1500e™"% = 2000

1 —>® {0

and we conclude that the demand is expected to stabilize at 2000 computers per
month.

c. D) =-1500e%%(-0.05) = 75¢ % Therefore, the rate of growth after ten

months is given by D'(10) = 75¢ %> = 45.49, or approximately 46 computers per
month.

a. The percent that will fail after 3 years is P(3) =100(1~e™**) ~ 25.92.
Therefore, 74% will be usable.
b. lim P(t)= %imlOO(l ~e*"y=100. So all will fail eventually, as one might

expect.

a. The length is given by f(5) =200(1-0.956e™*'*®) ~122.26, or approximately
122.3 cm.

b. £(t)=200(=0.956)¢"¥ (<0.18) = 34.416¢™'¥ S0, a 5-yr old is growing at the
rate of £'(5)=34.416e"*"*® ~13.9925, or approximately 14 cm/yr.

¢. The maximum length is given by 1im200(1 - 0.956e™"'%) =200, or 200 cm.

1000 .
a. Q(l) = m =~ 11.06, or 11 children.
1
b. O(10) = —————999—_—8— ~937.4, or 937 children.
1+199¢
100
C. 1m—%— = 1000, or 1000 children.
>=]14+199e¢™
a. The percent of lay teachers is f(3) = ———9—%——:3— ~ 86.1228, or 86.12%.
1+2.77¢

[=p

. fO= %[98(1 +2.77e7") " 1= 98(-1)(1+2.77¢) 2 (2.77e" )(-1)

_ 271.46¢”
(1+2.77¢")



-3
£'3)= _22._@_3_2 ~10.4377.
(1+2.77¢3)

So it is increasing at the rate of 10.44%/yr.
. —12_—1__-1. 2 —l_' -
. f,,(t)=271‘46[(1+277e Y(-e")~e" - 2(1+2.77e")(-2.77e )}

(1+2.77¢")*

_27146[-(1+2.77€ +5.54¢™"] _ 271.46(2.77¢” ~1)
e(1+2.77¢) e(1+2.77e*)
Setting f"(r)=0 gives 2.77¢”" =1
L1

“277°
The sign diagram of f” shows that # =1.02 gives an inflection point of P. So, the

—t=ln(#), and r=1.0188.

2.7

+++ +0- ——-=-—-

] 1
1 T
0 1.02

> 1

percent of lay teachers was increasing most rapidly in 1970.

20. a. N(0)= 400 =10 flies. - b. 1im-——-————400_0l6 = 400 flies.
1439 150 ] 43971
400 .
C. N(20) = W ~154.5, or 154 flies.

WY d ~0.161 -1
d. N(t)-;[400(1+39e ]

= —400(1+39e‘°'16')‘22;(3950"6')

24967
249671629
(1 + 39e—0.l6(20))2

N'(20) = ~15.17031574, or approximately 15 fruit-flies per day.

68

1+21.67¢7%
The percentage of households that owned VCRs at the beginning of 1985 is given

21. P(t) =



68 68
b P O = =
y £O) 14216779 2267
The percentage of households that owned VCRs at the beginning of 1995 is given

68
by PA0) = e

= 3,or approximately 3 percent.

~65.14, or approximately 65.14 percent.

16.
22. The expected population of the U. S. in 2020 is P(3) = 7 6165 =~ 32499,

+4.02¢7%
or approximately 325 million people.

23. The first of the given conditions implies that £ (0) = 300, that s,

300 = 30000 _ 3000'
1+Be” 1+B
; 3000 i
So 1+ B =10, or B=9. Therefore, f(t)= 12 90" . Next, the condition
+9e

f(2) = 600 gives the equation

600 = —399%7, 149e7* =5, 7 =3, or k= —lln(i}
1+9e 9 219
3000 3000

Therefore, f(1)=

Ty n49) NG
1+ 9e " 1+9(§)

The number of students who had heard about the policy four hours later is given by

f4)= ——@g—; =1080, or 1080 students.
1+9(3)

To find the rate at which the ramor was spreading at any time time, we compute

d "
£1(t)= = 300001+ 9" |

= (3000)(~1)(1 +9e %) %(950405465')

= _3000(9)(_0-405465)6—0'405465t (1 + 96—0.4054651 )—2

10947.555 ¢ %%
= (1 + 98—0.405465r)2
In particular, the rate at which the rumor was spreading 4 hours after the ceremony
10947.555¢™ 047464

is given by f'(4) = (14 90 405365(4)2 ~280.25737.




So , the rumor is spreading at the rate of 280 students per hour.

24. a. f'(t)=-8¢* <0 forall tin (0,0). So fis decreasing on (0, ).
b. f"(t)=16e™ >0 forall tin (0,). So, fis concave upward on (0, ).
c. limf(t)= }im(6 +4e¥)=6.

d.
4P
IOL
2 6 >x
15(1- (%) 15(1-(3)" _
25. x(t)=—(_](2—3)3,); lim x(¢) = lim ( ] (23)3,)=15(1 D15
1‘?(?) {—® {0 I_Z(?) 1-0
or 15 lbs.

d d d
26. a. f'(t)=—[a(l-be™)]==(a)-—abe™ =0-be™ (~k) = bke™.
f'® dt[ ( )) dt(a) 7 (=)
Since f'(t)>0 forall >0, fis increasingon (0,).
b. f"(t)= gt-(bke"“) =-bk’e™ <0 on (0,) and the conclusion follows.

c. imf(t)= }im[a(l ~be™)]=lima - }im abe™® =a-0=a.

d.

a(1-b)




27. a. C(t)=b_]fa(e"‘”—e‘b’);

C'(t)zbfa(—ae +be ‘b')—bk_ba[ —(%Je"‘"]

= kb e—bt [l_ge(b-a)t]
b-a b

In(%
C'(t) =0 implies that 1=%e("’“)‘ or t= (")

b-a
The sign diagram of C'
G+++ ++ 4 = ~==~
+ ‘ > ¢
0 ln( 'aal' )
(b-a)
shows that this value of # gives a minimum.
b. ImC(¢) =
{—w — a
. r ry. wl or . .
28. a. Iim{—~ o Cle = 7 and this shows that in the long run the

concentration of the glucose solution approaches r/k.

b. C')=-[(£)-C, |e (-k)=k[(§)-C, ™ >0 (since £ > C,)
for all t > 0. So, C is increasing on (0, ).

c. C'()=-kK[(£)-C,]e*<0  (since £>C,)

for all £ > 0. So, the graph of C is concave upward.

d.

4

r

e sy

=i~

Co 1

29. a. We solve Q,e”™ =;1,—Q0 for t. Proceeding, we have



e =l, Ine™ =ln-l—=lnl=ln2=—ln2;
2 2

—kt =-In2;
So = l_ng
k
b t= _Im2 5598.927, or approximately 5599 vears
' 0.0001238 7ol OTapp y 2377 years.

30. 2. Q'()= Ce™*” 57 (—Ae™)=—ACe™™" e (—k) = ACke" 4",

b. Q”(t) - Acke(_Ae-h-kr) . [__k_Ae—kt(_k)]zo’ lf Ae_k, - 1
oK 1 1 1 1 1

=—, —kt=In—, ort=-—1In—= — InA.
A A A k

The sign diagram shows that = + In A4 is an inflection point and so the growth is
most rapid at this time.

O+++ 0~=w- —~--~

-+ -+ >t
1

v in A
k

c. Iim Q(H=C.

™



CHAPTER 6
EXERCISES 6.1, page 407
1. F(x)=1x’+2x?—x+2; F/(x)= x> +4x~1= f(x).
2. F(x)=xe*+7, F'(x)=xe" +e" =e*(x +1) = f(x).
3. F(x)=2x"-D" F'(x)=12x" ~1)™"(4x) =2x(2x* - D7 = f(x).

4. F(x)=xInx-x; F'(x)=x({)+Inx-1=Inx= f(x).

w
N

. G’(x)=gx—(2x):2=f(x) b. F(x)=G(x)+C=2x+C

o
]

G'(x) =4x = f(x) and so G is an antiderivative of f.
HX)=Gx)+C= 2x* + C, where C is an arbitrary constant.

ISH:

7. a G'(x) =§x—(%x3)=x2 =f(x) b Fx)=G(x)+C=1ix’+C



8.

9.

11

13.

15.

17.

19.

20.

a. Gx)=€and Gx)=€¢"=f(x). b. Fx)=

C.

[eax=6x+cC.
_[ Xdx=4x*+C
[ xtdx=-tx"+C

J’ 3y = 3 JELIN

[ x*dx=-ax"+C

1o.jﬁdx=ﬁx+c

1

(3]

1

e

€'+ C, C an arbitrary constant.

- ard =201+ C=1x0+C.

3T =3-4)+C=-4f 4 C

16. jzu“du 240"y +C =24 4 C

18. [ 3xdx= 3(51—

[ 2 av=2f x?dr=2-1x)+C=-24C
X X

1
j S—XS‘dX‘-'—‘%J‘ x'sdx=%(——;—x’4)+C=—

1

+C

12x*

J+C=9x”3 +C



21

22.

(V)

23.

24

25.

(9]

26.

27.

29.

30.

31

32.

33.

34.

35.
37.

38,

39.

\O

40.

_[ nx/;dt=7tJ. t”zdt=7t(%t3/2)+C=2—37£t3/2+C
_[——dt_3_[ V=6t +C=61+C
J 3-2x)dx= [ 3dx-2f xdx=3x-x"+C

I Q+u+u?)du=u+tu’ +i’+C

J(x2+x+x‘3)dx=_[ xzdx+_[ xdx+_[ xdx =

_[(03t +002t+2)dt = 03(3t )+0.02(1t3)+2t+C=01£ +001¢° + 2t +C

j 4e* dy=4e* +C
J (I+x+ef)dr=x+ix’+e"+C

J Q+x+2x’+e)dx=2x+ix* +ix’+e" +C

j (4x3-—22——1)dx=j (4x’—2x*2—1)dx=x“+2x“-x+C=x“+3—x+c
X X

J (6x* +3x7? —X)dx=%x4 -3x™ —%xz +C
J’ (¥ + 267 ~x)dx 2% +%x5’2-%x2+c

J‘ (t3/2+2t”2 4t ]/Z)dtz% % g\ 2y ¢

3

J 74327y de =227 +6x"7 + C 36. [ (¢ -x7)dx = %x” LY,
X

3u

3,1,2
+2x

-1x?+C

28. | (1+e)dr=x+e"+C

3 2
wrow —u du=lj (u2+2u—l)du=lu3+lu2—lu+c
3 9 3 3

J (x* —x'z)dx=lx3 +x7 =lx3+l+C
3 3 X

j (2t+1)(t—2)dt=j Q2 -3t-2)dt =17

J ut(1-u? +u4)du=j W?-1+u¥)du=-u"

342 2%t+C

LlyC



41.

42.

43.

44,

45.

46.

47.

48.

49.

J Lz(x"—bc2 +1)dx = I (x? —2+x'2)dx=%x3—2x—x’1 +C
x

lx3—2x—l+C
3 X

1/2 5/2 3/2 1/2 7/2 2 5/2 2 432
[ 2@ +t=nyde = [ (2 + Ydt =217 42052 _21 4 C

J(sfl) _J (s+1)° dS_J (s"+2s+D)ds=15’+5" +s5+C

J’ (xl/Z +3x_l _2e")dx=%x3/2 +31In |x|—26x +C

J (¢ +t)dt=¢ sl gen +C
e+l

1 1 1 ‘ 2 2, _-n
J(x_z—ﬁ+\7_;jdx=‘[(x —-x74+x")dx

=-x"-3x"+2x"+C= ——1——3x”3 +2Jx+C

x
(4 -
M dx:J(x+1—l+iz)dx:lx2+x—ln|x|—x"+C
) X X x 2
(t h/_]dt J(t+t'5/3)dt SEPET IS
) 2 2

J((x' ;l)z)dx J- (x 2x”2+1)dx=J' (" =25 + x 7Y dx
x x

—x"+C=ln|x[ +i—l+C

Jxoox

= 1n|x| +4x712



50.

o

51

52.

53.

54.

55.

56.

57.

[ Gy (1——) ={ +2x+1)(1—l)dx

1

—j(x +x— 1——)dx 3+1x —x—In|x|+C
3 2

[ £(xydx =] @x+1)dx=x*+x+C. The conditionf(1)=3 gives
f(1)=1+41+C=3,0r C=1. Therefore, f(x) =x* + x + 1.

f)=] f(x)dx = [ (3x* = 6x)dx = x* - 3x* + C. Using the given initial
condition, we have f(2) =8 — 12 + C =4, or C = 8. Therefore, f(x)=x> - 3x* +8.
f'(x)=3x* +4x~1; f(x)=x>+2x* —~x+ C. Using the given initial condition,
we have f(2)=8+2(4)—-2+C=9,5016 -2+ C=9, or C=-5. Therefore,
fx)=x>+2*-x-5.

f(x)= J' fi(x)dx = f \/—}__dx = I x™" dx = 2x"* + C. Using the given condiition,
x

we obtain f(4)=2/4+C=4+C=2,or C=-2. Therefore, f(x)=2+x-2.

f(x) =_[ f'(x)dx =J (1+i2)dx=_'. (1+x7)dx =x——1—+ C.
X X
Using the given initial condition, we have f(1)=1 -1+ C=2,0or C=2.
Therefore, f(x)= x——1—+2.
X

f)=] (¢ -2x)dx=e*-x*+C,

Using the initial condition, we have f(0) = f-0+C=1+C=2,
orC=1.Sof(x)=ée —x"+1.

f(x)= f x+1 J ( )dx x+In|x|+ C. Using the initial condition, we

havef(1)=1+In1+C=1+C=1,0r C=0.So f(x)=x+In|x|



58.

59.

60.

61.

62.

63.

64.

65.

f'(x)=1+€" +l; f(x)=xe’+ln|x|+C
x

Using the initial condition, we have f(1)=1+e+Inl1+Candso3+e=1+e+

C and C =2. Therefore, f(x)=xe" +In|x|+2.

=] freyde=[ txde=12x")+C=x"+C; f(2)=2+C=12
implies C = 0. So f(x)=\/;.

f@=| frde=[ (*-2+3)dt=4r - +3t+C
f)=1-1+3+C=2 implies C=-1.S0 f(t)=11—1* +3t-1.

flx)=€e"+x; f(xX)=€"+1x>+C, f(0) =€’ +1(0)+C=1+C
So3 =1+ Cor2=_C. Therefore, f(x)=e" ++x*+2.
f(x) :J (2+1)dx=2ln|x|+x+C. f()=2In1+1+C=2. So
X
f(x)=2In|x|+x+1.
The position of the car is
s@)= [ f@yde= [ 24rdi= [ 267 dt =230%)+C = 40" +C.
5(0) = 0 implies s(0) = C=0. So s(t) =42
Let f'be the position function of the maglev. Then f'(¢) = v(f). Therefore,

f@ = fryde=[ weyde=[ (02e+3)dt =01 +3t+C.

If we measure the position of the maglev from the station, then the required
function is f(¢) = 0.1¢* +3¢.

C(x) = j C'(x)dx = | (0.000009x* —0.009x +8) dx

=0.000003x> —0.0045x* +8x + k.
C(0)=k =120 andso C(x)=0.000003x>-0.0045x> +8x +120.

C(500) =0.000003(500)* —0.0045(500)° +8(500) +120, or $3370.



=)

66.

67.

68.

69.

70.

71.

a. R(x) = j R'(x)dx = j (~0.009x +12) dx = ~0.0045x% +12x + C. But

R(0) = C =0 and so R(x) = —0.0045x> + 12x
b. R(x) = px and so —0.0045x* + 12x = px or p = —0.0045x + 12.

P'(x) =—0.004x + 20, P(x) = =0.002x* + 20x + C . Since C =-16,000, we find
that P(x) = —0.002x* + 20x — 16,000. The company realizes a maximum profit
when P'(x) =0, that is, when x = 5000 units. Next,

P(5000) = —0.002(5000)* + 20(5000) — 16,000 = 34,000.
Thus, a maximum profit of $34,000 is realized at a production level of 5000 units.

C(x) = | C'(x)dx = (0.002x+100)dx = 0.001x" +100x + k. But
C(0) = k= 4000 and so C(x) = 0.001x% + 100x + 4000.

a.N(1) :J N'(t)dt =J (=32 +12t +45)dt ==t + 61> +45t+ C . But N(0) = C =0

and so N(r) = —£ + 6¢* + 45¢.
b. The number is N(4) = —4> + 6(4)* + 45(4) = 212.

a. We have the initial-value problem: T'(t) = 0.15¢° —=3.6t +14.4 ; T(0)=24
Integrating, we find

T(t) = j TXt)dt = j (0.15¢ =3.6t +14.4)dt =0.05¢ —1.8* +14.4t + C
Using the initial condition, we find 7(0)=24=0+C, so C=24.
Therefore, T(¢) =0.05° —1.8¢> +14.4¢ + 24,
b. The temperature at 10 A.M. was

T(4)=0.05(4°)~1.8(4%) +14.4(4)+ 24 =56 or 56 F.

a. We have the initial-value problem:
C'(t) =12.288:* —150.55941 + 695.23
C(0)=3142

Integrating, we find

C(t) = j C'(t)dt = j (12.288¢* —150.5594¢ +695.23)d!t
=4.096¢> —75.2797t* +695.23t + k



72.

73.

Using the initial condition, we find
C(0)=0+k=3142, andso k=3142.
Therefore, C(t) = 4.096¢> —75.2797t* + 695.23t + 3142.

The projected average out-of-pocket costs for beneficiaries is 2010 is
C(2) =4.096(8) - 75.2797(4) + 695.23(2) + 3142 = 4264.1092

or $4264.11.

a. h(t) =j K (t)dt = j ~32tdt = ~161* + C . But h(0) = C = 400 and so

h(f) = ~161* + 400.
b. It strikes the ground when A(¢) = 0; that is, when ~1674+400=0, or t=5.
c. Its velocity 1s —32(5) or 160 ft/sec downwards.

The number of new subscribers at any time is
N() = J' (100+210£**)dt =100t +120¢"* + C.

The given condition implies that M0) = 5000. Using this condition, we find
C = 5000. Therefore, N()= 100+ 120¢"™ + 5000. The number of subscribers 16
months from now is

N(16) = 100(16) + 120(16)™ + 5000, or 21,960.



EXERCISES 6.2, page 419

I.

Put u = 4x + 3 so that du =4 dx, or dx = 1+ du . Then
[4@x+3)dr=[ w'du=1u’+C=1(4x+3)’+C.

Let u = 2x> + 1 so that du = 4x dx. Then
[ax@x® +1)dx= | W du=tu* +C= 12" +1)* + C.

Let u = x> — 2x so that du = (3x* = 2) dx. Then
j (x* = 2x)*(3x% = 2)dx =j Wdu=4iud+C=1(x’ -2x)’ +C.

Put u = x* — x* +x so that du = (3x* = 2x + 1) dx. Then,
J O 204 - X +x) dx=[ utdu=tu'+ C=1(x = x* +x)°+ C

Let u = 2x* + 3 so that du = 4x dx. Then

J——du '3du=—%u”2+C=—~————51————2—+
(2x? +3) 2(2x°+3)

Let u = x> + 2x so that du = (3x* + 2) dx. Then

3x +2 Jdu
(x +2x)°

|

; +C.
X +2x

uldu=-u"'+C=~




10.

11.

12.

13.

14.

15.

Putu =7 +2 so that du =34 dt or £ dt = 1du. Then

J3Vr+2di=] ' du=2u"+C=2(+2)" +C

Let u=1t’+2 so that du =3¢ dt. Then
J3@+2)dt=[ W du=2u"+C=2(*+2)" +C.

Let u =x* — 1 so that du = 2x dx and xdx =1du. Then,
J(XZ‘I)Qde=J Ll du=Lu’ +C=L (" - +C

Let u =2x + 3 so that du = 6x* dx or x* dx =1du. Then
j x2(2x3+3)4dx=gj wdu=5u'+C=%2x +3)° +C.

Let u=1—x’ so that du = —5x" dx or x* dx =—1du. Then

4
J dr=-1[®__Ly ]u'+C———1nll xl C.
1-x° 5) u 5

Let #=x" — 1 so that du = 3x* dx or x* dx =+ du. Then

x? IJ du 1 2 2
——dr=—| === P du==4""+C=ZJx-1+C.
Jq/xul 3) Ju 3J 3 3

Let «#=x — 2 so that du = dx. Then

r

2 dx=2 d—u—21nlu’+C Inu*+C=In(x-2)"+C
J x=2 u
Let u = x° — 3, so that du = 3x* dx, and —31~a’u = x? dx.
ro2
f dx = éﬁ:llnlu|+C=lln‘x3—3’+C.
x =3 3u 3 3

(4

Let u = 0.3x* — 0.4x + 2. Then du = (0.6x — 0.4) dx = 2(0.3x — 0.2) dx.



16.

17.

18.

19.

20.

21.

22.

23.

03x=02 1 L= Lijulec=Lin03r —04x+2)+C
03x” —04x+2 u 2 2

Let u = 0.2° + 0.3x. Then du = (0.6x* + 0.3)dx = 0.3(2x* + 1) dx.

2
_2_)2'1“‘3: —l—du=—1—ln|u|+C=Eln'O.2x3+O.3x}+C.
02x" +03x 0.3u 03 3

Let u = 3x” — 1 so that du = 6x dx, or x dx = %du. Then

J ad dx:lf@=11n|u|+C=11n|3x2—1|+c.
-1 6 u 6 6

2—
1=f —Ji-—l-dx. Letu=x"—3x+ 1. Then, du= (3x" = 3) dx = 3(x* - 1) dx,
x =3x+1

or (X’ = 1)dx = 1 du. Therefore,
I=f 1u"du:lln[u|+C=llnlx3—3x+1(+C
3 3 3
Letu=-2xsothatdu=-2dxordx= —%du. Then

-2x __1 u __ 1 u 1 2
Je dx = > e'du= > e +C= > e +C.

Let u =—0.02x so that du = —0.02 dx or dx = — g5 du =~50 du. Then

J 8—0‘02" dx = "‘SOJ eu du = _506-0402,\' + C

Let u =2 — x so that du = — dx or dx = — du. Then
J ez"‘dx=—J' e“du=-e"+C=-e"*+C.

Letu=2t+3sothatdu=2dtordt= %du.

2043 1 u _1 u — 1 2043
Je dt—zje du—ze +C—ze +C.

Let u = —x%, then du =—2xdxorxdx=—%—du.




24.

25.

26.

27.

28.

29.

30.

I xe"zdx=j —%e"a’u=—%e"+C=—%e"‘2 +C.
Letu=x — 1, so that du = 3x% dx and x* dx = %du. Then

I_ 3_
I x’e* 'dxzj lefdu=1le"+C=1e""4C.

I (e‘—e")dx=j e"dx—j e”‘dx=e‘—j e " dx.

To evaluate the second integral on the right, let ¥ = —x so that du = —dx or
dx =—du. Therefore,

_[ (e’—e—x)dxze’+j du=e*+e"+C=e"+e " +C.

I (e +e )dx = I e** dx + I e dx. To evaluate the first integral, let = 2x, and

to evaluate the second, let ¥ = —3x. We find
j (€ +e™ydx=te -1 1.

Letu=1+ € so that du = ¢" dx. Then

J ¢ de=f @ n lu/+ C=In(1+e")+C.
1+e u

Let u =1 + &* so that du = 2¢** dx. Then ¥ dx = % du.

2x
= Lo tnaseny e
1+e™ 2) u 2 2

Let u = +/x =x'". Then du =%x—”2 dror2du=x"dx.

Jx
J ¢ dx=j 2e* du=2e" +C=2e"" +C.

Jx

_ 1 _
Letu=e ' then du= ——e " dx.

X



31.

32.

33.

34.

35.

36.

37.

2
X

~l/x
J ¢ dX'ZI —udu:—-l_u2+C=_le—2/x+C'
2 2

Letu = & + x* so that du = (3™ + 3x%) dx = 3(e” + x*) dx or (¥ +x%)dx = Lau.

Then
3x 2 1
—eT'—-EJ—TdX=-1-J i?=lju'3du=~lu’2+C=———T—3—2+C.
(e +x7) 3) v 3 6 6(e +x7)

Letu=¢e"+e ", sothatdu=¢e"—e* dx.
e —e” du -3/2 -1/2 x | _-x\-112
mdx=J ;3/—2=I U 3 du=-2u ! +C=-—2(e +e ) : +C.
Let u = €™ + 1, so that du = 2¢** dx , or %a’u=e2'dx.
[ e+ =] tutdu=tu* +C=f(* +1)*+C.
Letu=1+¢e*dxsothatdu=—e* dx.
[ertre)dr=[ -udu=-Lu* +C=-L+e™y +C

Let u =1n 5x so that du = —l- dx. Then
x

J lnSxdx___j udu:%u2+c=%(ln5x)2+c.
x

Let v =1In u so that dv = L du. Then

3
[ e o e o

Let u = In x so that du = 1 dx. Then

J 1 dx=jiu—=ln|u|+C=ln]1nx!+C.
u

xInx



38.

39.

40.

41.

42.

Let u =In x so that du = ldx. Then

J‘—du u’zdu=—u_'+C=——l—+C.
x(lnx) Inx

Let u = In x so that du = 1 dx. Then

J \/lnxdx_—_J. \/—l‘_du=%u3/2+c=%(lnx)3/2+c
x

Let u =In x, so that du = 1 dx. Then

7/2
J (ln’;) dr={ u" du=3u""+C=3(nx)" +C,

2 x 2 x
xe' — dx=| xe* — dx.
J( x2+2) -[ Jx2+2

To evaluate the first integral, let u = % so that du = 2x dx,orxdx= %du. Then
J xe* dx =%I e“du+C, =%e" +C, :%e‘z +C,.

To evaluate the second integral, let u = x* + 2 so that du = 2x dx, or x dx = % du.
Then

J dx = J——=—l |+ C, _~ln(x2+2)+C2.
x*+2

Therefore, J (xe‘rz - 2x ) dx = —l—e‘z —lln(x2 +2)+C.
x +2 2 2

J(xe"z+ )dx J.xe dx+J d dx.
e +3 e +3

To evaluate the first integral, let u = —x* so that du = ~2x dx, or xdx =-3 du. Then

: SLI U [ ("R A G —_1,¥
_[xe dx=-5[e'du=-5e"+C =—5e" +C,.

To evaluate the second integral, let u = € + 3 so that du = ¢" dx. Then



43.

44,

45.

46.

47.

e’ +

J ¢ 3dx=f M+, =In(e" +3)+ G,
u

Therefore, O dx =-— le"‘Z +In(e* +3)+C.
e +3 2

Letu=«/;—lsothatdu=%x_”2dx= dxordx=2«/; du.

1
2Jx
Also, we have Vi =u+ 1, so that x = (u + 1)2=u2+2u+ land dx=2(u+ 1) du.
So

V 2 3 2
ALIp u—ﬂ-Z(u+l)du=2J W3 +dutd) 4,
«/;—1 u u

=2J (u2+3u+4+2) du:Z[%u3+%u2+4u+2 ln|u|) +C
u

=2E(«/§—1)3 WL%(«/E—D2 +a(x-1)+2 ln’«/;—ll] +C.

Letv=e"+u Thendv=(—e ™+ 1)du,or—dv=(e "~ 1) du.

Therefore, J e_u -1 du=J —ﬂz—ln’v|=—ln}e'"+u|+C.
e +u 1%

Let u=x— 1 so that du = dx. Also, x=u + 1 and so

I x(x—l)sdx=I (u+1)u5du=I (u® +u’)du

1 ;.1 4 ] 7,1 6
=—u+-u +C==(x-1)"+=-(x-1)°+C
U ek S =) =)

_1\6
=(6x+1)(x 1) LC
42

L= (1——1—)dt=_[ dt—f Lalt=t—ln|t+1|+C.
t+1 r+1 t+1

Letu=1+ vJx sothatdu=1x"? dvand dx=2vx =2(u—1) du




1-Vx 1—(u—1))' o @-uu=])
Jl+&dx—J(_u 2(u l)du—ZJ . du

U

_— 2 —_
=2J Lﬁu——z du=ZJ (-—u+3—2) du=—-u’ +6u—4ln|u|+C
u

=—(1+vx) +6(1+x)-4In(1+Vx)+C
=—1-2Jx—x+6+6Vx -4In(1+Jx)+C
=—x+4Vx +5-4In(1+Vx)+C.

48. Let u=1-+/x sothatdu=— —l—dxanddx=-—2«/; du.
24/x

Then vx =1-u and dx=-2(1 — u) du. So
J 1+~/— J(2—u)(—2)(l—u) du:_2j _(u—_2)(u_—_2du
’ u

2
= —ZJ i‘—-—:&&2(1'14:—2J (u—3+g)du
u u

= —2(%u2 —3u+21n|u|)+C= 6u—u’ —4ln|u|+C

=6(1-/x)-(1-x)? —4In(1-Vx) + C.

49, I=I vi(1-v)°dv. Let u=1-v, thendu=—dv. Also, 1 ~u=v, and

(1 — u)* =+*. Therefore,

7 8 9\
I=I —(1—2u+u2)u6du=_[ —(u6—2u7+u3)du=—(u7—2—:—+%)+c

———uU+—u
7 9

= -%5(1—v)7[36—63+63v+28—56v+28v2]

=—u7(1 L 12)+C=—ﬁ(l—v)7[36—63(1—v)+28(1—2v+v2)]

= —25%(1-\»)’(28\»2 +7v+1)+C.



50. Letu=2x*+ 1 so that du =2x dx and x dx = %du. Then

51.

52.

53.

54.

[ 267+ dv =] £ (¢ 1) xdx
=J (u—l)uy2 %du (x"=u-1

1 512 32 12 7/2 2 5/2
=—| (W' -uwNdu=—(zu"-—uw")+C
2'[( o 2(7 5 )

5/2

u 1
=—Gu-N+C=—(x*+D*"*(5x*-2)+C.
35(u ) 35( ) ( )
f)=] f'(x)dx=5[ (2x-1)*dx. Letu=2x-1 sothatdu=2x-1 so that
du=2 dx, or dx=4du. Then

f(x)=§_[ u“du=%u5+C=%(2x—l)5+C.
Next, f(1)=3 implies %+C=3 or C=§. Therefore,

1 s 5
f(x)—E(Zx—l) +5.

3x?

f(x)=J‘f’(x)dx:J 2\/;——1‘&' Letu = (x’ —1)so that du = 3x” dx.

Then f(x) =[ 5‘% =%

Next, f(1)=(0)+C=1. Therefore, C=1. Hence f(x)=+x’+1+1.

fu"”zdu=(%)2u”2 +C=u"+C=(x-1)"+C.

S(x) :J ~2xe ™ *'dx. Letu = —x* + 1 so that du = —2x dx. Then
f()=] e"du=e"+C=e™"" +C. Thecondition f(1)=0 implies

f(l) = 1+ C= 0, or C: —1_ Therefbre, f(x) - e-x2+l _ 1.

2x 2x
dx=| dx— dx.
x2+1) J j xt+1

f@=] f’(x)dx=J (1—



55.

56.

57.

58

Let us make the substitution u = x? + 1 for the second integral on the right. With
du = 2x dx, we find

f(x)=J. a’x—_‘- E"ﬁ=x—ln|u|+C=x—-ln(x2+1)+C.
u

The condition that the graph of f pzisses through (0,2) translates into the condition
£(0) = 2. Using this condition, we find f(0) = C = 2. Therefore, the required
function is f(x) =x — In (x* + 1) + 2.

N'(r) = 2000(1 + 0.20)> Letu=1+0.2¢. Then du =02 df and 5 du = dr.
Therefore, N(¢) = (5)(2000)

j u™? du = -20,000u™"2 + C = ~20,000(1+0.2¢)™ + C.

Next, N(0) = —20,000(1) *+ C = 1000. Therefore, C = 21,000 and

20,000 20,000
N(f) = ——2222 121,000, In particular, N(5) = - —re™ +21,000 ~ 6,858.
=~ roas P 0=

The number of viewers in the rth year is given by N(¢) = I 32+40™dr.
To evaluate the integral, let u =2 + %t so that du = %dt and dt =2 du. Then

N@)= 6I u P du=9"+C= 92+ %t)z/z +C

The given condition implies that N(1) = 9(3)*? + C. Using this condition, we see

that N(1) =9(3)*” + C=9(2)*” so that C = 0. Therefore, N(£) =9(2+1¢)*".

The number of viewers in the 2000 season is given by N(5) = 9(5)2/3 = 26.32,
or approximately 26.3 million viewers.

250x X
p(X) = j —mdx= '—250J mdx

Let u = 16 + x° so that du = 2x dx and x dx = %du.

7/

Then p(x)=-20 [ 4™ du=(~125)(-2u™"* +C = 20 ¢
V16 +x*
250 25

+C =50 implies C=0and p(x)=

p(3)=\/16+9

Let « = (5 — x) so that diz — —x dx. Then

NTI



59.

60.

61.

_—

240

5-x

_ 240 _ -2 _ -2 _ -1 _
p(x)—J Gy dv=240[ (5-x)7 dx =240[ ~u du=240u"+C=

+C.

Next, the condition p(2) = 50 gives 23—0 +C=80+C =50, or C=230. Therefore,

p(x)=—24—0—+30.
5-x

Let u=2t+4, so thatdu =2 dt. Then

30 j I _in 112
r(t) = dt=301 —u" " du=30u""+C=30v2t +4 +C.
© J N2t +4 2

r(0) = 60+ C =0, and C=-60. Therefore, r(f)=30(v2r+4 —2).Then

r(16) = 30(v/36 —2) = 120 ft. Therefore, the polluted area is
= 7:(120)2 = 14,400r , or 14,400% sq ft.

Letu=1+1.09¢, then du = 1.09 dt. So

j 245218 dt=5.45218j (1+1.09/)™ dt =

_ 5.45218j 4
(1+1.098)™

1.09

=50.02u" +C =5002(1+1091)" +C.

Then g(0) = 50.02 + C = 50.02 and C = 0. So g(¢) = 50.02(1 + 1.09/)""
and g(100) = 50.02(110)*' = 80.04.

The population ¢ years from now will be

2t
4+t

t
24 +¢?

dt

2

P()= [ ryde = | 400(”2 jdt = [ 4004t +800 |

In order to evaluate the second integral on the right, let
u=24+1*, du=2dt, or tdt=1du
+du
u
=400t + In(24 +*)]+ C
To find C, use the condition P(0)= 60,000 giving

We obtain P(r) = 400¢ + 800 [ 2— = 400¢ + 400|In |+ C

J 3

400[0+In24]+ C = 60,000 or C =58728.78

So P(1) =400[¢ +In(24 +t*)]+ 58728.78. Therefore, the population 5 years from

now will be
400[5 +1In(24 + 25)]+ 58728.78 ~ 62,285.51, or approximately, 62.286.




