Transcendental
CHAPTER Functions

6.1 Concepts Review 6. D, Inv3x—2 - Dx%In(Sx—Z)

1, jlx%dt; (0, w); (=0, )

IS R I
2 3x-2 2(3x-2)
), 1
2 W13
1 dx X X
3. =;In|x|+C d 1
X 8. Y _x2. 2 2xInx =x(1+2Inx)
4. Inx+Iny;Inx=Iny;rinx dx X
Problem Set 6.1 9. z=x° Inx2+(lnx)3 =x2-2lnx+(lnx)3
dz 2 2 21
1. a In6=I(2-3)=In2+In3 o e enx3inxg T

=0.693 + 1.099 = 1.792

3 =2x+4xlnx+§(lnx)2
b. Inl5= |n(5j =In3-In2=0.406 X

10 _Inx I13_ Inx Inx)3
c. In81=In3* =4In3=4(1.099) = 4.396 it o vy B sl ol
1 3
d. In«/§=ln21/2=%In2=%(0.693)=0.3465 =2Xx7=(nx)
ar -2 3 » 1 1 3(nx)?
e. |n[i6j=-|n36:—|n(22-32) PV Gl T3 X
=-2In2-2In3=-3.584
11. g'(x) = . {1+%(x2+1)'1/2-2x}
f. In48=In(2*-3)=4In2+In3=3.871 X+VX"+1
1
2. a. 1792 b. 0.405 W2 41
c. 4.394 d. 0.3466 . .
e. -3584 f. 3871 12. h’(X)=—[l+—(X2—1)‘“2~2X}
x+\/x2—1 2
3. DXIn(x2+3x+n) __ 1
2
ZZ;'DX(X2+3X+TC):22X—+3 x*-1
XS +3X+m X +3X+m 1
13. f(x):ln%zgmx
4. Dy In(3x3+2x) = - D, (3x° + 2x) 111
3x° +2x f(x)=§-——3—
9x%+2 L
"33 f'@8)=——=—1
37 +2x (81) 3-81 243

5. Dy In(x-4)> = D,3In(x-4)
1 3

=3.— D, (x-4)=——
g xX=H =7 f,(ﬁj:_tan(ﬁj:_l
4 4 '

Instructor's Resource Manual Section 6.1 347

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

14. f'(x) :i(—sin X) = —tan x
COS X



15. LetU‘Zx+150dU‘2dX- 22. Let u=2t?+4t+3 so du = (4t+4)dt.

Jo =—I du _tel 11
2% +1 j2t2+4t+3dt jdu

:E|n|u|+C:EIn|2X+]1+C :%In|u|+C:%In‘Zt2+4t+3‘ i C

16. Letu=1-2xso du = —2dx. 1 1

1 1.1 jzt;ldt:[lln‘mzwtw”
I—dxz__j_du 02t +4t+3

1-2x 27u

:_£|n|u|+C :—lln|1—2x|+C
2 2

1 1 /
==In9-=In3= In4 =1In</3 ——In3
4 4 \/_

2

L X 1
17. Let u=3v2 +9v sodu=6v+39. 23. By long division, —— =x+1+-—
ov+9 1 2
I3V2+9Vdv__[adu_ln|u|+c S0 jx—dx=jxdx+jldx+jidx
x—=1 x-1
=In ‘3V2 +9v‘ +C x2
=?+x+ln|x—]4+c
_ 952 _
18. Let u=2z“+8 sodu=4zdz. ix x 3 3
24. By long division, =—t—t—
j_ :_j du 2x—1 2 4 4(2x-1)
27° +8
X2 + X
2 dx = [=dx+|—dx+
=Zln|u|+C=ZIn(22 +8)+C IZX I I j4(2)( 1)
2
1 :X_ E EILdX
19. Letu=Inxso du==dx 4 4 472x-1
X Let u=2x-1;then du=2dx. Hence
2Inx
| ! dx=lj1du:lln|u|+c
2x-1 2°u 2
—u? +C:(Inx) +C =l|n|2x_q+c
2
20. Letu=1Inx so du=-dx. and jx Xy X—+§x+§ln|2x—]j+c
X 4 4 8
[———dx=-[udu 25. By long division,
x(Inx) 4
1 X =x3—4x% +16x— 64+E S0
:_+c:_+c X+4 X+4
u In x N
| 4dx:
21. Let u=2x2+x so du=10x"dx. X+ 1
N 1.1 [ x%dx — [ 4x?dx + [16xdx — [ 64dx + 256 [ ——dx
[——dx=—[=du X+4
2x5+7[ 107 u X4 4X3
. L : = ———+8x* —64x+256In|x+4|+C
:—In|u|+C=—In‘2x +n‘+C 4 3
10 10
3 3 2
.[3 X! dX=[iln‘2x5+n” 26. By long division, 2> X2 —x+2-—2_ 5o
02x° + 7 10 0 X+2
x +x° 2 1
:%[In(486+n)—ln Al = 19 280F T 0 5048 [ o = = [t 2 — 4 ———ax
n 3 2
=X——X—+2x—4ln|x+2|+C
3 2
348 Section 6.1 Instructor's Resource Manual

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



2
:|nﬂ

1
27. 2In(x+1)—=Inx = In(x+1)? - Inx 31. lny:ln(X+1l)—§ln(x3—4)
1dy 1 11 »
1 1 —— . __._.3X
28. EIn(x—9)+EInx=In«/x—9—|n«/§ ydx x+11 2 y3_4
2
Vx-9 Xx-9 :L_L
=In 7 =1In " x+11 2(x3-4)
2
29, In(x=2) = In(x + 2) + 2 In x Y_yl L3
x2(x-2) dx x+11 2(x3 - 4)
=In(x=2)=In(x+2)+Inx? =In=—"—=L X
X+2 B x+11{ 1 B 3X }
-~ [3 x+11 3_
30 In(x? —9)— 2In(x—3) - In(x+3) \/X3—4 ) 2(¢-4)
— In(x? —9) —In(x—3)% — In(x+3) __ X437 +8
) 2@ —4)3/2
X< =9 1
=In 5 =In
(x=3)°(x+3) X=3
32. Iny=In(x%+3x) +In(x - 2) + In(x? +1)
ldy 2x+3 1 2X
ydx x243x x-2 x241
d_y:(x2+3x)(x—2)(x2+1)[ 22X+3+ 1, 22" j=5x4+4x3—15x2+2x—6
dx X“+3x X—2 x“+41
1 1
33. Iny=Eln(x+13)—In(x—4)—§ln(2x+1)
1dy 1 1 2
ydx 2(x+13) x-4 3(2x+1)
dy  Jx+13 { 1 12 }__ 10x° +219x~118
A (x-4)¥2x+1[2(x+13) x-4 32x+D) ]  6(x-4)%(x+13)" 2 (2x+1)*/3
2, 1
34. Inyzaln(x +3)+2In(3x+2)—EIn(x+1)
ldy_2 2x 23 1
ydx 3 x24+3 3x+2 2(x+1)
dy (X +3)733x+2)? | 4x L6 1  (3x+2)(51x3 + 70x2 +97x+90)
dx Jx+1 3(x2+3) 3x+2 2(x+1) 6(x% +3)3(x+1)3/2
35. 36. y

T T T 1o

y = In x is reflected across the y-axis.
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The y-values of y = In x are multiplied by %

since In\/_ :%In X.
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37.

38.

39.

40.

41.
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© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No

y = In x is reflected across the x-axis since

(b

4

5

AN I A L1 1
-3 7 X

-5

y = In x is shifted two units to the right.

m::qr‘»
Y

A

1t
y =Incos x+Insecx

1
=Incosx+In——
COS X

T 7T
=Incosx—Incosx=0 on (——,—j
2 2

Since In is continuous,

. sin X . sinx
limIn——=Inlim——=1In1=0
x—0 X x—=0 X

The domain is (0,).
, 2(1
f'(x) =4xInx+2x°| = |-2x=4xInXx
X

f'(x)zo if Inx=0,0r x=1.

f'(x)<0 for x <1 and f‘(x)>0 for x>1

so f(1) =1 isa minimum.

Section 6.1

42.

43.

44,

45.

46.

Let r(x) = rate of transmission

= kx2 Inl = —kxInx.
X

r'(x) = —2kx In x — kx? [lj =—kx(2Inx+1)
X

r'(x)=0 if Inx:—l, or —Inx:l, S0
2 2

In1.65 ~ l, SO X~ i ~ 0.606.
2 1.65

r"(x) =-k(2In x+1)—kx(2~%) =—k2Inx+3)

r"(0.606) ~ —2k <0 since k >0, so

x ~ 0.606 gives the maximum rate of
transmission.

In4>1
s0 IN4d"=mIhd>m-1=m

Thus x>4™ = Inx>m

so limInx=wo
X—>»00

1
Let z==s0 z > wasx— 0"
X

Then lim Inx = lim In(ljz lim (=Inz)

x—07T Z—0 zZ Z—>0

=—limlnz=-w
71—

1 1
Il);afdt - Zjledt

11 1 1
Llafdt +J1X{dt - 2flx¥dt

1
| Lot = Lat
1/3¢ 1t

1/3
_j }dtz det
1t 1t

1
—In==Inx
3

In3=Inx
Xx=3

a. }<i fort>1,
t WVt
50 |nx=jx1dt<jxidt=jxt‘1’2dt
1t 1t 1

=[2Vt] =2(x-1)

50 Inx < 2(+/x 1)
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b. Ifx>1, 0<Inx<2(/x-1), 51.

In x

26 —1).

so 0<

From Ex 10,

T,
T . 3
Lfsecxcscxdx =[~1In|cos x|+ Insin x| L4

Hence 0< lim —= Inx < lim 2(\/;+1) =0 =[In|tan X| ]’é: In|tan %|—In|tan %|
X—o X X—»00 X 4
and tim X o, =In(~/3)-In1=0.5493—0 = 0.5493
X—oo X
52. Let u=1+sinx;then du=cosxdx so that
. 1 1 1
lim| —+—— ...+ — COS X _ l _
47 n—m[n+1 n+2 Zn} jl+sinxdx_Jud”—|”|u|+C

1 1 1 11
= lim oot =
n—e| 1+1 1+% +00n

=In|1+sinx+C =In(l+sinx)+C
(since 1+sinx > 0for all x).

o1 |1 21 4 21X
| ——|-= =|"=dx=In2~0.693 53. V =2r| xf(x)dx =] ———dx
ninoo;l(l+'] n -[1 = L ‘[1 X2 +4
Let u=x?+4 sodu=2xdx.
1,000,000 ) 56, | inx d :nj'ldu=nln|u|+c
In1,000,000 X +4 u
c =n|n‘x2+4‘+c
ax—b ax—b
49. a. f(x):ln( ) :cln( j 4 4
ax+b ax+b [}22 g L [nln‘x2+4u
a2 —p? x2+4 1
=% [In(ax —b) — In(ax + b)] =7zIn20-7zIn5=7In4~4.355
2 12
a“-b a a 2 2
f'(x) = - X _x 1
(x) 2ab {ax—b ax+b} 54. y== In/x = 7 2Inx
2 _p? 2ab a2 -b? dy_2x 11 x 1
2ab (ax—b)(ax+b) a2x2 b2 dx 4 2 x 2 2x
—b? 2 | (dy)? 2| (x 1)
f'l)=——=1 L= 1+ = | dx= 1+ =—— dx
Lo Byl =B y(32)

b. f'(x)= cos?u u
dx

_I (2 2xj _IZ()2(+2ijdX

2x+1 2 2

= cos?[In(x* + x- 1)] 2 _1 X—+In|x| L 2+In2—(1+lnlj
+x-1 2| 2 ) 2 2

f’(1)=cosz[ln(12+l—1)]- 22'1+1 3 1
1“+1-1 =—+=In2~1.097

) 4 2
=3co0s°(0) =3
50. From Ex 9,

g%tan xdx = [—In |cos ¥| ];%
= In|cosO|—In|cos%|
1
—~ In() = In(0.5) = In| —
n(1) —In(0.5) n(o.sj
=1In2~0.69315
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1+1.5sinx
(1.5+sin x)2
On [0,37], f"(x)=0 whenx =~ 3.871,

5.553.
Inflection points are (3.871, -0.182),
(5.553, -0.182).

55.

__._
o

£7(x) = —

1
(n-1, 757

(n, ]—)

n

3 .
12 3 n—1 n x C. Ionln(1.5+5|nx)dXz4.042

11 1 .
=+=+---+—= the lower approximate area

2'3 n 58. a  f/(x)=—n(nx)

1+%+~~~+$ = the upper approximate area On[0.1,20], f'(x)=0 whenx=1.

_ Critical points: 0.1, 1, 20
In n = the exact area under the curve 70.1) ~ —0.668, f(1) = 1, f(20) ~ —0.989
Thus, On [0.1, 20], the maximum value point is
11 1 1 1 1 (1, 1) and minimum value point is

Sttt =<Inn<le =4+ =4 b ——, (20, —0.989).
2 3 n 2 3 n-1

b. On[0.01,0.1], f'(x)=0 whenx =~ 0.043.
Lo e V1 0.01) ~ -0.107, (0.043) ~ 1
ny—Inx jl R N M (0.02) ~ -0.107, f(0.043) = - o
56. = = On [0.01, 20], the maximum value point is
y—X y—X y—X (1, 1) and the minimum value point is
(0.043, -1).

= the average value of % on [x, y].

20
1. . . c. j cos(In x)dx ~ —8.37
Since T is decreasing on the interval [x, y], the 0.1

average value is between the minimum value of 59. ©0.35
0.3
1 and the maximum value of l 0.25
y X 0.2
0.15
0.1
1 COS X 0.05
57. a. f'(x)= -COS X = !
() 1.5+sinx 1.5+sinx 0.2 0.4 0.6 0.8 1
f'(x) =0 when cos x = 0. 1 1 , (1 5
. _ © 3t 51 a. j xIn| = |=x%In| = | |dx =—~0.139
Critical points: 0,=,—,—,3n 0 X X 36
2 2 2
f(0) ~ 0.405, 2 b. Maximum of ~0.260 at x ~ 0.236
| Z|~0.916, f| == |~ -0.693, .
2 2 60. .
57_[: -0.2
f (—J ~0.916, f (3r) ~ 0.405, -0.3
2 -0.4
On [0,37], the maximum value points are o
-0.7

(2,0.916), (%,0.916) and the minimum

1 7
a. xIn X —~/X In x]dx = — ~ 0.194
value point is (37“,—0.693). -[0[ ] 36

b. Maximum of = 0.521 at x = 0.0555
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6.2 Concepts Review 11. f'(2)=2(z-1)>0 forz>1
f(z) is increasing at z = 1 because f(1) = 0 and
Lo Thq) = T0e) f(z) > 0 for z > 1. Therefore, f(z) is strictly
] increasing on z > 1 and so it has an inverse.
2. % £7(y)
3. monatonic; strictly increasing; strictly decreasing 12. _f (x) : 2x+1>0 forx= 2_' i is SF”Cﬂy
increasing on x > 2 and so it has an inverse.
1
4 (FHW =7~
f'(x) 13. f'(x) =vx* +x2+10 >0 for all real x. f(x) is
strictly increasing and so it has an inverse.
Problem Set 6.2 1 .
14. f(r) :J. cos* tdt = —j cos” tdt
1. f(x) is one-to-one, so it has an inverse. r 1
Since f(4)=2, f’1(2) =4, f'(r)= —cos*r<0 forall r= kn+g, k any
2. f(x) is one-to-one, so it has an inverse. integer.
Since f(1) =2, f71(2)=1. f(r) is decreasing at r = kn+g since f'(r)<0
3. f(x) is not one-to-one, so it does not have an on the deleted neighborhood
INVETse. (kn+g—g, kn+g+g). Therefore, f(r) is
4. f(x) I$ not one-to-one, so it does not have an strictly decreasing for all r and so it has an
inverse. inVerse.
5. f(x) is one-to-one, so it has an inverse.
. vl 15. Step 1:
Since f(-1.3) = 2, f (2) »-1.3. y=x+1
) ith : . x=y-1
6. f(x) is one-to-one, so it has an inverse. Since Step 2: f_l(y) _y-1
t(L-2 @=L 1
2] = o Step3: f(x)=x-1
Check:
7. f'(x)= —5x* —3x? = —(5x4 +3x2) <0 forall f—l( f(x)=(x+1)-1=x
x = 0. f(x) is strictly decreasing at x = 0 because -1 iy _
f(x) > 0 for x < 0 and f(x) < 0 for x > 0. Therefore FE200) = (x-1)+1=x
f(x) is strictly decreasing for x and so it has an i
inverse. 16. Step 1.
X
y=—-—+1
8. f’(x):7x6+5x4>0 forall x = 0. 3
f(x) is strictly increasing at x = 0 because f(x) > 0 X y-1
for x > 0 and f(x) < 0 for x < 0. Therefore f(x) is 3

strictly increasing for all x and so it has an
inverse.

x==3(y-1)=3-3y
Step 2: f~Y(y)=3-3y

9. f'(§)=-sin@<0 for0<6< 7 Step 3: f~1(x)=3-3x
f () is decreasing at = 0 because f(0) = 1 and Check:
f(6) <1for0< @< x.f(6) is decreasing at 1 X
fL(f(x)=3-3| -2 +1|=3+(x-3) =
6= r because f(7) =-1and f(6) > -1 for (109 3 " Hx=3)=x
0 < @< 7z . Therefore f(9) is strictly decreasing 1 —(3-3%)
on0 < @< x and so it has an inverse. P () = 3 +1=(1+x)+1=x

10.

f’(x)=—csczx<0 for 0<x<g

f(x) is decreasing on 0 < x <g and so it has an

inverse.
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17. Step 1: 1

y =+/x+1 (note thaty >0) X_2:7
2

X+l=y x:2+i2,y>0
x:yz—l,yzo y
Step2: fH(y)=y?-1y>0 Step 2: f-l(y)=2+i2,y>o
Step 3: f‘l(x):x2 -1, x>0 )1
Check: Step 3: f‘l(x):2+—2,x>0
-1 _ 2_ _ a_ X
fH(f(X)=(Wx+1)° -1=(x+D)-1=x Check:

f(f’l(X))=\/(X2—1)+1=\/X72=|X|=X F1(f(x) =2+ 1,1
21

2
18. Step 1: \/g) <X'2)
y=—+1-x (notethat y<0) =2+(x-2)=x
Vl-x=-y (o= |t o [ e
1-x=(-y)* = y? \/(2+X12)-2 \/(:2)
x=1-y?,y<0 =[x/ =x

Step2: f(y)=1-y?,y<0

21. Step 1:
Step3: f1(x) =1-x%,x<0 )

y:4x2,xso (note that y>0)

Check:
FLF () =1- (V1= x)2 =1-(1—X) = x X2 :%
F(F1(0) = —y1- 0= x3) = —x2 = | \P &y o
— - X =—,|==————, negative since X <0
=—(-X) =X 4 2
19. Step 1: Step 2: f‘l(y):_g
1
y=-—"+
X‘f Step 3: f'l(x):—%
X_3:_§ Check:
_ \/4x2
x=3-1 P21 00) ==Y =V == = -(0) = x
y
2
_ 1 _ Jx X
Step2: fi(y)=3-= FOEioy =4l c YR —4. X
p ) " (f=00)) 5 1
P 1
Step 3: f (X):g_; 22. Step 1.
Check: y:(x—3)2,x23 (note that y>0)
£ (X)) = 3= —— = 3+ (x—3) = x x-3=.y
T x-3 x=3+.[y
f(f‘l(X))=—+=—il=x Step2: f71(y)=3+.fy
(3-3)-3 % Loy
Step 3: f71(x)=3+/x
Check:
20. Step 1:
(1 (note thaty > 0) F(F (X)) =3+ (x=3)% =3+|x~3|
Y= =2 y =3+(x=3)=x
ot F(F200) = [@+vX) -3 =(Vx)? =x
X—2
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23. Step 1: 1/3
Step 2: f1(y)= 1Y

y=(x-1° EIYIE
x-1=3y 13
x:1+§/§ Step 3: f (x)=1_Xl/3
Step2: f(y)=1+3[y Check:

Step3: fL(x)=1+3x 1+[
74 (x) =

Check: f71(f(x)=1+3(x-1)° =1+ (x-1) = x K 173 1 _i
1—|(x=L X+
f(f‘l(x)):[(1+§/;)_1]3:(%)3:X (x+1 }
X+1+x-1 2x
2. Sen Sl 2
y=x"2 x>0 JEPRN 3
+ -1
x:y2/5 (1) = NIE B 1o xH3 45213
| 215 B 1/3 - 1/3 1/3
Step2: f(y)=y 1+X1/3 1 1+ x7'°+1-x
1-x
Step3: 7 (x)=x?/° s
Check: :[ZX J _ /%y — x
f_l(f(x)):(XSIZ)Z/SIX 2
f(f_l(x))z(XZ/s)Slz =X 27. Step 1
3
25. Step 1 _x'+2
x-1 x3+1
x+1 x3y+y=x3+2
Xy+y=x-1 Ry 2oy
X=xy=1+y ~
1+y 3_27Y
T y-1
Y 1 2-y 1/3
Step2: fl(y)=="Y x:[_j
p (y) Ty 1
1/3
_ 1+x
Step3: fi(x)=—"2 Step 2 -L(y)=[ 2= yj
1-x y—1
Check: s
3 Step3: 1) =[2=X
—1(f(x)) Xj X+1+x-1 2x_X 1
x+1 X+1-x+1 2 Check:
1/3
f(f—l( )) 1+X -1 1+X 1+x 2X—X 2_@ s 5 13
i—*—X +1 1+X+1 X 2 f_l(f(X)): x3+]_ _ 2X°+2-Xx"=-2
X3+2_1 ¥+2-x3-1
: x341
26. Step 1:
3 3 /3
_(X_‘lj (2],
X+1 1
13 _Xx-1 s
T e— 2_
o 1 [X‘)l( } e
f(f~(x) = _ X=
xy! y1/3 x—1 (f=(x) TS =y
x—xyt8 =14 y/3 (ﬂ) +1
-xyt =14y
1+y"3 _2-x+2x-2_ X _
ETRVIE 2-x+x-1 1
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28. Step 1:

5 29. By similar triangles, in. Thus, r:2—h
x3+2 h 6 3
y= 31 This gives
2
e e Lt 7(4n?19)h aa®
YT 3 ST
21V
3,1/5 , A/5 _ .3 hd =28
X3y1/5+y3 - Ir/: pad
Xy =x"=2-y
s h:33/i
3 2—y A
X e . A—
v 1
13 30. V=V0—32t
1/5
wo|27Y v=0 when vy =32t that is, when
y1/5 -1 Vo .. . .
t =—=. The position function is
1/5\M/3 32
Step2: f7L(y)=| 2=Y ) .
P y)= y1/5 _1 s(t) =vot —16t“. The ball then reaches a height
of
1/3
Step 3: £1(x) (Z‘XUS} Jaoy—y Y015 V6 _ V8
. = =73 H =s(v =Vg—-16—=—
51 (Vo /32) 03, %52 s
Check: 2 _
i s 13 Vo =64H
5 (X3+2 Vo :8\/ﬁ
L () o
X)=———
s e 31, f/(x)=4x+1 f'(x) >0 when x>—-+ and
(x +2 -1 4
31
o f’'(x) <0 when x<—l.
3 /3 4
2_X°+2 3 3 1/3 1
_ Bt | _[2X+2-X"-2 The function is decreasing on (—oo,—ﬂ and
x?;+2 -1 xC+2-x3-1
il increasing on [—l,ooj . Restrict the domain to
3 \1/3 4
1 (—oo,—z:| or restrict it to [—Z,oo).
5
s 3P 1 1
(2175 ) L9 Then f (x)=z(—1—\/8x+33) or
X Y-l
() =1=
(F7(0) 3P 7100 = L (14 B+ 33).
2315 +1 4
154
5
1/5
2-x
| s 2 _(2—x1’5+2x1’5—2
| 9_yd/5 P ENTEIN Y
+1
1/5
X Y-l
5
XUSJ
=| —— =X
1
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32, f'(x)=2x-3; f'(x) >0 when x >g 36. (f‘l)’(S) z%

and f’(x) <0 when x <§. y

2 5_

The function is decreasing on [—oo,g} and -
increasing on Bwj . Restrict the domain to _g Y [E— 5') Y

—oo,§:| or restrict it to Fooj . Then B

2 2 s:

f2(x) =1(3—\/4x+5) or A
2 37. f'(x)=15x"+1 andy = 2 corresponds to x = 1,

_ 1
fl(x):5(3+\/4x+5). s (1)(2) = 1 _ 1 1
f') 15+1 16
33. y
38. f’(x)=5x4+5 andy = 2 corresponds to x = 1,
_ 1 1 1
so (fFYy@Q=—-=—"==
(@ f') 5+5 10

39. f'(x)= 2sec® x and y = 2 corresponds to x =

NG

e Ay 1 1 _1 2(m
so (f )(2)—f,<%)—25ecz(%)—2cos (4

N——

1

“yray o L
(f )(3)~3

1

24Ux+1

v s0 (f‘l)'(2)=f,i(3):zm:4.

34, 40. f'(x)=

(F1y(3) ~ 1 and y = 2 corresponds to x = 3,
2

;& 41, (g7t f () = (g7 e FH(F(g(x))
I

i =g o[ FH(F (g =97 o [g(x)] =
=5 5% Similarly,

- h((g™ e f (X)) = f(g((g™ e FH)(x)))
- = F(g(a7 (FHeN)) = F(F7H(x) = x
Thus h™t = g‘1 of?

35.

-5

Sy L
(F)QR)= 3
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: 1oy
42. Find f71(x): m _ aX+3
1 1 CX+
y=;, X=— cxy+dy=ax+bhb
y (cy—a)x=b-dy
iy =2 ,_b-dy_ _dy-b
y cy—-a cy-a
-1 1 _
== fl(y):_%
Find g " (x): _
" g7 (%) f,l(x):_dx b
y=3x+2 cx-a
_y-2
X= 3 If bc — ad =0, then f(X) is either a constant
_9 function or undefined.
g7 () ==
3 1 . .
If f=f"",then forall xinthe domain we
-1 X—2
g (%) =73 have:
1 ax+b . dx—-b 0
h(x) = f(g(x)) = f(3x+2)=——— cx+d cx-a
3x+ 2( | (ax + b)(cx — a) + (dx — b)(cx + d) = 0
1
_ 1, e (1) |x)—2 acx? + (bc —a®)x —ab + dex?
=g ()= g 1[—):*— +(bc-a’)x-ab+
3 +(d% —bc)x—bd =0
_ 3x+2)-2 3x
h™t(h(x))=h" ( j ( ) 5 (ac +dc)x? + (d% —a2)x + (~ab—bd) = 0
Setting the coefficients equal to 0 gives three
h(hfl(x)) h{(i) } 1 1 « requirements:
- T T\ (1) a=-dorc=0
3 [(;)‘2}2 (3) (2) a=zd
(3 a=-dorb=0
43. E_r;zésezn _i:v)erse because it is monotonic Ifa=d then f = f* requires b = 0 and
increasing):
f/(x) —1+cos2 x >0 c=0,5s0 f(x)z%z X. Ifa=—d, there are
L L no requirements on b and c¢ (other than
a. (F7(A)=— = — =1 bc—ad = 0). Therefore, f =f ! ifa=-d
'(5)  Jr+oos?(3) or if f is the identity function,
45, y
_ 1 1 1
b. (f1y(B)= = -
(5
f (%) \/1+ cos? (%’T) \/%
2
- < B
ﬁ y=flx)
A
¢ (I O)=—5 f
( ) «/1+ coS (O 1 0
j; f _l(y) dy = (Area of region B)
=1 - (Area of region A)
2 3
=1-| f(x)dx= 1—— ==
[y Foodx -
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46. j; f (x)dx = the area bounded by y = (x), y = 0,
and x = a [the area under the curve].
I: f‘l(y)dy = the area bounded by x = f ~1(y)

x=0,andy=h.

ab = the area of the rectangle bounded by x = 0,
x=a,y=0,andy=h.

Case 1: b > f(a)

=1
T x=f
fr )
[Fway 1
0

b

ﬁf( x)edx
0

0 a x

The area above the curve is greater than the area
of the part of the rectangle above the curve, so
the total area represented by the sum of the two
integrals is greater than the area ab of the
rectangle.
Case 2: b =f(a)

v
- y=fx

x=f"m

b

b
Jf _l(_\‘) dy

J;I;‘t x)dx

TO ] a j X the two
integrals = the area ab of the rectangle.
Case 3: b <f(a)

p V=[x
x=f"y)

J:,f’ K y)dy

ﬁ(.\') dx
0

The area below the curve is greater than the area
of the part of the rectangle which is below the
curve, so the total area represented by the sum of
the two integrals is greater than the area ab of the
rectangle.

a b 1 . .
ab < Io f(x) dx+J‘0 f 7 (y)dy with equality
holding when b = f(a).

Instructor's Resource Manual

47. Givenp>1,q>1, l+1=1, and f(x)=xP?,
P Q

solving l+1=1 for p gives p=i, o)
P q 1

1 1 1 q-1
= = =22 _g-1.
p-1 9 [w} 1
q-1 q-1
1
Thus, if y=xP then x=y P = y9™, so
= (y) =yt

By Problem 44, since f(x)=xP™! is strictly

b
increasing forp > 1, ab < j.glxp_ldX+ Io y4~tdy

a b

p q
abg{x } —{y }
P 0 q 0

6.3 Concepts Review

1. increasing; exp

2. Ine=1;272
3. X, X
4, e*e*+C

Problem Set 6.3

1. a. 20.086
b. 8.1662
C. e*/5 ~et~ a1

d. ecos(ln4) ~ e0.18 ~1.20

3
2 a e3In2 :eln(2 ) :eln8 -8

In64 1/2
b. e 2 :eln(64 ):eln8:8
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COSX _ 2 2 2 2
5 Ine cosx 19. D,[Ve* +e\/X7]:DX(eX )J/2+DerX7

-2x-3 _ 1 .2 _ 2 2
6. Ine 23 =_2x-3 L y V2 X +eJ7DX 2
7. (e =Inx® +Ine X =3Inx-3x 1o\ 2 2 UK X
=—(e" ) 7e” Dyx“+e'" —
2 /X2
X X
-lnx _ € e 2 2
g exx_ S _F 1@, @
Inx =—(e 2X+e i
o X 2( ) B
z = o
9. eIn3+2|nx:eln3_e2lnx:3.elnx =3X2 . eX2+xe
X
2
In x 2 2
2_ e X X -
10, eM¥-ylnx = % % 2y x2 1 2 2
gy Inx gy xY 20. Dyje"" +—|=Dxe" +Dye
eX
X+2 X+2 X+2 — 2
11 Dxe =€ DX(X+2):e :ex DXX72+97X DX[_XZ]

2 2 = ef2 ~(—2x*3)+e’X2 -(-2x)
12. DX ¥ =2 Xp, (2x% - X)

2 2e1/x2 2X
= 2 X (ax-1) -2
X X
VX+2
13, Dxex/x+2 _ VX2 D, X+ 2 = e;/_ 21. DX[eXy +xy] = Dy[2]
ax+2 e (xDyy+y)+(XDyy+y) =0
L -1 L xe¥Dyy+ye¥ +xD,y+y=0
14. Dye X" =e X DX[—X_Z) xeXyDXy+xDXy:—yeXy—y
-1 —ye" - e +1
4 5 D,y = yX y:_y(X ) __Y
o xR g3 22" xe® +x x@Y +1) X
3
22. Dy[e"Y]=Dy[4+x+Y]
2
15. D,e?"* = D" = D x% = 2x XY (1+ Dyy) =1+ Dy y
1 e +e*YD,y =1+ D,y
X X x_ (nx)-1-x-= X+y _ X+y
16. Dxelnx:elnxDX_:elnx_ > X € Dyy—-Dyy=1-¢e
In x (Inx) 1-e**Y
Dyy= =-1
& ey -1
_elnX(lnx-1)
(In X)Z 23. a. 5—\
17. Dy (x%¢%) = x3Dye* +e*Dy (x%) B
=x3%X +eX.3x% = x%eX (x+3) L
-5 T 5 X
3 3
18. DX MX =eX"INXp (x3Inx) =
, B
=¥ '”X[x3-£+lnx~3x2j N
X The graph of y =e* is reflected across the
3 ;
— eX |I'1X(X2 +3X2 In X) X-axIs.
3
= x2eX" " X(14+ 3In x)
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b. s 26. f(x) =e7% Domain = (—o0, )
B f'(X):_%e_% : f"(X):%e_%
L1 SN, Since f'(x) <0 for all x, f is decreasing on
-5 | 5 X (_OO,OO) l

» Since f"(x) > 0forall x, f is concave upward on

s B (—00,0).
The graph of y = e* is reflected across the Since f andf’ are b-oth mo-notonl.c, there are no
: extreme values or points of inflection.
y-axis.
a b o X i Y
24. a<b=>-a>-b=>e“>e", since ¢” isan L
increasing function. -
8 —
25. f(x)=e” Domain = (—,o) -
f/(x)=2e%, f"(x)=4e* 4 L
Since f'(x) >0 for all x, f is increasing on B
(__OO'OO) ' ] Ll ) [
Since f"(x) > 0forall x, f is concave upward on 5 » 5 X
(=o0,%0). -
Since f and f' are both monotonic, there are no 27. f(x)=xe * Domain = (—o0,o0)
extreme values or points of inflection. Fr)=(Q=x)e X, £"(x)=(x=2)e ¥
AY X |(o1) | 1 1,2) 2 (2,0)
B f’ + 0 - - -
8 - fr - - - 0 +
B f is increasing on (—oo,1] and decreasing on
4 - .
B [1,00). f has a maximum at (1, %)
7 f is concave up on (2,0) and concave down on
T > (-0,2). f has a point of inflection at (Z,yz)
-2 - 2 X e
- AY
5
_d:lzlﬁs_l._l_l_l_l_>
-3 - 38 X
5L
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28. f(x)=e*+x Domain= (—o,o) 30. f(x)=In(2x-1). Since 2x-1>0 if and only if

f'(x)=e"+1, f"(x)=¢" x>%, domain = (%,oo)
Since f'(x) >0 forall x, f is increasing on 2 4
(o0, 0) f')=——, f')=—"s
). 2x-1 (2x-1)
Since f(x) >0forall x, f is concave upward on Since f'(x) > 0 for all domain values, f is
(—O0,00) .

. . increasing on (i,oo).
Since f andf’ are both monotonic, there are no 2

extreme values or points of inflection.
y concave downward on (%,oo) .

Since f"(x) <0 for all domain values, f is

Since f andf’ are both monotonic, there are no

5 extreme values or points of inflection.
AY
Ll 11y B
5 X L
L1 _ﬁl >
8 X
29. f(x)=In(x*+1) Since x*+1>0forall x,
domain = (—o0, ) 5
, 2x ) —2(x?-1
Fo0=—2 =) 0 Sine 11
X +1 (x*+2) 31. f(x)=In(L+e”) Since 1+e” >0 for all x,
X | (=0,-1) [ -1|(-1,0)| 0] (01) | 1| (L) domain = (—oo,0)
f’ - - - |0 + |+]| + , e* . e*
f - o + |[+] + |0 - f(X)_l+ex a (X)_(1+ex)2

f is increasing on (0,c0) and decreasing on Since f'(x) > 0 forall x, f is increasing on

(-00,0). f has a minimum at (0,0)
fis concave up on (-1,1) and concave down on

(—o00,0).

Since f"(x) >0 forall x, f is concave upward on

(—o0,~1) U (L,0). f has points of inflection at (o0, 00).
(-1,In2) and (1,In2) Since f andf’ are both monotonic, there are no
AY extreme values or points of inflection.
5| AY
I I N | I I I | >
-5 L 5 X
sk B
5+
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2 . y
32. f(x)=e"* Domain = (—0,) A
2 2 3
f'(x)=—-2xe X, f"(x)=(4x* - 2)e" * -
V2. V2], A2 V2, |2 | A2 L
X (—001—7) 5 (_710) 0 (0v7) > (790) L
' + + + 0 - - - I_l_;&ht_l_»
-1 b 2 4 X
f" + 0 - - - 0 + :
f is increasing on (—o0,0] and decreasing on B
[0,5) . f has a maximum at (0,e) 3=
f is concave up on (—oo,—g) v (@,oo) and 34. f(x)=e*—e* Domain= (—o0,)
. f! — X — X , fﬂ — X _ — X
concave down on (—g,g). f has points of (g=e+e (9 =e”—-e
X (_OO!O) 0 (O’OO)
: . V2 2
inflection at (—7,\/5) and (T,\/E) 7l 1 1+l +
fr - 0 +
AY

fis increasing on (—o, ) and so has no extreme
values. f is concave up on (0, ) and concave
down on (—,0). f has a point of inflection at
(0,0)

-3

-3

I I "% I S B B
33. f(x)=e®* 2" Domain= (~o,) -3 3 x

f/(x) = (4-2x)e 2",
f7(x) = (4x2 —16x +14)e
Note that 4x? —16x+14 =0 when

4+ f

-3

X= ~2+0.707

X | (=0,1.293) | #1.293 | (1.293,2) | 2 | (2,2.707) | ~2.707 | (2.707,0)
f’ + + + 0 - - -
fr + 0 - - - 0 +

f is increasing on (—oo, 2] and decreasing on
[2,00) . f has a maximum at (2,1)

\/E)U(4+2\/§,OO

fis concave up on (—00, —5—

4J— 442

concave down on ( 5 ) . f has points

4+f 1)

) and

of inflection at ( 5 \/—) and (——
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35. f(X) — J'Xeftz dt Domain = (—O0,00) 37. Letu=3x+ 1, so du = 3dx.

0
) ) 3x+1 _1 3x+1 _1 u _1 u
F=e X, f7(x)=—2xe* je dx—gje 3dx—§je du—ge +C

X | (-,0) | 0 | (0,%0) _ le3x+1 LC
']+ |+ + 3
fr + 0| -

38. Let u=x° —3, sodu = 2x dx.

fis increasing on (—oo,0) and so has no extreme
values. fis concave up on (—o0,0) and concave
down on (0,). f has a point of inflection at 2

(0,0) P PTG PR L B
(0,0) 2 2
AY

Ixexz‘sdx = %J.exz‘?’Zx dx = %Ie“du

39. Let u=x%+6x,s0du= (2x + 6)dx.
2
j(x+3)ex *6X gx =1je”du RTINS
2 2

P 1 ex2+6x +C

IS ) . Y Y ) B 2
3 3 X

40. Let u=e*-1, sodu=e*dx.

e* 1
I—dx = j—du =Inju/+C =In
e* -1 u

X
> e —4+C

36. f(x)=[‘te"'dt Domain= (~o0,00
®=l, ( ) 41. Let u:—i, 50 du:izdx.

f'(x)=xe"*, f"(xX)=0-x)e* X X
-1/
X | (00| 0 (01 1 (L0) Ie X dx = je”du —licoelx,c
f’ - 0 + + + X2
fr + + + 0 -
f is increasing on [0, ) and decreasing on 42, J‘ex+exdx = J'ex .eex dx

(—00,0]. f has a minimum at (0,0) X X
. Let u=e", sodu=e"dx.
fis concave up on (—,1) and concave down on

X X
] ] ] 1 Iex-ee dx=je“du=e“+C=ee +C
(L) . f has a point of inflection at (1, [tetdt).
0

Note: It can be shown with techniques in 43. Letu=2x+3,s0du=2dx
1oty . 2 2x+34, _ Lrug 1 u _ 1 ox43
Chapter 7 that jote dt—l—g~0.264 Ie dX—Zje du—ze +C—2e +C
y 1
A jlezx*?’dx _ Fems} 15 12
‘T 0 0 2 2
B 13,2
- =—e°(e“-1)~64.2
- 2
- 44, Letu =§, so du =—idx.
[ Y Y Y Y B X x2
-3 B o x 3/x
B je dx=—£je”du=—le“+c
B G 3 3
,2 -
Lan, ¢
3
3/x
2
€ 5—ax [—393”(} RN NY.
1 X 1 3 3
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45. V

46.

_ In3_ y.2 _ In3 oy
—nJ.O (G dx—njo e
In3
:n[iezx} _T{l §2In3 _
2 0 2

1 2
\Y} =j 2nxe X dx .
0

2

Let u=-x“, sodu=-2x dx.

.[ane"‘2 dx = —rcj e_"2 (-2x)dx = —n_[ edu

eo) =47 ~12.57

50.

51.

}(0.3)+1

o f(22,0)00 4]0z,
4 3 2

=1.3498375

%3 ~1.3498588 by direct calculation

x =e'sint, so dx = (e'sint +e' cost)dt

y =e' cost, so dy = (e' cost —e! sint)dt

ds = \/dx2 + dy2

—¢ \/(sint +cost)? + (cost —sint)2dt

u —X2

=-ne +C=-ne " +C

) ) , 2sin® t+ 2cos? tdt = +/2e'dt

IOane‘X dx=—n[e_x } = —n(e™t-e?) The length of the curve is

0 T t ¢ "
2e'dt=+2|e | =v2(e™-1)~31.312

—n(l-el) ~1.99 j0 v \/_[ ]o V2
_ 1 52. Usex=30,n=38,and k =0.25.

47. The line through (0, 1) and (1, Ej has slope P () — (k)"e —kx (0 25. 30)8 -0.25-30 014
n - ~ .

14 n! 8!

e+ 1 1-e
=--1l="—=y-1=""(x-0)

1-0 e . . o0
1—e 53. a. lim 5 IS of the form —.
—x+1 x—0" 1+ (In x) o0

1 Dy Inx %
1 5 X = lim —————-=lim 1
.[o - x+1 dx Xt xre x—>0" Dy[L+(INx)?]  x-0* 2Inx-1
0
. 1
_1-e 1 _3-e_ = lim =0
—g 1+——1—¥~0.052 X—>0+2|nx
) ) lim —"X__ fim —_ g
48. f’(X)I (e _1)(1)_X(e )_ 1 (_e—X)(_l) X4)001+(|n X) x— 2Inx
(e -1)2 1-e7X
271 1

_eX—l—xeX_ 1 (1 b f,(X):[l+(lnx) ]-;—Inx-ZInx-;
(€ -12  1-e* (e [L+(Inx)°T

e e AN S T ol Ca) _1-(Inx’

R (e —1)2 X[L+(In x)*J?
xeX f'(x) =0 when INnx=+1sox=¢el=¢

X 2
G orx:e‘lzl

When x>0, f'(x) <0, so f(x) is decreasing for €

x> 0. _ lne 1 1

1+(ne)®> 1+1%2 2
49. a. Exact: 1
10!=10-9-8-7-6-5-4-3-2-1 f[lj: g _ -1 _ 1
— 3,628,800 e 1+(|n%)2 1+(-)% 2

Approximate: 1

10\° Maximum value of = at x = e; minimum
10!=~/20m| — | =~ 3,598,696 2

e

b. 60!~ \/1207:(60) ~8.31x10%!
e

value of —% at x=e L.
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2 y-axis so the area is
¢ Fo=[" It

3
L 14(Int)? z{joz[exz 2e¥ (2x% ~1)]dx

2
F’(X):l I(rl]nxxz)z. 2 2
+ 3
(a2 . +[yalee (2x% -1)-e™* ]dx}
Fe) =l ofe-—t 2k :
1+[In(ve)?] 1+1 ~ 4.2614
=+e ~1.65
Ve 58. a. lim xPe™* =0
X—>00
54. Let (xg,e0) be the point of tangency. Then
X0 _ b. f'(x)=xPe (=) +e*. pxPt
e” -0 _ f'(xg) =0 = "0 =xe"0 = % =1 b1 —x
Xg—0 =x""e " (p-x)
so the lineis y =e”0x ory =ex. f'(x)=0 whenx=p
) o2 T 59. lim In(x? +e7¥) = o (behaves like —x )
a. A=J‘ (eX —ex)d)(=|:eX __:| X—>—00
0 2 |,
. o lim In(x? +e7) = oo (behaves like 2Inx)
=e-——-("-0)==-1~0.36 X0
2 2
1 60. f’(x)=—(1+ex_1)_2-ex_1(—x_2
b. vznjo[(ex)z—(ex)z]dx n
1 =
2.3 X2 1 e1/x 2
:njl(ezx—ezxz)dx _ o Le2x & A+e”?)
0 2 3
0
1, e? () T,
=n|=e"———| =e =—(e“-3)~2.30
2 3 2 6
0.4
3 1 3 1 0.2
55. a. exp| —— |dx =2 exp(——jdx:&ll
,[_3 [ XZJ .[0 X2 -10 -5 5 10
b. Isne‘o'lx sinxdx ~0.910
0
56. a. lim(l+x)Y* =e ~2.72
x—0
. —]/X 1
b. lim(l+x) == ~0.368
x—0 e .
a. lim f(x)=0
2 x—0"
57. f(x)=¢*
) b. lim f(x)=1
f'(x) = —2xe™* X0~

2 2 2
f7(x) =—2e7% +4x%™X =2e7% (2x%? -1) _ 1
c. lim f(x)==

y=f(x)and y = f"(x) intersect when X—>o0 2
2 2
e =2e7X" (2x® —1);1=4x% -2; d. lim f'(x)=0
0
\/§ X—>

4x2 —3=0,x=+= . .
2 e. fhas no minimum or maximum values.
Both graphs are symmetric with respect to the
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6.4 Concepts Review X+ 3 =5x

3
1. e\/gln;r; exIna X:Z
2. @ 9. logg12="12 L1544
In5
3 :n_x In0.11
na 10. log; 0.11=———"~ 11343
In7
4. ax®!: a¥Ina
11n8.12
11. logy;(8.12)/° = =222 £ 0.1747
011(8.12) )
Problem Set 6.4
12. logy,(8.57) =7 '785 ~ 6.5300
n

1. 2¥=8=2%; x=3
13. xIn2=1In17

2
2. x=52=25 x=17 408746
In2

3. x=4%2-8
14. xIn5=1In13
4
4. x* =64 x =113 1 5037
In5
4
X =164 =22
Yea=2\2 15. 2s-3)In5=1In4
x)_1 25_3-1n4
5. Iogg(gj—i In5
5:1[3+|n—4j=1.9307
5291/2:3 2 In5
3
16 ! In12=1In4
x=9 .mn =In
In12
1 ——C_9-
6. 43=5 In4
1 1 t9=1+|n—12z2.7925
X=——F=—+ In4
2.43 128

17. D, (6°¥)=6°*In6-D,(2x) =2-6**In6
7. log,(x+3)—log, X =2 x(6°7) x(2X)

X+3 2 2
log, — —=2 18. D, (3%X ~3¢)=32X""3|n3. D, (2x% - 3x)
2
X+3_ 2 _4 = (4x—-3)-32 " n3
X
X+ 3 =4x X X
x=1 19. Dylogze” = -Dye
e*In3
_ X
8. logs(x+3)—logsx=1 __¢ :izo.gloz
oo X3 1 eXIn3 In3
09— = Alternate method:
X+3 g _¢ Dy logze” = Dy (xlogz e) = logz e
X _Ine_ 1 09102
In3 In3
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1 _ 1 1,
20. Dy Ioglo(x3+9)=3;-Dx(x3+9) 26. j0(103x+10 Ydx = j0103xdx+j010 3% dx
(x*+9)In10
) Let u = 3x, so du = 3dx.
3X u
___x axa Llpgus 110
(X3+9)|n10 J.].O dX—EJ‘lO dU—§~m+C
103)(
21 p [3%In(z+5)] =3m0 " C
=32 -L(1)+In(z+5)-32 In3 Now let u = -3x, so du = —-3dx.
Z+5 3y 1 u 1 10U
1 10 dx = - [10"du=-Z-——+C
=3 ——+In(z+5)In3 3 3 In10
z+5 103X
=- +C
3In10
1
2_ 3X _10—3X
22. Dyylogio(3” ~%) = Dyy/(6% - 6)l0go 3 Thus, j1(103x+10‘3x)dx= 107 107
5 0 3In10 0
@ -6)In3 In3 2
AT \in1o ¢ _ 1 (1000— L j: 999,999
T 1 3In10 1000 3000In10
_ [In3 =% -0)"Y2(20-1) ~ 144.76
In10 2
_ 2 2 2
__20-1 [In3 27. L1004 Z1009 10104 x2 ~ 1069 2xIn10
oJg2 _g VIn10 dx dx
i(xz)lo _d 20 _ 5,19
23. Let u=x° so du = 2xdx. dx dx
dy d 2
2 1 1 2U _:_[10(X )+(X2)10]
x-2%5 dx==2%du==-="—+C
J 2j 22 dx OZ'X
NG -1 =10%)2x1n10+ 20x'
2In2 In2 q d
28. —sin? x = 2sin X—sin X = 25iN X COS X
24. Letu=5x-1,s0du=5dx dx dx
u . . .
j105x—1dX:lJ'10U du _ 110 iC diZS'”X =28"Xn 2disinx= 25"XIn2cos x
5 5 In10 X X
=105X—1+C ﬂ:i(smzx_i_zsmx)
5In10 dx  dx

=2sinxcos X+ 25X cos xIn 2

25. Letu :«/;, so du :idx.
X

2Jx 29. ix“+1:(n+1)x“
Jx u dx
j5—dx=2j5“du=2.5—+c d
NN In5 &(Twl)x = (n+21)* In(n+1)
Jx
2-5 d d
== +C =g @]
45&0' , N P = (t+ D)X + (x4 D)% In(m+1)
—0X = R - P
.[1 Jx In5 A (InS InSJ
=£z24.85
In5
368 Section 6.4 Instructor’'s Resource Manual

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



30, 9 2€) _ o€ 2.9 6X _ 2 X 2 35. f(x)=2"*=el"0  DPomain = (—,00)
‘ZX dx /() = (=IN2)27%, £"(x)=(In2)22"*
_(ge)x =(2°)*In2°% = (2%)*eIn2 Since f'(x) <0 forall x, f is decreasing on
(—O0,00) .

dy e e . " .

vl [2 +(29)"] Since f"(x) >0forall x, f is concave upward on
(—O0,00) .

_ o )ex In2+(2%)*eln2 ; ' :
Since f andf’ are both monotonic, there are no

extreme values or points of inflection.

31 y=(x° +1)In X _ gin %) In(x2 +1) >

g (Inx)ln(X ) d [(Inx)In(X +1)] ‘
X

X X< +1

— (X2 +1)Inx(|n(X2 +1) . 2xIn XJ

7

2 _
X X“+1 E .
32. y=(In X2)2X+3 — o(2x+3)In(In x2) }
ﬂ_e(zx+3)|n(ln X2)i[(2x+3)|n(|n X2)] » N
dx dx 36. f(x)=x2 Domain = (—oo,0)

f'(x)=[1-(In2)x]27*,

__(2x+3)In(Inx?) 2 11
=e {2'“('” JH@x+3) 73 (ZX)} £(x) = (IN2)[(I 2)x— 212"

—@inx” " 2in(2in g + 23 G e s 0 el O A
— “—— xlnx 2 . 0 - - -
Inx In x
33 f(X) smx smxlnx f - - - 0 i
f/(x) = eSinxInx d—(sin xInx) fis increasing on (—w,%} and decreasing on
X n
= eSnXInx (i x)[£j+(cosx)(ln X) i,oo . f has a maximum at (L,}/ )
X In2 In2'/(eIn2)
sin x
= xSInX ( ~—+Cosx In xj f is concave up on (%,oo) and concave down on
n
, sinl
f'Q) = 15'”1( . +coslln1j =sinl~ 0.8415 (—oo,%) . f has a point of inflection at
n
2
e £ 2
34. f(e)=n°~22.46 G € In 2))

g(e)=e™ ~23.14
g(e) is Iarger than f(e).

f (X)——Tt =r*Inn

f'e)=n°Inn~ 2571

g'(x) _ dixn _ Tcxﬂ:—l
X
g'(e) =ne™ ! ~ 26.74

g’(e) is larger than f'(e).
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2 i
M. Since
In2

x?+1>0 forall x, domain= (—o0,o0)

X
Fo= [In2][ ] In2 {(x +1)2 J - 5 X
1
+
0

37. f(x)=log,(x* +1) =

X | (=00,-1) | -1|(-1,0) | 0 | (0,2) (1,0) B

f’ - - - 0] + + -5

fr - 0 + |+] + - -
f is increasing on [0, ) and decreasing on 39. f(0)= sz_tz dt  Domain = (oo, )
(=0,0] . f has a minimum at (0,0) f'x)=2"%, f"(x)=-2(In2)x2" ¥
fis concave up on (-1,1) and concave down on X | (—0,0) [ 0 [ (0,00)
(—o0,—1) U (L, ). f has points of inflection at i n i
(-1 and (1,2) £ n ol =

AY fis increasing on (—oo,00) and so has no extreme
; values.

f is concave up on (—o0,0) and concave down on
(0,00). f has a point of inflection at

(0,[ 27" dt) ~ (0,-0.81)

S N . N I I N N
:

-5 - 5 X
B AV
5 : 5 :
) n
38. f(x)=xlogs(x* +1) :M- Since I
x?+1>0 forall x, domain= (—o0,o0) —
2 3 -5
700 = | 22 0@ |, 1) = 2| X L -
3| x2.41 3| x241
X (_0070) 0 (0,00)
f’ + 0| +
£’ - 0| +

fis increasing on (—, ) and so has no extreme
values. f is concave up on (0, ) and concave
down on (—,0). f has a point of inflection at
(0,0)
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40. f(x)= [} log,o(t* +1)dt . Since log,,(t* +1) has
domain = (—o0,0), falso has domain = (—o, )
In(x? +1)

f'(x) = logyo (x* +1) ==

oo L )2
f (X)_(InloJ(xhl)

X | (0,0) | 0| (0,0)
f' + 0 +
fr - 0 +

fis increasing on (—oo,) and so has no extreme

values.
f is concave up on (0,) and concave down on

(-0,0). f has a point of inflection at (0,0)

AY

-5
41. logqo X Inx _ Inx log, x
. 1/2 X= = =-1097
Ini -In2
v
42, R
y=logx
11111 1 11
-5 54X

y=log, .x

-5

43. M =0.67l0g;((0.37E) +1.46

M -1.46
lo 0.37E) = ———
910 ) 0.67

M -1.46
10 067
037

Evaluating this expression for M =7 and M = 8
gives E ~ 5.017 %108 KW-h and
E ~1.560x10*% kW-h, respectively.

Instructor's Resource Manual

44. 115=20log;,(121.3P)
logyo(121.3P) =5.75

10575
121.3

P= ~ 4636 Ib/in.2

45, If r is the ratio between the frequencies of
successive notes, then the frequency of C = rt2
(the frequency of C). Since C has twice the
frequency of C, r = 2112 ~1.0595
Frequency of C = 440(2Y/1?)3 = 440%2 ~523.25

46. Assume log, 3= P where p and q are integers,
q

q#0.Then 2P/9 =3 0r 2P =39 But

2P =2.2...2 (p times) and has only powers of 2

as factors and 39 =3-3...3 (q times) and has
only powers of 3 as factors.

2P =39 only for p = q = 0 which contradicts our
assumption, so log, 3 cannot be rational.

47. If y=A-b*, thenlny=InA+xInb, so the
Iny vs. x plot will be linear.
If y:C-xd, thenIny =1InC +d In x, so the
Iny vs. In x plot will be linear.

48. WRONG 1:
y = f ()90
y'=g(x) f )90 1(x)
WRONG 2:
y=1(x)°
y' =009 xn £(x)-g'(x) = F()°™ g’ (x)In f(x)
RIGHT:

y = £ (x)909 Z g8GOM 1 ()

, d
y =g ”X)&[g(xnn f(x)]

— £(x)90 {g'(x)ln F(x)+ g(x)% f '(x)}

= £ g’ o) In £ () + F ()P g(x) F'(x)
Note that RIGHT = WRONG 2 + WRONG 1.
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2 X a
49. f(x)=(x*)* =xO = x4 = g(x) 51. a. Letg(x)=Inf(x) = In[x—szalnx—xlna.
a

() = x0) = I )
2 'X)=|—|-Ina
f/(x) = * '”Xdi(lenx) 99 (XJ
X

, a
:elenx[leonz.l) g (x)<0whenx>m, soas x —> oo g(x)
X
. . a .
2 is decreasing. g"(x) = ——, S0 g(x) is
=x07) @2xInx+ x) 9- 9" X2 9(x)
0(x) = x(XX) :exxmx concave down. Thus, Xli'r:og(x) =—00, SO

Using the result from Example 5 lim f(x)= lim e9® =0.
d X—>0 X—>0

(—xx =x*(1+In x)j .
dx b. Againletg(x)=Inf(x)=alnx-xIna.
ey _ ox¥inx d o x Since y = In x is an increasing function, f(x)

gi(x)=e” 77 (< Inx) is maximized when g(x) is maximized.

a

’ a ’
:exx'”x[xx(lﬂn X) In X + x* -E} g (x)=(;j—|na, s0g'(x)>0on (O’Rj
X

, a
= Xy [(1+In x)In x+£} and g'(x) <0 on (m,@j-
X

X 1 Therefore, g(x) (and hence f(x)) is
=x* +X{Inx+(lnx)2+—} o a
X maximized at Xy = na

X

a’ -1
50. f(x)=— . c. Notethat x* =a* is equivalent to g(x) = 0.
a*+
. _ a
£10x) = (@*+)a*Ina-(a*-1)a*Ina 2a*Ina By partb., g(x) is maximized at xo =1
@ +1)° (@* +1) If a=e, then
Since a is positive, a* is always positive. 9(x) =g (Iij —g(e)=elne—elne=0.
ne

(@* +1)2 is also always positive, thus f'(x) >0

iflna>0and f/(x)<0 if Ina<0.f(x) s either Since g(x) < g(xo) =0 forall x =, the

always increasing or always decreasing, equation g(x) = 0 (and hence x? =a”) has
depending on a, so f(x) has an inverse. just one positive solution. Ifa = e, then
X _ a a a
Y=a L g(Xo)=g(—j=aln(—j——(lna)
a¥+1 Ina Ina) Ina
y@ +1)=a"-1 —a |n(ij_1 _
M Ina
a’(y-)=-1-y .
x _lt+y Now a’ e (justified below), so
1-y
xina = Inity g(xo):a[lni—l}a(lne-l)=o. Since
1-y Ina
InLty g'(x)>0on (0, xg), 9(%g) >0, and
x=—Y log, 1+y lim g(x) = —o0, g(x) = 0 has exactly one
Ina 1- x—0
solution on (0, Xg).
f(y)=loga -~ uttonon (© Yo)
Since g'(x) <0 on (Xg,),
1 1+ X g(Xp) >0, and lim g(x)=—o, g(x) =0 has
f(x)=logy — X—>00
1-x exactly one solution on (xg, ). Therefore,
372 Section 6.4 Instructor's Resource Manual

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



52.

the equation g(x) = 0 (and hence x? =a*)
has exactly two positive solutions.

To show that Ii>e when a=e:
na

Consider the function h(x) = Ii for x> 1.
n x

OO -x(L) nx-1
X) = 2 - 2
(Inx) (Inx)

53.

. . u L
Since lim ——e =e, this implies that
u—oo U+

. u+1)" . . 1)
lim|—=| =g, ie, lim|1+=]| =e.
u—ol\ U U—o0 u

f(X) _ XX — exlnx
Let g(x) =xInx.
Using L’Hopital’s Rule,

Note that h'(x) <0 on (1, e) and h'(x) >0 lim g(x)= lim InTx
on (e, »), so h(x) has its minimum at (e, e). x—0" x—>0" %
X 1
Therefore Mie forall x=e,x>1. — lim X1 — lim (=) =0

For the case a = e, part c. shows that
g(x)=elnx—xIne<0 for x=e.

Therefore, when x=e, Inx® <IneX, which

implies x® <e*. In particular, 7° <e™.
fy(x)=x"e™*

fy(x) =ux! e ¥ —x¥e ¥ = (u-x)xU e
Since f;(x)>0 on(0,u)and f;(x)<0 on

(u, ©), f,(x) attains its maximum at xg = u.

fy (u) > f,(u+1) means

we™V s (u+1Ve U,

u+l u
Multiplying by € gives e > (U—H) .

u u
fus (U+1) > f,,q(u) means

(u +1)u+1ef(u+1) > uu+167U .

eu+l u+l
Multiplying by gives (—j >e.
u

54.

x—0t — 2 x—0"
X

Therefore, lim x* =¢® =1.
x—0"

g'(x)=1+Inx

Since g'(x) <0 on (0,1/e) and g'(x) >0 on
(1/e,0), g(x) has its minimum at x=1.
Therefore, f(x) has its minimum at (e‘l, e_l’e) .
Note: this point could also be written as

0.5 1 1.5 2 2.5 3 3.5 4

(2.4781, 15.2171), (3, 27)

4 .
uit 55. [, x""dx ~ 20.2259
Combining the two inequalities,

[u +1j“ (u +1J“+1 56.
—_— <e<| —— . .
u u >
4
3

u+l
From partb., e < (u_+1) :
u

Multiplying by U gives
u+1

u (u+1ju
— e<|—|.
u+l u

u
We showed [u_+1) <e inparth., so
u

u (u+1u
—e<|—| <e.
u+l u

' 0.5 1 1.5 2
14
12
10
B
6
4
2

! 0.5 1 1.5 2
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57. a. Inorder of increasing slope, the graphs 6.5 Concepts Review
represent the curves y = 2%, y =3%, and

. 3 3_

y = ax 1. ky; ky(L-vy) 2. 2°=8

. 1/h

b. Iny is linear with respect to x, and at x = 0, 3. half-life 4. (1+h)

y=1sinceC=1.
c. The graph passes through the points (0.2, 4)

and (0.6, 8). Thus, 4=Cb%2 and 8 =Ch%®. Problem Set 6.5

Dividing the second equation by the first,

gets 2=b%4 so b= 252 1. k=-6, yg=4,50y=4e""

Therefore C =292, ot
2. k=6,y9=1soy=e
58. The graph of the equation whose log-log plot has
negative slope contains the points (2, 7) and (7, 3. k=0.005s0y = yoeo-OOSt
2).
y(10) = y080.005(10) _ y0e0'05

.
Thus, 7=C2" and 2=C7", so Z:(EJ . 2
7 2 In7-In2
In—=rln==>r=——=-1 and C = 14.
2 7 n2—_In7 y= 0205 o0.005t _ £,0.005t-0.05 _ 50.005(t-10)
0

Hence, one equation is y = 14571,
The graph of one equation contains the points
(7, 30) and (10, 70). Thus, 30=C7" and

)
70=C10", so %z(lj

4. k=-0.003,s0 y = yoe—0.00St
y(-2) = yoe(—0-003)(—2) _ y0e0-006

3
10 y(=2)=3= Yo ="5006
3 7 In3-1In7
In-=rn—=>r=———~2.38 and 3 _ _ -
2 10 N7 -In10 y=—ose 0.003t _ 5,-0.003t-0.006 _ 3,-0.003(t+2)
o0
C ~30-772%8 £ 0.29.. Hence, another equation is
y =0.20x>38, 5.y =10,000, y(10) = 20,000
The graph of another equation contains the points 20,000 =10, 000ek(0)
(1,2) and (7, 5). Thus, 2=C1" and 5=C7", so o _ glOk
C=2and
In2
_ In2=10k; k=——
In5—|n2:rln7:>r=Wz0.47. 10
n
y =10,000e(("2/10)t _10 0pp. 21/10

Hence, the last equation is y = 2x047

The given answers are only approximate.
Student answers may also vary.

After 25 days, y =10,000-22° ~ 56,568.

6. Since the growth is exponential and it doubles in
10 days (from t = 0 to t = 10), it will always
double in 10 days.

7. 3yp= yoe((ln 2)/10)t
3= e((in2)/10)t
In3= In—2t
10
t= 10in3 ~15.8 days
2
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8. Let P(t) = population (in millions) in 1 k(700
year 1790 +t. 13. E =€ (700) and Yo = 10
In 1960, t = 170. —In 2 = 700k
P(t) = Rye
=P o k=—"2 000099
178 =3.9¢ 0
45.64 — el 70K y= 10e—0:00099t
_ In 45.64 ~0.02248 Att=300, y —10e0-00099-300 _ 7 43
After 300 years there will be about 7.43 g.
In 2000, t = 210
P(210) ~ 3.0¢0:02248210 _ yag 14. 085=ek®
The model predicts that the population will be about In 0.85 = 2k
438 million. The actual number, 275 million, is In0.85
quite a bit smaller because the rate of growth has k= ~-0.0813
declined in recent decades. 1
2 o0.0813t
9. 1year: (4.5 million) (1.032) ~ 4.64 million 2
2 years: (4.5 million) (1.032)2 ~ 4.79 million =In 2|:2‘°'°813t
n
10 years: (4.5 million) (1.032)!° ~ 6.17 million = 00813~ 08

10.

100 years: (4.5 million) (1.032)100 ~105 million

y= 3/0‘3kt
1.032A = Aek®

15.

The half-life is about 8.53 days.

The basic formulais y = yoekt. If t. denotes the
half-life of the material, then (see Example 3)

k =1n1.032 ~ 0.03150 oo or =09 s
Att =100, y = 4.5¢(0-08150)100) 105 2 .
. . —0.693 —-0.693
After 100 years, the population will be about c =———=-0.0229 and kg =——=-0.0241
105 million. 30.22 . 288
To find when 1% of each material will remain, we
11. The formulato use is y = y,e"*, where y = .
. y=Yo ey= use 0.01y, = y,e" or t= N0 s
population after t years, y, =population at time t = k
0, and k is the rka}g: of growth. We are given - —4.6052 ~ 201 years (2187) and
235,000 = y,e“®?  and -0.0229
164,000 = y,e*® - % ~191 years (2177)
Dividing one equation by the other yields e
_ 12k-5k _ .7k
1'43|29i ;;293 =& or 16. The basic formulais y = yOekt . We are given
k= NLA3299) 4 0513888 15231 y,&@ and 9,086 = y,e"®
235,000 e : .
Thus y, = W =126,839. Dividing one equation by the other gives
15.231 _ -
12. The formulato use is y = y,e**, where y = mass t 9086 e (AK®) = kO 50 k =—0.0861
months after initial measurement, y, = mass at time 15.231
of initial measurement, and k is the rate of growth. Thus 'y, = (0860 (2) ~18.093 grams.

We are given
6.76 = 4e"™ 5o that

1 (6.76} _ 0.5247 ~01312

To find the half-life:

k=2 L 08 _ 0693 .
k —-0.0861
Thus, 6 months before the initial measurement, the
mass was y = 4e®1312(6) £ 182 grams. The
tumor would have been detectable at that time.
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17, L _ (5730 22. From Example 4, T(t) =T, + (T, —T,)e’". In this
2 . problem, 250 =T (15) = 40 + (350 — 40)e¥® so
In(=
k= (2) ~-1.210x107* In[ 210
5730 310 . -
4 k =———==-0.026 ; the brownies will be
0.7yp = yoe(—1.210x10 )t 15
110° F when 110 = 40 + (310)e %9261 or
In0.7
t= S e—— 2950 70
121010 '”(j
The fort burned down about 2950 years ago. __\310) _ 575 min.
-0.026
1_ 5730k
18. —=e K
2 23. From Example 4, T(t) =T, + (T, - T,)e" .
In (%) » Let w = the time of death; then
R 82 =T (10— w) = 70+ (98.6 - 70)e*(0"
051y, - yoe(_l'210><10_4)t 76 =T (11— w) = 70+ (98.6 — 70)e* ")
or 12 = 28.6e*1W
t In0.51 5565 k(11-w)
= _ —W
-1.210x107* 6=28.6e
The body was buried about 5565 years ago. Dividing: 2=¢*? or k =In(0.5) = -0.693
19. From Example 4, T(t) =T, + (T, -T,)e" . In this To findw :
problem, 200 =T (0.5) = 75+ (300 — 75)e©9 so In ( 12 j
125 12 = 28,6606 W g5 10y =288/ o5
In| oz -0.693
225 )
k=——%=-1.1756 and Therefore w=10-1.25=8.75=8:45pm.
T(3) = 75+225e 173 — 816" F 24. a. From example 4 of this section,
dT
20. From Example 4, T(t) =T, + (T, - T,)e"". In this ot k(T -T,) or
_ _ 90— 24)ek®)
problem, 0=T(5)=24+(-20—-24)e"" so f dT _kdt or In|T(t)-Tl| K+ C
In (_24j T-T,
. - - _ _ kt .C - -
k =;"4= —0.1212 ; the thermometer will This gives |T ® T1| =e"e”. Now,if Ty is
5 the temperature at t=0, [T, —T,| =€ and the
register 20° C when 20 = 24 + (—44)e *#2t or Law of Cooling becomes
In (—4] IT()) -, =[T, ~T,[e*". Note that T (t) is
= 13112 =19.78 min always between T, and T, so that
e IT(t)-T,| and [T, -T,| always have the same
21. From Example 4, T(t) =T, + (T, - T,)e"". In this sign; this simplifies the Law of Cooling to
_ _ kt
problem, 70 =T (5) = 90+ (26 —90)eX® so TO-T =T -Tpe
or
=20
In(_64j T(t) =T, + (T, - T,)e"
k=——+%=-0.2326 and
5 b. Since T(t)is always between T, and T,, it
T (10) = 90— 64e(-02320)10) _ 90 _64(0.0977) =83.7°C TO-T
follows that e = =~ L <1 sothat k <0.
TO -
Hence
imT(t)=T,+ (T, -T,) lime" =T, +0=T,
t—o t—oo
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25. a.  ($375)(1.035) ~ $401.71 3 Y iy

0035124 *

b. ($375) (1-&- Tj ~ $402.15 dy = kdt

y(L-y)
730
c. ($375) (1+%) ~ $402.19 Li+ L(Ll de — Kt
y -y

d. ($375)e%0%°2 ~ $402.19 1 J(i L1 jdy = [kt

LAy L-y

26. a. ($375)(1.046)% =$410.29 Linfy| - |-y =kt +C,
L

24
0.046
L-y
0.046"*°
c. ($375)[1+ : j ~$411.13 Y | _elkilC _ oLl gkt op Y celhkt
365 L-y L-y
d.  ($375)e%%462 £ $411.14 Note that: C = Ce® = Ce'k?
ot _ YO _ %
27, a [1+0-_‘;6) P L-y(© L-Y
im y = LCetKt _ yceHt
~In2 - In2 ~11 Lkt
In1.005 12In1.005 y= LCe™ __LC __LC
It will take about 11.58 years or 1+cett Lo+C cretM
11 years, 6 months, 29 days. . ¢
L.-Y0
L- L
b, 0%t _p— (~IN2 4155 = T Yo =
0.06 LX7(§,+e_ Yo+(L-Yo)e
It will take about 11.55 years 0
or 11 years, 6 months, and 18 days.
- 16(6.4)
28. $20,000(1.025)° ~ $22,628.16 ' 6.4+ (16— 6.4)e~16(0.00186)t
_ 1024
29. 1626 to 32203 ;2 374 years. N 6.4 +.9 60029761
y =24e"°>"" x $133.6 hillion
AY
30. $100(1.04)%° ~$3.201x10® sl
31. 1000e%® = $1051.27 -
10
32. Age®%® ~1000
A =1000e %% ~ $951.23 /:
1 L
33. If tis the doubling time, then 50 150 t
t
1+ 2] =2
100
tin 1+i =1In2
100
__In2__mn2_100m2_70
P P
n(t+ds) © PP
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36. a. lim(1+ X)1000 _ 11000 _4 39. Lety = population in millions, t = 0 in 1985,

x—0 a=0.012,b=0.06, yy =10
b. lim®M*=lim1=1 ﬂ:0.012y+0.06
x—0 x—0 dt
c. lim @+&)* = lim(@+&)" =0 (10+ 0.06 jeo-mt _ 006 002 _g
0t N3 0.012 0.012
1 From 1985 to 2010 is 25 years. At t = 25,
d.lim (1+&)" = Jim ———-=0 y =15¢%01225 _5 1 15 25. The population in 2010
x>0 (+e) will be about 15.25 million.
e. lim@+x)Y*=e
X0 40. Let N(t) be the number of people who have heard
dN
1 1 the news after t days. Then oo k(L-N).

37. a. I|m a-x"* = lim——> ==
0 [L+ ()0 e j_l dN = [ Kkt
L-N

3
—In(L-N)=kt+C
b. lim (L+3x)!Y* = I|m 1+3x 3X =e3
30 i) 4+3%) L-N=gKC
N=L-Ae ™
n+2)" 2\"
c. lim (—) = lim (14—-) N(@)=0, = A=L
Nn—oo n 1/I"I—)CO n N(t) — L(l_e—kt) .
= lim (1+2x) X L L 5k
x—0" NG)=— = —=L{1-e7")
L2 2 2
= lim | @+2x)2x | =¢? 15k
x—0" 2
In3
_1\2n 2n k=—2~0.1386
d. lim [“—1] = lim [1-% 5
n n
”""f’ " N—e N (t) = L(1— e 0-1386t)
= lim (1-x)~"* 0.1386t
xs0t 0.99L = L(1— e 01386ty
= lim |(1-x)~ =—
s0" o2 . In0.01 -
—0.1386
dy 99% of the people will have heard about the scandal
38. azaerb after 33 days.
dy kt
=jadt A1 1FH() = e, then + ) K
] y ] 0= 0o
| —|=at+C
YTt 42, £(x) =anx" +an_ X"+ agx+ag
y+ :eat+C, y+ b Aedt m f'(x)
x—w f(X)
y = A _b _ iim napX" 2+ (n—Dan_x"2 +---+a
0 b x>0 a X" +ap_g X+ + X+ g
yo=A—E:>A:yo+g nap  (vNang A
2
b b &S Ilm X P Xn :O
y:(yo +—jeat—— xow gy + ALy 11+E
a a
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f'(x) . e.  The maximum population will occur when
43. =k >0 can be written as d
f(x) —(0.0132t-0.0001% ) = 0
1 dy _ dt
——=k wherey = f(x).
y dx 0.0132 = 0.0002t

44,

Y _y dx has the solution y = Ce**.
y

Thus, the equation f(x) = CeM represents
exponential growth since k > 0.

f'(x)
f(x)

=k <0 can be written as ld_y =k where
y dx

y = f(X). ﬂ:kdx has the solution y = Ce"*.
y

t=0.0132/0.0002 = 66
t =66, which is year 2070.

The population will equal the 2004 value of
6.4 billion when 0.0132t —0.0001t> =0

t=0ort=132.

The model predicts that the population will
return to the 2004 level in year 2136.

47. a.  k=0.0132-0.0001t
Thus, f(x)= Ce" which represents exponential
decay since k < 0. b. y'=(0.0132-0.0001t)y
45. Maximum population: dy
c. —=(0.0132-0.0001t
13,500,000 mi2. 640 aczres.l person ot ( )y
1 mi 1 acre dy
10 —=(0.0132-0.0001t) dt
=1.728x10" people y
Let t=0 be in 2004. In'y = 0.0132t —0.00005t2 + C
(6.4x10°)e?013% —1 728x101° )
y= Cle0.0132t—0.00005t
1.728-10% o L o
In W The initial condition y(0) = 6.4 implies that
-\ > T ~ 2
t 0.0130 75.2 years from 2004, or C,=64. Thus y = 6.40:0132t-0.00005t
sometime in the year 2079. d AY
46. a.  k=0.0132-0.0002t -
20
b. y'=(0.0132-0.0002t)y C
dy
¢ " (0.0132-0.0002t) y
y_ (0.0132-0.0002t ) dt B
1 1 1 [
y 100 200 300 t
Iny =0.0132t —0.0001t? + C,
0.0132t—0.0001t2 e.  The maximum population will occur when

y=Ce
The initial condition y(0) = 6.4 implies that

C,=6.4. Thus y=6 460-0132t-0.0001t2

10

I I I I
50 100 150 t

d
dt
0.0132 =0.0001t

t=0.0132/0.0001=132

t =132, which is year 2136
The population will equal the 2004 value of
6.4 billion when 0.0132t—0.00005t2 =0
t=0ort=264.

The model predicts that the population will
return to the 2004 level in year 2268.

(0.0132t —0.00005t2) -0
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m E(x+h)-E(x) 6.6 Concepts Review

48. E((X):A' )

i ECOE(N ~E(Y) 1. exp([POOcK]

m ECIE(M) —E(X)

h—0 h
- im £ £ E() S ) lim E(hr?—l 2. yexp(jp(x)dx)
E(x):E(x+0)=E(X)'E(O) 3. 1. d(yj 1: x2 +Cx
so E(0)=1. x " dx
Thus, E'(x) = E(X) |imw 4. particular
—E) lim EQN=EOQ) _ £y £

h—0 h

= kE(x) where k =E'(0). Problem Set 6.6

Hence, E(x) = Ege’* = E(0)e® =1.e =X, _ o
1. Integrating factor is e” .

Check: E(u+v) =ekU+V) = ghu+kv D(ye*) =1
ek .e" — E@u)-E(v) y—eX(x+C)
49, A Y Exponential Growth . L
e 2. The left-hand side is already an exact derivative.

Dly(x+1)] = x> -1

B x®-3x+C

3(x+1)
, X ax
. — 3. y'+ 5y = 5

50 100 ¢ 1-x 1-x

Integrating factor:
Exponential growth: X 2.-1/2
In 2010 (t = 6): 6.93 billion expfl 5 dx = eXp[ln(l— x%) }
In 2040 (t = 36): 10.29 billion ‘2"1/2
In 2090 (t = 86): 19.92 billion =(1-x%)"
Logistic growth: o 2\-129 _y2\-3/2
In 2010 (t = 6): 7.13 billion DIy=x7) "1 =ax(1-x%)
In 2040 (t = 36): 10.90 billion N 91/
In 2090 (t = 86): 15.15 billion Then y@-x7)""" =a(l-x")"""+C, so

y= a+C(1—x2)1/2.

50. a. lim@+x)Y* =e

x—0 . .
4. Integrating factor is sec x.
2
. D[ysec x] =sec” x
b, lima-x)* =1 [ysecx]
x—0 e y =sin x + C cos x

5. Integrating factor is l.
X

{1+

y = xe* +Cx
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o

y'—ay = f(x)

Integrating factor: eI adx _ g-ax

e

14.

Integrating factor is sin? x.

D[ysin2 X]= 2sin® X oS X

—axqy_ .—ax
Dlye™]=e""1(x) ysin2x=§sin3x+c
Then ye™ = | e 2 (x)dx, so
. I v —Esinx+ ¢
y :eaxje‘axf(x)dx. y= sin? x

2.5
7. Integrating factor is x. D[yx] = 1; y =1+Cx* y _§Sm X+ECSC X
T
8. Integrating factor is (x +1)°. goes through (g*zj-
DIy(x+1)] = (x+1)° 15. Lety denote the number of pounds of chemical A
1 . ) after t minutes.
y:(gj(xﬂ) +C(x+1) dy _(,lbs (Sg_alj_ y Ibs (BQaIJ
dt gal min 20 gal )\ min
9. y+f(X)y=1f(x)
£ xd =6—ﬂ Ib/min
Integrating factor: e/ f )% 20
[ 1090 _ ¢ onaf 00 23y 6
D[ye = f(x)e y 20 y
Then yejf(x)dx _ o) T +C, 50 Integrating factor: el (3/20)dt _ o3t/20
3t/207 _ £,3t/20
y= 1+ Ce_'[ f(x)dx . D[ye ] =6e
Then ye®/20 = 40e3/20 1C. t=0,y=10
10. Integrating factor is e2*. = C=-30.
D[ye?*]= xe?¥ Therefore, y(t) = 40-30e~3/20, 5o
y= (i) X_(lj 4 Ce2X ¥(20) = 403063 ~ 38.506 Ib.
2 4
dy ( y ) Y
16. —=2)4)-| —|(4)ory'+—=8
11. Integrating factor is 1. D[l}zwz; y:x4+Cx dt @) 200 (@) ory 50
X X
4 Integrating factor is el/%0,
y = X" +2x goes through (1, 3). D[ye”5°] _ gol/50
12. y'+3y=e?¥ y(t) = 400+ Ce~t/50
Integrating factor: e/ 3% — 3 y(t) = 400-350e /> goes through (0, 50).

13.

D[ye3X]:e5X
3 e5x 4
Then ye** =?+C. x=0,y=1 :ng, S0

y(40) = 400 - 35068 ~ 242.735 Ib of salt

17. Yoy | Y @)ory+|—|y-4
- dt (120 - 2t) (60 -1)
yegx — e_ + i - . _3
5 5 Integrating factor is (60—t)"".
62X 4 4g7% Dly(60-1)~]=4(60-1)~°

Therefore, y = is the particular

solution through (0, 1).
Integrating factor: xe*

dlyxe*]=1; y=eX@+Cx7); y=eX1-x71)
goes through (1, 0).

y(t) = 2(60-t) + C(60-1)°

—2(60-1) | 1 |(60—1)3
y(t) =2(60-t) (1800j(60 t)° goes through
(0, 0).
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dy -2y or 23. Lety be the number of gallons of pure alcohol in the

= '+ ——y=0. .
dt 50+t y 50+t y tank at time t.
Integrating factor: dy 5
exp[_[%dt) = g2In(0+1) _ (50 1 1)2 a y T 5(0.25) —(m) y =1.25-0.05y
+

Integrating factor is 005t

y(t)=25+Ce0%t: v =100,t=0,C =75
y(t) =25+75e7 00 y=50t=T,
T =20(In 3) ~ 21.97 min

D[y(50+1t)?]=0

Then y(50+t)> =C. t=0,y=30 = C = 75000
Thus, y(50+t)? = 75,000.

Ify = 25, 25(50+t)2 = 75,000, S0

b. Let A be the number of gallons of pure alcohol
t =+/3000 - 50 =~ 4.772 min. umber of gallons ot pu

drained away.

19. 1'+10%1 =1 (1OO—A)+O.25A=50:A=2—20
Integrating factor = exp(lOGt) 200
D[I exp(10°1)] = exp(10°1) It took % minutes for the draining and the
1(t) =107 + C exp(~10°1) same amount of time to refill, so
-6 6 2(@) 80
I1(t) =10""[L-exp(-10°t)] goes through (0, 0). T-= 53 :?: 26.67 min.
20. 3.51'=120sin377t
c. ¢ would need to satisfy
I’:[&jsin:%??t 200 200
7 343 220(In3).
240 5 c
I = (——)cos?;??t +C
2639 10
c>——~71.7170
(t) :(ﬂj (1-cos377t) through (0, 0). (3In3-2)
2639
21. 1000 I = 120 sin 377t d. ¥'=4(0.29)-005y=1-0.05
I(t) = 0.12 sin 377t Solving fory, as in part a, yields
y = 20+80e 0%t The drain is closed when
9y WX __2X t =0.8T. We require that
dt 1100 (20+80e00508Ty 1 4.0.25.0.2T =50,
X'+ (5j x=0 or 4006 04T 4T =150.

Integrating factor is e'/%0.

24. a. V'+av=-g¢

Integrating factor: e

x = Ce /50 , d

s e (v +av) = —ge®; — (ved') = —ge
x(t) = 50e satisfies t = 0, x = 50. dt
dy _, 50e7t/50 2( y j vet :J—ge""tdt=_—ge""t+C;v=i+Ce‘at
G o2 | o Y a a
dt 100 200 o

v=yy,t=0
. ~t/50 _
y+(ﬁjy:e V()Z—g+C:>C:V0+g
a a
: . At/100
Integra}tmg faCIOI’/IS e, Therefore, v =i+[vo +g) et g
D[ye!/100] _ g-/100 a a
y(t) = e~1/100 (c _100e1/100) V(t) = Voo + (Vo — Vo )&~
y(t) = e"/100(250 —100e~1/100y satisfies t = 0,
y = 150.
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b. ﬂ:vw +(Vp =V )e 8, s0

dt
y:vw-t—M+C.

a
Yy=Yo.t=0=Yyp =w+c
:C:y0+vo_

—at
Vg —V, )€ Vg —V,
y:Voot_(O oo) +(y0+ 0 ooj
a a

=Yy +voot+VO = Voo 1-e™2
25. a. v, = _32 =-640
0.05

v(t) = [120 — (—640)]e *% + (-640) = 0 if

t=20In (Ej
16

y(t) = 0+ (-640)t

+( L j[120—(—640)](1—e‘0‘05t)

0.05

= —640t +15,200(1— e 0%
Therefore, the maximum altitude is

y| 20In Bj :—12,800|n(g +
16 16

~ 200.32 ft

b. —640T +15,200(1— e %%T) =0
95-4T —95¢7005T _¢
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26. Fortin [0, 15],
Voo = O__?ié =-320.
V() = (0+320)e % —320 = 320(e 01t _1);
v(15) = 320(e1° 1) ~ —248.6
y(t) = 8000 — 320t +10(320)(L— e *1):;

y(15) =3200(2 —e~1°) ~ 5686

Let t be the number of seconds after the parachute
opens that it takes Megan to reach the ground.

32
6"

For tin [15, 15+T], V., =— —20.

0=y(T +15)

—[3200(2-e71°)]

—20T +(0.625)[320(e™1® 1) + 20](1 - e ~%°T)

~ 5543 20T -142.9e 1T ~5543-20T [since

T>50,s0 e+0T <107 (very small)]

Therefore, T = 277, so it takes Megan about
292 s (4 min, 52 s) to reach the ground.

27. a. e—ln x+C (d_y_lj _ X2€7In x+C

dx  x
e Inx C (ﬂ_zj — x2eCa-Inx
dx X
iecd_)’_yeci:xzecl
X dx %2 X

i( C ly): XeC
dx X

b. ecizecf xdx
X

2
XZX—-FC]_
X 2

3

X
=" +Cx
y 5 1

28, ej‘ P(x)dx+C %+P(X)ej P(x)dx+Cy
X

| P(x)dx+C

=Q(x)e

%(ej’ P(x)dx+Cy}:Q(X)ej P(x)dx+C

yej P(x)dx+C )ej P(x) dx

e¢ dx+C;

= [ Qx

y :e—f P(x)de‘ Q(x)ej P(x)dxdx

+C26_J P(x)dx
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lim y(x)
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X—>00

SRANRAAAANAY
AERAAVRRRRARAY
ARAAANARY

o and y(2) ~13

lim y(x)

X—>0

Instructor’'s Resource Manual

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No

portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

Section 6.7

384



3
+y=2X+—
y+y 5

8.
Xy, X 3 X
e"y'+ye :(2x+5je
d X 3 X
—(ety|=|2x+—=|e
dx( y) [ 2)
eXy = I(2x+§jex dx
2
3
Integrate by parts: let u = 2x+5,
dv=e*dx. Then du=2dx and v=e*.
Iny=-x+C Thus,
_ —X
y__Cle o - eXy:[2x+§)eX—j2ede
To find C;, apply the initial condition: 2
4=y(0)=Ce " =G eXy:[2x+gJeX—Zex+C
y = 2X e
9. 2
To find C, apply the initial condition:
1 . o 1
3=y(0)=0-=+Ce™~ =C-—=
y(0) > >
Thus C :g , S0 the solution is
y= ox— Ly Lo
y'+y=x+2 2 2
The integrating factor is eJldX =e*,
Xy yeX = X (x+2) Note: Solutions to Problems 22-28 are given along with
y+ye = the corresponding solutions to 11-16.
d Xy _ X
&(e y)_(x+2)e 11,22 | x, Euler's Improved Euler
eXy:I(x+2)eX dx Method y, Method vy,
0.0 3.0 3.0
Integrate by parts: let u=x+2, dv=e*dx. 0.2 42 444
Then du =dx and v=e¢*. Thus 04 5.88 6.5712
e*y = (x+2)e* - [e* dx 06 | 8232 9.72538
eX y= (x + 2)ex —e*4C 0.8 11.5248 14.39356
y=x+2-1+Ce™* 1.0 16.1347 21.30246
To find C, apply the initial condition:
-0
4=y(0)=0+1+Ce " =1+C — C=3 12,23. x, [ Eulers Improved Euler
Thus, y=x+1+3e7%. Method v, Method y,
0.0 2.0 2.0
10 A% 02 | 16 164
04 | 128 1.3448
= 06 1.024 1.10274
0.8 0.8195 0.90424
1.0 0.65536 0.74148
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13,24, | x, Euler's Improved Euler 17. a. yo =1
Method y, Method vy, y1 = Yo +hf (X0, Yo)
0.0 00 00 = Yo +hyp = L+h)yo
0.2 0.0 0.02 y2 =y +hf(x, y1) =y +hys
04 | 004 0.08 _@+h)y = @+ )2y,
0.6 0.12 0.18 y3 = Y2 +hf(x2,¥2) = y2 +hy;
08 | 024 0.32 _ @)y, = @)y,
1.0 0.40 0.50 :
Yn = Yn-1+hf(Xh 1, Yn1) = Yna +hyng
14,25, | x, Eﬂu;ter:sd . :\r/1|1epﬂr]%\éedyliuler — (@4 h)y, = L+ hy" Yo = (1+ h)n
0.0 0.0 0.0 b. Let N=1/h. Then yy isan approximation
0.2 0.0 0.004 to the solution at x=Nh=(1/h)h=1. The
04 0.008 0.024 exact solution is y(1) =e . Thus,
0.6 0.040 0.076 (1+1/ N)N ~e for large N. From Chapter 7,
08 0.112 0.176 we know that lim (1+1/N)N =e.
1.0 0.240 0.340 N
18. Yo =Y(X0)=0
15.,26. | x, | Eulers Improved Euler Y1 = Yo +hf (xg) =0-+hf (xg) = hf (xo)
Method y, Method vy, Yo = Y1 +hf (%) = hf (xg) +hf (%)
1.0 1.0 1.0 = h( f(xg)+ f(xl))
1.2 1.2 1.244 Y3 = Yo +Nf (xp)
14 1.488 1.60924 = h[ f(x)+ f (Xl)]+ hf (x,)
1.6 1.90464 2.16410 3-1
18 | 251412 3.02455 =h[f (o) + F0a)+ f(x)] = h_Z(; (i)
i=
20 341921 4.391765 At the nth step of Euler's method,
n-1
Yn = Yn-1 +hf (Xh1) = hz f(x)
16.,27. | x, Euler's Improved Euler i=0
Method y, Method vy, 19 a J‘Xl Y (x)dx = fxlsin w2dx
1.0 2.0 2.0 0 X0
1.2 1.2 1312 Y() — Y(X0) = (% — %) sin x§
1.4 0.624 0.80609 y(%) - y(0) = hsin x3
1.6 0.27456 0.46689 y(X)—0~0.1sin 02
1.8 0.09884 0.25698 y(x) =0
2.0 0.02768 0.13568

X2 (X202
b. ng y (x)dx—j)(O sin x“dx

Y(X2) - Y(%) = (X1 — % )sin x§

+ (X —%g)sin x12
y(Xo)—y(0) = hsin xg +hsin x12
y(Xo)—0~0.1sin 02 +0.1sin0.1°
y(X5) ~0.00099998
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3 . (X3 .2 X3 R
C. IXO y (X)dX—jXO sin x“dx c. IXO y (x)dx—jXO Jx+1dx

y(xa) — y(%o) = (¥ — %o )sin x§ y(x3) = Y(X) = (X — X0 )y/%o +1
+(Xp — %) SN X2 + (X3 — Xp)5in X2 + (% = X)X + 1+ (Xg = Xp)4fxg +1
y(x3) — y(0) = hsin xZ +hsin xZ + hsin x y(¥3) - y(0) =0.1J0+1+0.14/0.1+1
y(x3)—0z0.lsin02 +0.1sin0.12 +0.1J0.2+1
+0.1sin 0.22 y(x3) ~ 0.314425

y(x3) ~ 0.004999 Continuing in this fashion, we have
3 ~ .

X X
Continuing in this fashion, we have | X(;‘ y'(x)dx = jxc')‘ Jx+1dx
Xn . Xn . 2
y'(x)dx = " sinx“dx n-1
IXO '[XO Y(Xn) = Y(X0) & D (Xisg — Xi)\/Xig +1
i=0

n-1
y(xy) = hzvxi—l +1
i=0

-1
y(Xp) = h_z f(Xi_1) When n =10, this becomes
1=0 y(X0) = y(1) ~1.198119

n-1
y(Xn) = Y(X0) & D (Xiy1 — X;)sin X
i-0

When n =10, this becomes

y(X0) = y(1) ~ 0.269097 21 a M. 3[ f (X, Vo) + f (% + $1)]
N1 AX 2
d. Theresult y(x,)=h) f(x_y) isthe same as - Ay 1 -
Y0a) =02, f(6-2) b, BT r 0y g+ 9=
that given in Problem 18. Thus, when f(x,y) 2(y1 - Yo) = [ (X, Yo) + f (% + 9)] =
depends only on x, then the two methods (1) h )
Euler's method for approximating the solution Y1—Yo = E[f (X0, Yo) + f(xq + 1)1 =

to y'= f(x) at x,, and (2) the left-endpoint h
Y1 =Yo +E[f(Xo, yo) + FOq + $1)]

Riemann sum for approximating J'g” f(x)dx,
C. 1. Xn71+h

are equivalent.

2. Yo_q +hf (X014, Yn_1)
20. a. J‘:;y'(x)dx=.[;;\/x+1dx n-1 h n-irIn-1
3. Yna +E[ f (Xn-1 Yna) + F (Xq, 9n )l
y(a) = y(%0) = (X — %o ) /%o +1
y(4)-y(0) =hyx +1 22-27.  See problems 11-16
y(4)—-0=~0.1J0+1
~0.1 28. Error from Error from
y0q) ~0. Euler's Improved
b, J-Xz y(X)dx = J-Xz Jx+1dx h Method Euler Method
X0 X0 0.2 0.229962 0.015574
y(X2) = Y(Xo) = (¥ —Xo )y/%0 +1 0.1 0.124539 0.004201
+(Xo — X)X +1 0.05 0.064984 0.001091
Y(Xp) - y(0) = hyfXg +1+ 5 +1 0.01 0.013468 0.000045
y(%) -0~ 0.1M+0.1m 0.005 0.006765 0.000011

X5) ~0.204881
y0xe) For Euler's method, the error is halved as the step

size h is halved. Thus, the error is proportional to h.
For the improved Euler method, when h is halved,
the error decreases to approximately one-fourth of
what is was. Hence, for the improved Euler

method, the error is proportional to h?
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)
12

6.8 Concepts Review 13. cos(arccot3.212) = cos(arctan 32

~ €050.3018 ~ 0.9548
1 {——, },arcsin
14. sec(arccos0.5111) = !
cos(arccos0.5111)
T T
2. [——,—j; arctan 1
2 2 =—~1.957
0.5111
3.1
15. sec™}(-2.222) =cos! L ) 2038
4.« -2.222

Problem Set 6.8 16. tan~1(~60.11) ~ 1554

2
g 17. cos(sin(tan_12.001)) ~ 0.6259

2) n o n
1. arccos| — [=— since coS— =
2 ] 4 4

18. sin?(In(cos0.5555)) ~ 0.02632

2. arcsin —ﬁ __I since sin(—E :—ﬁ
2 3 3

2
19. 9=sin2
8
3. sin™? —ﬁ =-T Since sin[—ﬂjz—ﬁ X
2 3 3 2 20. f=tan 12
6
. \/E T . . T \/E
4. sin7t| =22 |=—Z since sin| -~ |= -2 -
[ 2 4 ( 4J 2 21. @ =sin X
5. arctan(~/3) =% since tan (gj:\@ 22. 9=cost2 or ¢9=sec‘1§
X

1\ n . ) 1 23. Let & be the angle opposite the side of length 3,
6. arcsec(2) = arccos(zj =3 since cos [Ej =5 o)

and 6, =6, -6, so 0=0,-6,. Then tan01=E
X

Y
sec(—) =2
3 and tan g, =1. eztan‘lg—tan‘ll
X X X
. 1 T . . b 1
7. arcsin 5177% since sin 5" 32 24. Let 6, be the angle opposite the side of length 5,
and 6, =6, -0, and y the length of the unlabeled
8. tan_l _ﬁ — _E since tan[_zj — _ﬁ side. Then 6 = 01 —02 and Y=« X2 —25.
3 6 6 3 5 5 2 2
tang) =—=——=,tanfy =— = ———,
Y x?-25 Y Jx?-25

9. sin(sin"10.4567) = 0.4567 by definition

6 = tan?

5 -1 2
—tan
[ 2 [ 2
10. cos(sin‘10.56)=\/1—sin2(sin‘10.56) XT=25 X2
— _ 2 ~
=1-(0:56)" ~0.828 25. cos[Zsin‘l(—éﬂ=1—23in2{sin‘1[—§ﬂ

11. sin~1(0.1113) ~0.1115 N2 g
12. arccos(0.6341) ~ 0.8840
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26. tan|2tan~t[ 1 ]|= Ztan[tan_l(%)]
' [ (3H g

- 33 oo (o (& e D3]

28. cos [cos‘1 [%

T
29. tan(sin™'x) = sin(sin 1X) - X 34. a. limsec x= lim cos™ (—)
cos(sin_ X) l—X2 X—>00 X—>00 X
L 1 = lim cos‘lzzg
+
30. sin(tan~tx) = 4= -0
csc(tan™ x) \/1+ cot? (tant x) L
1 1 X b. lim seclx= lim cos‘l(—j
= = = \/ X—>—00 X—>—00 X
14— 1 \/1+i 2 +1
\/ tan? (tan~1 x) X2 = lim cos™tz :g

-0~

31. cos(25in‘1x)=1—23in2(5in‘1x)=1—2x2 . )
35. a. Let L= limsin~"x . Since

2tan(tan 2 .
_ an(tan™ x X
32. tan(2tan 1x): (2 _1) = 5
l1-tan“(tan™"x) 1-x sin(sin ™t x)=x, lim sin(sin™tx) = lim x=1.
x—1" x—1"
; 1, T : . . . .
33. a. limtan™"x=—since lim tang=o0 Thus, since sin is continuous, the Composite
X— O—rl2”
Limit Theorem gives us
b. lim tan"'x=-2 since N o
X—>—00 2 lim sin(sin™" x) = lim sin(L) ; hence
lim tan@=-w x—>1" x—1"
6—-rl2t
sin L =1and since the range of sin"Lis
zTl o _Z
22 2
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b. Let L= lim sin"x . Since 39. y=In(2+sinx). Let u=2+sinx; then

- y =Inu so by the Chain Rule
sin(sin ™t x) = x, ﬂ:ﬂd_u:(ljd_u:( 1 )cosx
lim sinsintx)= lim x=-1. dx dudx \ujdx (2+sinx
x——1t x—>—1t COS X
" 21sinx

Thus, since sin is continuous, the
Composite Limit Theorem gives us

d tan x tan x d tan x 2
lim sinGsintx)= lim sin(L); 40. prLiL d—tanx=e sec” x
n X X
Xx—-1 Xx—-1
hence d ) ’
. . 1. sec x tan X +sec” x
sin L = —1and since the range of sin Lis 41. —In(secx+tanx) =
o - dx Sec X + tan x
- L=——. sec x)(tan X +sec x
[ 2 2} 2 =( X ):secx
Sec X + tan x
36. No. Since sin~x is not defined on (2,00), 2
d —CSC X COt X —CSc” X
42. —J[-In(cscx+cotx)]=-
.. . . dx CSC X + cot X
lim sin™" x does not exist so neither can the
w1t _esex(cotx+cscx) cse x
COt X + CSC X
two-sided limit lim sin x. ; . A
>t 43. —sint(2x?) = AAX = X
dx J1-(2x2)? N

37. Let f(x)=y= sinL x ; then the slope of the

X

tangent line to the graph of y at ¢ is 44, iarccos(e") =- ! X = €
dX \/1_(eX)2 \/1—82)(
f'(c)= ! . Hence, lim f'(c)=w so d «
1-c ¢l 45, Lpdtan )= —S 5 +3x? tan~(e¥)
dx 1+(e¥)
that the tangent lines approach the vertical. X
=x° er +3tan1(e¥)
1+e¥
38. ¥y
g d . 2 X 2X X . 2
46. — (e*arcsinx°) =e* . —=—— +e* arcsin x
dx /1—(x2)2
:ex[ 2X_, arcsin xz]
Vi-x4
1.2
47. i(tan‘1 x)® =3(tan"1 )2 - ! - _ 3(tan 2x)
_\- dx 1+ 1+x
: -1 2
48. itan(cos‘1 X) = d_sin(cos 1X) _ 4 ¥i-x
dx dx COS(COS_ X) dx X
1.1 2
X-z- (-2x) =v1-x“-1
_ 2 \ll—x2
2
_—x2—(1—x2)__ 1
xzx/l—x2 x2\/1— G
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49. isec‘l(x3) - 54. y = xarcsec(x? +1)

1 2 3
= 32>
dx ‘X3‘ [(X3)2 _1 X |X| /X6 _1 dy

=X [i arcseC(X2 + 1)} + (i x) . arcsec(x2 +1)
dx dx

dx
d -1 .13 -1.12 1
50. —(sec™ " x)” =3(sec” X)) - —0——
dx( )" =3( ) |X|m =X 2X2 - +1-arcsec(x? +1)
(secL x)? (% #0497 1
3(sec™ x
|x|\/x2 -1 - 2¢° +arcsec(x? +1)
X +1 \/x4 +2x?
51. di(1+sin_lx)3=3(1+Si”_1x)2'; :( )
X 1-x2 2x2 2
L 12 = +arcsec(x” +1)
:% (x2 +1)-|x|\/x2+2
1-x -
(1 = ¢ +a1rcsec(x2 +1)
52. y=sin (X2+4J (x2 +1)\/X2+2

Let u= “then y =sin"t(u(x))so by the
y N y (uG9)so by 55. jcosSxdx
Chain Rule:
dy _dydu_ 1 du Let u=3x, du =3dx ; then

dx  dudx 2 .&:
1-u jcosBxdx:%jCOSBX(de):

1 ( _2x J
’ = 1 1. 1.
2 2 1 1 1
1_( 1 jz (x*+4) 3jcosudU—?’smu+C_3sm3x+C
X2 +4

— 2 -
( (X% +4) ][ _ox J— 56. Let u=x“,sodu = 2xdx.

NP RTII Y [ xsin(<)dx = %jsin(xz) -2xdx

—2X 1. 1
) 7 > =—j3|nudu =—-=cosu+C
(x +4)\/x +8x° +15 2 2
1 2
=——cos(x“)+C
53. y:tan‘l(lnxz) 2
Let u=x?,v=Inu;then y=tan! (v(u(x))) so 57. Letu =sin 2x, so du = 2 cos 2x dXx.
by the Chain Rule: Isin 2xc0s 2x dx =£J‘sin 2x(2.¢0s 2x)dx
2
dy _dydvdu_ 1 1,
dx dvdudx 14v2 U :lju du
2
1 1 9
PRIV Rt u 1.2
1+(nx)* x =—+C ==sin“2x+C
4 4
2z
1+ (In x?)?] 58. Letu=cosx,so du=-sinxdx.
Itan xdx=J‘ﬂdx=—J‘i(—sin x)dx
COS X COS X
:—J‘Edu =—In|u/+C =~In|cosx|+C
u
=In|secx|+C
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59. Let u=e?* so du=2e2*dx. 65. Letu =2x,sodu=2dx.

2X 2X _ 1 2X 2X =
Ie cos(e“")dx _chos(e )(2e°")dx '[1+4x Il+ (2x)
zljcosu du ——j :—arctanu+C
2 1+u?
=%sinu+C =%sin(e2x)+C _Larctan2x+C
12 2 1 2xy ||
X X _ : X
.[oe cos(e™") dx = [Esm(e )L 66. Let u=e*, sodu= ede
~| Lsin(e?) - Zsin(e?) [t | o= [
2 2 1+e%X 1+ (e* ) 1+u
ine2 —gi =arctanu + C = arctaneX+ C
_sine” —sinl 4 0262
| 67, [k = [t
60. Letu =sinx, so du = cos x dx. V12 -9x2 \/12[13 2)
.9 2 ud sin® x )
jsm xcosxdx:ju du=—+C= +C 1 1
3 3 =—j—2dx
By R YN
I(;E sinzxcosxdx={¥} =§—O=§ 2
0 J3 3

Let u=—x, du=—dx; then
2 2

61. J’\Elz 1

V212
0 dx = [arcsin x]y dx

1-x° 2\1/51\/1[;*}2 B 2\1/5 (%Nﬁ

= arcsinﬁ—arcsin 0="
2 4

du

B3

:lsin‘lu +C =lsin‘1 —Xx |+C
3 3 2

2
62. .L/’ \/7 J‘\/_ X|\/7 [sec ] )
68. [—————dx. Let u=12-9x%, du =-18xdx:

=sect2-sec 12 j\/12—9x2

_1(1 -1 NI
=c0s | = |-CcOS | — |[==——==—
[2) (2} 3 4 12 then L
I—d —I—(—lde)
1 1 N 187 [0 qy2
63. jl ! dx [ J =tan~t1-tan~ (1) 12-9x* L 12-9x
114 %2 -
= [——du=|-=@Ju)+C
_E_(_E)_E 18[& ( 18j( )
dL4 2 -9
64. Letu=cos€,sodu=—sin9d0 9
jLHZda: - ~—(~sin6)do
1+cos“ @ 1+cos“ @
=—I 2du=—tan_1u+C
1+u
= —tan‘l(cos 0)+C
/2 12
m L‘Zde [ tan‘l(cos49)TC
0 1+cos®@ 0
:—tan’10+tan’11:—0+£:%
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69. [ x=[— !
X© —6x+13 (x*-6x+9)+4

dx

=[—=—d
j(x—3)2+4 "

Let u=x-3, du=dx, a=2; then

u
'[(x 3) +4 _'[u2+a :—tan (EJ+C

70. [— x=| dx =
2x° +8x+25 2(x +Ax+4+2 )

T 1

2
(x+2)2+(Ej
Let u=x+2, du=dx, a:\/g; then

il ol

(x+2) +

11 _1 N2 afx+2
Egtan (aJ-l-C 5 \/7 ( l%]+C
—@tanl{@'l(;”)}c

34
71 ;dx Letu=2x, du=2dx,a=3;
X\/4X2—9
1 1
then |————=dx=|————=(2dx) =
jX\/4x2—9 IZX\/4X2—9

j;du = lsec‘1 (MJ+C =
a a

u u2—a2

_l[MJ+C
3
X+1

72. | x= Xk [
Va-9x? V4-9x2 Va-9x?

These integrals are evaluated the same as those in
problems 67 and 68 (with a constant of 4 rather
than 12). Thus

j x+1 :—%\/4—9x2 +%sinl[3?xj+c

73. The top of the picture is 7.6 ft above eye level,
and the bottom of the picture is 2.6 ft above eye
level. Let &, be the angle between the viewer’s

line of sight to the top of the picture and the
horizontal. Thencall 6, =6, -6 ,s0 0=6,-0,.
tan & _18, ;tan 6, :E'
b b
H:tan’lﬂ—ta 126
b b

Ifb=12.9, 6~0.33350r19.1°.

74. a. Restrict 2x to[0, z], i.e., restrict x to [Oﬂ

Theny =3 cos 2x

y =C0S 2X

3

2X = arccosl
3

- 1 y
x = f~L(y) = Zarccos >
(y) 5 3

f ‘1(x) = 1 arccosl
2 3

b. Restrict 3x to {—gﬂ i.e., restrict x to

4]

Theny =2 sin 3x
Y sin3x
2

3x = arcsinl

_ 1 .y
x = fL(y) = =arcsin >
(y) 3 5

f‘l(x) =larcsin5
3 2

c. Restrictx to (—E Ej
2 2
1
=—tan x
y 2
2y =tan x
X= f_l(y) = arctan 2y

f ‘l(x) = arctan 2x
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75.

76.

d. Restrict x to [—oo, -=

EREN
N—
C
7\
almN
8
N——
w
o
x|
)

restricted to (—E, ju(o, Ej
2 2

‘01

ol
== z

120

I\)‘U" 5

)

1
then y =sin— tan| 4tan~t —tan7!
X 239
1 .
;:arcsmy tan| 4tan~t| = ||-tan| tan~t
. B 2 9
_ 51 B
x="17(y)= arcsiny 1+ tan {4tan‘1 (;ﬂtan {tan‘1 (239)}
F1(x) = 1 120 _ 1
arcsin x =119 239 —28’561:1:ta L
120 1
:|_+m 239 28,561 4

L G )
)

23 8
()

ol

N
—*
QD
>
LN
7\
i Y
I_Iw;/
+
—*
QD
=}
AR
7\
Nl
N—
L 1

77.

Thus, 4tan™t (lj —tan~t [ij = tan‘l(l) _—.
5 239 4

Iy

- tan[Ztan ( Jtan[tan_l(%ﬂ ,
g8 .1 Let &represent ~DAB, then ZCAB is —. Since
nty 47 >
_15a _41
8.1 b
o AABC is isosceles, |AE|=— cosgzizi and
2 a 2a

tan [3 tan~t (%) +tant (%ﬂ
tan [Btan‘ (%)] +tan [tan_l (%)]

1o tan[Btan ( )}tan[tan_l(%)}

21. Thus sector ADB has area
a

0 =2cos™t

1 2cos‘1£ b? = b? cos‘li. Let ¢ represent
2 2a 2a

a7, 5 4913 - ~/DCB, then ZACB is 4 and ZECA is 2 S0
s aen T ’ *
—al. 2 b
52 99 >
sin? 22_-P g ¢:4sin‘1£. Thus sector
4 a 2a a

Thus, 3tan™* (EJ +tan~t (ij =tant @= r
4 99 4

an| 21 2“"”{“‘” (3]
it

el (e ]

DCB has area 1 4sin_1£ a? = 2a? sin‘li.
2 2a 2a

These sectors overlap on the triangles ADAC and
ACAB, each of which has area

2 2 2
1|AB|h:1b aZ_[Ej zib‘m—_b.
2 2 2 2 2

The large circle has area b2, hence the shaded

region has area
nb? — b2 005‘123— 2a’ sin‘12£+%b\/4a2 —b?
a a
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78. e

-1.5

They have the same graph.

Conjecture: arcsin x = arctan for
1- x2
-1<x<1
Proof: Let 8= arcsin x, So X = sin 6.
Then X _ sin@ _ sind —tano
\/1—x2 \/1—sin2¢9 cosd
S0 @ =arctan
1-x
79. 3
2.5
2
1.
1
0.5
-1 -0.5 0.5 1

It is the same graph as y = arccos X.
. T .
Conjecture: 5 arcsin X = arccos x

Proof: Let 0 = g —arcsin x

Then x :sin[g—ej =coséd

SO ¢ = arccos X.

80. 1
0.5

-1 -0.5 0.5 1
-0.5
-1
1.5
1
0.5

-6 -4\ -2 2 4

Instructor's Resource Manual

81.

82.

83.

y = sin(arcsin x) is the line y = x, but only
defined for—-1< x <1.

y = arcsin(sin x) is defined for all x, but only the

portion for —g <X sg isthe liney =x.

1 dx .
== sincea>0
a 2

a
:l ! du:ltan lusc
a‘l+u a
—ltan‘l(ljJrC
a a
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84. Let u:g, so du=(1/a)dx. Sincea >0, 86. _Laa\/az—xzdx=2j.;1 a® —x2dx

a

dx 1 1 1 2
== =d _o| X f2 2,8 . 1X
Ix/xz—az aj<x) ’<X_)2_1ax —2{5 a“—-x +25|n a}
a a

0
2 2
I Y ~2120)+ X sinta)-2Va? - sinL(0)
a 2 2 2 2 2
uvu© -1
2
X . a
=lsec‘1|u|+C:£sec‘lu+C —aZsinl@) =%
a a a 2
This result is expected because the integral
d . _1(x 1 should be half the area of a circle with radius a.
85. Note that d—sm [—j:— (See
X a a% —x? 87. Let @ be the angle subtended by viewer’s eye.
Problem 67).
d a2 y H:tan‘l(%j—tan‘l(%j
—{— 2_x? +—sin‘1—+C}
dx| 2 2 a d_H_ 1 ( 12J 1 ( zj
T o2 w2l o2l w2
N A S S S ™ (12 a2l b
2 29082 _x2
2
2 2 12 10(24-b*)
a 1 T2 2 ) 2
+_ﬁ+0 be+4 b°+144 (b° +4)(b” +144)
a®—x
. do .
2,22 Since —>0forbin [0,24/6
1 a2—x2+l X 18 _ a2 _x2 db [ )
a =X and 3—§<0for b in (2\/5,00), the angle is

maximized for b = 2v/6 ~ 4.899 .
The ideal distance is about 4.9 ft from the wall.

88. a. 0= cos (ﬁj —cost (lj
b a

/bz_xz n (a+x)x
do 1 b2_2 (dx} 1 (1j(dxj
N 2 2 2 e —2 Pylwrm
dt 1+[ i j b —x dt 1_(%) b /\ dt
\/bz—x2
_ b? - x* b®+ax | 1 |dx

b? —x% +(a+x)? | (02 -x2)¥2 | Jp2 _x2 |dt

3 b? +ax 1 dax | a® +ax dx
(b2+a2+2ax)\/b2—x2 \/bz—x2 dt (b +a? + 2ax)vb? — x? dt
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89.

90.

91.

Let h(t) represent the height of the elevator (the
number of feet above the spectator’s line of sight) t
seconds after the line of sight passes horizontal, and
let O(t) denote the angle of elevation.

92

Let x represent the length of the rope and let &
represent the angle of depression of the rope.

Then @ =sin™t (E) S0
X

Then h(t) = 15t, so H(t)ztan_l(g):tan‘l(lj. d_9: 1 _E%:_ 8 %
60 4 dt g2 x2dt [2 gt
do 1 (1)_ 4 1-(%)
dt 2\4) 2
1+(%) 16+t When x = 17 and %:—5,We obtain

Att=6, ao__4 5 ~ L radians per second or do 8 5y _ 8

dt 16+62 13 E__—z(_ )—a-

17417 - 64

about 4.41° per second.

Let x(t) be the horizontal distance from the observer
to the plane, in miles, at time t., in minutes.

Let t = 0 when the distance to the plane is 3 miles.
Then

x(0) = V3% -2%2 =5 The speed of the plane is 10
miles per minute, so x(t) = J5-10t. The angle of

93.

The angle of depression is increasing at a rate of
8/51~0.16 radians per second.

Let x represent the distance to the center of the earth
and let & represent the angle subtended by the

earth. Then @ = 2sint (@j , SO
X

elevation is O(t) = tan™* (ij = tanl( 2 j do _, 1 6376 ) dx
X(1) V5 -10t dt a2 L x2 )t
S0 L 1 ( 2 ]( 10) 1_(7)
- 2 2 |V 12,752 dx
at 1+(2/(\/§—10t)) (V5 -10t) 22X
xvx% — 63762 Ot
_ 20 When she is 3000 km from the surface
— 2 '
(\/gdelot)20+4 x =3000 + 6376 = 9376 and % =-2. Substituting
When t =0, m = 5 ~ 2.22 radians per minute.

Let x represent the position on the shoreline and let
6 represent the angle of the beam (x=0and 6 =0
when the light is pointed at P). Then

_1[x) do 1 1ldx 2 dx

f=tan | = |, S0 —= = —

2 dt 1+<l)22dt 4.|_)(2 dt
2

When x =1,

%:575, o) d—ez (57) = 2n The beacon

dt dt 4412

revolves at a rate of 2z radians per minute or 1
revolution per minute.

these values, we obtain ?j—f ~3.96x107* radians

per second.
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6.9 Concepts Review

eX—e X eX4e
1. ;
2 2

X

2. cosh? x—sinh? x=1
3. the graph of X% — y2 =1, a hyperbola

4. catenary; a hanging cable or chain

Problem Set 6.9

X | o—X X =X
. e” +e e” —-e
1. coshX+sinhx = + 5
2e*
=—= eX
2
2X -2X 2X -2X
. +e e —e
2. cosh2x+sinh2X = +
2 2
2X
2e
_ _ eZX
2
X —X X X
. e” +e e” —e
3. coshXx—sinh X = -
2 2
2%
= —a X
2
2X -2X 2X -2X —2X
. +e e’ —e 2e _
4, cosh2Xx—sinh2Xx = - = =g X
2 2 2
X =X Y Ay X, a=X Y a-Y
. . e” —e e’ +e e” +e e’ —¢
5. sinh Xcosh y+cosh xsinhy = . + :
2 2 2 2
B XY L XY g Xty Xy . XY _ XY Lo XHY g XY
4 4
2ex+y _ 2ef(x+y) ex+y - e—(x+y)
= = =sinh(X+Y)
4 2
X —X y -y X —X y -y
. . e” —e e’ +e e” +e e’ —e
6. sinh xcoshy—cosh xsinhy = . - .
2 2 2 2
eXHY L XY g XHY g XY Xty XY o XY aoXoy
4 4
207 e XY XY _g XY
= = = sinh(X—Y)
4 2
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X —X y -y X _ A= X Yy _ a7y
7. coshXcoshy+sinhXSinhy:e re_gre +e ¢ _&-°
2 2 2 2
Y peX Y e oY XY XY gV eV
= +
4 4
20X 42e XY XY e (XHY)
= = = cosh(x+Y)
4 2
X_ o X oY a Y oX_aX oY _aY
8. coshXcoshy—sinthinhyze re _gre’ g-e Egf
2 2 2 2
Y XY pe MY 4o Y Y XY e e
- 4 - 4
20XV 42e7 Y XY 4o XY
= = = cosh(X—Y)
4 2
inhx , sinhy 3, 2. .
o tanh X +tanhy zg;hx +osh v 16. D, cosh’ X =3cosh” xsinh X
' B inhx sinhy
Drtanhxtanhy 14 S0 Cohy 17. Dy cosh(3x+1) = sinh(3x +1)-3 = 3sinh(3x +1)
_ sinh Xcosh y+cosh xsinhy  sinh(X+Y)
cosh Xcosh y+sinh Xsinhy  cosh(X + Y) 18. Dy sinh(x2 +X) = COSh(X2 +X)-(2x+1)
= tanh (X +Y) = (2x+1)cosh(x? +X)
sinhx _ sinhy cosh x
10, anhXx—tanhy _ coshx coshy 19. Dy In(sinhX) =———cosh x = <
1—tanh Xtanhy |_ sinhx sinhy sinh X sinh x
coshXx coshy = coth x
_ sinh Xcosh y —cosh xsinhy _ sinh(x—y)
cosh Xcosh y —sinh xsinhy  cosh(x —Y) 20. D, In(cothx) = (—csch2x)
= tanh(X — Y) coth X
sinhx 1 1

11. 2 sinh X cosh X = sinh X cosh X + cosh X sinh X

: : coshX sinh2x  sinhXcosh X
= sinh (X + X) = sinh 2x

= —csch X sech X

12. cosh? x +sinh? x = cosh X cosh X + sinh Xsinh X

— cosh(X + X) = cosh 2x 21. Dy (x> cosh x) = x* -sinh X+ cosh X - 2x

= x? sinh X+ 2X cosh X
13. Dy sinh? X = 2sinh X cosh X = sinh 2x
22. Dy (xsinhx)= X2 -cosh x+sinh X-(-2x )
14. Dy cosh? X = 2cosh Xsinh X = sinh 2x = x~2 cosh X — 2x 7 sinh X

15. Dy(5 sinh? X) =10sinh X - cosh X = 5sinh 2Xx

23. Dy(cosh3xsinh X) = cosh3X:cosh X +sinh X -sinh 3X-3 = cosh 3X cosh X + 3sinh 3Xsinh X

24. Dy (sinh Xcosh 4x) =sinh X-sinh 4X -4+ cosh 4X-cosh X =4 sinh X sinh 4X + cosh X cosh 4x
25. Dy (tanh xsinh 2X) = tanh X - cosh 2X- 2 +sinh 2X - sech?X =2 tanh X cosh 2X +sinh 2xsech?x

26. Dy (coth4xsinh X) = coth 4X-cosh X +sinh x(—csch2 4x)-4 =cosh xcoth4x—4sinh X csch?4x
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27. Dysinh '(x*) =

1 oy = 2X
JO)? +1 Ix*+1

2
28. Dy cosh ! (x0) = 1 .3x% = 3%
\/(x3)2—1 \/xﬁ—l
29. D, tanh™!(2x-3)=————2=— 2 -2 S
1-(2x-3) 1-(4x% —12X+9) —4x>+12x—-8  2(X* —3x+2)
10 4
30. Dxcothl(XS):DXtanh_l(isj:;2.[_%): 1); .[_iéjz_ 150X
X 1_(1) X X -1 X X -1
XS
-1 1 -1 3X -1
31. Dy[xcosh™ (3x)]=x- -34+cosh™ (3X)-1 =————=+cosh " 3x

J3%)? -1 Vox2 -1

6
32. DX(x2 sinh ! x5) =x? -;-Sx4 +sinh ™' %% 2x = 5L+ 2xsinh ™! x°
\/(xs)2 +1 X041

_1 1 1 38. Letu=3x+2,sodu=3dx
33. Dy lIn(cosh™ x) = - | |
cosh™ X +/x? -1 jsinh(3x+2)dx =§jsinhudu =§coshu +C
1
== 1
Vx? —1cosh™ x =§cosh(3x+2)+c
34, coshfl(cos X) does not have a derivative, since 39. Let U=1mx2 +5. sodu = 2mxdx .

Dy cosh™'u is only defined for u > 1 while

1
h(nx? =—[cosh
cosx <1 for all x. chos (X~ +5)dx 2n‘[cos udu

1 . 1 . 2
35. Dy tanh(cot X) = sech? (cotx)-(— csc? X) - gsmh u+C= %smh(nx +3)+C
= —csc? X sech? (cotX)
40. Letu =\/E, so du :Ldz .

Nz
36. Dy coth!(tanh x) = D, tanh_l[ J
tanh X cosh+/z .
j—dz = choshu du =2sinhu+C
= D, tanh " (coth x) Jz
1 L _eseh®x =2sinh~/z +C

=———— (-esch™) = ———=1

1—(coth x) —csch”X 1

dz.

41. Letu :22”4, sodu =l~22’3/4dz =
In3 1. In3 \
. rea = cosh ZXOX =| —S1 X . 1/4
37. A 0 h 2xd 5 nh 2 0 sinh(2z"/4)

— ——  ~dz=2|sinhudu=2coshu+C
L[ e2n3 _g2l3 0 0 I i3 I
2 2 2 =2cosh(2z//*)+C
Inl
:l(elﬂg_en9):l 9_1 _20
4 4 9 9
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42. Let u=e*, so du=e dx. 48. tanh X =0 when sinh X = 0, which is when X = 0.

0 8
Iex sinhe*dx = _[sinhu du =coshu+C Area = L (—tanh x) dX+I tanh x dx
_ X
=coshe™ +C _2J' tanh x dx = ZI smhxdx
0 cosh x
43. Let u=sin X, so du = cos X dx Let u = cosh X, so du = sinh xdx.
cos X sinh(sin X)dx = | sinhu du = coshu+C i
-[ . (sin x) J. ZISIHthx=2jldu=21n|u|+C
= cosh(sin X) + C cosh X u
8 sinh X 3
_ 2 dx =| 21n|cosh X
44, Let u=In(coshXx), so _[0 cosh x [ | |]0
du = .sinh X = tanh X dx . =2(In|cosh 8|~ In1) = 2In(cosh 8) ~ 14.61
cosh x
2
1 1
jtanh XIn(cosh x)dx = Ju du= u—+ C 49. Volume = J. ncosh? xdx = Ej (1+ cosh 2x)dx
2 0 2J0
. 1
= l[ln(cosh X))> +C _ E[x , sinh ZX}
2
2 2
45. Let u=In(sinhx?), so - g(u szhz —0)
du= -cosh x% - 2xdx = 2x coth X>dX . i
sinh 2 Ccos co _T, nsinh 2 44D
) 2 4
IXCOthX ln(smhx )dx _—Iu du —l u—+C
2 2

In10
50. Volume = .[on nsinh? xdx

2
_njmlo eX —eX d
=l |5

2X -2X
Inloe”” —2+e T ¢In10 ,
:ch' —dx:—.[0 e —2+e2X)dx

= Z[ln(sinh x*)P +C

In5 In5
46. Area= I Ii 5cosh 2xdx = ZJOH cosh 2xdx
—In

In5
0
=2{lsinh2x} 4 -
2 0 _ |:1 2X oy 1 2Xi|
=sinh(21n5):%(e2ln5_e—zlns) ne 27,
— Tre?X _gx g 2X]nl0

InL
:l(eanS _enzs):l(%_i
2 2 25

3124548

25

— (1004110 - — | ~ 35.65
8 100

) 51. Note that 1+sinh? X = cosh? X and
47. Note that the graphs of y =sinh x and y =0

. .. 1 h 2
intersect at the origin. cosh? x = ~cosh2X
Area = J- sinh X dx = [cosh x]M2 1 5
_ dy
n2 m2 0 .0 Surface area = j 2my, 1+ (d_x) dx
e 1(2+1j ] 0

- _ LS (YL IS |

2 2 2 2 4 = .[0 2mcosh xv/1+sinh? x dx

1
= .[0 2w cosh X cosh x dx

1
= jo 7(1+ cosh 2x)dx

1
:{nx+lsinh2x} :n+Esinh228.84
2 0 2
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52. Surface area = j 2ny 1+(g ] dx —.[ 2msinh xv1+ cosh? xdx
\} X

Let u = cosh X, so du = sinh X dx

j2nsmhx 1+ cosh? xdx = 2njV1+u dU—2n|:2\/l+u +—1n
= mcosh X\/1+cosh2 X +7nln coshx+\/1+cosh2 X

the Tables in the back of the text, which is covered in Chapter 8.)

I; 2msinh xV1+ cosh? xdx = n{cosh X\/l+cosh2 X +In|cosh X+ vV1+ cosh? x
=7r[cosh1\/1+cosh21+ln —(\/§+ln‘1+\/5‘)}:5.53

u+\/1+u +C}

+ C (The integration of IV 1+u’du is shown in Formula 44 of

|

cosh1++v1+cos?1

53. y= acosh[£j+C
a

a
We need to show that —= 4 ,

Note that 1+ sinh? ( ) cosh? ( XJ and cosh[ ] > (0. Therefore,
a a

2
l 1+(ﬂj 1 1+ 1nh2( ) co shz( j :lcosh(ij:u
a dx a a a dx?

54. a. The graph of y=b—acosh (lj is symmetric about the y-axis, so if its width along the
a

X-axis is 24, its x-intercepts are (+a, 0). Therefore, y(a)=b—acosh (Ej =0, so b=acoshl~1.54308a.
a

b. The heightis y(0)~1.54308a—acosh0 = 0.54308a .

c. If2a =48, the height is about 0.54308a = (0.54308)(24) ~13.

55. a. ¥y

b. Areaunder the curve is

24
24
[ [37-24cosh (ij dx =| 37x— 576sinh (ij ~ 422
24 24 24/ ,,

Volume is about (422)(100) = 42,200 ft3.

402 Section 6.9 Instructor’'s Resource Manual

© 2007 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist. No
portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.



c. Length of the curve is

2 24
jm 1+ (ﬂj dx = ‘[24 1+ sinh? [ijdx = I24 cosh (ij dx =| 24sinh (1] =48sinh1 ~ 56.4
-24 dx 24 24 —24 24 24 )1 4

:|cosht
1

Surface area ~ (56.4)(100) = 5640 ft2

ht
56. Area= %coshtsinht—jlCOS \/X2 —1dx :lcoshtsinht—[%xv x> -1 —%ln

2
:%coshtsinht—[%cosht\/coshzt—l —%ln cosht+\/cosh2t—1‘—0}

= lcosh'[sinht —lcoshtsinht +lln|cosht +sinht| = llnet = l
2 2 2 2 2

x+\/x2—1

X —X X —X r X r
57. a. (sinhx+coshx) =| & B HE T 128 | on
2 2 2
rx —IX rx —IX rx
sinh rx+coshrx = € +e e = 2 =e™
2 2 2
r r
b. (coshx—sinhx)" = e’ +e” - e e = 2~ =e
2 2 2
coshrx—sinhrx = Tre” - e e = 267" e X
2 2 2
: : : N N
c. (cosx+isin X)r _[ e +i e _[2e") el
' 2 2i 2
cosrx+isinrx = e e +i e e = 2e™ =™
2 2i 2
: . : N N
d. (cosx—isin X)r = e re™ —i e e = 267" =g
2 2i 2
cos T —isim T — eirx +e—irx r eirx _e—irx ~ Ze—irx ~ e—irx
2 2i 2
58. a. gd(-t)= tanfl[sinh(ft)] b. Ify= tanfl(sinht) then tan y = sinh t so
= tan"! (—sinht) = ftanfl(sinht) =—gd(t) siny = tany  sinht
| y= -
so gd is odd. \/tan2 y+1 \/sinh2 t+1
1 cosht .
Di[gd(t)] = ————-cosht = _ sinht _ il
1+ sinh2t cosh2t = ol tanht so y =sin (tanht)
= sech t > 0 for all t, so gd is increasing. 1
2 - - Also, Dy = ———cosht
Di"[gd(t)] = D;(secht) = —secht tanht 1+ sinh2t
th[gd (t)]=0 when tanh t = 0, since _cosht 1 secht
secht>0 forallt. tanht=0att=0 and - cosh? t ~ cosht ’
2 t
tanh t < 0 fort <0, thus D{[gd(t)]>0 for S0y = J~0 sechudu by the Fundamental
t<0and th[gd ()] <0 fort> 0. Hence Theorem of Calculus
gd(t) has an inflection point at '
El g = s tan = s .
(0. gd(0)) = (0. tan™" 0) = (0, 0)
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1. ¥
59. Area= Lj coshtdt =[sinht]j = sinh x 6 3“_ "
Arc length = 2 ~ -7
J‘;\“JF[Dt cosht]zdt:J.OX 1+ sinh? tdt 'r
y . e - T T N
:I coshtdt = [sinht] =sinh X =
0 0 e
/,, r
60. From Problem 54, the equation of an inverted - -

. X .
catenary is Y =b—acosh—. Given the
a . . 2
The functions y = sinh x and y =In(X++V X~ +1)
are inverse functions.

information about the Gateway Arch, the curve
passes through the points (£315, 0) and (0, 630).

Thus, b= acosh% and 630 =b —a, so 62. y=gd(X)=tan ' (sinh X)

tan y = sinh X

x = gd ' (y) =sinh ! (tan y)
Thus, y=gd - x)= sinh™! (tan x)

b=a+630.
315

a+630=acosh— =a~128, so b=758.
a

1.5
The equation is y =758—-128 coshi.
128 1
0.5
-1.5 -1 -0.5 0.5 1 1.5
.5
-1
-1.5
6.10 Chapter Review 9. True: f(g(x)) = 4+ el
Concepts Test =4+(X-4)=x
and
1. False: In 0 is undefined. g(f(x)) =In(4+e* —4)=Ine* = x
2
2. True: M - b <0 forall x> 0. 10. False: exp(X+Yy)=expXexpy
dx? X
11. True: In X is an increasing function.
3
3 ¢ 12. False: Only true for x> 1, or In x> 0.
3. True: Le %dt:[ln|t|] =Ine’-Inl1=3 Y ’
1
13. True: e’ >0 forall z.
4. False: The graph is intersected at most once
by every horizontal line. 14. True: e is an increasing function.
5. True: The range of y = In X is the set of all 15. True: lim (Insin X —In x)
real numbers. x—0*
X ~ lim ln[smszlnlzo
6. False: Inx-Iny=In| — x—0t X
y
16. True:  m'2 =eV2int
7. False:  4Inx=1In(x*) '
2eXl 17. False: In 7 is a constant so iln n=0.
8. True:  In(2e*")—In(2¢¥)=In d
2e* ;
=Ine=1 18. True: d—(ln3|x|+C)
X

=9 (nfx|+m3+c)=1L
dx X
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19. True: e is a number. eX >1ande X <1<ex’ thus

20. True: exp[g(X)] # 0 because 0 is not in the ¥ —eX|—eX—e X <X =l
range of the function y =e* . Ifx<0, e >landeX <1<e™,
. . thus
21. False: Dy(x")=x"(1+InX) )
22. True: 2(tan X +sec X)'—(tan X+ sec X)2 —e XX ceX =l
=2(seczx+secxtanx) 1
32. False: ( j 0.4636
— tan® X — 2 tan X sec X — sec” X 2
1
=sec’ x—tan’ x =1 sin - (5) 1
23. True: The integrating factor is (L) 2
2
o) 4/xd¢_ dinx :(elnx)4 A
In3 +e—ln3
33. False: cosh(In3) =
24. True: The solution is y(x)=e"*-e**. Thus, : N s
slope = 2e™*-e**and at x =2 the :E(3+§j:§
slope is 2.
sin X
) .. 2% 34. False: lim ln( ) =Inl1=0
25. False: The solution is y(x)=e"*, so 50 X
y'(x)=2e”*. In general, Euler’s
method will underestimate the 35. True: lim tan"'x= _r , since
solution if the slope of the solution is X 2
increasing as it is in this case. lim tan X =—o0
x—)—%
26. False: sin (arcsin(2)) is undefined
o ) 36. False: cosh x> 1 for X # 0, while sin"'u is
27. False: arcsin(sin 2m) = arcsin0 =0 only defined for —1<u <1.
28. True: sinh X is increasing. nh X
37. True: tanh X = ; sinh X is an odd
29. False: cosh X is not increasing. cosh X
function and cosh X is an even
30. True:  cosh(0)=1=e° function.
If x>0, e* >1whilee * <1<e* so 38. False: Both functions satisfy y"—y=0.
1 X —X 1 X
coshx=—(e"+e 7)< —(2e
2 )<5e) 39. True: n3'% =100In3>100-1 since
—eX=eX Ifx<0,-x>0and In3>1.
e >1 while e <1<e™* so 40. False:  In(x—3) is not defined for x < 3.
cosh x = E(ex +e7) < E(Ze_x) 41. True: y triples every time t increases by t;.
—e X =g, 1
42. False:  X(0)=C; —C= Ce™ when
. 1 . .
31. True: |sinh x| < Ee‘x‘ is equivalent to 1_ e 5o T
e —e| < el Whenx=0 ? 1 ?
- ’ t_lnj_—lnz_lnz
sinhx=0<4e® =L 1rx>0, -k ke k
2 2
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43. True: (YO +z@)' =y +2'(t) d 1 d cos X

8. —tanh_l(sin X) :—2—sinx =
=ky(t)+kz(t) = k(y(t) + z(t)) dx 1—sin” x dX 1—sin” X
COos X
44, False: Only true if C = 0; = s =secX
(Y1 () + Y2(1) = yi (1) + y2(t)
=ky; (1) +C +ky,(1)+C d 1 1 d
9. —sinh™ " (tan X) = ———=—tanX
= K(yi(0)+ 5(1) +2C a0 =
2 2
45, False: Use the substitution U = —h. __seec X _ sec” X ~ [sec
fim (1—h) "0 = Tim (1+u)/¥ = e Vian2 x+1  sec? x
h—0 u—0
by Theorem 6.5.A.
10, $oginax-—2 9 5y
0.06 o J1-(V3x)° o
46. False:  e*% ~1.051< (1+—j ~1.062
12 233
1-3x 24/3% —9y2
47. True:  If D,(@*)=a*Ina=a*, then v V3 J3x-ox
Ina=1,soa=e.
11. ise(1 eX :;iex
Sample Test Problems dx eX|+/(e¥)? =1 9
x4 e”
1. h—=4Inx-In2 = =
2 ex\/ezx_l \/eZX_l
4
9 X9 umx-my =24 d y L .
dx 2 dx X 12. —Insin? (—j = — sin? (—j
dx 2) in?(X)dx 2
d d ?
2. —sin?(x*) = 2sin(x>)—sin(x>) 1 _(x)d . (x
dx dx =2—2s1n — |—sin| —
d sin (%) dx 2
= 23in(x3)cos(x3)—x3 =6x> sin(x3)cos(x3)
dx 1 . (x)]|1 X
= 2sin| — | |—cos =cot| —
d 2 2 d sin? (%) 2)]2 2
3. — X —4X _ eX —4x_(X2 —4x)
dx dx s
2 d 5x o5xy _ 158
oy X2 —4x 13. —3InE> +1)=———(56>) =
(2x—4)e dx e X +1 e X +1
d 5 1 d d
4. —logo(x —1)———(x -1) - 3_
dx (x “1)In10 dx 14, i In(2X° —4x+5)
4 2
ZSL :;_(zx 4x+5):%
(x> =1)In10 2X° —4x+5 dX 2X° —4x+5
d
5. itan(ln eX) = itanx =sec” X 15. —cos e*f —sin e( ‘f
dx dx dx
; ; _ (—sineV¥ eV —&
6. d—elnmtx :d—cotx = —csc? X dx
X X _ \/7 sm e(
2Jx
7. —2tanhx/_—2sech2f f sech”/x
o B
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16. diln(tanh X) = Lit nh X 23, 9 x4 amomx

anh X dx dx dx
— 1 gech? x = csch xsech x =e(1+x)lnxi[(l+x)lnx]
tanh X dx
1+x 1
_ =X D(Inx)+1A+ x)(—ﬂ
17. diZcos_1 X:—zzdi& [ X
x V1= & Hx[l 1)
nx+1+
=2 1 _ 1 X
CIex 2Ux 2
X=X d 2.6 2,e-1 d 2
24, —(1+x7) =e(l+x7)" —(1+x)
dr,3x 47_d 4 o o
18, &[4 +(3%) J:&(m +81x%) el 0!
= 64" In 64 +324x° 25. Letu=3x—1,s0du=3dx.

3x-1 1 3x-1 1 u
e’ dx=—|e>""3dx=—|e"du
19. di2csceln&:di2csc\/; I 3-.- 3-.-
X X

1 1 31
=—e'+C= +C
:—ZCSC\/;COt\/;i\/; 3 3
\/_ dx Check:
csc/ X cot/ X d (1 3x1 j 1 31 d -1
== —| —e +C 3x—1)=e>
Jx dx[3 3 ( )=

26. Letu=sin 3X, so du =3 cos 3x dx.

d 2/3

20. —(log;( 2X)
dx j6cot3xdx 2[ 3cos3xdx=2jldu

u

5 s d sin3
= E(lOgIO 2X) &(loglo 2+logj X) =2In|u|+C =2In|sin3x|+C
2 ~ 1 Check:
== (logjp20™"? —— d
3 XIn10 —(21n|s1n3x|+C) = —sin3X
2 sin3x dx
~ 3xIn103/logy o 2x _ 2620830 _ ¢ ot3x
sin 3x
21. di4tan5xse05x 27. Let u=e*, so du=e*dx.
X

) Iex sineXdX:J.sinudu:—cosu+C
=20sec” 5xsec5Xx+20tan 5xsecS5Xtan 5X

_ X
= 20sec 5X(sec® 5X + tan” 5X) =—cose” +C

) Check:
=20sec5x(2sec” 5x—1) d d
—(—cose* +C) = (sine*)—e* =e*sine®
s 5 dx dx
22 ita‘lx—= ! —X— ,
dx (ijzﬂ 28. Let u=Xx*+X-5, so du:(2x+1)dx.
2
26X+3 dx —SI 5 (2x +1)dx
_ X" +X=5 X“+X=5
4
()(4)“ Xt :BI—du:3ln|u|+C:31n‘x2+x—5‘+C
u
Check:
9 tan | = (I)tan™! +( ) j q ) 3
dx x*+4 —(3ln‘x +x—5‘+C) _ 3 4 ixes)
dx x2 +x-5 dx
2
=tan X X :ﬂ
2 X +4 X2 +x-5
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_ AX43 _ AX43
29. Let u=e*" +1, so du=e*"dx. 33. Letu=Inx so du=Ldx.
X

X+2
Ie—dx:lj;ex*'z'dx:lj‘ldu 1 1 1
X3 1 e’ eXt3 1 e’ u I—z dx=—J‘—2 -—dx
X+3 X+ X(In X) I+(nx)~ X
1 In(€**3 +1)
=—Infu[+C=—"——+C | |
e e =—[—5du=—tan""u+C=—tan"'(Inx)+C
Check: 1+u
d [ In@e**? +1) 11 d s Check:
—| == 4C|=- — (€7 +1) d -1 1 d
dx e e X3 41 dx —[~tan"'(InX)+C] =——————1Inx
NI dx 1+ (Inx)* dX
+3,— +
_e 3e _ e3 1
X+ X+ =
e+l et +1 X+X(1nX)2
30. Let u=x?, sodu=2xdx. 34, Letu=x-3,sodu=dx.
I4Xcos x2dx = ZI(cos X2)2X dx = 2I cosudu Isechz(x—3)dx = Isechz udu=tanhu+C
=2sinu+C =2sinx> +C = tanh(x-3)+C
Check: Check:
d .2 2d » 2 d 2 d
—(2sinx“ +C) =2cos X" —X“ =4Xcos X —[tanh(x—3)] =sech” (x—-3)—(x—-3)
dx dx dx dx
=sech?(x—3)

31. Letu=2x, sodu=2dx.

j 4 dx = 2j ! 2dx 35. f'(X)=cosx—sinx; f'(x)=0 whentanx=1,
V1-4x? J1-(2%)% 7
22‘[ ! du ’ 4 1 1
1—u2 f'(x) >0 when cos X > sin X which occurs when
=25in71u+C=25in712X+C _ng<£,
Check:
f"(X) =—sinx—cosx; f"(X) =0 when
d .1 1 d
— (2sin”' 2x+C) = 2| ——— | —2x ~ n
tanx=-1, X=——
dx /1_(2)()2 dx 4
4 f"(x) >0 when cos X <-sin X which occurs
1-4x? when —£§X<—£.
2 4

32. Letu=sin X, so du = cos X dx.

X 1 _
I COSZ dx:j 2du:tan u+c
1+sin” X 1+u

. T T
Increasingon | ——,—
{ 2 4}

Decreasing on [E,E}
4 2

=tan"! (sinx)+C

Check: Concave up on ,E’ Ej

d 1, . 1 d . 2 4

—[tan (sin X) + CJ =—————sinX

dx 1+sin? x dx T T
Concave downon | ——,—

_ COsX 4°2

=

I+sin” X Inflection point at [—%, Oj
Global maximum at (%, V2 j
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Global minimum at (—g, - 1}

v

>

7~ N\

=Y

|
\'“
I
t3A

37.

a. f’(x):5x4+6x2 +4>4>0 forall X, so
f(x) is increasing.

b. f(1)=7,s09(7)= f'(7)=1.

iyt L
¢ g(7)_f'(1) 15

38, L_gl0k
ok 2
In(L1
2 k = 2) ~-0.06931
36. f(X)=— 10
e ) - . y = 100e~0-06931t
e (2x)—x"(e 2X—
F1(x) = (2%) >; (e7) _2x=x | = 1006~0-06931t
02 b (1)
f is increasing on [0, 2] because f'(x) >0 on —_ \100J
0, 2). —-0.06931

f is decreasing on (—o, 0]U[2, ) because
f'(x)<0 on (—,0)U(2,0).

It will take about 66.44 years.

39. X, Yn
f,,(x):eX(2—2x)—(2x—x2)eX :x2—4x+2 10 20
€*)? e 12 24
Inflection points are at 14 2976
xoAEN6-4-2 5 1.6 3.80928
2 1.8 5.02825
The graph of f is concave up on
(—oo,2—x/§)u(2+\/§,oo) because f"(x)>0 20 6.83842
on these intervals. 40. Let x be the horizontal distance from the airplane

The graph of f is concave down on
(2 -2, 2+\/§) because f"(x) <0 on this

interval.
The absolute minimum value is f(0) = 0.

. . . 4
The relative maximum value is f(2) = —-
e

The inflection points are
S ket X Y PO A PR
22 02+V2

10

rT 1T 1T T T T T T T2
@D
-]
-

3

to the searchlight, % =300.

tan 6 =5—00, s0 0 = tan”! ﬂ
X

to._1_( s
dt 1+(m)2 x2 ) dt

X

500 dx
x2 + 250,000 dt

When 6=30°, x = 300 _ 50043 and
tan 30°

949 __ 5200 +(300)

dt  (5004/3)% +(500)

__ 30 —i. The angle is decreasing at the

12000 20
rate of 0.15 rad/s ~ 8.599s.
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41. 'y =(cos X)Siﬂ X _ gsinX In(cos x) 45, (Linear first-order) y'+2xy = 2X

2
& = gSin X In(cosx) i[sin XIn(cos x)] Integrating factor: ef 2x_ o
dx X 2 2 2
‘ | D[ye* ]=2xe* ;ye* =e* +C;
= gSinx In(cos ) |:c0s X In(cos X) + (sin X) (—j (—sin X)} 2
cos X y=1+Ce*
)

; Ifx=0,y=3,then3=1+C,s0C=2.

= (cos X)X {cos xIn(cos X) — s X} ¥ =2, then , 50
cosX Therefore, y=1+2e° .

Atx=0, ¥ 100mi-0)=0. . N

dx 46. Integrating factor is e
The tangent line has slope 0, so it is horizontal: Dlye ®]=1;y =e®(x+C)
y=1. ’

42. Let t represent the number of years since 1990. 47. Integrating factor is e X,
14,000 = 10,000¢e' ¥ D[ye 2X]=e %,y = —* +Ce>X
In(1.4)

k= ~ 0.03365 48. a. Q'(t)=3-0.02Q
y =10,000¢” %3 b. Q'(t)+0.02Q=3
y(20) =10,000e(%-03363)20) 4 19 601 -
The population will be about 19,600. Integrating factor is €™

D[Qe02] = 3¢0:02t
Q(t) =150+Ce "0
Q(t) =150 -30e %9t goes through (0, 120).

43. Integrating factor is X. D[yx] =0;y= cx!

44, Integrating factor is x2.

Review and Preview Problem i
eview and Preview Problems 5. | sint dt=—jldu=—1n|u|+0=
| 1 cost u
u=cost
1. |sin2xdx=—|sinudu=——cosu+C = — i
ju:Zx 2_[ > du=-sintdt
du=2d
. lnl+C:ln—+C:ln|sect|+C
1 cost
—5c052X+C
6 jsinzmosxdx—juzdu—£+C—Sm3x+c
2. j et dtzlfe”du=le“+czle3t+c ' u=sinx 3 3
u=3t 3 3 3 du =cos x dx
du=3dt
3
21 1 7. [x x2+2dx:l.[\/ﬁdu:lué+c
3. IXSinX dx:—Jsinudu:——cosu+C: u=x212 2 3
u=x2 2 2 du=2xdx
du=2xdx
(2 %
—%cosx2+C _g( +2) +C

X 1¢1 1
8. I dx=5fadu=—ln|u|+c

2 1 1 1 2
4, j xeX dx=—je“ du==e'+Cc=—e¥" +C 2 B
=2 6 6 6 S
u=x-+
du=6xdx du=2xdx
=InJu[+C=InVx* +1+C
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9.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

f'(x){ X

f'(x)= {x(§)+ (In x)(l)} —1=Inx

—-2X

2W1-x>

+ (1) arcsin le +
V1-x2

= arcsin X

f1(x) = [(—2X)(cos X) + (—x2)(—sin x)} +

[(2)(sin X) + (2X)(cos X)] + [2(— sin X)]
=X’ sin X

f'(x) =e* (cos x+sin X) +€* (sin X — cos X)

=2e%sinx

. . 1—cos2X
cos2X =1—2sin? x ; thus sin? X:T

2 1+ cos2x

2X—l;thus cos” X = 5

cos2X =2cos

1+cos2xj2

cos? x = (cos2 X)2 = ( 2

sin(U + V) +sin(U — V)
2
sin(7X) +sin(—X) _ sin 7X—sin X

sinucosV =

sin3Xcos4Xx =
2 2

cos(U +V)+cos(u—V) -
2
cos(8X) + cos(—2X)
2

cosucosVv =

cos3XcosSx =

_ €os8X+cos 2X
2

cos(U—V)—cos(u+V) -
2

cos(—X) —cos(5X)
2

sinusinV =

sin2Xxsin3X =

_ COSX—CO0S8 5X
2

Ja% —(asint)? = /a2 (1 —sin?t) =

cos“t =|alcost
a/ 2

Ja% + (atant)? = Ja(1+tan®t) =

|a| \/sec2 = |a|sect
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21.

[

22.

23.

24,

25.

\/(asect)2 —al-= \/az(seczt—l) =
|a|\jtan2 :|a|-|tant|
J'ae’x dx:l:[—e’x]a L
0 2 0 2
[—e‘aHJ:l:—:—:
2
e?=2=a=I2

I 1 x=(1-x) 2x-1

1-x x  (1-xx  x(1-x)
78 T(X=3)+8(x+2) _

5(x+2) 5(x=3)  S(X+2)(x-3)
15x-5  53x-1)

5(X+2)(X=3)  5(X+2)(x-3)
(Bx-1

(X+2)(x=3)

1 1 3

X 2(x+1)+ 2(x—3)

22X+ 1D)(X=3) = X(X=3)+3X(X+1)

- 2X(X+1)(X—3)

~2(x%2 —2x—3)— (x* =3%)+ (3x% +3X)
- 2X(X+1)(x=3)

O 10x+6  2(5x+3)
C2X(X+D)(X=3)  2X(X+1)(X=3)
(5x+3)

X(X+1)(Xx-3)

1 (2000—y)+y 2000

1
—+
y 2000—-y  y(2000-y)  y(2000-y)
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