Review and Preview to Chapter 7
EXERCISE 1
1. (a) a=1r0 = a=10%X25=25cm

() A=lar=1x20x10=100cm?

EXERCISE 2.

1. (8) x=y? is not a function

(c) y=x?+x is a function

.r;v=.r’+;

® x=2=Y is a function

7

=_=12= ~
(b) o 15 1.2

=191 2y 100X 2
(d) A—zr 9-.-2X100><3'x 3 cm
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(b) x==y*— 2y is not s function
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=y -2

(d) x4 2y=23 is & Tunction
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T+ 2y=3
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(f) 3y—x2>6 is not a function
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—G—d4— 2 2 4 :,

h) x*+ y? +2x =0 is not a function

Pty + =0




Review and Preview to Chapter 7

2. (a) f(x)=x-+1igl1—1 (b) g(x)=Ix|is not 1—1
() ym3—2xis 1—1 © (@ B(x)=)iz1-1
(o) F(x;-;l,i.not 1—1 () y=1—x°is not 1—1
@ f(t)=—tis1~1 @) f{t)=tis not 1—1
() y=dx is 11 ) r(x)-x%. x<0is 1-1

3. () y=Llx—7) bes inverse 2x=y—~7 = y=2x47
(b) y=1(36—x) has inverse Sx=36—y = y=—36—5x
{c) y=5x>—6 hes inverse x=5y°—6 = S5y°mx+6 = y---a\'-i?‘-E
(d) y=+x has inverse xmJy = y=x% x>0
(e) y=+x—3 hes inverse x;: Y—3 = X’my—3 =» y=mx?4+3, x>0

() y-l+1 has inverse x~1+ - %-—x 1 = y-_._l___i

- 1 S | 1 1
®y T4 ho.‘liavcrnx 1+y_-1+y—i-y-i_

(h) ymL=X hax inverse x—%—;— » X4 Xyml—y mw xy4ym=ml—x

1+x
- ymlzX
YU TR
4y 1
W +2 B3 = FV+2x=dy—1

- y(3x—4) = —2x—1w y=2dl

Q) y-% has inverse x-";s” » Xym=X—3y = y(x+3)=x

- Yot

x+4+3

218



Review and Preview to Chapter 7
(X) y=xX>0 hag inverge x=y*, y >0 = y—x%.
() y=3(x—1)% x>1 has inverse x=3(y—1), Y21l = (Y—l)z—;-‘- y2l
- y—[5+1
(m) y- Jx"’—-l-Q, x >0 hes inverse x—J;z_--f-_9, y 20,
= x*=y*+9, y 20 » y={x2—9
(n) y= »l_‘zs_—?‘, X <0 has inverse x-m, ¥y <0
- Xm25—y% y<0, x>0 = yz;-x—x*. vy <0, x>0
. Yo §25—%x% x>0
4 @ f(x)=2x+1 ®) £(x)=x*+2,x20

= y=2x+41 and - y=x*+2 x>0
hag inverse x«=2y+1 = y-—z-g-l hag inverse x=y’4 2, y >0 = y-—«lx-—-Z

¥ = fin)

(c) f{x)=x’ @ r(x)=—1
= yu=x* and , o —}-‘ and
~ bhas inverse x=y’ = ymx3 has inverse xy= —1 = ym= —-.%
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Exercise 7.1

EXERCISE 7.1

1. 1f x=0.0001, B03% 2999999955 2. If x =0.0001, HBZX _ 0,666 666672

. ' 2
3. If x=0.0001, BN 2X _ 0206206304 4. If x ==0.0001, L=C08”X _ g gog
8in~3x X

5. If x =0.0001, L—S98X 00000493 6. If x —0.0001, SNLCOEX) _ ¢.841 470578

7. lim SR 3y SBIX 35 =3
X -

ax lim sinax s lim sinsx
8, lim Binsx _ ax-.0 8% _ ax.p *X Xl _a
* x—0Sinbx bx lim DOX b lim BDbX ©XI b

bx—0 bX bx—0 bX
2x lim SiR2X
9. [lim BN 2x _:[ sin2xp_|_2x~0 X _[2)(1]3__8_
) x_.o sin 3x x_.o sin 3x Ix lim sigx3_x 3x1 27
i 1 -—COEX 1—cos’x _sin’x sinx

10- xh_?o x xh..':'o x{1+cosx) xh...o x(1+4cosx) gh_?om“xh: X

—.—...-1.........._. .'l-
xh_':'ol-!-cosx OXIKZ 0

11. lim (x*4cosx) =lim x°+ lim COBX m04-cos0m=0+41=1
x =0 X -0 x—0

43 ~l§--1

12. lim (ginx —coBX) =lim sinx-~ lim t:c:mx—lm-----'m::m"r b S P E ik
XX XX x—oX 3 3 2 2
3 3 3
. ’
13. tim SnX_T"4 _ 1,4 242
x—~X 3x 3_43 J27 3 3x

14.&:51 x'8in ‘% = (—3x P (Bin*(—3%)) = =272 X 0 =0

iy BinSx _ &in0 _0 _
15. xh-?t) 3 5 5 0



Exercise 7.1

1an%
i tﬁ'!..’_‘_—-—“—i
16. lnnx ax x *
x—-; .
Bin3x 3xlim SIA3X
17. um [8B3% g SoS3% 1 g comdx swap 3
0 3tan2x  y_.p 38in2x 3 x-.0 co83X g lim SR2X
cos2x 2x~D 2X
3iim Ein3x
_lx1\( 3"1"0 3x _lxw-l
3 2kim sin2x 3 (1 2
2x—0 2% -
gin ?3x sm3x 2
18. lim S _of lim Jemox12=9
18. lim Jsinx -,lain%w‘F
x—-— 2
ginbéx _ sin0 _0 __
20. xh_?o cosdx —cos0 10
. comx —1 cos’x — 1
2. xh-?o sin x x—0 sinx(cosx +1)
- —min’x —sinx ___ 0 _
;P-.o sinx(coex +41) xh_‘."oeosx+1 141 °
tanx _ sinx _ 1 sinx 1 1 1.1
22. xh-?!} ax x_.o4xcosx ~3 xh_n.lo X i!ﬂom zXl Xi i
im X - Xcomx P (1l 1 2% =[1 -1
2. timy e~ i T = (8 timy 585 fimpeon2xf = (3 xaF =3
. 1—coEx 1 —~cos’x 1 4 gin’x
x=-0 2x° x-02x2(1 +cosx) 2 x—0x*(1 4 cosx)

_ smx]:
x..o _..ol +conx -2 |
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Exercise 7.1

X
25. llmo—-=2hm -—?---2><1 -2
X smi —-03“12
ginx

26. hmo?‘—;:% =2 lim S2EX o3 jim BX 2] =2
X

1
X=0 y 1 X—
X zo8

X

2 s 2 -
27. lim 1=€087X _yipn 80X _f ;g BiDXP 37 a
x—0 x? xl-?o x [ x_?o - X }2

28, lim l—co82x .. _1—co8®2x _ (7 jim SiB2XRpm 1
X0 X2 xb x%(1 + cos2x) 'x-?o ]2-014"’032"
2 i
=¥ Xr¥Fi—?

—sin(x—%)

29. lim :_otx lim_ —°°’—1‘——-¥ lim
F}

x—3 7% x—3 X (T —x)minx x...%..o --(x—%)sinx
X siu(x—-i) 1
w  lim e—= X lim —S—m=]lX]m=]
x-Fao x=F) Sxok

2

P-4 .
31. lim SitXcosx _ . Sif *xcosx{1 +cosx) .. - -
X0 1—CoBX x0 pp—_ =lim coax(1 +ecosx)=1(1 +1)m=2

32, lim EDX _tim copx =1
x-0 tanx y_.p

im 2EDX —8IN2K _ jip 2KDX —28i0XCOEX . ;y 28BX(1 — cosx)
33. ,3‘_‘:’0 X COB X xh:i) X COR X -xh—?o ==TXxXcoRx

=2 lim SX lim L =2 x1xtgl—o

T,



Exercise 7.1

tanx —sinx giﬁlz%(c —sinx BinX —sinXcosx
34, lim ARR_SIRX _ i COBX o o lim P mRORSR
<oap  XCOBX oy XCO8X X =0 X cosx
= lim SINX i 1 —c:sx -1xi —2-1 -0
x =0 x—0 cos‘x 1
35, lim l—cosx _ 1—cos’x  _.:: sin’xcosx

% -0 tanx x--O SINX (4 4 cogx) x.?osinx(l <+ cosx)

coOgB X

sinxcosx O0X1 _

xh_.'.“o 1 4+cosx 1+l
36. lim T = fim, ]ﬁ;"gfg ) ai..(zlx;;c-:s:::x) gt 1+::os-x =i -10-1
3. f::_nﬁmx'fo e o £‘i’l‘mxh-f'o TF1 2 X Xy =2
38. :gi-?O s__mir;(‘!c;:o: x) ;;2%) s-i;’—l —sml

39, (a) If x =0.1, Eﬂ':s—-" =0.334 672 085. If x =0.01, 20X—X _(,3333466.

If x=0.001, 180X =X ._( 33333, If x =0.0001, 20X =X _ 333
X : x

(b) li"‘o ta_nxx_ appears to be approaching 0.3
X =~
() I x =0.00001, 122X=X w03, If x = 0.000001, SAX=X — 10
x

If x=0.0000001, !8BX—X . _1000. The correct value of this limit is .
X

If we had let x =1, 0.5, 0.1, 0.05, 0.01, 0.005, our initial guess would have

been % Eventually all calculators will give incorrect values. Different

calculators will give different incorrect values. Because of loss of

significant digits in the process of rounding off , when two numbers that

are very close together are subtracted, this type of error is likely to

occur.

L8 [



Exercise 7.1

0. If x>0, im SBX . jr x <o, lim_ SinX . 1. Since the left and right hand
x -0 X

limits have different values the hmo s;n!x does not exist.
X — _

sin x 1 = lim 1 S W §
. xlf.'.no X +sinx xif.'.no X +sinx xlf..o ..L+ 141 2

sinx sinx

Y lx—ll X—1- 1—’{ _1__,0- x—1 -

43.  lim sin(a 4+ h) —sgina = lim sinecosh + cosasinh —sina
h-0 h h -0 h

=hlimo sina({cosh —;l 4 cosasinh ""“i“'h“_f’o cosll: —1 +c°s.hli:'o sill:h

—

= cog’h ~ 1 - — sin’h .
Sina h:lo h(cosh+1)+c°s‘“) sina hm h(cosh+ll+m‘

= —-sinahlimo slghhhmo 6.% 4+ cosa= —gina X1 X0 4+ cosa =coss

cogacosh —sinasinh —cosa

44. lim cos{s 4+ h) —cosa - lim
h =0 h h—0 h
- lim SoS8(cosh —1)—sinasinh ., 1 cosSh—1_ i, 3y sinh
- h h~0 h h—0 h

w=coBal{0) —sina(l )= —ginas



Exercine 7.2

EXERCISE 7.2

1.(a)

(b)

(c)

(d)

{e)

n

(g

(h)

(i)

8}

k)

wm

(m)

(n)

g__)_}(' = —sin (—4x)(—4) = 48in(— 4x) = — 4gin(4x)

"§= cos (3x + 2% ){3) = 3cos (3% + 2%}

dx
:—z = 4cos{ —2x* — 3)}{ —4x) = — 16xcos| — 2x* — 3)
dy _
d

n {44 2x)(2) = sin(4 +2x)

)
2%

4 _ cos x*{2%) = 2x cos x°

dx

.d.l'g—(—sin x*){2x ) = 2x sinx®

dx

dy L. _a 3. 34,2y —6x°cox’

dx = —2simn T i(x7jcos x (3x )—-W-

g_:_:z-—sin (x* —2P[2(x? —2)2x] = —dx(x? —2)sgin(x® — 2
ﬂ_f_ 3 R | -1 -2

ax 128in(2 —x) " lcos(2 —x) " —1)(2—x)"2(—1)

- 128in%(2 —x) " 'cos{2 —x)

{(2—x)
dy
ax =X{—8inx) 4 cogx({]l) =cosx —x8in x

dy _sinx(1)—x(cosx) smx—xcosx
dx = 8in %x gin °x

dv _(1+cosx)lcosx —sginx( —minx)__cosx -+ cos®x +sin’x
dx (1 +cosx) (1 +cosx)

14 cosx - 1
{1 4+coex)® 1-4cosx

:V=s(1 + con2x)%(2cosx )( —sminx) = — 12ginxconx(1 + cos?x )’

- — 685in2x(1 +cos’x)5

g—:m}cos é(—xlz)z —#cos%



Exercise 7.2

b

{o0)

(p)

(q)

(r)

(s)

(t)

(u)

(a)

(b)

(c)

(d)

(e)

% = cos (conx)(— 8inx) = —sinXxcog{cosx)

dy = 3cos (sinx)[ —sin(8inx)]cosx = —3cosxsin(ginx)cos(sinx)

dx

:—:-x(-—sin,lt)(—Lz)+cos,-1‘(1}-%sin%+c0l%
dy cosx(2smxcosx)—sm x{ —sinx) smx(lcos x + sin’x)

dx = cos’ x cos’x

(l —sin2x)coex — (1 +minx)( —cos2x)2
dx (1 —s8in2x)*

__ COsX —coBX8in2x + 2¢co82x 4 2sinxcos2x
(1 —sin2x)*

dy = 38in - X cosX + 3cosix{ —ginX ) = 3sin X cos X (®in X —cosx)

dx
A+ (— ) —(1 =)=
dy sin 1—4x 2¥x 2{”

1% 1
“‘""’[1-1-4"?)[&(1 e 7l

cosyg———smh(Z) -» %“362_:%%_23 -

x(--smydy)+cosy" +cor{x +y)(1 +dy}

—xsiny%-— cos ( x +y)?§r - —cony -}-con{xX 4+ ¥)

dy  cosy —cos(x+y)
dax xsiny-é-cou(x +v)

dy _ _ .. dy _1—sinx
c“ydx +dx sinx +1 = dx 1+4cosy

con(corx ~sins) = —sintainy)(cony &) = & = BaZem(conx)

sinx( ——mnydx)-{-mycux +couxcosy:x +giny{ —sinx) =0

{—sinxziny -i-cosxmy)%x! m=ginxginy —cosxcony

dy _ —{cosxcoay —sinxsiny) _ _ ,
dx cosxcoey —sminxsiny




Exercise 7.2

. dy dy L cosx ~25in2x — 2y
() cosx-sm2x(2)-=2xd—£ 42y = ax _ o

3 (a) @Y —2cosx. The slope of the tangent is 2cos-§ =w|—§. The equation of the

tangent is v —1 =~r3'(x-——%) - 6y—6==61r3.x—'xﬁ

= 6y3x —6y —xY3+6=0.

*

. e it l o ein 2ol einle-
(b) QX._cosxcosx. s:nx(. smx.)._cus_x.:{;sm,.x._ 12
dx cOs-X cos’x cOs°X

ot

L —1_2 The eguation of the tangent is

The slope of the tangent is o
cos”

L e
NI

y—1=-=2(x—%) = 2y —2=4x—7% =» 4x —2y +2 — 7w =0,

d , sin I -4:3
(¢) &Y = BIBX _ oginx. The slope of the tangent is 3 t2sinX=2 443

dx  cos’x cos"% 3 1

3

= 34_3. The equation of the tangent is y —1 = 3E(x —g)

= y-—-lr=3wr3x—1rwr3 = Bﬁx.—-y+1--1r\l§=0.

dy sin®x( —2cosxsinx ) — cos’x{2ginxcosx)
@ Y- —
dx sin'x

— 2cosxsinx(sin’x +cos’x) _ _ 2cosx
sin'x sin’x

The siope of the tangent if§ — ——x
m —

The eguation of the tangent is y —1 = --4(::—-%)
w Yy—lam—4x4+% =» 4x4y—1—%x=0,

227



Exercine 7.2
{e) % =cosXx — 2%in2x. The slope of the tangent is cm-‘g-' —23111%

-Q—--%l—g- —%. The equation of the tangent is y —1 = —«?(x-—%)

= 12y —12=—6y3x +Y3%x = 63x+12y —12 — 3x =0.

() ay _ —sgin{cosx)( —sinx ) =sinxsin{cosx ). The slope of the tangent is

dx
sing—sin (cos-})#lsin()ano. When x -=§. y -=cos(cos-§) =cos0 =1,

The egqustion of the tangent is y = 1.

4. (a) y’' =2ginxcosx =gin2x. For critiéal numbers gin2x =0, —2x 2% < 27.

2X= 2%, - %, 0, %, 2% = X —7X, —;-' 0, %‘ x.

Interval | sinx ¢ coEx Yy y
N ."_'_! - - + increasing
- % <x <o - _ + - decreasing
o<x<¥ + + + increasing
% <x <X i+ - - decreasing

When x = m%. yusin’(—%) =} ig a local maximum.

When x =0, y =g5in“0 =0 is s local minimum.
When x -=§, y -sinzg =1 is & Jocal maximum.

(b) y’ = —sinx —cosx, —* < x <*. For critical numbers —sinx —cosx =0

» BiNX = —COBX = tanX = —]1 = x=—%.¥.

Interval | —sinx —cosx y R 4

- <x<—3 -+ +- increases
- -? <=< %’ - - - decreases
Tcx _ + l + { increases

-— v - — X gin( T e L bl 2§
When x +- Y =cos(—~3}~sin(~—3) ﬁ+-ﬁ Gise
local maximum.
-, g X o gin M o el ol 2 ini .
When x ==~ y=cos = sin = T ﬁunlocl:lmxmmum
5. (@) y' = —2sinx+2cos2x and vy = —2cosx —45in2x. We set the second
derivative equal to 0 snd set up a chart to determine concavity.
—2COBX —BBinxXcogx =0 = —2cosx(l 44sinx)=0



Exercise 7.2

= cosx =0 and x =7 2Xor sinx = —0.25 and x =3.394, 6.030
Interval vy A4
0<x <§ - concave down
; < x << 3994 =+ concave up
3394 <n K % _— concave down
-3:;[ < x < 6.030 -+ concave up
6.030 <x < 2% — concave down

The points of inflection are [1;-,0]. [3.394, — 1.453 ] [ %r,o] ana (6.030,1.483)

(b) y’ =8sinxcosx =4sin2x and y” =8cos2x. We set the second derivative

equal to zero and set up a chart to determine concavity.

BcoB2x =0, —27 <X <27 = 2x=—3F T X q o x=_F XTI X
Interval v y
-l --—-3-?- + concave up
—F;ewa 1% - concave down
—,Z <,.<§ + concave up
% <r < 3—;5 - concave down
3—}5 <» <% -+ concave up

The points of inflection are ( —3;!1][ -—%,1]. [;.1]u¢ [3411]

(s) A. Domain. The restricted domein 0 < x <2x ig given.

B. Intercepts. f{0)=0 +458in0 =0 is the y-intercept. The x- intercept occurs
when Binx = — X. Therefore the x-intercept is also 0.

C. Symmetry. Since f{—X)= — X 4-8in( ~ X) = —x—ginx = —f(x),

the function is odd and symmetric about the origin. This does not a'pply within
our domain.

D. Asymptotes. None.

E. Intervals of Increase or Decrease. y’ =1 —cosx. Since —I <cosx <1,

1 —coex >0. Therefore the curve is alwsys increasing.

F. Local Maximum and Minimum values. Since the curve is slways increasging
we examine the end points of the domain. When x =0, the minimum value of

y =0. When x=2%, the maximum value of y =2x.

G. Concavity and Points of Inflection. y” = —sginx. If sinx =0, x =0, x, 2%.



Exercise 7.2

Interval £{x} fi{x}
D<x<x® —_ concave down
T <X L2X -+ concave up

When x =7 the point of inflection is {x,7)

H. Draw the graph

y=x + sinx
2m

(b) A. Domain. The restricted domain 0 < x < ¥ is given.

B. Intercepts. f(0)=0 ig the y-intercept. If xcosx =0, x=0 or cosx~0 and
the x-intercepts are 0 and I

C. Symmetry. Since f{ —X)= — X coB( — X )= — xcosx m» —f{x) the function is
odd and symmetric sbout the origin but this does not apply within our domain.
D. Asymptotes. None.

E. Intervais of Increase sand Decreagse. y’ == — xsinx 4+ cosx. The critical
numbers occur when coEx = xginx = tanx -,l‘ = x ==0.86. ( Trial and error

using the graphs of y -u% and y=tanx and & calculator.)

Interval | y’ ; y
0<x<0.86 ° + ' .increasing
0B <x <X — I decreasing

F. Local Maximum and Minimum Values. Since the curve changes from
incressing to decressging close to x == 0.86 & local meximum exists. Thus
y = 0.86¢c080.86 == 0.56 is a maximum. Examine the end points of the domsin.
When x =0, y»=0 and when x -;1:, Y= —%,
G. Concavity and Points of Inflection. y” = — XcoEX —Binx —sinx
= — XCOEX — 28inX. If —xcogx —2zinx = {, 2BinX= —xXco8X
=» tanxm —2 = x==0 and x== 2.29.
Interval | vy { vy
0<x<2.29
2.29<x<*x

concave down

+

. concave up



Exercise 7.2

When x = 2.29 the point of inflection is approximately {2.29, —1.51)
H. Draw the graph. '

7. f'{x)=sinx{ —~s8in3x)3 4+ cos3xcosx == — Isinxsin 3x + cos x cos 3x
(%)= —9sinxcos 3x — 3sin3Ixcosx — 3cosxsin3x —cos3xsinx

== — 10sinxcos 3x — 6cos xsin 3x.

(X)) = —10sinZcosx —6cos TsinT = — 10 ‘<J—§ ><'.(——l)-—6>r.-1-2(0=5~r3
3 3 3 2 2
B. f(a) f(x)=cosx—x and {"/x)= —sinx — 1. A sketch of y=cosx and y=x gives

the point of intersection close to x =0.7. Let x, =0.7.

xomx, — i ¥1) _gq L0740 0048237862 = 0.748237862

2 TE(x,) T 1(0.7)
f(xz)ﬂ f(x;,-) -
%3 = Xz — et 0.739103454 e S 0.739085133
x5 mx, — %) _ 5 939085133

f(x,)

Therefore x =0.739085 to 6§ decimal places.

(b) f{x)=28inx +x—2 and {’(x)=2cosx 4+ 1. A sketch of y =2sginx and
¥y =2 —x gives the point of intersection close to x =0.7. Let x, =0.7.

_flx) - _Six2)
Xz =Xy — et %) 0.704 571 569 X3= X = (%s) 0.704576913
f(33)

Xym= X3 —*ir,-(";‘—a-) =~ 0.,704576913

Therefore x =0.704576 to 6 decimal places.

- 231



Exercise 7.2

10,

11.

(c) f{x)=sginx -—% and f'(x) =coBX —%. Let x, =1.9. ( Section 6.5, Example 6)

X, = 1.89550594 X, = 1.895494 267
x, = 1.895494267
Therefore x = 1.895494 to 6 decimal places.

sinx dy cosXcosX — sinx{ —sinx) cosx+smx

Y=tanx = y = - =
Y~ tosx ax = cos“x cos’x
- 12 - sec’x
co8‘x
R d S a—

y =csex = y=(sinx)” ! = T = —(sinx) *(cox)=— 25X

dx ’ sin“x

cosx . 1 _
— e — - cot X c8C
SImMX smnx x

. dy _ dy _
Biny4cosx=1 = cosya——smx ix = y
dy
dzy COSYCOBX +smxsmyd
T —
dx? cos’y
Einx

. ﬁgucuycosx +sinxsinyc°,y COB’y COs X +sm xsiny

dx? cos’y cos’y

(a) y =[sin(x —sginx)]” ! = :—: = —[sin(x —sinx)]” “cos {x —sinx)(l —cosx)

=-=( cosxl-—zl )coa(-x wsmx)—{cosx —l}cot{x —sinxjcsc({x-minx)
gin“(x —sinx)

11 1 i 1 1
312 dy 1 272 2,1, 2 cos ¥x
(b) y =[ginx*)® =» L =iiginx?] *(comx?){(ix ) m o=
dx =2 2 4 xsin¥x

cCOSX — XBinx

3 x"feoszx

(d) y’ =3cos’(coex)[ —sin{cosx)]{ —sinx) + 2sin(cosx)cos{cosx){ —xinx)
= 3ginx[sin(cosx)][cos®(comx)] — 2sinx[sin(cosx)]}[cos(coBx)]

= ginx{sin(cosx)]]cos(corx)}[3cos({conx) — 2]

ﬂl‘-‘

dy 1 -2 i
(c) vy =(xcosx)* = - (xcomx) 3( —xsinx +coBx) ==

wl
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1

(e) y=-,lcos(sin’x) = y'a[c:m:(n:iﬂ’x}]E

dy

- 3y _ —sinx cos x[sin(sin’x )]

-1
%[cos(sinzx)} 2| —sin(sin®x))2sinxcosx =

- " g_y_ : —_— "} . . dy .
12. 23_ucos2y Ix +Bll‘l2}.l.— Aysm2x+cos2xﬁ

- _ dy _ _ . P dy _ sin2y + 2y sin2x
(2xcos2y —cos2x) ax siny —2ysin2x = dx ~ cos3x — Jxcos 2y

. ) .
sinT 4 rsins
When x=}, y =% and the slope of the tangent is % 2 =§ =2,
cos§ ~— 5 COSW 5
B

The equation of the tangent is y-——% =2(x —%] =» Jy —T=4x—%

- 2x —y =0,

13. 1 4+ mec?{xy )l x:—i +y)=cosy§—;' —sinx

= [xsec’(xy) .——cosy]g = —ginx — ysec?(xy)—1

o 4y _sinx + yeec?(xy) +1
dx cosy — xsec’(xy) -




Exercise 7.3
EXERCISE 7.3

1. (a) :—i = 3gec®2x(2) = 68ec®2x

® Yo _legc?9%(9)= — 3cac?Ox

dx 3
dy Lytanlx(}) = 3gac X tanX
{c) E=12seczxun4x(‘) 3s:ac4ta_u4

@ ¥ = lesc(—8x)cot(—8x)(—8) = —2cacxcotsx

(e) ? = goc’ x2(2x) = 2x sec? x*
X

) 4y o 2tan xsec’x
dx

dy 1. -2, sec{xtanyx
@ —usecilx tnnﬂx(-x eI I
dx 3 3y

(h) :—: = x%{ —cscxcotx) + cscK(2x ) = xcgex(2 —xcotx )

(i) :—: =3cot?(1 —2x)*[ —esc?(1 —2x)*[2{1 — 2x}{ - 2)]

-12(1—2x)cse? ({1 —2x)ecot?(1 —2x)°

(j) y=1+tanix —tan®x = ym=l = :—E_o

5 o
@) S¥ = —3(sec 2x —1) " Zsec2x tan2x(2) = 380 2x tan2x
X - 5
J(socl’x-—l)

x2 Einx d
) y= cl 2 w y=x’ginx = a—%-x’cosx +ginx(2x) =x(xcofix 4 2sinx)

3
(m) y =2x% —2xcotx =y’ = 3% —2x( —cse?x) —cotx(2)
= 3{X + 2x csc®x — 2cot x

{n) :—:: = cos{tanx }{sec’x ) =~ sec’x cos(tanx)
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(0) I —-2tan(cosx)sec2(cosx)( —ginx) = — 2ginx tan{cos x )sec*{cosx)

(» % = —3[tan(x® —x) %] "sec®(x" —x) T —2(x* —x) T %(2x —1)]

_6(2x —1)sec’(x* —x)"?
(x* —xPtan*(x* —x) "2

2. (a) sec’x +secytanyg%—g—: =0 = (mcyuny._l):_:: = —gec?x

- dy = sec’x .
! —secytany

(b) sec? 2X(2)=—mn3ygy - g;;j_?“_z::;;;:

N ol dy 2. aea2 d__ym
(¢) —esc (x+y)(l+dx) csc’x ~—cse’y 3= 0

= -cscz(x-f—y)—cscz{x-{-y)—- - ¢BC x—csc"’y:y 0
- 4y __ esc’x +esci(x+y)
= axT T esci(x +y) + cscly

(d) 2yd +csc(xy)cot(xy){x +y}-=0

-2?:—:: +xcsc(xy)cot(xy):—§ = — ycre(xy )eot{xy)

- &Y _ _—vese(xy)cot(xy)
dx 2y +xcsc{xy)cot (xy)

y —xd
(e) 2x +soc(§)un(;’—‘)__2_’.‘_ -
Y

= 2xy® + ysec(3)tan(}) =xsec (¥ )tnn(y)

L dy 2xy2+ys:c(§)tt_m(y’f‘)
= ax xsec($)tan(})

d_yu 2 _dx d_y- _..2.3



Exercise 7.3

3. (@) —x-2cotx(--csc X ) = —2csc’x cotx. When x-=4, yﬂcotz%=12 -],

When x--=4 the slope of the tangent is —2csc”4rcot:'- —2><.2><1 - d,

The equetion of the tangent is y —1 -——4(1:—%) - y—]lm—4x+7x
» 4x +y—1—7=0.

{3

dy -- 2x(1 X -f vamginXTtan T w32 -1
(b)E—mnxm §(§)+tan§cosx.Whenx 3+ Y singtang 2.>( 3¢

Wi

-X loinX 2% x
When x tho slope of the tangent is: 5 n3“° 4 -+ tan = 6t.:cos3 :

1 x{,é pe i L X 1. 2‘[_ ﬁ The equation of the tangent is

2 i3 ~l§2~l'

y_%_%s(x—g) = 6y —3=3{3x — {37 = 3{3x—6y —Y3Ix+3=0

(€) ¥ = —esc2xcot2x(2). When x= —F,y =cac(—J) = — 2.

When x = -—E,the slope of the tangent is

-—2csc(——)cot( ---)-: 2csc§cot'§ P xﬁxj - —25

The equation of the tangent is y +42= -..25(,;_'4.%)

o dy+ 3= —82x—2{2 = 4y +8{3x + 42+ 72 =0.
() g-!—mxunx—mxcotx.
X

When x—3-‘5.y-uc3’r+cac --4_+~l_-=0.

When x --34-, the slope of the tangent is m:? tan=— 3: :%cot%

- —wﬁ( -—l}—-ﬁ('-—l)-%ﬁ. The equation of the tangent is

y-zﬁtx—é‘g) - y-2~l‘2x-§1'-_?-’-’ 4{2x ~ 2y - 3{2x =0.
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4.

y’ wa gec X taN X ++ Sec’x m=gec x{secx + tanx).
For critical numbers gecx + tanx =0 = %‘?-o = BinXx==—1

or cosx =, —7—2‘ <X <§ = no solution. Therefore the curve ix

always increasing or decreasing in the given interval. Tesgt a point:
if x--z. y’ nﬁ(ﬁ +1)>0 = the curve is always increasing.

(a) y=cSCX —cotx = y ==l —COBX m:‘:“x For vertical asymptotes sinx =0, 0 <x <*

= no solution within the domain but x=0,0r x =% may be

vertical asymptotes.

lim y =0 and hm Y == 00, Therefore X'== % -ig-the vertical asymptote
*x 0

(b) yesinx—tanx = y = ‘i—“’i%ﬂﬁ‘. For vertical ssymptotes cosx =0,

-—-}(x(%x = x=—§.1§=} lim y 400, lim y=—o0, lim y = 4 00
and lim y = — e x-——-; x-;,-- X~z
X
:_y = —cBcX cotX + cacix = -ﬂ%i——l For critical numbers cogx =1
X 8in‘x

or sinx =0, 0 <x <% = no solution. I x-—2, %——1 >0 and the curve

iB always increasing. As x -o% s —~0and a8 X —« X", ¥ ~ o0,

2 - : i
g-xg = co8X — Bec’x and %x—l; = —ginx —~ 2sec’x tanx = -—ninx--z;g:

__sinx{cos’x +2)

s . PMblo points of inflection occur when sinx =0 and

vartical asymptotes cccur when cogsx =0, — -5 Zex <3' —~x={, %‘ =

Interval ! — sinx cos®x| cos’x +2| (x) f(x)
. - !
—Z<cu<ot + + + + concave up
o<x<X - + + - concave down
T<x<x | - — + 1 + concave up
r<x<¥T | 4+ - + - concave down
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B. A. Domain. (—%,%)
B. Intercepts. f(0) =0 is the y-intercept. x-intercepts occur when xtanx 0

= x=0.
C. Symmetry. f({—x)= —xtan(—x}=xtanx=[{x]
= symmetry about the y-axis. '
D. Asymptotes. For vertical agsymptotes set coBXx =0 = x = '_%'%'
lim y oo end lim y =oo. Therefore verticsl asymptotes are x = + 3.
x——I* X =3 : ' 2
X 4+ 8inXCcosX
cos’x

E. Intervals of Increase and Decrease. :—:: ﬂxsecza_c +tanx =

Critical numbers occur when x < ginxcosx =0- - _
- Sin2xm —2%X, —X<2X <% = xw=0 or when sinx=0 = x=0.

Interval x +8ginxcosx cos’x I’(x) {x)
—Z <x<o — + - decressing
o< x < % <+ -+ + increasing

F. Loca!l Maximum and Minimum velues. When x=0, minimum value of y =0.
G. Concavity and Points of Inflection. y* =2xsec’xtanx + 2sec’x '
=2gsec?x(xtanx +1). If 2sec®x(xtanx 4 1) =0, tanx = -% has no solution in
our domain. There are no points of inflection. The curve is concave up.

H. Draw the Graph.

® Xt'

- X pd

x 2 2
y=ztanx

9. {a) adisecx -a‘-’g(coux)—‘— —(cosx) " %( ""'i"")"co%:x ng',f‘ = goc xtan x

d comx_ Sinx({ —sin x)—cosxcosx _ _ sin’x + co8°X

l -—
(b) ax SOt X = axsinx sinZx . sin’x
1 2
WK e Y m xc
gin’x
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10. f’(x) = —2c8c?2x and {x) = —4ecge2x( — csc2xcot2x)(2)

fix)=1"(X) » cot2x =8csc?2xcot2x = cot2x(l—8cac?2x) =0 = cot2x =0

- x 3x $x Ix X 3x 5% 1z
- COB2X 00$2xs41r=o2x-=2,7 5 5 P X=0

‘11. 2x 4 2tanysec y: = 2gec’ ytanyg: :‘z = %g_gx_

_42(_ ~ 2 —_ 2 - ax . 1
2xdy+,.tanysecy 2sec’ytany —1 = TS

-l 2.1 o oyl
Therefore 2x 55 = X y X ;|;2.

13 i1 1 L _,é
12. f(x)=ysec?(*N7) = f{x) =[secx?)? = r’(x)zg(secx‘ )"’secx*tanx‘(%x 1)

3=ec2(‘r) tan(Yx}

8(*¥x?)

- dX _ __3gi 2 dy _ d_v dy . dt
13. x=cos3t = at = 3sin3t and y =sin“3t = 3t 6sin 3t cos 3t. 3t de

L9y . dx _ 6sin3tcos3t _ _ - dy

=Tt~ —3sin3t 2cos 3t 2x and i .
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EXERCISE 7.4

1.

(a) f{x)=1—2cosx. (X} =0 = cosx==- - x-3,

X 5%
3

LI (x)=2sinx.

f”f%)-ur >0 = f(73—')-§—-wr 3 » —0.685 is & local minimum.

f”(%‘)-—-—ﬁ(ﬁ - f(%)-%+{§-‘=6.968 is a local maximim.

(b) Fix)=] —ginx>0. {(x)™m0) = ginx =1 = x—%. f7(x) = —coEX

T "(%) «=[ = use first derivative test.

Interval i r'(x): f(x)
0<x <] ' + increasing.
-}' <x 2K -+ increasing

There are no local maxims or minima.

(c) f'(x)=4sin’xcosx — 4cos’xsinx = 4sinx cos x(sin ’x — cos’x)

w — 2BIN2XCcoE2X. I(X)==0 = 52X =0 orcos2x =0, 0 < 2x < 4%

> 2x =0 E X x EE aw TE ux m x om0 T T 3E x SK 3N T o
Interval -2 sin 2x cos 2x f’{x) fix)
o< x < % _— + -+ - decreasing
I<x<% - + - + increasing
ITca<E - - —_ - decressing
27 . .
LR R & —_ —_ + + increasing
x < <5-7" — + -+ — decreasing
T a< - + - + increasing
%‘ <x < 4 - - - - decreaxing
X , .
F<=<2% -_ -+ — . increasing

The local minima are ({3) = () = ()= (ZF)miti=l
The local maxims are r(o)-r(-z-)-i('r)-f(?-;!)—f(zr)-1.
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(d) f{x)=xco8x +8inXx —ginX =xcosx. {'(x)=0 = x=0 or coRx =0
- x--z, ﬂ.; (%) == —XBiNX + COSX.

¥y x x _I - :

3 -——-2—)-—§<0 - f(w-z) 5 is & local maximum.

f7(0)=1>0 = [(0)==] iz a Jocal minimum.

f"(%)- ——%(Q = f(%)—% ig a local maximum.

2, (@) f*(t)=2cost +2com2t. f{t) =D = 2cost+4cos’t —2 =0
w 2co8°t +coBt —1 =0 = (2cost—1)(cost+1)=0 = cost—%

or cogt = —1 = t=—mx, —%, %;'Jr.

Interval j2cost—1 { cost+1 | r(t) [ f{t)
—'t<x<—§ -— -+ - decreaging
—% <x <§ + + + increasing

% <x<%X - + - decreasing

f(—%}——ﬂ— is & local minimum. (3 )—34318 a local maximum.

Test the end points of the domain. f{ — %)== —1 and (%) = 1.

Therefore —Jﬁ is an sbeolute minimum and $ is an sbeolute maximum.

(b) f‘(,t)—2sintcost +4costlintr—6uintc0lt. f/(t)=0 e gint =0 or cost =0

L t“'—'" """'2"" 0. 2, X.

interval gint ; cost | f’(t) r{t)
—xLx< --»% — - + incressing
—F<x<o - + - decreasing
o<x <3 + + -+ increasing
T<x<x + - —_ decreaging

f(—-%)—l is & Jocal maximum, £{0) = —2 is a local minimum and f(%)—l in e
local maximum. Test the end points of the domsin.

f(—%)=—=2and f{x)™—2.
Therefors —2 ig an sbsolute minimum and 1 iz an absolute maxie
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Let the area be A cm’and ~B =#.

. e
Since A =1 AB X AC,
and - BAC =—g (angle in a semi-circle ),
A

end AB =10cos@ and AC =10sind, 0 <8 <%,

therefore A = S0sinfcosb = 25sin26.

A’ =50c0s20. A’ =0 = 6 =7,

When 6 n%, A7 = —1008in28 » —100 X1 <0 = 2 maximum.

Therefore 0—% produces the triangle of maximum ares.

Since AAOB is isosceles the -sititude OM
bisects the base and L AOB.
Let the area of AAOB=Acm®
and £ AOM =86, 0 <0 <3.
Since A =0OM X MA,
and OM =5cos 8§, and MA =5sin 6,
therefore A =258inf8cos6 =% sin26.
A’ =25c0820. A’ =0 = @ =§.
When 8 =3, A”= —50c0820 = —50 X1 <0 = smaximum.

3
Therefore £ AOB=~=20 -=% produces the triangle of maximum area.

Since ABAC ig isosceles the altitude AM R

passes through O, bigsects the base, and

bisects ZBAC.

Let the area of ABAC = A cm?®

and JBAC =8, 0 <0 <x.

Therefore .BOM =2 /BAM =90, v 1 e C
Since A = AM X BM,

and BM = 10 8inf, and AM = AO 4+ OM =10 4 10cos¥, _
therefore A = 105in6(10 4+ 10cos8) = 1008in8 + 100ginbcos8s.

A’ = 100cos0 — 1008in“0 4-100cos?0 = 100(2co8°4 + cosd —1).
A’=0 = (2c0s0 —1)(cosd+1)=0 = cos6=1 = 6-1.

A" == — 100gin®— 2008in8cos8 — 200g8inOcos® = — 100(=ind 4 5in28).
When 8 =%, 5in6 +8in20 >0 and A” <0 = maximum.

3
Therefores ZBA -g produces the triangle of maximum area.
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6.

Vwith the ground is F/CAB =20, 0 <# <32—.
A é

Since AQPR is isosceles the altitude PM

bisects the bage. P
Let the area of AQPR = A cm?
and ZPQR =0, 0<6<3. b 1\,
Since A = QM X MP, .
. . -
and QM =QB +BM =2cotf + 3, & d?ﬂ s R

and PM =ME 4+ EP =24 3tan#,

therefore A =(3 4 2cot8}(2 +3tan8) =6 -}+9tand 4+ 4cotf 4 6.

A’ =9sec?d —4cnc?0 = (35ec® — 2cucB)(3mech +2cach).

A’ =0 = 356cd —20c5c8 =0 = tandm? = 8058800 radians:
A” =18 gec?9tan® 4+ Bcsc20cotd > 0 since 0 is acute = minimum.

Therefore ZPQR = 0.58800 radians produces the triangle of minim_um'nm.

The length of the ladder is ACm
and the angle the ladder makes

AC == AS 4+ SC =Bcscf 4+ 27sech.

AC' = —BescOcoth + 275ec@tand.

! — gecOtand _ B 3.8 -2 — ;
AC w0 = cachcotd ~ 37 tan 8 > tand 5~ 8 = 0.58800 radians.

8

AC” =8csc®0 4+ 8cacBcot %0 + 278ec 0 4+ 27sectan %0 > Osince 8 is acute = min.
Therefore £ CAB ==0.58800 radians produces the ladder of shortest length.

Let the length of the shadow be'x m

and the sngle of elevation of the

jven 48 - _1
sun be 8. We are given 3t g

50
ince X =cotf. L9X o _cnc2pdd
Since 30 cot 6, 50dt CHC odt' 1
dX .. _spcge?gdf X dx _1_
Therefore ) 50csc Odt' When @ 3’ at 50 X2 X a 25 wm/h.

Therefore the shadow is lengthening st 25 m/h when the angle of elevation of

the sun is %
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10.

11'

Let the projection of the string
on the ground be x m and the angle
it makes with the ground be 8.

0
We are given %’f =3 m/s. Y
X 1dx _ 2948 X
Since 6 = cot®, 30 at c 0= at”
Therefore ‘—l-ﬂ - — m——l-—iag’t‘ When the length of the string is 80 m,
CEC
go -— -— f%‘-'-’-;?“ = —o0.0187¢ M/S. -
t 40 J\[ ]

Therefore the sangle between the string and the ground is decreasing at
0.02 m/s when the length of the string is 80 m.

Let the distance along the shore,

measured from po-int P, be x m and
the angle between the beam and the
péerpendicular be 8. Q2

We are given g—f --41r rad/min.

Since 65—5 = tan 0. E'f =925gec: T

When x =0, %.{ =825(1)2(47) 11624 m/min.

When x w1275, Sec w= 12751984 4ng g—f - 92¢ X ““’2‘:5" X 4% == 33 708 44005 M/ Min.

Therefore at the closest point the beam sweeps along the shore at 11624
m/min and at & point 1275 m from the closest point it is moving at 33708 m/min.

Let the height of the trianglé be h m,
the angie between the given sides.
be 6, and the area be A m°.

We are given ﬁ"t' = — 0,035 rad/s.

i § Y - i d—néﬁ de
Since A=m4h =4(68ind) =24gind, 3t 24cosodt

When 6 =F. 92 =24 x Y 3 % —0.035 = —0.727 m/min.

Therefore the area in dacmsmg et 0.727 m*/min.
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12. Let the angle between the ladder and

13.

14.

the top of the wall be & and the distance )
from the foot of the ladder to the wall 18
be x m. We are given dx -2 m/s,
dt .
r &
ince X —ging, 8% — 10cos99®, ang 90 _ 1 _dx
Since i6 =g§ind, at 10cosﬂdt, an§ 3t ~0cosdat’
When 8 =-=-145, gg = i-6—>1<—-1- x2 ==1r5—E . Therefore the angle is changing at the rate
\z
of %’ rad/s when the angle is -E

Let the altitude be h cm and the base angle

be 8. We are given % =1 cm/min.
i h _ dh 29d8 dé ___ 1 dh
Since 10 tan@, dt 10sec edt and al " ToeecTgdt” L 3O —p

When the ares of the triangle ig 100 , h =10, and the equs! sides are 104—2-.
d—-9 -_ —-—!‘— - l . 3 3 i
Therefore at — 1053 ~ 36 Therefore the bage angle is incressing at 0.05

rad/s when the area is 100 cm?.

Let the distence from the point on the path
closest to the searchlight end the vehicle

be x m. Let the angle between the beam of the
searchlight end the perpendicuisr to the path

be 6. We are given g—f -4 m/s.
ince X — tan6, 9X — 20mec?698 ang 80— L _dx
Since 30 tané, dat 208ec adt and at " ot dt

When x =15, the length of the beam iz 25, and at — 3o X% x4 5%

Therefore the searchlight is rotating st 0.128 rad/s at the required time.
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15.

16.

17.

Let ZBAC =28. Since AABC is isosceles,

AM the perpendiculer to BC passes through
point O, and L MAC =8, and ZMOC = 28. Let the
area of AABC =A,

A =AM AMC = (A0 4+ OM)(MC) 8
w=(5cschd +5)(5c8cO 4 S)tand] »=25(csch + 1) (sechd + tanh)

= 25(csc@sect -+ sech | sech + tand ) = 25(cscBsech + 28echd + tand)
A’=25({cschgec@tané—secOcschcotd + 2gec Otand 4+ sec?6).

Al —0 = —1 ~l_2sim80 . 1 _g

cos’0 Ein‘0 cos?0 cos3B. .

i 2 2 i3 s 2
- 580 —cos g+2"2" 84510 0 0o = 5in% —1 +8in°0-+25in°0 +5in?6 =0
sin“Bcog“P '

= 2gin°0 + 38in%0—1 =0 = (5in®+1)(28in’0 +5in —1) =0
w (8in0+1)(28in0 —1)(Hin@ +1) =0 = 25in0 —1 =0 = sinﬂu% - 0=
If 8=05, A’<0 and if 8=0.6 A’ >0

X

v

= a minimum sres occurs when . BAC =28 —%. P
Let ZQAB =0, 0 <8< _ " aAp
Therefore ZPDA = ZRBC =8, Q P 7
Let the area of rectangle PQRS be A m°. ) 3 g
Since A =QP X QR ={QA + AP QB + BR), y [

BN\e G

therefore A =(3cos8 + 48inf }{35iné 4+ 4cosd)
= A =9sinfcosd + 12cos20 + 128in%0 + 16sinfcosd
= A=235in20 +12. A’ =25c0529. A’ =0 = cos20 =0 )
»260=2 Osg-. A" == —508in26 <0 when 6 = § = maximum.

2
Therefore the maximum area of PQRS = ;-‘3_; x é - w248 m°,

Let A = the area of quadrileteral ABCD
and m = the disgonal DB. Let 2 DAB =¢§
and £DCB = 8. Since A =ADAB+ADBC, A
therefore A —§ X2 X 3sin8 + ] <4 <5sing
= A =3s5in0 +5cos8 (1).
Since m? =4 49 — 12cosf =16 4 25 —40cos 8,
therefore 40cos8ff =28 4 12¢cosf = 10cosSS =7 4 3cosd (2). y
Squaring (2) we get 100cos?S = (7 +3cos0)* = 1—sin’p = rlo(7 +3c0a0)’
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2 1
- sinzﬁmloo_(le;Bcoso) ,8inf >0 = sing =1[100 — (7 +3cos 0)2)

1
substituting in (1) we get A =3sin6 + [100 — {7 + 3cos 8)°F.

2(7+3cos8)( — 3s5inb) -0

A’ =3cosf 4+ — :
2[100 — (7 + 3cos0)?)?

3sind{7 + 3cosl)

A'=0 = if3cosf= 1
[100 — (7 + 3cos0)° ]

- 95in?@(7 +3cos8)?

= Scos?e 2
100 —{7 4+3cosd)

» 900cos?0 —9cos28(7 + 3cos8)® =9sin?0(7 + 3cos)?

= 900coe?8 =9(7 4 3co50)® = 30cos8 = + 3(7 + 3cosh)
therefore 30cos@ ==21 4 9¢cosP = cos® =1 = 0 =0 (inadmissible)
or 30cos8 = —21 —9cosf = 39cosf= —21 = cosf = —113.

Substituting in (1) we get 10cos 8 =7_12_Zli = cosf w%.

8+8 88 0.

Since cos® 4 cos 8 =0, 2cos 5 ¢ 5

Therefore 8 ';‘8 ==§ or 8 '53 =% = 84+ B=% or # — 8 = x{inadmissible)
Since 8 + 8 = % the opposite angles are supplementary.

18. This is a minimum question despite the

request for a maximum. We want the shortest F
line passing through D from one wall to the = o 2
other wall. ' ’ ] C

Let £/PDC =6,0 <6 <%. Therefore ~ZRDQ =0.
The length of the beam is PQ = PD 4 DQ.
PQ =27cacO + 645ech.

PQ’ = —27c¢cscfcot® 4 648ecOtand.

- Eind _--cos8 _ gin%0 _ 27 sin8 _ 3 =3
PQ' =0 = 64m30 278in29 conp — &4 - i tané

Therefore PQ —z7[§]+u[§] = 45 |80 =125 M.
PQ" ==27cscOcot?0 + 27csc®0 + 64BecOtan’0 + 64sec’® >0 in[ﬂ, %] = minimum.
The longest such beem is 125 m.
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EXERCISE 7.5

1.

(a)

b)

(c)

(d)

(e)

(1)

{a)

(b}

{c)

(d)

(e}

()

(n)

(c)

(e)

6))

x x . x

T = siny=}, —FSy<F =~ y=%

Let y=sin""}

Let y=cos™'(—3) = copy = ~1, 0<y<7® = y-z"

Let y =tan™’(—1) = tany = —1, ~Z<x <3 = y=-%

in"i(—-L inym ol —X N
Let v =sin™'( ﬁ] = Biny L 25?52 -y 3
= cosy-{.,ﬂgyg'x - y--‘-‘-

- tanyaﬁ -—-(y(,) - y—.s-

- tant12 -12 x "
Let y == tan™" {5 = tany 13,0<y<2 = giny e

Let y = sin™'] = siny =2,0<y s§ = cosy =1

Let y =cos™'(—1) = cosy=—§,§g‘ys1r -o_t’nnyu-—l’wﬁ

7 . dis

Let y =cos '] -cosy-e,os‘,y$2 siny = ==

= COEV m= 2=

. 0<v <«
S 74

- -

Let v =tan”

H
LLITEN]

» tany =

dua~
(ML ]

mgin M —2) =» g - e e o X - - —
Let y ==gin"*( ﬁ) Einy i 253150 tany 2

ﬁn(Sin'lg)—g (b) min“(sindf) =X

sin~ (5in 2 ) = sin ‘ﬁ -3 ) -con(cos“"?;)--?

cos” (coplf) m ZE n eos”[cos(-—-}')]—cos"'q-l_;—:—r
tan(tan™'y3) = 3 @) tan”'(tanSl) = tan™(~ )= —F

t.n"[tan( —-%)]- -I
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4.

(8) Let #==5in"'x = gin@=x (b) Lete—cos X = cosf=x

(a)
- conf =41 — x? - 1 —x° )
4'_";';-
(c) Let § =sin"'x = gin@a=x (d) Let 0 =coB'X = coBO ==X
- tan@ == —X - tnnon
1-—){2 1.- (d)
(¢) Let § =tan™'x = tanf =x (f) Let f=tan'x = tanf =x

= Sind = -——X = - 1 ' - . @)
sind m cosf m f x )

() Let 8 =sin'x = x =sgin@. Now cos(2sin™'x) =co820 =1 — 28in’f =1 — 2x*

(2) Let 8 =sin” '2 = gin@ =3 Now sm(2sm )
=8in20 = 28infcosf =2 XI X3 m-

(b) Let @ —sin" 5 = Bin® =5 Now cos(2sin™'5) = cos26 =1 — 2sin’0

118

ad ™ 168

{¢) Let 8=sin""! and 8 =gin % = sind =1 and sin 8 —_§.

Now sin(sin™'} 4+ sin™'3) =sin(8 + B) =sindcosg +couﬂsmﬂ

..%xg +2_f_;x§_ﬁ‘*"__’_“_ﬁ

(d) Let @ =sin™ 3and 8 =~cos™} = sin@=3Jand cosf =1L
Now cos( gin™32 +cos™} )=cos(0 4 8) =cosbcos B —gindsin B

B ESVEVONE SV0. [P, At L T
() —1<1—x<]1 » ~2<~x<0 » 0<x<2
) —1<x%< =» 0<x2<] = IxI1<l = —1<x<1

(€ —1<1=x2<1 = ~2<—xT<0 = 0<x?<2 = Ixi<y2
- —J2<x<y2
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6.

d) —1<—%x°<]1 =» —1<x°<] = 0<x°<]l =» Ixig] =» —1gx<]
(@) —1<x*—4<] =» 3<x*<5 = —{S5<x<—{3or Bcxgds
() —1<dx—1<1 = 0<x—1<1 =» 1<x<2

(a) Let t == Aux-2',x—2-0',andt-—m.

Therefore lm tan™ iz = lim_ten'te -I
X2 -

L =0

(b) Let t =x°. A5 X =0, X° =0, and t ~oo,
. . -l . -1 “I
Therefore xli.u‘:,° tan™( x’)—t!_x.ngo tan™'t =3

(c) Lot tamx —x°. AB X =00, X—X == X(]l —X)}~ —~occ and t = — oo,

. -1 . - _x
Thererfore xll."& tan”}(x — x°) - im_tanTt = 3

(d) Let tms2i- Asx=3%3—-x—0", 52~ —coand t— —oo.

Therefore lim tan"{
X=—3*

lim_ tan't= -3
oo

t——

X
3—x

(2) Let tan ‘2= A, sin™'} =B and tan™ ¥ =C. To prove A +B =C it is only

necessary to prove tan{A 4+ B)=tanC. tan{A 4 B) = ttntA-:-At:;BB
s ,
-l 2T 20 L 2T o tan C.
1—3x: »oETEH

(b) Let tan™'} = A, tan"'} =B, tan™'} =C, and cot™'3 =D.
To prove A 4+ B 4 C =D it is only necassary to prove
that tan{A +B 4 C)=tanD.

Ll _3.+L
tan(A+B)-l:_%;<!— 2. tan{(A+B)+C]= :-%;:s‘a_% L =tanD
L

(c) Let & =szin™'x.Now sin{2min"'x) ==gin 20

— 2sinfcond =2x X L — 2y fT 0.
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1 —mn -C.
N1 4+ m?)(1 410%)

(d) Let tan'm=A, tan"'n =Band cos™’

To prove A 4 B =C it is ottly necessary to prove cos{A <4 B) =cosC.

cos{A +B)=cosAcosB —sinAsinB

1 x 1 — m x n
41 +-m? ‘Jl+ﬂ2 Jl +m? JT—f-nz

1 —on =cosC.

TG+ G 1)

9. Let tan'ga = A , tan 'c=C, tan";::b =~R; and tan llb-i- e — S To prove

A—C=R+S itis only necessary to prove tan{A —C)=tan(R + S).

1+ab +1+bc
a—b b—c
-7 XT Toe

tan(R +S) =

L(a=b){14be)4(b—c)(]14ab)
(1+ab}(1+bec)—(a—b)}(b—c)

_e+abc—b—blc +b+ab’—c—abe
1<4bc 48b+ab’c —ab +8c +b°—

_a—c—-—bzc-}-ubz __(a—c)+b¥(a—c)
1 4+ac+b°+ab’c (1 +40b%)+uc(l +b2)

(a—c)(14b%) o~
- A e ~ TR A —0)

10. Let tan'x = A, tan"'y =B, and tan”'z = C. Therefore A + B + C=x and

} tan(A +B)+tanC _
tan(A+B4+C)=0 = tan{{A4+B)+Cl=0 = 1 —tan(A 4+B)tanC 0

tanA 4 tanB -

tuuA+ tanB +tanC —tanAtanBtanC -
T—ten A tanB =0 = numerator =0Q.

Therefore X +y 4+ z2 —Xyz0 and x4+ y +Z =xyz.
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11. {a) f(x) =sin(gin™'x) = f(x)=x (b) f{x)=sin"'(sinx)

in the interval [ —1,1) :
- f(x)=—x, —Fcxg -3

= f{x)m=x, "% <X S%

- f(x)m=—x%, F<xg¥F
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EXERCISE 7.6

L@yl Lyl
-Jl—-(x-i—l)"' x —x% —2x
) y' = =1 _d.2y . _=2% () yy=—u= & (3x)=_.3

1 —(x 9% J1—x* 1 +4(3x)dx 1+9%°

o=l z 2
(d) y’=2sin"xi(sin'lx3=“5m X (¢) y' = —1 3x° — —3x
a0 = AR T
- (%)
) vy =(1 +xzali-#]+m"x(2x>=1 +2xtan”'x
-1
@ v=—=l _lox-1n"2)= ezl
1—(2x—1) Je=—202x -1
(h) y’ = 1 - COBX
Y T stk T 3 _cos’x
() y' = 1 w (1 4sinx)( —sinx)— cosx(cosx)
{ - cos?x {1 +sinx)
{1 4+sinx)? :
- 1 4sinx w —Sinx —sin’x —cos’x

1+ 2sinx +—sin2x.-—-coszx (1 +sinx)?®

~ginx — 1§

- siax—3 =1
1 +sinx)y‘28in2x+2sinx J2sinx(_sinx+l) '

m-lx-.%—sin-!x —t
G) y = §1 —x? l—xzi_ coE 'x —gin~'x
(cos™'x ) (cos™'x P41 —x?

-—{tanix)—2 1 —1
) ¥ (‘nn x) 14+x* (1 4+x%)(tsan*x)?

() y' = —2(cos™x?) "3 —=L_(2x) = Ax
Ji—x (cos ' x? P 1 —x*
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) S

=X —14x*+x

~1 + x?

14X

2

- l_x=lal_ 4 x2
(m) y’ l+,+1+ixxz 211
x.""z"z— l-x
241 —x 1
n) y= + =
2 ryme=

x‘ah —x?

x? 41 —x?

(0) y = 241 —x 1 l—x + %% --1 +x x2
< -
l—-x 1—-x% (1 —x )2 J\l--)("’)3
(P y -t = K =X X% o IXIEX
'41—::: ]-l-—(l-x’) 241 —x? 1—x° Ixjd1 —x* x|d1 —x?
2xcos(sin”' x*)

@ =(2x) =

y’ mcos(sin™' x?) —=—
‘ Jl —x* -11 -x*

) 1 XI - 1

(=)

Nlr-

+ tan"'x. r'(l)-- +t-a"1

2.t
1+x=

line.

x
+-4--

(14 x*)41 —(tan”'x

+con(§) )= 2L+ 2xcon”(3)

24

=gslope of the tangent
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3.

s‘

6.

7.

1
- o i e i
TRTE RS

LS Lo

f:“w
[ &

(2)= + gmin™*

P (x) = e gin™ (¥ + =2, 2
* 441 X [ ] 416 —x? “401 -1

16

1 . x X a=sglope of the tangent line. !‘(2)-—2sin”%+m—%+2~r.

The equation of the tangent is y—-—-—2~r= (x —2)
= 6y —27r —12Y3=7x -~ 2% = *X —6y +1243 ==o0.

7] - ’ - = 31' 3
F(x)=4(3tan x)* = + nd ﬁ)—4(3tanlwﬁ)1+3_4[?]°[‘-‘]=31r3.

R ) , 1 , L 1 —y?cosx —x’y’cosx
cosx +Binx(2 = _ (2ys 1)y’ =
y (2yy’) T2 Y =& inx +1)y LT

- y,wl —y2cosx —x°y%cosx
(14 x*)(1 +2ysinx)

X
prx)=X—3N6—2x)  F  i9___3

246x — x? [ (x—3)7

WETIEESI o ST VI
46x —x* J—x +6x

£(3) =0+J18 — 9 +

2! o 349=12,
J—9+1s

—Binx _ —SinX, —S8inX Tperefore Yy = —1 if sinx >0 or

2 Isin x|

{a) y' =
1 —cos?x gin*x

y’ =1 if sinx <0
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—{—sinx) _ sinx__ SiNX Therefore y =] if ginx >0 or

2 Isinx|

) y'=
1 —cos’x Jsinx

y' = —1 if ginx <0.

¥

¥ = cos” '(cos X}

41 —sin’x wlcoc x ~ icosx]

(c) y’ = —S08% coBX COBX_  Therefore y’ =1 if cosx >0 or

y= - oM< y

X

_-2:::2:: :.2.!.&2’.! Therefore y’ = —2 if sin2x >0 or

!lll

y’ =2 if sin2x <0.

'1!&!!2:(0 ’ ¥

—~2w\f-w n 2w x

-y
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REVIEW EXERCISE 7.7

1.

(h)

(i)

(a)

(b)

(c)

(d)

(o)

(N

; 1 Siﬂ%x-l -l .“‘xﬁ
(®) 3 %’lcu_n'o Y 2{1) 5 (b) lim 1
() 3 tim S23%_31).3 () Jim BBX Jim SX o (1)(0) =0
; X_ _ ' . BINX g - -
(o} Jim s =1 () Jim =S5 Jim cosx (1)(1)==1
— — 1 2
@ Jim L1228 X) g gy SX i ginx = 2(1)(0) =0

lim 2sm X =2 lim 80X [im ,l‘lx
X=0 x°cos’x X9

p 1_ 201,
121“’:'°coszx 2(”(12) 2

x
= —x
lim —2———-—- 1
I-—x-o mn(——x)

y’ = 4tan®3x(8ec?3x)(3) =12 tan® 3xsec?3x

(1 —2cosx)cosx —sinx(2sinx) _cosx —2(cos’x +sin’x) __ comx —2
[1—2coux)2 ' (1 —2cosx) - (1-2cosx )y

y’ -

y’ = gec X’ tan x°{2x) = 2x sec X" tan x>

(1 4+x°)2cot2x( —cme?2x)2 — cot? 2x(2x)

Y= (1 +x)
_ —2cot2x{2(1 +x?)eme® 2x + x cot 2x]
(1+x°F
v’ = —cac(x® + 1)cot(x® +1)(3x%) = — 3x*cwe(x® +1)cot(x® +1)

Y’ = 2sec{xtanyx {;ﬁ) _”._cﬁ:lnjx

2 2
Y- t(xuax)—'i[xm!x <+ tanx) = tanx -4 xsec”x
’ 3Yx tan’x
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(h) y’ =2cos(tanx)[ ~sin{tanx)isec’x = —sec’xsin(2tanx)

. —1 . _(cosx—l)[coc(x—liux)]
@ y'-ain’(x-—siux){m(:-"nx)"l —cosx) sin’(x —sinx)

@y =—sin(x—y)l —y)w|l —gin({x~y)]y = ~gin(x—y)
- —sin(x —vy)
1 —gin(x—y)

-y’

(®) (1+y)com(x+y)+(1—y)cos(x —y)=0
w [cos(Xx +y)~coB(X < y)]y = —com{x—y)—~cos(Xx +V¥)

-y SOB(X—y)tcon(x+y)
cos(x —y)—cos(x +y)

(€) y' =(1+y)aec’(x+y) = [1 —sec’(x +y)]y’ =sec?(x +y)

sec’(x+y) _ sec’(x+y) _ _ sec’(x+4y)
1—mec’(x+y) —tan’(x+y) y:

- y’-

@ —(14y)sin(x+4y)= ycosx +y’'sinx
= —[sin(x +y)+sinx]y’ =sin(x +y) + ycomx

' YCORX +3in(x+Vy)
sinx +sin(x +y)

i 4

(0) —(xy’'+ylcac’xy +xy’' +y =0
= (—xcoc’xy +Xx)y’ =ycac’xy —y

-y diemixy ~1) vy
x(1 — cac’xy )

() —(1—y')ese(x —y)cot(x —y) +(1 +y')sec(x +y)ten(x +y) =1
= [esc(x —y)eot(x —y) +ssc(x +y)tan(x +y)ly’
=1 +4csc(x —y)eot(x ~y)—mec{x +y)tan(x +y)

_!+m(x- )cot{x-—-y)—-mt:-}-. tan(x 4 y)
csc(x —ylcot(x —y) +sec{x 4 y)tan(x +y)

y’ ==cosx —sinX. The tangent line is horizontsl when y'=0 = sinx == cosx
» - - -X - 'l'. oi X 2
tan:' l,:sxsh Xeg Or X ST 'I‘h.pomt-m(,.q:)
m{-;.—-q:).
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y’ =sec’x. When x = —3, Yy = wﬁ and y’ =4=the slope of the tangent line.
The equation of the tangent line is y —wr ==4(x —-—\
= 12x —3y +3~E —4x =0

tany

xsec’y{y’) +tany =y’ = (xSec’y — 1}y = —tany = y’ = —,
) 1l —xsec’y

x x_T ' x tanl
When y =7, xtang =2 ~1 = x =7 —1. Therefore y’ = —
7

— _ 1 -1 __2 _ )
'1_(%_1)({5)2 3_Z &-x slope of the tangent line.

Let the area of the triangle be A cm?® P
and £Q =# rad.

Since A =1PRXQR,

A =1(10sin8)(10cos0) =25sin 28.

dA _ ~>pdf x de _ _x
at S0cos2 Bdt When 9-—6 and = 3@ = -

ET =50 )<2 X o— 36 = 361 Therefore the sres is decreasing at £ x cm/s-.

Let the area of the triangle be A cm?,

side AB =xcm, side AC =ycm, and B

ZA =0 rad. Let the altitude drawn from

B be h cm. h

Since A =iyh, 4 e
A ==3y(x8inf)=1xysgin@ and J

dA 1 dé dx
at :tzyc:cnsodt + z smo[x Ydt

When 0 =T, 94 — 1040)(75X L) (,Z) + 1111120 +150) = 258y 4138

dt

The area is increasing at approximately 90 cm®/min.
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9.

10.

11.

Let the distance from the perpendicular
that the beam moves along the shore be x km —17

and the angle between the beam and the

perpendicular be 8rad. ¥
ince x — dX _ 4 pect o0
Since x =4 tanb, dat 4sec Odt'

When 0 =7, 4X —4({2)%64x) = 5127.
Therefore the beam sweeps along the shore at 512x km/min.

Let the area be Acm’® and the angle
between the given adjacent sides be 8.

h is the altitude drawn from P. f .

Since A =3h and h=4sind h
therefore A = 12sin® and A’ = 12cosd. Vs K
A'=0 = cosf=0,0<8<7T = 0=3 4

A= —125inB = — 12 <0 .
Therefore the triangle has maximum area when the enclosed angle is % =90°.

The gutter will carry the maximum amount

of water when the area of its cross-section ;’ i"'

(see diagram) is maximized. Let the area be , by

A cm? and the distance between the parallél !

sides of the trapezoid be h cm. Let the T e

distance from the perpendicular h to the

corner of the trapezoid be x cm. The angle

in the corner is 6, 0 <8 <§.

A w=2h{10 4 (10 +2x)]) =58in0(20 4+ 20cos0) = 1008ind + 50sin 29.
A’ =100cos@ + 100cos 2§ = 100cos® + 200cos’ 9 — 100.

A’ =0 s 2co5°0 +co80 —1 =0 = (2cos0 —1)(cosf +1)=0

= cogf=i = 0—%.

A” = - 100sin6 — 2008in28 = — m‘;ﬁ -zoi 240 » maximum.

Therefore a bend of 60° maximizes the carrying capacity of the gutter.
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12. In the diagram AP =PS and AQ =QS
ie PS is AP in a different pogition
and QS is AQ in a different position.
A APQ is congruent to ASQP and
ZAQP == ZPQS = 0. Therefore £ QSR =20.
Let PQ the length of the fold be L cm
and QS be x cm.
Since x =8c¢sc28 and L = xsgecd

therefore L = 8cec 20s5ecéd —.-—-8—2— = 4(ginfcos®8) ",
2sinfcos®d
L' = —4(sinfcos’9) "% — 2sin*0cosd + cos’0).
L'=0 = cos’0 =28in’0cosf = tan’f=] = tau9=4-‘-_; = § == 0.615
If8 <0.615, L’ <0 and if 8 >0.615, L’ >0 g0 a minimum occurs .
When tanf =L tan20——2ta80_ _ V2 >[5 S04 coenpm 3
Nz 24z

Z
—tan“f 11—

Therefore x=8(;—’=-;) =62 cm produces the minimum fold.

E

13. Let the angle between the beam and the ground
be 0 and the distance from the bottom of the

beam to the well be x m. 4 25
ince x = 0. 8% o 25 gingdl dod___3 o
Since x =25co0848, at 2S.sm0dt - 3t SEaing’ .-tg .
4o _ s L 8 __ &RouND

When x =15, sin8 = 2 and 3t = —

Therefore the angle is decressing et 3 rad/min.

14. (a) A. Domain. The restricted domain {0,2%] is given.
B. Intercepts. f(0)=2(1)+4(1)® =3 ig the y-intercept. The x-intercepts occur
when coBX(2 +coBX) =0 = COBX =0 = x—g or x-g}'- '
C. Symmetry. None within our domain.
D. Asymptotes. None.
E. . Intervels of Increase and Decreage. y’ == — 2ginx —2sinxcosx
= — 25inx(1 + cosx). The critical numbers occur when sinx==0 or cogx = ~-1

» X=0 or Xx=x.

Intervel § —2sinx | 14cosx| ¥'| ¥
0<x<x ! - I + ' -— ;docrcasiug
X<X<2% |} o+ | + + , increasing

261
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14.

F. Local Maximum and Minimum Values. Since the curve changes from
decreasing to increasing at x =%, (%) =2coEX +cos° X == —2 41 = —1 is.

a local minimum. Examining the end points of the domain we get f(0)=f(2%x)=3
is a maximum.

G. Concavity and Points of Inflection. y” = —2coEx — 2co8°X + 25in“x

= —2coSX —2c0s°x + 2 —2¢co8°X = —2(2co8’xX +cosx —1)

= —2(2cosx —1){co8x +1). y”"=0 = cosx =] or cosx = —1

= x= I xor 531
Interval i —2(2cosx —1} | cosx +1 y’ y
D<x< -135 : — ' -+ + concave down
l—r <X<% : -+ : -+ -+ concave up
x<x < + + + concave up
T ox<2x - + + concave down

Therefore points of inflection occur at (%.1 .25} and ('535.1.25 }.
H. Sketch of the Graph.

v

N

T -

v = 2 cos X + cos’x

—a]

(b) A. Domnmsin. The restricted domain [ — 7,7 is given.

B. Intercepts. f(0)=0 is the y-intercept. The x-intercepts occur when
SiN2X = —x = x=0.

C. Symmetry. f(—x)= —x4sin(—2%)=+—x —5in2dx = — f{x)

= symmetry about the origin.

D. Asymptotes. None.

E. Intervals of Incresse and Decresse. y’ =1 4 2cos2x. For critical numbers

v =0 = cos2x--—§, =2 LI - 2:--—-‘31. —%.%.?
2 X X 2X
-x=—-8 335
Interval {1 +2cos2x y’
—x<x<—2El 4 incressing
—F <x<—F - decreasing
~T<x<¥ - + increasing
Tex<® - decreasing
FTx<x 4+ . incressing

]
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15.

16.

F. Local Maximum and Minimum Values. f{— 3515) = —1.2 and f{ g—) 1.9
are local maximums. f{( —-315) = —1.9 and (%f)=1.2 are local minimums.
Examining the end points of the domain we get f{(—®)= — = an absolute
minimum and f( %)=~ an absoiute maximum.
G. Concavity and Points of Inflection. y’’ = —4sin2x. y” =0
=K =—T, -—— 0, ,,,or
Interval | — 48in2x | vy

—rT<x<~3 T - l conceve down

- -215 <x<0 - conceve up

0<x<3 - concave down

% <XL™ I + concave up

The points of inflection are ( —T 1!'), {0,0), (2 ,2
H. Sketch of the Graph.

f{x)=cosx +x and f’(x)= ~sinx + 1. A sketch of y =cosx and y = —x

gives the point of intersection at approximstely —O0.7. Let x; = —0.7.

f(—0.7)

x:=xl—f:‘(?;§=—0-7— T7(0.7) = —10.739436
— f(xz) f(x3)
X3 =X, fw'(xz_) 0.739085 Xy =Xz — m = — 0.739085

Therefore the required point of intersection is{ — 0.73908,0.73908).

{a) Let 5r=¢.'.os"n'-2—3 = CWV:E,OSyS-K = y_,%
. =1 . x
(b) Let y =sin ﬁ = smy=t, —Tsy<T my=T1

{c) Let y-——-—tan"‘(—ﬁ.) n 't,any-:—{s—_—;(y (% - y-.._g-
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¥3

(d) Lety =cos™'} = cosy =L 0<y<x = sinyw

(e) Let y=tan"'3 = tany =3 —~FT<y<? = cosy=

L P Y

- gj -l—— - i --.!—_ — — l )
(f) Let y =gin \;5 siny = %= TSy <3 - tany =3

(z) Let y=tan-‘1 =3 t“anl ——<y<— = y-g_.

13 y3 x

(h) Let y =cos™ - = cosy =L 0Ky <7 oy =T

() Lety=sin"'} = siny=1, —ZcycT ayul

Mo

() Let y =sin” jz: sinyf%-;,-m-%gygg - y=X
(k) Let ywsin"gf - siny-:g_-—gyg =T
(1} Let y=cos"(--%) = cosy==—- 0y < = y-:?’r

17, (@) ¥ = =t (2x) = 2%
T4l —x* 1—x*

= + 3x”sin™ (%)

2
d -l . X
)y’ 14%x% 14x°

-1
(c) 3"’m-yllw—lx (%x 2)‘2,lx2-11~x}

(x+1)—(x—1) 2Ix+1l

(&) y = ——eere— 1 [ ]
,|1-;’:-3-11-_ (x+1) (x+1)’J(x+1)2—(x—1)’

- 2|x+l|_- Ix +1]
(x+172Jax (x+1P4x




Review Exercise 7.7

5in 2x Y - -1 [:_;]__ Ix1

1 —
(f) ¥y = ————(28inxcosx)=-——220 (g) —— =
1 4sin"x 1 +sin’x 1_# xz‘ x2~|x'—l
(h) y’ = 1 1 - 1

Jl —[sin"x]z‘\ll —x? J(l —x){1 — [sin'lx}z]

@ y=—r» 1 - S —
1+[tan"x]21+x (1 +x‘){1+[tnn xPj
18. (a) Let t—— As X - 0°,t —= —oo. Therefore. . hm tan lt——:g-

- —1— — + i — + 1 — i -lt - E,
(b) Let t e As x —-07, sinx —-0" and sy T Thoreforatl_l.q.:otan 5

19. (@) { —xcosy)y’ +siny + 3x° =[1—-—i—;.:,]y’

= [ — XCOSY —1 _;y:]Y"; —3x* —siny

{1 +¥*)(3x* L siny)
xcosy(l +y°)+1

=

=1 __i1+y)

1 —x°y? J1i—(x+yp

|

it 4

,_......._’E_._...,*__.._l__] Vol e
=»[Jl—xzy’ Jl—(X+y)zy Ji—xy J (x+y)"

—le —(x +y)2-—-Jl

le —{x +y)*+~]1 x’v2

I



7.8 Chapter 7 Test

7.8 CHAPTER 7 TEST

. 2t.n2xu nx - 2 D S
1. fa) xh-Omo x° 2[ x—ou ]zll%cos x 2(1) th)z 2

1—coBXx _ 1 —cos’x
®) hma X ®inXx xh-moxsmx(l +cogx)

. ginx )=l
= lim S22 xh-'%l+ (l)(‘+1)

2. (8) y’ =2gin(x"—2) ‘cos{x®=2) [ —4(x*—=2)5(3x*))

~24%2%sin(x® —2) ‘cos(x®* —2)"
{x® -2

(b) vy’ =gec?(cos’x){3cos’x{ —sinx)] = — 3sinx cos’xsec?(cos’x)

(1 +cotx)(—cscxcotx) —ceex{ —cme?x)

© y'= {1 +cotx)?
_ —cscx(cotx + cot’x —ese®x) — —csex(cotx —1)
(14 cotx)? (1 +cotx¥
@) y* - (1 +x0)2c0t2x( —20c8c2x) — cot?2x(2x)
(1 4x*¥

- —2cot2x[2(1 + x°)cme? 2x + x cot 2x]
(1 +x2F

(e) y’ ==4ten®xsec’x —4dmec’xsecxtanx =4pec’xtanx{tan’x —sec?x)
== dgac*xtanx( —1) = —4gec’xtanx

() y’' = —2(cosxsin2x) *[cosxcor2x(2) +sin2x( —sinx})

o —2(2cosxcon2x — 2zin® x cosx ) _4(sin’x —cos2x) _ 4(3sin’x —1)
{comsxsin2x)® con’xsin’2x  comxsin®2x




7.8 Chapter 7 Test

3.

{ —xsiny)y'+cosy —ysinx +{cosx)y’' =xy'+ ¥y
R _ PR . s _ Y —COsy -+ y&inx
= ({—xsiny +coEX —x)y' =y —cosy 4 ySinx = y Zxeiny T cosx —x

Let y ~ cos™ —2 Therefore cosy = — 0 <y <. Now sin2y = 2sinycosy

®) y' =

[ )
i
Bl
Pt
]
%)
I
&l
b
~
'Y
{
»
13

(b) y’ 1

_ [x+1—(x;1)]= 2 2 1
1+[§~;1]= (x+17

(x+1P+(x—17 20x*+1) x2+1

—1 —COBX _ —COBX _ ;1

(€) ¥y s =t {4 COEX) =
'\l 1 —sin’x m fcos x|

(a) y’=2cosx —2sin2x. For critical numbers y’ =0 = 2cosx —4sinxcosx =0

= 2cosxX{l —2sinx)=0 w» cosx =0 and x=—§, %
or ginx =} and x =3, X
(b) Interval -2cosx ' 1 —2sginx | Y | y
~—x<x<—% = | + — | decreasing
—Z<x<% + + + - incressming
I <x <§ + - —  dscreasing
§<x<"-ﬁI . - ~— + increasing
Texgrx - -+ — | decreasing



7.8 Chapter 7 Test

@M—m)=2(0+1l=1.f~D)=2(—1) (=)= ~3 (D) =201) +(d) =%

3 =2I0+i—D=1L i) =2(1)+{}) =i (%) =2(0)+1=1.
The absolute minimum in the given interval is —3

and the absolute maximum is 1.5. Pinwe

7. Let the distance east of the searchlight
be x m and the angie between the beam and AVO
the vertical be 6 redians.

Since u:.‘“%'é = tané#, therefore dx . 10008.0&2:93—?.

dt

: _ _\s _ . df do _ — 600
When x =500, sec8 = — and —lSU-—lOO_O(;;E = 9= 5000

Therefore the light is rotating counter-clockwise at :‘; rad/s

B. Let the side of the isosceles triangle .
L S

be the constant a and half the vertical
angle be 8. The volume is maximized when A

the arez of the cross-seclion is maximized. 9 (7
Let the area be A. Since A = lbh,

therefore A =asinfcosd =3sin20.

%-gcos;?eazi-acosm.%%uo » COE20 =00 <WBCT = 29—%—.
:—T‘?=—2asin29=—2a < 0 when 2ﬂ=§.

Therefore a vertical angle of : produces the maximum capacity.

9. fixl=sinx+cosx = f’{x)=cosx —sinx = {”(x:= —sinx —CcosX
= "' = —cosx+sinx = {*({.)=sinx +cosx.
Therefore f(x)=*(x)=®%/x}= ... = pn=4i,i€N.
p —1 . -1 : .
D =mJl—-w:c:c»s"xi"{(*11""2 e N
_—1 ) f 3
,ll—(cc:s'*x)2 i—x* [siny[l —x? : cos™'x
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Cumulative Review For Chapters 4 to 7
X = lzm T3

k- o]

b Xl}-‘gb x-'r3

1 a: lim X = >
x—-3% X +3
. X 42 1 > S . z ) .
c \11_211 e =6 ud;th X" 4+ x°) ==x!-l.tilmx 1 +x) o
L SR :"‘L-.
‘e, lim —= +1 lim e = 2
X x= 4+ 3x =2 X"°°l e
F lim \2:{" +1 lim 2 +1 .
X X" 3Xx + 2 x—- x4+ DIx2:
(g} lim cotx = ~= ¢h) lLim sindx _ 3 lim sin5x _3
i ¢ Bx Bs.—ac 5x 8
SinéX  __ g jiym 5iN6X | T TE ETE
3 ll_l_l‘il:l = .h_lz? ostx 3i11l;:=3

tantx lim 2xcosbx

() lm S22 = lim
> —1 _ pi — 2sip® . sinx k
cos2x —1 _ o —2sin x=——[_}mg_ sinx ]:=_1

Ny . »
X -t -X
£

Mo

() lim
% = icosy +isiny =5

E

yi=% o smxcosy + COSXSiny ==

2. sin(x +
%2 Now (2) 3cosy + 3siny =

= (1) 3cosy +4dsiny =

Subtracting (2) from(l)gwes siny =3
117 osd™ o _x _ -— Tl 1
3. ({a) sin 3 cos =3 gin{ 2~ 6] cosv:+3, rr.ms-q-m:»s3 53+5 0
tnnlw-}-tan‘r 7 1 x .
{b) l-tan Tta“ - tan[181'+-r]=tnn§=undef1nad
x - ) Sl
{c) tan ,,-=tan[-’£—3] tans .‘,t"‘-g ’r I Fld
+tan-'-;tan-— 1+ =t +1
12 4 67 : T BT
¥ o sint = x X —Ycos- X — 1 —ncostT
(d) cos 1§ —Sin"jg =cosg. Now cos 3 =2co5" 5 1 = JZ_.’ =2cos™ 5 1
T- Ll T Ix_zi
= cos’ -\F’ 3 = cosg e
(e) sin%rcos%r:-—%sin%r-z%sin[! +§ =—%sin'-4‘-' —%{r] zlﬁ
. ST N F .t
yz

$T TR

¢y [sin% —cos%}’ =sin2§ --2cos-’gfsin% + cos® g =] — gin

4. (a) sin{e +bisin{ea —b)+cos(e 4+ blcos(a —b)
269
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=isinacosb + cosasinb)(sinacosb —cosasinb)

+icosacosb —sinasinb){coseacosb +sinasinb)
=:sin"acos”b — cos“asin®b} 4 cos“acos *p — sinZasin®b)
=sin “a cos?b — cos ‘e sin“b + cos b — sin “a cos °b — sin ‘b 4 cos“asin b
= cos b — sin“b = cos 2b

: 3sina —4sin’a  4cos’s —3coss
(b) sin3acsca —cos3aseca = — — S 8 - cose

=3 —dsin‘sa —dcosa +3 =6 —4({5in-a +cosajmb—4 =2

- ~tana )
2tenda __ "1-—ten‘s _ _ dtenall —ten-a:

(c) tendes s« =22 =2 e =
] —tan~2e 1_[ 2tang ]: {1 —ten-ai-—dtan-a:
1 —tan-s

4tanail —tans; _ 4tena’]l —tan’s!

sini T —-a}cos[3—-’r +ﬂ"
‘ 2 = _sSinasine  _Sina _ 00 tans

—cotai{ —sina} cots

(d) : =
tan [; +a]sinl —8)

(8) SiNX =co8i2X —F) = sinx=cos/T —2x! = sinX = —cos 2%

= sinXx = —1+42sin°x = 2sin“x —sinx —1 =0
= [2ginx +1})sinx—1!=0 = sinx = —!‘ and x-—-‘—§6z_, —%.'1-615, !'!61

3x -
3!
-

LS

or sinx=1and x = —

(b) 2cos xsin"x—coBxsinx =0 = Llgin 2x —lsin2x =0
= gin2x{gin2x —-1!=0
5x

3x Sx
3

= Ggin2l2x =0 and x =0, ;_, T, = 2%, Sin2x =1 and x =

-h-l 4

(c) sin§ +cos’—‘=qE' = sin? +"sm"cos-+¢os ‘2=l w ] 4minx=2

- sxnx——l - \-=3-.

(Y Ein:[x+%}—cos"’[x+§]wll§ - —cos[2x+§]w-"2§

”.m[23+§]=—% "3x+§ 3:andx==5’ror"x+’ s:andx=%}
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- E |

6. (a} Let y=tan"i = tany-—ui. —3LyY<g 2 Y=
\3 3
= = tan—-—-=-—~E.

] = cosy=-—l OsygT = y==

Laf =
tHA

{b) Let y =cos"[ -z

S ] . el ! 1 x
¢c) sin sm[-——-—] =sin ]_-——
(@) [ z ] i x

- ia) y,_e‘sinx +~cosXi'li—XicosXx —sinx® l1 +xisinx +{1 —% GOS X
) isinx -q—cosx":' {8inx +cosx "
b) y' = %(cos ¥~ sinix) ° (—~ JcosxsinX -- 2sinxcosx)
o —=(2sinxcosx) _ —sinlx
2~Jcos;x —sinx  Vcos2x
) y' = __bx(acosax) —sinax(b) _ axcosax —sinax
bix- bx*
2 N i =2 N Jeosx
= - 5in xcosx]————sm[ ]=-cotxcscxsm[
smnx/’t sin“x sinx sinx
(e) y;=v(l —cot2x)2sec’2x — tan2x(2csc” 2x)
(1 —cot2x)

sec’ 2x — Dcsc 2xsec2x — 2csc Ixsecdx _ 2sec 2x(secx — 2esc2x)
(1 —cot2x) (1 —cot2x)*

-3

f) vy =x" (—cscxcotx) +csex( —2x %) = —x *cscx(xcotx +2)

csex(xcotx +2)

x3

® (1 —ylcos{x—y)=—ysinx +y'cosx
e i _ . __¥sinx +cog(x —vy)
= [cos(x —y) +cosx]y’ =ysinx +cos(x —y) = y* COBX + COS(X — y)
(h) ‘\t.nxseczx =2y’sec:ytnny - Yy =
sec"ytany

(i) y’ =sec?[cos(sinx)][ —sin(sinx)]cosx = — cosx[sin(sinx)]sec’[cos(sinx)]

) y‘=x2[ ; []]+2>.sm ‘(5)= J.__+2xsm (x5

-5
y 1 (x~—-1){(1)—x(1) x—1—x
x) y’-—-—-—_[ ]_--—————-m——
x—11- * (x—1)

2n
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_ Ix — 1|
(x —1Pd1 —2x
1. (1,73 1
D oyt [ L
® v =wF e smas

8. ia} fixi = 4x" — 9 +6x—1; f1x) = 125" —18x +6 = 6(2x —1}x —1) =

when x = ! or 1. f“x)>0 when x < { snd when x >1. [ix: <0 when } <x<1l. Seo
fii} = }is a local maximum and f'1} = 0 is a local minimum.
3 : P R, s

ibi fixj = =%—: 4% = 3xix” — 11 —2x =2 (3( 3} = {J when

x —1 XT - 15 Xo—1)

= 0 or ..n_ﬁ x>0 whenx-\——wﬁ and when x>\l§ f’xi-()when

—\E{x <J§. So ft — \ﬁ) ——1‘_—— is 8 local maximum and l‘(ﬁ) - 3—‘"—_:5 is a local
minimutn. '
() f(x)=sinx —cosx = f’{x)=cosx +sinx. For the critical numbers
COSX +5inX =0 = tanx=—1 = x= —;. f{x) = —sinx 4+ cosx and
T"(—E!n— L >0 Therefore f(—F:= — L —L = —4:is a local

ETE S S Aaiah
minimum.

(d) f(x)=Csecx+tanx = f'(x)=>1secxtanx + sec°x =gecx{2tenx + secx)

= 280X +1 +l; For critical n_uﬁbers 2sinX+1=0 = sinx = —-.l-, or cosx =0,

cos®x 2
Therefore x = —%, —%‘, -—%, %, .-’:—r, %’5, and Mﬁ-’—r

INTERVAL  r(x) f INTERVAL  f(x) f

[—'.u.' ) I inc ["r k.4 -+ inc

*5—:5—;] - dec ;3_:] - dec

[«—%.—%] - dec [3}'&;—’" - dec

__;_l'%] ’ -+ inc [!'E—!.:'r] + inc

. Therefore [( — 55, = (I}, = — {3 are local maxima

and f{ —5) =1 (14X, = {5 are local minima.

9. {8) fi{x) = x*-—6x° +9x+2, 1<x<d.
%) = 3x°~12x 49 = 3x—1}x—3) = O when x = 1 or 3. (1) == 6, (3} =
and checking the endpointz, f(}) = I and f(2) = Z. So the absolute minimum is f(3)

= 2 and the absolute maximum is (3} = ¥,

272



Cumulative Review For Chapters 4 to 7

(b} I’:xi=2sinxcosx + 2cosx = 2cosx(sinx +1). Critical numbers occur when
cosx =0 or sinx=—1 = x =§. Since f’{x) =sinlx + 2cosx,

£(x) = 2cos2x —sinx ond (I, = —2 —2<0. Therefore f(Jr=1+2=3

is 8 local maximum. Test the end-points of the domain: f£(0) =0 and £(7)=0.

Therelore l‘(:;—r- =3 is the absolute maximum and F{0)={{%) =0 is the absolute

minimum.

10. f{x)=sin"x +Jcosx = f’(x)=2sinxcosx —2sinx

= 7(x)= —2sin"x = 2cos’x —2cosx =2{ —1 +cos®x +cos°x —cosx)
= 2(2cos°x —cosx - 1) =2(2cosx +1){cosx —1).

f(x) =0 = 2cos*x —cosx —1=0 = (2cosx +1)cosx—1)=0

- x E
= cosx = —loend x=% % or cosx=1 and x =0, 27.

INTERVAL 2cosx + 1 cosx —1 f(x) f{x)

[ o, 271 ] - - — concave down

|- - I

l ‘—:7'7 l - -~ + concave up

a4 ,

l = . a‘x] -+ — —_ concave down
11. {(a) y = 2x* —x*. A. Domain is R.

B. The y-intercept is 0 and the x-intercepts are 0 and :\E

C. fi —x: = fix! so the function is even and is symmetric about the y-axis.
D. There are no asymptotes, blf\_t lim wxzfl' —%x%) = —x.
E. 5%} = 4x —4x® = 4xi1 ~x-)(1 -:x} = 0 when x = 0O or +1.
Interval b 1—x 1+x f! f
{ —ao, —1) - -+ —_ + increasing
{—1,00 - + -+ — decreasing
{0,1) + 4 -+ ~+ increasing
1,00} + - -+ - decreasing
F. f{ 1)} = 1 are maximum values and f{0) = 0 is & minimum value.

LY
i

G. f{x) = 4 —~12x% = 41 —3x*) = 0 when x = iﬁ f is CD on(—w,—ﬁ.

and (L,00). fisCUon (- There are inflection points at ( 4 2,3,

'E TNI_":') 3
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H. 4

(-1} tl. 1)

-1 i x

b y = x x-i-i. A. Domain is [—l,a_o).
B. The y-intercept is 0 and the x-intercepts sre 0 and —1.

C. There is no symmetry.

D. There are no asymptotes but‘{i_i_.rgox x +1 = %,
» o I - Y : -

E. fix) = Jx+l4—X = XF2FX _ IX+Z 4 chenx = —I fis

HNx 41 x+1 2dx +1 o
decreasing on { — |, —=;} and f is increasing on ¢ —'g.a:;. 7

. . )
F. fl =3V = —"TE is an absolute minimum.
6.x”+l«-3x -6-; ‘
J + —_3x 2
G. ix; = . X - = 6x+6 3x_ = - 3!‘+'-. Sof is CU on
4(x-1-1_i 3 ’

Ax + 12 dx + 1

e 1N

H.

2
c) y = =% A. Domain is { —oo, — 1) U{ — 1,1} U{l,).

x> =1
B. The y-intercept is 0 and the x-intercept is 0.

C. fl —x) = f(x], so the the function is even and symmetric about the y-axis.

2
D. lim X = 1,30y == 1 is e horizontal asymptote.

X 06 x° —1

lim fix) = lim fix) = —oo and lim fix) = lim f(X) = o, 50 X = <41 are
x—1- x—-1? X—-1" x—1

vertical asymptotes.
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E. ["ix) = 3xix‘.ﬂ_1;f2x- = ,_“:x = == 0 when x = 0. [ is increasing on
(x-—=1r (% = 1)* '
({ —=s,— 1" and { — 1,0, f is decreasing on (0,11 and (1,501,
F. 10" = 0 is a local maximum.
—_— Ve =2 .';_'.__':_ . Pl 2 )
G. fixy = =(x 1: +Sf X o 6:: +_3.. SoyisCDonl(-11) and CU
{ix- —1) fx=—1j
on: —aoc, — 1% and {1,0¢l. There are no inflection points.
H.

4

(d) A. Domain. The restricted domain —I < -Z = is given.

B. Intercepts. The y-intercept is f(0) =1. The x-intercept occurs when
coslx —x=0 = x=0.5].

C. Symmetry. None. f{ —x)=cos2x +x = f(x) or —f(x).

D. Asymptotes. None.

E. Intervels of Increase or Decrease. f(x) =€os'§.‘x —X

= f'(x)= —D=sin2x ~1.

For critical numbers sin2x = —F —TLxCY
== T o x= 5T _ X
INTERVAL Iix) f{x)
( —';. — f,—; - decreasing
-— % — !-’-r.‘—, -+ increasing
—_ é%] - decreasing

F. Local Maximdm and Minimum Values. f( -—-51-%) =cos[ _g_;_r] +sl—§ %= 044 is a
local minimum and f( —%j =cos[ —-61—'] 4—112 == 1.13 is a local maximum.

G. Concavity and Points of Inflection. f”(x) = —4cos2x. —dcos x =0

x
3

= cos2x =0, —TLxI® = 2x=——1r.§ =+ x=—;:—,

—

(&
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INTERVAL *© f"{x)' f(x) ~ H. Sketch of the Graph.

[____l’] + concave up

[-33]
(7%

The points of inflection are

(=75 oms (5 -7)

concave down

fi A,

Lk
[N [ |

-+

A=

1 concave up

)
2

-y
4
Y

13. Let the angle between the wall and the ledder be @
and the distance from the foot of the ladder to the
wall be x m. Therefore 3 -EinG = — X —5c0s690,

d
When x =3, cos9==-and l-—.s[ ] gs 4{)

The engle is mcreesu_lg 0 rad/s.

14. Let d represent the distance from 2 point ix,y! to the point {3,0.

d* = (3 —x7+0—yF = 3—x7 +y but y* = 2x from the equation of the
parabols, so fix} = d° = (3 —x° +2x = x*—4x + 9. Now, minimize d2.

f4x) = 2x —4 = 0 when x = 2. fx} <0 when x <2 and £%x) >0 when x > asof

has a minimum at x = 2. Thus the points closest to (3,0} on y° = 2x sre /2, 4+ 2.

15. Let the arc length of the sector be s and the

radius be r. The perimeter, P =2r 4+ 8 =2r 4 8.
Qj 8

Now 32 = ro = ar -r_g_

l

Thare!‘ore P—r(2+8)—;l-.;(2+9)-168 + 88
2 1 2 .

P~ 8072 440 40 2(—2+0). P =0 = 02,
S -3 .5

P’=1202—20 2= 9%(12—26)>0 when 0 =2,

:
Z

Therefore 8 =2rad produces the minimum perimeter.
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Cumulative Review For Chapters 4 to 7

16. ia; The demand function is pix) = 400 —I%%{x —800) = 560 —%x.
{b) The revenue function is Rix; = xpix; = 560x —%x:. R x) = 560——%:: =0

when x = 1400. pil400j = 400 — éaeoo; = 280. Thus the price that will maximize

revenue is $280.
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Review and Preview to Chapter 8

REVIEW AND PREVIEW TO CHAPTER 8

EXERCISE 1.
1. (&) (—3)Ff = —243 (b)
(c) 5= 5§5 (d)
(e) 3s§ =6 ()
(@ 1255 =25 (h).
2. () 128=2 (b}
(c) (29" =2% ()
z1 -2
(€) =2+ : ()
LE
@ 42 =27x2%=>f (h)
3. (a) (12x° y‘)(% X y) =6x" y° {b)
-+
() ) _ ey (d)
X
(e) (rsy*(2s) %(4r)* = 64r’s (9]
2. 3y4 -3
@ (x*y J‘,(xy ) :%; (m
Xy

(i)

6

K,

st ‘)(l 55)(161%) = 85%1°
- 3b4
Sbs b

. - ki
{2“2 v:)e(3u3v)- 2 - gg__

s -2

-1 -1 ' 2
a " +b —(a+b)[% ‘}_z(.*_b)[a-i-b] (a:—bb)

(a +b)!

Wiy

1 -~
(YIOZ-S)s Ey‘z 1 Y
1 2
(y' ¥z y'iz

N

3 33 28

(9stf  _ 278212 _3t°

— 2 . .8 T
27t %) 9s5°t 3 82



