Math 141, Problem Set #9: Solutions to problems from Stewart

2. (a) arctan{—1) = —Z since tan{—%} = —land —T isin {—%__ %]

(b)ese ' 2= I sincecsc 2 = 2and Z isin ([:I._ %] LS {W%]

-1 S
4. (a) sec «,.f{_— T since sec T 2 and % 15 in {] 24 E? =)

= = T =
(b) aresinl = Z sincesin = land S isin | — I, ?]-

B. (a) Let @ = arctan?, sotanf = 2 = sec’ = 1+tan® @ =1+4=5 = secl =45 =
sec{arctan 2) = sec ! = /5.
115

{b) Let & = sin_l[%}. Then sinf = =, s0 cu:-;{?:-;in_l {%}} —cosM =1 —2sin*f=1— 2(%:} = Igg-

14, Lety = sec™ "o Thensecy = x and y < ([]__ %] IS [?1', %’) Differentiate with respect to o

fy) ity 1 1 1 i . .
gecq tans I = Z= = = . Mote that tan®* y = gec*y — 1 =
' J(d‘r dr  secytany  secqyyfsecly—1  zar? -1 ! /

tany = y/sec?y — Lsince tany > Owhen 0 <y < Zorw <y < 25

-1 - r ~1 -1
M oy=xcos r—l—x® = ¢y =cos x1— = €08 T

hh

30. f(x) = aresin(e™) = fiz) = ; e e

Domain{f) = {r | -1 <" <1} = {z |0 <" <1} = (—o0,0].
Domain{ ) = {x |1 —e* >0} ={x | * < 1} = {x | 2z < 0} = (—o0,0).

3. Lett =Inxz Asz — 07, — —oo. lim tan *(lnz) = lim tan™'i= —Z by(8)
o —a t—r—Do
ol \ . . € T
40. i 4 rev/min = 8w - 60 rad /h. From the diagram, we see that tan 8 = 3 = f = tan (q)
ﬂ B L L}
dg di ar l;ri o dir Ty 2
3 Thus, 87 -6l = — = B0 — =8r-0G0-3|1 (—) km/h, and
WRETUNT W T drdt | T+ (z/3)Ed o dr tl3) | km/han
x dr )
F atz—J.,E—ETT-E-[]-Hl+%] km/h = 1600 km/h.
. |
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Math 141, Problem Set #9: Solutions to problems from Stewart

42, (a) f{x) = sin{sin™ " x) (b} g{z) = sin™ " (sinz)

Ll ]

\
<
¢

‘.i v L
(©) g'(x) = —sin"(sinz) = ——=cosw = — =
d W1 —sin®z VeosTr  |cosz|

(d) h{x) = cos™ *{sinz), so i
COST Cos T &
h'(z) = — - =
1 —sin®x |cos = z
Motice that iz) = T — g} because y ; -
(=) = 3~ ola) S .
2 i

sin~ et = Z for all £,

12. coshx coshy + sinhx sinhy = [% (e + ['-!—1']] [% (.r_i-' s .r.—:h'}] + [% (r_-t _ 'l._:—.r.]: % I[r’-” _ r*._”'jl:

— %[{rr R B g (__-I:—J_.'} + (EII Vo T iy {-:_'t_fl'}]
= £(2Y 4 2e77Y) = Y + ) = cosh(z + )

I +tanha 1+ (sinhx)/coshx  coshx 4 sinhz (7 +e77) + (5 —e77)

14.
1l —tanhax 1 —(sinh x) feoshz coshz —sinhz (5 4 e 7) — 2(e® — =)
T 1+ P 4+ & — T T as
gF 4+ g7 — 5T 4 g De—=
. . sh sinhmx =™ ;
Che: Using the results of Exercises 9 and 10, coshr ST _ £ =
coshr —sinhxe ™7

16. sinhz = Ii = recachr = 1/sinhx = 15 cosh® # = sinh® o + 1 = % +1= % = coshr = % {since cosh = = 0},

4 ¥ I,
sechr = 1/ coshor = £, tanh o = sinhz/ coshr = .;:,: = 2, and cothr = 1/ tanhx = 3.

22, Lety = cosh™' =, Thencoshy = xandy > 0, sosinhy = /eosh®y — 1 = =2 — 1. So, by Exercise 9,
¥ = coshy +sinhy =z +vz* -1 = y= 111{3: + x? — l).

Another method: Write © = coshy = 2 (¥ + r*._*‘r:] and solve a quadratic, as in Example 3.

. 1
. ! —
32. fi(t) = In{sinht) = f'(f) o coshi = cotht
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Math 141, Problem Set #9: Solutions to problems from Stewart

43. (a) y = 20cosh(x/20) — 15 = 3’ = 20sinh(x/20) - & = sinh{x/20). Since the right pole is positioned at = = 7,
we have y(7) = sinh o5 = 0.3572.

(b) If v is the angle between the tangent line and the z-axis, then tan o = slope of the line = sinh . s0

o = tan™ ! I[:-;inh o) == 0.343 rad = 19.66°. Thus, the angle between the line and the pole is § = 90° — o 2= T0.34°.

an

44, We differentiate the function twice, then substitute into the differential equation: y = cosh 'ii?hr

(2

i T T

& _ 2 :-:inh(ﬁiﬂ_zj {Jg:r = sinh F:q,ﬂ: ﬂ = cmh(;?qu) ":J? = ﬂ cosh P}q?:.

dr  pg ! | 1 cdir? | | ! 1

. i* T
We evaluate the two sides separately: LHS = L—g = 'f;g cosh 'ﬂf—i
dr

2
Rug = 29 /J. + (ﬂ) = ﬂ’/l + sinh? % = Pﬂmnﬂh;{flﬂ:: by the 1dentity proved i Example 1{a).

T\ dz T T
ginhx e —p T ] — g2 1-0 1
46, i = li — = 1i = = —
zl'-ng: Feed J.Eln;l-n e IEE-D 2 2 2

Mote: The use of [Hospital's Rule is indicated by an H above the equal sign: -

i 1 a—1

I L | e M
Tx—lgh — 1 ozl bpbl b
, 1 —sind 0 .
8. lim ——— = — = 0. L'Hospital’s Rule does not apply.
fh—er 2 csc i) 1
C e - =l D - D -
14. This hmt has the form =, lim — = lim — = llm — = lim — = oo
oo T _:I!‘3 L—+xa ,"!m":'l r—roo T a0 h
COE 7T — CORTLD H —in ‘iil'l T + i “’:iﬂ e H —'J'Iri'“ COs TR + ﬂ-z COs T
16, lim — " " = lim - i = lim ki — =2 (n? —-m.":":]
z—0 ad il 2 x—10 2 2
, 1 1 . *—1—-Inx ) 1-1/x T
30. lim — — lim———— = H iy / - —
s—1\lne =x—1 z—=1 (x—1)jlnz =—1(z—-1})(l/z)+Inz =
x—1 H .. 1 1 1

_1' — - —_
T ltzlne -1+ l+lnz 2+0 2
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Math 141, Problem Set #9: Solutions to problems from Stewart

i,y B .
Moy = (l+—) = In1 —b.rln(l+—),!-;c:-
T T

1 el
blnfl o 1 iT 2 b
tim by = Jim 2 l;‘u} = Jim +Tlr1:-’33 — = lim e —ab o

2 i1y B : I 1 el
lim [14+ = = lim e = &%,
T

LD 0

1 1 .
40, lim — £ Jim = lim — = {smecep = 0.
r—soa TP o p_:I:’i"'_ 1 T—o I_‘.!_:I:'-l“'

2 : . 1y : , 1
#. @) lim v= lim {—r(%) In (%}] = —ar® lim [(ﬁ) In (%}] = —a? S lal=—c.0=0

As the insulation of a metal cable becomes thinner, the velocity of an elecirical impulse in the cable approaches zero.
— . )
0 o= g, [ (3] -t [ )] temso-

r
e 1" (F)

T2 r-l—i-rI!Il' T [form is oo/foa)
.ir-'.!
£ 1 ;
L T Y | S L
o T2 s ( 2) 0
=

As the radius of the metal cable approaches zero, the velocity of an electrical impulse in the cable approaches zero,

49, Since lim |f{x + k) — flz — k)] = fz) — f(z) = 0 (f 15 differentiable and hence continuous) and lim 28 = 0, we use
fe— )

fe—0

I"Hospital’s Rule:

Yim flo+h)— flz—h) u irn S+ R} 1) — fflz—h)(—1) y
hi—0 2h h—1 2
M=+ =y 2=
3 7 i) 1

flz+ MZ_.F flz—h) 15 the slope of the secant line between 5
L

(z —h, flz—h))and (z+ A f{z + R)). As h — 0, this line gets

closer to the tangent line and its slope approaches /().
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Math 141, Problem Set #9: Solutions to problems from Stewart

50. Since .lli_r% [flx+h)=2f(z)+ flz— k)| = flz) = 2f(z)+ flz) =0 ([ is differentiable and hence continuous) and

IIlin'E h% = 0, we can apply 1"'Hospitals Rule:

: 4 h) —2f(z) 4 flzx—h) u . fz+h)— [z} ,
&Ln%f[r 1) .i:f] Iz L}_;{IE};.I[IT a}mf{r al_jr{m}

At the last step, we have applied the result of Exercise 49 to ["{x).
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