Sechon 3.%F Im\llg\i it "Du.l; mn-(a_ﬁ%m

Le,o.minq Goals

Learning Goal

Homework Problems

3.7.1 Compute derivatives for implicitly defined functions by applying
the Chain Rule.

1-58.

3.7.2 Compute the slope of the line tangent or normal to the graph of
an implicitly defined curve at a given point. Find points at which the
curve has a given slope.

31--49, 51-54, 59-
66.

3.7.3 Find higher order derivatives using implicit differentiation.

21-30, 55-58.

3.7.4 Answer conceptual questions using implicit differentiation.

50, 52, 55-57.




Conce.p{-u.al introduchon:

Explicit  funehons : gy = £(x)  relakon 18 solved for 4 as
o- funchion of x.
Tnplisk  funchons :  general relakiont behoeen x and g definiag

funchont loca.lls .

Exa.mnPle: x3 + 83 = Qxd ( Folliwm of 'IDescarl'eA)

5 Ea.ch higkl:sh'red Pad‘ & the Smp’\

\\ﬁ of o .Fund-(on that we call i«hg\id‘l‘
_ since  we  cannok  solve alsebm'\ cally

for g n o x34 33 - qXJ-

&

: y  d . o ,
How to .(fmd y' = d_;l .For on |m\plm-|- -Fu.nd\on 7

) ’.DLHZemnHa{-e. both  Sides  with reopect 4o x, freating
gy as o function of X (chan rule) .

i) Colleet the termms with 8’: %3_ on one gSide.
x

Iu,) Solve, .Far 8’: %3_
x

Exammples : l) Find 4y {or the {allow}f\a.

dx
o) y*+ Sx = e’ b) x*y = el - %
¢ ) fon(xtg) = x+ Sin(y) d ) s'm(x)s'm(a) = Sin(xy)

Q) e’x’--i-s“- + 38 = O .F) wb(éef.mls)) = )(‘L- dt



333, 4 S = 338,
- eJ,' .. -
286 68 = )
3'( &J—es) - ~&
Vo S
J 23-&3
b) Xaﬁ = 623 - Ix
d
dx
d (x> ady . d (@) | 9 (%
dx(x Jg+ x = cb‘( ) dx( )
2xa+ "lﬁ, = 6338'.- T
Xnﬂ’ - 36133’ = -?—2{3
P [x?> - 2&9’3 = -3F-2dx = P e, V|
3 ( ) \3 3 x:._ 3613

b) +aan+U) = %+ Sinlg)
d
Tec d
ax ™ seclerg)” £ 0xy) = SF b e()SL
sec(xey ) (1+y') = 1+ eos(yly’
Sec(xay)?+ sec(x4y)2y’ = I+ tos(y)y’

sec(x1y)*y’ = syly’ = I~ sec(ay)?
3'( &et.(x-rs)"— Cos(v.é)) = = sec(x«g)"
3' - 1= sec(x+y)?

sec(x+yd)™ - tos(y )

d) s'm(x)s'm(a) = S'm(XS)
d
d d 7. : , .
dx a(sln(x)) S\'nld) + Sin(x) %((81n(3)) = w&(xd)<‘;"_x3+ x%?.g)
tos (%) Sinly )+ sn(x) tos(y)y' = s (xy )y +xy')



2in (x) m&ﬁ)‘\j' - cos(r&,)xa'

8’ (s'ln(x)ws(a) - Los(_xg)x) z

s ()Y - s Sinly)

7 . wslxy)y- bos(x)s'mli

J Sin(x)Cos(y) - os(xy) *

e) St 34 =0
d

a 2
dx e’ +3z°|_cx‘+ s") + 33'
dx

(®)

2
%Xt‘i'stx + ae:‘z'"st 337 + 3\\!’ - o

y' (&e}‘hsl +3) = - 2 x
) x1._'_3‘1.
g = - 2e x
M+ 3
sinly) z
) et (6"00) = x- gt

de - cocr (699 6™ ton(gdy! = Ax-

&83'

‘QUS' L Guchesmg)) es'mlg) “"(\‘j)s’ J A%
3l (&_ GBL"CGC{'MS)) esm(S) @(\j)) = Ax

J

/

A%

2 - 6aac2(6eSY? s os(y)

2) Fad on e.c‘u.cd"\ot\ o,(l the 'l'arxse.v\\' and  normnal

Ax*+ 3y* = al

ﬂf‘!*, we .Y.‘ nd Y

d Axt+ 3y = al

dx by + 688': o 638'

ot dhe Fo'm" (3,|).

dx

AP

Algo

-@'md

(QSC)(S)S - s (x) &6 IS)

lines +o

dx?*



o2 g-xC8)
3 g? (3.1)
SloFe_ of +an32,¢\’\- of (3p) : \
dy 2:3

- _ %2 = TANGEDT
dxlgi? 31
Ec,u.a.'l"lon of +ar\3e,n\' o (3,\) : 5-—| = -&(x-3)
So o o | ! - - : = - ‘_ 2 .'_
l pe .Q nermmal of (3 ‘) Slope. of hﬂaq_.\- - ER
k) of nor o (3,) : e N (e
Equ.o. 10n f normal (2,1) Y 3 (x-2)

3) Find +he Po'mh on the eJl;Pse, 2+ )84-4-3’:!5 where
the +an\3enl- line s o.) hon 2ontal ond b) vertical .

Fiest, find 94,

dx
d x* + xy + ‘l-&’: IS
dx Ax + y+ xd' + ‘833' )
U'(x‘l'gs) s - 8.— Ax
Ve | d-l-&x
J x+%\‘j

o) Te find the poiak (xy) where Fhe tangent line 18

hgcﬁggqto.l? we need ‘o solwe :

dy . —h num =0 — yrax = © — 3=—3~K
ngr denom 0 = x-rﬁ\cj 40

4t xut by*z 18 & : : .
x xs J Plu‘ﬂ In oriemal o.qua.hon and golve



x? ¢ x (-ax) + 4(—&)1 = IS
x* - ax* 4+ lex* = I

ISx* = 1§ = x* =1 3 xzl or xz-1
U:-JK:-Q d=v.‘lx=9.

We get the  poins (,-2) and (-n2)

b) Te find the Po'mk (x.d) where  the Ta:\ao.n'l- line

vertical, we need 4+t solwe:

dy vt _, fMumi#o — yrax ¢ °
dx depomn =0 — x-t‘&:j 20 — x=-83

x4+ xy + Ltd"‘= 18 <
PIU’\S i orawnal e.qu.a.h'on and golve
(- 8:1)1-} (ﬁ‘KSB:! + 48".-. 1S
64-3" - 83" + ‘l-s’ = 15

God"= S o 81: %:. Lq 3 J='E or g=-
b &

We Sei' the PO‘I nts C—-lr-, L’.) and (4—, -‘I)

S
L

(-u2)

18



3) Find 4he Po'mk on x3+33 = ‘sz where the 'l'ac\aex\\' line |

0-) homtontal and b)) vecheal.

Firsk  find :Jx. d i(xz* 53 = Axy
ol P 3y’ = Y+ Iy
By - Byt e Y- A
3'(38"-%() = Qy-3x?
1. Gy-3x? 3y-x? .
8 381._qx S:._ 37<

o.) The +an3en}' line. 18 jmm%;mt#\ whea
dy . - num.= O = 38-)<"" 2 0 - d: x*
dx'%-

denomm. # © 3
x3+4g3= g <

P'u3 0 oria'mal equ.a.Hon and golve

3
x3+7<_6-.- 33
. b
X _axd -0
Ry s
3fx3_a):-o x=©O X_ _ Q=9°
% (9& B .o 8%
ds d \% 7] xzza'aa'
axl§2 o x = 342
u U.I‘\d &:x—a-.Sﬂ-
not o Sduhon 3

The -l-anseu\\- hne ¢ homzontal at the Po'm\-

(3¥2, 2&) |.

b) The +an3enl' line 1¢ verbcal whea
dg v " num.= © .
ﬁ S denom. $# © = ﬂ"— 3x =2 0 » n:= %

3 + 3. q & |
N oS Plu.d 0 orRa'mo.l zqu.o.Hon and Solve




_ 3
=+t 3%
ye 3
FE
u di_l) = O 3 = O 33_ Ad=©
I (% \1__%3:0 &
dy _vo " g7 %
axlge o g - 3%
O° a
X:'L:S%
not o Sduhon 3

The 'l'anseu\- hne

vecheal ot the point (2=, aya ) |.

(3 ’Ii, A:s”ﬁ )

&

Remoarks : °* we

could

have wed ﬁme\v’-u te antwer b).
&Smm\eh‘:a oboult Y= x
18 U.r\cho.r\SQ.d bd

S‘I nce the

The curve s Gnce  dhe  equakion
Swortth’ ng  x/y.

+o.4\8e,vd- ine ot (32, 3Ww) s
the tangenr line ox (3%s, 3%) s

hom zon¥al ,

vecheal.

* There 8§ o 'lnr\ee,w\- Une ot (o,°) because it
i€ o Y double Po;/d' .



Proctice : Find 94 the Nowsa curves .
— ax T flowiag

I = + otl))® * &: sec(
) \/Jj_ (x 3)) ) Tt 5 ec(x)

(x+ Cot(a))s
y' = B(x+ (gl %(x+ et ly))

%In.v
—
Ro
- cevl—‘h
- n

=y = 30 wtly))” (1 - eselg)y')
= 3(xt () - 30 es(g)) acly)ty’
02_3:33' + 3(xt oot (4))* c,sccg)"a' = 3(x+otly))?

&1

3' (&'TB + S(x+ Oo’c.(s))aao(&)a') = 3(x+ cd:(:ﬂ)z

- 3 (x+ tot(y))*
J 5 =T

i + 3(x+ coecs))zwcs)‘

) cos(y) sec(*)
a ( Ax + 9y
ax
-Sinlg)y’ - @@ (459) | gr (e Yban(x)
(&x+5y)*

- 4" ( $inly) +Scm(3)) - 2osly) = sec(x) tan(x)
_d'(sinla) + Scostd)) = Secx)tan(x) + .QOQSCJ)

3; - L gec(x)tan (x) + o'ltoSQi
sin(g) + Sesty)




