AP CALCULUS
IMPLICIT DIFFERENTIATION

d
2x+3+<xy+y> =0
dx

—

dy —2x—-3-y

dz T

dy dy
2. 4y — — =2
ydx+xdx+y :c

dy 2z —y

der  4y+x

e

dy dy
2 — (2 =2 220
x (Idw+y>+3y . 0

dy  y—2z
de  3y2 —x

dy 1 —2/3 dy _
4ydx+3(xy) xd$+y = 6z

&

dy

1 dy
y —= + —— = =6
ydx+3372y2 (mdx—ky) x

dy T dy Y
4y =2 29
Yy dx + 3 3/$2y2 dx + 33 m2y2

= 6x

6r— 4
3/°2.2
dy_ 3v/ x%y

= T
Y+ 5=
33/22y2

dy  Bx{/z?y* —y

de 12y{/x2y2 + o

dx 4

dy

— =0
dx

5. 4a® 4+ 493

@_ T
der vy




7. () (1> (1+y)~ /2 Z—i + 1+ + @) (;) (1+22)"Y2(2) + (1 + 22)

2

d d
LY STy et VIt Y =2

2\/1+y dz V14 2x dx
Y
2 VT—y—
dy _ v1+2zx
dx B z 1 2
5 f+y+\/ + 2z
d d
8. [—sin(z —y)] (1 — d:yc> =ycosz + (sinx) ((;;)
d d
d—Zsin(x—y)—sin(m—y):ycosx—&—ﬁsinx
dy _ ycosz +sin(z —y)
dr  sin(x —y) —sinx
dy | 2 dy
9. = g TY= [— csc?(zy)] [x 2e Y
dy _ dy o 2
S +y= oS (xy) — ycsc” (zy)
dy dy _ 2
x%—kx%csc (xy) = —y — y csc®(zy)

dy  —y—ycsc?(zy)

dx x + x csc(zy)

d d d d
10. 4¢3 ﬁ +22%y % + 2z + 2t ﬁ + 43y = %

dy —2xy% — 423y

dr  4y3 + 222y + 2t — 1
1L (2)3)[f(@)?]f (@) + [f(2)*] + 2 f'(z) + f(z) = 0

Now, z =3 and f(3) =1

BGYBFGPI(3) + [f(3)°] +3f'(3) + f(3) =0

Solving for f(3)...

12. 2g(z) ¢'(z) + 12 = 22 ¢'(x) + 22 g(x)
Now, z = 4 and g(4) = 12

29(4)g'(4) +12=164(4) +84'(x)

124y _
dx

2



13.

14.

Slope

L o 1,
2 T2
167 97
1 2 dy
r—2422 —0
8 97 dx
dy _ 9r
dz 16y
dy 5 m 5
o = —— — T = —-
dx (=5,9/4) 4 4
Point

. 9
Given as (5, 4)

Equation of tangent

9 5
y—Z——1($+5)

Slope

y2 — 2933 7564

2y dy = 62% — 42°
dz

dy 622 — 423

dx 2y
d
e |
dzx (1,1)
Point

Given as (1, 1)

Equation of tangent

y—1=1(xz—-1)



15. Slope

4(2% + y?) <2x + 2y fzi) =25 <2x -2y Zi)

dy 25z —dx(a® +y?)
dr  4y(x? + y2) + 25y

dy
dx

L, 9
13

(371)
Point

Given as (3, 1)

Equation of tangent

y-1=-3(-3)

13
16. Intersections
222 + 42 =3 and = = y? therefore

2yt +y? =3

y=1ory=—1 — the points are (1,1) and (1,—1).

Slope of tangent to 222 4+ y? = 3

dy 2z
de gy
Slope of tangent to z = y?

dy 1

de 2y
Slopes at (1, 1)

2
x:f2andi:1
Yy 2y 2

1
Since (—2) ( 2) = —1 the tangents are perpendicular and the curves are orthogonal at (1, 1).

Slopes at (1, —1)

2
——gc:2emdi:—1
Yy 2y 2

1
Since (2) <— 2) = —1 the tangents are perpendicular and the curves are orthogonal at (1, —1).



17. Slope from derivative

dy  —2xy* —y

dx 222y + o

Points—from slope = slope

—2zy? —y

2yt
—2zy? —y=—22%y —x
20y% +y =22y +
y(2xy+1) = 222y + 1)
y2xy+1) —x(2zy +1)=0

2zy+1)(y—2)=0

2zy+1=0o0ry ==z
1
TYy=——=o0orxr=
Y D) Y

Substituting these into the original curve yields. ..

1 1 1 1
If vy = 3 173 £2 . xy= -3 yields no solutions .

Ifr=y — 2*4+22=2 — z=1lorz=-1
This yields four points. .. from substituting into the original equation.
(17 1)v (15 72)7 (717 2) and (715 71)

But we needed x =y — the only point that satisfies the criteria are (1,1) and (—1,—1).



18. Slope of normal

d d
2x — x—y—f—y —|—2y—y:0 Point
dz dz
@734—230
der 2y —x
@ =1 —mr=1—0 m; =-1
dx (—1,1)

Givenas (—1,1).

Equation of normal

y—1=-1(z+1) — y=—=x

Intersect curve and normal

Substituting y = —z into the curve yields ...
22+ 2%+ 2% =3
322 =3
r=1lorz=-1
This gives us the points (1, —1) and (—1,1).

We already know (—1, 1) is an intersection so the other point is (1, —1).



