Entry Task:

14.3/4 Tangent Slopes and Tangent Planes
Find all 1%t and 2" partials for

Some Notation and Review

1% Partials
0z _ﬁ_ / > oR
Fvi f,(x,y) = "slope in x — direction" DA 53
0z
— = f,,(x,y) = "slope in y — direction” oz _ 2X
oY
2"d Partial Derivatives / \/ / \_j
Concavity in x-direction:
aZZ 0 /0z _g- _l i ‘_é_
ox2  Ox (ax) = frx (6 7) 28 aj X aj
Concavity in y-direction: = =
0%z 0 [0z 1C><;< Z -ij O 'Fdx.—_O -F"yj: -7
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dxdy  ox (63/) = frx(x,7)

Visuals: https://www.math3d.org/9m8tLCz8



https://www.math3d.org/9m8tLCz8

Example: Find all second partials for
z=f(x,y) =x*+3x%y3 +y°

/ \j
fx= 4x?+ @XjETO ‘65 o 9x232 + 5JL/
/ /

fx 2 !27(2+ [ajg

_F)(g‘:

Clairaut’s theorem: The mixed 2" partials
are continuous, then they are equal.



A few random HW Notes: From 14.3(2):
From 14.3 1 P g 5. + Question Details

Use implicit differentiation to find dz/dx and dz/dy.

’ 5. + Question Details

5z _
- X e>? = xyz
Find the first partial derivatives of the function. FX - bﬂ y

fx, y) = x5 5 2
flx y) = _F' = J ’ . 5 oz _
g J = X n (X x.
fy(x, y) =
‘ 9. + Question Details
6. % QuestionBetalls Find the indicated partial derivative.

Find the first partial derivatives of the function. . ryzt .
fx, y, 2) = 5x sin(y — z) A - S

fu(x, vy, 2) = 69.\“ (q— %) fxyz(X/ Y Z) =

fy(x, vy, 2) =
fz(x,y,2) =
< 14. D + Question Details SCalcET8 14.3.098. [3800345] -
The paraboloid z=8 - x — x2 - 4y2 intersects the plane x = 1 in a parabola. Find parametric equations in terms of t for the
9. + Question Details tangent line to this parabola at the point (1, 2, —10). (Enter your answer as a comma-separated list of equations. Let x, y,

and z be in terms of t.)

Find the first partial derivatives of the function.

and i.) 1 4

u = sin(xy + 2x2 + -+ + nxp)

ou

o Hint: See page 7 of these notes for how to

get the direction vector in problem 14!1!
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OXo

.Qu’ - QOS (-.Sh l:
AX;




14.4 Tangent Planes — 3D T'dnse‘(\“:— o< e
SO

The plane that contains all tangent lines to a
surface at a point is given by

—fr (X0, Y0) (x — x¢) — fy(xo,yo)(y —vo)+(z—25) =0

which we typically write as:

z— 2y = fo(x0,¥0)(x — x0) + f;,(x0, ¥0) ¥ — ¥0)
B 'IY\-FiY)O\:H%-? YNOIMNNA—-

Fird zhm_r@em ines ancdl fnd cvoss

Produch 40 gexr NoTMOU & plane formulec ..

General Visuals: https.:.//www.math3d.orqg/2PoayPs9



https://www.math3d.org/2PoayPs9

Example: Find the tangent plane to
z=f(xy)=15-x’-y? at (7,4)

Step 1: Find...
f(7,4) =19-99-10 = => Zo

[(74) =-2% = -2(D = €1
(74 = "29= -2(4 =

oy POt on e?\oy\_;z_,

step 2: Fill in... r
z =7y = fr(x0,¥0) (x — x0) + £, (x0, ¥0) (¥ — ¥o) (*;9,%) oxe O\ WS

oNn N p\awvie
2+50= - (x-T) - ¢ (j_ﬂB

2= -00 - H(x-D - (y-1)

L ([

INEAY oroXivnaOn

L (x,4)



Derivation of Tangent Plane

The plane goes thru (7, 4, -30). Thus, we can get two vectors that are
Now we need a normal vector.
parallel to the plane:

Nt c,\r\cvfg’\v\
J \ j <1,0,f«(x0,y0)> = <1,0,-14>

Note: CNDSS
<0/ 1;fy(X0; y0)> = <0/ 1/ -8>
flxy) = -2x Produc
__qg< 22
I7,4) =-14 DX So a normal vector is given by
] O ’l"i' <1,0,-14 >x<0,1,-8> =<14,8,1>
ANy, NS *1
oyl =-2y
H7,4)=-8 = Xj'
o | -9
<AX,LY, AT Tangent Plane:
14(x-7) + 8(y-4) + (z+50) =0
CNOOSE Which we rewrite as:

NOMOENS oS 2 +50 = -14(x-7) - 8(y-4)



General Derivation
In general, for z = f(x,y) at (xo, Yo) by:
1. zo = f(Xo, Yo) = height.

2. (1,0, f,,(x0, Vo)) = ‘atangent in x-dir.”  (direction vector for tangent line!)
(0,1, £, (%0, ¥0)) = ‘atangent in y-dir.’

3. Normal to surface:

<1’O'fx(x01 yO)) X (O,l,fy(xo, }’o)>
= (b0 7o), ~fy (o, y0), 1) = Ao E © oS woa Ut

Tangent Plane:

— fr (X0, Y0) (x — %) — fy(xo;yO)(y —vo) +(z—25) =0
which we typically write as:

z— zy = f(x0,¥0) (x — %) + fy(xoryo)(y — Yo) -f(



An Application of the Tangent Planes
Linear Approximation
“Near” the point (xo,Yyo) the tangent
plane and surface z-values are close.

z— 2y = fr(x0,¥0)(x — xp) + fy(xO'yO)(y — Yo),
which is the same as

L(x,y) =z =z + f (X0, Y0) (x — Xo) + fy(xo»YO)(y — Yo)

Idea:
f(X,y) ~ L(X,y) fOF (X,y) ~ (xOryO)



F’18 — Exam 2 — Loveless Use this linear approximation to estimate

Find both 15t partial derivatives of the value of f(0.95, 1.1).
TX
f(x,y) = x°sin (F) +In(y) + 4
and give the tangent plane at (1,1).

A% _ T Y oin [ IEX
ﬁ" XECOS(B%(>F + O S\f’)(jz)

o2 _ > :
ol = Cos(T2 T+ Sginew) = C T
5 s need = )

% _ xBcos (;%Q)(' ?;) + j-

W - cos(ME2M +l = @r + D

d’j CL)
T’Z T ;—WLX—I) + (2‘”*’1)(3 'l)]
z= F ( (, ’) = L" Visual: https:/mwww.math3d.org/PFEHKACZ



https://www.math3d.org/PFEHKAcZ

Sp’17 — Exam 2 — Loveless Now, consider the curve of intersection of

Find 2Z and 2Z at the point (2,1,0) for the this surface with the fixed plane y = 1, find
0x G, "

Y . equations for the tangent line to this curve
surface implicitly defined by at (2,1,0)

e3? = x?z + In(y) + 5x — 10.
And give the tangent plane at this point.

Visua I + https://www.math3d.org/vDdvOSUZ



https://www.math3d.org/vDdvOSUZ

Sp’18 — Exam 2 Preview of 14.7: Can you find all (x,y) when
Find all 1°t and 2" partials for BOTH 1%t partials equal zero?

fl,y) =x3—x%y +y* = 2y.

Visua | S. https://www.math3d.org/ySr7jcXQ



https://www.math3d.org/ySr7jcXQ

