
Lesson 14 : Tangent Plane and Linear Approximation (15 . 6)
Announcements :
-

* Exam 1 on Feb 25th
,
ELLT 116

,
6:30pm-7 : 30pm

* Instructions

seating chart posted on Bright space

study guide &
Different

* office hours schedule for 02116-02125

Regularoffice Hours :
Monday , Friday : 9 : 45 am-11 : 00 am

Thursday : 11 : 00 am - 12 : 00 pm



Reviewexample (Directional Derivative
+x

,y ,
z) = Zinkuy), unit vector ? -

· Def(41)= 4,1) . T fu= y=
= [fulttl , Fyld41) , fz(h41 . Y fy=
= <4 , 102 · [ ] Fz = Imsxy)
= (4+]

·What wi the maximum rate of

increase at7-
↳ (f) = (4 , + , 03)=



M

Review:Tangent lines and LearApproximationeate y=f(x)
y= f(x) Wing the tangent line

·
-

& line throughCurve in 2D Laifai) with
slope = F(a)

T
Equation(y = fal +Fais

Linear approximation (Li = Fa +Fai
Differential[Ay = Flus As



· Approximate the value of Mos = 2 . 002498 ...

Let fix)= we linear approximation at u= 4

fix= +
2

Lul = fal+ f(a) (X-a)
= 2 + t(X - 4)

For = (14 . 011 = 2+ 110 . 01

= 2:0025



E= flys & Represents Surface in LD.

Tangent planes plane containgall the tangent lines.
: Orthogonal⑰

-

↑

to each of the
tangent lines

-equation
1

of (z = f(a ,b) +E(a ,b) (X-a) + Fy(a,b) (y-b)~

angent line

↳near approximation (Lin ,y) =Fla .bl +Ea ,b) (X-al +Fylad lybaf(x) at u= a

Differential &AZ - Fr An+ Fy Ay



z= Facys us Surface in 3D
Tangent plane at 19 .b , flacbs)

wi a plane
containing all the
tangent vectors to
the curves parting
through land , flaibi)

Normal vectors
Factort to all

tayent vectors

Eg . of Targent Plane : Z = F(a ,b) + fu(z ,b) (x-a)Sadl<y -b)

Linear Approx : Lucy) =Flaib) +Filab) (X-9) + fy (a ,b) (y -b)
Differential : AZ= fuAU + Fy AY



EgFyL25-Y a
,
b
,
flail

tangent plane at (2 ,
3

, 12)

. Approximate F(2.01 , 2098)

fo = -2 , fy:- 2 => falid)= -4 , Fy (213)= 6
z = flaib) +fu(aib) (X- a) + Fy (a ,b) (y -b)
E = F(2.3) + Ful is] (X-2) + Fy (2 ,31 (y-3)

S

/E = 12 - 4(X-2) - G(y -3)-
L(X,Yb = 12- 4(X-2)-6(4-3)

f(2. 01 ,
2:98) LR01

,
2:98) = 12- 4(201-2) -612.98-3)

= 12 - 0. 04 to.12 = 12 . 08
AZ= 0 . 08

-



e: let z = By ,
find approximate change in z

when any changes from
(113) to 10 . 98

,
3 . 04)

AZ = fuAr+ by Ay&Ay=
3.04

-3

Ax= 0.98-1 =0
.04

Fa = say ve fullib= 9 =-0 .02

fy = 23 ve Fyliz) = 1

Az = 9 x +0 . 02) + 1x004 = -0 . 18 + 0 . 04

f(
.3) = 3

= -0 . 14
-014

L . Approx of By at (0 .98 ,
3 . 04) = Fl+Anfy Ay

= 2:86
.



findingNormal Vector :

Jutby-3z = 5 - Normal vector ii (5 , 6 ,
-3)

anthytcz= d my Noval Vector wi <ab , 1)

z = fixy) us equation of plane at cub) is
z = fla

,
b)+ fula,b) (x- a) + fy (a,b) (y-b)
S

fulaib) (X-a) + fy(a ,b) (y-b) - z + f(a,b) =0
S

= <Fucaib) · Fy (a ,b) , - 17
z= f(x ,y) vs Normal Vector to T . plane
at Cab , flaib) in <falaibs , fylaib). -1)



fix ,y)= 25 - X2_ y2
T . plane at (213 : (2)

= <FaRis
, Fyliss , -17

= 5 - 4 ,
-6

, -17

& Find equation of place through (2 .3 , 12)
with = 54,-17

Fu2)- Sky-3) - 1(z -12) =0 .



z = Fix ,y)
F(x ,y ,

z)= flu,y) - z = 0
S RewnteEn En = Fo

Fy = by
Fz = -1

*Fa , Fy , Fz) = <fr , Fy ,
-1)

Gradient rector
wi the

Normal rector.



Suppose Z us given implicitly und F(u ,y ,
z) = 0

then *Fa,bic Represents the Normal Vector

to the Tangent plane at carb , c)

prof: Show *FI tangent vector
Let ECH = LUCH

, yCH ,ECHY
be a curve through labic
CH = Click , yl) ,

Eit] we tangent vector
Est lies on Finy ,z) =0) => Flach , yCH , zCH) = 0

↓f , Chain Rule

- Ex . iCH) + Fy Y(t) + FzE(H) = 0
Ey, Fz7.yet ,ECH) =0
F Y'CH)



& find targent plane to Surface paytye+3z = 6
- at Cli ,1)

FIMib
,z)= 2xy2+yz+3xz - 6

#F = <En
, Fy ,

Fz)
= [2y+buz , 4uy +z? zyz +3)

&F(il) = <8 , 5 , 5)
Find

& Equation of plane through Clel)
with normal rector18 ,

5
,
5%.

8(x-1) +5(y+1) + 5(z -1) = 0

8X +5y +57 = 18.



Ei find tangent plane to the graph Z= ci+ yP at (2 ,
1 , 9)

z =X+ y4 =7(,3) I F(x ,y ,z) = 23+y4-z = 0= <Fr
, fy ,

- 17 = F = <Er
, Fy ,

Fz)
: <3x3

, 4y3 ,
-17 = [3x3

, 4y3-1)

n = (12
,
4
,
-1)

* Find equation of place through (2 , 1 , 9)
with normal Vector<12 , 4 , -17

12 (x-d + 4(y - 1) - z(X- 9) = 0

12x +4y - z -19 = 0.


