MATH 126 A/B — |? Nowenker 2025

Recall from Cale IL:
The point-slope equation for a line in 2D s

Y= gt m(x-%)
T\\e. e.q‘uaHor\ of the line ‘i‘al\se_f\f to */='F()C) ot X=% can be wWriHen
y = £(x.) + F'(x.](x-x,)

Examere: TF ) =3x"+x, fid the tangeat ke ot (1,4).

First, f{x)=6x+1, so fn=#
T hen 1"& ‘|’Maem+ line TS y= '1 -+ ?(Xo\).

I'\ 3D: The ﬂPaPL\ O'F a '(‘(AI\C'HOU\ Z-S‘F(x,y) has a h'\del\"' Plaﬂe
ot any Poin'l- where the first partial derivatives of f eyist and

ore  continuous.
The equation of this ‘i‘ansenf PIN\C is*
2 = £(%e,¥0) * (e 1) (2= %6) * (2 y0) (¥-v2)

The +“"3e"\+' Pla"‘" s also called the lineacization of ’F(K:y)
ot the point (xo,Yo) and is written

Lbuy) = £y + £xloye ) (x-x.) + £ (e )(y-¥.)

The lisearization can be vsed aPProx:mafe values  of
£ onear (xove).
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Tangent Planes

1. Group Conjecture: What is the equation for the plane tangent to z = f(z,y) when
(z,9) = (x0,90)?

z :-F(\(o,y.} + wc, (X.,y.)(m - % ) + ‘rr("-, Yv) <y - Yo )

2. Find the equation of the plane that is tangent to f(x,y) = 222 +y? — 3y at (z,y) = (1,1).
Fiest, £00) =20)+ ()*-3()) = 2+(-3=0
Next: £y =Yx ond fy =2y -3
Le(u) = 4= £,0i) = 2(0)-3=- |

Ta:\ﬂ{,y\-l— Plane,'- 2 = -F(I,I\ + 1Cx (I,l\ (\(—l) + \[y(l,{)(\/—l)
2= O + {4 (x-1) + (-l\(y-l)

lz = Yx -y 'j

3. Erez: Hey! The tangent plane is really close to the original function for pairs of (x,y) that
are “close” to (1,1).

Jade: Oh, so we can approximate f(1.1,0.9) without actually using f(x).
Group task: Help Jade approximate f(1.1,0.

Linearization: L(Xzy} = Yy -y -3

without actually using f(z).

T‘ka‘{' 1s: ‘F("'}’) ~ L(x,y) = L{X-y -2

£0u,04) = L1, 09) = 4 (L) - (0.9) -3

= 44-39 =[0.5] S

C(ose!

4. Use a tangent plane to estimate the value of g(z,y) = zsin(z + y) at (z,y) = (0.5, 3).

Choose a pont of fangency (‘x.,y.) thet is  nean (0‘3/3) and  <uch  Hhat
3(9"1}'0) is easy b eunluate

One  choice: (X',Y-S (o T") Thea ,rr) Osm(Orr ) =0.

m (key) + xeslay) so gelom)= wnlm) +

Portial derivatives: 3x
Iy

Liv\ear}za‘f';m‘. L(x,y\r_ O + O(x’03 . O(\/—Tl'\
Hen  our eshimate s L(O.S, 3): e

i

X (oS xry) So 9y (o,w\ =0 &s("’\

< Look at the

equation for a tangent
line on the wall. Then
fill in the blanks here.

Des(r) = 0


Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright



Matthew Wright




5. Find the equation of the plane tangent to f(x,y) = 3 — 2z + 5y at (x,y) = (2, 3). Simplify

as much as possible. < Does the result

N surprise you?
fle) = 3-22)+S(3) = 14 \go' Equotion of dangent  plane!
f=-2 o £(23)=-2 K 2= £(23) t £, (2,3)(x-2) + £y (2,3)(y-3)
=8 o« §(23)=S 2= 14 + (2)(x-2) + S (y-3)
2=-2x +Sy +3 If fly) is a plane,

fhea it is its owa

A {' lﬂ !
6. Find the linearization of f(x,y) = /10 — 22 —2y? at (2,1) and use it to approximate Fongut plane
£(1.9,1.1).

f(24) = (To- @ -20? = lo-¢-2 =¥ =2

L= %(\O—Xl-Zy‘)_&(’Z") :—‘—’ﬁ—o—i——izy—l Se F,(Zfl)=~——é =-1
by = 4o -2 (o) =

orgr < &H@N=F=-1
Linearfz:z.'f‘l'o'\'- L(h)’)z L(Z,l) + 'FX(Z")(X’?‘B 1 "(‘7(-2"3 (Y—’)

Exa(.'f’ Value:
= - - ~| -l = —y—
2, t ( '\(X 7—) t ( 3(_\/ ) S X ), 'F(|q} l.[): [ID-U-q)]—Z(l.lY‘
Eskimede:  £(14,1) L (1,1) = 5 -19-11 =[2] = 1992

7. Suppose that your friend claims that the equation of the tangent plane to the graph of
f(z,y) = 23 — 32 at the point (4,5) is

2 =39+ 32%(x — 4) — 2y(y — 5).

(a) Why is this not possibly the equation of a tangent plane?

Tk.’s is Vl_b_'l' Qa ,fl\eaf' eq_uo.'f‘l'oA shee i il\(,luom_\' ')(3 aaa( 7’1 ‘|‘€“’\S.

(b) What mistake did your friend make?

be&o'l' o eualuste e Parﬁal derlatives £ and Fy at (‘f, 5).
(c) What is the correct equation of the tangent plane?
'(:X = 3)(1/ So 'rx (qls] = 4g and f/ = _ZY se IY(LI'S) =-10
Tongent ploe’ 2 = 3 4€ (x-4) ~10(y-5)

8. Find the linearization of z = yIn(z) at (1,4,0).

F(x/y\= y I (x) {:(I/L{) =
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