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Tangent plane for z = f(x,y) (explicck funckin)
S,- ¢ale) + et v _o Complecch )
S #= xlryl Ceglicct)

r—[Definition 10.]
Let f(x, y) be such that
e f differentiable at (a, b)
@ S is the surface z = f(x, y)

Then the tangent plane to S at (a, b, f(a, b)) is given by

z="f(a,b)(x —a)+f,(a,b)(y —b)+ f(a,b)
" Ofhawie taled ) Jame

2-{@b) = Vb)) x-a y-6>" quakon
> 2d- gueclient
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Example of tangent plane for z = f(x, y) (1)

Surface: Paraboloid of the form

z=f(x,y) =32 —3x>—4y?

Question:
e Tangent plane at (2,1, 16)
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Funchint 2= flry)= 32-3x2- 4y
Rl (a,6)= C,1) Then 2= 3232%-¢xi% |6

Rutial deqdvaltde)
/L(}/Qj): "62; ,Zv()}‘-o): "gg
Tangeal plane ot (0 6) =¢,1)

2= 16 + (-6x2)(@x-2) + (-8x1)(y-1)
& - "'2.1’234— 4’57
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Example of tangent plane for z = f(x, y) (2)

Partial derivatives: We have

f, = 6bx, f, = =8y

Thus
r(2,1) = —12, f,(2,1) = -8

Tangent plane:
z=—12x — 8y + 48
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Linear approx for functions of 1 variable (Repeat)
Situation: We have

° y=f(x)

Tangent vector at a:
t=(1,f'(a))

Linear approximation: Near a we have

f(x)~f(a)+ f'(a)(x — a)

(a,f(@))

y=fx

/]

|
|
|
|
Y
*
a X
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Linear approximation for functions of 2 variables

r—[Definition 11.]
Let f(x, y) be such that
o f differentiable at (a, b)
@ S is the surface z = f(x,y)

Then the linear approximation to S at (a, b, f(a, b)) is given by

L(x,y) = f(a,b)(x — a) + f,(a, b) (y — b) + f(a, b)

\. J

Remark: Another popular form of the linear approximation is

Az ~ fdx + f,dy
{(x97 (a6)
Multivariate calculus 102 /145
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Example of infinitesimal change (1)

Function:
z="f(x,y) = x2y

Question: Evaluate the percentage of change in z if
@ x is increased by 1%
@ y is decreased by 3%
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Example of infinitesimal change (2)
Small change in z:
dz ~ fdx + f,dy = 2xydx + x*dy

Small percentage change in z:
2

dz 2 2 1
C o ax+ Ddy=Sdx+ —dy
z z z X y

If & = .01 and ¥ = —.03:

2 __o1=_19%
V4
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Outline

@ Maximum and minimum problems
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Max and min for functions of 1 variable

In lemy of Tayth ecp, cloe

Situation: We have o c (MC*CCaC)‘ ., .
1\‘ Ay >0 flas- {(c) >0,
Critical point: (c, f(c)) whenever P Locol i at ¢
f'(c)=0

Second derivative test: If (¢, f(c)) is critical then
Q If f’(c) > 0, there is a local minimum
@ If f’(c) < 0, there is a local maximum
@ If f’(c) =0, the test is inconclusive

Samy T. Several variables
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Critical points for functions of 2 variables

r—[Definition 12.] )
Let
e f function of 2 variables Othewwise steq
@ (a, b) interior point in the domain of f W(am -5
Then (a, b) is a critical point of f_if A

f(a,b) =0, and f,(a,b)=0,

or if one of the partial derivatives f,, f, does not exist at (a, b)

\.
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Second derivative test

r—[Theorem 13.]

For f twice diff. function, define the discriminant of f as

D(x,y) = fuo(%,¥)Ey (x,¥) = (Fiy (X, ¥))?

Then for a_critical point (a, b) the following holds true:
Q If D(a, b) > 0 and f,(a, b) < 0, we have a local max
Q@ IfD
Q@ IfD
QIfD

a,b) > 0 and f(a, b) > 0, we have a local min

—~~ Y~ A~

b)
a, b) < 0, we have a saddle point
b) =

a, b) = 0, the test is inconclusive

Samy T. Several variables Multivariate calculus
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Saddle point for an hyperboloid

The hyperbolic paraboloid
z = x> — y* has a saddle
point at (0, 0).
o & = = DA




Hyperboloids in architecture

v :
= g
/ | ‘
39 :
| 7 ) RN Ry . 9 1
B e 3 s n VI S X s
o =i .." A < o ,’
it $ F1E)=) ; =
=] & = E DA
SEIAN Several variables



Hyperboloids in the food industry

Samy T. Several variables



Example of critical points analysis (1)

Function:
F(x,y) =x*+2y*> —4x + 4y +6

Problem:
Use second derivative test to classify the critical points of f

Samy T. Several variables Multivariate calculus 112 /145
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Example of critical points analysis (2)

Partial derivatives:

fo=2x —4, f, =4y +4

Critical point:

Critical value of f:
f(2,-1)=0
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Example of critical points analysis (3)

Second derivatives:

Discriminant:
D(x,y)=8>0

Second derivative test: We have

D(2,-1) >0, f,(2,-1) >0 == Local minimum at (2, —1)

Samy T. Several variables Multivariate calculus 114 /145



	Maximum and minimum problems

