Lecture 21

Learning Objectives
At the end of this class, students should be able to:

— apply differential rules

The rules of partial differentiation follow exactly the same logic as simple differentiation. Here,
we have to decide how to treat the remaining variable.

21.1 Sum or Difference Rule

If u="~f(x, y)=9(x, y) £ h(x, y), where g and h are differentiable functions, then
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Let us try to understand this rule with the help of the following illustration.

and

Ilustration 1

Find the partial derivatives Z—f and % of the function: f(x, y)=x*+xy® —y°.
X

Solution

We have f(x, y)=x?+xy? —y® then

81: a 2 2 3
— = (X" +xy* -
P ax( y" -y7)
=2x+y* -0
= 2x+y?
Again
o 0
5=5(X2+XV2—Y3)
= 0+ 2xy —3y?
= 2xy —3y?



21.2 Product Rule
If u=f(x, y)=g(x, y).h(x, y), where g and h are differentiable functions, then

au oh g

— = g— + h and
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Let us try to understand this rule with the help of the following illustration.

Illustration 2

Find the partial derivatives Z—u and %u of the function:u = (3x + 2y)(5 - 2x).

X
Solution
We have u = (3x+2y)(5—-2x) then
a :(3x+2y)i(5—2x)+(5—2x)i(3x+2y)
OX OX OX
= (3x +2y) (-2) + (5 - 2x) (3)
=-12x -4y + 15
ou 0 0
— =0Bx+2y)—(5B-2xX)+(5-2x)—(3x + 2y)
oy oy oy

=(3x+2y) (0) + (5-2x) (2)
=-4x+10

21.3 Quotient Rule

Ifu=f(x, y)=9(x, y)/h(x, y) and h(x, y) =0, where g and h are differentiable functions,
then
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Let us try to understand this rule with the help of the following illustration.



Illustration 3

Find the partial derivatives a and %of the function f(x, y)=

OX
Solution
We have f(x, y)= 25y > then
X“+y
o _0f 5y
oX ox\ x? +y?

(0 +y2)x L By) -5y x O (x? +y?)
- OX OX
(0 +y2)?

_ (X +y*)x0-5yx2x
(x* +y*)?

_ —10xy
(x* +y?)?

Again,
o _0f_ 5
oy oy\ x* +y?

2 zxi _ xé 2 2
_(x +Y°) ay(5y) Sy ay(x +Y°)

(x* +y*)*
(x? +y*)x5-5yx2y
(x* +y*)?

_ 5x* +5y° -10y*
(x* +y?)?
_ 5(x* —y*)
(x* +y?)?

X
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Exercise for Reader

Find the first order partial derivatives of each function.

a) f(x,y)=2x*>+4y+5
by f(xy) =3x’y* +y®

¢ fxy)=(x+y)(2x° -5y)

X

f(XYy) = ——
d foy) Try
x2 _y2
e f(xy)=o L
x+y
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