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Interpretation

Chain Rule :

Let f be a function in x and y
where x and y are functions of
t.Let F(x(t),y(t)) ,then dF/dt is
called the total derivative of F
with respectto tis :

dF_of dx of dy

dt ox  dt oy dt

Examplel:

Let f(x,y) = x?y where
x=t+3 and y = 2t

if F(t) = f(x(t),y(t)) find the
derivative dF/dt

Implicit Partial Differentiation:
Let g(x,y) = ¢
0g / Ox

0g / Oy

Then — =
dx

Example2:
2
Consider the function e¢'”’ =7

Find ﬂ

dx

f(x,y) = x*y

g = 2Xy ; @ =1

Ox dt

ai =X2 , ﬂ =2

oy dt

dF _Of jdv Of dy
dt- Ox dt oy dt

dF ,
— =(2xy)(1) + (A)(2)
dt

= 2(t+3)(2t) + 2(t+3)?
= 6t> + 24t + 18

2
Let g(x,y) = e*”

og 2

—= = 2xye"”

ox Y

og —y2 "7

Oy

dy  0glox _ _2xyex2y _ 2y
dx og / Oy x2e*? X

Optimization

Let f(x,y) be a function of two
variables. The Critical point is
obtained by Solving f1=0;f, = 0

Example3: Find the critical point(s) of
f(x,y) = y> + 3xy - x°

fi =3y-3x*>=0 = y =x°
f=3y’+3x=0=>y*+x=0

= (xX*)+x=0=>x*+x=0
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Nature of Critical points :
1. Maximum /Minimum:
(fi)(f2) = f,> 0
If fi1 > 0 = Minimum
If f;1 < 0 = Maximum
2. Saddle point :
(fi)(f22) = £, < O

Example4:
Find and classify the critical

points of the following
functions :
a.f(x,y)=x* + y?

b.f(X,y)=3-6x+x*+2xy+2y - y°

c. f(x,y)=Ln(1+x*> + y?)

2 2
d. f(x,y) =e* "

X2+y2

fi= 2xe =0=>x=0; f=
2 2

2ve’ ™ =0=>y=0;
(0,0) is the critical point.

xz+y2 x2+y2
fi1 =2e +(2x)(2x) e

2 2
=(4x? +2)e" "
2

[Usingu =2x;v=¢e "
then u'v + v'u]
With x = 0,y = 0 ;f;1=2e° = 2

2 2 2 2
fo =2€" " +(2y)(2y)e" ™

5 x2+y2
= (4y“+2) e
with x =0,y = 0 ;f, =2e% = 2
2 2

fio = (2x)(2y)e" ™ ;
withx=0,y=0;fi,=0
(f11)(f22) - £, =4 >0 ;Since
fi1 =2 > 0,(0,0) minimizes f .

2

= x(x>+1) =10
—x(Xx+1)(x* -x +1) =0=x =0 or x=- 1
x=0=>y=x*=0 = (0, 0)
x=-1oy=x>=1= (-1,1)
Example4:
a.f(x,y)=x> + y*
f1= 2x=0=>x=0
fo= 2y =0=>y=0
(0, 0) is the critical point .
fiin=2 ,f2=2;f2=0
= (fu)(f2) - £,’=4>0
Since fi; =2 >0 = (1,1) minimizes f.
b. f(x,y)=3 - 6x+x? +2xy +2y- y*
fi=-6+2x+2y =0
fo= 2x4+2-2y =0
Solving simultaneously, x =1,y =2
= (1,2) is the critical point.
fin=2 ,fn=-2,fl=2
= (f11)(f2) - f,’=-8<0
= (1,2) is a saddle point .
c. f(x,y)=Ln(1+ x> + y?)

fi=— =X —0 = x=0
I+x"+y
2y
fop=————=0=>y=0
2 1+x* +y° y

(0,0) is the critical point .
2(1+x7 +y*) —2x(2x)
fi1 = 2 22
(A+x"+y7)
with (x,y) =(0,0) = f1;1 = 2
_ 201+ x* +y*)=2y(2y)
(1+ x> +y?)?
with (x,y) =(0,0) = f, = 2
_ (O +x* +y°)—2x(2y)
fi2 = 2, 22
(I+x"+y7)
with (x,y) =(0,0) = fi, =0
= (fi)(fn) - £,,=4>0
Since fi; =2 >0 = (0,0) minimizes f.

f22
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