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Solution

1. Suppose that f(x,y) = x’y.Letx =2 -t and y=3t+ 7
Use the chain rule to find F'(t) .

of dx 0of d
F'(t) = i— + i_y = 2xy(-1) + x*(3)=-2(2-t)(3t+7) + 3(2-t)?
Ox dt Oy dt
2. Suppose that f(x,y) = X’y + y*> .Lletx =3t>+3 and y=t>-7
Use the chain rule to find F'(2)

of dx of dy 2 2
F'(t) = - — + L 2 = 2xy(6t 2y)(3t
® Ox dt +6y dt Xy(6t) + (x+2y)(3E)

F/(t) =2(3t% + 3)( 2 - 7)(6t) +[(3t* + 3)? +2(t3 - 7)](3t?)

3. Find dy/dx in each of the following cases:

_Og/ox _ 4x+5y
o0g /0y B 5x+2y

B 4%y +8xy> —10x"y

a.) 2x> + 5xy + y? = 19 dy/dx =

b.) x*? 4+ 4x%y? - 2x°’y =3 dy/dx=
4 3x'y? +8x°y—2x"y

_ 2x Y’ —18x%y* +2y
3x°y* —12x°y+2x

c)xy?-6x°y?* +2xy =1 dy/dx=

B ye +2

xe? +2
4. Find and classify the critical points of the following functions :

d.) e + 2(x+y) = 5 dy/dx =

a.) f(x,y) = 2x*> + 2y® : To find the critical point , f; =0 ; f, = 0
fi=d4x=0=>x=0;f,=4y=0 = y =0 (0,0) critical pt.
To check whether it maximizes or minimizes f or a saddle point :

(Fi)(F2) - £,

2
fii=4, fo=4,;fa=0 = (fu)(f2)- f, =16 >0
Since fi1; =4 >0, (0, 0) minimizes f.



b.) f(x,y) = e * )= e
2 2 2 2
fi=-2xe' 7 =0=>x=0;fh=-2ye " =0=>y=0
(0,0) critical point.
— 522 — 22 _ 2,2
fii=-2¢ " 7 +(-2x)(-2x) e "V =(@4x*-2) e

. —xz—yz 7 /4
[Usingu=-2x ;v =ce¢ ,then u’'v + v'u]

Withx =0,y =0; f;; =-2e=-2
— 22 — 22 _ 2,2
fao =27 7 4 (-2y)(-2y) e T TV = (4y*-2)e " T,
withx =0,y =0; fo=-2e%=-2
2 2
fio=(-2x)(-2y) e~ 7 ;withx=0,y=0;f2=0
(f11)(f22) - f,, =4 >0 ;Since fy; = -2 < 0,(0,0) maximizes f .

c.) f(x,y) = x*- y®> Same as part (a) : (0,0) is the critical point.
2
fli=2, fo=2;f=0 = (fll)(fzz)—ﬁz =4 >0
Sincef;1=2>0, (0, 0) minimizes f.

d.) f(x,y) = y3 + 3xy - x*

fi= 3y - 3x?> = 0 = y = x? substitute this in f,; f» = 3y*’+3x=0
332 +3x =0 =3(x*+x)=0= x(x>+1) =0
= x(x+1)(x* -x+1)=0=>x=0 orx=-1
x=0=>y=x*=0 = (0, 0) first critical point
x=-1=>y=x*=1= (-1,1) second critical point
(0, O) first critical point
fii=-6x=0,fp =6y =0; fi, =3 = (f11)(f22) - ﬁ22=- 9< 0
Therefore (0,0) is a saddle point.

(-1,1) second critical point

fi1 = -6X=6,f =6y =6;f1=3=> (f1)(f) - f,,_=32>0

Since fi11 =6 >0 = (-1,1) minimizes f.

e.) f(x,y) = 6 + 4x -3x*> + 4y +2xy - 3y?
fi=4-6x+ 2y =0
fb=44+2x-6y =0
Solving simultaneously, x =1 ,y = 1= (1,1) is the critical point.
fi1 = -6 ,f=-6; f12 = 2 = (f11)(f22) - f122=32 >0
Since f;1 = -6 < 0 = (1,1) maximizes f.



5. Find the critical point of the function
f(x,y) = Ln (X% - 2xy + 2y? -2y + 2)
and show that this critical point is a local minimum.

2x—=2y
fi= — : =0=2x-2y=0= x =y----(1)
x°=2xy+2y —2y+2
—2x+4y-2
- =0 = -2x + 4y -2 =0 ----- (2)

x'=2xy+2y° =2y+2
Substitutey =xin(2) : -2x+4x-2=0=>x=1=>vy=1
(1,1) is the critical point.

2(x7 =2xy+2y" =2y +2)—(2x—2y)(2x—2Yy)
(x* =2xy+2y° =2y+2)°

f11=

[Usingu = 2x -2y ; v = x° —2xp+2y> =2y +2 ;then 4

Withx =1,y =1, fi;= 2. Similarly ,
Ax*=2xy+2y" =2y +2)—(2x+4y—-2)(2x+4y—-2)
(x> =2xy+2y> =2y +2)°
Withx=1,y=1,fpn=4
—2(x* =2xy+2y° =2y4+2)—(2x=2y)(2x+ 4y -2)
(x* =2xy+2y° =2y +2)°
Withx=1,y=1,f15,=-2

fo =

fi2 =

(F11)(f22) - fi, = 4> 0
Since fi; =2 >0 = (1,1) minimizes f.

6. Find the values of x and y that minimize the function:
f(x,y) = 8x* + 10y +8xy + 10y? + 12x + 6
and verify that these values do indeed give a minimum.
fi=16x+8y + 12 =0
fob=10 + 8x + 20y=0
Solving simultaneously, x = -5/8,y = -1/4 = (-5/8,-1/4) is the
critical point.

fi1 = 16 , fop = 20; f12 = 8 = (f11)(f22) - ﬁ22=256 >0
Since f;;1 = 16 > 0 = (-5/8,-1/4) minimizes f.



