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2010 Homework 4 Suggested Solution

December 2020

Let the radius and the height be r and h respectively.

B 2
Then they satisfy 72 + (2> = a? and the expression to be maximized is
27rh.

h2
So, the Lagrange multiplier is ®(r, h, A) = 27rh + A <r2 + T a2>.

. =2wh + 2Ar

Ah
Dy =2mr + —
2
h2
Oy =124 T a®
2
Setting all of them to be zero, we get r = % = Q\Tf, h=+2a

Area = 27rh = 27a?

Lagrange multiplier: ®(x,y,2,\) = zyz + A« +y + 22 — 16)
P, =yz+ A

b, =xz+ A
D, =xy+2X\z
Py=x+y+22-16
Setting all of them to be zero, we get x 32 z 1
7 , Wi = = —, = —
g g Yy 5 /5
4 4
The product zyz = 096 = 096+/5 R 73.271475
255 125
(a) Lagrange multiplier: ®(x,y, 2z, A1, A2) = zyz + M (z +y + z — 40) +

Xo(z+y —2)

S, =yz+ A1+ A2
S, =xz+ A + X2
D, =axy+ A — Ao
‘I),\l :x+y+z—40



By, =z4y—2
Setting all of them to be zero, we get x =y = 10,2z = 20
Hence w = 2000

(b) The constraints imply that z + y = 20 and z = 20.
So the product could be written as w = 20xy
Consider in the zy-plane.

Different values of the product w correspond to different hyperbola.
The larger the product, the further is the hyperbola is from the origin.
Hence, geometrically we could see that to maximize the product w,
the corresponding hyperbola must touch the line x + y = 20. That
is, z =y = 10.

(a) f(z,y) =In(2x +y+1)
£(0,0)=0

2
Ja = 20 +y+1
f2(0,0) =2

1
Ju= 20 +y+1
f4(0,0) =1

4
Jor =y v 17
fwz(ovo) =—4

P
o 2z +y+1)2

foy(0,0) = =2

f = 1
Y Qe ty+1)?

fyy(0,0) =-1

Fone = 16

fuzz(0,0) =16
8

2z +y+1)3

4

P = Gy
fﬁyy(()?O) =4

fwwy =



£ 2
yyy — (2x+y+1)3
f yyy(ov O) =2
Quadratic approximation:

1
flz,y) =~ 2z +y—22° — 2zy — 51/2

Cubic approximation:

8 . 1
f(z,y) = (quad approx) + gaz‘?’ + 42y + 2zy% + §y3

Differentiate as in part (a).

The answer is:

Quadratic approximation:

flzy) = 1+z+y+a?+ay+y?

Cubic approximation:

f(z,y) ~ (quad approx) + z° + 2%y + 2y + °



