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By Lagrange’s method
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From (3), A =-2
Putting the value of A in (4) and (5), we get

4z+2(-=2)y=0 = z-y =0 ...(6)
and 4y-16+8(=2)z=0 = y—4z = 4 ..(7D
Adding (6) and (7), we get

—-3z=4and z = —i
3

From (6), y =z = —%

On putting the values of y and z in (2), we get

2 2
4
4x2+(—3j +4[—5] -16 =0 = 2= o2
3 3 9 3
. . 4 -4 -4
Hence, the hottest points on the probe surface is ig ryry Ans.

Example 26. 4 tent of a given volume has a square base of side 2a, has its four-side vertical
of length b and is surmounted by a regular pyramid of height h. Find the values of a and b
in terms of h such that the canvas required for its construction is minimum.

Solution. Let 7 be the volume and S be the surface of the tent.

1
V= 4 a2b+%(4 a®)h [Volume of pyramid = 3 Area of the base x height]
S = 8ab+4ava®+h* [Surface Area of pyramid = % perimeter x slant height]
0
Oa Oa
2
= 8b + 4 \a* +h? +4—a+k[8ab+@} =0 (D)
,/az +1? 3
ﬁma—V:o = 8a+4ra® =0 (2
ob ob
0S ov
950 g o A 4,0 -0
on " on 2+ 3
From (2) Aa+2 = = Aa =-2 ..(4)
From (3) 12ah + 40a2Na? +h* =
= 3h+iava®+h*> =0 (5
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Substituting the value of A a from (4) in (5), we get
3h-2Ja* +h* =0 = 9 =4d"+4n = 4da°=5K

a = \/gh
2
Substituting A a = -2 and a = we get
8b+4,/5h +1 o+ \/7 8b+—} =0
= b+6h+T—16b—T=0
= -8 +4h=0 = b=%.
Thus, when a = = %we get the stationary value of S. Ans.

Example 27. Find the maximum and minimum distances of the point (3, 4, 12) from the
sphere X* + y* + 2* = 1. (AMIETE, June 2010)
Solution. Let the co-ordinates of the given point be (x, y, z), then its distance (D) from
G, 4, 12).

D = J(x-37 +(y—4)7 +(z-12)

= F,p.2) = =37+ -4+ (- 12)
x2+y2+ =1
¢y 2 =Xy +r 1
a—P+xa—¢ =2@x-3)+2Ax=0 (1)
ox ox
aF @=2(y_4)+2xy=o (2)
6y oy
OF 9% _he-1y+20z=0 -3
0z 0z

Multiplying (1) by x, (2) by y and (3) by z and adding, we get
G HY D) -3 -y - 122+ AP+ Y+ ) =0

1-3x-4y-12z+1=0 ..(4)
3
From (1 X = — ..(5
@ Ton ©)
From (2) -4 ©)
Y 1+A
12
From (3 z = — (7
3 ) @)
Putting these values of x, y, z in (4),we have
9 16 144
1+A— - - =0 2=
1+2 1+A 1+A = @ +2) 169
1+A=+13

Puttmg the value of 1 + A in (5), (6) and (7) we have the points

(3 4 12) -3 -4 -12
—,—,—|ad | —,—,—|.
13713713 13713 " 13
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13 13 13

2 2 2

(3+ %) +(4+ 4] +(12+12j
13 13 13

Example 28. Use the method of Lagrange’s multipliers to find the extreme values of
f &,y 2)=2x+3y+zsubjecttox’ +y°=5andx +z=1.
(AM.ILE.TE, June 2010, Dec. 2007, Uttarakhand, I Semester, Dec. 2006)

The minimum distance 12

14 Ans.

The maximum distance

Solution. Let fG,y,2)=2x+3y+z (D)
oy = x*+)y -5 ()
Y@, z)=x+z-1 ..(3)

Lagranges Multipliers Equations are
0F 3 80,,2% _ g & 2ia@otudy=0 @)

ox Ox Ox
0 0 0
_f+}\‘_¢+u_\|j
oy Oy 0y
0
_f+x@+ua_w
0z 0z 0z
Putting the value of p in (4) and (5), we get

=0 =  3+A@)+p©0=0 .05

=0 =SI1+A0)+p0)=0 =p=-1..(6)

1
2+2Ax-1=0 = 2Ax=-1, = =- —
x x , x o
3422y =0 = 2Ay=-3, = = 3
y y > y o
Putting the values of x, y in x* + ¥ = 5, we get
_12+—92 =5 = —102 = = 2 7\.2= 1
40° 4% 40
1
= 7\.2=— = k:ii
2
We know that x = —iziﬁzii
2 A 2 2
yo 3,32 3
2 A 2 2
1
From 3),x +z=1 = z=1-x =1F—
V2
Putting x = =S y—i and z =1 . in (1), we get
2/ \/E ﬁ ]
2 9 1 10
= 4 4l-—=—+1=5{2+1
NN 2 2
. 1 3 1 .
Putting x = ——2,y=——2 and z = 1+—2 in (1), we get



