
Application to Problems
of Maxima and Minima
(Without Calculus)
Suppose that a a a an1 2 3, , , ..., are n positive variables and k

is constant, then

(i) If a a a a kn1 2 3+ + + + =. . . . . (constant), the
value of a a a an1 2 3 . . . is greatest when
a a a an1 2 3= = = =. . . . , so that the greatest

value of a a a an1 2 3 . . . is
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Here, a a a an1 2 3= = = =...
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y Example 105. Find the greatest value of xyz for

positive values of x y z, , subject to the condition
yz zx xy+ + = 12.

Sol. Given, yz zx xy+ + = 12 (constant), the value of

( ) ( ) ( )yz zx xy is greatest when yz zx xy= =
Here, n = 3 and k = 12

Hence, greatest value of ( )( )( )yz zx xy is
12
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i.e. 64.

\ Greatest value of x y z2 2 2 is 64.

Thus, greatest value of xyz is 8.

Aliter

Given yz zx xy+ + = 12, the greatest value of ( )( )( )yz zx xy
is greatest when

yz zx xy c= = = [say]

Since, yz zx xy+ + = 12

\ c c c+ + = 12

Þ 3 12c = or c = 4

\ yz zx xy= = = 4

Hence, greatest value of ( ) ( ) ( )yz zx xy is 4 4 4× ×
i.e., greatest value of x y z2 2 2 is 64.

Hence, greatest value of xyz is 8.

y Example 106. Find the greatest value of x y3 4 , if

2 3 7x y+ = and x y³ ³0 0, .

Sol. To find the greatest value of x y3 4 or

( )( )( )( )( )( )( )x x x y y y y

Here, x repeats 3 times and y repeats 4 times.

Given, 2 3 7x y+ = ,

then multiplying and dividing coefficients of x and y by 3
and 4, respectively.
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Here, k = 7 and n = 7

Hence, greatest value of
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x y is 1.

Thus, greatest value of x y3 4 is
32

3
.

(ii) If a a a a kn1 2 3 . . . = (constant), the value of
a a a an1 2 3+ + + +. . . is least when
a a a an1 2 3= = = =. . . , so that the least of

a a a an1 2 3+ + + +. . . is n k n( ) /1 .

ProofQAM ³ GM

\a a a a

n
a a a an

n
n1 2 3

1 2 3
1+ + + + ³...

( ... ) / = ( ) /k n1

Þ a a a a

n
kn n1 2 3 1+ + + + ³...

( ) /

or a a a a n kn
n

1 2 3
1+ + + + ³... ( ) /

Here, a a a an1 2 3= = = =...

\Least value of a a a an1 2 3+ + + +... is n k n( ) /1
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y Example 107. Find the least value of 3 4x y+ for
positive values of x and y , subject to the condition
x y2 3 6= .

Sol. Given, x y2 3 6=

or ( ) ( ) ( ) ( ) ( )x x y y y = 6

Here, x repeats 2 times and y repeats 3 times
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multiplying and dividing coefficient of x and y by 2 and 3

respectively and write x y2 3 6=
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Here, n = 5 and k = 32

Hence, least value of
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y Example 108. Find the minimum value of
bcx cay abz+ + , when xyz abc= .

Sol. To find the minimum value of

bcx cay abz+ + ,

write, xyz abc=
or ( ) ( ) ( )bcx cay abz a b c k= =3 3 3 [constant]

Here, n = 3

Hence, minimum value of bcx cay abz n k n+ + = ( ) /1

= 3 3 3 3 1 3( ) /a b c = 3abc

An Important Result
If a i > 0, i n= 1 2 3, , , ..., which are not identical, then
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Remark
If a a an1 2= = =.... , then use equal sign in inequalities.

y Example 109. If a b c, , be positive real numbers,

prove that
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y Example 110. If a and b are positive and a b+ = 1,
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Sol. Since, AM of 2nd powers > 2nd power of AM
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1. The minimum value of 4 42x x x R+ Î- , is

(a) 0 (b) 2

(c) 4 (d) 8

2. If 0 < <q p, then the minimum value of sin3 3 2q q+ +cosec , is

(a) 0 (b) 2

(c) 4 (d) 8

3. If a b c, , and d are four real numbers of the same sign, then the value of
a

b
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a
+ + + lies in the interval

(a) [ , )2 ¥ (b) [ , )3 ¥
(c) ( , )4 ¥ (d) [ , )4 ¥

4. If 0
2

< <x
p

, then the minimum value of 2 2 3(sin cos )x x x+ + cosec is

(a) 27 (b) 13.5

(c) 6.75 (d) 0

5. If a b c+ + = 3 and a b c> > >0 0 0, , , then the greatest value of a b c2 3 2 is
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