NCERT Solutions for Class-XII Maths

Chapter-6.2

NCERT Math Class 12

Show that the function given by f (x) = 3x + 17 is strictly increasing on R.
Let x, and x, be any two numbers in R..

Then, we have:
X, <x, =3x, <3x, =3x, +17<3x,+17= f(x) < f(x,)

Hence, f is strictly increasing on R.

Show that the function given by f (x) = e** is strictly increasing on R.
Let x; and x> be any two numbers in R.

The, we have,

X1 <X2

= 2x1 < 2X»

o 2% < 2%,

= f(x1) <f(x2)

Therefore, f is strictly increasing on R.

Show that the function given by f (x) = sin x is

A. strictly increasing in (O, %]

B. strictly decreasing in [%,7{)

C. neither increasing nor decreasing in (0, )

The given function is f'(x)=sinx.
- f'(x)=cosx

(a) Since for each x € (O,%j,cosx >0, we have f’(x)>0.

Hence, f is strictly increasing in (O,%).



(b) Since for each x e (%,EJ,COS)C <0, we have f'(x) <0.

Hence, f is strictly decreasing in (%,ﬂj

(c) From the results obtained in (a) and (b), it is clear that f* is neither increasing nor

decreasing in (0, 7).

Find the intervals in which the function f given by f (x) = 2x> — 3x is
A. strictly increasing B. strictly decreasing
It is given that function f(x) = 2x? — 3x

= f(x)=4x-3

If f°(x) = 0, then we get,
3

xX=—
4

So, the points % divides the real line into two disjoint intervals, (—oo,%] and (%,ooj
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So, in interval(%,ooj, f(x)=4x-3>0

Therefore, the given function (f) is strictly increasing in interval[%,oo}.

It is given that function f(x) = 2x? — 3x

= f(x)=4x-3

If £(x) = 0, then we get,
3

xX=—
4

So, the points % divides the real line into two disjoint intervals, (—oo,%] and (%’wj
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So, in interval(—oo, (x)=4x-3<0
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Therefore, the given function (f) is strictly decreasing in interval(%,oo}.

Find the intervals in which the function f given by f (x) = 2x> — 3x2—36x + 7 is
A. strictly increasing B. strictly decreasing

The given function is f(x)=2x" —3x* =36x+7

f'(x)=6x" —6x-36=6(x"—x—6)=6(x+2)(x~3)

S f(x)=0=>x=-23

The points x =-2 and x =3 divide the real line into three disjoint intervals i.e.,
(—o0,-2),(-2,3), and (3,0)

-4 + +
2 3

Y.

In intervals (—c0,—2) and (3,00), f*(x) is positive while in interval (-2,3), f"(x) is
negative.

Hence, the given function ( 1) is strictly increasing in intervals (—o0,—2) and (3,c0),

while function ( f) is strictly decreasing in interval (-2,3)

Find the intervals in which the following functions are strictly increasing or decreasing:
A.x*>+2x-5B. 10— 6x — 2x>

C.2x*-9x>-12x+1D.6-9x — x>

E. (x+ 1)} (x-3)

(A)It is given that function f(x) = x> +2x — 5

Px)=2x+2
If f°(x) = 0, then we get,
= x=-1

So, the point x = —1 divides the real line into two disjoint intervals, (—oo,—1) and (1,)
So, in interval (—o0,—1)

(x)=2x+2<0

Therefore, the given function (f) is strictly decreasing in interval (—o, —1).

And in interval (1, o)

(x)=2x+2>0

Therefore, the given function (f) is strictly increasing in interval (1, o).

Thus, f is strictly increasing for x > —1.

(B) It is given that function f(x) = 10 — 6x — 2x>
f(x) =-6 —4x



If f°(x) = 0, then we get,

>Xx=—

: -3 ... o e
So, the point x = > divides the real line into two disjoint intervals,

(_w,ﬁj and(i’,oo
2 2

. -3
So, in 1nterval(—oo,7)

(x)=—6—-4x<0

Therefore, the given function (f) is strictly decreasing in interval(—oo,_?g’j.

And in interval (_73 , Ooj
(x)=—6—-4x>0

Therefore, the given function (f) is strictly increasing in interval(?,ooj .

Thus, f is strictly decreasing for x> _73 f

(O) It is given that function f(x) = -2x3 - 9x> — 12x + 1

= P(x)=-6x>—18x + 12

= P(x) =-6(x>+3x + 6)

= X)) =-6(x+1)x+2)

If f°(x) = 0, then we get,

= x=-1and -2

So, the points x =—1 and x = -2 divides the real line into two disjoint intervals,
(—0,-2), (-2,—1) and (-1, )

So, in interval (—00,-2),(—1, o)

Px)=-6(x+1)(x+2)<0

Therefore, the given function (f) is strictly decreasing for x <-2 and x>-1.
So, in interval (-2.—1)

f(x)=-6(x+ 1)(x+2)>0

Therefore, the given function (f) is strictly increasing for -2 <x <-1.

(D)1t is given that function f(x) = 6 — 9x — x>
(x)=-9-2x
If £°(x) = 0, then we get,



-9
= x= —
2

: -9 ... o e
So, the point x = 5 divides the real line into two disjoint intervals,

(—oo,_—gJ and(_—g, o0
2 2

. -9
So, in 1nterval[—oo, 7)

x)=-9-2x>0

Therefore, the given function (f) is strictly increasing for x < _79

And in interval (_?9 , oo]
(x)=-9-2x<0

Therefore, the given function (f) is strictly decreasing for x>_79.

Thus, f is strictly decreasing for X>_79.

(E) It is given that function f(x) = —(x + 1)* (x - 3)*

= P(x) = 3(x + 12 (x = 3)} +3(x + 1) (x — 3)?

= P =3(x+ 12 (x -3 [x-3+x+1]

= P(x) = 6(x + 1)2 (x — 3)2(x-1)

If °(x) = 0, then we get,

=>x=-1,3and 1

So, the points x =—1, x =1 and x = 3 divides the real line into four disjoint intervals,
(—o0,—1),(=1,1),(1,3)and (3,0)

So, in interval (—o0,—1),(=1,1)

f(x)=6(x+1)* (x-3)*(x-1)<0

Therefore, the given function (f) is strictly decreasing in intervals (—co,—1),(-11).

So, in interval (1,3)and (3,)
f(x)=6(x+1)* (x-3)*(x-1)>0
Therefore, the given function (f) is strictly increasing in intervals (1,3) and(3,oo).



Show that y =log(1+ x)— 2x ,x>—1, is an increasing function of x throughout its

2+x
domain.
We have,

2
y:log(1+x)—rxx

cdy 1 (2+x)(2)—2x(1)_ 1 4 X2

Tdx l4x Q+x°  l+x (Q2+x)° (Q+x)

Now, ﬂ =0
dx
2

x 0
2+x)

=x*=0

=x=0

Since x >—1, point x =0 divides the domain (—1,00) in two disjoint intervals i.e.,

=

-1< x<0 and x>0.

When —1< x <0, we have:
x<0:>x2>0
x>-1=(2+x)>0=>(2+x)°>0

2
' X

=
YT 2y
Also, when x>0 :
¥>0=>x">0,2+x)°>0

0

2
' X

y=""—""
(2+x)
Hence, function £ is increasing throughout this domain.

0

Find the values of x for which y = [x(x — 2)]? is an increasing function.
It is given that y = [x(x — 2)]?, then,
dy 2
—=y'=2(x"-2x)(2x-2
dx Y ( )( )
=4x(x-2)(x-1)
Now if Q =0
dx
=x=0,1,2
So, the points x = 0, x =1 and x = 2 divides the real line into four disjoint intervals,



('0090)9 (031)9 (17 2) and (2900)
So, in interval(-00,0),(1,2)

d_y <0

dx

Therefore, the given function (f) is strictly decreasing in intervals (—,0),(1,2).
So, in interval (0,1) and (2,%0)

Therefore, the given function (f) is strictly increasing for 0 <x <1 and x>2

Prove that y = _dsin0 @ is an increasing function of 0 in {0, Z}
(2+cosf) 2
We have,
_ 4sind
B (2+cosd) -
dy (2+cosd)(4cosf)—4sind(—sinb) »
Cdx (2+cosh)’
_ 8cosd + 4cos’0 + 4sin’0 B
(2+cos0)’
_ 8cosO+4
"~ (2+cosO)
Now, Q =
dx
8cosd+4

>———=

(2+cos8)
= 8cos@+4 =4+cos2+4cosd
= cosf—4cosf@=0

= cosf(cosd—4)=0
= cosfd=0orcosfd=4
Since cosé # 4,cosd = 0.

cos¢9:0:>¢9:§

Now,



10.
10.

11.

11.

Q ~ 8cos€+4—(4+00520+4cos¢9) ~ 4¢cosf — cosl B cos(9(4—cost9)

dx (2+cos6)’ (2 +cos6)’ (2 +cosb)’

In interval (O,%j, we have cos@ > 0. Also, 4 >cosfd = 4—cosf >0

~.cosf(4—cosf) >0 and also(2+cosb)’ >0

cosf(4—cos0)
>0
(2+cosé’)2

:ﬂ>0
dx

S . o T
Therefore, y is strictly increasing in interval (O,EJ.
Also, the given function is continuous at x =0 and x = 2

. o b2
Hence, y is increasing in interval [0,5}.

Prove that the logarithmic function is strictly increasing on (0, o).
The given function is f(x) = logx

:>f'=l
X

It is clear that for x>0, ' = 1 >0

X
Therefore, f(x) = log x is strictly increasing in interval (0,c0).

Prove that the function f given by f (x) =x%—x + 1 is neither strictly increasing nor strictly
decreasing on (— 1, 1).
The given function is f(x)=x*—x+1

s f(x)=2x-1

Now, f’(x)=0:>x:%.

The point 5 divides the interval (—1,1) into two disjoint intervals

ie., [—l,lj and (l,lj.
2 2

Now, in interval (—1, %j,f’(x) =2x-1<0



12.

12.

Therefore, f is strictly decreasing in interval (—1,%).
However, in interval (%,1j,f'(x) =2x-1>0

Therefore, f is strictly increasing in interval (%,lj.

Hence, f is neither strictly increasing nor decreasing in interval (—1, 1).

Which of the following functions are strictly decreasing on (O, %j‘?

A. cos x B. cos 2x
C.cos3xD. tanx
(A) Let fi(x) = cosx

f1 (x) =—sinx

In intewal(o,%j, f (x) = —sinx<0.

Therefore, fi(x) = cosx is strictly decreasing in interval(o, %)

(B) Let £r(x) = cos2x
o fo (x) =—2sin2x
Now, 0 <x < %

=>0<2x<m
= sin2x >0
= -2sin2x <0

s f(x)= —2sin2x<00n(0,§)

Therefore, f2(x) = cos2x is strictly decreasing in interval(O, %J
(C) Let f3(x) = cos3x

- (x) =—3sin3x

Now, f, =0

= sin3x=0

= 3x=m, as XE(O,%j



13.

13.

>x=

W[y

The point x = 3 divides the interval (O, %j into two distinct intervals.

ie. (O,ZJ and (Z,Zj
3 3°2

Now, in interval, (0,%},
f'(x) = -3sin3x < 0 as (0 < x < % —> (0 < 3x <7)
Therefore, f3 is strictly decreasing in interval(o, %j

Now, in interval z,z
32

f3'(x)=-3sin3x > 0 as §<x<Z = 7z<3x<3—7[

Therefore, f3 is strictly increasing in interval(%,gj.

(D) Let fs = tanx
- fi(x)=sec’x

In interval (O, zj,
2
£ (x) =sec’x >0

Therefore, f4 is strictly increasing in interval(O,%j .

On which of the following intervals is the function f given by f (x) = x!%° + sin x —1 strictly
decreasing?

A.(0,1)B. (%ﬂJ

C. (0,%) D. None of these

The correct option is (D).
Explanation: It is given that f (x) = x'% + sin x -1
Then, £(x) = 100x*° + cosx
10



14.

14.

In interval (0,1), cos x >0 and 100x*°> 0
= £(x)>0
Therefore, function f'is strictly increasing in interval (0,1).

In interval(%,;zj, cos x < 0 and 100x*° > 0.
Also, 100x%° > cos x

- £(x)> 0 in (%7[}
Therefore, function f'is strictly increasing in interval(% ,7[}.

In intewal(o,%), cos x < 0 and 100x*° > 0.
Also, 100x%° > cos x

- f£(x)> 0 on (ogj

Therefore, function f'is strictly increasing in interval(o, %j

Hence, function f'is strictly decreasing on none of the intervals.

Find the least value of a that the function f given by f (x) = x? + ax + 1 is strictly increasing
on[l, 2].

It is given that function f(x) = x> + ax + 1

f(x)=2x+a

Now, function f will be increasing in (1,2) ,

if £(x) >01in (1,2)

=2x+ta>0

=>2x>-a

a
>X> ——

Therefore, we have to find the least value of a such that

= x> —% when x € (1,2)

:>x>—%(whenl<x<2)

Therefore, the least value of a for f to be increasing on (1,2) is given by
-a/2=1
>a=-2

11



15.

15.

Therefore, the least value of a is -2.

Let I be any interval disjoint from [—1, 1]. Prove that the function f given by f(x)=x+ 1
X

is strictly increasing on .

We have,
1
f(x) =x+ =
1
SN (x)=1-—
r()=1-%
Now,

f'(x)zO:Lzzljx:il
X

The points x =1 and x =—1 divide the real line in three disjoint intervals i.e.,

(—o0,—1),(~11), and (1,0)
In interval (—1,1), it is observed that:
-l<x<l1

=x'<l1

1
=l<—,x#0
X

:>1—L2<0,x¢0
X

)= 1—% <0on(-11)~{0}
x
<. f is strictly decreasing on (—1,1)~{0}.
In intervals (—o0,—1) and (1,c0), it is observed that:
x<-lorl<x

=xi>1

1

31>—2
X

1
:>1——2>0
X

f'(x) = l—i2 >0 on(—oo,—l) and(l,oo)
X

12



16.

16.

17.

17.

<. f is strictly increasing on (—0,1) and (1,0).
Hence, function £ is strictly increasing in interval I disjoint from (—1,1). Hence, the

given result is proved.

Prove that the function f given by f (x) = log sin X is strictly increasing on (O,%jand

. . V4
strictly decreasing on(;, ﬂj
It is given that f (x) = log sin x
1
= f'(x)=——-cosx = cotx
sinx
In interval(o, %j, f(x) =cot x >0
Therefore, f is strictly increasing in(O, gj

In interval(%,;rj, f(x)=cotx <0

Therefore, f is strictly decreasing in (%,nj.

Prove that the function f given by f (x) = log |cos X| is strictly decreasing on(O,%jand

. . . 3z
strictly increasing on 7,27[ .

We have,
f(x)=logcosx

s f(x)= ﬁ(—sinx) = —tanx

In interval (0,%), tanx > 0 = —tanx < 0.

o f'(x)<0on (o,gj

13



18.
18.

19.

19.

.. f 1s strictly decreasing on (0,%}

In interval (%,ﬂ'j, tanx<0 = —tanx>0.

S (x)>0 on(%,ﬂj

. f 1s strictly increasing on (g,nj

Prove that the function given by f (x) = x*> — 3x% + 3x — 100 is increasing in R.
We have, f(x) = x* —3x%+ 3x - 100

= (x) =3x2-6x +3

=3(x2-2x+1)

=3(x-1)2

Foranyx e R, (x-1)2>0

Thus, f’(x) is always positive in R.

Therefore, the given function (f) is increasing in R.

The interval in which y = x> e * is increasing is
A. (—o,0)B. (-2,0)

C.(2,%)D.(0,2)

We have

y=x*e~

Q =2xe " —x'e=xe* (2 —x)
dx

Now, d—y:O. =x=0and x=2
dx

The points x =0 and x =2 divide the real line into three disjoint intervals i.e.,
(—O0,0),(0,2), and (2,00).

In intervals (—oo,O) and (2,00), f '(x) <0 as ¢ " is always positive.

<. f is decreasing on (—c0,0) and (2,0).

In interval (0,2), /'(x)>0

.. f 1s strictly increasing on (0,2).

Hence, f is strictly increasing in interval (0,2).

The correct answeris D.

14
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