AOD (Monotonicity)

. ALLEN"
The function f(x) = X’ — 6x° + ax + b is such
AOD (MONOTONICITY)
that f(2) = f(4) = 0. Consider two statements.
1. Let f:R — R be defined as
(S1) there exists x,, X, € (2, 4), X, < X,, such
—ix3+2x2+3x x>0 : ,
f(x)={ 3 ’ . Then f is that f'(x;) =-1 and f'(x,) =0.
3xe . x<0 (S2) there exists x,, X, € (2, 4), X, < X,, such that
increasing function in the interval £ is decreasing in (2, x,), increasing in (x,, 4)
€9) (—— 2) (2)(0,2) and 2f' (x;) = V3 f (x, ) - Then
3 (1) both (S1) and (S2) are true
(3) _17_ (4) (_3’ _1)
2 (2) (S1) is false and (S2) is true
2. Let f(x) = 3sin*x + 10sin’x + 6sin’x — 3, (3) both (S1) and (S2) are false
X € [_g 5} Then, fis : (4) (S1)is true and (S2) is false
Let f: R —> R be defined as,
(1) increasing in —E,E .
2 —55x, if x<-5
_ f(x)=42x> —3x> =120x, if-5<x<4
(2) decreasing in [ j 3 y
X~ —3x" -36x—-336, if x>4,
(3) increasing in ( g j Let A = {x € R : fis increasing}. Then A is
equal to :
(4) decreasing in ( E j
6 (1) (=0, =5) U (4, )
3. The number of real roots of the equation (2) (-5, )
e +2e—e' -6=0is: (3) (—o0, —5) U (~4, o)
m2 @4 o1 )0 ) (5, 4) L (4, )
’E 4. If 'R' is the least value of 'a' such that the )
g The function
£ function f(x) = x>+ ax + 1 s increasing on [1, 2]
T 3 .2
2 and 'S' is the greatest value of 'a' such that the fx)= u—ZsinX +(2x —1)cosx :
=
£ function f(x) = x>+ ax + 1 is decreasing on [1, 2],
1
: then the value of [R—9/ is (1) increases in [5 j
}i‘ 5. Let f be any continuous function on [0, 2] and
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twice differentiable on (0, 2). If f(0) =
f(1) = 1 and f(2) = 2, then

() f"(x)=0forall x € (0, 2)

(2) £"(x) = 0 for some x < (0, 2)

(3) f'(x) = 0 for some x € [0, 2]

4) t"(x) > 0 forall x € (0, 2)

(2) increases in ( —00, }

1
(3) decreases in 5 j

(4) decreases in (—oo, 5}




AOD (Monotonicity)

9.

10.

®
ALLEN Y

If Rolle's theorem holds for the function
fx) = x3 — ax2 + bx — 4, x € [1, 2] with

f '[gj =0, then ordered pair (a, b) is equal to :

1 6.8 (2) (=5, 8)
3) (5,-8)

Let a be an integer such that all the real roots of

) (=5,-8)

the polynomial 2x5+5x4 + 10x3 + 10x2 + 10x + 10
lie in the interval (a, a + 1). Then, |a| is equal

to

11.

12.

Let f be a real valued function, defined on

R - {-1, 1} and given by

2
f(x) = 3log, 1

x—1]
x+1] x
Then in which of the following intervals,

function f(x) is increasing?

(1) (—oo,—nu[B,ooj—{l}]

(2) (=00, 0) — {-1, 1}

1
o]

4 (—oo, ﬂ ()

Consider the function f : R — R defined by

1
—si - ) 0 .
f(x)= (2 Sm(xDlxl X7 . Then fis:
0 ,x=0

(1) monotonic on (-0, 0) W (0, o)
(2) not monotonic on (-0, 0) and (0, )
(3) monotonic on (0, ) only

(4) monotonic on (-0, 0) only
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® ALLEN" AOD (Monotonicity)
SOLUTION 3. Official Ans. by NTA (3)
1. Official Ans. by NTA (3) Sol. Lete’=t>0
fO=t"+20-t-6=0
_4x? '(t) =4 + 68 — 1
Sol. (x) 4% +4x+3 x>0 F®
3e*(1+x) x<0 )
1 1 |
0 a 1
T
2 2
For x > 0, f'(x) =—4x” + 4x + 3
fx) s i .. 13
(X) 1S 1Icreasing in —E,E f(()) — —6, f(l) — _4’ f(2) =24
= Number of real roots = 1
For x <0, f'(x) = 3¢" (1 +x) 4.  Official Ans. by NTA (2)
_2
F(x)>0 V¥ x (-1, 0) Sol. fx)=x"+ax+1
flx)=2x+a
= 1(x) is increasing in (-1, 0) when f(x) is increasing on [1, 2]
3 2x+a>0 Vxell, 2]
So, in complete domain, f(x) is increasing in (—1,—)
2 a>-2xVxell,2]
2. Official Ans. by NTA (4) R=-4
T when f(x) is decreasing on [1, 2]
_ - 4 -3 -2 _ - &
Sol. f(x)=3sin"x + 10sin’x + 6sin’x — 3, xe{ 6’2} 2x+a<0 Vxell 2]
. f'(x) = 12sin’xcosx + 30sin’xcosx + 12sinxcosx a<-2 Vxell,2]
7; = 6sinxcosx (25in2x + 5sinx + 2) S=-2
E = 6sinxcosx (2sinx + 1) (sin + 2) IR-S|=-4+2[=2
2
z . _ . £ 5. Official Ans. by NTA (2)
g I ] 1
: -2 0 z Sol. f(0)=0 f(1)=1and f(2)=2
&
3
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Decreasing in (—g , 0)

Let h(x) = f(x) — x has three roots
By Rolle's theorem h'(x) = f'(x) — 1 has at least
two roots

h"(x) = f"(x) = 0 has at least one roots




AOD (Monotonicity)

6.

Sol.

ALLEN®

Official Ans. by NTA (1)
f(x)=x3—6x2+ax+b

f(2)=8-24+2a+b=0

2a+b=16 ...(D)
f4)=64-96+4a+b=0
4da+b=32 ...(2)
Solving (1) and (2)
a=8b=0

f(x) = x> — 6x°+ 8x

f(x) = x* — 6x° + 8x

fi(x) =3x* = 12x + 8

f'(x) = 6x — 12

= f(x)is T for x > 2, and f'(x) is { for x <2
f(2)=12-24+8=-4
f(4)=48-48+8=8

fi(x) =3x* = 12x + 8

vertex (2, — 4)
f(2)=—4,1(4)=8,f3)=27-36+38

41

f(x))=-1,thenx; =3

fi(x)) =0

Again f(x) <0 forx € (2, xq)
f(x) >0 forx € (x4, 4)

x4 € (3,4)

f(x) = x* — 6x° + 8x

Sol.

Sol.

f3)=27-54+24=-3
f(4)=64-96+32=0
For x4(3, 4)

f(x4) < -3 \/g

and f'(x3) >4

2f'(x3) > -8

So, 2f'(x3) = \/g f (x4)

Correct Ans. (1)

Official Ans. by NTA (4)
y =-55x

54321 2 3 4

—55;
f'(x)=16(x—=5)(x+4);
6(x-3)(x+2);

X <-5
-S<x<4
x >4

f(x) is increasing in
X € (=5, ~4) U (4, )
Official Ans. by NTA (1)

4x* —3x?

fx) =

—2sinx +(2x —1)cosx

f'(x)=(2x*—X)—2cosX +2cosx —sinX(2x —1)

= (2x - 1)(x — sinx)

for x >0, x —sinx >0

Xx<0,x-sinx<0

for x € (0, 0] U [%,oo), fx)=0
1
for XE[O, E},f'(X)SO

1
= f(x) increases in [5 , oo} )
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AOD (Monotonicity)

. ALLEN®
9. Official Ans. by NTA (1) 11. Official Ans by NTA (1)
Sol. f(1)=f(2 )
(=1 Sol. f(x)=3/n(x—1)-3/n(x+1)———
=1l-a+b-4=8-4a+2b-4 x—1
=3a-b=7 ... (D) 1 x+l (X—1)2
Also f (ij =0 (given) f'(x)= _4@x-l)
3 (x=1)*(x+1)
:>(3x2—2ax+b) i=0 F'(x)20
’ = xe(—oo,—l)u{l,lJu(l,oo)
2
16 8a
=3 3 1P=0 12. Official Ans. by NTA (2)
— 8a—3b—16=0 ) —x(z—sin(ln
Solving (1) and (2) x/)) x<0
Sol. f(x)= 0 x=0
a=5b=8 |
10.  Official Ans. by NTA (2) {2 —sin (;D
Sol. Let 2x° + 5x* + 10x3 + 10x? + 10x + 10 = f(x)
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Now f(-2) =-34 and f(-1)=3
Hence f(x) has a root in (-2,—1)
Further f'(x) = 10x* + 20x3 + 20x? + 20x + 10

=10x (x2+izj+2[x+lj+2o}
L X X

I 2
=10x> (x+l+1j +17}>0

X

Hence f(x) has only one real root, so |a] = 2

—[2 - sinlj - X[—cosl [—%j] x<0
£(x) = X X X
[2 - sinlj + x[—cosl[—%j] x>0
X x\ X
-2+ sinl —lcosl x<0
f(x) = X X X
2—sinl+lcosl x>0
X X X
f'(x) is an oscillating function which is
non-monotonic in (-0, 0) U (0, o).

Option (2)




