Solution
CET25M6

Class 12 - Mathematics

(c) 2abc
Explanation: S = b%x + czy and xy = a

— 12 a??
=S=b X+T

LBy -t =0
x
2,2 2,2
2 [ 2 _ cfa _ ca
= b — — =0=z°= e :>a:—:|:b
d2S:202a2
dz? z3
. d’s _ 2% 2 >0
Cdz? |p= T Ba3  ca
b

. Minimum value of S = b? x % + £
b

(c)x=-2

Explanation: Given function, f(x) = x> + 2x% - 4x + 6

and f'(x) = 3x% + 4x - 4

Now, for maximum or minimum of f(x), put f'(x) =0

= 3x2+4x-4=0
= (x+2)3x-2)=0

= X=-2, %
Now, f"(x) = 6x + 4,
Atx =-2,

f'"(-2)=6(-2) +4=-12+4

= -8 < 0 [maximum)]

So, maximum value of the function f(x) exists-at x = -2
(a) 2

Explanation: Here ,it is given the function f(x) = e* + ™
= flz)=€"+ %

. f(:l?) _ !

eT

f(x) is always increasing at x =0 it has the least value

= f(z) =" =2

.". The least value is 2

(b)0<x<1

Explanation: 0 <x <1

(dR
Explanation: R

© ¢

Explanation: f(x) =

T
4+ zta?
4— g2

(4+w+z2)2
For a local maxima or minima,
f(x)=0

= f'(x) =

AA

. abc + abc = 2abc
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4— g2
(4+a+a?)’
=x=x2€[-1,1]
f(1)=¢>0

-1
f-1)=— <0

= % is the maximum value.

(d) 272r(2rh? - h3)

B
14 ’ I
Explanation: , 9 r
h-r
A
Here, CSA of cone = 7RI
Radius of sphere = r
height of cone =h
In AAOC,
A0%= AC? + 0C?
=r>=R?+(h-1)°
= R?=2hr-h?
.. Radius of cone, R = 1/2hr — h? ...(i)
In AABC,

AB? = AC? + BC?

=12=R>+h?

= 12=2hr- h? + h?

.. slant height = 1/2hr ...(ii)

CSA of cone = 7RI

= 7\/2hr — h2\/2hr

(CSA of cone)? = 72(2hr - h?)(2hr)
= 2m2hr(2hr - h?)

= 272r(2rh?- h3)

(d) none of these
Explanation: Let f(x) = |x| is not differential.
*. £(0) # 0 but f(x) has'aminimum at x = 0.

d(-L 1

Explanation: We have,= f(z) =
i _ox2-2x%41

= f (X) B x241

reoy o x2-1
=1'(x)= =

= for critical points f'(x) = 0
when f'(x) =0
Wegetx=1lorx=-1

z
z24+1

When we plot them on number line as f'(x) is multiplied by -ve sign we get
For x > 1 function is decreasing
For x < -1 function is decreasing

AA
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10.

11.

12.

13.

14.

But between -1 to 1 function is increasing

.". Function is increasing in ( -1, 1)

(d) monotonic function
Explanation: monotonic function

(a)aZ%

Explanation: a = %
(c)0<x<landx>2
Explanation: Given function is
y = [x(x - 2)1% = [x? - 2x]?

On differentiating w.r.t. x, we get
W _ 52 d (2

i 2(x“ - 2x) E(X - 2X)
=2(x% - 2x(2x - 2)
=4x(x-2)(x-1)

On putting 3—'1; =0, we get

x=0,1and?2
which divides real line in disjoint intervals (-0o, 0), (0, 1), (1, 2) and (2, o).
| | ] o
- T T r =0
0 1 2
Intervals Sign of f'(x) Nature of f(x)
(-00, 0) ()A)E) =-ve Strictly decreasing
((UR)) (HE)E) = +ve Strictly increasing
(1,2) (H)(H) = -ve Strictly decreasing
(2, 00) (H)(H)(+) = +ve Strictly increasing

Therefor, y in increasing in (0, 1) and (2, 00).

() 10

Explanation: The marginal cost is the rate of change of cost w.r.t. the no. of units produced.
dP

i.e., Marginal cost (MC) = d(tw)

_4d 2

= £(0.42% + 2z — 10)

=0.8x+2

.". Marginal cost (MC)|y x=g = 0.8 x 10 + 2 =310

.. _
(a) Minimum at x = 5

Explanation: f(x) =1+ 2 sinx + 3cos? x
= f'(x) = 2 cosx - 6 cosx sinx

= f'(x) = 2 cosx - 3 sin2x

to find minima or maxima of the function
2 cosx - 6 cosx sinx =0

2 cos x (1 -3sinx) =0

. 1
:>cosx=00rsz:§

_ T —eine-1( 1
X 2Ol‘X sinx (3

f"(x) = - 2 sinx - 6 cos2x
0(F) =4>0
s

=X =3 is a local minima.

AA
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15.

16.

17.

18.

19.

20.

fr (sinfl(é)) =- (% + 4\/5) <0
1
function has maxima at x = sin™* ( 3)

(c) increasing

Explanation: increasing

(b) only one minima
—z, =<0
z,z>0
= f'(z) = —1when x<0and 1 whenx >0
But, we have f'(x) does not exist at x = 0, hence we have x = 0 is a critical point
Atx =0, we getf(0)=0
For any other value of x, we have f(x) > 0, hence f(x) has a minimum at x= 0.

Explanation: Given, f(z) = |z| =

(c) 4 cm/s
Explanation: Let the side of the square be x.

Area of square, A = x?
Differentiating w.r.t. 't', we get
dA _ o . dz

dat 2z dt

. . dA
Since, given —~ = 40 cm? /s

dx
..40—2mdt
de _ 20

:>dt_w

dt le=5 " 5

@13

Explanation: Given, f(x) = x3-2x% +x+1
S fPx) = 3x2-4x + 1

For critical points, put f'(x) = 0
S3x2-4x+1=0

=3x%-3x-x+1=0

= 3x(x-1)-1(x-1)=0

= @x-Dx-1)=0=>x=1,1

(c) /a? — b2

Explanation: Let y = a'secf - b tan 0
a
% =asec 6 tan @ - bsec’ 0

For minimum value of y

d
d—z =0=asechtanf-bsec?d
:>sin0:%
—bsinf 2_p?
Hence,y = =22 — 2 =4/a? — b2
cos 0 22

(c) Decreasing on R

Explanation: Given, f'(x) = x3+3x%2-3x +4
fi(x) = -3x% + 6x - 3

fi(x) = -3(x% - 2x + 1)

f(x) = -3(x - 1)

AA
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21.

22.

23.

24,

25.

26.

As f'(x) has -ve sign before 3

= f'(x) is decreasing over R.

(a) decreases on [0, a]
Explanation: decreases on [0, a]

(a) f(x) is an increasing function

T COS T tanz—z sec’ z

Explanation: f'(x) = m$7—2; g(x) =

sin” x tan?

Now %(sinx—xcosx)=cosx+xsinx-cosx
=xsinx>0for0 <x<1

.. sin X - X cos X is an increasing function.
Butatx =0, xsinxis 0
S.In0<x<1,sinx-xcosx>0

S fx)>0for0<x <1

So f(x) is increasing in the interval 0 <x < 1

Again %(tan X-X seczx) = sec?x - 2X sec?X tan X - sec?

2xtanx<0forO§:/n§ 1

.. 8(x) is decreasingin 0 <x < 1

= -2X sec

(a) point of inflexion at x = 0
—2%, <0

Explanation: Given, f(x) = x|x| = { 5
z¢, >0

= f'(z) = —2z whenx <0and 2x whenx >0 f'(z)=0=2=0

Hence f(x) has a point of inflexion at x = 0.

But, x = 0 is not a local extreme as we cannot find an interval I around x = 0 such that £(0) > f(z) or f(0) < f(x)

(a) strictly decreasing

Explanation: Given function is f(x) = % -9,x#0
= f(x)=5x1-9

On differentiating both sides w.r.t. X, we get

fi(x) = 5(-1) x2- 0 = ;—,j" <0,V x € R-{0}

.. f(x) is strictly decreasing for x € R, (x # 0).

@7
Explanation: Let y = sin 6- sin ¢ = sin §- sin (3 — 6)

For maximum value of y.

3—5:0:c050-sin(§—9)—sin0-c05(§_e)zsin(zg_%)

_
:>0_6

(b) 15
Explanation: y = -x3+ 3x% + 12x - 5

& =333+ 6x + 12 = (%)

d

d2y

— = -6x + 6
dx

d2y

dx
-6x+6=0
x=1

d3y

3 =-6 <0 ,maximum
L

.dy . .

ie, - or slope of y is maximum at x = 1
Slope = f(x) = -3(1)? + 6(1) + 12
=-3+6+12

=15

AA

Veel

5/14



27.

28.

29.

30.

31.

32.

(b)) > 2
Explanation: A > 2

(a) a+ §+ c

Explanation: f(x) = (x - a)? + (x - b)? + (x - ¢)?
=>f(x)=2(x-a)+2(x-b)+2(x-¢)

to find minima or maxima

f(x)=0

2(x-a)+2(x-b)+2(x-c)=0

- x= a+§+c

f'(x)=6>0

. .. a+b+tc
function has minima at x = ——.

3

(©) (-00, -1)

Explanation: f(x) =sinx-ax + b
= f'(x)=cosx-a

For increasing function

f'(x) >0
cosx-a>0=cosx>a

i.e.a < cos x a < min (cos x) = -1
s.a€ (-0o,-1)

—1

@e~
Explanation: Here,it is given the function f(x) = x*
= Keeping f'(x)= z"(1 + logz) = 0

We get

=x=0orx= %
= f"(x) = 2%(1 + logz + <)

When x is greater than zero. Then £ (z) < 0

We get a maximum value as the function will be negative

Thus,
f(x) = x*
0= (3)

1/e _
=€

o=

(c) Increasing (-oo, -1)
Decreasing (-1, 00)

Explanation: f(x) = x2-2x+15
f(x)=-2x-2=-2(x+1)>0

if x <-1i.e., in (-00, -1)

f'(x)<0ifx >-1i.e,in (-1, 00)

Hence f(x) is increasing in (-00, -1) and decreasing in (-1, co).
(@2

Explanation: Given xy = 1. To find minimum value of x +y
=y=1

f(x)=x + =

:f@rﬂ-%

To find local maxima or minima we have

f(x)=0

1-5=0

=x=*+1=y=%£1

AA
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33.

34.

35.

36.

37.

38.

Butgiventhatx>0=x=1,y=1
" —_— 2

f (X) = 5

f'"(1)=2>0

function has minima at x = 1

f(1) = 2.

(@ tan™ 2
Explanation: tan™!
(a) (17 OO)
Explanation: Given, function

= f(x) = (x + 1)3. (x - 3)3

= f(x) = 3(x + 1)? (x - 3)% + 3(x - 3)3 (x + 1)3
Putf'(x)=0

= 3(x +1)? (x-3)3 =-3(x- 32 (x + 1)°
=x-3=-(x+1)

= 2x=2

=x=1

ot

When x > 1 the function is increasing

x < 1 function is decreasing

Therefore f(x) is increasing in (1, c0).

(a) f(x) is strictly increasing on R

Explanation: Let x4 and x, be any two numbers in R. Then,
X1 <Xp = 9% <9%p) = 9x1-5<9xy-5

= f(xq) < f(x2)

Thus, f is strictly increasing on R.

(c) 252 cm?/s

Explanation: Let the edge of the cube be a.

The rate of change of edge of the cube is given by Z—?
The area of the cube is A = 6a’

Differentiating w.r.t. 't', we get

dA da
E = 120,5
4 =120 x 7= 84a
a4 _ _ 2
Thus, 5| _, =84 x 3=252cm /s
s
@5

Explanation: f(x) = sin x + +/. 3 cos x
= f'(x) = cos X - /3 sin x

for maxima or minima

f(x)=0

cosx-4/3sinx=0

T

=L —
:>tanx—\/§:>ac—

6
f'(x) = - sin X - v/3 cos x
wfm) - T o T _ -1-+/3
:>f<g>—-sm€—\/3cos€— —— <0

function has local maxima at x = %

o) 3
Explanation: f(x) = 42% + 2z + 1
= f'(x)=8x+2
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39.

40.

41.

42.

43.

44,

For local minima or maxima we have

f(x)=8x+2=0
:>X:771
f'"x)=8>0

. . —1
= function has maxima at x = —

4
1(F)=14

@ 3

Explanation: Let, the numbers whose sum is 8 are 8, 8 - x.

Given f(x) = % + L

) 8—x
= fx) = = L
=2+ (8-2)°
to find minima or maxima
f'(x)=0
-1 1
= — =0
22 + (871)2
=x=4
N
f'(x) ) =
=)=+ -2 =
@ 43 (8—4)3

Minimum value of the sum of their reciprocals = % +

N[

(@xe€R
Explanation: x € R

(b) none of these

Explanation: f(x) =x + %

= fx)=1 sz

For minimum or maximum value of the function
f(x)=0

1_
=1-L=0
=x==+1
" _2
') ==

= {"(x) = 1> 0 = function has minima at x = 1.
f'(-1) = -1 > 0 = function has minima at x ==1.

(c) always increases

Explanation: We have, f(x) =tan x - x
S = sec?x - 1
=fx)>0,VxeR

So, f(x) always increases.

dz=3

Explanation: Consider f(x) = y =x*
Then, log y = log x* = x.logx

= f'(z) =" (1 + logx)

= (1+1logz)=0....... (z™ #£0)

=logr=-1=>z=¢!

(@-1<x<-3

Explanation: Here,it is given that function,

f(x) = x3 + 6x2 + 9x + 3

AA

N =
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45.

46.

47.

48.

49.

fi(x) =3x? +12x + 9 =0
fi(x) =3(x%2 +4x +3) =0
ff(x)=3x+1)(x+3)=0
x=-lorx=-3

for x > -1 f(x) is increasing
for x < -3 f(x) is increasing

But for - 1 <x <-3 it is decreasing

@ (0.5)

Explanation: Given function is f(x) = sin x + cos x

On differentiating both sides w.r.t. X, we get

f'(x) = cos x - sin x
Put f'(x) =0 = cosx-sinx =0
:>tanX:1:>X:§ €(0,I)

Now, % divides the interval (0, ) into two sub intervals (0, 7 ) and (5, ).

— 00
0 n/4
In interval (0, 7 ), cos X > sin x

c.cosx-sinx>0=f(x)>0

> o0
/2

So, f(x) is strictly increasing function in (0, % .

Ininterval (%, ), cos x <sin x
S.cosx-sinx <0 = f(x)<0

So, f(x) is strictly decreasing function in (
(a) none of these

Explanation: Given: f(x) = x3 - 6x% + 9x
= fi(x) =3x%-12x + 9

For a local maxima or a local minima, we
f(x)=0

=3x?-12x+9=0

= x2-4x+3=0

= (x-1(x-3)=0

=x=1,3

Now,

f(0)=0%-6(1)2+9(1) +9(1)=1-6 +9
f(1)=13-6(1)2+9(1)=1-6+9=4
f(3)=33-6(3)3 +9(3)=27-54+27=0

f(6) = 63 - 6(6)% + 9(6) = 216 - 216 + 54 =

r r
4’ 27

must have

=4

54

The least and greatest values of f(x) = x3 - 6x2 + 9x in [0, 6] are 0 and 54, respectively.

(c)a=11,b=-6
Explanation: a=11,b=-6

91
Explanation: f(x) = cos x + cos(y/2x)

- f(x) =2 cos VI cos YLk <2

2 2

. 2+1
and it is 2 when cos \/2 x and cos 5

@a=2b=—1%
Explanation: Let f(x) = alogx + bx? + x
f’(w):a.%—l—%w—{—l

are both equal to 1 for a value of x. This is possible only when x = 0.

AA
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50.

51.

52.

53.

54.

For maximum and minimum value of f(x) we have f'(x) = 0

Therefore, at x = -1 and x = 2 we have 2bx2+x+a=0
i.e,a+2b=1..(i)and a+ 8b = 2....(ii)
(ii) - (i) givesb = — 5

Now , from (i) we geta =2
1

=a=2,b=-1
@, +
Explanation: (0, %)
Lety = x*
= log(y) = xlogx
d
= % X d—z =1+ logx
dy
= — =z°(1 + logz)

Since the function is decreasing,
=z"z(1+ |logz) <0
=1+logz <0

=logz < —1

Sz<i

Therefore, function is decreasing on (O,%)

(b) (—o0, 2] U [3, o0)

Explanation: Given, f(x) = 2x3-15x% + 36x + 6
- fi(x) = 6x% - 30x + 36

It f'(x) > 0, then f(x) is increasing.

So, 6x2 - 30x + 36 > 0
&) , 6 @
1

< } >

OI‘,X2-5X+36>O
or, (x-3)(x-2)>0
S.X € (—o00,2] U3, 00)

©QA>1/2
Explanation: A > 1/2

()a>1
Explanation: a > 1

(a) local minima at x = 1
Explanation: Given, f(x) = x3 - 3x

f(x) = 3x%- 3
For point of inflexion we have f'(x) =0

fl(@)=0=322-3=0=3(@z—1)(z+1)=z=+1

Hence, f(x) has a point of inflexion at x = 0.

When, x is slightly less than 1, f'(x) = (+)(-)(+) i.e, negative

When x is slightly greater than 1, f'(x)= (+)(+)(+) i.e, positive

Hence, f'(x) changes its sign from negative to positive as x increases through 1 and hence x = 1 is a point of local minimum.

(b)-1
Explanation: f(x) = 2x3-3x2-12x +5
= fi(x) = 6x% - 6x - 12



56.

57.

58.

59.

60.

61.

For local maxima or minima we have
f(x)=0

6x%-6x-12=0

=x%-x-2=0

=x=2o0rx=-1

f'"(x)=12x -6

f'(2)=18>0

function has local minima at x = 2.
f'(-1) =-18<0

function has local maxima at x = -1.

) (0,2) U(3,0)
Explanation: Given,f(x) = [x(x - 3)]2

\ _ d(z—-3) d(z)
=f'(x) = 2 [x(x - 3)][x —— t (X—S)E]
=f(x)=2[x(x-3)][x +x-3]
=f'(x) = 2 [x(x - 3)][2x - 3]
=f(x)=0
=x =0,z = % andx =3

For increasing function f'(x) >0

= (0, %) U (3, 00) function is increasing.

(d) odd and increasing

Explanation: odd and increasing

@4++/2

Explanation: Maximum value of 4 sin?x + 3 cos2x = 4 sin 2x + 3(1 - sinzx) =sin?x + 3 is 4 as 0 < sin?x < 1 and that of sin

T +cosZ isl2+ I = /2 (as—a?+b%2=asinx + b cosx < a?+b?)

2 2 5T A
both attained at x = %

Hence, the given function has maximum value 4 + /2.
@k>1

Explanation: Given,f(x) = sin x - kx

f'(x) =cosx -k

.. f decreases, if f'(z) <0

=cosx — k<0

=cosz <k

Therefore, for decreasing k£ > 1

(b) 5840
Explanation: 5840

(c) decreasing in (g, 71')

Explanation: We have, f(x) =4 sin3x - 6 sin?x + 12 sin x + 100

o f(x)=12sin’ x - cos x - 12 sin X - cos X + 12 cos X
=12 cos x [sinzx -sinx + 1]

=12 cos x [sin2 x + (1 - sinx)]

Now 1 -sinx > Oandsinzxz 0
cosin?x+1-sinx>0

Hence f'(x) > 0, when cos x>0 i.e., z € (%ﬂ, %)
So, f(x) is increasing when z € (f g, %)

AA
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62.

63.

64.

65.

66.

and f'(x) <0, when cos x < O i.e., x € (%, 3—;)
Hence, f(x) is decreasing when z € (%, ?’2—”)

Hence, f(x) is decreasing in (%, 71')

(b)-1<k<1

Explanation: -1 <k <1

(@k>3

Explanation: f(x) = kx3-9x2+9x + 3
f'(x) = 3kx? - 18x + 9

= 3(kx? - 6x + 3)

Given: f(x) is monotonically increasing in every interval.

= f(x)>0
= 3(kx?-6x+3)>0
= (kx?-6x=3)>0

= K>0and (-6)? - 4(k)(3) <0 ['. ax? + bx + ¢ > 0 and D is ¢ < 0]

= k> 0and (-6) - 4(k) (3) < 0
= k>0and 36-12k <0

= k> 0and 12k > 36
=k>0andk>3

=k>3

@ (5% 3)

Explanation: (_Tﬂ’ %)Given function,f(x) is sin x
. f'(x) = cos x

= f'(x) = cos X

=0

= forx € (%ﬂ, %)

f'(x) is increasing,we

.. f(x) is increasing in (Tﬁ, %)
Which is the required solution.

(d) el/e
Explanation: Let y = f(x) = %z
Then, log y = log%z = xlog% = -xlogx

i% = (m é + logm.l) == (1+1logz)
= f'(z)=—3" (1+logz)
fl(x)=0=(1+logz)=0
=logr=—-1=z=1

The maximum value of f(x) = = f (%) =elle

© 5

Explanation: Given f(x) = X25(1 - x)75

f'(x) = x%°. 75(1 - x)74(-1)+(1 - x)”°. 25x%4
= 25x24(1 - x)74{-3x + (1-x)}

= 25x%4(1 - x)74(1 - 4x)

For maximum value of f(x) we have f'(x) = 0
= 25x%4(1-x)74(1-4x)=0

:>X:O,X:1,X:i

AA
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67.

68.

69.

70.

All the values of x € [0,1]
375
4100

Note that £(0) = f(1) = 0 and f(}) = 2=

. . 1
So, f(x) is maximum at x = 7

(©) (-00, 0)

Explanation: Given, f(x) = x?

) =2x<0V x €(-00, 0)

.. fis strictly decreasing function in (-c0, 0).

@z=

Explanation: We can go through options for this question

Option a is wrong because 0 is not included in (—, 0)

Atz = —* value of f(x) is —v/2 =-1.41

Atz = —- value of f(x) is -2.
Atz = " value of f(x) = -1.

™

.. f(x) has max value at x = %

Which is -1.This is the required solution.

(d) 39, 38

Explanation: Lety = 2x3 - 15%% + 36x + 11 ...(J)
o2 = 6x%-30x + 36 = 6(x> - 5x + 6)

=6(x - 2)(x - 3) ...(ii)

Sign scheme for Z—z i.e., for (x - 2)(x - 3) is
1 |

+ve i’ ' Fve
‘ ’ decreasin g :
puttingx =0 | 9 | increasing
is increasin y .
/ 9 max min

y has maximum value at x = 2

From Eq. (i), the corresponding maximum value of
y =2(2)% - 15(2)2 +36(2) + 11 = 39

y has minimum value at x = 3

From Eq. (i), minimum value of

y=2(3)3- 15(3)2 + 36(3) + 11 = 38

(¢) (—o0,1)U(2,3)
Explanation: Given that;
f(x) = 2 log(x - 2) - x2 + 4x +1

f'(x) = (3032) -2x+4

__ 2
= 2(x-2)
_ 2(1—(2-2)
(z=2)
_2(1-z+2)(1+2-2)
- (z—2)
_ 2(3—z)(z—1)
(z-2)
Critical points are;
1,2and 3
+
! ) | + L
| 1 I
1 2 3
F(x) is increasing in (—oo, 1) U (2, 3)
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71.

72.

73.

74.

75.

(c) strictly increasing
Explanation: Let x; and x;, be any two numbers in R,

where x; <Xj.

Given, f(x) = e

Then, we have x; <xy = 2xq <2xp
= e2)(1 < e2)(2

['." X1 < Xp then a*1 < a*2, when a > 1]
f(xq) < f(x2).

Hence, f is strictly increasing on R.

@z
Explanation: f(x) = x + cosx
f'(x) =1 - sinx

For maximum and minimum values of f(x) , we have f'(x) = 0

us

Now, fx)=0=1-sinc =0=2a =

Il

s

Hence, maximum value of f(x) is f (%) 5

(@ -2
Explanation: Given,f(x) = x?+kx +1

For increasing

f(x)=2x+k
k> —2x
thus,

k> —2x

Least value of -2

(b) neither maximum value nor minimum value
Explanation: Given, f(x) = x3+1

. f'(x) = 3x? and f"(x) = 6x

Putf'(x) =0

=3x2=0=x=0

Atx=0,f'"(x)=0

Thus, f(x) has neither maximum value nor minimum value.

(@a>0
Explanation: f(x) = ax
f(x)=a

- . 1.
= >
f(x) is increasing on 5 ifa >0
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