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Solved Exercise 2.9

Q1. Determine the interval in which f is increasing or decreasing for the domain

mentioned in each case.

i.f(x) = Sinx XE|-mm|
Solution
f(x) =Sinx
f(x)=Cosx

: = i = X
As (x) = Cos x — ive - ,2]

So, fis decreasing on intervals [—n, E] and Err]

Butf'(x) = Cos x is + ive for [;—#ﬁ]

So, f is increasing on the interval [—gﬂ Ans
ii.f(x)=Cosx =x¢€ I— g,gl
Solution
f(x) =—Sinx

As Sinx is — ivefar—%{ x<0
So f is increasing on the interval [—%,DI
. . . T
= = — o
f(x) Sin x is negative for 0 < x <

So f is decreasing on the interval lﬂ, ;—r] Ans
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iil. f(x)=4—x2 xE[+2.2]
Solution
flx) (=47
f(x) =-2x

As f(x) is +ve when x is -ive
= fiaincreasing on the interval |-2,0|
As f'(x) is +ve when x is positive

= f is decreasing on the interval |0,2] Ans

iv.f(x) =x24+3x+2
Solution
f(x)=2x+3
As [ (x) = 2x + 3 is negative for —4 < x < %3
So f is decreasing on the interval [—4, ;—El
As f(x) = 2x + 3 is+ ive for _?E{X*i 1

Thus, fis increasing on the interval [— % 1] Ans

Q2. Find the extreme value for the following function defined as

i flx)=1-—2x3

Solution
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f@)=1-x3

= f(x)= —3x?

Put f(x) =0
—3x% =0
= x=0
£(x) = —6x
foy=0

The 2nd derivation does not help in determining the extreme values
y =f(x)=1+x°
=1-0=1

As 1¢ derivative does not change at x=0, or x. (0,1) is the pt. of inflexion

hLfx=x*—x-2

Solution
F(x)=2x—-1
fx) =0
= 2x—1=1
1
= =N
2

1
Letx=5—.tant =0

(G- =201

=1-2t—-1=-2t<u

FG+e)=2(3+1t)-1
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=1+2t—-1=2t>0

f(x) <0beforex = % and

1
2

f(x)>0afterx =

Hernce f has relative minima at x = %

Q-0 -@-2-1-3-2

Note that f(x)=2>0 Ans

fii.f(x) =5x2 —6x+2
Solution
= _fx)=10x-6
f(x) =10 >0

f(x)=10x—6=0

10x =6
&
X =—
10
3
X ==
5

Put x =+€
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fE+e) =10(3+€)-6
= 6+10E -6
=10€>0

f(x) <0before x =§ and f(x) = 0 after x =§

N o 3
Hence f has realtive minima at x = =

10)-5)'-s()

=5><£—?+2 =E_?+2
— 9-18+10 - 19-18
5 5
== Ans
iv.f(x) = 3x?
Solution
f(x) =3x2
= (x) =6x
Put f(x) =0
= 6x=10
x=0

where € is very small + ive number
Now let x = 0—€
Then f(0—e)=6(0—€)=—-6€e<0
f(0+e) =6(0+€) =6€>0

f(x)<0beforex =0and
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f(x)<O0beforex=10
Hence f has relative Minima at x=10

f(0) = 3(0)* = 0 has relative minima at x = 0. Ans

v.f(x) =3x2—4x+45
Solution
flx) =3x*—4x+5
= f)=6x—4
Now f(x)=0
= Htx—4=10

2
x =5
3

2
But " = 6 and 6 > 0 which shows that f has relative minima at x = 3

vi.f(x) = 2x% — 2x* —36x + 3

Solution
= f(x) =6x*—4x —36
= f@=0

6x* —4x—36=0
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3Ix2—2x—-18=0

_ 24(=2)*-4(3))(-18)
[

X

_ 24+y220
3

1++/55

3

f)=12x—4 = 4@3x-1)

r@=tE < (D))

=4(1++55-1)
= 4+/55 > 0

1+ 55
3

which shows that [ has relative minima at x = i,e

f(1+3~!5_5)=2(1+;(5_5)3_2(1+3JEE)2_35(1+;E)+3

=;—?(1+3J5_5+3+55+55J5_5)

—2(1+ 255 +55) — 12(1 + V55) +3

2 2
= —(166 + 58v55) — (56 255) — 12(1 +v/55) + 3

=2 T B5 = 85— 12— 12V55 + 3
27 27 9
332 112 116 4
=N, -9+ (5 —3-12)V5
1
= —~(247 + 220V55)

AfO) =25 £ = 4(3(2E) - 1)=-4V55 <0

3

1-+55

Which show f has relative maxima at

r(=2)=12(—2)" -8
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=24—-8
=16

Which shows that f has relative minima at x = -2

f(-2)=(—v2)' <4(=V2)*=4-8=-9  Ans

vii.f(x) = x* — 4x?
Solution
f(x) =4x* — 8x
let f"(x) = 0
=43 —8x =0
4x =0orx*—2=0
x =0o0rx=+V2
) =12x% —8
f(x) =12(0)—8=-8<0
f(x) is maxminaat x =0
f0)=0-0+0

Now
(V2)=12(vZ) -8+ 16 <0
F(VD) = (2 ~4(v2) =
F(—V2) = 12(—V2)" - 8(v2)" =16 > 0
Hence f(x)has a minimaat x = —/21i.e

F(V2) = (—V2)" — 4(—V2)"
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=4—-8=—-4 Ans

villf(x) = (x-2)2(x - 1)
Solution
= ) =2-DE-D+x—-22=x-2)[2x—2+x—2]
fx)=(x-2)3x—4)

f()=0=>((x-2)3x-4)=0

= =2 x=i
3
Also f(x) =1+ Bx—4)+(x—-2)3)=  3x—4+3x—-6
=6x—0
x=2

f(x) =6(2) —10 = 270
= [ has relative minima at n = 2

f(Q)=(2-2)*2-1)=0x1=0

4 4
’F(E) =5(§]—m=a—1n=—2-{n
f(x) < 0 where x =§

4
Hence f has relative maxima at x = 3

Q=0 6)
=10

4
= Ans
27
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% f(x)=5+3x—x°

Solution
=N f(x)=3-3x2
fx)=0
= 3 3%l=0
xt =1
x=11

Now f"(x) = —6x
at x =1
ff1)=-6(1)=-6<0
= [ has relative maximaatx =1
Now f(=1),=~6(—1) = 67°
= [ has relative minimaatx =1

f(-1) =5+3(-1)—-(-1*=5-3+1=3 Ans

Q3. Find the maximum and minimum value of the function defined by the
following equations occurring in the interval [0, 2], f(x) = sinx + cosx
Solution
f(x) = sinx + cosx
[ (x) = cosx — sinx
Mow f(x)=10

= cosxy —sine=10
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. g 5 - e, 5
=  cosx = sinx it is only the above equation is specified when x = E and Tﬂ for

x € (0,2m).
Now f (x) = —sinx — cosx
T g - R n
When x = :,f (x) = —sinZ—cos
oA
VZ WZ
2
—L= 7 <0

Hence f is maximum value at x = f

f () = sin (%) + cos (%)

5
Ncw:z:T"

Thus f has relative minimum atx = 54—“'5 (0,2m).

F ()= sn G4 s (2)

s 1 2
¥Z 42 vZ
=—V2

Q4. Show that y = ’“Tx has maximum value atx = e
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Solution
_ Inx
T on
Diff. w.r.t x
dy _1_1 Gq
dr  r ¥ + Inx z
A Inx
T % 1
dy 1 Inx
—_— — 3 —_————
dx 0, x2 2 0

1-inx
= = ﬂ
%2

=1—Inx=10

=nx=1
Inx = Ine
=x=e

dx? dx \x2 x2
g 1 Zinx
T 3 x3 x3
a 1 Zinx
T T 3T
_ =3 2xinx
T a3 x3
diy -3 2xlnx
Fr et il X o R T
-3 2
=ata
x x
=-3+2 -1
<0
e et

y has maximum value atx =e.
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Q5. Show that y = x*has minimum valve at x = i

Solution
P

= Iny =In(x)"=xlnx
Diff. w.r.t x we have
d i
E[Enx] = ——[xinx]

1dy _
;H_ (iInx +1)

dy _
- y(lnx+ 1)

dy _ _x
Pt (lnx + 1)

D=0 =xfinx+1]=0
dx

=[lnx+1]=0 (fx" #0)

= Inx=-1
= [nx = —Ine
Inx = Ine™1

1 1
2 x=et 2 x=C

diy d
Now T [x*(1 + Inx)]

= x*(1 + Inx)® + x* xi

=% [(1 + Inx)? + %I

i
2

== (e +

|

o | ]
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1

e = (BF [a-17+el = (@

dx2 &

Thus, y has minimum value at x = 3
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