ApplicationsOf Derivatives
EXERCISE 1

y=2x"+13x> +5x+9

9y _6x? 4 26x45

dx

Let thepoint be (h, k)
k=2h*+13h*+5h+9

—(2h* +13h* +5h+9) |
" =6h" +26h+5
x—

substituting (0,0)
h® +13h* +5h+9 =6h* +26h? + 5h

4h® +13h* -9 =0

= h=-1,k=15.
x=a(t+sintcost)
y=a(1+sint)
d—X—a(1+0052t)
dt
d—y=2a(1+sint)cost
dt
ﬂ_2cost+sin2t
dx 1 +cos2t
+sm1
_2c0st(1+sint) 2
B 2cos’t B cos L_szi
2 2
1+tan—
: 5+3)
=tan| —+—
l—tan— 4 2
X n y n
3 —| + =] =2
SEG
nXnl nynl dy 0
a" b" dx
d_y_ bn n-1
dx a"y"



dy b

dx a
b(x—a)+a(y-b)=0
bx +ay =2ab

2idoo,

a b
y:be—x/a
x=0 = y=b

y=3x>+bx+2
x=0 = y=2

d—y=6x+b
X

G,
dX x=0

b=4

=4 ... Given

dy
Ix X [Given|

Xx=2

= y=2
y—2+2(x—2)=0
2x+y—-6=0.

Pointsare (p,ap2 +bp +c) & (q,aq2 +bgq +c)

y—(ap2+bp+c) a(qz—p2)+b(q—p)

X—-p q-p




y—(ap2 +bp+c)
X=p

=aq+ap+b

y=(aq+ap+b)x—apq+c

m=aq+ap+b

& m=221x+b=d—y
dx
X=P+q
2
Ky =va
1 1 dy
—+——=—=0 X—X =4/X
2x 2\/§dx \/_y
dy__ |y
dx X
Y—y:_ y
X—-x X

X=0 = Y:ng
Y=0 = x=x+\/5

x+y+2xy =0A+OB=(Vx +1y) =a
X234y23= g2

2 2 dy
73 T s .
3x 3y 7 dx

d_y:_[ljlm
dx X

1/3
Y-y _ [y
X-x X

Y=y+X2/3y1/3 When x = ¢

X=x+x'"7+y*” When vy =

Y2+X2 :y2+x4/3y2/3+2x2/3y4/3 +X2+2x4/3y2/3+X2/3y4/3

:X2+y2+3x4/3y2/3+3X2/3y4/3

=X2+X4/3y2/3+y2+X2/3y4/3 +2(X4/3y2/3+X2/3y4/3)
Z(X4/3+y4/3)az/3 +(2X2/3y2/3)az/3
=a2/3 (X2/3 +y2/3)

:a2



10.

11.

12.

13.

14.

, n#-—1

<
Il
U

X =Xx+nx

1 1 1
A= EXY = Exy(l + n)(l +H] , Herenisaconstant.

A isconstant only when xy isconstant but xy" isconstant
n=1.

f(x)=2x"-9x* +12x -3
f'(x)=6x2 —-18x+12>0

x> =3x+2>0
x € (—o0,1)U(2,)

f(x)=x" —ax® +48x+19

f'(x)=3x"-2ax+48>0 Vx
(2a)" —4(3)(48)<0
a’—144 <0
ae[-12,12]

f(x)=2x3 —9x? —60x + 81
f'(x)=6x2 -18x-60<0

x?=3x-10<0
xe(—2,5)




15.

16.

17.

18.

<0 X € (—oo, —4)u (—2,0)

f'(x)zxX (1+€nx)=0

l+/mx=0

1
X=—
e

For x <l ,f'(x)< 0
(§]

1
Function decreasesin [O,—J .
€

logx
==

logx >1 = X>e

f(x)=2|x—2|+|x—3|
For x <2
f(x)=2(2—x)+3—x

=7 —3x isadecreasngfunction.
For  2<x<3
f(x)=2(x—2)+3—x

—x—1 Isincreasngfunction.
For x> 3

f(x)=3x -7 isanincressingfunction.
x €(2,0)
f(x) = COSX —SIin X
f'(x):—sinx—cosx<0 Vxe(O,gj

g(x)=cosx +sinx

g'(x):cosx—sinx>0 VXE(O’EJ

<0 Vxe E,E
4 2



10.

20.

21.

22.

X

hy(x)zxcosiz—sinxzo " =0,

h"(x)zx2(_xsinx)—2x2(xcosx—sinx)<0 Vxe(O,gj
X

h'(x)<0 VXE(O,%}

X . : sinx . . .
Sinx being reciprocal of —— isanincreasingfunction.
X

f( ) asinx +bcosx
X)=—7"""""—"7——
csinx +dcosx

_ (acosx —bsinx)(csinx +dcosx)—(asinx +bcosx)(ccosx —dsinx)

f'(x)—

(csinx +dcosx)2

_ ad —bc 50 vy .
(csinx+dcosx)2 ad —bc > 0.

sinx—bx+c:f(x)

f'(x)=cosx-b<0 V b>1

y =2x’ —3x2—36x+10=f(x)
f'(x)=6x2—6x—36=0
x’=x-6=0

Xx=3 or x=-2

£(3)=2(27)-3(9)-36(3)+10

=71
f(-2)=2(-8)-3(4)-36(-2)+10
=28 +82="54

f(x)=x2—3x+3
f'(x)=2x—3=0

x=% f"(x)=2>0

3
f(x) hasminimaat x = B}



23.

24,

25,

f(x)=2x"-3x*-12x+8
f'(x)=6x2 -6x—-12=0
x=2 or x=-1
f"(x) =12x-6 <0 for x=-1
and >0 for x=2

x = 2 isminima

a’sec’ x + b’ cosec’x = f(x)

f'(x) = 2a’sec’xtanx —2b’ cosec’x cotx =0

f(x) can have minimaonly asmaximais oo .

2 2 2 2
a“sec”xtanx = b~ cosec’xcotx

sin X coSX
a’ b?

cos’ x sin”® x
2
tan4X=—2
a
a
tan’x =|— S cot’x =|—
a b
For a,b >0
) a+b ) a+b
sec” X = ,Cosec’x =
a

a’sec’x +b’cosec’x

=a’+ab+ab+b’ =(a+b)2

f(x) = sinx +sinx cos x
f'(x) =cosx+cos’x —sin’x =0

cosx+2cos’x—1=0

cosx =-—1 = X=m Or
f"(x)z—sinx—2sin2x <0 for
>0 for

=COSX +Cos2X



26.  f(x)=x+sinx
f(x)=1+cosx  f'(x)=-sinx
When f'(x)=0 , f"(x)=0
f(x) hasneither minimum nor maximum.

. a 0 1
A=—lacos® bsinO 1

acos® —bsinO 1

27.

= %(Zab sin—2abcosOsin )

=ab(si119—sin@c0s6)
d_A
do
2cos’0—cosB—-1=0

=ab(cos®—c0s20)=0
1
cosO=1 or cosf=——
Now for atriangle,asit will beast.line, 6 0, .. cosO =1

cos0 = —l
2

2
e=?” - sin@zﬁ

A:ab(\/? \Ejz 3+/3ab

_+_
2 4 4

28. f'(x)=3x2—6x+6 >0 for all x
Neither minimum nor maximum.

29. f(x)z(x+6)4 (8—)()3

Let x +6=t
8—x=14 -t
f(t)=t" (14 - 1)’ & f'(x) =f'(t)

f(t)=4t (14 —t) =3t" (14 -t)" =0
£ (14 -t)’[4(14 -t)-3t]=0
£ (4-t)'[56-7t]=0

o t=0 Or t=14 Or¢=8
Now t = () & t =14 asproduct will become zero

t=8 & f(t)=8"6"



30.

31.

32.

33.

35.

36.

x’—(a-2)x—-(a+1)=0

a+P=a-2,0f=—(a+1)

a’+B’=a’—da+4+2a+2

f(a)=a2—2a+6
f'(a)=2a-2=0

a

=1

fa)=5 =min(oc2 +B2)

Function must be continuous and differentiable to apply Rolle’s theorem.

£(a)>0

Function must be continuous and differentiable to apply Rolle’s theorem.

f(x) = log(sin X)

{5)-1%)

f'(x)=cotx=0 at X=g

Cc =

r
2

.

f(x) = log[%j in[a,b]

£(x)= x2+ab x(a+Db)

c=2+

2x (a+Db)

=0

2x? =x* +ab
Xx=GM of a& b.

f(x)=x’ +bx* +ax satisfies Rolle’s theorem on [1,3]

= —_
W

1

)=1(3)

Solving, weget (a,b) =(11,-6)

f(x)=logx in[l,e]

mom
6 6

|

1 2
J +2b(2+

_ 31 1+—
l+a+b=27+9b+3a and ( NE)

Na

! j+a=0



37.  Here, f(0)=1f(2)=0 in[0,2]
f(c)=0
(c—2)2 +2¢c(c—-2)=0

(c—2)[3¢c-2]=0

2
c=3 as ce(0,2)

38. f(x)zﬂx2 +mx +n in

Z(bz—a2)+m(b—a)
b-a

f'(c)=2/x+m =

2£X+m=£(b+a)+m

a+b
X =
2
30. Function should bediffrentiablein domain.

1

Now, x > N?,
x+1>N?
«/;>N,\/ﬁ>N
Jx +/x+1>2N

1 1

—<_
\/§+\/x+1 2N



APPLICATIONS OF DERIVATIVES

EXERCISE 2
c
Let P be (Cta?j , then
4y
xy=c2:>d—y=—x or d_y:_iz
dx X dx t B T~
tangent at P will be
y—%:—tiz(x—ct) or x+t’y=2ct
Now OA =|2ct|,0B = £
0
A:E(ZC’[)(EJ: 2
2 t
x’ =4y
dy _x
dx 2
_d_X — _3 =_2 at (1,2)
dy X

FInd equation of line passing through (1,2) with slope —7.

d_y: a0sin O — tan0
dx a0OcosO
—d—Xz—cote
dy

Y -a(sinf-0cos0)

- =—cotH
X—a(cos0+0sin6)

Y—-asinO+a0cosO=—-cotOX+acosOcotO+abcosO

Y + X cot®—a(sin@+cosBcoth) =0

|a (sin6+ cos900t9)|
J1+cot? 0

Distance from origin =

=a
dy _ 2ae’cos6 _

o cot6
dx 2ae’sin0

_dy_ —tan
dx



Equation of tangent is

y—aee(sin9+cos(9)

=cot0
x —ae’(sin@—cos0) €0

y—ae’sin@—ae’cos®=xcot®—ae’cosO+ae’cosBcot

2
xcosH pCOS 0

0

— — —y+ae’sinO+ae’ —
sin O sin O

xcosB—ysin@+ae’ =0
al

=——=ae
P 1

Equation of normal is

y—aee(sin6+cos€))

~ _tan®
x —ae’(sin0—cos0) an

y—ae’sinf—ae’cos®=—xtanB+ae’sinOtan 0 —ae’sin O

ycosO+xsin@—ae’ =0

_d_X_(ile
dy \y

Equation of tangent is

1/3
{2
X—-x X

me—me _ _yl/3X+ Xym

y1/3X+X1/3Y—X”3y—Xy”3 -0

X "y+Xy

P=—F—
[x2/3 Ly

1/3_1/3_1/3
=[x'?y"a")

‘ 1/3 1/3‘

Equation of normal is



y1/3Y_y4/3 — X3 x4
X1/3X_y1/3Y_X4/3 +y4/3 -0

4/3 4/3‘

" —x
:‘(sz _y2/3)a1/3‘
4p2 +q2 — 4X2/3y2/3 +a2/3 (X4/3 _2X2/3y2/3 +y4/3)
—g2/3 (X2/3 +y2/3)

2
=a .

yi=2x,x"+y =8

y
x’+2x-8=0 and x>0 as X ="~
x=2

= y=2
FOI‘y2=2x
dy
= _9
ydx
1 1
mlz—:—
y 2
For x’+y’=8
2X+2yd—y=0
X
mzz—iz—l
tano = | "M f_3
+mm,
_Xx+3
x? +1

dy (x2 +1)—(2x2 +6x) B x> —-6x+1

dx (x2 + 1)2 (x2 + 1)z



_—4-12+41 -3

m=——-————=—
25 5
_x2—7x+11
- x—1
dy (2% =9x+7)—(x*=7x+11) x> _2x 4
dx (x—1) (x-1)
mz_4—4—4:_4
1
tano = |1 "M | _4
l+mm,

6xy + 3x
Y dx
dy /> 2
—(x" - =-2x
dX( y’) y
dy = 2xy _
dX XZ_yZ 2
mm, =-1
x =y’
dy 1
dx 2y :
xy =k
Y Yy,
dx X
mm, =-1
L S
2x
1
X =—



=~ <
Il 1]
I+ =+

&

10. Sng,SN=24
y; =ST.SN
==x24=9
y, = +3
1. by’ =(x+a)

zbyd—y = 3(X+a)2
X

dy M:tane

dx  2by
cotf = 2by 2
3(x+a)
2
ST =|ycotf| = %;YQ
3(x+a)
3(x+a)’
SN =|ytan 6| = | ———
2b
3p(x+a)’  4qb’y’
2b 9(x+a)'
2
p__sbly' s (ov) sb
q 27(X+a)6 27(X+a)6 27
12.  xy"=a""
d_y:_—y:tane
dx nx
SN=|ytan9|
2
=|=| = constant

nx



13.

14.

15.

16.

17.

18.

But xy" = constant

2xy” + 2x2yd—y =0
dx

d—yziztane
dx x

cotGzi
y

ST = |y cot6| = |—x|

dx
dy __my
dx nx
cotO = _nx
my
ST = |- X
m

From informationin Q.22,

(ST)" o (SN)

_dx _a0cosO

d_y absin 0

—cotO

As shown in Q.14 of this exercise it is at a constant distance from origin.

ax+by+c¢=0 normal to xy =1

d
For xy=1,-2=-2
dx X
d
As xy is positive, Y0 Vxy
dx
—d—X<O vV X,y
dy

Slope of normal is positive.
a>0,b<0 or a<0,b>0

(3—a)x+ay+a’-1=0



19.

20.

21.

22.

23.

1
f(x) = 4x -~ <0
(x)=4x X<
2
4x° -1 <0
X
(2x+1)(2x—1)<0
X
X X
f(x) = -
(X) sinxjg(x) tan x
Pi(x) = SMXZXCOSX )y xe(0,1)
X
2
g'(x):w<0 Vxe(O,l)
X
f(x)=tan™ (sinx +cosx)
Let g(x)=tan"'x
, 1
g(x)=1+xz>0 v x

f(x) increases when sin x + cos x increases
Let  h(x)=sinx+cosx

h'(x)zcosx—sinx >0

) T
. in | -=.=
COSX > Sinx )

f(x) =x'"" +sinx—1

f'(x) =100x" +cosx <0

()= -1



x<0 = f(x)z—x+1—x:1—2x MD
0<x<l1 = f(x)=x+1-x=1 Constant

x>1 = f(x)=2x—1 MI

24. f(x)=x(a2—2a—2)+cosx
f'(x):az—Za—Z—sinx>0 Y x
a’—-2a-2>1
a e(—o0,—1)u(3,0)
3
25 (|)(x)=3f[x?]+f(3—x2) V xe(-3,4)
£(x)>0
3
(I)’(x)z3X2f'(x?)—2xf’(3—x2)>0
3

x%‘[%} > 2X f'(3 —xz)

For x>0

xf'(’;ij >2f(3-x%)
%f‘();—sj>f'(3—x2)
26, f'(x)20,g'(x)<0

h'(x) = f'(gg())() g'<(0x)) <0

h(2)=1as h(1)=1

27.  y=alog|x|+bx’ +x

9 _ 2, bx+120
dx x
2 —
a+2bx +x:0 a=—4>B=2
X 3
2 -1
a+pfp===—
P 3 2b
b=
4



-8 a
T

a:ﬁXZXi:4

Point on y* = 4x is (t2,2t)
Distance between point & (2,1) is

d:\/(t2—2)2+(2t—1)2
d* = (¢ -2) +(2t-1)

=t' —4t+5 =1(t)

f'(t)=4t" -4 =0
t =1 we can show that t = | is minima

Point is (1,2).

Point nearest to the required line will have common normal.

ﬂ=3:2x+7
dx
Xx=-2,y=-8

point is (-2,-8)

2

2
+ =1
4

mN| >

=acosf,y=2sin0

< X

azcosz€)+4(l—sin6)2 =d
d’> =f(6)=a’cos’0+4 —8sinB+4sin’ O
=a’+4 +(4—az)sin29—8sin9

f'(0) = 2(4 —az)sinecos6—8c0s6=0

cos0=0
= o=l
2

point is (0,2).

0+2r=k
r(9+2)=k

_k-2r
r

0



32. From above example, g = 2°

2r+2r=20
r=5

A:%x25x2=25 sq.cm.

33.

h
72




34. s=2mnr(r+h)

35 L—tanoc
' h-H A

R=tano(h-H)
curved surface area h
=S, =2nRH

=2ntanoc(hH—H2) b/

ds,
dH

:2ntana(h—2H):0

p-n.
2

36. X

x|

V= (a —2x)(b—2x)x
V =4x’ —2(a+b)x2 +abx

IV 2% —4(a+b)x+ab=0
dx



X =

4(a+b)+/16(a+b)’ —48ab

24

_(a +b)i\/a2+b2—ab

B 6

But Xx<a,x<b

(a1+b)—(a2 +b? —ab)%

X =

6
37. V=x(a—2x)2
v=4x’—4ax’ +a’x
d—V=12x2—8ax+a2=O
dx
a
But X = 5 will make volume zero.
a
X=—
6
38.  a’h=32
a’+4ah has to be minimised
32
h=—"
aZ
128
f(a)=a’ +—
(a)=a®+ 12
fi(a)=2a- ljf -0
a=4 & h=2
Area =16+32 =48
39. Lineis (y—4)=m(x-3)
x=0 = y=4-3m
y=0 = X = _4
m
A=—(4-3m)| 3 ——
(4-3m)[3- 2]
:1(24—9m+£j
m
dA -9 16
—_—— 2:0
dm 2 2m

=é (a+b)—(32 +b2—ab)%

a
X=— 0r X=



8.9
m? 2
m? =10
9
-4
mZTaS m >0 = no A is formed
1
A=—(8)(6)=24
2
Xx=b
40.
& X=4a
a—b
x=b = y’=4ab y =t</4ab = +2+/ab
|2y| = +4+/ab
A=%(a—b)(4a+42\/ab)
31 13
=2a’+2a2b? —2ab—2a%b?
3
2 11
9A_a% i 3atbr=o
Sb bz
1 1 3
—-3a’b-2ab2+a?2=0
= b=2
9
1 3 =2
41. Vzgrcf SIn” oLcosa
dv 1

— =_n/? [2 sin a.cos” o — sin’ oc} =0
do

sina=0 Or 2cos’a =sin’a
Rejected

0.~
tanoczx/z as ae )
a:tan’l(x/z)

1
42. V= gnrzh = constant



S, =nryr’ +h® has to be maximized

h

C

dr dr

4n°r

41 =18V?

3. P =h’+r

_3V

2
Tr

s 18V2

9V?

2.4
mr

2
=, |n’r! +9r\2/

2
ds, _dsi _,

0




44. /\

N

b* + 0% =41

b=+4r —¢*

S =kb/?

=k ar - 72

9 _spdar—e o X
de Jar -7
3k (41 = 07 ) = k!
¢/=0 Rejected or
3(4r° - 07) =10
121> =4¢°

¢ =3r
b=r

45, p?4+d? =4r?
d*=4r"-b’
S=kbd?
=kb(4r’ —=b’) =4Kkbr’ kb

£=4kr2 —3kb?=0
dr

=75

46. Let OABC be the sheet of paper as



The corner A of the rectangular sheet OABC is folded over along PQ so as to reach the opposite
edge OC at R.
Let the crease PQ be of length x.

Let ZAPQ =0.Then /PQR =6 and ZOPR=n-26.
In AAPQ , we have

cosez£
P

= AP =xcos0
In AOPR , We have

cos(7t—26)=2
RP
OP
= —cos29—E [ AP=RP]
= OP =—AP c0s20 =—xcosBcos26
Now,
a=0A=0P+AP
= a=xcosO—xcos20cosH
= X= 2 ()
cos0—cosOcos20
= 3=cos6—cosﬁcos26

X

a
Let Y = —- Then y is maximum when x is minimum.
X

Now,

y =cos0—cos0cos26

= %z—sin6+sin600829+2cosesin26

ay_,
do

For maximum or minimum values of y we must have

= —sin0+sinBcos20+4sin0cos’ 0 =

=  —sin0(1-cos20)+4sin0(1-sin’0)=0



47.

= —2sin*0+4sin0—4sin’*0=0

= 4sin®=6sin"0
. 2

= Slnzezg or sin@=0

= sin @ = 3 or 9=0.

Now,

dzy . . . .

T =—-c050+c0s0c0s20—2sin0sin20 14 cos0cos 26— 2 sinOsin 20
d’y . .

= 10° =—cos0+5co0s0co0s20—-4sin0Bsin20

. 2 2
For sin 0 = 3 and cosO = 3 e have
2
d—}zlz—L—l—Sx\/gx(z—lj—4x\/§x2\/zx\/z<0.
de V3 313 3 3°V3
. 2
So, y is maximum when Slﬂ@:\/;

. /2
Hence, x is minimum when sin 0 = g

. 2 1
Putting Sin0 = 3 and cos0 = 3 in (i), we get

a 3x/§a

Length of the crease = x = =
L 1(1 _ox 2) 4
NERING) 3

Let speed of boat be v & walking speed be v sec o

2 b— 2
t_\/a +( X) +XCOSOL

\4 v

a’ +(b—X)2 +xXcosa

v
1
V— =cosa + x—=2(b-x)=0
X 2\/::12+(b—x)2
b-x
cosol=———
a’ +(b—x)2

(b —x)2 =cos’ OL(a2 +b? —2bx+x2)



48.

49.

50.

51.

52.

(b —x)2 =a’cot’ a

bsina—acosa
Xx=b-acoto =——m——

sin o
2 2
TZ\/d +X +1 X
u v
T 1
aT__ x -0

ud

For students. [ Think for solution if u > v ]

X =

20+ 2mr = 440
(+mr=220 & (=220-nr

A=2(220r—nr’) —or

dA

—=2(220-27)=0

r=351t
= 2r=70ft & ¢(=110f

P'(x)=2na x™" +..+4a,x’ +2ax
=0 onlyat x =0 &
P"(x)>0 vV xeR

P (X) has only one minimum.

x =asecO,y =bcosecO

Minimum radius vector = ?

r= \/x2 +y’ = \/a2 sec’0+b’cosec’ 0
From (Q.4),

Minimum valueof r = (a + b)2 =a+b

From (Q.18)
s= 27rr(r + h)



53.

54.

55.

56.

=2nr2+2—V
r
ds_y 4nr—2—2V:0
dr r
1
I'SZL r= L }
271 21

L2=(4_Vj=h
r I

h = 2r, form this statement h:r=2:1

f(x) = (x— 1)p (X—Z)q

P(x)=p(x=1)"" (x-2)" +q(x~1)" (x-2)""

f'(x)=p(p- 1)(X - l)p_2 (X - 2)q + qu(x - l)p_1 (x- Z)q_l +q(q-1)(x —1)p (x - Z)q_z
If we go on taking derivatives, we find that the condition given in the question holds when (even)®

derivative is non-zero for it, p & q should be even.

f(x)zxeX
f'i(x)=xe*+e* =0
x=-1
f"(x)=xe*+2e* >0 for x =]

X = —] is a minimum

N
Time required = T = (¥j(0‘ +Bx’ )

T:N(gﬂsxj

X

T -N(p-Z]-0 x= |2
dx X B

f(x)=max{x,x +1,2 —x}



By graph, f(x) =

1
f(x)=2- <+—
(X) X, X +2

x+1,x>l
2

X = is point of minima and minimum value is < -

2 2

57 f(a)=(1+ _ln )(1+ 1n j
sin" x cos" o

= (1 +sec” oc)(l +cosec“oc)

=1+sec”" a+cosec’a+sec" acosec’a

f'(a) =nsec” otan a.—ncosec’acota
+nsec” ocosec”a(tan o —cota) =0

sec”" autan oc(l + cosec“a) =cosec"a cotoc(l +sec” oc)

(sec" a)(seczoc—l) cosec’a
1 +sec"a 1+cosec’a
n =2 .
(COS (X)(Sln (X,) Sll'ln o

(cos“ o+ 1)(cos2 a) ~ l+sin"a

sin"? a cos" o

l+sin"a 1+4+cos"a

= sin oL = cosa.
For minima,

. +1
SanL=COSOL=$

Minimum value = (1 +2n/2 )2



Here, x =-1 = f(X) =—— and

f (x) has maximum value —*

2

59. f(X)zcos2nx+{x}
At non-integral points,
f'(x) =-2msin2nx +1
It tends to achieving maximum values at points infinitesimally close to and less than integers but

it has a discontinuity.
It has no maxima.

f(x) =x-x’

2 .
X, &x, € y=X—X in (0,1)
maximum value of expression

1
— —_ 2 g
—max(x X ) 4
61.  f(x)=x?, x e[-2,-1]U[L,2]
2-x7, Xe(—l,l)

Function has maximum at x =0 & local as well as global minima at x = 1

62. %% —ax? + bx — 6 = 0 has roots real and positive
oafy=6,0+B+y=a,0p+Py+ya=>b
af+By+ya=>b
1 1 1 b
—t—+—=—

a B y 6
Now, sum is minimum when each of them is equal
1 1 1
—4—+— Bt
o By, [ AM-GM inequality ]
3 afy
I 1 1 3 3x6 1/3
E+E+;Z617 b2—61/3 =3(36)
, 2

63. f(x)=—"

3(6—x)3

Which is not diff. at X =6



64.

65.

66.

67.

68.

69.

70.

Theorems are not applicable.

By definition.
£(0)=—6, f(4) = +6

f’(x)z(x—Z)(x—3)+(x—1)(x—2)+(x—1)(x—3)

, 6+6
f(c)=4_0=3

3x2-12x+11=3 and x=c
3¢’ —12¢+8=0

V144 -96
c=12+t——M—
6
a8 2 L, 2
6 3 J3

f(x)=x"logx
f'(x)=x""(1+alogx)=0
c=e¢""*€(0,1)

a>0

a+b+c=0
f(x)=ax’ +bx’ +cx
Has roots 0 & 1
3ax’ +2bx+¢c=0

has at least one root in (0,1).

Refer (Q.28) (above)
a+b+c=0

f(x) —ax’ +bx’ +cx
Has roots 0 & 1

3ax>+2bx+¢c=0

x* —=3x+a =0 hastwo roots in [0,1]
f'(x)=3x>-3=0 in (0,1)
There is no value of a satisfying the conditions.
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