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[ MAXIMA & MINIMA |

EXERCISE - IlI

HINTS & SOLUTIONS

Sol.1 (i) maxima . 3 45
(ii) minima Sol.5 (i) f(x) = —ZX“ - 8x3— > X2 + 105
(iii) Neither f(x) = — 3x° — 24x2 — 45x
(v) Neither =—3x (X2 +8x +15) == 3x (x + 3) (x + 5)
()] Neither critical points are x =0, -3, -5
(Vi) maxima (ii) fx)=1-2x  x<-1
=3 -1<x<2
=2x-1 X>2
a
Sol.2 f(x)—;+bx = 6=a+b ... 1) \ ,
A
== 5 +
() 2 -1 2
—_a+b=0 = a=b Infinite number of pointin [-1, 2]
a=3,b=3 (i)
tan x
Sol.3 (i) f(x) = 2x® — 21x2 + 36x — 20
f'(x) = 6x2— 42x + 36
=6(x—-1)(x—6)=0
© S © _
T T X =1 max.
1 6
X =6 min. ~ 3r
(i) 00 =—(x= 1P (x+ 12 == (x=1) (= 1) x=gand g
fF/O)==(x2=12=2(x=1) (x2—1) (2x)
=—(x=1(x+1)(bx+1) Sol.6 f(x)=x(x-2) x=>2
O e . =—X(x—2)x<2 I/\/
1 s X =—1min. min at x = 2 7 —
X = —1/5 max. max. atx = 1 /l
(iii) f(x) =x ¢n x _
f/x)=Mmx+1=0 Sol.7 (i) f(x) =x3
= 1/e absolute max. =(2)=8
- absolute min. = (-2)3=-8
1 (i) f(x) = sin x + cos x 0<x<n
If x< °
. T Y Y I
= X+—| — <L — < -
<1 f(x) ﬁsm[ 4J 3 SX+ g Sx+ g
mx+1<0
. I T
o g(t) = /2 sint 7 Stsx+ o
_llle_ minima at x = 1/e
absolute max. = 2 V2
Sol.4 _ (_ij B B /
absolute min. =+/2 7z =1
2
(iii) f(x) = 4x — — [-2, 9/2]
minima atx =0 X
f')=4-x = x=4
f(-2)=-10
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1
63 i - =
f(9/2) = ? ~79 Sol.11 (i) f(x)=x+ X
— 1
f4)=8 f')=1-"3 =0 = x=t1
absolute max. =8 X
absolute min. =-10 @ , Q , ®
; — 2y4 _ Qy3 2 _ . -1 1
(iv) f(x) ’3x 8x3 + 12x 248x+ 25;x €0, 3] Max. at x = -1 ,f(-1)=—2
f'x)=12(x-2) (x*+2)=0 Min.atx=1 ,f(1)=2
X=2 (i) f(x) = cosec x
f(0)=25 minima at 5 M :
i(2) =39 3% n5nTn N
f(3)=16 T 2'2'2'2
Global max. = 25 -0 T X
Global min. = — 39 x=(@n+1) 5 nel /\ /\
1 . _ m 3¢
(v) f(x) =sin x+ = cos 2x maxima at X = -2, ="
f'(x) = cos x—sin 2x = cos x (1 -2 sin x) =0 x = (2n — 1)2’ nel
= 1 f =1, f =-1
COoSs XTE— 0 sin x = E - x= % max. min.
X = Py Sol.12 y=sin? 0 cos? 6 p,geN
Let z=/(ny=p/insinB+qgncoso
dz _p q o
f(O):l do ~ sino %50~ Cosg SNO=0
2 pcot6—qtan06=0
tan2 0 = p/q
f[EJ =1 t_1 min
2 2 2 . 6 =tan™ \/E
q
T_1,.1_3 d’z
l6)=5 2= max W:—pcoseczﬁ—qsec:26<0 when tan? 0 = p/g
Sol.8  f(x) = X_2 X e[-1,2) so maxima when 6 = tan™' \/E
x=-1isa q
local maxima point )
But Global . Sol.13 Gives AB + AC = constant = k
is not defined as x = 2 BC? = (AC)? - AB?
is not included. = (k — x)? — x2 = k2 — 2kx
1
A= > (BC) x (AB)
Sol9  f(x)=x+ /X .
n A= S X Vk? — 2kx
f'x)=1+ m >0 4 1
z= A= —x? (k? — 2kx)
for x e (0, 4) 4
' i d 1
Can’t calculate min. & max. value é - Z[ZX (k2 — 2kx) + x2 (—=2K)] = 0
Sol.10 f(1)=1+/nb —o _k
(1) <f(19) b>0 x=5 XT3
1+/nb<?2 o= x kI3 1
mb<1 OSSPk X Tk—k/3 " 2
b<e n
Final answer b e (0, €] 0=3
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Sol.14 20m !
I—i—|!—20—x—|
2pr =x 4da=2a-x
= X Q= 20X
T 2% T g
f o X o [20-x 2
X "\ 72
A=A +A,
2 2
A= X (20-x)
47 4
dA _ 2x  2(20-x) _o « = 20n
dx  4n 6 T 4ix
A _2 2 -0
dx2  4n 16
Area will be minimum
20~ 80n
20—-x=20- =—
x=20 4+t 4+m
20x 80x
Lengthare —— & ——

4+x  4+Xx

Sol.15 In AAOB

r
tana = —

X
r=xtana
v=nrrH

=nr? (h —x)

v =nx?tan? a (h — x)
Wy
dx -3

4
V= E rh® tan? o

Sol.16

Sol.17

\ Sol.18

1
V= gnrzh
r=/sin0d
h=/¢cos0

1
V= §n€3 sin?0 cos 0
1
= —n/® (1 — cos?0) cos 6

3

1
V= 3 73 (cos 0 — cos®0)

v _1 (3 (—sin 6 + 3 cos? 0 sin 0)
do ~ 3"
sin0=0 or 3cos?0=1
(reject) 1
cos 0 = ﬁ
tan 0 = 2
f=tan" /2
Given that
2(x +y) = 36 X
= Xx+y=18 y

when revolved around one of its side (y) then it
will turn out into cylinder whose height y and
radius = x

Vv = nrzh = Xy

vV = x3(18 — x) = m(18x% — x3)

d
d—\)::n(36x—3x2)20 = x=12
il (36— 6x) < 0
— 5 =T — OX
dx?

max. at x =12
Xx=12,y=6

Let speed of train =V m/H

covering distance =S

Time taken to couver distance = S/V Hour

fuel charges = kV?2 (k — constant)
48 =k . (16)> = k=3/16

other cost (per hours) =300 Rs

3
Per hour total cost = EVZ + 300
For a run total cost

E=[Sv2i300|S
16 \V/
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3,30
E=S{16" " v

de _ (3 _300) _
dv ~~l16 v2 )~
V2=1600 = V=40

_d2E [600) 0 forV=40
= — A > or =

dv?2 v3

E is minimum

most economical speed is 40 m/H

Sol.19 AP=BQ=6sinha
DP =QC =6 cos a A 6 B

A= (Area of trapezium) /:

6

1
= —[AB + DC] . BQ
2 D

1
:E[6+6+12cosa].65ina
. 1
A =36 (sina+ Py sin 2a)

dA
— =36(cos a + cos 2a) =0
do

COS 200 = — COS o = COS (1 — o)
3ao=1m1 = a=

k3
3
d’A , : _r
E =36(-sina—2sin2a) <0 asa= 3

. . T
A is maximum when o = 3

1
A, = 36[sin 60° + > sin 120°]
=27,/3 square cm

Sol.20 Letlength =x
width =y
Given xy=18 ... (1)
After taking margin
New length = x — 3/4
New width =y — 1/2

3
New area = (X_Zj (y-1/2)

A—X i E +§
ST YT
A=18- X _3 (18j
= —_— = — X -

2 74 " x
A 1 30,
dx ~ 2 2 ° 7

= x2=27 :>x:3\/§;y:2\/§

Sol.21 f(x)=ax?+2(@+ 2)x+(a—-1)
Letg(x)=ax?2+2(a+2)x+(a—1)
g(x) must have both roots negative
D>0 = a>-4/5
g0)>0 = a>1

—3 <0 = a<-2,a>0
2a
Finally a € (1, «)

Sol.22 LetpointP(h, 1+ h?)

dy (0,1
& =2x = 2h Al B M
C

Tangentat P :

y—(1+h?) = 2h(x - h) of Nx=1
For point L putx =0
y=1-h? L(0, 1—h?)

For point M putx =1
M(1, 1 + 2h —h?), N(1, 0)

1
A = area of trapezium = Py (OL + MN)-ON

1
= S[Ll-h2+1+2h-h.1

A=1+h-h?

dA

%—1—2h—0 = h=1/2
d?A
—2:—2<O
dh

3

Sol.23 f(x)=ax®+bx®*+cx*+dx®+ex?+fx + g

) £(x) 1/x
Given that - (l+—3j =e?,1* Form
X

Xx—0

For existance of limit e,f,g=0
f(x) = ax® + bx® + cx* + dx®
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; f(x
Lim %:ax3+bx2+cx+d -0
thend =0

f(x) = ax® + bx® + cx*
f (x) = 6ax® + 5bx* + 4cx®
=x3 (6ax?+ 5bx + 4c) ... ()

1/x
Lim (1+ f(X)J 2
x—0 X3

im f(X)
Lim 222 _ —
x—0 X4 =2 =>c=2
f(x) = x® (6ax? + 5bx + 8)
f'@)=f'(2)=0
f(1)=0 = 6a+5b+8=0 >Bsolvm
f/2)=0 = 24a+10b+8=0 ysoving
2, __ 12

a=3.b=-7

2 12
so f(x) = gxe— ?xf’ + 2x4

Sol.24 Letradius and heightbe R and H
By figure

R=rcos 0 I
H=2rsin 06 "
v =nR2H pO

= nur2 cos? 0(2r sin 0) J_
v = 27r3 (cos? 0 sin 6) I
"R

d
d_\é = 2nr® [-2 cos 6 sin%0 + cos?0 cos 0]

—2c0s 0 (1-cos?)+cos®6=0
—2cos 0+ 2cos%0+cos®0=0

3c0s*0=2cos 0
or cos 0= \/Z
V3

1

sinezﬁ

cos 0 =0 (reject)

, S(ZM 1J 4nr®
= r - = | =
Vmax T 3 \/E 3\/5
Sol.25 If annual increase subscribtion = x Rs
Then rate will be = (300 + x) Rs
and subcribers = (500 — x)
New income | = (300 + x) (500 — x)

| = 150000 + 200x — x2

dI
—— =200-2x=0 = x=100
dx

d?1
dx?

x =100 will be maximum point
charge per scriber = (300 + x)
= (300 + 100) = 400 Rs.

=—-2<0

Sol.26 Letthe freight charges of rail =R
then freight charges of road = 2R
If total cost = ¢

c= R[Z\/x2+75 +(20—x)} }

5V3

ROAD

dc
— =0 => x=5
dx (20x)

5km from B towardsA B

RAIL

Sol27 b=c A

In AABD b/2

2 +b%/4-1? D

bc b/2
B = C
(i)

cos 0 =

0s 6 5b2 — 4¢2
COS = 5
4b?

1
A=2x5bzsine =b2sin o

A? = b*sin’ 0
2
N
= b 4p?

(52 - 42)"
16

Diff. w.r.t. b
and put the value of b? in (i)

s = b

Sol.28 y=1-x?
Let point P(x,, 1 — X %)
% =-2X| =-2Xq
p
tangent at p
y—=(1-=x2)==2x,(Xx=x,)

For point A puty=0
_ Yo+l
X= 2X0

ForpointBputx=0 = y=x2+1
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A= f OAB—]'X%+1(
= area of A = 2 2X0 X

4 2
Ao L|Xor2ordly afs 1
4 2Xg 7

0
dA 1 2 1
dXO = 2{3)(0 +2——2

dA 1
dXO

(2J+1)

1 1
xO:—3 X, —ﬁ (reject)
_ 106+
=2 X
2
1
1+ -
_1 ( 3] _ 43
mx T4 143 9

Sol.29
B
A
0
\V
2143 - /30
0
h= /3 cos >
2nJ§—J§e
r= 2x
1
V=§Ttr2h
2
1 214/3 — /30 0
VE ST T .ﬁcosz
dv 27
E 0 => 0= ?

Sol.30 Let base = x, height =h
given x2h=1000
upper part = x?
base = x2 ; hypoteneous part = 4xh
Total cost
C = 15x2 + 25x2 + 20(4xh) + 300

1000
= 40* +80x| — 5 | +300

dc 80x1000
— =0 = 80x-—>5 — =0
dx X

x3=1000 = x=10

1000

X2

Base = 10, height =10

1
Sol.31 f(x) =tan'x — Py mnx D,:x>0

_ 2x —(1+ x2) _ (x —1)2
T o2x(1+x%) T 2x(1+x?)

, 11
f'(x) = _E;

1+ x2

@ Sl

—_
0

f(x) is decreasing for vV x>0

1

Global maxima at x = ﬁ

f(i]—£+£€n3
V3) "6 T4 =

Global minima at x = ﬁ

n 1
f(\/g)zg—zﬁn3

Sol.32 Tangentxcos O +ysin®=a
PR =a(1-sin 6)
PQ =distance formula
Then by PQ?=PR? + QR?

QR = \pQ? -pPR?

Area:%XPRXQR
=1(6) \
/

Q (acos6,asind)

dA _ 33,
de—0:> 8a
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