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(b)

We have,

f00) = x(x — 1)?

> 'x)=(@x-1%+2x(x—-1)

= f"(x) = (x-1)Bx—1)

The changes in the signs of f''(x) are shown in diagram
+ - +

>

- 6o 1/3 1 o2

Clearly, f(x) attains a local maximum at x = % and a local minimum atx =1

- Maximum value of f(x) = f G) = %
(a)
Since, 2wk — % <sinx < 2wk + %

T < < T
> sinx >
Which increase from—1 to 1.
Similarly, for other values of k it is increase from —1 to 1.

Q)

Volume of cone, V = grzh




s
> V=cr3/i2—r?

37 r
On differentiating w.r.t. r, we get
W T — T (2r)
ar 3|V T T
av
2 -0
dr

3
r
= 2 f(B—12)————=0
( ) T2
= r[202-1r>)-1r?1=0

Put

—+ 1
TEE3

2
~ At r= l\/z,d—v < 0, maxima
3’ dr?

h =

In AABC,tanf =

(c)

Given that f(x) = sinx —bx + ¢

s~ f'(x) =cosx—b

For decreasing, f'(x) < 0,for all x € R.
=cosx<bforallxER=>Db>1.
()

Given, f(x) = 2x3 +3x2 —12x + 1
= f'(x) = 6x%2 4+ 6x — 12

For f(x)to be decreasing, f'(x) < 0
2>6(x*2+x—-2)<0
>x+2)x—-1)<0

=>x € (-21)

(@)

We have,

Ji€9) =2x+cot_1x+log(w/1+x2—x)

1 1 x
N (
f1e 1+x% 14+x2—x

1+2x2 1
1+x*  V1+x2

= f'(x) =

V1 + x2

)




, 1+2x% J(1+x2)
AR 1+x2  1+«x2

X2+ V1+x2(V1+x2-1
= f'(x) = 1 +{x2 }> 0 forall x

Hence, f(x) is an increasing function on (—oo, 00) and in particular on (0, o)

()
We have,
x x
f(x) =3cos?x + 4sin®x + cos > + sinz
x

x
= f(x) =4—cos?x + cosz+sin5

"(x) = si —Y(sin% = cos® -
= f'(x) = sin2x 2(sm2 cosz) (1)

,( ) i ],( . X X)
= = —_—— —— —_
f X SinXx CoOS x 2 sin > Ccos )

- =zt ) ot
= f'(x) = (cos; - sin;) {2 sinx (cos; + sin;) + %}

X X x my 1
= f'(x) = (COSE — sin E) {2\/5 sin x sin (Z + Z) + 5}
For local maximum or minimum, we must have

ffx)=0
xr X
= —_— —_ =
cos 7 —sinz
X in tanx 1=>x =X
= _= —- = - = _= — = —
cos 7 = sino > 2= >
Now,
1 : —
f"(x) =2cos2x — " (cosg + sin )Z—C) [Using (i)]

= f" (g) = ZCosn—%(cos%+sing) =

Thus, f(x) attains a local maximum at x =

Local maximum value = f (g) =

1
6x4—a2x8)Z

Let f(x) =xy = (53

-3/4
x4 — a2x8> /

1/c®
= f’(x)=Z< %

(4x306 8x7a2)

b2 b2
Put f'(x) =0

c3/?
= x=4

21/4\/5

c3/2 3
4 <cl/4\/5> "~ VZab




()

: . : : d
Let the radius of the circular wave ring by r cm at any time ¢t. Then, d—; = 30 cm/sec

(given)
Let A be the area of the enclosed ring. Then,

A = mr?

dA

=>E=27TT’—

—_ 2w X 50 X — 2 30 2 2
= = =
T m<sec m° m*/sec

(b)
We have,

x =tcostandy = tsint

d. . d .
2 =cost—tsintand = = sint + tcost
dt dx

At the origin, we have
x=0,y=0=>tcost=0andtcost=0=>t=0
The slope of the tangent att = 0 is

d
dy z}tl =(sint+tcost)

dx |\ dx cost —tsint
dt/ =0

So, the equation of the tangent at the origin is

t—0=0x—-0)=>y=0

(9

Surface area of sphere S = 4nr? and % =2

as dr
. —=4nx2ra=8m"x2=16m“

=0
t=0

X

Let f(x) = (l)x = x ™% = ¢=X108% Thep,
1 X
f'(x)=-— (;) (logx +1) = —x*(logx + 1)
Now,
flx)=0
= —x*(logx+1)=0
Slogx+1=0=>logx=—-1=>x=e"
Clearly, f"(x) < Oatx =e™?!
Hence, f(x) = x™* is maximum for x = e~1. The maximum value is e/
(<)
Given, f(x)=2x3—21x?+36x — 30
=  f'(x) =6x?—42x +36
For maxima or minima, put f'(x) = 0
= 6x2—42x+36=0 > x=6,1
And  f"(x) =12x — 42
f"(1)=-30 and f"(6)=30
Hence, f(x) has maxima at x = 1 and minimaatx = 6

1

e

4




(a)
Let [be the length of an edge and Vbe the volume of cue at any time t.
V=¢t3
odav o dl
a =
=3x52x10cm3/s
= 750cm3/s.
(9

d —sin@
We have, & Zsm7
dx 1—cos6

Clearly, 2 = 0 for § = (2k + D)m

So, the tangent is parallel to x-axisie.y = 0
(b)

We have,

5x°—10x3+x+2y+6=0 ..(Q)
Differentiating with respect to x, we get

d
25x4—30x2+1+2—y=O

dx
dy 1
—=——(2 4 _ 2 1
=>dx 2(5x 30x“ +1)

R (dy) _ 1
dx (0,-3) 2

The equation of the normal at (0, —3) is
y+3=2x—-0)=>2x—y—-3=0
Solving (i) and (ii), we obtain the coordinates of their points of intersection as
P(0,-3),(1,—1) and (—1,-5)
Hence, the normal at P(0, —3) meets the curve again at (1,—1) and (—1, —5)
(b)
We have,
dx
0= a(—sinf +sinf + 6 cosB) = a b cosb
and,Z—g = a(cos@ —cosO + 0sinf) = afsinb

dy dy/do 1
'.'azdx/de =tanf = —§= —cotf

dx
Hence, the slope of the normal varies as 6
The equation of the normal at any point is
y —a(sinf — 6 cosd) = —cotf {x —a(cosf + OsinH)}
= xcos 8 +ysinf =a
Clearly, it is a line at a constant distance |a| from the origin
(d)
We have,
3x2+12x — 1, -1<x<2
f(x)z{ 37-x, 2<x<3
Clearly, lim f(x) = lim f(x) = f(2)
x—=27 x-2%

So, f(x) is continuous at x = 2
Hence, it is continuous on [—1, 3]




Thus, option (b) is correct

We find that

f'(x) =6x+12>0forallx € [-1,2]
= f(x) is increasing on [—1, 2]

Thus, option (a) is correct

Also,

f'(x) <Oforallx € (2,3]

= f(x) is decreasing on (2, 3]

Hence, f(x) is attains the maximum value at x = 2
So, option (c) is correct

(b)

Given, f(x) = x3 — 3x? + 2x

= f'(x) =3x%2 —6x +2

Now, f(a)=f(0)=0
1

And f(b) = £ (3)

-3-1)4-7)-

By Lagrange’s Mean Value Theorem
f)-f@ _
—— =1
S0
=1 —= 3c2—6c+2
5=0
= 12¢>—-24x+5=0
This is a quadratic equation in c.

24+ V576 — 240
N 24

Cc

—1+—
6

But c lies between 0 to%

V21

~ wetake,c=1——

6
(a)
Since,f (x) = kx — sin xis monotonically increasing for all x € R.Therefore,
f'(x) > Oforallx € R
=>K—cosx>0
= K > cosx
= K > 1 [ maximum value of cos x is 1]
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(<)

From mean value theorem f'(c) =
Given,a=0 = f(a)=0

and b=3 = f(b)=2

Now, f'(x) =(x —1D(x—2)+x(x—2) +x(x — 1)
“ fllo)=(C—1D(c—-2)+c(c—2)+c(c—1)
=c?-3c+2+c? -2c+c*-c

= f'(c)=3c?—6c+2

By definition of mean value theorem

oy S —f(@
f'@e)= T bh_—a

fb)=f(a)
b—a

= 3c?2-6c+2= )_ >3
)_ 4
= 3c?2-6 +5 0
cc—6c+—=
4
This is a quadratic equation in ¢

_6%V36-15 _6%v21
- 2 %3 6 T
Since, ‘¢’ lies between [O, %]

V21 _ V21
c=1——— [neglecting c=1+—
6 6
(a)

f(x)=4x2+2x+1
On differentiating w.r.t. x, we get

') = o ()

(4x2+2x+1)2
For maxima or minima put f'(x) = 0

V21
6

c
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1
= 8x+2=0 = x=—Z

Again differentiating w.r.t. x of Eq. (i), we get
[(4x2 +2x +1)%(8) — (8x — 2)2 x]
(4x? + 2x + 1)(8x + 2)

fre=- (x? + 22+ 1)

Atx = —%,f” (—%) = —ve

f(x) is maximum at x = _%

~ maximum value of f(x)

G
Ymax  gx L _axlyq

16 4

1
7-7+1

4

T1-2+4 3
(b)
Let f(x) =2x+ 3y
f(x)=2x+ % [+ xy = 6, given]
18
>  fllx)=2 7=

Put f'(x) = 0 for maxima or minima

18
= 0=2-—= = x =13
x

1
2
7
4
2

" 36 A 36
And f (x)=; > f (3)=§>0
~Atx = 3, f(x) is minimum.

The minimum value is f(3) = 12

(9

On differentiating given curve w. r. t. x, we get
dy
4y®— = 3ax?
Yy ax
s (dy) _3a® 3
dx (a,a) a 4q3 a 4
~ Equation of normal at point (a, a) is
4
y-—a=-zkx-a

= 4x+3y=7a

(b)
Let f(x)=x3—px+q
Then f'(x)=3x%-p

Put f'(x)=0 = x=\/§, —\/g

Now, f"'(x) = 6x

o At x = \/g, f'"(x)=6 /§> 0, minima




And atx = — /%, f"(x) < 0, maxima

(a)
Forx =p,y = ap?bp + ¢
Andforx=q, y=aq®?+bq+c
aq?+bq+c—ap?*-bp—c

a-p
=a(g+p)+b

Slope =

Y _ pax+b=alq+p)+b
2 = 2ar+b=alg+p)

(according to the equation)
Y
2
(9
Clearly, f(x) is continuous and differentiable on the intervals [0, 3] and (0, 3)
respectively foralln € N
Also, f(0) =f(3)=0

It is given that Rolle’s theorem for the function f(x) defined on [0, 3] is applicable with

3
Cc =-

4
S f(©) =0

=2(c-3)"+2nc(c—=3)"1=0

[« f(x) = 2x(x —3)" « f'(x) = 2(x — 3)" + 2nx(x — 3)" 1]
=2(c=3)"Yc—-3+nc)=0

> 3+3 0 3 [ 3]
= — — —_ = = = e 8
2 471 n Cc

(@)

Given,
y—x=1

= y=x+1

, . (11
-~ point on the curve is (Z’ E)
. required shortest distance

1 1
2z 7t1 3 32

VZ | 42 8

(d)




. ds
Since,s3 x v = o

d?s 5 ;
— =3k’ [fromEq.()]

Hence, acceleration of particle is proportional to s°.

(a)
Given, s =t3 4+ 2t2 + ¢t

ds )
= v=—=3t2+4t+1
dt

Speed of the particle after 1 s

ds
Vie=1) = (&)(tzl)
=3%x12+4x1+1=3+5=8cm/s
(b)
Given, y=a* = Z—z = a*loga

Now, length of subtangent at any point (x;, y;)
y a*t 1

- dy/dx ~ an loga 5 loga

(9

Let AB = xm, BC = ym and AC = 10m
x2+y%2 =100 ..(»0)

T

y

l

Be«—x——>/4

On differentiating w.r.t t,m we get

= 2x(3)-2y(4) =0
_Yy
3
On putting this value in Eq. (i), we get

16
5 ¥ +y? =100

> y2=222=36 = y=6m

25
()
Since f (x), which is of degree 3, has relative minimum/maximumatx = —1 and x = %

Therefore x = —1,x = %are roots of f'(x) = 0. Thus, x + 1 and 3x — 1 are factors of

f'(x)
Consequently, we have
i) =2Ax+1DBx—-1)=A1Bx*+2x—-1)




S fx)=A3+x2—x)+c
Now, f(=2) =0 [Given]
=>c=24 (1)
We have,

[rwa=%

14
= f[l(x3 + x? —x)+c]dx:?

22 14 .
:>Af x24 [ cdx——:>?+2¢::?:>/1+3c=7 ..(ii)

Solving (i) and (ii), wegetd =1,c =2
Hence, f(x) = x3+x?2 —x +2
(d)
1 1
f(x) = cosx + Ecost — §cos3x

=  f'(x)=—sinx-sin2x+sin3x
Put f'(x)=0
3x x 3x 3x

2 sin— cos= = 2 sin— cos —
= Sin 2 COS2 sin 2 Ccos 2

- 3x 0 3x X
= _—= pa—— a
sin > ,COS 5 cos2

2nm 3x X
> x=—,—-=2nmt-
3 2 2

=>Atx:0,2?n,
At x=0

f)=1+3"3%%

dlfference— - + 18_27

12 12
(a)

Let f(x) = e*~1 + x — 2. Then,

fH=e’+1-2=0

= x = 1isareal roots of the equation f(x) = 0

Let x = a be other real root of f(x) = 0 such thata > 1
Consider the interval [1, a]

Clearly, f(1) = f(a) =0

So, by Rolle’s theorem f'(x) = 0 has arootin (1, a)
But, f'(x) =e* 1+ 1> 1forallx

s f'(x) # 0forany x € (1,a)

This is a contradiction

Hence, f(x) = 0 has no real root other than 1

(d)

We have,

f(x) =sin®x + cos® x




= f(x) = (sin? x + cos? x)3 — 3(sin? x + cos? x)(sin? x cos? x)

3
= f(x) =1—3(sin?x cos?x) = 1—Zsin22x

s f(x) <1, forallx [ —Zsin2 2x < 0]

_3_1 v _3gin2 _3
and, f(x) > 1 4—4f0rallx [ 2 Sin 2x 2> 4]

ANSWER-KEY

4 5 6
B C A

14 15 16
B Cc Cc
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(c)
From mean value theorem f'(c) = %

Given,a=0 = f(a)=0
andb=% - f(b)=§
Now, f'(x) =(x—1Dx—-2)+x(x—2)+x(x—1)
Y flle)=(—Dc—-2)+clc—2)+c(c—-1)

=c2-3c+2+4+c*-2c+c?-c
= f'(c) =3c?>—6c+2
By definition of mean value theorem

ey SB)—f(@)
fi(o) = T bh—a

(-0 3
@)-o0 *

5
= 362_6C+Z:0

= 3c*—-6c+2=

This is a quadratic equation in ¢




. . 1
Since, ‘¢’ lies between [O, E]

V21 ,
c=1 = neglecting c =1+

1
PAC Elver s

On differentiating w.r.t. x, we get

' _ —(8x+2) .
f1e) = (4x2+2x+1)2 -

For maxima or minima put f'(x) = 0
1

= 8x+2=0 = xz—Z

Again differentiating w.r.t. x of Eq. (i), we get
£ = — [(4x2+2x+1)2(8)—(8x2—2)2>< (422 +2x0+1)(8x+2) |
(4x2+2x+1)%

Atx = —%,f” (—i) = /ve

. _ |
f(x) is maximum at x = — 7

~ maximum value of f(x)

1 1

) _ 1
L 4X1—6—2XZ+1

(b)
Let f(x) =2x+ 3y
f(x)=2x+ % [+ xy = 6, given|]

, 18
= f(x)=2—ﬁ

Put f'(x) = 0 for maxima or minima
18

> 0=2-— = x =13
x
" 36 17’ 36
And f (x)=; > f (3)=?>0
~Atx = 3, f(x) is minimum.
The minimum value is f(3) = 12




(9

On differentiating given curve w. r. t. x, we get

d
4y3£ = 3ax?

(dy) 33 3
=>|— ==
dx (a,q) 4q3 4
~ Equation of normal at point (a, a) is
4
y-a=-z G-

= 4x+3y=7a

(b)
Let f(x)=x3—px+q
Then f'(x)=3x%-p

Put f'(x)=0 = x=\/§, —\/g

Now, f"'(x) = 6x

~ At x =\/§, f"(x)=6 /§> 0, minima

And atx = — /g, f"(x) < 0, maxima

(a)
Forx =p,y = ap’bp + c
Andforx=q, y=aq®?+bq+c
aq?+bq+c—ap?-bp—c

qa-p

Slope =
=a(@+p)+b

Y pax+b=alqg+p)+b
Iy = 2ax =a(qg+p

(according to the equation)

(9
Clearly, f(x) is continuous and differentiable on the intervals [0, 3] and (0, 3) respectively
foralln e N

Also, f(0) =f(3)=0
It is given that Rolle’s theorem for the function f (x) defined on [0, 3] is applicable with ¢ =
3

4

S f'(©) =0




=2(c=3)"+2nc(c—-3)"1=0
[« f(x) =2x(x —3)" = f'(x) = 2(x — 3)™ + 2nx(x — 3)" 1]

=2(c=3)"Yc-3+nc)=0

3 3 3
5>—-——34+-n=0=>n=3 [‘-‘cz—]

4 4 4

. . (11
~ point on the curve is (Z' E)

. required shortest distance

1 1

4 2
V2

(d)
Since,s3 x v = % = ks3
s d?s _ 3k ds
FTCARRT:
d?s

=> —_—
dt

=3k%s>  [from Eq.(i)]
Hence, acceleration of particle is proportional to s°.

17




(a)
Given, s =t3 4+ 2t2 +t

ds
v=—=23t24+4t+1
dt

Speed of the particle after 1 s

B (dS)
R VT

=3%x12+4x1+1=3+5=8cm/s

(b)
Given, y=a* = % =a* log log a

Now, length of subtangent at any point (x;, y;)
y a*t 1

- dy/dx ~an loglog a - log log a

(o)
Let AB = xm, BC = ym and AC = 10m
x2+y%2 =100 ..(»0)

1N,
SN

On differentiating w.r.t t,m we get

dx dy

Snaet®® 2y /o
*T Y

= 2x(3)=2y(4) =0

_ Yy

=
X=3

On putting this value in Eq. (i), we get

16
?yz +y% =100

2 _ 100x9
25

= =36 > y=6m

(9

Since f (x), which is of degree 3, has relative minimum/maximum atx = —1 and x = %

Therefore x = —1,x = %are roots of f'(x) = 0. Thus, x + 1 and 3x — 1 are factors of f'(x)

Consequently, we have
ff(X)=2(x+1)Bx—-1)=A1Bx%2+2x—-1)




S fx)=Ax3+x2—-x)+c

Now, f(=2) =0 [Given]
=>c=24 (1)
We have,
14

1
—[—1 f(x)dx =3

1 14
=>f [A(x3+x2—x)+c]dx=?
-1
1 1 14 21 14 .
=1, ¥*+[ cde="7=>T+2c=7=22+3c=7 ..(i)
Solving (i) and (ii), wegetd =1,c =2
Hence, f(x) = x3 +x? —x + 2

1 1
f(x) = cosx + > coS2x — 3 cos3x

=  f'(x)=—sinx-sin2x+sin3x
Put f'(x)=0
. . 3x X b . 3x 3x
= 2sinsin —cos cos 5 = 2sinsin — oS cos —
3x 3x X

= sin sin — = 0,cos cos — =cos cos =
2 ’ 2 2

STl 17
f@=1+3-3=¢

. 7 13 27 9
~ difference= -+ —=—=-=
6 12 12 4

(a)
Let f(x) = e*~1 + x — 2. Then,
f)=e"+1-2=0

= x = 1isareal roots of the equation f(x) = 0
Let x = a be other real root of f(x) = 0 such thata > 1
Consider the interval [1, ]

Clearly, f(1) = f(a) =0




So, by Rolle’s theorem f'(x) = 0 has arootin (1, a)
But, f'(x) =e* 1+ 1> 1forallx
~ f'(x) # 0 forany x € (1,a)
This is a contradiction
Hence, f(x) = 0 has no real root other than 1
(d)
We have,
fx)=x +x

Sf)=(@x +x)3—=3(x +x)(xx)

:>f(x)=1—3(xx)=1—%2x

ffG) < Lforallx v —22x <0

3_1 w3 _3
and,f(x)>1—z—4forallx [ J2x 2 4]
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(@)
L — 43 _ d_y —_ Loatl
ety =x 12x = dx—3x 12
Put 2=0, 3x2-12=0
dx
= x =42
At x =2, y=23-12(2)=-16
At x=-2, y=(-2)3—-12(-2)=16
Hence, option (a) is correct

(c)
We have,

xy = a?and S = b%x + c%y
2,2
=S =bh%x+

ds c%a? d3S  2c?a?
— =p?— and — =
dx x2 dx? x3
For local maximum or minimum, we must have
, cfa® , c?a?

—=0=2b"-—7F=0>3x"=—>">x=12—
x X b b

d2s ca
Clearly,— > 0 forx = —
Y dx b

=

2

So,x = %a is the point of local minimum

.. ca a’b
Local minimum value of S = b? (?) + c? (E) = 2abc
(b)
We have,
g =fl)+f(1—x)
~g'(x)=f"(x)—f'(1—x)forallx € [0,1]
Now, f"(x) <O0for0<x <1
= f'(x) is a decreasing function on [0, 1]
S>> fA-x)ifx<1—x
and,

Solutions DPP No.

‘4




ff)<fll—-x)ifx>1—-x
=>f'(x)—-f'1—-—x)>0ifx <%
and,
fle)—f(1—x)<0ifx>>
=g'(x)>0ifx € (0,1/2)

and,

=>9'(x)<0ifx € (1/2,1)

1 . 0,1
= g(x) decreases on [Z] and increases on [7]




Since, f(x) =xel™
fl(x) = —xel™ + el™*
=el™(1—-x)

= f'(x)<0, V(1,)

()

Consider the function

n+1
¢(x) = ao n+l
Since ¢(x) is a polynomial. Therefore, it is continuous on [0, 1] and differentiable on
(0,1)
Also, $(0) =0

Qo a, a .
and, (1) =7 1+7+n—2 + -+ a, =0 [Given]
= ¢(0) = ¢(1)
Thus, ¢ (x) satisfies conditions of Rolle’s theorem on [0, 1]
Consequently, there exist ¢ € (0,1) such that $’'(c) = 01i.e.c € (0,1) is a zero of

¢'(x) =apx"+ ax™t+ -+ a, = f(x)

n n—-1 xZ

1 + ot an_17+ anx

+ +
a a
1 2

X

(9

Given, x = at®> + bt + ¢

o (speed) = = 20t + b
speed) - = 2a
. zx
= (acceleratlon)ﬁ = 2a

= The particle will moving with
Uniform acceleration.

()
On differentiating given equation w. r. t. x, we get
dx 25
- = 100 - 7.(2t)—100-25t
At maximum height, velocity % =0
100—-25t=0 = t=4

25x 16
x =100X%x 4 — > = 200m

(D)




Let P(x1,y,) be a point on the curve (i) such that the tangent at P is parallel to the line
y = 2x
= (Slope of the tangent at P) = 2

d
3(_)/) :2:|X1|:2:>X1:i2
dx (x1,¥1)

Now,y =[5 [t|dt

X
xZ
(ftdt:7, ifx >0

y= i 0 x )
—f tdt = -, ifx <0
L

Lx1 =22y =2andx; =-2=>y;, =2

Thus, the two points on the curve are (2, 2) and (-2, —2)

The equations of the tangents at these two points are
y—2=2(x—2)andy + 2 = 2(x + 2) respectively

Or,2x —y —2 = 0and 2x — y + 2 = O respectively

These tangents cut off intercepts —2 and 2 respectively on y-axis

(a)

We have,

f'(x) =sec?x —1=0forallx [~ |secx| > 1 forall x]
Hence, f(x) always increases

(b)
Let P = xy. Then,
P=x(8—x) [vx+y=8(given)]
2
P

dP
:P=8x—x2:>a:8—2xandw=—2

For maximum and minimum, we must have

dP
—=0>8-2x=0=>x=4
dx

d?p
Clearly, i —1 < Oforall x

Hence, P is maximum when x = y = 4. The maximum value of P is given by P = 4 X
4=16

(d)
Givencurveisy =2x2 —x+1 ..(i)
dy

—~ =4x—1
dx x

Since, tangent to the curve is parallel to the given liney = 3x + 9. Then, slopes will be
equal
4x—1=3
= x=1
FromEq. (i), y=2(1)?-1+1=2
Hence, required pointis (1, 2)




(d)
Let P(x;,y;) be a point on y? = 2x3 such that the tangent at P is perpendicular to the
line4x—-3y+2=0

(@), x(D=1=®), =i .0

Now,
yZ — 3x3

d d 3x2 iy
= Zyd—z =6x%2=> (d—z)(%yl) = y_ll =)
From (i) and (ii), we get
3x%
i
Since (x,y,) lies on y? = 2x3
nyi =243 ..(iv)
Solving (iii) and (iv), we get
(4x)?>=2x3>x,=0,x, =1/8
Putting the values of x; in (iv), we get

=2y =4} (i)

V1= 0, V1= iﬁ
Hence, the required points are (0, 0), (1/8,1/16), (1/8,—1/16)

(d)
We have,
x =elcostandy = e'sint




:>dx— (cost — sint) ddy— t(sint + cost)
77 = € (cost —sint) and—- = e’ (sin¢ + cos
dy dy/dt sint+cost (dy)
. — = = = 00
t=m/4

"E_dx/dt_cost—sint dx

So, tangentatt = % subtends a right angle with x-axis

(b)
We have,

y? =4a (x +a sing) (1)
dy x

= ZyE =4a (1 + cosa)

For points at which the tangents are parallel to x-axis, we must have

dy

—Z =0

dx
x X x

= 4a (1+cos—)=0=>cos—=—1=>—=(2n+1)7r
a a a

For these values of x, we have sinz =0

Putting sinz = 0in (i), we get y? = 4ax

Therefore, all these points lie on the parabola y? = 4ax

(b)
Given y =x
dy 5

5/2

. d*y 15
“dx 2% e alt
d?y

Atx=0%2=0%2—-9
dx

" dx?

3/2 1/2

3
and d—Z is not defined
dx
Whenx =0,y =0
=~ (0,0) is a point of inflexion

(@)
Let f(x) =2x+3y and xy =6

_, 18
= f(x)= x+7

On differentiating w.r.t. x, we get

18
f'(x)=2—x—2

Put f'(x) = 0 for maxima or minima
18
> 0=2-— = x=13
X
" 36
and f""(x) = g
., 36
= f"(3)= 33 >0
~ At x = 3, f(x) is minimum

The minimum value of f(x) is
f(3)=23)+3(2) =12




(b)

Given, f(x) = x2 —2x + 4
f'(x)=2x—-2

By applying Mean value theorem
f'c)=2c—-2=0

=>c=1

(b)
By the algebraic meaning of Rolle’s theorem between any two roots of a polynomial
there is always a root of its derivative

ANSWER-KEY

4 5 6
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()
p(t) = 1000 +

1000t

100 + ¢2
(100 + t2)(1000) — 1000t (2t)

(100 + t2)?

= p'®)=0+

(100 — t2)

(100 + t2)?

Put p’(t) = 0 for maxima or minima

= 100-t?=0

= t=+10

Now, p''(t) = 1000

y (100 + t2)2(—=2t) — (100 — t2)2(100 + t2)2t

(100 + t2)*

[(100 + £2)(—2) — (100 — t2)(4)]
(100 + t2)3

[600 — 2t2]

(100 + t2)3

At t =10, p"(t) <0

~ The maximum value is

(10) = 1000 + 10000
PR = 100 + 100
10000

=1 =1
000 + 200 050

= 1000

= 1000t

= —1000t

(@)

We have,

f'(x) = (x —a)*™(x — b)>™*!

~f'x)=0=>x=ab

For x = b — h, we have

f'x)=(b—-h-a)* ()™ <0

and for x = b + h, we have

f'(x) = (b+ h—a)?®h?m*tl >

Thus, as x passes through b, f'(x) changes sign from negative
Hence, x = b is a point of minimum




(d

Given equation of curve is

dx )
It = —5,at point (1,2)

d .
S —4(1)(—5) = 20unit/s

(9
Given y?=2(x-3) ..(I)
dy dy 1

2y—=2 = —=-

o dx dx vy

-1 _

(@yjan 7

Slope of the given line=2

Loy = -2

From Eq. (i), x =5

-~ Required pointis (5, —2)

(a)

Given, f(x) =

Slope of the normal=

X
1+(x|
A+ )1 —x 12

X
(1 +x])?

') =
>0Vx€ER

T A+ D
= f(x) is strictly increasing

(d)

Given, f(x) = 2x? — 3x% + 90x + 174

o f1(x)6x% — 6x + 90

Now,D = b? —4ac=36—-4%Xx6%X90<0
~ f'(x) > 0Vx € (—o0, )

(a)
Given,

(=], for0 < |x| <2
f(x)_{l, forx =0

[t is clear from the graph that f(x) has local maximum.




(@)
We have,
f)=x*+ax+1
=>f'(x)=2x+a
For f(x) to be increasing on [1, 2], we must have
f'(x) >0forallx € R
Now,
f'x)=2x+a
= f"(x)=2>0forallx eR
= f'(x) is increasing for all x € R
= f'(x) is increasing on [1, 2]
= f'(1) is the minimum value of f(x) in [1, 2]
Thus,
f'(x) > 0forall x € [1,2]
=>f'(1)>0
=2+a>0>a>-2=a€ (—2,0)
(9
Since, % = % .. (D)
Given equation of curve is
y=x%+2x

> dy—(Z +2)dx
dr ¥ dt

= 1=2x+2 [from Eq.(i)]
> x=-1/2, y=-3/4

. . 1
~point on the curve is (— P Z)'

3

(b)

Given,p(x) = x*+ ax3 + bx?*+cx +d

= p'(x) =4x3+3ax?+2bx+c

~ x = 0is a solution for p’(x)=0,

= ¢c=0

Cp() =xt+ax® +bx?+d..(0)
Also,wehave p(—1)<p(1)

=2 1—a+b+d<l+a+b+d

= a>0

~ p'(x) = 0,only when x=0

and p(x)is dif ferentiable in (—1,1), we should have the maximum and minimum
at the

points x = —1,0 and 1 only

Also ,we have p(—1) < p(1)

~ Maximum of p(x) = max{p(0),p(1)}




And minimum of P(x)=Min {P(-1), P(0)}
In the interval [0,1]
p'(x) = 4x3 + 3ax? + 2bx
= x(4x? + 3ax + 2b)
~ p'(x)has only one rootx = 0, then 4x% + 3ax + 2b = 0 has
No real roots.

(3a)?—-32b <0
a2

> —<b
32

b>0

Thus , we have a>0 and b>0

~ p'(x) = 4x3 + 4ax?® + 2bx > 0,vx € (0,1)
Hence ,p(x) = p(1)

Similarly,p(x) is decreasing in [-1,0].

Therefore, Minimum p(x)does not occur at x = —1.




(o)
p(t) = 1000 +

1000t

100 + t2
(100 + £2)(1000) — 1000¢ (2t)

(100 + £2)2

> p(O=0+

(100 — t?)

(100 + t?)?

Put p’(t) = 0 for maxima or minima

= 100—t%>=0

= t==10

Now, p''(t) = 1000

(100 + t2)2(—2t) — (100 — t2)2(100 + t2)2t

% (100 + t2)*
[(100 + £t2)(—2) — (100 — t?)(4)]
(100 + t2)3

[600 — 2t2]

(100 + t2)3

At t =10, p"(t) <0

-~ The maximum value is

(10) = 1000 4 —2000
PR = 100 + 100
000

= 1000 + 10000 _ 1050
N 200

=1000

= 1000t

= —1000t

(a)
We have,
f'(x) = (x —a)?™(x — b)*™**
~f'x)=0=>x=a,b
For x = b — h, we have
f'G)=(b-h—-a)*(-R>™** <0
and for x = b + h, we have
f'x)=((b+h—a)?™h?™m*1 >0
Thus, as x passes through b, f'(x) changes sign from negative
Hence, x = b is a point of minimum
(d)
Given equation of curve is

y =4 —2x?

dx
—= —5, at point (1,2)




dy .
i —4(1)(=5) = 20unit/s

()

Given y?2=2(x-3) ..(I)

dy dy 1

a =2 = a = ;
-1

Slope of the normal= ) =

Slope of the given line=2

Ly=-=2

From Eq. (i), x =5

-~ Required pointis (5, —2)

(@)

Given, f(x) =

> 2y

-y

x
1+|x|

A+ [x).1 -2

’ X
f® = ——a

>0Vx€ER

1+ xD?
= f(x) is strictly increasing

(d)

Given, f(x) = 2x? —3x%2 + 90x + 174

o f1(x)6x% — 6x + 90

Now,D = b? —4ac =36—4x6%x90< 0

s~ f'(x) > 0Vx € (—o0, )

(a)
Given,

(=], forO0< x| <2
f(x)_{l, forx =0

It is clear from the graph that f(x) has local maximum.
y

1

(@)

We have,

fX)=x?>+ax+1

=>f'(x)=2x+a

For f(x) to be increasing on [1, 2], we must have

34




f'(x) >0forallx € R
Now,
f'(x)=2x+a
= f"(x)=2>0forallx R
= f'(x) is increasing for all x € R
= f'(x) is increasing on [1, 2]
= f'(1) is the minimum value of f(x) in [1, 2]
Thus,
f'(x) > 0forallx € [1,2]
=>f'(1)>0
=>2+a>0>a>-2=>a€(—2,0)
(9 o

. X .
Since, e d—i} . (D
Given equation of curve is

y=x%+2x

> dy—(Z +2)dx
dr ¥ dt

= 1=2x+2 [from Eq.(1)]
> x=-1/2, y=-3/4
3

. . 1
~point on the curve is (— = —).

4




20(b)
Given,p(x) = x* 4+ ax® + bx? +cx +d
= p'(x) =4x3+3ax? + 2bx + ¢
. x = 0 is a solution for p’'(x)=0,
= ¢c=0
2op(x) =xt+ax® +bx? +d..(i)
Also,wehave p(—1)<p(1)
2> 1l—-a+b+d<l4+a+b+d
= a>0
~ p'(x) = 0,only when x=0
and p(x)is dif ferentiable in (—1,1), we should have the maximum and minimum
at the
points x = —1,0 and 1 only
Also ,we have p(—1) < p(1)
~ Maximum of p(x) = max{p(0),p(1)}
And minimum of P(x)=Min {P(-1), P(0)}
In the interval [0,1]
p'(x) = 4x3 + 3ax? + 2bx
= x(4x? + 3ax + 2b)
~ p'(x)has only one rootx = 0,then 4x? + 3ax + 2b = 0 has
No real roots.

(3a)?—-32b <0
<

: —
32

b>0
Thus, we have a>0 and b>0
~ p'(x) = 4x3 + 4ax? + 2bx > 0,Vx € (0,1)
Hence ,p(x) = p(1)
Similarly,p(x) is decreasing in [-1,0].
Therefore, Minimum p(x)does not occur at x = —1.
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()
d
We have, x = at? = d—f = 2at

and y = 2at :%=2a

2a _ 1

. d_y =
~ Slope of tangent -~ = — = -
1

= — =00

= t =0 = Pointofcontactis (0, 0)

(d)

Curveisy? =px3 +¢q

dy
- ZyE = 3px?

dy 3p.4
- @),, -2
dx (2,3) 3

= 4=2p

= p=2

Also, curve is passing through (2, 3)
~ 9=8p+gq

= q=-7

~(p,q)is (2,-7)

(b)

Given,x =t — 6t% + t3

On differentiating, w. r. t. x, we get

& _ 1 — 12t + 3¢2
dt
Again, differentiating, we get

d?x 3

dt?
d*x .
When —— =0 =t = 2units time

(a)

Given equation of curve is
y?=px®+q
dy
2y —— = 3px”®
y dx pbx




The equation of tangent at (2, 3) is

(y—3)=2p(x—2)

= y=2px—(4p—3)

This is similartoy = 4x — 5
2p=4and 4p—-3=5

= p=2andp =2

Since, the point (2, 3) lies on the curve
9=8p+q = q=-7 [p=2]

23 23

(9

Given, g(u) = 2tan!(e%) — %,foru € (—o0, )
Now, g(—u) = 2tan"1(e %) —g
7

= 2(cot™1(e%)) — >
P CLS P S
—2(2 tan™"(e )) >
=-g(w)

g(u) Is an odd function.

Also, g'(u) =2 1+(2u)2 /€ 0 el

Which is strictly increasing in (—oo, o)
(b)

Given curveisy = 2x? —x + 1

Let the coordinate of P are (h, k)

On differentiating w.r.t. x, we get

dy

— =4x -1
dx X

At the point (h, k), the slope

d
- (—y) = 4h—1

dx (hk)
Since, the tangent is parallel to the given line y = 3x + 4
=2 4h—-1=3 = h=1k=2
~ Coordinates of point P are (1, 2)
(a)
Let f(x) = ax? +%— ¢, wherea,b,c >0andx >0

) 2b " 6b

Then, f'(x) = 2ax —;andf (x) = 2a +

For local maximum or minimum, we must have
1/4

f’(x)=0:x4=§=>x=i(§)

1/4
Clearly, f"' {_ (Z) } =2a+6a>0

1/4
Therefore, x = + (S) are points of local minimum

Local minimum value of f(x) is given by




a a

}:a<é)1/2+b(%)1/2—c=2m—c

But, it is given that

f(x)=0forallx [ ax? + % > c]

~2Vab—c = 0= 4ab = c?

(a)

Since f(x) = x* — 62 x? + ax + 9 attains its maximum at x = 1

~f'(x)=0atx =1

> f'(x)=4x3—124x+a=0atx=1

24—-1244+a=0=>a=120

(b)

On differentiating given curve w.r.t. x, we get
1 1 dy

—+——.—=0

2\x 2\/} dx

dy _ ¥
dx Vx
The normal is parallel to x-axis, if
( dy)(xl.yl) 0 = - 0 > x=0
Since, the point (x4, y;) lies on a curve

Jxi+y1=Va
= 0+./y;=+va [fromEq.(ii)]
> y=a
. Required point is (0, a)
(a)
y = (2x — 1)e2(-0)

D _ o200 _ 2(2x — 1)e?(=®
dx

= 2e2(7%)(2 — 2x)
= 4e20-9(1 — x)

dy
Put —
’ dx

Py _ _0,201-0(1 _ o) _ 402(1-%)
Now, oz 8e (1—x)—4e

d?y
<m> =—4<0
x=1

So, yismaximumatx =1,when x =1,y = 1.
Thus, the point of maximum is (1,1).

=0=> x=1

The equation of the tangent at (1,1) is
y—1=0x—-1)=>y=1

(©

If f'"(a) > 0, then it is not an extreme point
(b)

Given function is f(x) = x + sinx

On differentiating w.r.t. x, we get




f'(x) =1+ cosx
For maxima or minima put f'(x) = 0
= 14+cosx=0 = cosx=-1 = x=m
Again differentiating w.r.t. x, we get
f'"(x) =—sinx,at x =nf"(m) =0
Again differentiating w.r.t. x, we get """ (x) = —cosx,
fm) =1
At x = m, f(x) is minimum
(b)
LetV =2mrd = Lgpr2

3 dt dt

dr 30 1

Zdt 2xnx15x15 307

t '['dV—3O —15]
ft/ min s =30 =

(a)
Gi xz  y? 1 .
iven, — —— = ..(0)
2x dy
Z_yvZ =0
3 y dx
dy 2x
dx 3y
Now, slope of the liney = xis 1
Since, tangent is parallel to given line, then

2x _ —3 il
v 1 = X == ..(ii)

From Egs. (i) and (ii), we gety = +2

. Points of contact are (3, 2) and (—3,—2)

. equations of tangents are
y—-2=x—-3) = x—y—1=0
and y+2=x+43 = x—y+1=0
(©

The two curves are

x%  y? . x?  y? .
T = 1 ..(D) and,l—2 — = 1 ..(iD)

Differentiating with respect to x, we get

(dy) _ b*x (dy) _m?x
dx/c, a?y’\dx/¢, 12y

The two curves intersect orthogonally, iff.

@), (&), -
dx C, dx C, N

b?x mPx

aty 1y
= m?b%x? = a?12y?  ..(iii)
Subtracting (ii) from (i), we get

11 1,1 .
XZ (; — l_z) + yZ (b_z + ﬁ) =0 ...(IV)
From (iii) and (iv), we get

1 1 1 1 1 1
—r (?‘z—z) =Tz (ﬁ + W)




s>12-a?=-b>-m?=>a?>-b?=1>+m?
(b)
We have,
dy dx dy dx
E>aa>03ﬂda>0
Now, 12y = x3
129 32dx:>3( 2 X 4dy) 02y
= _—= B — —_ = = = —_
ac X d “ae T Tar i
We have,
dy dx
_>_
dt = dt
:xzdx>dx
4 dt = dt
dx
:>(x2—4)a>0=>x2—4>0=>x€(—00,—2)U(2,00)

(b)

Let the centre of circle on y-axis be (0.k).
Letd = /(7 — 0)2 + (3 — k)2

= d2=724+B3-k)? =D (say)
On differentiating w. r. t. k,, we get

dD—0+2(3 k(-1
i ¥
dD
Put E—Ozi‘k—3
d?D i .
NOW,W:2>Ommlma,

~ Minimum value at k=3 is d=7
Hence, minimum circle of radius 7.

(b)
f(x) =e*sinx
f'(x) = e*cosx + sin xe*
f"(x) = —e*sinx + cosxe* + e* cosx + e*sinx
2e*cosx
For maximum slope
f'x)=0
= 2e*cosx =0
= cosx =0

/s
> x = ,Vx € [0,27]

272"
f'"(x) =2 [—e*sinx + e* cos x]
at x —g ") <0

and at x = 7f”’(x) >0

s
- slop is maximum at x = 5

(d)
** Perimeter of a sector=p
Let AOB be the sector with radius r




If angle of the sector be 8 radius, then area of sector,
A=2720 ..(0)
And length of arc, s =6

s
> 0=-
r

-~ perimeter of the sector
p=r+s+r=2r+s ..(i0)
On subtracting 6 = ; in Eq. (i), we get

1=3r) Q) =37
24

> s=—
T

Now, on substituting the value of s in Eq. (ii), we get

2A
p=2r+<7) = 24 =pr—2r?

On differentiating w.r.t. r, we get

2—=p—4
dr p r

For the maximum area, put

ZdA—0=> r=0 = AP
dr p = r—4




(b)
Given, y? = x
On differentiating w.r.t x, we get

3

d
Zyé = 3x?

dy 3x2 (dy) 3
Y= > i —
dx 2y dx/¢1,1) 2
-~ Equation of normal at point (1, 1) is
2
—-1=—-=(x-1
y ;-1

= 2x+3y=5
Hence, the equation of line parallel to above line will be
in option (b),ie, 2x+3y =7




ANSWER-KEY
4 5 6
A C B

14 15 16
A C B




DPP

SESSION : 2025-26 DAILY PRACTICE PROBLEMS

Class : Xlth . Subject :MATHS
Date : Solutions DPP No. : 7

' Topic :-Applications of Derivatives

; ¥

(a)
Given that, s = Vt
) ds _ 1
Cdt 2t

_ 1 R dv _ 1

W dt — 2.2t3/2

2

- 3
(2vt)

= q=-2v3
= axv
(d)
Let PQ = a and PR = b, then A= %ab sin ©
v —1<sinf6 <1
~ Area is maximum whensin0=1= 0= g
(a)
f'(x) =—asinx+bsec’x +1
Now, f'(0) = 0 and f" (g) =0

= b+1=0and—§+%+1=0

> a=

> b=-la=-3

3

()
Given curve is

y = e?* + x?
At x=0,y=1

~ Any point on the curve is

d

& e 4 2x

dx

1

Slope of normal at (0,1)= —— = -7

~ Equation of normal is

1
y-1l=-5(x-0)

= 2y—2=—x
= x+2y—-2=0




0+0-2

Required dlstance=| NeET

2
V5

(d)
We have, f(x) = x el™
= f'(x) =el™(1 —x) <0forallx € (1, )
So, f(x) strictly decreases in (1, o)
(a)
Let x4,x, € R such that x; < x,. Then,
x1 < Xy
f(x1) > f(xp) [+ fisadecreasing function]
= g(f(xl)) < g(f(xz)) [+ g is a decreasing function]
= gof (x;) < gof (x2)
(d)
v y? = dax
_dy 2a
Srriaien
Length of subnormal= y% = yz—a = 2a

y
(c)
Given, x = at?and y = 2at
dx d_y -
i 2at and = 2a
2a 1

=~ Slope of tangent, (Z—z) =4 Bk

= %:oo, > t=0 [given]
-~ Point of contact is (0, 0)

(b)
We have,
ay? = x3

d
=>2ay£=3x2

dy 3x?
>——=—

dx 2ay
Let (x4,y;) be a point on ay? = x3. Then,
ay? =x3  ..(0)
The equation of the normal at (x4, y;) is
2ay,
a2 (x —x1)

This meets the coordinate axes at
3x? 2a
A<x1 +2_al'0> and B (O,y1 + YI>

3%
Since the normal cuts off equal intercepts with the coordinate axes

y—Y1=—

3 x?2 2ay,
s 2a =nt 3x;

(2a+3x)  (Bx;+2a)
2a =N 3x4

= X1




= 3x2 = 2ay,
= 9x} = 4a’y? ..(ii)
From (i) and (ii), we get

x3 4a
xt=4a? () x =—
x7 a <a> X =

(d)
Given, y=2x2—-6x—4 = %=4x—6
> Poyy-6=0 = x=3
dx 2
29 63 4 17
= =2.-—6.——4=——
y=4377 2

~ Required pointis G, - E)

2
(d)

v f(x)=x3—-6x2+ax+b

On differentiating w.r.t. x, we get
f'(x)=3x*-12x+a

By the definition of Rolle’s theorem

f)=0 = f'(z+71§)=o
2

1 1
= 3<2+—) =—12(2+—)+a=0

V3 V3
1

-9

Since =
’odx

= 3<4+§+%>—12(2+\/—1§>+a=0

= 12+1+4V3-24—-4V3+a=0
= a=11

(b)

For the point (3,log 2), we take y = g(x) = log(x — 1)
dy 1 dy 1
CAp = (== ==
dx (x—1) (dx)(g']og 2) y2

. Equation of normal is
y—log2=-2(x—3)

= y+2x=6+log2

(©

Let T be the processing time. The number of batches is g and the processing time of one

batch is @ + f x? seconds

-‘-T=¥(a+ﬁx2)=N (g+ﬁx):Z—Z=N (—:—2+B)

For fast processing T must be least for which Z—i =0

-'.N(—%+ﬂ)=0=>x=\/%

2
Clearly,%=Ni—Z> Oforx=\/%

Hence, T is least when x = %




(d)

Let (x, y) be the point on the curve 2x? + y2 — 2x = 0. Then its distance from (a, 0) is
given by

S=(x—a)?+y?

=82=x?2-2ax+a’+2x—2x? [Using2x?+y%?—-2x=0]
252=—x?+2x(1—-a)+a? ..(0)

ds
:>25d—:—2x+2(1—a)

For S to be maximum, we must have,

=0 2x 2(1 a)=0=>x=1 a
= = — + — — — -

2
[t can be easily checked that % <0Oforx=1-a

Hence, S is maximum forx =1 —a
Puttingx =1 —ain (i), wegetS =v1—-2a+2a?
(b)
Given curve is
y=x%-3x+2
dy

— =2x—3
dx x

2x—-3)x1=-1
= 2x-3=-1
= 2x =2
= x=1
o y = 0
= Required point is(1,0).
(©
The equations of the tangent and normal to y? = 4ax at P(at?, 2at) are
ty=x+at* ..(0)
and,y +tx = 2 at + at® ..(ii)
Liens (i) and (ii) meet the x-axis at T(—at?,0) and G(2 a + at?, 0) respectively
Since PT is perpendicular to PG. Therefore, TG is the diameter of the circle through
P, T,G
Hence, the equation of the circle is
(x+at)H)(x—2a—at?)+(y—-0)(y—-0)=0
= x2+y?—2ax —at’(Qa +at?®) =0

d
=>2x+2y%—2a:0

dy a—x

), == (D)

2at ¢
Let 8 be the angle between the tangents at P to the parabola and the circle. Then,
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1 1-t?
m;—my ¢t "2t

1+mym, 1—1t2
1+
2t2

tanf = =t=>0=tan 1t

(a)
Given, x = a(cos8 + 6sin0)
And y = a(sin6-6 cos8)

dx
T i a(—sin@ + sinf + 6 cos 0)

dx
do

And Z—z = a(cosf —cos O + Osinf)

=

ES = ab cos b

% = afsin6
dy
dx
So, equation of normal is

=tan6

cosf
= y—asin9+a9cosl9=—Sin6(x—ac059—aesin9)

ysin@ — asin? 6 + af cos O sin §
= —xcos 0 + acos? 0 + af sinf cos
= xcosf+ysinf=a
[t is always at a constant distance ‘a’ from origin.
(@)
f(x) — xex(l—x)
On differentiating w.r.t. x, we get
fl(x) = ex(l—x)+x.ex(1‘x). (1-2%)
= X191 + x(1 — 2x)}
=X (Z2x2 + x + 1)
Itis clear that e*~%) > 0 for all x
Now, by sign rule for —2x% + x + 1
f'x) > 0,ifx € [-3,1]
So, f(x) is increasing on [— %, 1]
(@)

f(x) =2x3—15x% + 36x + 4
On differentiating w.r.t. x, we get
f'(x) = 6x?—30x+36 ..(I)
For maxima or minima f'(x) = 0
= 6x2—-30x+36=0
= x2-5x+6=0
=2 x-2)x-3)=0 = x=2,3
Again differentiating Eq. (i), we get
f"(x)=12x—30
=> f"(2)=24-30=-6<0
Therefore, f(x) is maximum at, x = 2
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A2
() =
) d dy
= y X 0 + (Constant)* = [ W\ Constant]
d?x
:> —
dt?
= Projection (x, 0) of any point (x, y) on X-axis moves with constant acceleration
(b)
We have,

X

d(x) = f et /2(1 = t2)dt = ¢’ (x) = e /2(1 —x?)

1

= Constant

Now,

Px)=0=>1—-x?=0>x==+1

Hence, x = 11 are points of extremum of ¢ (x)
(b)

Given, x = 80t — 16t

. . ood
At maximum helghtd—}tc =0

(@)
Let f(x) = ax®>+ bx + 4
On differentiating w. r. t., we get
f'(x) =2ax+b
b

For minimum, put f'(x) =0 = x= -

Since, it is given that at x = 1 minimum value is -1




1=-— 2a+b=0 ..(0)
And f(1)=a+b+4=-1
=2 a+b+5=0 (i)
On solving Egs. (i) and (ii), we geta = 5,b = —10
(a)
: 2x

Given, g(x)1 + x) — i

, 1 2+x)2-2x x?
- f (x) = - 2 = 2

1+x 2+ x) A+x)(x+2)

Clearly f'(x) > 0 for all x > 0.
(©
Let m be the slope of the curve y = f(x). Then,

_ Y
M=
= m = e*(sinx + cos x)

dm

= i e*(sinx + cosx) + e*(cosx — sinx)
X

dm x
= — = 2e*cosx
dx

2

= = 2e*(cosx — sinx
2 ( )

For maximum/minimum value of m, we must have

dm T 3T
—=0=>cosx=0>x=—-,—etc.
dx PR

2
Clearly, ZTT: < Oforx = g

. | T
Hence, m is maximum when x = ;.

(b)

We have,

y=v9—x2 ..()

Clearly, y is positive and defined for x € [—3, 3]

For the points whose ordinates and abscissae are same i.e. y = x, we have
x = 9—xZ=>2xz=9=>x=ii

V2
3

LYy =+ —

)
But, y > 0. Therefore, xy =y = %
So, the point is P (%, %)

Now,

_ /5 Z o dy . R (dy)
y= YT ax T o=z \dx
(a)

We know that cos x is decreasing on (0, /2) and

=-1
p

. T
smx<xfor0<x<§

I
~ cos(sinx) > cosx for0 < x < >

Also,




T T
0<cosx<1<5for0<x<§

T
and, sinx < x for 0 <x<§

T
=~ sin(cosx) < cosx for0 < x < 5
Hence, cos(sin x) > cos x and sin(cos x) < cos x for
T
0 —
<x< >
(d)
Given, f(b) — f(a) = (b — a)f'(c)

b) — 3-2
:f’(c):f(;—é(a):9—4

f(x) = (2a—3)(x+2sin3) + (a — 1)(sin* x + cos*x) + log 2
= f'(x) = 2a — 3 + 4(a — 1) sin x cos x (sin? x — cos? x)

= f'(x) =2a—3—-(a—1)sin4x

If f(x) does not have critical points, then

f'(x) = 0 must not have any solution in R

= (2a — 3) — (a — 1) sin4x = 0 must have no solution in R

= sindx = % must have no solution in R
2a—3
=>‘ >1
a—1
2a—3< L 2a—3>1
$ —
a—1 Or'a—l
3a—4<0 a—2>0
=
1 7%

=>a€(1,4/3)or,a € (—x,1) U (2, )
=>a€ (—,1)U(1,4/3) U (2,)

For a = 1, we have

f'x)=-1+0

= f(x) has no critical point fora = 1
Hence, a € (—,4/3) U (2,0)

(d)

: : d
Given, curveisy = x* = d—i’ = 2x

(2) oy = 2= (a)

And x = y? = 1223’%

d 1 d
dy _ :(_y

1
dx Z dx)(l,l) - E =My (SaY)

~ Angle of intersection at the point (1, 1) is given by




tan@ =

1
m; —m; 2_7
X

3
1+m1m2_1+2 %_Z

= 6 =tan"! (2)
(c)

Let volume of sphere V = %nr3

St C o) - E 22
ac T ar . (2) ['dt_ ]

dv
C o= 8m(5)? = 200w cm3/ min [+ r = 5¢cm]

(9

Let area of circle, A = mr?

(d)
Given, y=x3—-3x?—-9x+5
d

Y 2
> —=3x“—6x—9
I x X

We know that, this equation gives the slope of the tangent to the curve. The tangent is
parallel to x-axis.
dy

. —=0 = 3x?—6x—9=0
dx

(b)
v flx)=x3—6x2+9x+3
On differentiating w.r.t. x, we get
f'(x) =3x?—-12x+9
= f'(x)=3(x%—-4x+3)
For decreasing, f'(x) < 0
= (x—3)(x—1) <0,
x€(1,3)
(@)
We have,
y =ax3+bx? + cx (1)
= Z—z =3ax?+ 2bx + ¢ ..(ii)
[t is given that
dy
(—) =tan45°=>c=1
dx (0,0)
Also,

dx
Clearly,a = 1 and b = —2 satisfy this equation

d
(y) =0>3a+2b+c=0=>3a+2b+1=0 [+c=1]
(1,0)
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Hence,a =1,b = —-2andc =1

(9

Let f(x) =1+ xloge(x + Vx2 + 1) — V1 + x2
Clearly, f(x) is defined for all x € R

Now,

f’(x)=loge(x+ x2+1)+
:>f’(x)=loge(x+ x2+1)

= f'(x) >0forallx e R [+ x+Vx?+1=>1forallx € R]
= f(x) is increasing on R
= f(x) = f(0)forallx >0

:>1+xloge(x+\/x2+1)—\/1+x2ZOforalleO

x
Vx24+1 Vx2+1

=>1+xloge(x+\/x2+1)2\/1+x2fora11x20
(9

Given, f(x) =x~*

= logf(x) = —xlogx

On differentiating w.r.t. x, we get
]%.f’(x) =—logx—1

= f'(x) =—f(x)(1 +logx)
Put f'(x) =)0

= logx=-1 > x=e?

1
f70) = =f" ()1 +logx) — f(x) =

- F@ +log? -1

At x = 1,
e
f'(x) = —ef (1) < 0, maxima

e

Hence, at x = é, f(x) is maximum.

(b)

f) = x(x - 1)?

fl(x) =2x(x— 1)+ (x — 1)
=(x—-1D2x+x—-1)=((x-1)Bx—-1)

2 - 0

(C—l)(BC—l):Tzl

3c?—4c=0

c(3c—4)=0

c=0 or c=i
3

~ The value of cin (0, 2) is%
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(o)
Let r be the base radius and h be the height of the cone. Then, 2r = h. Let V be the
volume of the cone. Then,

= AV = 4nr? Ar

AV 4mr? Ar Ar
:7X100= Z X100=3(7X100)=3/1

gnr?’
(b)
Given, f'(x) < 0,Vx €R
= 3cosx+sinx —2a<0,Vx€ER
V3 1
= 7cosx+§smx <aVx€ER

T
=>sin(x+§)<a,Vx ER
= a=1 [ sin(x+%)£1]

(d)
We have,

s N L
f(x) = cos (;) = f'(x) = ?sm (;)
For f(x) to be increasing, we must have

f'(x)>0
:%sin(g) >0

= sin (g) >0

s
:>2nn<;<(2n+1)7r

1 1
5 —>x> > X E
2n” YT on+1 " (

(d)




2 2

. X
Given curves are — + 2 =1
a? ' 12

2x 2y dy
4+ 2.2 =0
a2+12 dx
v _

dx

=
=

Andy3=8x=>3y22—z=8
v __ 8 _
a_3y2_m2

For 9=§,1+mlm2=0

—12x 8
= 145 (55) =0
= 3a?(8x)—96x=0
> a’=4
(b)
Consider the function ¢(x) = f(x) — 2 g(x) defined on [0, 1]
As f(x) and g(x) are differentiable for 0 < x < 1. Therefore, ¢ (x) is differentiable on
(0,1) and continuous on [0, 1]
We have,
$0)=f(0)-2g9(0)=2-0=2
¢ =f1)-291)=6-29(1)
Now, ¢'(x) = f'(x) —2 g'(x)
S ') = f/(©) ~2g'(c) = 0 [Given]
Thus, ¢ (x) satisfies Rolle’s theorem on [0, 1]
= $(0) = ¢(1)
=22=6—-2g(1)=>9g(1)=2
(b)
) =f'(x)+a
 ¢'(0)=0
= f'(0)+a=0
= a=0 (~f'(0)=0)
Also, $'(0) >0 (~ f"(0) > 0)
= ¢'(x) has relative minimum at x = 0 forall b ifa = 0
(b)
Given curveisy = 2x%2 —x + 1
On differentiating w.r.t. x, we get
dy

—~=4x—1
dx x

Since, this is parallel to the given curve y = 3x + 9
-~ These slopes are equal
= 4x—-1=3 = x=1
Atx=1,y=2(1)?-1+1 =2y=2
Thus, the pointis (1, 2).
(a)
Given,y = —x3 + 3x2 + 2x — 27
dy

— = -3x%+6x+2
dx X X




Let slope z = % = —3x% + 6x + 2
Then, 2z _ —6x+ 6
dx

. . dz

For maximum or minimum put = 0
= —6x+6=0
= x=1

d?z .
Now, — = —6 < 0, maxima

dx?
The maximum value of z at x = 1, is given by

z=-3+6+2=5
(b)

For the curve y™ =q"!

X
n-—1 d_y — an—l
dx
dy

~Length of subnormal=y = o

ny

an—l an—l

=yx nyn-1 = nyn-2

For constant subnormal, n should be 2
(d)
We have,
f(x) =2x* —log|x|
2x%—logx, x>0

= =

f&) {2 x%2 —log(—x), x <0

1

=>f"(x)=4«x 1% forall x # 0

For f(x) to be increasing, we must have

1) >0

1
=>4x——>0
X

4x% -1
5—>0
x

-o0 -l/l2 (I)

2x —1D)(2x+1
L@ -hex+n

X

=2>x2x—-1)2x+1)>0
=>x €(—1/2,0) U (1/2,0)
(b)
Let P(x;,y;) be the point on the curve ay? = x3 where the normal cuts off equal
intercepts from the coordinate axes. Therefore,
Slope of the normalat P = +1




3x2
2ay,
= 9x} = 4a’y?
= 9xf =4ax3 [+ (xq,y;,) liesonay? =x3=0 -
4a

:>x1:0,x1:_
9

At (x; = 0,y; = 0), the normal is y-axis

dy
=41 |vay’=x3>2 ——_32]
[ ay x aydx X

So, the required point is (x1,y;), where x; = %a
(d)

v f(x) =sinx —cosx

On differentiating w.r.t. x, we get

f'(x) = cosx + sinx

= ﬁ(%cosx+\/—1§sinx)

T T
=42 (CosZcosx + sinZsinx)

=2 [cos (x - %)]
For decreasing, f'(x) < 0

ﬂ) < ?’Z—H(Within 0<x<2m)

For maxima or minima, put f'(x) = 0
1 2
ST 2 =0 = x=4=2

Now, f"(x) ==

x3

= f"(Q2)= g ==> (0, minima

1
2
" 4 1 :
And f"(-2) = —5= ;< 0, maxima
Hence, f(x) has local minimum at x = 2

(b)
We have,

f(x) =tan‘1x—%logex

1 1
1+x2 2x
, 2x —1—x?
=)= 2x(1 + x?)
ff'x)=0=22x—1—-x2=0=>x?-2x+1=0>x=1
Now,

= f'(x) =




F@) =tant1="1, f(%) -

1
and, f(\/f) = % — Zloge 3
Hence, the least value of f(x) is g — %loge 3

(b)
The given equation of curveis xy = 1
dy R dy y

)

i S

1 . .
Let (t, ?) be any point on the curve at which normal to the curve can be drawn

(Z_D(t%) - _tiz

So, slope of normal= t?

Therefore, the given line ax + bx + ¢ = 0 will be normal to the curve, if

t2=_—b

=

a
Since, t%2>0
Either b>0, a<0
or a>0, b<O
(b)

Given, % x y,where y is the position of village

1
=>—dy =kdt
y y

= logy =logc+kt [onintegrating]

= log%=kt:>y=cekt

(a)
Given,x? —2xy +y?2+2x+y—6=10
On differentiating w.r.t.x, we get
2x—2(y+x3—y)+2y%+2+3—2:: 0
At (2,2)
dy dy
4—2(2+Za)+4a+2+a—0
dy
o
. Equation of tangent at (2,2) is
y—2)=-2(x-2)
= 2x+y=6
(d)
Given curves are
x =a(f +sinb),y = a(1l — cosH)
dy dy/do
dx  dx/df
_a(sin)
~a(1 + cos6)




2 sin? cos®
_ SIHZCOSZ

7]
2V
2 cos 5

~ length of normal =

- o TT ) = \/_a
(a)

Given,

f(x) =sinx (1 + cosx)

1
= f(x):sinx+§sin2x

On differentiating w.r.t. x, we get
f'(x) = cosx + cos 2x

Put f'(x) =0

cosx +cos2x =0

= 2cos (37)() cos (;) =0

X 0 3x 5
= —_ = =
cos2 ,  COoS >

T
= = = —
X=1x=g
Now, f"(x)= —sinx — 2sin2x

Atx = E (%) = —sinz— Zsinz?”

= —7—\/_<0 maxima

~ maximum value

(0) =) (1 e

V3, 1
=5 (1+3)
_3V3 332
T4 4
()

Let y=2x>+x—1
y=4x+1
For maxima or minima, put y’ = 0

1
= =
=7y

Now, y" =4=+ve

C 1
y is minimum at x = _—

Thus, minimum value = 2 (— i)z + (




Alternate

Here a > 0

~ Minimum value=
4x2(-1D -1

- ax2

4ac—b?

4a

9
8
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(a)
v x=t?andy = 2t
~Att=1, x=1landy =2
dy
Gt 2 1

Now, — =4 =—=-
Podx X T 2t ¢t
dt

d
®),, >
dx (1,2)

~ Equation of normal is
y—2=-1(x—-1)

= x+y—-3=0

(d)

Lety = a secd — btané

dy .
a0 - a secOtanf — bsec<6

Put Z—z =0 = secO(a tanf — bsecd) =0

= sinf = g ( secd # 0)

d?y . b
Now, 267 > 0,at sinf = 3

~minimum value is
a b
—b
Va? — b? Va2 — b2

y=a

[a2 — b2

(d

We have,

y=x"

= logy =nlogx

R 1dy n dy ny

A Ax A Ax
ﬁ_y=(_)><n:—y;—=n

y x y x




Let f(x) =x7 + 14x% + 16x3 + 30x — 560
f'(x) =7x%+ 70x* + 48x2+30 > 0,vx €R
~ f(x) is increasing
f(x) = 0 has only one solution
(c)
Given, f(x) = x3+ ax? + bx + c,a®? < 3b
On differentiating w.r.t. x, we get
f'(x) =3x?>+2ax+b
Put f'(x)=0
= 3x?+2ax+b=0
—2a + V4a? —12b
B 2x3
_ —2a+2Va?-3b
6
Since, a? < 3b,
x Has an imaginary value.
Hence, no extreme value of x exist.
(<)
We have,

= X

dy dy y
N — Ll 0 = Ny
dx dx nx
Let (x4, y;) be a point on x y™® = a™*1. The equation of the tangent at (x,y;) is

xy" =a"l = y" +nxy

I ¢ S
y=y1= x (x —x1)

1
This meets with the coordinate axes at A((n + 1)x,0) and B (0@)

1 n+1
~ Area of AOAB = > (n+ Dx; - (T) V1
2
= Area of AOAB = %(ntll) xX1Y1 (1)
Since (x;,y,) lies on xy™ = a™*!
n+1
Lxyf = a g, y) X = —
1
Putting the value of x; in (i), we get
2
Area of AOAB = %%a"“yfn“

This will be a constant, ifn =1

(a)

The area of circular plate is A = nr?

= % = 21(12)(0.01) = 0.247 sq cm/s

()

~» g(x) = min(x, x?)




y
It is clear from the graph that g(x) is an increasing function
(d)

The point of intersection of given curve is (0, 1). On differentiating given curves, we get

Z—z = a*log a,% = b*logh
= my =a* loga,m, = b*logh
At (0,1) m; =loga,m, =loghb

mi—m
tanf = —=2
1+mym,

.| loga —logb
1+ logaloghb

ES 0 = tan~

(a)

The graph of cosec x is opposite in interval (E 3")

L O

—

Given, f(x) = x?°(1 — x)7>

= f(x) =25x%* (1 —x)7> — 75x%25(1 — x)7*
= 25x%*(1 —x)"*(1 — 4x)

Put, f'(x)=0 = x=0,1,
If x< %, then

fl(x)=25x** (1 —x)"*(1—4x) >0

And ifx > i, then

fl(x) =25x%* (1—x)**(1—4x) <0

Thus, f'(x) changes its sign from positive to negative as x passes through 1/4 from left
to right.

Hence, f(x) attains its maximum at x=1/4

(d)

Given, f(x)=e*sinx, x € [0, 7]

At x=0, f(0)=0

And atx=m, f(m)=0

Also, itis continuous and differentiable in the given interval.

Hence, it satisfies the Rolle’s theorem.




Hence, option (d) is the required answer
(b)
Given curve is
2
_ 2 _¢
Xy=c¢- >y= 2
bc?
Let f(x) =ax+ by = ax +—
On differentiating w.r.t. x, we get
, bc?
ffx)=a- %2
For a maximum or minima, put f'(x) = 0
= ax?—bc?=0

,  bc? \/Z
=— > x=*c |-
a a

Again on differentiating, we get f"' (x) =

At6 x = c\/g, f"(x)>0

2bc?
x3

. . . b
f(x) is minimum at x = c\/;

. b .
The minimum value at x = c\/% is

_abc +abc »
=== =5\

(a)

Given, x —2y =4

Let A=xy > A=2y%+4y

aA 444
= — =
dy y

dA
For extremum value, o =0

= y=-1
Now, i’: =4 > 0, minima
ay

At y=-1,

x=44+2(-1)=2
A=xy=2(-1)=-2

~ Minimum value of xy is —2

(a)

Given, f(x) = (9 —x?)?

= f"(x) =209 —x?)(-2x)

Now, put f""(x) =0

= 209-x)(-2x)=0 = x=0,43

-, + - +

(S | |
S 3 0 A




f" (x) is increasing in (—3,0) U (3, )
(b)
1 reN 4 L
Let f(x)—x+; = ffx)=1 =
For maxima and minima, put f'(x) =0

= 1 —xl—z =0 = x=+1
Now, f"(x)= %
At x=1, f"(x)= %
At x =1, f"(x) =+ ve, minima

And at x = -1, f"(x) = —ve, maxima

Thus, f(x) attains minimum value at x = 1

(a)
We have,
12y = x3
dx

dy )
2125—3)( E

dy dx
= 12 = 32 [-:—:—
* e de
>x =42
2
12y=x3:y=i§
Hence, the points are (2,2/3) and (—2,—2/3)

(b)
Let R(x;,y,) be the point on the parabola y? = 2x such that tangent at R is parallel to
the chord PQ

~(dy) = Slope of P
“Nax), = ope of PQ
1 -1-2 ,
= —= 1 [y =2x =2y
Y. Z_9
2
:1—2=> —1
}’1_ J’1—2
Since (x;,y;) lies on y? = 2x
1

cyf=n=n=g [ry=1/2)

Hence, the required pointis (1/8, 1/2)

d d 1
dx dx vy

ANSWER-KEY

4 5 6
D C C

14 15 16
D B A
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