Continuity and
Differentiability

Short Answer Type Questions

Q. 1 Examine the continuity of the function f(x) = x> +2x® —1at x = 1.

® Thinking Process
We know that, function f will be continuous at x=g,if lim f(x) = lim f(x)=f(a).

x—a x—a’
Sol. We have, fx)=x% +2x° —1atx =1

: lim fx)= lim @+ h°+2(1+h?-1=2

x -1 h—0
and lim fx)= lim A=h® +20-hPF —-1=2

x -1 h—

lim fx)= lim f(x)

x -1 x—>1"

and fM=1+2-1=2

So, f(x)is continuous at x=1.
Note Every polynomial function is continuous at any real point.

3x +5,if x >2

Q.2f(x)={ ) at x =2.

x°, if x<2

3x + 5if x =2
Sol. We have, fle) =4 , ) atx =2.
x°, if x<2
Atx =2, LHL= lim (x)?
x—>2°
= lim @ -h?=Ilim (4+h%> - 4h)=4
h—-0 h—0
and RHL= lim (3x +5)
x—2F

= lim [3@2 + h)+ 5] =11
h—0

Since, LHL=RHL at x =2
So, f(x)is discontinuous at x = 2.
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1-cos2x .
— ,ifx=#0
Q.3 f(x) = 2 at x =0.
5, if x=0
1-cos2x fx20
Sol. We have, f(x) = x2 ' atx =0.
5 fx=0
Atx =0 LHL= lim 1=0982%
x—>0" X
. 1-cos2(0-h)
= lm ————~
h >0 (0-h)y?
1-cos2h
= |im ——==— —0)=
h[)no 12 [ cos (- 0)=cos 0]
_ iA2
= lim w [-cos20=1-2sin? 6]
h—-0 h
. 2 .
— 2(sm2h) [ lim smh:q
h—0 (h) h—>0 h
=2
RHL= lm 1-C082%
x—>0" x
. 1-cos2(0+ h)
h>0  (0+ h)
- lim 2800 _p [ lim S'”h:q
h—>0 h h—-0 h
and f(0)=5
Since, LHL = RHL = f(0)
Hence, f(x)is not continuous at x = 0.
2x? —3x -2 .
—ifx#2
Q. 4 fx) = x—2 at x =2
5, if x=2
25" 3% -2 4 p
Sol. We have, f(x)= x -2 ' atx=2.
5, ifx=2
27 —
Atx =2, LHL = fim 2 =% -2
x—>2° x -2
— 2_ — —
_ i 2@-h?-3@-h)-2
h—0 @-h-2
i 8+2h° —8h-6+3h-2
T hoo0 —h
2
i 2hP-8h_ . h(2h-5)
h—0 —h h—0 —h
27 —
RHL= fim 2 —%%-2
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2(@2+h?-3@2+h-2

= lim

h—0 @+h-2
. 8+2h>+8h-6-3h-2

= |lim
h—0 h

2

_ im 2h +5h: im h(2h + 5):5

h—-0 h h—-0 h
and f2)=5

LHL = RHL =£(2)
So, f(x)is continuous at x = 2.

x—4 .
1224 sy
Q.5 fx)={2(x—4) at x =4.
0, if x=4
£ =4 i s
Sol. We have, flx) =<2(x — 4) atx = 4.
0, ifx=4
Atx =4, LHL = 1im 4*=4
x4 2(x —4)
. |4—-h-4] . [0-h]
= Im —— = Im ———
h—>02[(4-h)—4] h-0(8-2h-18)
—iim 222l ang f(4) = 0 =LHL
h—»0-2h 2
So, f(x)is discontinuous at x = 4.
|x|cosl, ifx#0
Q. 6 f(x) = x at x =0.
0, ifx=0
|x|cos1 if x#0
Sol. We have, f(x) = x’ atx =0
0, fx=0
. 1 , 1
At x =0, LHL = lim |x|cos —= lim |0 - h]|cos ——
x>0 X h-o0 0-h
= lim hcos (_—1)
h—0 h
= 0 x[an oscillating number between —1and 1] = 0
RHL = lim |x\cosl
x—->0" X
= lim |0+ h|cos
h—0 0+ h)
= lim hcos1
h—0 h
= 0 x [an oscillating number between —1and 1]= 0
and f(0)=0
Since, LHL =RHL = £(0)

So, f(x)is continuous at x = 0.
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118
|x —a| sin ,ifx#0
Q.7 fx) = x—a at x =a.
0, ifx=a
. I
|x —a|sin Jfx#0
Sol. We have, f(x) = x-—a atx=a
0, fx=a

Atx =a, LHL = lim |x —a|sin
x—a

= lim a—h—asin(1J
h—0 a-h-a

= lim - hsin (1j
h—0 h

= 0 x [an oscillating number between —1and 1] = 0

[ sin(- 0)=-sin 0]

RHL = lim |xa|sin( ! j
x—a

x—>at

. ) ) 1
= lim |a+ h—a|sin| ——— |= lim hsin—
h—0 a+h-a) h-o h

= 0 x [an oscillating number between —1and 1] = 0

fla)=0
LHL = RHL = f(a)

So, f(x)is continuous at x = a.

and

1/x

e .
—, ifx#0
Q.8 fx)={1+eV* at x =0.
lO, if x=0
1/x
,ifx=0
Sol. We have, flx)=41+ e atx =0
0, ifx=0
1x ol/0-h
Atx =0, LHL = lim = lim
* coo- 11 eVt hh0q4el0h
Cim — im !
011 e T Asoe (146 M)
cim = ] [ =
hooeM i1 e 41wt o
1
:Tzo
0
1/x
RHL= lim .
x>0t 1+e'*
. g/0+h . ih
= lim Vo+h -~ hl'in01+e1/n

_h»01+e
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1 1

= A e P i1 e 1
Sy
0+1
Hence, LHL=RHL atx = 0.
So, f(x)is discontinuous at x = 0.
2
X .
-, ifo<x<1
Q.9 fx)=1 2 atx =1.

a?—3x+%,ﬁ1<x£2

X .
—, if 0<x <1
Sol. We have, f(x) = 2 3 atx =1
2x2—3x+§, if1<x <2
2 2
At x =1 HL= lim = jim 020
x 1" h—>0 2
im 1 =2h 1
T hoo 2 T2
, 5 3
RHL= Im |2x° - 3x + —
x—>17 2
3
= I|m 2(1+ hy? +h)+§
> 3
= 2+2h"+4h-3-3h+ —|=—-1+
2
and f(1)=1—=1
2 2

o LHL =RHL =£(1)
Hence, f(x)is continuous at x = 1.
Q. 10 f(x) =|x| +|x —1]at x = 1.

Sol. We have, flx)=|x| +|x —1]atx =1
Atx =1, LHL = lim [|x|+|x —1]]
x =1

= lm [|[T-h|+[1-h-1]]=1+0=1
h—0
and RHL= lim [|x|+|x-1]]
x -1
:hlim0[|1+h|+|1+h—1|]:1+0:1
and f)y=[1]+1]0|=1

o LHL = RHL = f(1)
Hence, f(x)is continuous at x = 1.

Note Every modulus function is a continuous function at any real point.
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3x —8,ifx <5
Q. 11 f(x) = . at x =5.

2k, ifx>5
Sol. We h ¢ 73x78,ifx35t s
ot tie have, (x)_{Zk, ifx>50 "

Since, f(x)is continuous at x = 5.

LHL = RHL = f(5)

Now, LHL = lim (8x — 8)= ’lirrg) [3(5-h)-8]
—

x—>5"

= lm [15-3n-8]=7
h—0

RHL= lim 2k = lim 2k =2k =7 [ LHL = RHL]
x—5" h—0
and f(5)=3x5-8=7

2k=7 = k:Z
2

2°*1_16 .
Qo 12 f(x)= 436_16 ? lf xizatxzz.
k, if x=2
2* 2 _16 " 5
Sol. We have, flx)=4 4% _16 ' M x#catx=2

K, if x=2

Since, f(x)is continuous at x = 2.
: LHL =RHL =£(2)

x 02 _nd L(oX _
Atx=2 lim 22 22 = lim 4(§ 41
=2 4% — 4 x2 x) - (4)
_fim =4 [ a®—b® =(a+ b)(@a-b)]
x-2 (2% — 4) (2% + 4)
i _4_1
Cxo22% 14 8 2
But f)=

J1+kx — /1 - kx

r1f-1< x<0

Q.13 f(x) = x _ at x =0.
2x +1 if 0<x<1
x—1'
T+ kx —\1—kx
Wehave fel—)  _x if—1<x<0 R
Sol. We have, f(x) = o1 it 0excq Ax=0

x—1"
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Continuity and Differentiability

and

Q.14 f(x)=

Sol. We have,

Atx =0,

Also,

121

LHL = lim —W
x—0" X
, JT+ke = JT—ke ) (1+ ke + J1—kx
= lim .
x0” x J1+ ke + \[T—ka
) 14+ ke — 1+ kx
= lim

w0~ [T+ kx + [T kx]
2kx

= |i
anc?* x,/1+ kx + /11— kx
2k

= JT+kO0-h+T-k(0-h)

Sim 2K 2Ky
Thoo i—kh+ A+ kh 2
f02x0+1_
0-1
k=-1 [+ LHL= RHL = f(0)]
1-cos kx .
—,ifx=#0
X sin x
at x =0.
1 .
=, ifx=0
2
12COSKx e v 20
flx) = 1“'”’“ atx=0
-, fx=0
2
LHL = lim 1—cgskx: im 1—cosf<(0—h)
x>0~ xSinx h—0 (0 —h)sin(0 - h)
1-cos (- kh)
h—0 —hsin(=h)
= Jim 1= COSKN [ cos (- 0) = cos 6, sin(— 0) = —sin 0]
h—0 hsinh
1-1+ 252 10 0
= lim : { cos 6:1725in27}
h—0 hsin h 2
2sin2 K
=lim——2
h-0 hsin h
i kh . kh
» sin— sm? 1 Kh/4
= b kh kh “sinh™ p
2 2 h
2k? K2 sinh
s _n [im——=1
4 2 h—0 h
2
1(0) 1:;(— 1:>k=+1 p
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X .
——,ifx#0
Q. 15 Prove that the function f defined by f(x)= x| + 2x°

k, if x=0
remains discontinuous at x =0, regardless the choice of k.

—ifx#0
Sol. We have, flx) =1 [« + 2x
K, ifx=0
Atx =0, LHL= fim —— = jim ©-h
x>0~ |x| +2x° h-0|0—h|+2(0-h)
= lim ——— = lim —— =
h—0 h+2h°> h—-0h(1+ 2h)
RHL= fim —* = jjm —— 0*"
x>0t |x| +2x° h-0|0+ h|+2(0+ h)
. : h
= lim = lim =1
h—0 h+2h%> h—0h(1+ 2h)
and f(0) = k
Since, LHL = RHL for any value of k.

Hence, f(x)is discontinuous at x = Oregardless the choice of k.

Q. 16 Find the values of a and b such that the function f defined by

x—4 .
+a,if x< 4
v -4
f(x)=<a+b, if x=4
x—4 .
+b,if x> 4
| — 4|
is a continuous function at x = 4.
x4 +aifx<4
[ — 4
Sol. We have, f(x)=4a+ b, if x =4
4 bifx >4
[ — 4
. x—4
Atx =4, LHL= Iim +a
x~>47|x—4|
4-h-4 _-h
=lm —+a=Ilm —+a
h—=0|4—h-4| h—0 h
=-1+a
RHL= tm ~=% 1 p
xa4+|x—4|
44+ h-4

= lim ——— + b= lim ﬁ+b:1+b
h—0 |4+ h- 4] h—=0 h
fd)=a+b=>-1+a=1+b=a+b
= -1+a=a+band1+b=a+b
: b=-1and a=1
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Q. 17 If the function f(x)= % then find the points of discontinuity of
X+

the composite function y = f{f(x)}.
Sol. e have, f(x) = !

X+ 2
= f{f(x)}
1 —
x+2 49

1 ko) (x +2)
1+2x+4 (Rx + 5)

So, the function y will not be continuous at those points, where it is not defined as it is a
rational function.

Therefore, y =

* is not defined, when2x + 5=0
x +5)
=5
2
Hence, yis discontinuous at x = _—5

X =

Q. 18 Find all points of discontinuity of the function f(t) = ! , Where

t2+t-2
1

Sol. We have, = and t =
t2 4t -2 x—1

1

0= 1 1) 2
n _<
[x2+1—2xJ [xJ 1

_ 1

14+ x - 14 [-2(x - 1°]
[ (x% +1-2x) ]
B x% +1-2x
Cx-2x? -2+ 4

x% +1-2x
—2x2 +65x -2
IO G )
_—(2x2—5x+2)

(x — 17

Tex-NE-x)
So, f(t)is discontinuous at2x —1=0 = x=1/2

and 2-x=0 => «x=2
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Q. 19 Show that the function f(x) =|sin x + cos x| is continuous at x = .

Sol. We have, flx)=|sinx + cos x|at x = &
Let g(x)=sinx + cos x
and h(x)=|x|
: hog(x) = h[g(x)]

=h(sinx + cos x)

=|sinx + cos x|
Since, g(x)=sinx + cos x is a continuous function as it is forming with addition of two
continuous functions sin x and cos x.

Also, h(x) =|x| is also a continuous function. Since, we know that composite functions of
two contmuous functions is also a continuous function.
Hence, f(x)=|sinx + cos «] is a continuous function everywhere.

So, f(x)is contmuous atx =

Q. 20 Examine the differentiability of f, where f is defined by

Sol.

if0<x<?2
Fy o) Ml if0sx<2
(x—-1)x, if2<x<3

® Thinking Process
We know that, a function f is differentiable at a point a in its domain, if both Lf '(a) and

Rf'(a) are finite and equal,  where Lf'(c)=||m0f(aL)h_ﬂa) and

fla+h) - fla)

Rf'(c)=li
fo=ln =
We h fop) x[x], if0<x<2 -
e nave, ()= —x if2cxc3 T2
Atx =2, Lf'@) = lim fe-n-re
h —0 —h
— lim @-hP-h-2-12
h =0 -h
{- [a—h]=[a—1],where a is any positive number}
. @2-h-2
= lim
h -0 -h
2-h-2 . h
=i = |lm —=1
h —0 - h—0 —h
Ar@) = lim (&N =f@)
h —0 h
— lim R@+h-H2C+h-2-1)-2
h -0 h
im d+hy@+h-2
h —0 h
) 2+h+2h+h* -2
T h50 h
2
_Iimh + 3h im h(h+3):3
h -0 h —0 h

o Lf'2) = Rf'(2)
So, f(x)is not differentiable at x = 2.
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x? sinl, if x#0
Q.21 f(x) = x at x =0.

0, if x=0
22 sin_, ifx#0
Sol. We have, f(x) = x atx =0
0, ifx=0
For differentiability at x = 0,
x“sin—-20
LF(0)= tim =10 x
x —0 X — x -0~ x -0
1 _
O—h2 R o .
. ( )Sm[O—hJ . hsm[ j
= lim = lim
h =0 0-h h =0 —h
) (1 . .
_hllgw0 + hsin [Ej [sin(-=0)=-sin0]

= 0 x[an oscillating number between —1and1] = 0

sint -0
Rr(O) = fim =0y x
x—-0t  x—-0 x 0" x—-0
(0 + h)? sin .
. 0+h . h®sin(1/h)
= |lim = lm ——
h -0 0+ h h =0 h
= lim hsin(1/h)
h -0

= 0 x [an oscillating number between —1 and 1] = 0

Lf'(0) = Rf'(0)
So, f(x) is differentiable at x = 0.

1+x, ifx<2
Q.22 fm)={ "N a2
5—x, if x>2

Sol. Weh ¢ _1+x,if9c£2t >
ol. e have, f(x) = 57x,ifx>23 x =2.
For differentiability at x = 2,

Lf'@)= lim M= lim w

x—2" x -2 x =27 x -2
—im *2=M =8 =y
h —=0 2_-_h-=-2 h -0 —h
R = fim &) =10y, =93
x 2t x -2 x 2" x -2
i 5-@2+h) -3
h—0 2+ h-2
. 5-2-h-38 L=
= lim lim —
h -0 h—0+ h
=-1
LF'@) # RF'@)

So, f(x)is not differentiable at x = 2.
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Q. 23 Show that f(x) =|x — 5| is continuous but not differentiable at x = 5.

Sol. We have, flx)=|x — 5]

f) = —(x—-5),ifx<b
(x) = x—-5 ifx=>5

For continuity at x = 5,
LHL= Iim (- x+ 5)

x—>57

=1lmI[-(5-h = lim h=
im0+ 81 = im, =0

RHL= lim (x - 5)

x —>5%

= lm (5+h-8)= im h=0
—

h -0
f(6)=56-5=0
= LHL = RHL = f(5)
Hence, f(x)is continuous at x = 5.

Now, LF(5)= lim 1) =18)
x—5" x—-5

-x+5-0

x—5" x—5 -

-1

LF'(5) # RF'(5)
So, f(x) =|x — 5[ is not differentiable at x = 5.

Q. 24 A function f : R — R satisfies the equation f(x +y)= f(x)- f(y) for
all x, y e R, f(x)#0. Suppose that the function is differentiable at
x=0and f'(0) =2, then prove that f'(x) =2 f(x).

Sol. Letf:R — R satisfies the equation f (x + y) = f(x)- f(y), V x, y € R, f(x) # 0.

Let f(x) is differentiable at x = 0Oand f' (0) = 2.
N 0= im flxx) — 1(0)

= 2 = lim
= 2 = lim
= 2 = lim
= 2= lim
Also, f'lx) = lim
[ fx + y) =fx)- f(y)]

= lim — - 2f(x) [using Eq. (i)]
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Q25+

Sol. et y = o8’
log y = log 2°°°°* = cos? x -log 2
On differentiating w.r.t. x, we get

ay _d 2
—log y.—=—1log 2-cos
o 09 ax Tax Y ¥
= 1.9 =log2— d (cosx)?
y dx dx
= iy & _ =log2- [2cosx]~icosx
y dx dx
=log2 -2 cosx - (- sinx)
=log2-[ - (sin2x)]
¥ =—y-log2 (sin2x)
dx
_ peos?x | log 2 (sin2x)
X
Q.26 =
X
8.75 X
Sol. Let y=—5 = logy=log —%
X X
d dy _d . 8
—logy-—=—1[log 8" —lo
= a9 g dx[g gx”]
1 dy d
—-——=—|x-l0g8 - 8-lo
= y a o X109 gx]

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

l~ﬂ=logB-1—8-l

y dx x
= 1.9 Iog8—§

y ax X

%= y(logB—ﬁj :8—8(I098—§j
dx x) «x x

Q. 27 log (x + %% +a)
Sol. et =log (x + yx° + a)
%7—xlog (x + yx° + a)

dx

- - R a
(x+,lx2+a)dx[x+ el

—7[1+%(x2 +a)yVe ~2x}

_(x+ Jx? + a)

= L 1+ x
(x +4/x + a) Jx® +a
(Jx% +a+x) - 1

(x+Jx2+a)(x? +a) (2 +a)
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Q. 28 log[log (logx®)]
Sol. Let y =log [log (logx®)]
Y _ 9 liog (log logx®)]
dx

dx
S d (log - log x°)
loglogx® dx

I Y B T I
loglogx® \logx® ) dx

S R -i(SIogx)— >
loglogx® logx® dx x -log (logx®) - log (x°)
Q. 29 sin/x +cos® Vx
Sol. Let y =sinvx + (cos vx

¥ _a sin(x"?) + g [cos (x"?)F
dx dx dx
—cosa’2. 942 4 pcos (x"?) g [cos (x?)]
dx dx
_ cos (x'/2) 12 4 9 cos (x1/2){7sm( ”2).ix”2:1
2 dx

— cosx - —— [~ 2cos (x"?)]-sinx"?- .

2Vx 2Vx
Zf [cos (Vx) - sin @x)]

Q. 30sin" (ax® +bx +c)

Sol. Let y=sin" (ax® + bx +c¢)
a_d
dx dx

=n-[sin (ax? + bx + c)]"” -di sin (ax? + bx + ¢)
X

[sin (ax? + bx + ¢)]’

=n-sin”" ™" (ax? + bx + ¢)- cos (ax? + bx +c).di(ax2 + bx +C)
x

=n-sin” " (ax? + bx + ¢)-cos (ax® + bx + ¢)- (2ax + b)
=n-(ax + b)-sin” " (ax® + bx + ¢)-cos (ax? + bx + ¢)

Q. 31 cos(tan /x + 1)

Sol. Let y =cos (tan \/x + 1)
g—yficos (tan {Jx + 1)=—sin (tan /x 1)‘di(tan1/x+1)
X X

d 1/2 { d 2 }
=-—sin(tanx + 1)- -sec? +1.-— - —(tanx) =sec“ x
dx dx( )
=—sin(tan Jx + 1)- (sec \/x + 1)+ = (x + 1) 1/2-i(3c+1)
2 dx

2
2\/7 -sin(tany/x + 1)-sec” (yJx + 1)
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Q. 32 sinx? +sin? x +sin® (x?)

Sol. Let y =sinx?® + sin® x + sin® (x?)
¥ _9 gn (%) + g (sinx)? + g (sinx?y?
dx dx dx dx
2 d 2 . d . . 2 d . 2
=C0S (x°)—(x“) + 2 sinx- — sinx + 2 sinx“ - — sinx
dx dx dx
=c0Ss x°2x +2 -sinx - cos x + 2 sin x° cos x° - dix2
X

=2x cos (x)° + 2-sinx-cos x + 2 sinx? - cosx? - 2x

2

=2xcos (x)° + sin2x +sin2 (x)°-2 x

=2xcos (x2) + 2x -sin2 (x%) + sin2 x

Q. 33sin!

1
Ax+1

Sol. Let y=sin"
Jx+ 1

Y _ 9 g
dx dx Ax+ 1
1 d 1 . 1
= e e = (sinT'x) = _
1 ( 1 j x (x + 1) 1-x
x+1
:;-i-(x+ 1)"1/2
x+1-1 dx
x+1
;
S 2 Bl VO -
x 2 x
x+ )2 (1 _ -1 1
RS LN R N
x 2 2Nx (x+1
Q. 34 (sin x)*~
Sol. Let y = (sinx)**
= logy = log(sinx)°* = cosxlog sinx
iIogy~ﬂ—i(cosx-logsimc)
ay dx dx
1 dy d . . d
= —.—— =Cc0sx - — log sinx + log sinx - —cosx
y dx dx dx
1 d . .
=C0Sx - —— - — sinx + log sinx - (— sinx)
sinx dx
=cot x -cosx —log (sinx) - sinx { cotx = C_Osx}
sin x
2
%: [CO,S X —sinx -log (sinx)}
dx sinx

2
. cos“x . .
=sinx®**| == —sinx - log (sinx)
sinx
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Q. 35sin™ x-cos" x

Sol. Let y=sinx-cos” x
@ _d
dx dx

= (sinx)” ~i(cosx)” + (cosx)” - g (sinx)™
dx dx

[(sinx)™ - (cosx)"]

) 4 d ) 4 d
= (sinx)" -n (cosx)"™ - = cosx + (cosx)” m(sinx)"" - = sinx
dx dx
= (sinx)" - n(cosx)"™" (—sinx) + (cosx)" -m (sinx)" " cosx
=—nsin™x-cos" " x-(sinx)+ mcos” x-sin™ " x-cosx

N 1 n
+m-sin” x. — -cos” x- cosx
cosx sinx

=—n-sin”x-cos” x-tanx + msin™ x - cos” x - cotx
=sinx-cos” x [~ ntanx + mcotx]

=—n-sin”x-sinx -cos” x-

Q.36 (x +1)*(x +2)*(x +3)*

Sol. Let y=(c+ 1% (x+27°%x+ 3)*
: log y =log {(x + 1) (x +2)°(x + 3)*}
=log (x + 1? + log(x + 2)° + log (x + 3)*

d dy d d d
and —logy-—=—[2l0 + 1) ]+ — [3lo +2)]+ —[4lo +3
& 9y o dx[ gx+1] dx[ g (x +2)] dx[ g (x + 3)]
1_%2 2 -i(x+1)+3- -i(x+2)
y dx (x+1) dx (x+2) d
1 d

2 3 4
= + +
x+1 x+2 x+3_

ay 2 3 4
=y + +
dx (x+1) x+2) (x+73)
2 3 4
+ +
L(x+1) (x+2) (x+3)

=@+ (x+2)° (x+3)?*

=@+ D2 (x+2° (x+23)?*
2 (x +2)( x+3)+3(x+1)(x+3)+4(x+1)(x+2)}

x+N(x+2)(x+ 3
7(x+1) (x+2)° (x + 3)?*
(x+N(x+2)(x+ 3
2 (x? + 5x + 6)+ 3(x2 + 4x + 3) + 4 (x? + 3x + 2)]
=+ N(x+27° (x+3°
Px® +10x + 12 + 3x% + 12x + 9+ 42 + 12x + 8]
=(x+ 1) (x + 2 (x + 3)° [9x? + 34x + 29]
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4 (sinx +cosx T T
Q. 37 cos™! (j —T<x< =

V2 4 4
Sol. Let y = cos™ (wj
P _9 st [Mj
dx dx N
= -1 d (sinx + cosx]
1 (8 cosa’ el 2
N

i(cos,x) _
dx 1- %2

1 1
\/4 _ (sin®x + cos® x + 2 sinx - cosx) V2
2

COSx —Sinx)

R
T [-sin2x 2

[~ 1-sin2x = (cosx —sinx)? =cos® x + sin x —2sinx cosx]
_ —1(cosx —sinx) _

(cosx —sinx)

(cosx —sinx)
4 [1—=cosx =m T
Q.38tan" |- —%, —Z<cx< =
1+cosx 4 4
Sol. Let y=tan™ 1-cosx
1+ cosx
%:itan" 1-cosx
dx dx 1+ cosx
1 d [1-cosx "2 d =
= = w——(tan” x) = 5
1—cosx\? dx [1+cosx dx 1+ x
1+,)| ——
(1+cosx)
-1/2
3 1 1| 1-cosx d [1-cosx
q, 17COSX "2 |1+ cosx “dx |1+ cosx
1+ cosx
-1/2
B 1 11| (1—cosx) ) (1-cosx)
1+cosx+1-cosx "2 | (1+cosx) (1-cosx)
1+ cosx
.(1+cosx)~sinx+(1—Cosx)~sinx
(1+ cosx)?
-1/2
_ (1+cosx) 1 (1-cosx)? sinx (1+ cosx + 1—cos x)
2 2| (1-cos’x) (1+ cos x)°

-1/2
(1+ cosx) 1 {(1—cosx)2} {sinx (1+cosx + 1 —cos;c)}
2 2

2| (1-cos?x) (1+cosx)?
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(1+ cos x)

2 sin x 1+ cos x)

B 1| (1=cos x)? " osing
_ .2[ } :

(1+cosx) 1 sin x 2sinx

2

2

2

(1-cos x) (1+ cos x)?
~ 2sin’” x 1 sin®x
4(1+cosx)(1-cosx) 2 (1-cos®x)

_1sinfx 1

S 2 sinfx 2
Alternate Method

Let y= ’[an“[1 Hzosx]
1+ cosx

1-14+2sin2 >
2

{ cosx =1-2sin’ = =2c0s? > —1}
2 2

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

Q. 39 tan" (sec x +tan x), _—:< x< %

Sol. Let y=tan" (secx + tanx)
dy d

L =~ tan' (secx + tanx)
dx dx
= ! - 9 (secx + tanx) [ i(tan’Uc): 2}
1+ (sec x + tanx)~ dx dx 1+«

-[secx- tanx + sec? x]

1+ sec? x + tan® x + 2sec x - tanx

1
= -sec x- (secx + tanx)

(sec? x + sec? x + 2sec x - tan x)
B 1
2 sec x (fan x + sec x)

y
-Sec x (secx + tanx) = )

bcosx+asinx) 2
acosx—bsinx]

Q.40tan™ [a cos x —bsin xJ T ox< g and %tanx>—1.

Sol. Let  y=tan" [ .
bcos x + asinx

acosx bsinx

_ a
tan bcosx bcosx | tan p ~tanx
N bcosx asinx |

+ 1+ —tanx

bcosx bcosx b

—tan”' 2 _tan ' tanx ctan ' x —tany=tan" | XY
b 1+ ay
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Continuity and Differentiability

—tan ' 2%
b
g—y _ 9 (tan‘1 gj _a (x)
x  dx b dx
—0-1
-1
Q. 41 sec™ 3;,0<x<i
4x° —3x \/E

1
. Let =sec” | —————
Sol Y [4353 - SxJ

On putting x = cos 0in Eq. (i), we get

y=sec” !

4c0s® 0 - 3cos 0

=sec”
cos 360

=sec™' (sec 30)=30

=3cos'x
%:i(soos’wx)
dx dx
=3. ml
J1-x2
(3% x-x3) -1 x 1
Q. 42tan™ PRl Syt <E< =
3 _3ax? 3 a 3
3a° x —x°
Sol. Let =tan | =~
Y a® — 3ax?
Put x=atan® = 0= g

y—tan 3tan9 tan® 0
1-3tan® 0

=tan” (tan36) =360

=3tan ' =

%—3- d tan' ¥ = 3.

dx  dx a
1+

{ tan30 =

133

[ 6=cos x]

3tan0-tan® 0
1-3tan® 0

{ 0=tan™’ f}
a
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Q.43 tan’ %/1+x2 +\/1—x2_’ —1<x<1,x#0
) L\/1+x2—\/1—x2J’ ’
=tan er\/:
,/1+x —J1-x°

Put 2=c0s20
J1+cos20+ T-cos20
+c0s20—,/1-cos2 0

=tan” (
[\/1+2003 01+ 1-1+ 2sin? e}

Sol. Let

\/1+2cos 01— \/171+2S|n 0
J2cos 0+ +2 sin GJ art {\E (cos 0 + sin O)}

V2 cos 6 —+/2sin0 V2 (cos 6 —sin 0)
cose+sme A cos 0
cos 0
4 (1+tan®
=tan" | ——
1-tan®
=tan" tan (E+ ej tan(a+ b)= 2nartanb
4 1-tana-tanb
ST 0= D oogt a2 ['.'2(9:003‘1x2:>9=1cos‘1x2}
4 2 2
A9 (1), 2 (1o )
dx dx \ 4 dx \2
_O+1, 1 'ixz—l. —-2x B —X
2 et ot T2 i et

.. d ) . .
Find d—y of each of the functions expressed in parametric form.
X

1 1
Q. 44x=t+-,y=t-=
t t
1 1
Sol. x:t+tfand y=t--
d—x:i[t+1] and %:i[t—lj
at  dt t at dt t
= CL’C=1+(—1)r2 and %=1—(—1)r2
at at
= d—x:1fi2 and %:1+i2
at t at t
2 2
N dx _t7 -1 and dy t7+1
a2 a2

dy dy/dt t?+1/t7 %+ 1

dx dx/dt  t2—1/t2 12 —1
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Continuity and Differentiability

Q.45 x=¢° (6 +1), y=e® (e _1)
0 0

Sol.

x=e’ [9+1) andy=e™ (9—1)
0 0

dx_d ee-(6+lj
o do 0

0° 0
(07 +1-0°+0
e 2
dy _dy/do _ 0
dx dx/d® (6 -1+0%+0
e 762
3 2
:ege( 0%+ 0 +e+1J

0% +0%+0-1

Q. 46 x =3c0os0 —2cos> 0, y =3sin® —2sin> O

Sol.

and

Now,

e{ezm 92—1} 9{92+1—93+e
e - = —

92

|

x =3c0s0—2cos’0and y = 3sin 6 —2sin® 0

dx _d (3cos 0) — g @ cos® 0)
do  do do

=3.(—sin0)—2-3cos? 0-L . cos 0
ao

=-3sin0+ 6cos® Bsinod

%=3003A—2~33in2 e‘i-sine
do do

=3cos 0 — 6sin® 0-cos 0

dy dy/d®  3cos 6 -6sin” Bcos 6

dx dx/d0 - 3sin0+ 6cos20sin 0

3cos 0 (1 - 2sin? 0)

T 3sin6(—1+2cos? 0)

135
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. 2t 2t
Q.47smx:72,tany: :
1+t 1-t
. 2t .
Sol. - sinx = T2 ()
and tany = ] ft (D)}
d . dx df 2
—sinx - — = —
dx dr dt (1+1¢t?
(1+t2)-1(2z)—(2t).i(1+t2)
= cosSx — = dt 55 dt
at (+1t2)
2+t -2ot-2t 2427 —4”
(1+1t2y (+t2y
dx  2(1-t3) A
= - Y= .
dt  (1+t2)? cosx
dx  2(1-t?) 1 2(1-t?) 1
= d @+ fiosmtx (0+0°F 2
1-sin“ x . ot
1412
= ox _ 2(1_” (%) _ 2 ...(iii)
at (1+1‘ (1-t?) 1+t2
Also, 9 tany Y- i
dy at
d 2
1 -2t —(1-
Sec%(tdt Ca )
y 2\2
at 1-t2)
dy _2-2t%+4* 1
at 1-t2?®  sec?y
_20+1t%) 1 _20+1t?) 1
(1-t2? (1+tan’y) (1-t2y7 4t2
1+722
(-t%)
2 2\2
21+1%) (1-t2¢ 2 W)

TA-F (A+°P 1+t
dy _dy/dt _2/1+t%
dx dx/dt  2/1+t2

[from Egs. (iii) and (iv)]

Q 48 » 1+logt y=3+2109t

¢ t
_T+logt 3+ 2logt
=0 srerel

Sol. - ;

and y =

> d d .o
dx t.a(1+logt)—(1+logt).at
dt (%)




Continuity and Differentiability

t2.1—(1+|ogt).2t
t t -

_ _ (1+logt)-2t
t t
t —-1-2logt
:t—4[172(1+|0gt):t739

d d
t.— B8+ 2logt)-(8+2logt). —t
ay Lgrl gt)—( 9) 4

and puCAg
at t2

t-2~;—(3+2logt)-1

= -
2-3-2logt -1-2logt

- t2 NG
dy dy/dt _—1-2logt /t?
dx dx/dt -1-2logt/t®

Q.49 If x =e®?% and y =%, then prove that & _

dx
Sol x :eCOSZi and y=e sin 2t
%’: — 3780082[ 280082[. %COSZZ‘
. d
=e%%2 . (—gin2t)-— (2t
( ) p @t)
0% _ _pgoos2t ginoy
at
and %:%es‘” 2t _gsnat I iy
_en? gosot. Loy
‘ at
=2 SN2l cos 2t
dy dy/dt  2e"* .cos2t
dx dx/dt —2e° % .sin2t
e . cos 2t
€% 2t . sin 2t
We know that, logx =cos2t -loge =cos2t
and logy =sin2t -loge = sin2t
dy _—ylogx
dx «xlogy

[using Egs. (iv) and (v) in Eq. (iii) and x =€

_ylogx

x log y'

cos 2t

137

.. (i)

.. (i)

sin 2t]

Hence proved.

Q.50 1If x =asin2t (1+cos2t)and y =b cos2 t (1 —cos2 t), then show that

Sol. -

=asin2t (1+ cos2t)and y = b cos 2t(1 —cos 2t)
=a [sinZt . d (1+cos2t)+ (1+ cosZt)-gsinZt}
at at
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and

(

o)
ax Jy —wa
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=a {sinZt - (—sin2t)- i2t + (14 cos2t)-cos 2t - i.2t:|
at at

=—2asin? 2t + 2acos 2t (1 + cos 2t)

Z—f: —2a[sin® 2t —cos 2t (1 + cos 2t)] 0
d—y: b {cos 2t - g (1-cos2t)+ (1-cos2t)- ioos 21‘}
at at at

=b {cos 2t - (sin2t) i21‘ + (1—cos 2t)(-sin2t)- 12@
at at

=b[2sin2t-cos2t +2 (1-cos2t)(—sin2t)]

=2b[sin2t -cos2t —(1—cos2t)sin2t] (i)
ady _dy/dt ~—2b[-sin2t-cos2t + (1-cos2t)sin2t]
dx dx/dt —2a[sin? 2t —cos 2t (1+ cos 2t)]
. T T T . T
—sin—cos — + | 1—-cos — |sin —
_9[ 2 2 ( 2] 2}
a Lo T b ( n)
sin® — —cos — | 1+ cos —
[ 2 2 2
_b 0+ {.‘sinﬁzmndcosﬁzo}
a (1-0 2 2
:9 Hence proved.
a

Q. 51 If x =3sin t —sin 3t, y =3 cost —cos 3t, then ﬁndd—yattzﬁ.

Sol. -

and

(

ay
dx

dx
x =3sint —sin 3t and y = 3cost —cos3t
dx d

— =3-—sint —gsinSt
at at at

:SCost—cosSt~%3t:SCost—30033t ()
d—y:3~gcost —goos3t
at at at
= - 3sint +Sin3t-g3t

at

%=3sin31—3tsint (D)}
at

dy _dy/dt _ 3(sin3t -sint)
dx dx/df 3(cost —cos 3t)

. 3n LT
sin— —sin —
3

) - 3 __0-43/2
=3 (cosﬁfcos SEJ 1—(—1)
3 3

2
_—V3/2 /3 _

3/2 3 43
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Q. 52 Differentiate —— w.r.t. sin x.
sin x
X .
Sol. Let U=——andv =sinx
sinx
. d ad .
sinx-—x — x-— sinx
du _ dx dx
dx (sinx)?
sinx — x COS x :
=== == -0
sin® x
av d . .
and — = —sinx =Ccosx (i)
dx dx
du  du/dx sinx —xcos x/sin’x
adv  adv/dx cosx
sinx — x cos x
_sinx -xcosx _ Cos x
sin® x cos x sin® x cos x

COs x

[dividing by cos x in both numerator and denominator]
_tanx -«

sin® x

1+x% -1
Q. 53 Differentiate tan L

w.r.t. tan ' x, when x # 0.

X
Sol. Let u=tan™ 7~1+xx2—1 andv =tan'x
x =tan 0
- i J1+tan® 6 -1
tan 6
_ tan! (sec 6 —1)cos 0
sin o

—tan! 1—-cos 0
B sin o

_ i 2
1 . 1+ 2sin” 0/2 [+ G086 = 1-2sin? 6]
2sin0 /2-cos 6/2

=tan™' {tang}
2

O L
2 2
W19 il 12 .0
dx 2 dx 2 1+ x
and d—vzita’1x: 12 (if)
dx dx 1+ «x
du _du/dx
av  av/dx

_1/2(0+ %) (1+x?)

1
1/(1+x2) 20+x2) 2
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Find &y when x and y are connected by the relation given.
x

Q.54sin(xy)+;c=x2 —y

Sol. We have, sin@y)+ X =x2—y
y
On differentiating both sides w.r.t. x, we get
d , . d (x d -, d
—(sinxy)+ — | — |=—x“ ——V
x dx \y) dx dx
y x d y
d de ~ " dx ady
= CoS xy- — + 2
W (xy) 7 x-
dy
y—x—_=
= oosxy[x iy+y—x}+72dx:2x—ﬂ
d dx % dx
= xcosxydy+ycosxy+l2—£% 2x—%
dx V2 Y2 dx dx
= dy[xcosxy—2+1}:2x—ycosxy—y2
dx y y
dy |2xy-y’cosxy-1 e
dx y xy?cosxy—x+

_(xy-y?cosxy-1)y
(xy? cosxy—x + y°)

Q. 55 sec (x + y) = xy

Sol. We have,sec (x + y)=xy
On differentiating both sides w.r.t. x, we get

j—xsec(xw):—x(xy)

= sec (x + y)-tan (x + )-i(x+ )—x~i + ~ix
Y Y o y)= dy ydx
= sec(x+y)-tan(x+y)-(1+dyj—xg y
dx dx
d_, Y
= sec(x+ y)tan(x + y)+sec (x + y)-tan(x + y). — =x +y
dx dx

= g—y[sec (x+ y)tan(x + y)—x]=y—sec (x + y)-tan (x + y)
x

g_ y—sec(x + y)-tan(x + y)
dx sec(x+ y)-tan(x + y)—
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Continuity and Differentiability 141

Q.56tan" (x* + y*)=a

Sol. Wehave, tan™! (x2 + y?)=a
On differentiating both sides w.r.t. x, we get
—tan" (x2 + y¥)=—(a
(x=+y7) 3 @)

X X
1 2, .2
= x° + =0
1+ (%2 + y?)? dx( )
= 2x+iy2~ﬂ:
a dx
= 2y-g—72x
dx
dy  2x -x
dx 2y y

Q.57 (x* + y?)? =

Sol. We have, (x® + y°)? = ay
On differentiating both sides w.r.t. x, we get

)

dx dx
d d d
2 (2 oy 9 2 o_.. a a
= (x+y)dx(x +y)xdy+ydxx
= 2(x? + y?)- (2x+2ydyj—x%+y
a. dx
= oox2oxsont oy Y w0 oniop oy ¥ Y,
dx dx dx

%[4x v+ 4y® —x]=y - 4x° — day?
dx
dy  (y-4x° - 4ny°)

dr  (4x’y + 4y° — x)

dy dx
Q 58 If ax® + 2hxy +by? +2gx + 2fy +c =0, then show that =~ Y =1
dx dy
Sol. We have, ax® + 2hxy + by? + 2gx + 2fy +c =0 ()
On differentiating both sides w.r.t. x, we get
d o, d d d d d
= — @h = (b =@ =@ =0
dx(ax )+dx( xy)+dx(y)+d (gx)+ (fy) dx(C)
= Zax+2h(x %+y1)+b2ydy+29+2fdy+0 0
d d d
= g—y [Rhx + 2by + 2f] = —2ax — 2hy — 2g
X

dy —2(ax+hy+9)
dx  2(hx+by+1)
:M ..(iD)
(hx + by + f)
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Now, differentiating Eq. (i) w.r.t. y, we get
d d d d
— (ax“) + — Rhay) + — (b 2 2fy) + — 0
dy(x) dy( ) dy(Y) (Qx) (73/) dy()

= a-2x - d—x+2h x—y+y—x +b-2y+2g - d—+2f+0 0
dy dy

= Z [Rax + 2hy + 2g 1= —2hx — 2by - 2f
y

N d7x=72(hx+by+f)=7(hx+by+f) )
dy 2(@x+hy+g) (ax + hy+ g)
dy dr _—lax+hy+g) —(hx+by+ 1) [using Eqs. (i) and (ii)]
dx ay (hx + by +f) (ax + hy + @)

—=1=RHS Hence proved.

Q. 59 If x =e*/¥, then prove that & - *=Y

dx xlogx
Sol. We have, x=eV
g x = iex/y
dx dx
= 126 L xy)
dx
N _ety. V- 1x2dy/dx}
y
= y2 =y e* .g.ex/y
dx
ay 2
«— . e
= o y y
dy _ye™” -y
dx x-e™
x/
_E7 -y ") {.-x:e"/y:Iogx:K}
ex/y X y
y
-y Hence proved.
x-logx
dy (1+1logy)?
Q.60 If y* =¢¥ *, then prove that = Y &
dx logy
Sol. We have, y*=e¥""
= logy® =loge’ =~
= xlogy=y—x-log, =(y—x) [ log, =1]
= logy == ()
X

Now, differentiating w.r.t. x, we get
9 ogy. Y -9 =2

@ dx dx «x
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oLy -y-n Lo
1 ay ax y d

= — = *
y dx x?
ay
10')/_ x(a— )_(y_x)
N A
ydx x2
2
= x—-ﬂ_xdy—x—y+x
y dx d
2
= dy[x_ J——y
dx| y
S A
dx xzfxy x(x - )
Y x
Txly-x) x x2 (Y-x)
x
2 _
_(1+logyf {,logy:y x.ogy:z_bnlogy:q
logy X x

Hence proved.

cos x) 2
Q261 If y = (cos x)(cosx)( ", then show that dy__ ytanx
dx ylogcosx —1

Sol. We have, y = (cosx)** aa
- y = (cos:c)y
: logy =log (cosx)y
= logy = ylog cosx
On differentiating w.r.t. x, we get
1 dy d dy
—-—=y-—Ilogcosx + logcosx-—
y dx dx dx
= 1ﬂ: Y ~icosx+logcosx~%
y dx cosx dx dx
= %F ~log cos;c} = ytanx
dx|y CcoSx
o __ —ytanx
dx (1- ylogcosx)
y2 tanx

= W Hence proved.
x—

Q. 62 If xsin (a + y) +sina-cos(a + y) =0, then prove that
dy sin’(@+y)

dx sina

Sol. We have,
xsin(@+ y)+sina-cos(@+ y)=0
= xsin(@+ y)=—sina-cos(a+ y)
_ —sina-cos(a + y)

sin(a+y)
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= x = —sina-cot(a + y)
dx . 2
— =-—sina-[-cosec“(a+ y)]-—(@+ )
dy dy
. 1
= sina-—5——1
sin“(a + y)
sin(a + y)

=—— 7 Hence proved.
sina

Q. 63 If \/1 -x% + \/1 — y% =a(x — y), then prove that Zy =
X

Sol. We have,

Ji—x2+1-y2 =alx -y)

On putting x =sin e and y = sin B, we get

\/1 —sin®a + \/1 —sin?B = a(sin o — sin )

= cosa + CcosP = a(sin a —sinP)
= 200s 2P cos @ =P :a(ZoosaJrB.sina_B)
2 2 2 2
= cos 2B _asin2=P
2 2
= cot > =P =a
2
= %=B _cot'a
2
= a-p=2cot'a
= sin'x —sin”y=2cot'a [x =sinaand y =sinf]

On differentiating both sides w.r.t. x, we get
1 1 dy
2dx 0

Ji-x? i fox
@ ’1—y2_ 1-y2
dx l1_x2_ 1-x?

2
Q. 64 If y =tan ' x, then find ay in terms of y alone.

Hence proved.

dx?
Sol. We have, y=tan'x [on differentiating w.r.t. x]
g—y = ] ! 5 [again differentiating w.r.t. x]
x +x
2
Now, Iy _ 9 gy g2y
dx?  dx
=—1(1+ x?)7? i(1 + x%)
dx
3 1
(1+ )
—2tany

== [ y=tan'x= tany = x]
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_ - 2tany

(sec®yy
=2 %M 02 y.cos?y

cosy

=—sin2y-cos®y [ sin2x = 2sinxcosx]

Verify the Rolle’s theorem for each of the functions in following questions.

Q. 65 f(x)=x(x - 1)?in [0,1]
® Thinking Process

We know that, Rolle’s theorem states that, if f be a real valued function, defined in the
closed interval [a, b], such that (i) f is continuous on [a,b]. (i) f is differentiable on ]a,

b[(iii) fla) = f(b)
Then, there exists a real number c in the open interval ] a b [, such that f'(c)=0" Here,
we shall verify the Rolle’s theorem for the given function.
Sol. We have, f(x) = x(x — 1) in [0, 1].
(i) Since, f(x) = x(x — 1)? is a polynomial function.
So, it is continuous in [0, 1].

(i) Now, flx) = x-i(x —12 4 (x - 1)2ix
dx dx
=x-20 - 1)1+ (x—1?
=2x2 —2x+x% +1-2x
= 3x? — 4x + 1 which exists in (0, 1).
So, f(x)is differentiable in (0, 1).
(iii) Now, f(0) = 0and f(1) = 0= £(0) = f(1)
f satisfies the above conditions of Rolle’s theorem.
Hence, by Rolle’s theorem 3¢ e (0, 1) such that
f'c)=0
3?2 -4c+1=0

=

= 3c?-3-c+1=0

= 3cc-1)-1c-1=0

= Bc-Nec-1=0

= c:%ﬂ:%e(OJ)

Thus, we see that there exists a real number c in the open interval (0, 1).
Hence, Rolle’s theorem has been verified.
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Q. 66 f(x)=sin* x +cos* x in [O, 7;}
Sol. e have, f(x) = sin* x + cos* x in {o, ﬂ (i)

(i) f(x)is continuous in {O, g}

[since, sin*x and cos* x are continuous functions and we know that, if g and h be
continuous functions, then (g + h) is a continuous function.]
(ii) f'(x) = 4(sinx)® - cosx + 4(cosx)® - (—sinx)

= 4sin® x-cosx — 4 sinx - cos® x

= 4sinx cosx (sin? x — cos? x) which exists in (o, gj (i)
Hence, f(x)is differentiable in (O, gj

(iii) Also, f(0)= 0+ 1=1and f[gj =1+0=1

= f(0) = f[gj

Conditions of Rolle’s theorem are satisfied.

Hence, there exists atleast onec e (O, g) such that f(c) = 0.

4sinc cosc (sinc —cos?c) = 0

= 4sinc cosc (—cos2c¢)=0
= —2sin2c-cos2c =0
= —sindc=0
= sindc =0
= dc =1
Y
= C=—
4
and EE(O,EJ
4 2

Hence, Rolle’s theorem has been verified.

Q. 67 f(x)=log (x* +2) —log3in[-1, 1]
Sol. We have, f(x) = log (x* + 2) - log 3.

(i) Logarithmic functions are continuous in their domain.
Hence, f(x) = log (x? + 2)—log 3is continuous in [~ 1,1].

o1
(i) f1x) = 7.0

2x -0

=2 which exists in (- 1.1)
x4+ 2

Hence, f(x)is differentiable in (- 1, 1).
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(iii) f(=1) =log [(-1)? + 2] - log 3 =log 3 —log3 = 0 and
f(1)=log (1> + 2) —log 3=log 3—log 3= 0
= f(=1) = (1)
Conditions of Rolle’s theorem are satisfied.
Hence, there exists a real number ¢ such that

fic)=0.
= 220 =0
c +2
= c=0e(-11

Hence, Rolle’s theorem has been verified.

Q. 68 f(x)=x (x+3)e/*in[-3,0]
Sol. We have, flx) = x (x + 3)e 2

(i) f(x)is a continuous function. [since, it is a combination of polynomial functions x(x + 3)
and an exponential function e /2 which are continuous functions]

So, f(x) = x (x + 3)e™*'2 is continuous in [- 3, 0]
(ii) - flx) = (x® + 3x)~ie’x/2 o2 9 (x® + 3x)
dx dx
= (x? + 3x)-e /2. (— %j +e 2. 2x + 3
=e 2 {Zx +3- % (x® + Sx)}

_x2 _
:eix/Z |:4x +6-—x 3x:|

2
—xj2 1 2
=e —[-x°+x + 6]
2
-1 —x/2 2
= —x-6
5 e [x® —x — 6]
:%e’x/z [x% - 3x + 2x — 6]
= _?1 e ™2 [(x + 2) (x — 3)] which exists in (- 3, 0).
Hence, f(x) is differentiable in (- 3, 0).
(iii) - f(-3)=-3(-3+3e2=0
and f(0)=0(0+ 3)e™¥2=0
= f(- 3)=1(0)

Since, conditions of Rolle’s theorem are satisfied.
Hence, there exists a real number ¢ such that f(c) =0
=0

= 7%670/2 c+2) -3

= c=-2,3where -2 (-3 0)
Therefore, Rolle’s theorem has been verified.
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Q. 69 f(x) =+/4 —? in[-2, 2]
Sol. we have, f(x) = \/7— 4 — 212
(i) f(x) = \/U is a continuous function.

[since every polynomial function is a continuous function]
Hence, f( )is continuous in [- 2, 2].

(i) f(x) = 2(4 x?) V2 (- 2x)

1

Nt ’
Hence, f(x)is differentiable in (- 2, 2).

(iii) f(-2)=/(4-4)=0and f(2)= J(4-4) =
= f-2)= f(2)
conditions of Rolle’s theorem are satisfied.

Hence, there exists a real number ¢ such thatf'(c) = 0.
1

4-c?
N c=0e(-22)
Hence, Rolle’s theorem has been verified.

=-x. which exists everywhere except at x = + 2.

= —C

Q. 70 Discuss the applicability of Rolle’s theorem on the function given by
) .
x“+1, if0<x<1
flx)= .
3—-x, if1<x<2

2 .
Sol. We have, ) = {x +1if0<x <1

3—x, if1<x <2
We know that, polynomial function is everywhere continuous and differentiability.
So, f(x)is continuous and differentiable at all points except possibly at x = 1.
Now, check the differentiability at x = 1,

At x =1
LDH = fim &)=
xo>1" x—=1
2
_ jim D=0+ 1) [ f)= 22 +1, ¥ 0 <x <1]
x —>1 x =1
2
—imX -1_ im (x+ N(x-1)
x>l x—1 x-1 x—1
=2
and RDH = fim @)= _ . B=x)f(1+1)
x>1" X — x 1 (x—=1)

1
S im 3TE 2 i 22
x->1 x—1 x—=1 x—1
o LHD # RHD
So, f(x)is not differentiable at x = 1.
Hence, polle’s theorem is not applicable on the interval [0, 2].




Continuity and Differentiability 149

Q. 71 Find the points on the curve y =(cosx —1) in [0, 2r], where the
tangent is parallel to X-axis.

® Thinking Process

We know that, if f be a real valued function defined in the closed interval (a,b] such that
it follows all the three conditions of Rolle’s theorem, then f'(c)=0 shows that the
tangent to the curve at x=c has a slope 0, i.e, it is parallel to the X-axis. So, by getting
the value of c' we can get the required point.

Sol. The equation of the curve is y = cosx — 1.
Now, we have to find a point on the curve in [0, 27],
where the tangent is parallel to X-axis i.e., the tangent to the curve at x =c has a slope o,
wherec €] 0, 2x[.
Let us apply Rolle’s theorem to get the point.
(i) y=cosx — 1is a continuous function in [0, 27].
[since it is @ combination of cosine function and a constant function]
(ii) y’'=—sinx, which exists in (0, 2m).
Hence, y is differentiable in (0, 2n).
(iii) y (0)=cos 0—-1=0and y 2mn)=cos2n —1=0,
y(0)=y@m
Since, conditions of Rolle’s theorem are satisfied.
Hence, there exists a real number ¢ such that

fic)=0
= —-sinc=0
= c =mnor0, where © €(0,2n)
= X ="

o y=cosmt—-1=-2
Hence, the required point on the curve, where the tangent drawn is parallel to the X-axis is
(m, = 2).

Q. 72 Using Rolle’s theorem, find the point on the curve
y =x (x —4), x €[0, 4], where the tangent is parallel to X-axis.
Sol. Wehave, y=x (x — 4), x €[04]
(i) yis a continuous function since x(x — 4)is a polynomial function.
Hence, y = x (x — 4)is continuous in [0, 4].
(i) y'=(x — 4)-1+ x-1=2x — 4which exists in (0,4).
Hence, y is differentiable in (0,4).
(iii) y0)=0(0-4)=0
and Y4)=4(4-4)=0
= ¥(0) = y(4)
Sicne, conditions of Rolle’s theorem are satisfied.
Hence, there exists a pointc such that

f(c)=0in (0,4) [ flx) =y
= 2c-4=0
= c=2
= x=2;y=2Q-4)=-4

Thus, 2, — 4)is the point on the curve at which the tangent drawn is parallel to X-axis.
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Verify mean value theorem for each of the functions.

_ 1
Q. 8 flx)=

in [1, 4]

® Thinking Process

We know that, mean value theorem states that, if f be a real function such that
(i) f (%) is continuous on [a,b]
(ii) f(x)is differentiable on Ja,b[

Then, there exists a real number c €] ab[ such that f’(c):M, thus we can
verify it for given function. -
Sol. e have, f(x) = . T oinp, 4
(i) f(x)is continuous in [1, 4].
Also, at x = % f(x)is discontinuous.
Hence, f(x)is continuous in [1, 4].
4
i) f(x) = — ————, which exists in (1, 4).
@) ()= - (1,4)
Since, conditions of mean value theorem are satisfied.
Hence, there exists a real numberc €] 1, 4 [ such that
1oy = TA= 1)
4 -1
LI
- -4 :16—1 4—1:15 3
(4c — 1) 41 3
-4 1-5 -4
= - - v__
(4c-17 45 45
= (4c =1 =45
= 4c -1=+ 35
= c= 3€+ ! e(14) [neglecting (- ve) value]

Hence, mean value theorem has been verified.

Q.74 f(x)=x*-2x* —x+3in [0, 1]
Sol. We have, f(x)=x® —2x2 —x + 3in [0, 1]
(i) Since, f(x)is a polynomial function.
Hence, f(x)is continuous in [0, 1].
(i) f(x) = 3x? — 4x — 1, which exists in (0,1).
Hence, f(x)is differentiable in (0,1).

Since, conditions of mean value theorem are satisfied.

Therefore, by mean value theorem 3¢ € (01), such that
(1) - 1(0)
flc)= ——~
© 1-0
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M-2-1+3]-[0+ 3]

= 3c? —4c-1=
1-0

= 302—40—1=_1—2

= 3c?-4c+1=0

= 3c? -3 -c+1=0

= 3cc-1)-1c-1)=0

= Bc-Nc-1)=0

= c=1/3,1,where%e(0,1)

Hence, the mean value theorem has been verified.

Q. 75 f(x) =sinx —sin2x in [0, 7]

Sol. We have, f(x) = sinx — sin2x in [0,7x]
(i) Since, we know that sine functions are continuous functions hence f(x) = sinx — sin2x is
a continuous function in [0,].
(i) f(x)=cosx —cos2x -2 =cosx — 2 cos2x, which exists in (0, «).
So, f(x)is differentiable in (0, ). Conditions of mean value theorem are satisfied.

Hence, 3¢ € (0, n)such that, f(c) = L_g(o)
T
sint —sin2xt —sin0+sin2-0
= COSC —2C0s 2C =
n—0
0
= 2Cc0s2C —CcoscC = —
T
= 2.(2cos?’c—1)—cosc =0
= 4cos’c—-2-cosc=0
= 4c0s’c-cosc-2=0
1+ /1 2
= cosc = 3 :1i\/@
8 8
4 (1+£+/33
c =cos
8
+
Also, cos™ [1 - :@j €0, m

Hence, mean value theorem has been verified.

Q. 76 f(x) =+/25—x% in [1, 5]

Sol. We have, f(x) = 425 - x2 in [1, 5]
(i) Since, f(x) = (25 — x*)"? where 25— x> >0
= x?<+5= -5<x <5
Hence, f(x)is continuous in [1, 5].

(ii) (x) = 1 @5 x2) "2 . —2x=——% _ which exists in (1, 5).
2 25— x?

Hence, f(x)is differentiable in (1, 5).
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Since, conditions of mean value theorem are satisfied.
By mean value theorem 3¢ < (1, 5) such that

f,(c):f(5)—f(1):> ¢ _0-+24
5-1 \/25_02 4
c? 24
= = —
25-¢? 16
= 16¢? = 600 — 24 ¢?
= T
40
- c=++/15
Also, c=+15¢(15)

Hence, the mean value theorem has been verified.

Q. 77 Find a point on the curve y = (x — 3)?, where the tangent is parallel to

Sol.

the chord joining the points (3, 0) and (4, 1).
@ Thinking Process

We know that, if y= f(x) be a function defined on [a, b] which follows mean value
theorem, then there exists atleast one point c in (g, b) such that the tangent at the point
lc, f(¢)) is parallel to the secant joining the points [a, f(a)] and b, f (b)]. So, we shall use
this concept.

We have, y = (x — 3)2, which is continuous in x,=3and x, = 4ie, [3, 4].
Also, y'=2(x — 3)- 1=2(x — 3)which exists in (3, 4).

Hence, by mean value theorem there exists a point on the curve at which
tangent drawn is parallel to the chord joining the points (3,0) and (4,1).

Thus, ey = A =19)
4-3
22 _ _ 22
= 2-3=U"Y ~B=3
4-3
= 2c-6=1"9_ o7
1 2
2 2
Forx:Z, y:(z_g) :(lj :l
2 2 2 4

So, g %) is the point on the curve at which tangent drawn is parallel to the chord joining

the points (3, 0) and (4, 1).

Q. 78 Using mean value theorem, prove that there is a point on the curve

Sol.

y =2x* —5x +3 between the points A(1, 0) and B(2, 1), where
tangent is parallel to the chord AB. Also, find that point.

We have, y = 2x2 — 5x + 3, which is continuous in [1, 2] as it is a polynomial function.

Also, y'= 4x — 5, which exists in (1, 2).
By mean value theorem, 3ce (1, 2) at which drawn tangent is parallel to the chord AB,
where A and B are (1, 0) and (2,1), respectively.
f2) - (1)
flc)=————
c) -
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(8-10+3)-(2 -5+ 3)

= 4c-5= ]
= 4c-5=1
C:§:§e(1,2)
4 2
2
Forx:g, y=2(§j —5(§j+3
2 2 2
_ xg—E+3:9_15+6:0
4 2 2

Hence, (g Oj is the point on the curve y = 2x> — 5x + 3 between the points A (1, 0) and

B (2, 1), where tangent is parallel to the chord AB.

Long Answer Type Questions

2 .
Q. 79 Find the values of p and g, so that f (x):{x t3x+pifxsl is

gx +2, if x>1
differentiable at x = 1.
2 .
Sol. We have, f (x) = * +3x+p’llfxg1is differentiable at x = 1.
gx + 2, if x>1
Lf ()= lim M
xo1” x—1
2
~ im (x“+3x+p-01+3+p)
x 17 x—1
— lim [(1—h)2+3(1—h)+p]—[1+3+,o]
T o0 A-h)y-1
o [1+h? —2h+3-3h+ p]-[4+ p]
T hoo —h
2
i P =8htpra-a-pl_ . hih-5]
h—0 -h h—>0 —h

= lim ~[n-5]=5

f(x)—f(1): Gx+2)-(1+ 3+ p)

Rf*(1)=lim lim
x—>1" X - x—>1" x -1
i G+ +2]- (@4 p)
h—0 1+ h-1
_ im Gtgh+2-4-p] . gh+@-2-p)
h—0 h h—0 h
= q-2-p=0=>p-q=-2 ()
= lim an = O: [for existing the limit]
h—>0 h
If Li'(1) = Rf’(1), then 5=q

= p-5=-2=>p=3
: p=3andqg =5
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Q.801fx™-y" =(x+y)™ ", prove that
2

. d . d
G) ¥ =Y and i) £Y =0
dx «x dx®
Sol. We have, Ty =+ )" ()
(i) Differentiating Eq. (i) w.r.t. x, we get
& o.mon 7& m+n
dx(x y )—dx(x+y)
= xm-gyyn-g—iJryn-:—xxm:(m+n)(x+y)m*”’1£(x+y)
= Moyt +y mx™ V= (m+n)(x+ y" " (1+g—yj
X
= g—i[xm~nyn’1—(m+ n)~(x+y)m*”’1]:(m+ N+ y) ™ "y ma™
N4 m
= g—y (nx™y" ™ — (m+ A + Y™ = (M n)- (4 et - YT
X X
m+n)@+y)" " y" Ty mx”
dy _ (x +y) x
- m
L T L
y (x+y)
xm+n@+y) " " —@x+y)-y "y mx”
_ (x+y)x
(x+nay —ym+n)x+ "
(x+y)-y
xm+n)-x"-y" —m@x+y)y £7
Ty &C+)}//)m+n) moyn [+ y)" " ="y
(x+y)-y
X"y " Imx + nx—mx —myl-(x + y) y
™y nx+ny—-my—nyl-(x+y)-x
=% (i)
Hence proved.
(ii) Further, differentiating Eq. (ii) i.e., g—y =Y on both the sides w.r.t. x, we get
X X
dy
d2y:x dx y
dx? x?
Y_
:x x {ﬂzl}
x2 dx x

=0 Hence proved.
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Q. 81 If x =sint and y =sin pt, then prove that
d? d
dx? dx
Sol. We have, x =sint and y = sin pt
ax _ cost and & _ cos pt-p

t at
dy _dy/dt _ p-cospt 0
dx dx/dt  cost
Again, differentiating both sides w.r.t. x, we get

(1 —x?) +ply =0.

=

2 cos t-i(p-oospt)d—t—pcospt—costd—t
a7y _ at dx at dx
dx? cos? t
. . at
[cost- p-(—sinpt)- p— pcospt-(— smz‘)]d—
_ X
cos?t
[- o? sinpt -cost + psint- cospt]- ——
B cost
cos®t
d?y - p’sinpt-cost + pcospt -sint i}
N %: p~sinp . pcosp (i)
dx cos’t
Since, we have to prove
d’y dy
1-x?) =L —x L+ pPy=0
(-x )dx2 xRy
2 . .
. - t-cost + pcospt -sint]
LHS = (1 — sin?t) L= PSP
( ) cos’t
_sing. PEOSPL | o?sinpt

— pcospt -sin t-cos’t + p’sinpt - cos®t

1 | =sin’t)(- p? sinpt -cost + pcos pt - sint)
~ cos®t

2 o 3 : 2
1 - sinpt - cos°t + pcospt -sint - cos“t .
{ prsinp peosp }[ﬂ—smzt = cos?t]

~cos®t |- pcospt -sint - cos?t + psinpt - cos’t
" cost
=0 Hence proved.
. dy . x?+1
Q. 82 Find the value of Y ify =xtx 4 .
dx 2
tan x x2 +1
Sol. We have, y=a e (0
x% +1
Taking u=x""%andv = >
log u = tanx logx .. (i)
2
and 2ot (i)

2
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On, differentiating Eq. (i) w.r.t. x, we get

1 du 1 2
—.— =tanx-— + logx-sec”x
u dx x
du {tanx P }
= —=u + logx-sec” x
dx x
=yl [taﬂ + Iogx~se02x} (V)
X
Also, differentiating Eq. (iii) w.r.t. x, we get
ov. V1oV 1y
dx 2 dx 4v
dv 1 x-4/2
= diz B 2x = >
x 4.\/x +1 2x? +1
2
- av_ x )
dx 2 (x% +1)
Now, y=u+vVv
dy _du _ av
dx dx dx
= xlanx {taﬂ+logx-seczx}+L
x 2(x% + 1)

Objective Type Questions

2
Q. 83 If f(x)=2x and g(x) = x? +1, then which of the following can be a

discontinuous function?

@ f(x) + g (x) (b) f(x) — g(x)
(©) f(x)- g (%) (d) g
f(x)

Sol. (d) We know that, if f and g be continuous functions, then
(a) f+ g is continuous (b) f — g is continuous.

(c) fg is continuous (d) — is continuous at these points, where g(x) # 0.
g
ﬁ +1 2
Here, M -2 _rt 2
f(x) 2x 4x
which is discontinuous at x = 0.
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. 4—x*
Q. 84 The function f(x) = — s
4x — x

(a) discontinuous at only one point

(b) discontinuous at exactly two points

(c) discontinuous at exactly three points

(d) None of the above

) .2

Sol. (c¢) We have, f(x)= 4ot (4= ")

4 - x°  x(4-x?)
(4-x2) B 4 x?

T x@?-x?) xR+ x)@-x)

Clearly, f(x) is discontinuous at exactly three points x =0, x = -2 and x = 2.

Q. 85 The set of points where the function f given by f(x) =|2x — 1| sin x is
differentiable is
1

R b)R—| =
(@) (b) (2)

(©) (0, ) (d) None of these
Sol. (b) We have, f(x)=[2x —1]|sinx

Atx = % f(x) is not differentiable.

Hence, f(x) is differentiable in R — (1j

h
1 (1
‘2(7+h)—1 sm[7+hj—0
) 2 2
= lim
h—0 h
[2h |- sin (1+2hj
= lim 2 =2-sin—
h—0 h
G
and Lf(—): lim —~2 2
2 h—0 —h
-1
2(1—/7) —sm(l—hj—o
) 2 2
= lim
h—0 —-h
|0 —2h|-sin (i—h) 1
= lim 2 =-2sin (fj
h—0 - h 2

()iLfQ

So, f(x)is not differentiable at x =
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Q. 86 The function f(x) = cot x is discontinuous on the set

@{x=nn:neZ} (b){x=2nn:neZ}
(c){x=(2n+1)§;neZ} (d){x=nz—n;neZ}

Sol. (@) We know that, f(x) = cot x is continuous inR —{nn:neZ}.
Since, f(x)=cotx = Z?;; [since,sinx =0atnn,neZ]

Hence, f(x) = cot x is discontinuous on the set{x = nn : n e Z}.

Q. 87 The function f(x) =eMl is
(a) continuous everywhere but not differentiable at x =0
(b) continuous and differentiable everywhere
(c) not continuous at x =0
(d) None of the above

Sol. (@) Letu(x)=|x andv (x)=e"
f(x) = vou(x) = v[u (x)]
=v]x|=el"
Since, u(x)and v (x) are both continuous functions.

So, f(x)is also continuous function butu (x) = | x| is not differentiable at x = 0, whereas
v(x) =e” is differentiable at everywhere.

Hence, f(x)is continuous everywhere but not differentiable at x = 0.

Q. 881f f(x)=x?sin 1 where x # 0, then the value of the function f at
X

x =0, so that the function is continuous at x =0, is
(@0 (b) =1
(€)1 (d) None of these

Sol. (@) -+ f(x)=x2sin (%) where x = 0

Hence, value of the function f at x = 0, so that it is continuous at x = 0is 0.

mx+1, ifx<’
Q.891f f (x) = 2 is continuous at x = =, then
sinx +n, if x> % 2

@m=1,n=0 (b)mz’;lﬂ
mT Y
(Qn=— (dym=n==
2 2
mx + 1, if x SE
Sol. (c) We have, f(x) = is continuous at x = g

(sinx + n), if x >g


hp
Highlight

hp
Highlight

hp
Highlight

hp
Highlight


Continuity and Differentiability 159

k4

LHL = lim (mx+1):h|im0[m(g—hj+1}:%“
= -

x—>?
and RHL= lim (sinx +n)= Iim [sin [£+ h)+n}
ot h—0 2
X = —
2
= lim cosh+n=1+n
h—0
LHL = RHL {to be continuous at x = ﬂ
= m~E+1:n+1
2
T
n=m-—
2

Q. 90 If f(x) =|sin x|, then

(a) f is everywhere differentiable
(b) f is everywhere continuous but not differentiable at x =nn,n € Z
(c) fis everywhere continuous but not differentiable at x = (2n + 1) kid ,ne”Z
(d) None of the above 2
Sol. (b) We have, f(a) =|sin x|
Let f(x) = vou (x) = v [u(x)] [where,u (x) =sinx and v (x) =] x|]
=V (sinx) =|sin x|
where, u(x)and v (x) are both continuous.
Hence, f(x) = vo u(x)is also a continuous function but v(x) is not differentiable at x = 0.
So, f(x)is not differentiable wheresinx =0=>x=nmn, neZ
Hence, f(x)is continuous everywhere but not differentiable at x = nxw, n e Z.

1-x? :
Q. 91 If y =log x ,thend—yls equal to
1+ x° dx
453 - 4x 1 —4x°
(a)1—x4 (b)1—x4 (C)4—x4 (d)1—x4
2
Sol. (b) We have, y =log [1 - sz
1+ «x
dy 1 d[(1-a°
dx  1—x2 dx |1+ x2
1+ x°2
_(+x%) (1+ %) (-2x) - (1-2%)-2x
(-2 A+ 22
=72x[1+x2+17x2] — 4dx

(A—x2)-(1+x2) 11—z
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Q. 92 If y = /sinx + y, then Zy is equal to
X

Cos X Ccos X sinx
a (@)
2y —1 1-2y 1-2y
Sol. (a) - y = (sinx + y )"
% = % (sinx + yy V2. % (sinx + y)
R SRS N )
dx 2 (sinx + y)"/? dx
= dy_1 (cosx + %]
dx 2y dx
N ay . 1) _cosx
dx 2y 2y

dy cosx 2y _ COSx
dx 2y 2y—1 2y-1

Q. 93 The derivative of cos™ (2x% — 1) w.r.t. cos ™ x is
-1

(@) 2 (b)
2.1—x?
by 2 d)1-x
X

Sol. (@) Letu=cos™' (2x2 —1)andv =cos ' x

sinx
2y —1

[ (sinx+y

av + -1 — 4dx
= = cAdx =
dr[1-ex® — 1) S @t +1-
_ - 4x B - 4x
-4t + 4 Jax® (1- 2
2

1-x

1

du_
dx 1-x?

and

dx _du/dx -2/1-«°

v dv/dx ,1/\/1,362

2
Qo 94 Ifx :tz and y :t3, then di-z iS equa'l to
dx
@2 (b) > ©>
2 4t 2t
Sol. () Wehave, x=t?and y=t3
d—x:2z‘andd—y:3t2
at at
dy dy/dt 8t° 3

dx dx/dt 2t 2

4x2)

)1/2 —

¥l
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Continuity and Differentiability

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

d%y _3.d, o
dx? 2 dt dx
3 1
2 2t
3
T4t

161

[..ﬁ_i}
“dx 2t

Q. 95 The value of ¢ in Rolles theorem for the function f(x) = x> — 3xin the

interval [0, \/§] is

3
1 b) -1 —
(a) (b) (c)2
Sol. (a) fle)=0
= 3¢ -3=0
= 02:§:1
3
= c =+ 1 where1e(0,/3)
: c=1

()

W=

[ f(x) = 3x% — 3]

Q. 96 For the function f(x)=x + 1 x €[1, 3], the value of ¢ for mean value
X

theorem is
(@1 (b) 3
(@2 (d) None of these
f(b) —
Sol. ) - fc)= (b) - f(a)
b-a
3
= 1-—=
c 3-1
10
c? -1 €’2
= =
c? 2
c?-1 4 2
= 5 — _=
c 3x2 3
= 3c? - 1)=2c?
= 3c2-2c2=3
= c?=3=c=+3

c=+3¢(13)

1
cfx)=1-—
(x) 2
andb=3a=1
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Fillers

Q. 97 An example of a function which is continuous everywhere but fails to

be differentiable exactly at two points is

Sol. | x| +|x — 1] is continuous everywhere but fails to be differentiable exactly at two points

x=0andx =1
So, there can be more such examples of functions.

Q. 98 Derivative of ¥ w.r.t. x* is ......... .

Sol. perivative of x? wrt. x% is 33
x

Let u=x?andv=x°
d—u:2xand ﬂ = 3x?
dx dx
du 2x 2

= —_ 2
dv  3x% 3x

Q. 99 If f(x) =|cos x|, then f' (2) is equal to

Sol. If f(x)=|cos x|, then ' [%)

Y
O<x<§,cosx>0.

f(x)=+ cos x

......... .

f (x) = (~sinx)
= I"(Ej=—sinE -l |: sm—:i}
4 4 2 4 2
Q. 100 If f(x) =|cosx - sin x|, then f’(;cj is equal to ......... .
Sol. - f(x) = |cosx — sinx|,
N V31
' [3) 2

We know that, % <x <g, sinx >cosx

.cosx —sink <01/.e, f(x) = —(cos x — sin x)
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Q. 101 For the curve Vx +,/y =1, dy at G 1jis ......... .

dx 4
dy 1 1).
Sol. Forthecurve Vx +.Jy =1 = at (f,fj is—1
dx 4 4
We have, Vx + 4y =1
ft L_',i%_o
2Jdx 2y dx
& __Jy
- dx  Jx
1
(@), -7
dx (lylj 1
44 5
True/False

Q. 102 Rolle’s theorem is applicable for the function f(x) =|x-1|in[0, 2].

Sol. False
Hence, f(x)=|x - 1|in [0, 2]is not differentiable at x =1 (0, 2).

Q. 103 If f is continuous on its domain D, then | f |is also continuous on D.

Sol. True

Q. 104 The composition of two continuous function is a continuous
function.

Sol. True

Q. 105 Trigonometric and inverse trigonometric functions are differentiable
in their respective domain.

Sol. True

Q. 106 If f - g is continuous at x =a, then f and g are separately continuous
at x =a.
Sol. False
Let f(x)=sinx and g (x)=cot x
fx) - gx) = sinx - 2%

sinx
which is continuous at x = 0 but cotx is not continuous at x = 0.

=C0Sx
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