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CONTINUITY » Discontinuity of a Function : A real function
fis said to be discontinuous at x = ¢, if it is not
continuous at x = c.

ie., fis discontinuous if any of the following
reasons arise:

Q A real valued function fis said to be continuous
ata point x = ¢, if the function is defined at x = ¢
and lim f(x)=f(c) or wesay fis continuous at

X—C
1 . i lim f(x)or lim f(x) or both does not
x=ciff lim f(x)= lim f(x)=f(c) 2 x_>c—f( ) x_>c+f( )

X—cC X—C eXiSt.
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(i) lim f(x)# lim f(x) (iii) Polynomial function
x—c x—c* (iv) Modulus function

(i) lim f(x)= lim f(x)# f(c) (v) Sine and cosine functions
x—c” x—c* (vi) Exponential function

> A function f.1s §a1d to be continuous in an 5\ EFERENTIABILITY
interval (a, b) iff fis continuous at every point in
the interval (a, b) ; and fis said to be continuous o Let f(x) be a real function and a be any real
in the interval [a, b] iff f is continuous in the number. Then, we define
ir.lterval (a, b) and it is continuous at a from the (i) Right-hand derivative :
right and at b from the left.

» A function fis said to be discontinuous in the lim flath)-f(a) _if it exists, is called
interval (a, b) if it is not continuous at atleast h—0"
one point in the given interval. the right-hand derivative of f(x) at x = a

»  Algebra of Continuous Functions : If fand g and is denoted by Rf'(a).
be two real valued functions, continuous at (i) Left-hand derivative :

X =¢, then Fla-h)~(fa)
. . . _ a—h)—(fa
(i) f+giscontinuousatx=c. lim “————"—, if it exists, is called
(ii) f- gis continuous at x =c. B0~ -h
(iii) f-gis continuous at x = c. the left-hand derivative of f(x) at x = a and
) 1. _ ) is denoted by Lf"(a).
(iv) E is continuous at x = ¢, (provided A function f(x) is said to be differentiable at
20 #0). x= a,ifRf () = Lf (a).

» Composition of two continuous functions is The commorll value F’f Rf “(a) and Lf ‘(a). 18
continuous ie., if fand g are two real valued denoted by f*(a) and it known as the derivative
functions and g is continuous at ¢ and f is of flx) at x = a. If, however, Rf"(a) # Lf"(a) we
continuous at g(c), then fog is continuous at c. say that f(x) is not differentiable at x = a.

» The following functions are continuous P A functionissaid to be differentiablein (a, b), if
everywhere. it is differentiable at every point of (a, b).

(i) Constant function »  Every differentiable function is continuous but
(ii) Identity function the converse is not necessarily true.
SOME GENERAL DERIVATIVES
Function Derivative Function Derivative Function Derivative
x" nx™! sin x COS X COS X —-sin x
tan x sec? x cot x - cosec? x sec x sec x tan x
cosec x - cosec x cot x e ae™ e e
1 | x€(=L1)| ot s »
sin”! x 2 cos™' x 2,xe( L1) tan™! x 2;x€R
1-x 1+x
cotlx 1 secl x 1 coseclx 1
- ;XxE€E R ———;x€ R-[-1,1] ——F—=;x€ R-[-1,1]
2 > > b
1+x |x|\/x2—1 |x|\]x2—1
1 X X . P
log, x 1o a a*log,a;a>0 log, x xlogea,x>0anda>0
X
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EXPONENTIAL FUNCTION

Q If a is any positive real number, then the
function f defined by flx) = a* is called the
exponential function.

LOGARITHMIC FUNCTION

Q Let a > 1 be a real number. The logarithmic
function of x to the base a is the function
y = fix)=log,x i.e, log, x = b, if x=a’

»  The logarithm function, with base a = 10, is
called common logarithm and with base a = e,
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is called natural logarithm.
»  The function log,x (a > 0, #1) has the following
properties :

(i) log,(mn) =log,m +log, n;m,n>0

(i) log, (ﬂ) =log, m—log,n;m,n>0
n

(iii) log,m" = nlog,m;m >0

log x

(iv) log,x =
loga

;x>0

(v) log,a=1,log,1=0

SOME PROPERTIES OF DERIVATIVES

1. | Sum or Difference

(uxv) =u+v

2. | Product Rule

(w) =u'v+u/

’

Quotient Rule [u) wv—uv
Z | == ,v=0
v 2
4. | Composite Function (Chain Rule) (a) Let y = f(t) and ¢ = g(x), then dy dy dt
dx dt dx
(b) Let y = f(t), t = g(u) and u = m(x), then dy dy at — % d_u

dx  dt du dx

5. | Implicit Function

Here, we differentiate the function of type f(x, y) = 0.

6. | Logarithmic Function

If y = u’, where u and v are the functions of x, then log y = v log u.

Differentiating w.r.t. x, we get i(u y=u"| - v du — +logu dv
dx u dx

dx

7. | Parametric Function

If x = f(t) and y = g(1), then

dy dy/dt g(t
dx dx/dt  f'(t

8. | Second Order Derivative

Let y = f (x), then d_y = f'(x)
dx

If f(x) is differentiable, then d ( J f7(x) or —= & &y =f"(x)
dx dx

ROLLE’S THEOREM

@ Let f: [a, b] = R be a continuous function
on [a, b] and differentiable on (g, b) such that
fla) = f(b), then there exists some ¢ € (a, b) such
that f'(c)=0

MEAN VALUE THEOREM

0 Let f: [a, b] = R be a continuous function on
[a, b] and differentiable on (a, b), then there exists
f(b)—- f(a)

some ¢ € (a, b) such that f'(c)= b2
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9.2 Continuity
m (4 marks)

1. Find the values of p and g, for which
1-sin’ x

3 cos2 X

fx)=1 p ifx=m/2
q(1—sinx)
(1 —2x)>
is continuous at x = /2.
(Delhi 2016, Foreign 2008)

2. Find the value of the constant k so that the
function f, defined below, is continuous at x= 0,

yif x<m/2

yifx>m/2

where
(l—cos4xj )
— |, ifx#0
flx)= 8x2
k , ifx=0  (AI2014C)

3. Find the value of k, for which

N1+ kx —v1—kx

, if—1<x<0
flx)= *
2x+1
iy ifo<x<l1
x—1
is continuous at x = 0. (AI2013)
1—cos4x
—) when x<0
x
4. I f(x)= a, when x=0

_x
(Vie++x )4

and fis continuous at x = 0, find the value of a.
(Delhi 2013C, AI 2012C, 2010C)

when x>0

1, if x<3
5. If f(x)=<ax+b, if 3<x<5
7, if x>5
find the values of a and b so that flx) is a

continuous function.
(AI 2013C, Delhi 2012C)

10.

11.

Find the value of k so that the following function

is continuous at x = 2.

x> +x% —16x+20
flx)= (x—2) xR
k ;o x=2
(Delhi 2012C)

Find the value of k so that the following function

. . T
is continuous at x = 5 :

kcosx . T

0 1fx¢5
fx)=1T o (Delhi 2012C)

5, ifx=5

If the function f(x) given by

3ax+b, if x>1
flx)= 11, if x=1
5ax—2b, ifx<l1

is continuous at x = 1, find the values of a and b.
(Delhi 2012C, 2011, AI 2010C)

Find the values of g and b such that the following
function f(x) is a continuous function :

5, x<1
f(x)={ ax+b, 2<x<10 (Delhi2011)
21, x =10

For what value of a is the function f defined by

b
asin—(x+1), x<0

fx)= tan x —sin x
- X >0
x
continuous at x =0 ? (Delhi 2011)

Find the relationship between a and b so that
the function ‘f’ defined by
ax+1, if x<3

X)=
f@x) {bx+3, if x>3
is continuous at x = 3. (AI2011)
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12. Discuss the continuity of the function f(x) at

1
x= > when f(x) is defined as follows:

1 1
—+x, 05x<-—
2 2
1
fx)=y 1, x=3 (Delhi 2011C)
—+x, —<x<1

13. Find the value of ‘@’ if the function f{x) defined
by

2x—1, x<2
f(x)=1 a, x =2 is continuous at x = 2.
x+1, x>2

(AI 2011C)

14. Find all points of discontinuity of f, where f is
defined as follows :

|x|+3, x<-3
flx)=1 —2x, -3<x<3 (Delhi 2010)
6x +2, x23

15. For what value of k is the function defined by
k(x* +2), if x<0
flx)= .
3x +1, if x>0
continuous at x = 0 ? Also, write whether the
function is continuous at x = 1. (Delhi 2010C)

16. Find the values of a and b such that the function
defined as follows is continuous :

x+2, x<2
fx)={ax+b, 2<x<5 (Delhi 2010C)
3x -2, x=5

17. Show that the function f(x) defined by

sin x
+cosx, x>0
X
fx)= 2, x=0
4(1 - 1 —x)
—, x<0
X

is continuous at x = 0. (AI 2009)

18. If the function defined by

2x -1, x<2
f(x)= a, x=2
x+1, x>2

is continuous at x = 2, find the value of a. Also,
discuss the continuity of f(x) at x = 3.
(Delhi 2009C)
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19. For what value of k is the following function
continuous at x = 2 ¢

2x+1, x<2
f(x)=1 k  x=2 (Delhi 2008)
3x-1, x>2

20. If f{x) defined by the following is continuous at
x =0, find the value of 4, b and c.

sin(a + 1) x + sinx

, if x<0

x
f(x)= c, if x=0

Jx+ b —x

b—3/2, if x>0

X

(AI 2008)

21. If the following function f(x) is continuous at
x = 0, find the value of k.
1-cos2x
flx)= 2%
k, x=0

(Delhi 2008C)

22. Find the value of k if the function

f(x)={

kx*, x=1 )
4 is continuous at x = 1.

(Delhi 2007)

x* =25
23. If f(x)=4 x-5
k, if x=5

is continuous at x = 5, find the value of k.
(AI 2007)

, if x#5

5.3 Differentiability
(4 marks)

24. Find the values of a and b, if the function f

defined by £(x) x*+3x+a, x<1
efine x)=
Y bx+2 , x>1
is differentiable at x = 1. (Foreign 2016)

1 \/1+x2+\/l—x2 x2<l
\/1+x2—\/1—x2 ,

(Delhi 2015)

25. If y=tan~

then find d_y .
dx
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

dy -l

x+1

x2+1

If f(x)=Vx*+1;g(x)=

then find f'[H'(¢'(x))].

Show that the function flx) = |x - 1| + |x + 1],
for all x € R, is not differentiable at the points
(AI 2015)

and h(x) = 2x-3,

(AI 2015)

x=-land x=1.

Find whether the following function is
differentiable at x = 1 and x = 2 or not.

X, x<l1
f(x): 2—Xx, 1<x<2
2+43x—x2, x>2
(Foreign 2015)

For what value A of the function defined by
Mx? +2), if x<0

f(x) is continuous at
4x +6, ifx>0

x = 02 Hence check the differentiability of f(x)

atx=0. (AI 2015C)

If cosy = xcos(a + y), where cos a # 1, prove
2

that Y S0 @+y)

dx sina

If y=sin_1 {xxll—x —\/;\ll—xz} and

dy
0<x<1,then find —.
' (A 2014C, Delhi 2010)

(Foreign 2014)

Show that the function flx) = |x - 3|, x € R, is

continuous but not differentiable at x = 3.
(Delhi 2013, AI 2012C)

If sin y = x sin(a + y), then prove that

dy sin’ (a+y)

(Delhi 2012, 2011C, AI 2009)

Vi+x2 -1

X

dx sina
} with respect

Differentiate tan™ ' {

to X. (AI2012)

If x,/1+y+y,/1+x=0 for x # y. Prove the
following :

= = (Delhi 2011C, AI 2008C)
dx  (1+x)

36.

37.

38.

39.

40.

41.

42.

43.

44.

CBSE Chapterwise-Topicwise Mathematics

If y = a sin x + b cos x, prove that

d 2
y2+(—y) =a® +b%.
dx

(AI2011C)

Show that the function defined as follows, is
continuous at x = 2, but not differentiable.
3x -2, 0<x<l1

flx)=12x* —x, 1<x<2

Sx—4, x>2 (Delhi 2010)

I 2
If y=cos™! Sx+ayl-x ,ﬁndd—y.
5 dx
(A 2010)

I 2
If y=cos' 2x —3yl-x },ﬁnd d—y
Ji3 dx

(AI 2010C)

d
Find ﬁ, if (o + %) = xy. (Delhi 2009)

\/l+sinx +\/1—sinx d_y
Lfind —=.

\/1+sinx —\/1—sinx X
(Delhi 2008)

Jl+x—1-x .
W w.r.t. x.

(Delhi 2008)

If y=cot [

Differentiate tan ! [

If xy + y* = tan x + y, find d_y
dx

f 2
Differentiate sin_1|:5x+12 1-x ]w.r.t. X.

13

(AI 2008)

(AI 2008)

9.4 Exponential and Logarithmic

Functions

m (4 marks)

45.

-1
If y= Xeos x_ logv1- 2 then prove that
V1- x2
-1
& __cos x (Delhi 2015C)
dx  (1— 2 )3/2
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46. 1Ife* + ¢ =¢""7, prove that j—y+ey_x =0
x

(Foreign 2014)

47. If y=tan™ (£j+log 22 prove that
x x+a

3

d_y_ 2a

dx  x'—a* (AI 2014C)

48. If log(N1+x* —x)= yN1+x> , show that

d
(1+x2)d—y+xy+1=0 (A1 2011C)
x
49. If y= \/x2 +1-log |:l+ 1+L}, find d_y
X \/ %2 dx
(Delhi 2008)
1-cos2x
50. If y =log | ———, then show that
1+ cos2x
d_y = 2cosec 2x. (AI 2007C)
x

9.9 Logarithmic Differentiation
m (4 marks)

51. Differentiate x*™* + (sinx)

%% with respect to x.

(AI 2016, Delhi 2009)

d
52. If y=(sinx)* +sin"\/x, then find d_}’
x

(Delhi 2015C, 2013C, 2009, AI 2009C)
dy _y

, prove that —=%.
dx x

(Foreign 2014)

m+n

53. Ifx™y"=(x+y)

X

e d
54. If (x—y)-e"” =a, prove that y 24

dx
(Delhi 2014C)

+x=2y.

55. If (tan”'x) +y©% =1, then find d_y
x(AI 2014C)
56. Differentiate the following function with
respect to x : (log x)* + X108, (Delhi 2013)
d_y 3 (1+1log y)2

dx log y
(AI 2013)

57. Ify* =&, prove that

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.
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Differentiate the following with respect to x :
. [ZXH X 3x
sin
1+(36)*
£ = & dy log x
X' =¢e7, prove that =~ =———2°=
dx (1+10gx)2

(AI 2013, Delhi 2010C)

(AI2013)

. dy . . =1 2x 1
Flnd —_, lf y = SIln . (AIZO]SC)
dx 1+4"

d
If (cos x)” = (cos )", find o )
dx
(Delhi 2012, AI 2009)

2

i x -1 d

Sin x COSX+ > R ﬁnd y
x°+1 dx

(Delhi 2012C)

If y=x

d 2x% -3
Find 4 when yZXCOtX L a—
dx X" +x+2

(AI 2012C)

2
xcosx | Xt 1

Differentiate x +
x“ =1

w.r.t. x.

(Delhi 2011)

d 1
If ¥ = €77, show that g__08%

dx {log(xe)}2 '

(AI2011)
Find d_y ,if y = (cos x)* + (sin x)*,
dx (Delhi 2010)
If y = (sin x - cos x)sinx - cosx
yi 3n dy
— < x <—,thenfind =.
L <% < thenfin o (AI 2010C)

Differentiate the following with respect to x.
()% + (sin x)™"* (Delhi 2009)
d
If y = (log x)* + (x)°**, find 2.
dx
(Delhi 2009C)

If y = (x)** + (log x)*, find & .
dx
(Delhi 2009 C)

dy

If y = x* - (sin x)*, find = (AI 2009C)
X
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cosx xz +1 d)’
72. If y=(logx)"" + ———, find —.
x =1 dx
(Delhi 2008C)
73. Differentiate (sin x)™* + (cos x)**** w.r.t. x.

(Delhi 2007C)

5.6 Derivatives of Functions in
Parametric Forms

m (4 marks)

74. If x = asin 2t(1 + cos 2t) and
y=bcos 2t(1 - cos 2t), find the values of

d
—yattzzandt:E.
dx

(Delhi 2016, AI 2016)
75. Differentiate

2
] A1+xT -1 2
tan 1[]w.r.t. sin ! xz,ifxe(—l, 1)

X 1+x
(Foreign 2016, Delhi 2014)

76. If x = ae'(sin t + cos t) and y = ae'(sin t - cos 1),

dy x+
prove that 2227
dx x-y

\ll—x2

X

(AI 2015C)

77. Differentiate tan_l( ] with respect to

cos M (2xV1— %), when x 0, (Delhi 2014)

78. Differentiate tan ! [

sin”! 2xV1- x? ).
i

dy
79. Find the value of = at 0=—, if
dx 4

] with respect to

X
\ll—xz

(Delhi 2014)

x = ae®(sin 0 - cosO) and y = ae?(sin® + cosh).
(A 2014)

80. Ifx=asin2t(1+ cos2f)and y="bcos2t(1 - cos2t),

show that at ¢ = E’(d_y] = 2 (AI2014)
4 \dx) a
81. Ifx=cos(3-2cos’t) and y =sint (3 -2 sin’t),
d
find the value of 4 at t= E (AI 2014)
dx 4

82. Ifx=2cos 6O - cos 20 and y = 2sin 6 - sin 26,

then prove that j—y = tan(?). (Delhi 2013C)
x

) CBSE Chapterwise-Topicwise Mathematics

=1 -1
83. If x= \/asm ! Y= \/acos !, show that

Yy__r (A 2012)
dx X

d
84. Ifx=a(0-sin0)and y=a (1+ cos0), find d_y
X

at g=" (Delhi 2011C)
3

85. If x=a (cost+logtan%) and y = a sin ¢, find
dy

. (Delhi 2011C)
dx

0
86. If x= a(cose + log tan E) and y =asin6,

d
find the value ofd—y atf= g. (AI 2008)

X

5.7 Second Order Derivative

m (4 marks)

Py 1(dyY
87. If y =x", prove that —Z——(—y) -<=0.
dx*  y\dx x

(Delhi 2016, 2014)
88. If y =2cos(logx) + 3sin(logx), prove that

2
xzd—y+xd—y+y=0
x

! (A1 2016)
dx

89. Ifx =sin tand y = sin pt. Prove that
2
(l—xz)d—y—x d—y+p2y =(0 (Foreign 2016)
dx’ dx
90. Ifx=acosO+0bsin0,y=asin0O- b cosd, show
2
4y _ v
dxz dx
(Delhi 2015, Foreign 2014, AI 2013C)

that * +y=0

91. If y= e"™™ *,~1<x<1, then show that
4’y xd
ay_xay_ mzy =0.
dx?  dx
(AI 2015, 2010)

(1-x%)

92. If y = (x+~1+x%)", then show that

2
(1+x2)d—)2/+xj—y= nzy.
dx X

(Foreign 2015, Delhi 2013C)
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93.

94.

95.

96.

97.

98.

99.

x
100. If y =x1 _—
y=x Og(a+bx

2

d
If x = a sec’®, y = a tan’@, find _;zv at =1
dx 4
(Delhi 2015C)
If y = Ae™ + Be'™, show that

d2
—2—(m+n)—+mny 0.
dx dx

(AI 2015C, 2014, 2009C, 2007)

If x=a(cost+tsint)and y = a(sin t - t cos t),

2
TE

then find the value of ;/ at t= 4

(Delhi 2014C)

t
If x=a[cost + logtanzj,y = asint, evaluate

2
d— att = (Delhi 2014C)
dx? 3
If x = asin tand y = a(cost + log tan(#/2)), find
2
d_f, (Delhi 2013)
dx

If y=log[x+1/x2 +a2] show that

2
(x? +a2)d_f ZJ’ 0. (Delhi 2013, 2013C)

dx
If x = a cos’® and y = a sin® 6, then find the
d2
value of £r at 0= T (AI2013)
dx 6

j, then prove that

dzy dy 2
ﬁ?:(xa_y) : (Delhi 2013C)

1
101.If x= tan(—logyj, then show that

2
(1+x )
dx?

+(2x a)——O (AI2013C, 2011)

102. If x = cosf and y = sin’0, then prove that

2, 2
yd +(dyj =3sin” O(5cos> O —1).
dxz dx

(AT 2013C)

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

103

If y = sin”! x, show that
2
(l—xz)d—);—xd—yzo

(Delhi 2012)
dx dx

(tan"'x)?, show that
d? d
2 —y+2x(x2 +1)—y =2.
dx2 dx
(Delhi 2012, AI 2012)

Ify=

(x2 +1)

If y = 3 cos(log x) + 4 sin(logx), show that
2
x> == 4y +xd—y+y 0.
dxz dx
(Delhi 2012, 2009, 2009C)
Ifx=a(cost+tsint)and y=a(sint-tcost),
d’x d’y g & d*y
dr?’ dr? dx®
(AI 2012, 2011C, Delhi 2012C)

0<t<TE find —
2

If x= a(cost+logtan%j,y =asint, find

2 2
L
dt?

12 (AI2012)
x

t
If x=cost+ logtanz,y =sint, then find the

2 2
d T
value of —= and —;} att=z.

dt dx

(AI2012C)

2

If x = a(0 - sinB), y = a (1 + cosO), find Z )2/
x

(Delhi 2011)
If x=a (0 + sinB) and y = a(1 - cosB), find
&y
d®

If y = cosec'x, x > 1, then show that
2

x(x* - l)d—y + (2x°
dx

2

(AI 2011C)

d
-2 ~0. (412010
dx

If y = (cot™" x)?, then show that
2

(1 St 2x (o + 1) y_z
dx* dx

(Delhi 2010C)

If y = 3¢* + 2¢™, then prove that
d’y  5dy

(AI 2009, 2007)
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sin” x

114. If Y = ———> then show that
Jl—x°

2
(l—xz)d—};—.’)xd—y

—y=0.  (AI2009)
dx
115. If y = ¢* (sin x + cos x), then prove that
d’y 2dy
-——=+2y=0 Al 2009
i dx 7 ( )
116. If y = ¢ sin x, then prove that
2
dy_ 2y y=0. (AI 2009C)
dx*  dx

CBSE Chapterwise-Topicwise Mathematics

117. If y = sin(log x), then prove that

2
2 dy . xﬂ +y=0. (Delhi 2007)
dx’* dx
118. If y = x + tan x, then prove that
2
cos’ x - )2/ -2y +2x=0. (AI 2007)
x

5.8 Mean Value Theorem

m (4 marks)

119. Verify Rolle’s theorem for the function
fix) =x*-4x+3on[1,3]. (AI 2007)
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Detailed Solutions /

1. . flx)is continuous at 7/2. N 2%0+1
lim fO)= lm f(x)=fm/2) _q NWSO=—7—="1
xX—>T/2” x—m/2* Y+ h4l
_ ~_ lim f(x)—hmf(0+h)—1m -
Now, x_l>1ﬁm/2 fx)= hm f( h) gt 1
.3 T [
~ l=sin (z‘h) = cos>h lim_f(x)=lim f(0~h)= lim L+kh ”1 kh
= lim = lim x—0"
h—0 2( T h—0 351n h
Jcos (2 h) o k=i thJ1+kh+J1 kh
~ lim (1-cosh)(1+ cos® b+ cosh) h—0 h V1+kh+1-kh
h—0  3(1—cosh)(1+cosh) = lim (1+kh) - (1 kh)
. (1+coszh+cosh) 1+1+1 1 hﬁoh[\/“—kh-l_\/l_kh]
Tio0 3(ltcosh)  3(1+D) 2 fm 2k 2k,
h—0~1+kh +V1—-kh 2
and  lim f(x)= lim f( j From (1), we get k = -1
x—m/2" h—0
(m 4. - f(x) is continuous at x = 0.
q|1-sin| —+h (1-cosh)
— lim 2 — iy 24— Cosh) lim f(x)=f(0)= lim f(x) (1)
h—0 T 2 h—0 4h? x—0" x—0"
[n—2(+hﬂ
2 Now f{0) = a
. 2h Jh
2sin? = lim f(x)= hmf0+h) lim ———
AT 2_49.,2_4 = lim
4 ho0 B2 , 44 0 2ON16+h -4
—X
4 i VB N16+h +4
and f(m/2)=p .. l:ﬂ:p ’HO\/16+\/7 4 \/16+f+4
2 8
Vh(J16+ vk +4 T
2 h—0 16+\/_—4 h—0
2. - flx) is continuous at x = 0. lim f(x)= hm f(O h) = lim Lz(_h)
f0) =k x—0" h—0  (—h)
and lim f(x)= lim ——034% _ i L2084, 26in”2h
x—0 x—0 8x2 h—0 h2 h—0 hz
.sin2 - 2 . 2
=lim2 sin” 2x =hm(sm2x) -1 g hm(smzhj g
x—0  8x x—0\ 2x h—0\ 2h
fis continuous at x = 0 - From (1), wegeta=38
2 =1 =1
O xlil;of(x):}k 5. Continuity at x =3
3. f(x)is continuous at x = 0 < f(x) is continuous at x = 3
hm f(x) f(0)= lim f(x) (1) s f@3)= limi f(x)= lim f(x) ..(1)

x—0t x—0" x—3 x—3"
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Now, f(3) = 1
lim f(x)= lim f(3—h)= liml=1
x—3" h—0
lim f(x)— hm f(3+h)
x—3"
—llm[a(3+h)+b] 3a+b
h—0
From (1),3a+b=1 ..(2)

Continuity at x =5
f(x) is continuous at x =5
fG) = lim f(x)= lim_f(x) .0)
x—5 x—5"
Now f(5) =
hm flx) = hm f(5+h) = hm7 7

x—5"

lim f(x)= hm f(5 h)

x—5

= lim[a(5—-h)+b]=
h—0

5a+b

From (3),5a+b=7 ..(4)
Solving (2) and (4) we get
a=3,b=-8.

6. - f(x)is continuous atx =2

-+ lim £()= ) ()

Here f(2) =k

x° +x% —16x+20
(x—2)*

(x— 2) (x+5) _

(x-2)°
From (1), we get k=7

lim f(x)= lim

x—2 x—2

= lim (x+5) =
x—2

= lim
x—2

.. . . (L
7. " f(x)is continuous at x =—,

f(§)= lim f(x) (1)

x——

2
e )

lim f(x)= lim = lim
T T 2x haon_z(n h
2 2 2

=—lim —
h—0 —2h 2h—0 h
From (1), we get k = 10

8. - flx)is continuous at x =1

hm f(x)=fQ1)= lim f(x) (1)

x—1" x—1t
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Here f(1) = 11
lim f(x)= hmf(l h)—hm[Sa(l h)—2b]=5a-2b

x—1"

lim f(x)=

x—1F

limf (1+h) =lim[3a(l+h)+b]=3a+b
h—0 h—0

From (1), we get
5a-2b=11and3a+b=11
Solving these, we get
a=3,b=2.

9.  Refer to answer 5.

10. - f(x) is continuous at x = 0,
limi flx)= lirf)l+ f(x)= f(0) ..(1)

x—0

Here, f(0) = asing =a

lim f(x)= hma s1n( (—h+l))
—0

x—0"
=lim a sin (n— hn) = lim acos(_nhj =
h—0 2 2 h—0 2
tim, £ = fim w
x—0" W

—sinh sinh L
cosh cosh
= lim = lim

h—0 h3 h—0 h3
~ sinh _ 1-cosh
= lim X lim
h—0 h—0 cosh-h2
[ h ]
2sin?| = 1 1
=1xlim X lim 2 —==
h—>0cosh x—)O 2 2 2
(2)
1
= a=—
2

1
Hence, f(x) is continuous at x =0, if a = 5

11. - f(x)is continuous at x = 3

lim f(x)= lim f(x)=f(3) .. (1)
N x—3"

x—3
lim f(x)= 11m (a(3 h)+1)=3a+1
h—3"
lim f(x)= hm (b(B+h)+3)=3b+3
h—0

x—3"

Also, f(3) =
2
From (1),3a+1=3b+3 = a—-b=—

3a+1

which is the required relation between a and b.
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12. Here, f(g) =1

: _1; LR N A
im 0= im0 i Lo o=

x| =
2

3 (1
li 1 lim| =+ —+h ||=2
mfo=gim f{ 1o o) 3+ L |
H(E)
Since lim f(x)# lim f(x)
+ _
(1] -
2 2
1
= fis not continuous at x=5.

13. For fto be continuous at x = 2, we must have

lim f(x)= f(2)= lim f(x) .. (1)
x—2 x—2"
Now f(2) =a

lim f(x)= hm f(2 h)= hm [2(2 h)-1]=
x—2"
lim f(x)= hm f(2+h) = hm[(2+h)+1]
x—2"
From (1), we geta=3

14. Continuityatx=-3:
lim f(x)= lim |x|+3= hm( x+3)=3+3=6

x—-3" x—>-3"
lim f(x)— hm ( 2x) = 6
x—-3"

f(=3)=]- 3|+3 343=6
Thus, lim f(x)= lim f(x) =f(-3)
x—>-3" x—=3
fis continuous at x = - 3.
Continuity at x =3:
lim f(x)=lim (-2x)=-6
x—37 X3
lim f(x)= lim (6x+2)=6(3)+2=20
x—3"

Thus, lim f(x) # lim f(x)
x—3" x—3"
flx) is discontinuous at x = 3.

So, the only point of discontinuity of fis x = 3.
15. Wehave, lim f(x)= lim k(h* +2) =2k
—0

x—0"
lim f(x)= hm (Bh+1) =1
x—0"
and f(0) =

As flx) is continuous atx=0

lim f(x)= lim f(x)=f(0)

x—0" x—0"

=2k=1 :>k:—
2
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1
flx) is continuous at x = 0, if k= >
Also, f(x) is continuous at x =1 as flx) =3x+ lisa
polynomial function.

16. - f(x) is continuousatx=2andx=5

lim f(x)=f(2)and lim f(x)= f(5)
x—2* x—5"

lim(ax +b)=4and lim (ax +b) =13
x—2 x—5

= 2a+b=4 ..(1) and5a +b=13 ..(2)
Solving these equations, we geta =3 and b= -2
17.  lim f(x)= lim f(0—-h)

B h—0

x—0

N R0 B VR
h—0 0-h h—0 -h

— lim 41— \/r] 1++1+h

h—0  —h 1+\/1T

~lim 4[1-(1+h)] ~ lim 4(=h)
h—0 h[1+ﬁ " h30 —h{1+ 14 A]

=lim ——— 4

ha01+w/1+ 1+1=
lim f(x)= hm f(0+h)
x—0"

{sin(0+h)
=lim|——
h—olL O+h
sinh
= lim ——+ lim cosh=1+1=2

h—0 h h—0
and f{0) =2
= lim f(x)— hm f(x) £f(0)

x—0"
Hence, f(x) is contlnuous atx=0

18. Refer to answer 13.
Also f(x) is continuous at x =3 as flx) =x + lis a
polynomial function.

19. Refer to answer 13.

sinh
+cos(0+h)} = lim [h+cosh}

h—0

20. For f(x) to be continuous at x = 0, we must
have

lim f(x) = l1m f(x) = f(0)
x—0" x—0"
Now,

sin(a+1)(0—h)+sin(0—h)

li =1l
im f(x)= lim ok

x—0" h—0

—hsin(a+1)—sinh

h—0 —h
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= lim —sm(a +Dh X(a+1)+ lim h—
h—0 (a+1h h—0

=(@+D+1=a+2 (1

And, lim f(x)=lim m—\/ﬁ

b(0 +h)>?

(Vitoh-1)Vn

bh3/2

x—)() h—0

\/h+bh2 Jh i

h—>0 bh3? h—0

J1+bh—1XJ1+bh +1

h—0  bh N14bh +1

1+bh—-1

lim 1

heobh(,/1+bh+1) h—>obh(1 /1+bh +1) 2

Also, (0) -(3)
From (1), (2) and (3), we get

= lim

-(2)

a+2=l=c::>a=_—3ar1dc=l

2 2
and b can be any real number.
21. Refer to answer 2.

22. - f(x) is continuous at x = 1

. hm f(x)— hm f(x)=f(1)

x—1
= 4= k(l) =k=4
flx) is continuous at x = 1, if k = 4.

23. - flx)is continuous at x = 5

lim f(x)=f(5)=k
x—5

2_ +5)(x—5
Slim X o $PYETY
x—5 X—5 x—5 x—5
= lim (x+5) =k = k=10
xX—5

f(x) is continuous at x = 5, if k = 10.

24. Given that f(x) is differentiable at x = 1.

Therefore, f(x) is continuous at x = 1

= lim f(x)— hm f(x) f(@)

x—1"

= lim(x +3x+a): lim(bx+2)=1+3+a

x—1 x—1
=1+3+a=b+2
=a-b+2=0 (1)

Again, f(x) is differentiable at x = 1. So,
(LHD.atx=1)=(RH.D.atx=1)

o SO @ fQ)
xlm  x—1 x—1t x-—1

= lim (x> +3x+a)—(4+a) i (bx +2)—(4+a)
x—>1 x—1 x>l x—1
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 x*+3x-4 . bx-2-a
= lim = lim
x—1 x—1 x>l x-—1
. (x+4(x-1) .. bx-b
= lim = lim [From (1)]
x—1 x—1 x—>1 x—1

= lim (x+4)=1imM = 5=b
x—1 x—1 x-—1

Putting b=51in (1), we geta =3
Hence,a=3and b=5

25. We have,
V1+x2 +41-x? el
\/1+x2—\]1—x2

Putting x* = cos ® = 0 =cos™' (x*) we get
1 J1+cos0 ++/1—cosO
V1+cosB —/1-cosB

—_

y=tan

y=tan

06 .0 0
Ccos—+sin— 1+tan—
=tan~ 2 =tan"! 2
0 . 0
COsS— —Ssin— 1—-tan—
2 2 2
_ n 0
=tan”!| tan| —+— :E+§
4 2 4 2

= ——+ cos (x )
4 4 2
Differentiating w.r.t x on both sides, we get

dy __ 1x2x

dx 2\/1 x* \/
1
26. Heref(x)=\/x2 +1=(x* +1)5

1
= f’(x)=l-(x2+1) 2.0x=F (1)
2 x* +1
go=""
x“+1
2 2
- g'(x)z(x +1)-l—(x+1)-2x:—x —2x+1 )
(x*+1)° (x?+1)?
and h(x) =2x -3
= Hx=2 (3)
fIh (g xN=f" [h'[ 2x2+1 }[Using )]
(x +1
=f"(2) [Using (3)]
= 2 :i [Using (1)]
241 V5 &



Continuity and Differentiability

27. 'The given function is flx) = [x - 1| + |x + 1]

—(x—-1)—(x+1), x<-1 -2x, x<-1
={—(x-D+x+1,-1<x<1 =12, -1<x<1
x—1+x+1 ,x>1 2x, x>1
Atx=1,
A7) = lim 7f(1_h)_f(1): lim 22 =0
h—0 -h h—0 —h
fa+h)—-f(1)
/1+ =1 SN S
Ja=
2(1+h

=lim¥—h 2h =2

h—0 h h—>0h

fan=fan
= fis not differentiable at x = 1.
Atx=-1,

Fi1) = hm—f(l m-f1)

g 2C1=W-@) 2
h—0 -h h—0 h
o SO =D oo
S = —> h hl—>0 n 0

f D)2 (1)

= fis not differentiable at x = -1.

28. Atx=1:
f(l) f(x) f(l) - lim x-1 1 -1
x—>1’ x—1 x—1 X — 1
= tim FO IO
x—1" x—1
zlimz_x_lzliml_—x=—1
x—1 x-1 x—1 x—1

Since, f'(17) #f'(17)
f(x) is not differentiable at x = 1.
Atx=2:

)= f(x) fQ2) 2-x-0

e |

x_>2* x—2 x—=2 x—2

f/(2+): llm f(x)_f(z)
x—2* x=2
2
:hm—2+3x—x —0=lim (1—x)(x—2)=
x—2 x=2 x—2 x=2

-1

Since, f'(27) =f(27)
flx) is differentiable at x = 2.
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Mx?+2), ifx<0
29. Here f(x)=
4x+6, if x>0
At x =0, f(0) = A(0° + 2) = 2\
LH.L.= lim f(x)—hmf(O h)
x—0"
= lim A[(0—h)? +2] =2\
h—0
RH.L.= lim f(x)— hmf(0+h)
x—0"
=1im[4(0+h)+6]=6
h—0
For fto be continuous at x =0
2QA=6=A=3.
Hence the function becomes
3(x% +2), if x<0
flo)=
4x+6 if x>0
‘e . f(0=h)-f(0)
07 )=limZ—-"—2=
SO = i
2 —
im 2D O (Camy =0
h—0 —h h—0
0+h)—f(0 4h+6—6
andf'(0+)=11m S )=S( )= m =4
h—0 0+h h—0 h

= f/(0)=f(0")
fis not differentiable at x = 0.
30. We have cosy = xcos(a + y)
_ cosy
B cos(a+y)
Differentiating w.r.t. y on both sides, we get

d d
cos(a + y)(dcos y) - cosy(dcos(a + y)J
y 'y

dy cos®(a+ §2)
N dx _ cos(a+ y)(=siny)+cos ysin(a+ y)
dy cos? (a+y)
N dx _ cosysin(a+ y)—cos(a+ y)siny
dy cos? (a+y)
_sin[(a+y)—y]  sina
cos® (a+y) cos® (a+y)

dy _ cos? (a+y)
dx sina
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31. Wehave,yzsin_l(x\/g—\/zxﬂ—xz)
= y=sin_1(x\/1—(\/;)2 —\/;\ll—xz)

= y= sin!x —sin~'/x
Differentiating w.r.t. x, we get
o 11 A
dx \/1—x2 \/1_(\/;)2 dx
1 11 1 11

Ve i R e e
x=3 ,if x=3
32. flx)=|x-3| = —(x=3), if x<3

We have f(3) =3 -3| =
lim f(x): lim f(3+h): lim (3+h)—3: lim h=0

x—3"

lim f(x)= hm f(3 h)=

x—3"
llm_ f (x) =

hm[ (3—-h- 3)]—11mh 0
lim f(x):

fG3)=0
x—3" x—3

So, f(x) is continuous at x = 3.

Now, Rf’(3) = lim LM~/
h—0 h

. (3+h-3)-0_ h
= lim —————= lim
h—0 h h—0 h
heO
-3-h-3)]-
_ nm%: lim 2= 1
h—0 —h h—0—h

Thus, Rf’(3) # Lf'(3)
flx) is not differentiable at x = 3.

33. Refer to answer 30.

o]

34. Let y= tan_{
x

Put x=tan® = 0 = tan"' x

)= tan_1£V1+tan26—1J_tan_1(5ec6—l)

tan© tan©

_1(1—c056) _1( 6)
= y=tan - = tan tan—
sin O 2

1 1
= y=—-0=—tan Tx
2 2
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35. Wehave, x\/1+y+y /1+x=0

= xfl+y=—ypfl+x=x2(1+y)=y*1+x)
= -y +yx-y)=0= y:_Txl

dy (x+D)(-1)—(= x)(l) —-x- 1+x -1
Cdx o (x+1)? (x+1?%  (x+1)

36. Here, y=asinx + b cos x

= dl:acosx—bsinx
x
2
Now, L.H.S. =y +(dyj
dx

= (asinx + bcosx)? + (acosx - bsinx)?
= a’sin® x + b?cos® x + 2ab sin x cos x + a’cos’x
+ b%sin’x - 2ab sin x cos x
22 2 2 2 .2
=a” (sin“x + cos“x) + b“(cos” x + sin“x)

=a’+b*=RHS.

37. LHL. = lim f(x)—hm 2x*-x)=6
RHL. = 11mX;(2x)—hm (5x—4)=6

Also ﬂz)i—.}?_z(z) —2=6

As’xlle f (x)—xlggl J(x)=1@2)

f(x) is continuous at x = 2.
Test of differentiability :
F2-h-fQ)
im ————
0

We have, Lf'(2)= }}

22-h)? -(2-h)-6

= lim
h—0 —h
_ 8+2h* —8h+h-8
= lim
h—0 —h
2 _ —h(=2h+7)
~ lim 2h" =7h _ m et
h—0 —h h—0 ~h
2+h)-f@2)
RFQ) = lim L2 =S
0 h
_ 5(2+h)—4—6
= lim ——————
h—0 h
10 + 58 —10 5h
=lim —— = lim =5
h—0 h h—0 h

~ Lf'(2) # Rf'(2)
Hence, f(x) is not differentiable at x = 2.
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38. We have, y=cos ' {3x+451x}

Putting x = sin@ = 0 = sin"'x, we get
_1 [3sin(§)+ 4cose}
y=cos |

= y=cos ' Esine +:cose}

Let 3 =sino and 4 =cosa,
5 5

= y= cos”! [sinoisin® + cosoicosO]
= y=cos'1[cos(0c—6)] =y=0-0
= y=0- sin”~'x

Cdy -

Cdx

l—x2

39. Refer to answer 38.

40. We have, (x* + yz)2 =xy
Differentiating w.r.t. x, we get

2(x? +y2) 2x+2yd—y =xd—y+y
dx dx

d
= d—i(4y(x2+y2)—x)=y—4x(x2+y2)
dy )/—49(3—4xy2

dx 4x2y+4y3—x
41. We have,

t_{\/l+sinx +\/l—sinx}
y=co

\/1+sinx—\/1—sinx

2 2

X .X X .X

COS — +sin — + COS — —SIn —

. 2 2 2 2
2 2

X .X X .X

COS — + sin — - COS — —SIn —

X . X X . X
COS*+SII’1*+COS*—SIHE

= y=cot

= y= cot™!

-1 X
— |= y=cot {cotz}

X . X X . X
[cos+sm—cos+sm
2 2 2 2
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42. Let y =tan_1{

rx s

1
Putting x = cos 20 = 0= Scos Tx, we get

_1{\/1+cos 20 —\/l—cos 291
y =tan

\/1 +c0s20 + \/1 —cos 20

_1 \/2 cos> 0 —\/2 sin® 0
\/2 cos® 0 + \/2 sin® 0

_{cose—sine} _l[l—tane}
= y=tan |— |=tan

= y=tan

cosO+sin6 1+ tan6

= )= tan_l{tan(n—en
4
1

= —E—G = —E—lcos_ X
4 4 y 4 2
dy 1

dx 5 1_ 42
43. Given, xy + y2 =tanx+y
Differentiating w.r.t. x, we get
xd—y+y+2yd—y=sec2x+d—y
dx dx dx

= %(x+2y—1)=sec2x—y
dy_seczx—y

dx x+2y-1

44. Refer to answer 38.

-1
45. Here y =m—log\/1—x2
2

Ji-#

Differentiating w.r.t. x, we get

Vi-x? -di(xcos_1 x)—xcos_lx-di 1-x2
x

=

dy _

X
dx 1-x?
- di(\ll—xz)
1_x2 X
\ll—xz-(l-cosx— X j—xcoslx i
_ 1-x? 1-x°
1-x*
B 1 —-X
1-x2 1-%?
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2 -1
[ - x“cos " x
1-x? cos lx—x+=——2—"

1-x X
= +
1-x? 1-x?
_ (l—xz)cos_1 x+x>cos ' x _ cos ' x
(l—xz)\/l—x2 (1-x%)?
46. Givene'+e ="V = 1+ =¢ (1)
Differentiating (1) w.r.t. x, we get
—x d dy
V=X, 2 (- x)=p) L
¢ dx (y=x)=e dx
= 7 d_ :eyd—y:> d—y(ey_x—ey)zey_x
dx dx dx
o Yo [Using (1)]
dx
= & +e™* =0
dx
47. Here, y=tan™ (£)+log o
X x+a

_1(aj 1 (x—a)
=tan | — |[+—log
x/) 2 x+a

=tan ! (E) + l[log(x —a)—log(x +a)]
x) 2

Differentiating w.r.t x, we get

dy_ 1 .i(ﬁ},l[ L1 }
dx a? dx\x) 2lx-a x+a
1+

B x? a- 1 +l (x+a)—(x—a)
P +a? x2) 2 x? - a?

_ —a(x2 —(12)+a(x2 + az)

2 2 gt

48. Wehave, log(V1+x* —x)= yvV1+x°

Differentiating w.r.t. x, we get

1 { 1 -x—1:|
\/1+x2—x \/1+x2
jﬁ 1+ x° +y- o
+ X
\/1+x2 -1+
—(1+ +xy
\/l+x2—x \/1+x d
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= (1+x )

49. Wehave,yz\/x2+ —10g[1+ /1+12]
X x

= y:\/x2+l—log[1+ Vae? +1]
X
= y:\/xz +1—log(1+\/x2 +1)+10gx

Differentiating w.r.t. x, we get

dy ~ 2x 1 2x L1

1+\/x2+1 2\/x2+1 x

+xy+1 0

dx 2/x% +1

X

SN S L
dx ,/x2+1 \/x2+1(1+\/x2+1) *
x(1+.¢x2+1—1) 1 x 1

+-= +=
x2+1(1+,1x2+1)

144x% +1
2
X Hl+qx>+1 % +1(Jx2 +1 +1)
x(1+,/x2 +1) x(1+./x2 +1)
\lx2+1

X

1—cos2
50. We have, y=log, fﬂ
1+cos2x

2sin® x

= y=log =log(tanx)

2cos” x
d 1
_y: Xseczx
dx tanx
Ccosx 1 2 2
S XTI = =2c0sec2x
SinX cos”x 2sinxcosx sin2x

51. Lety=x""" + (sinx)***

= y= esmx-logx + ecosx-log sinx
Differentiating both sides w.r.t. x, we get

dl:esinx-logx
dx

. 1
s1nx~+logx~cosx)
X

cos x-log sin x _

CosX
COSX - —
sinx

+e +logsinx-(—sinx))

=

dl — ySinx sinx
dx x

—+logx- cosx]

2
, cos” x
+(sinx)“%%* (

—sinx-logsinx
sinx
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52. Here, y=(sinx)" +sin”'Vx
- yzex-logsinx +sin_1\/;

d_y:ex-logsinx [x-cosx
dx sinx

+logsinx}

1 1
+

= dy_ (sinx)™ (logsinx + xcot x) +
dx W x — 52

53. Givenx"y" = (x+y)"""

Taking log on both the sides, we get

logx™ + log y" = (m + n)log (x + y)

= mlogx+nlogy=(m+n)log(x+y)

Differentiating w.r.t. x, we get

X y dx x+y dx

- dy(n m+n _m+n_m
x|y x+y | x+y «x

. dy( nx+ny—my—ny | mx+nx—mx—my
dx y(x+y) x(x+y)
- dy( nx—my |_nx—my
dx| y(x+y) x(x+y)
4y _7.
dx «x

X

54. Here, (x—y)-¢*7 =a
Taking log on both sides, we get

X

= log{(x—y)-e*” t=loga

= log(x—y)+ x - loga
x=y
Differentiating w.r.t. x, we get

dy
(x=y)1-x l—)
! .(1—dy)+ dx) _
x=y dx (x—y)?

SR () P (4

= y(l—zj+x y= O:yd—y+x 2y

cotx

55. Here, (tan"'x) + y

= u +v=1whereu= cotx

(tan 'xy and v =y

NErN
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Differentiating w.r.t. x, we get

du dv
dx dx

Now, u = (tan'x)’

= logu = ylog (tan'x)
Differentiating w.r.t. x, we get
1 du

1 1
tan ' x 1+ x°

—m Zi log(tan™! x)+ y-

du -1
Z_(t y
™ (tan™ " x)” x

{dylog(tan x)+ ) } .(2)
dx

1+ xz)tan_1 x
And Y= ycotx

= logv = cotx-logy

Differentiating w.r.t. x, we get

Ldv :cotx-l-d—y—cosec2 x-logy

vdx y dx

dv _ cotx| cOtx dy
a7 y dx
From (1), (2) and (3), we get

(tan"'x)” d—ylog(tan_1 x)+ S S
dx (1+x*)tan 1 x

= —cosec” x - logy} ..(3)

+ycotx [cotx . dl —cosec’x- log )’} =
y dx

cotx—1

= Zl[(tan_l x)” -log(tan™ x) + y -cotx]
x

_Jy
(1+x2)
3O cosec’x-log y—(tan ! x)? ! Lz
Cdy (1+x7)

cotx—1

=y . cosec’x -log y — (tan ' x)? 1.

Cdx (tan"! x)” log(tan V)x + y .cotx

56. Lety = (logx)* + x°8*
y= exlog(logx) + e(logx)2
Differentiating w.r.t. x, we get

dy _ (log x)* i{x log(log x)} + x1°8% i{(10g9€)2}
dx dx

dx

:(logx)x{x[ ! !
logx ) x

]— +log(log x)}
g

+x108% (2(10g x) l)
x

= (log x)* {Lﬂog(logx)}u(l gx) log x
log x
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57. Herey*=¢*
Taking log on both sides, we get
xlogy=(y-x)loge=y-x
= x(1+logy)=y
x=_2
1+logy

Differentiating w.r.t. y, we get

(1+10gy)-1—y'l
_ y

dx __ logy
dy (1+1log y)2 (1+1og y)2
2
- dy _(+logy)
dx log y
x+1 X
58. Let y= sin”! z 3
1+(36)*

1| 2273 | 2-6F
= y =sin — | = SIn D
1+(36)* 1+(6%)

Put 6 = tan 6 = 0 = tan"'6"

_1[ 2tan0 -
y =sin I(sz =sin"!(sin20)
1+tan” 0

= y=20=2tan (6%

Now differentiating w.r.t. x, we get
d_y =2 1 i 6~

dx 1+(6%)* dx

_ 2log6-6*
1+(36)"

= 6" log6
1+(36)"
59. We have, ¥’ = ¢*”
Taking log on both sides, we get
ylogx=(x-y)loge=x-y
(1+logx) = =—
= y(Q+logx)=x = y= 1+ logx)

Differentiating w.r.t. x, we get

1
d_y_ (1+logx)1—x(x) l+logx-1

dx (1+logx)?
dy _ logx
dx  (1+ log x)2

- (1+logx)

60. Refer to answer 58.

61. We have, (cos x)” = (cos y)*
Taking log on both sides, we get
y log (cos x) = x log (cos )

.. (i)
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Differentiating w.r.t. x, we get

y- ! -(=sinx) +log (cosx)-d—y
x dx

(- siny)-d—y + log (cos y)-1
dx

=Xx-
cos y

= Z—y (xtan y+log(cosx))=ytanx+log(cos y)
x
dy _ ytanx+log(cosy)

dx xtany+log(cosx)

2
62. Here yzxsinx—cosx+x2—1
x“+1
i x* -1
Let u=x"""""andv="
x“+1
y=u+v
= d—y—@+@ (1)
dx dx dx
Now. u :xsinx—cosx

= logu = (sinx - cosx)logx
Differentiating w.r.t. x, we get
1 du . 1 .
—+— =(sinx —cosx)-—+(cosx +sinx)-logx
u dx X
du _ ginx—
aU _ (sinx—cosx

dx

X‘:smx—cosx +(cosx +sinx)- logx} -(2)

X
2_
Now, V:x 1:1_ 2
X% +1 x*+1
_ 4
SN P 2-2x=% ~(3)
dx (x“+1)

From (1), (2) and (3), we get

d)’ sin x —cos x |:Sinx—cosx
=5 |

+(sinx+cosx)-logx}
dx

x
4x
(x? +1)°
cotx 2x2_3
63. Here, y=x t———
X+ x+2
2
Let u=x % v=72x =3
x2+x+2
dy du d
= y=u+v:>—y=—u+—v (1)
dx dx dx

Now, u = x°*

= logu=cotx-logx
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Differentiating w.r.t. x, we get

1 du 1
— =% = cotx-——cosec® x-log x
u dx x
d t
uzxcmx(cox—coseczx-logx) .(2)
dx x
2_
Also,vzixi3
x“+x+2
- ﬂ_(x2+x+2)~4x—(2x2—3)-(2x+1)
dx (x* +x+2)°
3 2 3 2
- dv _ (4x” +4x” +8x)—(4x” +2x” —6x-3)
dx (x2+x+2)2
2
- ﬂ=2x +14x+3 .3)

dx  (x* +x+2)
From (1), (2) and (3), we get

d t 2x% +14x +3
y=xC°tx(cox—cosec2x-long+xzxz
dx x (x“+x+2)
2
_ _xcosx X'+l
64. Lety=x +—
x" -1
Letu= x*“**and v X+l
x2—1
y=u+v
& _du  dv ()
dx dx dx

Now, u = x* ¥
Taking log on both sides, we get
logu = xcosx-logx
Differentiating w.r.t. x, we get

1 du

d
; a =X COS X d—(log x) + x log xdi(cosx)

+ cos x log x i(x)
dx

1 du 1 .
= —-—=xcosx-—+xlogx(—sinx)+cosxlogx
u dx X

= cos x — x sin x log x + cos x log x

@ = X Cosx

" y [cosx—xsinxlogx+cosxlogx] ..(2)
X

X2 +1
Also, v=

x° -1

Differentiating w.r.t. x, we get
(x +1)— (22 +1)

v (x? —1) (x -1

dx (x* - 1)?
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(-1 @x) - (6% +1) (2x)

(x* =1)°
_2x[x2—1—x2—1]_ —4x 3)
(x* =1 (x* =1
From (1), (2) and (3), we get
Z—yzxx ¥ [cos x—x sin x log x+cos x log x]
x
4
(x* =1)°
XCOSX . 4x
=x [cosx(l+10gx)—x51nxlogx]—ﬁ
(x* -1
65. Refer to answer 59.
We have,
dy _ logx log x log x
dx 1+ logx)2 (loge + x)2 (log(xe))2
66. We have, y = (cosx)* + (sinx)"*
log sin x
— yzexlogcosx te X
Differentiating w.r.t. x, we get
Y _ g*logcosx [xx (—sinx)+ logcosx}
dx cosx
log sin x
— |1 1 -1
+e ¥ { -——(cosx)+log smx( ﬂ
x sinx 2

=(cosx)*[logcos x—xtan x]
1

+(sinx)X {

cotx logsinx
X x2

67. We have, y = (sin x - cos x) (i ¥ - cos x)
Taking log on both sides, we get

log y = (sin x - cos x) log (sin x — cos x)
Differentiating w.r.t. x, we get

1 dy (cosx +sinx)
— =(sinx —cosx)———
sinx — cosx
y dx ( )
+log (sinx — cosx) - (cosx + sinx)
1y =(cos x + sinx)[1 + log (sinx — cosx)]
Y
. Z—y =(sinx — cosx) (sinx = cosx) o

[(cosx +sinx) (1 +log (sinx — cosx))]
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68. Lety = (x)<°"+ (sin x)*"*
= y= geos X log x + etan xlog sin x

Differentiating w.r.t. x, we get

d cosx |
&) _ geosxlogx {—smxlogx}

dx X
tan x log si tanx cosx 2 .
e XS~ ~ 4gec” xlog sinx
sinx
cos x| €COSX |
=x —sinxlogx
X

+ (sinx)tanx [1 +sec? xlogsinx}

69. We have, y = (logx)™ + (x)***
= y= exlog(logx) + ecosx~10gx

Differentiating w.r.t. x, we get

dy_ eXloglogx)| X log(log x)
dx xlogx

1 cosx i
4 etO0x08x [ +log x(—smx)}
x

.
logx

=(logx)” { +log(10gx)}

cosx
+x0%% [—smxdogx}
x

70. Refer to answer 69.
71. We have, y = x* - (sinx)”
= y= exlog,x _ exlog sinx
Differentiating w.r.t. x, we get

dl_ xlogxl:x :|
dx_e ;+logx

—*logsinx l:_x(cosx)+logsinx}
sinx

= (x)*(1 + logx) - (sinx)* (xcot x + log sinx)
cosx x2 +1
72. We have, y=(logx) +=
x“ =1

2
x~+1

N y:ecosxlog(logx)_l_ -
x" -1

Differentiating w.r.t. x, we get

d—yz(log x)O%¥ ﬂﬂog(log x)-(—sinx)
dx xlogx

{(ﬁ —12x—(x? +1)(2x)}

(x* -1)?
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0sX 4x
1 cosx | COS inxlos(l
=(logx) { 1 —sinxlog(logx) |- 7( Py

Sec x

73. Let y = (sin )™ * + (cos x)
= y= otan x-log sin x + esecx~log cos x

Differentiating w.r.t. x, we get

d 1
—yz(sinx)tanx seczx-logsinx+tanx- ——COSX
d sinx

+(cos x)**

1
X{secxtanx'logcosxﬂecx[ )(—sinx)}
CosX

d . .
= dl = (sin x)tan * {sec2 x log sin x + 1}
x
+ (cos x)*“* {sec x tan x-log cos x - sec x tan x}

74. x=asin2t (1 + cos2t), y = b cos2t (1 - cos2t)
d
Now, d—f =2acos2t(1+cos2t)+asin2t(-2sin2t)

=2a cos2t + 2a[cos2 2t — sin® 2t]
= 2a cos2t + 2a cos 4t

d
Also, d_)t/ =-2bsin2t(1—cos2t) +bcos2t(2sin 2t)

= -2b sin 2t + 4b (sin2t cos2t)
= -2b sin2t + 2b sin4t
dy dy/dt  2b(sin4t—sin2t)
So, dx dx/dt 2a(cos4t + cos2t)

dy b sinmt—sin(7/2)
(dxltt:np;_a{cosn%—cos(n/z)}
b 0-1 b
_a{—1+0}_a

dy =é sin(4m/3)—sin(2m/ 3)
dx Jat t=ny3 @l cos(4m/3)+cos(2m/ 3)

RN

bl - 2_\/gb

Tal -1 01 a

2 2

it

X

75. Let uztan_l[

Putx=tan ® = 0 = tan"'x

. u_tan_{\/1+tan29—1)

tan©®
_l(sece—lj _1(1—cosej
= u=tan = u=tan

tan0 sinf
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0 Also let,
. 2
2sin” — 0 1 2 1 5
— y=tan! 2 :u:tan_l[tan) v=cos (2x4/1-x")=v =cos (2cosB,/1—cos” 0)
. 2
ZSIHECOSE = cos™!(2 cos O sin 0) = cos '(sin 20)
S u=9 = u=ltan_1x =cos !| cos E—29 =E—26
2 2 2 2
Differentiating w.r.t. x, we get dv
du 1 = =72
x
2L+ du_du/do -1
., Now —= =—
Also, let v =sin ( 2] — y=2tan % dv dv/do 2
1+x

78. Refer to answer 77.

Differentiating w.r.t. x, we get
dv 2 79. Refer to answer 76.
dx 14x% ) dl_dy/dG_Zaeecose_cote
du 1 dx dx/d®  24¢%sin0
- 2
. %:@:M:@:l dy m
dv dv 2 dv 4 = — =cot—=1
- dxlg-T 4
dx 1+x2 4
76. We have x = ae'(sin ¢ + cos t) 80. Refer to answer 74.

d . ) — _ 2 , — G _ .2
= d—)::aet(sint+cost)+aet(cost—sint)=2aetcost 81. Here, x = cos #(3 - 2cos™t), y = sin (3 - 2 sin’f)

. = d—x=—sint(3—2cosz t)+cost [2-2costsint]
and y = ae'(sin t - cos 1) dt

d =-3sint+6cos’ tsint
= d—y—aet(sint—cost)+aet(cost+sint) =2ae¢sin t J
t , and ¥ = o5 t(3—2sin® t)+sint(—2- 2sint cost)
. LHS_dl_dy/dt_Zae sint dt

dx - dx / dt - 2aet cost tanf =-3cost+6sin’tcost
A\l RHS—x+y dy _dyldt _ 3cost —6sin” t cost
80, B Cx—y dx dx/dt _3sint+6cos’ tsint
ae! (sint+c0st)+aet (sint—cost) = 3cost-cos2t =cott
= P 3sint - cos2t
ae (sint+cost)—ae (sint—cost)
dy T
5 £ ; = E n = COtZ =1
—zae St nt=L.H.S. ‘=7
2ae’ cost
82. Here, x =2 cos 0 - co0s20, y =2 sin O — sin 20
-1 \ll—xz dx dy
77. Let u=tan = —=-2sin0+2sin20 and —~=2cos0—2cos20
x do do
Putx=cos 0
5 . dy _dy/dd _2(cosB-cos26)
- u=tan"! { 1-cos“ 0 } — tan! sin© " dx dx/d® 2(sin20-sin0)
cosH cos0 30 0
= tan'l(tan 0)=06 Zsin()sin()
du 2 2

= —tan(g’aj
= =T 30 (o) S )
de 2cos(326jsin(e) 2

2
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-1
83. Here x=Va'" !

= logx= %sin_1 t-loga

Differentiating w.r.t. £, we get

1 dx 1

—-—=—loga-

x dt 2 1—¢2
-1

Also, y=Va®* !

= logy =%cos_1 t-loga

Differentiating w.r.t. t, we get

l.dl_llo a- -1

y dt 2 8 142

Now dividing (2) by (1), we get
Ly
AN
T T

x dt

84. Here,x=a (0 -sinf) = % =a(l-cosO)

and y=a(l+cos0) = %za(—sine)
dy dy/dd _ —asinb —sinf

dx dx/do a(l1—cos0) - (1-cos0)

LT
dl _—smg__\/g/z_

' dxezg s 1-/2)

t

85. Here, x=a(cost+ logtana)

d 1 1 t

= —x:a —sint +———sec’ —

dt 2
tan—

L3
cos 5 1 . 1

' . ¢ =al —sint + 71’
sin— 2cos2 — s

_a(—sin2t+1) _acos’t

=al| —sint +

sint sint
Also,y=asint
d
= —yzacost
dt
dl:dy/dt:acost' sint =tanft.
d.x dx/dt acos“t

(1)

-(2)
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86. Refer to answer 85.
dy
dx

T
=tan—=1
=" 4
4

87. We have, y = x*
= y= & log x
Differentiating w.r.t. x, we get

dy:exng(xxl+logx)
dx X

= d—y:x"(1+logx) = d—y:y(l+logx) (1)
dx dx

Again differentiating w.r.t. x, we get
2

d—y=(1+logx)~d—y+y><l

dx? dx X
Py _1(dy Y} y
Py 1y} y_,
a2 yldx) x

88. We have, y =2 cos (logx) + 3 sin (logx)

Differentiating w.r.t. x, we get

dy . 1 1
— =-2sin(logx)x—+3cos(log x) X —
dx X x

= xj—y=—231n(logx)+3cos(logx) (1)
x

Again differentiating w.r.t. x, we get
2
x d—y + d—y =—-2cos(log x)><l - 3sin(10gx)><l
dx?  dx X X

2

= i d—y + xd—y =—[2cos(logx) + 3sin(log x)]
dx? dx
2 2

= xzd—y+xd—=—y =>x2d—§+xd—y+y=0
dx2 dx dx dx

89. We have, x = sin t and y = sin pt

d—xzcos tand %zpcospt

dt
@
- dy _ dt _ peospt
dx dx  cost
dt

Differentiating both sides w.r.t. x, we get

dz)’ _ —p2 sin pt cost + pcos ptsint xﬂ
dx? cos?t dx
dz}’ _ —P2 sin pt cost + pcos ptsint

=
dx?

cos3 t
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N dziy__pzsinptcost_i_pcosptsint
dx? cos’ cos’t
P
L Py, Ca
dx*  cos’t cos’t
2
= cosztd—y=—p2y+xd—y
d_x2 d.x
2
= (1—sin2t)d—y:—p2y+xd—y
dx? dx

2

= (1-x )d—y -

dx?
90. Given, x =a cosO + b sin, y = a sinb - b cosd
= x*=a’cos’0 + b*sin0 + 2ab cosO sin®
and y* = a® sin”0 + b* cos®0 — 2ab sind cosd
Adding (1) and (2), we get
Ly =a+ b
Differentiating w.r.t x, we get

2x+2y;i—y

xd—y+p2y=0
dx

0= x+yj—y 0 (1)
x

Again differentiating w.r.t. x, we get
2

= 1+ yd—y + dy =0

d_x2 dx
Multiplying by y on both sides, we get

d* dy \d

= }’2 I ;j ( a )’jy +

2

2d”y  dy 0

= — 7
4 dxz dx

[From (1)]

-1
91. Wehave, y=¢™"" ¥

Differentiating w.r.t. x, we get

Again diﬁerentiating w.r.t. x, we get

2
d—y=m dx 2,[1 —

dx?
(1-x%)

-(—2x)

2

2
= (l—xz)d—y=m my + A
dx 2

119

2

= (1-x dy:m{my+x~[~dyﬂ
dx? m dx
2

= (1 xz) y=m2y+xd—y
d_x2 dx
2

= (1- 2)d—2 x;l—y m*y =0
dx X

92. Wehave, y = (x +V1+x%)"

Differentiating w.r.t. x, we get

= ——n(x+\/1+x Y 1+ —— >
2V1+x

= ——n(x+\/1+x yr1 .1+x tx
\/1+x

dy _ n(x+N1+x%)" ny
dx V1+x? \/1+x

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

2 dy  2xy)
V142 )
&y _ dx 1442

dx? 1+ x2

dz)’ / 2 %
= (1+x° ) —=
dx? \/1+x V1+x?

2
= (1+x2)d—y=n2y— ny

dx* V1+x2

(1)

=

dy_ o dy

= (1+x°)Z=ny-x=2

1+x )dxz ny xdx [From (1)]
2

= (I+x )d +xdy—n2y
dxz d.x

93. Here x = a sec’0

= Z—g =a-3sec’ 0-secOtan0 = 3a sec’d tan O

and y = a tan’0

= d—y=a-3tan26-sec29
do

dy _dy/d6 _3a tan® Osec® O _ tan® _ sin6
dx dx/de 3asec etane SeCG
On differentiating w.r.t. x, we get
2
d—z—cosﬁ 4 _ A ! —cos?0-cot®
dx dx 3gsec’Otan® 3a
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4 1 1 (1Y
—;} =—cos* Z.cot—=—-| | -1
dx“lg_T 3a 4 4 3a 2
i
3a 4 12a

94. Given y = Ae™ + Be'™
Differentiating w.r.t. x, we get
Z—y=Aemx -m+ Be™ -n
X
2
= ay_ m? Ae™ +n®Be™
dx
d’y dy
Now, L.H.S. == (m+ n)d— +mny
dx X
= m*Ae™ + n*Be™ —(m + n) (mAe™ + nBe™)
+ mn(Ae™ + Be

nX)

=A™ [m* - (m + n)m + mn]
+ Be™ [n* = (m +n)n + mn)
=A™ x0+Be™x0=0=RH.S.

95. Here, x = a(cos t + t sin t)

= d—x=a[—sint+1-sint+tcost]=atcost (D)
and y = a(sin t - t cos t)

= %=a[cost—(1-cost—tsint)]=atsint

dl_dy/dt_ atsint

=tant
dx dx/dt atcost
2 2
o Y2y sect [Using (1)]
dx? dx atcost
11
a tcos’t
Syl 11 4 (pP_82
dx*l,_m a m__3T Ta na
t 1 4cos
96. Refer to answer 85.
dy

We get —~ =tant
dx

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

d*y et dt sec’t  sint
dx? dx  gcos’t/sint acos*t
LT
d*y M3 32 83

. 72 —_— = 4_
dx tzg acos4§ a(1/2) a
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97. Refer to answer 96.
98. Given that y =log(x +Vx*+a*) (1)

Differentiating (1) w.r.t. X’ on both sides, we get

%=%~%(x+\]x2+a2)
x+Nx“+a
= ! 1+ ! -2x
x+\/x2+a2{ 2\/x2+a2 }
1 ‘(\jx2+a2+x)

x+\/x2+a2 \/x2+a2
dy 1 2, 24y

=7 = =>Vx“ +a” —=1 (2
dx /x2+a2 dx @

Again differentiating (2) on both sides w.r.t. x, we get
2

x2+a2d—;j+27)cd—y:0
dx”  2\x? +a? dx
2
:>(x2+a2)d—y+xd—y=0
dx? X

99. Herex=acos 0, y=asin’0

= d—g =3acos’ 0-(—sinB) and % =3asin’ 0-cosO

dy _dy/do _ 3asin’ OcosH
dx dx/d® _35cos®Bsin®
Differentiating w.r.t. x, we get
2 2
d%:_secz 00 _ %
dx dx  —3gcos”@sin®
o r
3a cos*0-sin@
Zyl 1 1

" dll_m 3a _am . m
dx"lg=T cos* =.sin=
6 6 6

=—tan0

1 1 32
T
3a (\EJ l 27a

2

x
100. Here, y =x1 . (1
ere, y=x Og(a+bxj (1)

= y =x[logx - log(a + bx)] = xlog x — x log (a + bx)

= —y—x'—+l-logx —| 1-log(a+bx)+x-

d 1 1 b
dx x a+bx

bx

=1-

+1 -1 +b
- ogx —log(a + bx)
- dy

= +1 -(2)
dx a+bx °8 a+bx)
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dy __a J i 3cos® 0 —3sin’ O
E‘M‘FZ [Using (1)] =sin® 6[ BT — +(—3vsin9cosB)2
Again differentiating (2) w.r.t. 9;, we get — $in0(3c0s20 —3sin’0) + 9sin’0cos’0
2 xl -y = 3 5in?0(cos’0 — sin’0 + 3cos0)
—;/ =a-(-D(a+bx)% b+ dxiz = 3 sin”0(4cos’0 — sin’0 )
dx x =3 5in%0(4cos’0 - 1 + cos’0)
_ —ab L a _—abx+a(a+bx) a2 =3 sin’0(5c0s’0 -1) = RH.S.
(a+bx)* x(a+bx) x(a+bx)? - x(a+bx)? 103. Given y = sin™' x
5 Differentiating w.r.t. x, we get
Now, R.H.S.z(xjy—y) [
X ; , dx /1 _ 2
B {x [ a_ ., y} } _( ax ) Again differentiating w.r.t. x, we get
N x| 7] ' 1(-2
a+bx x a+bx 2 .0-1. (=2x)

&_ 2\/1—x2

2
and L.H.S.=x> d—;/ =

dx dx? 1-x*
a’x? ax | N X
= { } —R.H.S. = (-x) 2=
(a+bx)*> La+bx dx 1—x2
d? 1
101. We have, x=tan(llogy) = (l—xz)—;}—x =0
a dx 1-x°
1 _ -1 2
= ;logy—tan x = (l_xZ)dJ_x.dl:()
dxz dx

Differentiating w.r.t. x, we get

104. y = (tan'x)*
LLE e, 107~ e
a y dx 1+x dx ifferentiating w.r.t. x, we ge
Again didﬁ;erentiatizg w.r.; x, we get Zl =2-tan lx- di(tan_l x) =2t an~! x- -
(1+x2)%+2x-d—y=ad—y * P x I+ x
dx X x = (x2 +1)—y:2tan_1x
5 dzy d)/ dx
= (1+x )—2 +(2x— a)d— =0 Again differentiating. w.r.t. x, we get
dx X 2
N dy 1
. B .3 (x“+1)—=+2x-—==2-
102. 31ven x=cosf a;dy =sin’0 dx dx 1422
x . y ) 2
— =-sinBand ==3 BcosO
R R = P+ o+ 1)31 -2
dl_dy/d6_3sin26c056__3 10cosH dx *
" dx dx/d0  —sin@ SHvcos 105. Refer to answer 88.
Differentiating w.r.t. x, we get 106. Refer to answer 95.
2
d—y=[—3cosz 0—3sin 9(—sin6)]@ Since, we have d_x = at cost
dx? dx dt
-1 d*x
=(—3c:os2 0+3sin’ 0)—— .. ——=a[t(—sint)+ cost] = — at sint + acost
sin© dt?

2 2 2
Now, L.H.S. :yd—y+ 4 and dl:atsint = d—y=a[tcost+sint]
dxz dx dt dtz
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107. Refer to answer 96. Differentiating w.r.t. x, we get
y=asint
dy 2 +17] 22 &y +2(x +1)(2x) Y 4V
—=acost dx dx? dx dx
Again differentiating w.r.t. ¢, we get 2
2 (x +1) +2x(x +1) y
d’y ; 2 dx
5 =4 sinf x
dt 113. R t 94
108. Refer to answer 96. - Refer to answer 94.
-1
109. Refer to answer 84. 114. We have, y = sin” x
.0 0 1— 52
d . —2sin—cos— x
We have, 9 ~sin0 = 2 2 2 .1
dx (1—cos0) ZsinZQ = Vl-x"-y=sin" x
2 Diﬁerentiating w.r.t. x, we get
2
= d—y:—cotgjd—y:lcose&Qx@ V1-x? =
dx 2 42 2 2 dx dx \/1 2 \/l _ 2
4
1 ,0 1 cosec > = (1—x2)d—y—xy:1
= —xcosec” —x = dx
2 .20 4a - .
2asin” — Again differentiating w.r.t. x, we get
2 d
110. Refer to answer 109. (l—xz)d -2x —y—xd—y—y—
. dx? dx  dx
111. We have, y = cosec™ x )
d -1 [ d d’y d
_y:—:x xz_l_y:_l p— (l_xz)iz 3xdy y 0
dx X /xz 1 dx dx
Differentiating w.r.t. x, we get 115. y = €" (sin x + cos x)
1 d2y+ ox (2x) . (x2 . dlzo = %:ex (sinx+cosx)+e”* (cosx—sinx)=2e* cosx
dx* 2_
Again differentiating w.r.t. x, we get
2
= x\xZ— dy x +x® -1 @ =0 4y =2e* cosx —2¢” sinx
2 dx dx?
x" -1
2 d? .
. x(xz_l)dJJr(zxz_l)dl:O = —;/ZZex(cosx—smx)
dx dx dx
S132
112. We have, y = (cot 'x) LHS. = & ) @+2)/
dy -1 dx?  dx
= = =2(cot” x)x
1+ x2 = 2¢€*(cos x — sin x) — 4e*cosx + 2[e*(sinx + cosx)]
4 =2¢e"[cosx - sinx — 2cosx + sinx + cosx]
= “) Lo et X =2¢°x0=0=RHS.
116. We have, y = ¢* sin x
= (x2 +1) [ j = 4(co‘[71 x)2 d
= Y ¥ cosx+e¥sinx
dx
2
- “)( j v = D ercosxty ()
X
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Again differentiating w.r.t. x, we get

2
d—y=ex cosx—e” sinx+d—y
dx d.x

dy _(dy dy
= —X=| X — — Y+ =
dx? (dx )/j s

2

dJ — @ + 2y =0

dxz dx
117. We have, y = sin (log x)
Differentiating w.r.t. x, we get

cos(logx

dy _ cos(logx)xl =&
dx X X

= xd—y = cos(logx)
dx

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

&+dl _ —sin(logx)

dx?  dx x
2
= xzd—y-}-xd—y-i-y:O
dxz dx

[From (1)]
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118. We have, y = x + tan x

d
= d—y:1+sec2x
x
P2
= %zZsecx-secxtanx
dx
d*y 2tanx d?
- 2V _ = cos’x- 2 =2(y—x)
2 2 2
dx cos” x dx

2
= cos’ xd—y—2y+2x:0
dx?
119. We have, flx) = x’-4x +3
(i) flx) being a polynomial function is continuous
in [1,3]
(if) f(x)beinga polynomial function is differentiable
in (1, 3)
(iii) f(3)=3°-4(3)+3=0
and f(1) = 17 - 4(1) + 3 = 0. Thus (1) = f(3)
Thus, all the conditions of Rolle’s theorem are
satisfied, so there exists atleast one point ¢ € (1, 3)
such that f’(¢) =0
fx)=2x-4=f"(c)=2c-4
fe)=2c-4=0=>c=2€(L,3)
Hence, the Rolle’s theorem is verified.
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