Continuity & Differentiability

1. Which of the following statements is true for the function (2024)

fx) = {xz +3, x£0 9
1 , x=0
(A) f(x) is continuous and differentiable V x € R
(B) f(x) is continuous V x € R
(C) f(x) is continuous and differentiable ¥V x € R - {0}
(D) f(x) is discontinuous at infinitely many points
Ans. (C) f(x) is continuous and differentiable V x € R - {0}

2. Let f(x) be a continuous function on [a, b] and differentiable on (a, b). Then,
this function f(x) is strictly increasing in (a, b) if (2024)

(A)f'(x)<0,Vvx€(ab)

(B)f'(x) >0,Vx€(ab)

O f'(x)=0,Yx€E(ab)

(D) f(x) >0,Vx€(a,b)

Ans. (B) f'(x) >0,Vx € (a,b)

3. Check whether the function f(x) = x2 |x| is differentiable at x = 0 or not. (2024)
Ans.
) ={

x3, x>0

RHD = lim £9"~7© _\imhrZz =0
h-0 h h-0

LHD = lim 27 © _ jim(-h?) =0
h—0 -h h—0

~ RHD =LHD =0, So f(x) isdifferentiable at x =0

4.
dy 1+ y4
If y = /tan+/x , prove that Jx =L = :
dx 4y
(2024)
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Ans.

y =+ tan/x

dy _ sec’yx i |
dx 2JtanJx  2Vx

\/;dy_ sec®\x
dx  4\tanx

_ 1+ (tanVx)? 1+ y*

4/ tanx 4y
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5.2 CDﬂtiﬂUit‘f 10. Find the value of the constant k so that the function
i f, defined below, is continuous at x = 0, where

MCQ [1-:0541 ] et
fix=i\" a2 J (A1 2014C) (Ag)]
k

1. The function fix) = [x], where [x] denotes the greatest : =0
integer less than or equal to x, is continuous at : =,

@ x=1 (b x=15 (0 x=-2 (@) x=4 53 Differentiability

(2023) ;
-8, ifx<5 i MCO
2. Ifthe function fix) = [3" 8 FESI. : : :
2k, ifx=5 i 11. Thefunction fix} = |x] is
continuous, then the value of k is (a) continuous and differentiable everywhere.
(a) 2/7 by 7/2 {9 3/7 (d) 4/7 (b} continuous and differentiable nowhere.
(Term |, 2021-22) [_@ (c) continuous everywhere, but differentiable
: - . : everywhere except at x = 0.
3. The ﬁ:lnctlunfbt:l =[], where Ek]ﬁtheg_reatest irger | (d) continuous everywhere, but differentiable
function that is less than or equal to x, is continuous at nowhere. (2023)
@ 4 (-2 (9 15 (d 1 T
(a) 21 (b) 2x*logx
M (1 mark) (c) 2x*(1+logx) {d) 2x2{1-logx) (2023)
4. The value of A so that the function f defined by
axifx<m
flo) = [mmf”n |13, Ify?(2-x) =x then (gl is equal to
: 1.1)
iscontinuousatx=mis ________ EEEEUJ@ [3} 3 Eb} =3 EC]' 3 [:“ -3/

5. Determine the value of the constant 'k’ so that the (Term I, 2021-22) [E

kx| :
: —, ifx<0 . " i 2
function fix) ={|,¢1 : is continuous at x = 0. i X forx<1 .
: : i 14, The function fix) = is
3 ,ifx=0 {'Defh!?ﬂl?'}@ fl 2=x forxz1
6. Determine the value of 'k’ for which the following | (a) notdifferentiableatx=1
function is continuous atx = 3. (b} differentiableatx=1
(x+3P =36 {c}) notcontinuousatx=1
it [l S 3 ; {d) neither continuous nor differentiable atx =1
)= x_3 . (A1 2017) (Rp) | .
k , x=3 : (Term |, 2021-22) (Ex )
ETYH (2 marks) P15, If 55:-1(1*?: =a.t!wn% is equal to
7. Find the valuels) of ‘A, if the function @) x=1 (b) x=1
sin® Ax | =t vl
—5 %% 0 continuousat x=0.  (2023) : y=1 y+1 )
fl)=1 x2 s continuou : ol — (@) —  (2020C)(Ag)
1ifx=0 ] x+1 x=1
8. Find the relationship between a and b so that the | (1 mark)
: ax+1ifx=3. : : 3 dy .
function f defined by f(x)= b+ 3 ih}gnsmntmuaus (16, fy=tan™ x + cot™ x, x € R, then — is equal to
1 X =
atx=3. (20210)(Ag) i —— (2020)(Ev)
- P17, Ifcos(xy)=k wherekis aconstantand xy#nm.ne Z,
AN ki) then % is equal to (2020) (Ev]
9. Find the values of p and q, for which dx =
sin®x Lo - 18. Differentiate sin?(vx) with respecttox. (2020)(Ag)
3cos® x i 19. Let fix) = x|x), for all x e R check its differentiability at
flx)= P, ifx=m/2 iscontinuous atx=mnf2. o (2020 [E':i
gil-sinx) : =
———, ifxz>n/2 SNy 5 dy
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21, Iff{x}=x+1.findi{fuf}:'xl.
dx

BETY (2 marks)
22. If (x2 +y?) 2 = xy, then find %. (2023) |
23. I flx= "2‘_'”211 then show that f is not i
xifx<l :
differentiable atx = 1. (2023) :
24. Check the differentiability of flx) = |x- 3]atx=3. |
(2021C) (E)
25. If y=va+va+x, thenfind l—". (2020C) (Ap) :
26. Differentiate tan 1*_‘““] with respect to x. |

Sinx

27. Find % atx=1y= E if sin?y + cos xy = K.

(4 marks)

Here, question 28(i) to (iii) is a case study based question

of 4 marks.

28. Letf{x) be a real valued function. Then its
s Left Hand Derivative (LH.D.);
_ fla=h)=f(a)
Lf"{a)= lim ———
=
= Right Hand Derivative (RRH.D.) :

H,[ﬂhmﬂaﬂ:-ﬂa}

Also, a function f{x) is said to be differentiable at " dy .
x=aifits LH.D. and RH.D. at x = a exist and both are | 20 Ify=tan™{e®), then — isequalto

equal.
lx=3],x=1

For the function f{x)={,2 3, 13 1
4 2 4

answer the following questions :
(i} WhatisRH.D.of fix)atx=17?
(i) WhatisLH.D.of flx} atx= 17

(il Check if the function f{x) is differentiable at :

x=1
OR
(iii) Find f(2) and f'(-1).

x=1
x=1

flx)= {xi +3x+a,
bx+2
is differentiable at x = 1.

o i ViexZ +41=x2 | 5
30, fy=stan | —m——= | x =1
Vi4xZ =V1=x>

dy
then find — .
en nn d)[

1. IF fx)=ve2 +1: glx)= "2*11
FIvig ()L o

(2018) (Ev] |

(Delhi 2017) (E) |

(2023) :

E COEX X d."
29. Find the values of a and b, if the function f defined by | 40~ Ify =€” ="+ (cos x)* then find —.

P41, Iflﬂg{x2+r2}=2tan'1[E], show that 2=,
E I
(Foreign 2016) (Ap)

(NCERT Exemplar. Delhi 2015) (Ap) |

and hix) = 2x-3,thenfind | 43. If et +er=er*y, prove that Y ee-* =0

(A1 2015) (Ap]

ucnrene €

. {32, Showthat the function fix) = jx - 1|+ x+ 1|, for all xe R,
(Delhi 2019) (1] |

is not differentiable at the points x=-1andx= 1.
s
{Al 2015) (Ev|

33. Find whether the following function is differentiable

atx=1andx=2ornat.

X, x<l
fix)={ 2-x, 1sx<2
-2+3x—x2, x>2 (Foreign 20115) [_ﬁ_i_phj

34, For what wvalue of A the function defined by

Mx?+2), ifx<0
HJ!]={ (S42), fns is continuous at x = 07 Hence

Adx+6, ifx=0
check the differentiability of fix) at x = 0.
J— Y
(A1 2015C) (Ag)
35, If cosy = xcosla + y), where cos a # 11, prove that
2 i
dy _wmady) (Foreign 2014) (Ev]
dx sina -
36, If y=sin-Hxvicx=vxvi-x2) and 0 < x < 1, then
find _ji. (A 2014C) (]
. B/
: 5.4 Exponential and Logarithmic
: Functions
McQ

| 37. Ify=log(sineY), then % is

(a) cote (b) cosece*

] e'coter {d} e‘cosece” (2023)

2%
o = B —
© F— @
(Term I, 2021-22) (Ev]
(1 mark)
| 39. Ify = log(cose), then find %_ (NCERT, Al 2019) (Ap)
BYY (4 marks)

(2020) (Ev)

dy x+y
X=y
(Delhi 2019) (Ev]

H -1

! XCos™ X Y

i 42, Ky= —logv1-x-, then prove that

i Vi-x?
dy costx . =
dy _cos—x (Delhi 2015C) (Ap]

(Foreign 2014) (Ex]
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(3 marks)

2o | X =
44, If y=tan 1{£}rlng“lu. prove that
x X+a

: : a4 1
3 i 60, Differentiate sec! w.rt
Y (a1 20140) (i) | [31-;3]
dx x‘ -q‘ [ :.
: o =1 { 2
. § ; ot ey i sim (2xyi-x"). 2023)
5.5 Logarithmic Differentiation [
(4 marks)
XM 2 —
dy _y{1+logy) | 61. Differentiate tan~t| YL oVIZX" | o recpect
45, Ifer-r= that X YUTORY!  ogoaci(R] i T T2 I, 2 e
¥, prove g5 xkogy ( -]I._E‘!'.] to cos-1x2. T+x" +¥1-x" | (A12019)(Ev]
YN (4 marks) f 62, Ifx=al{20 - sin 26) and y = a{1 - c0s26), find gl
. - x
a6, 1y = (cosx) +sin /x, find E. (2020) (Ev) | when a=§_ {2018) (Ev)

63, Ifx=asin2t(1+cos 2t) and ¥ = bcos 21 - cos 2t),
47, Iy = (logx)* + x'== then find % {NCERT, EGEGJ@ ( dy } 4 l: )

R n
find the values of — at t=— and t=—.
n values dxa 4& 3

dy . = |
48. Find —=, ifxt-y*=x (2015C) (Ag) (Delhi 2016, Al 2016) (Ap]
. dy ; OR
ook L) 5 i .
9. fx-y ﬂh‘ﬁ“ddx‘ [De;huzﬂisrjﬁ_ﬂ If x = asin 2t (1 +cos 2t) and v = b cos 2t{1 - cos 2t),
= (x)= s ay | showthatat t=X (2 )2
50, Ify={x)"=*+ (cosx)*™ then find pric (Al 2019) show a g ormg
1 iy
51. Differentiate the function (sin x}* + sin*Vx with (NCERT Exemplar, Al 2014) Ey |
respect to x. fDE‘fﬁiZUI?J@ ¢ 64. Differentiate
OR i
i = 1.|'1+x =1 Ix
If y=(sinx}* +sin"* J/x, then I'nd Y. (Dethi 2015€) (Ev) | 1{ ]“’“t . atll
52. Ifx*+y* =g’ thenfind %. (A12017)(Ev) | (Foreign 2016, Delhi 2014) Ev)
) ) ) ) ) i 65, Ifx=aet(sint+cost)and y = aef{sint - cos t),
53. Differentiate x5n* + [sinx)™=* with respect to x. g dy x+y a N
f i ove that ——=—L, 12015
(Wi2016)(g) . P g Q) (Ap)
dy_¥ 2
= I —_ H -—
54. X7y ={x+yf™™, prove that — dx  x j i 66, Differentiate tan™ 1-x? with respect to
(Foreign 2014) (E ;
; - cosM2xv1-x2), whenx=0. (Dethi 2014) (Ex)

55. If {(x=y)-e" =a, prove that }rg!—y+x 2y,
(Delhi 2014C) [_"I

| 67. Differentiate tan—*[—>*— | with respect ta
. \.'1-12 ]

o1 [y .3 ; —y
56. If (tan~1x)¥ + y=t = 1, then find gl’-_ Mi20140)(E) | S (@xV1-x7). (Dethi 2014) (kv
x s H

. # " . ; H ﬂ —E i
5.6 Derivatives of Functionsin {4 Frdthevalieot g st B
Parametric Forms x = ae’{sin B - cosf) and y = ae™{sind + cosh).
(Al 2014) (fip)
(1 mark) | 69. Ifx=cost(3-2cost)and y =sint (3 - 2sin?t),
57. Ifx=g'sint,y = e cos t, then the value of % at | fidthevalueof % at =X (A12014) (E2)
t= Zis : (20200) (Ev] | o
: 5.7 Second Order Derivative
BELTM (2 marks) ¥ co
dy |
58. Ifx= B,y=bt then find 2L at 8=2 i 2
Fumsech y=amn thenting o Wk =2 _‘| : 70. Ifx=.ﬁ.cu54t+85in4t,then;t—: is equal to
(2020) (Ex
59. Find the differential of sin® x wur.t. =% (a) x (b) -x () 16x (d} -16x
(NCERT, 2020) |AE"] (2023)
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dy .
71. Ify=e= then F is equal to

(a) -y (b) ¥ c) x d) -x
(Term 1, 2021-22) (1] |
72, 1fx=2+1y=2at then LX Y att=ais
1 1 1

(a) == (b)) —— (g Pyl (d) 0O

2a?

73. Wfy=sin(2 sin~x), then (1 - %) y, is equal to
(a) -xy,+4dy (b) =xy, -4y
(c) xy,-4dy (d) xy,+dy

) dzr
74, If y-k:-g,[ ] then d_ equals
X

1 1 2 2
@ -—= b = @ = d -=
X xE 12 .t‘z i
(2020 (E]
(2 marks)
dy i
75. Ifx=at’,y =2at, thenfind —. (2020) (&)
2
76. Ifx=acos® y=bsin®, then find g-} (2020) |,q_ﬂ
X
BETYT (3 marks)
77. Ify=tanx + secx, then prove that
2
i A (2023} |
dx®  [1-sinx) i

78. Ifx=acosB+ bsind, y = asind - b cos, then

show that ‘:::—]"=—i and hence show that
X Y

2
]Fz F’—;-r--xﬂt +y =0
i

dx
(4 marks)
dzy T

79. Ifx=asec’®, y=atan’ thenfind — at 8=—
dx 4

(2020, Delhi 2015C) (Ev) |

80. Ffrwams{lngx]+bsintlngx},shcmﬂ1;at
zdr dy
dx?

—SHX—+ =0.
pr ¥

(Term I, 2021-22) (&) | .

(2021C) (Ap)

(2019C) (ip)

: 81,

i g2,

(Term 1,2021-22)(p) | °

! 86,

88.
89.
20.

93,

If v = {sin~x}*, prove that

d'zv dy . -
(1-x? }F-xa-hn_ (Delhi 2019) (Ap)

If x = sint, ¥ = sinpt, prove that

2
(1-x2 }:T:-x%m*y =0. (Al 2019, Foreign 2016) (Ag)

. Ify = sin{sinx), prove that

2
ﬂ——+'car:;nc'd—"r +ycos?x=0.
dx? dx P
If ™y = (x +y) ™*", prove that —=-=0.
(Delhi 2017) (Ev)
d*y _(dy Y
£(2]

(Al 2017) (Ap)

(2018) (Ap)

If e*(x + 1) = 1, then show that

2 2
If y = x*, prove that H- . di]
dx? y\dx e
(Delhi 2016, 2014) (Ap|
If y = 2cos(logx) + 3sin{log ), prove that
X %+I :—Eﬂ':ﬂ
Ifx=ocost+bsinf, yv=asin @ - bcost, show that

dE d 5 .
207y ¥

¥ ——=x—ty=0 {Delhi 2015, Foreign 2014) (A
4 7 ; l_EJ

msin=1 x

(A12016) (Ag)

If v=e ~1=zx=1, thenshow that

(Al 2015) (Ap]

Iy ={x++1+x2)", then show that

(1+x }j—i—” =ry. (Foreign 2015) (Ap)

If y = Ae™ + Be™, show that

dly dy

dx—-{mi—n]—ﬂ:mr-ﬂ (Al 2015C, 2014) f&p:

Ifx=alcos t+ tsint) and ¥ = a(sint - t cos t), then find
dzjr n

thevalueof =% at t=. (Delhi 2014C) (Ev]
If x=a[cﬂst+lugtan% }r:u sint, evaluate

(Delhi 2014C) (Ev)

W\ CBSE Sample Questions /I

9.2 Continuity

MCQ

1. The value of 'k’ for which the function

ucnrene €

{jiﬂ‘ji it x=0.

flx)=4 gx2 ° is continuous at x =0'is
k, if x=0

(a) O (b) -1 e 1 (d) 2

(2022-23) ()
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2. The value of kik < 0) for which the function f defined dy .
1=coskx ali 8. Ify=loglcos &), then — is

as flx)= i is continuous at x =0is (a) cose™ (b) e™cose*

2 x=0 [ esine” [d) -e'tane’ B

2. ! . . (Term 1, 2021-22) (Ev)
@ 1 B -1 @ 5 @ : - ;

_~: 5.5 Logarithmic Differentiation
(Term I, 2021-22) !‘@T g

3. The pointis), at which the function f given by

X
rm=hx| =
1,x=0

is continuous, isfare

- LY (2 marks)

P9, Ify:e”""z‘ﬂ'sm:t:l‘.ﬁndd—:

g (2020-21) (p)

(a) xeR () x=0 : 5.6 Derivatives of Functions in
€] xe R-[0] (d) x=-land1 P ;
—— arametric Forms
(Term I, 2021-22) (pp | :
BN (2 marks) j S
: 10. The derivative of
4.  Find the valuels) of k so that the following function is : AT 1
continuous at x = 0. sim (2x41-x2 ) wrt sintx,—<x <1, is
1—cosks, i V2
: ifx=0 -
L e (2020-21)(hp) | f(a) 2 (b) g—-z (c) ;- d) -2
5 A (Term 1, 2021-22) (Ey)
5.3 Differentiability - 5.7 Second Order Derivative
Y (2 marks) :
MCQ
5. If yN1=x2 +xy1=y> =1, then prove that i 2
: ; Y .
- & 11. Ify=5cosx - 3sinx, then — I to
:_Zr:_E%I EEUEE-ESJ[E i ¥ o i en o is equa
i @ -y )y (© 25¢ (0 %y
Y (3 marks) E (Term |, 2021-22) (Ap]
6. Prove that the greatest integer function defined by a2y i
flx) = [x]. 0 = x = 2 is not differentiable at k= L : 12. Ifx=asech,y =btant, then — aw:E is
(2020-21) (Ap) i _
5.4 Exponential and Logarithmic (a) '3f3b b 2086 3B, b ;s
Functions : a a a ke
(Term 1, 2021-22) (Ap)
MCQ
: BEXI (3 marks)

7. Ilfer+er=e*r then ﬂ is
i

(a) er= (b) e** (¢} -er* (d) Zer

(Term 1, 2021-22) (Ey) |

212} SOLUTIONS

W\ Previous Years' CBSE Board Questions /I

i (b):letx=15
s LHL= LIt flx)= Lt [1.5=-h]=1
=157 b0
and RHL= Lt

x—+1.5%

LHL=RHL
fix) is continuous atx = 1.5

flx)= Lt [15+h]=1

Get More Learning Materials Here : &

i 13 Ifx=asech, y=htand, find 2L ate=Z,
H d)\'.'z

ucnrene €

dzy T

&
(2020-21) (Ap)

! Also, greatest integer function is discontinuous at all
| integral values of x.

{ 2. (b):Since fix) is continuous at x = 5,

i = lim f{x)= lim f{x)=f{5)

535 5—5

= 3(5)-B=2k = 7=2k = k=1

2

i 3. |[c):Since, greatest integer function ie., [x] is
i continuous at all points except at integers.

flx) is continuous at 1.5.

@ www.studentbro.in



4. - fix)is continuous atx ==
fir) = lim f{x)= lim f(x)

K ks’

Here, fin) = kn
And lim f{x)= lim f{x+h)
hsf)

E—E"

= limcos{n+h)=-1
h—s0)
From (i), (i) and {iii), we get

, . 1
A==1 = A= ==
x

Concept Applied ({7 @T

= A real function f is said to be continuous if it is
continuous at every point in the domain of f.

J:_x x<0
5. Wehave, fix) ={|x’
3 .x=0
LHL.= lim f{x})= lim E=—J’:
X0~ x—l =X

RHL.= lim f{x)=lim 3=3
x—0* a—l

Since, flx) is continuous at x = 0.
LHL=RH.L =f0)
= =k=3=k=-3

6. Given, flx) is continuous at x = 3.

2
So; lini fly=f(a) = B 2E3 =36 _;
=3 =3 x=3
— 2 —
— lim (x+3)%-6 “k = Iim{x+3+6llx+3 1‘_{!:'c
E—s3 ¥=3 i3 =3
= J+3+éb&=k = k=12
sin? ix o
7. Wehave flx}={ ,2 ° *#Yis continuous
atx=0 1 x=0
LHL=RHL.
.9 o
sin“ hx sinTAx 5
Lt T:l Lt Gt =1
= ksl x = x—0 12_;[2 o
= A2 Lt [5'““]:1 =Ai2.1=1= AZ=1= A=21
s s
ax+1 ifx=3
8. Wehave, =
ehave, fix) (bx+3ifx:-3
Since, flx) is continuos at x = 3

li =i li 1=limbx+3
ji_|’rr:|3'|_i’{:r]1 |m+ﬂxl = JI|Ej:_imc-rr xl_l':13 X+

i—3
= 3a+1=3b+3 = 30-3b=2 = a-b=2/3
9. - fix)is continuous at /2.
lim Fflx)= lim Fix)=Ffl=/2)
- T x—smfTt

; o x_
Mo, e fo={nf{2-4)
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A
E

i)

©and limf(x)=lim
H a—0 x¥—s0

11. (c}: ﬂx}=[x|={_’"

The function fix) is continuous
: everywhere but not differentiable
i atx=0asatx=0

e

ucnrene €

- {1-cosh)(1+cos® h+cosh)
" hs0 3H1-cosh)({1+cosh)
{1+E052h+cﬂ5h:l 14141 1

h-0 3(1+cosh)  3{1+1) 2
i and: fin ﬂx:=|imf[f+h}
i s—af2* h—0 12
.
. "[1‘5'“(5*“]] il enst)
=lim = lim
h-s) K 2 b apt
[n-?{—-!—h)]
2
Isint
i | 2_a9 2 g i
-4Ki!|l—“:crh2 4:-(4 Bandf[ir,.I’ZJ p
—xd
4
.12..=,g,=p [From (1)]

' Commonly Made Mistake (4

= Remember the difference between left hand limit and
right hand limit.

10. - fix)is continuous at x = 0.

flo) = k

1-cosdx

8x°

i 2.sin?2x . [sin2x
1 =llm—=llm[ =1
H 2x

=0 gy
fis continuous atx=0

x>0 ¥
x, x<0

€ Fi] ra
flx)-f(0) = lim ==1 \I’

s i -x=0
Lf {m-,I_I,EE- =0 a0 X

| npyoyesti TERO o 329,
[ —s* K- =0 X

L0} = RF(0), so fix) is not differentiable at x = 0.

12, (c}:Lety=x*
¢ Taking log on both sides, we get

log y = 2x logx .

Differentiating both sides w.r.t. x, we get
1) |

EEF-= {x--:-l-+lngx-1}
¥ dx X

- = 22yt +logx)=2x (1 +iogx)

- 13, (a):Given,y?(2-x) = 7

5 X Lo I‘d_}r={2-x}x3x1—;:3{-1}
(2-x)?

T 2-x 4 dx
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2 3
ﬁd_}r_ﬁx 2x :’(dyl _ & 2_2
dx iy q)

dx 2y(2-x)? dx Taxl

14. (a):Atx=1 lim ﬂxil-llmx =1
= 1" —+1

And lim f(x}= I|n'| 2- =1

x—1"

Also, fl1)=2-1=1 - lim fOd= lim fOo=fix)
=1 x—1*
fix) is continuous atx=1
(x)=fl1) 2_
f Lomi =lim2 1= limix+1}=2

e x—1

(2=x1=1

Now, LH.D.=

Jl—'.ri- X=

O f(
RHD= fim LA v _—
xs1* K= =1 x=1

LH.D.= RH.D. . fix) is not differentiable at x= 1.

Commoniy Made Mistake ( 4k

-

= Ewvery continuous function is not differentiable.

Lo g1 1
15. (c): Given, sec I(—H‘ )FHZ}SECH=—+H

1=y 1=y
On differentiating, we get

[1=y)}+(1 +.1c]';|E

d].r y=1
=0 1 v-r-_ =1 ——— e
(1=-yP = H‘} ¥ dx 1+x
16, Wehave, y=tanlx+cot
= d:,.-' L L =3 d—r-ﬂ
dx x4+l x4t
17. We have, cos(xy) = k
= -5in[w][r+x§r—}=ﬂ:;y+x-d£=ﬂ ['.'xr#nn]
dx dx
dy ¥
= dx  x

18. Lety= sin®{x)
j—i:!sin[\";}-mi{ﬁ";}'iiL--f*i“:z""';}

2Jx 2%

= sinZx = Zsinxcosx

19. Tocheck the differentiability of fix) = x|x| atx =0.
Consider, fim [O+HI=1(0)
b0l h

=0 h bt
Hence, f'(0) exists, so fix)

M

= limlhl=0
h—0

= x|x| is differentiable at x = 0.

- i ﬁx"‘h}'ﬂxl
h
20. Wehave,y=flx3) = = -J‘ (x2)-2x
=e".2x [ flx)=e""]
=2xe"

P 4x3 44
P e

RHD.= Lt

 LHD. =

24, We have, fix} =
ﬂx}={
Atx=3
1@

fiia_:':,',if,“ﬂ

%]
(9]

i

2sinycosy ﬂ-r{—slr'l x}rl{

ucnrene €

i 21. Given, flx)=x+1
i Now, (fof {x)

= flflx)) =flx + 1) =
d o
E;{fﬂﬂllx}- dfoEJ 1

(x+1)+1=x+2

- 22, Wehave, (%2 +y2)2 = xy
= xiyie Dtyl=gy
: Ondifferentiating both sides w.rt. x, we get

o dy __dy

d
2 1IIr+4.1c'_|f +4x Yook Y

= d—r[dlr +4x° }r-x]=].-r-4x -41'_#

dr ¥= —-4x3 -4:}*
dx T a4y +4xly—x
XL if x=1

We have, fix)=
x, ifx<l

B
L3

T s SO
x—l x=1 a—r‘i

flx)=f{1)

x=1

(x-1){x+1)

x=1

= Lt [x+1)=2

E—l
ﬂxl fl1)
=1

= Lt x-1=1

x—1x=1

h:—ﬂ.
LHD.#RH.D.

fix) is not differentiable at x = 1
|x - 3]

x23

x<3

n=3,
—-x+3.

h—:ﬂ
e -3+h+: -{0)

sl
o fix) is not differentiable at x = 3.

H3 +h)=f(3) _ 3 +h=3=(3=3)
k h

= liml=1
bt

=lim-1=-1
h—0

ﬁ3-h]-f{3l
=h

(3% = F(3)

. Wehave, y=va+va+x

dy 1 1 11

*
dx 2\givarx 2Va+x

1+cosx ]

1

JaJla+x)sa+x

1
4

%]
:_'}-.

Let, y=tan™?

sinx

x
Zrost =

XX
2sin—cos—
2

2

Mli‘t

)
22

a“"i[t“{'g'i]] = o=

: 27. We have, sin?y + cos xy = K
: Differentiating w.r.t. x on both sides, we get

+r}—ﬂ

(= Product rule : (uv)' = u'v + uv')
d_y_ ysinay
dx sin2y = xsinxy
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. S . (x+4lx-1) bx=h
= ﬂ} = 45"14 s = J!I—:L =1 nl:—u x=1 [From (1)]
d T ® 4(2-1 i
g i J sinZ-sint 4V2-1) Ilm (x+4)= lim —— bix-1) = S=b
2 - k=1 K-
_ |x=3. x21 §pumngb =5in(1),wegeta=3.Hence,a=3andb=5
28. Given fla)=4x2 ax 13 m
—'4——?1'?. x=1
3) teied i 2 Ifafunctionfis differentiable at a point ¢, thenit is also
“ti=a), $£& : continuous at that point.
flx)= x=3, x=3 i
¢ 30. We have,
ﬁ 3—M+E x<1 : ) T—E
oY r:tan_l 1+x +\|1— }xz <1
() RHD.atx=1 : Viex? —v1-2
iy e FL+h}=f{1) . ={l+h=3)=[={1=3]] | Puttingx®=cos8 = 0 =cost (x3) we get
f'(1)= lim = lim i
h— h h—0 h _1 [-».'ri+cﬂsﬂ+-.n"1-cusﬁ ]
y=tan"| —
i Eh+2-2) ; =h__4 v1+cosf-+1-cosh
h—s0 h o h 6 .8 1]
(i) LHD.atx=1 i o cu-sE+5|n-— o 1+tan§-
f[l-h}-ﬁi} i =tan = =tan 5
i'(i)= I M — COS=—5iMn=— 1-tan—
: 2 2
i 1
:1-h}2 3 1 3 13 I -1{ n E‘]]=£ 0 X 14,2
i [ - [j__h} ] [E_E+ . ] E tan™| ta 33 3t5 = ¥=g+5008 (x2)
E =h Differentiating w.r.t. x on both sides, we get
(14h?-2h 3 3h 13 1 3 13 Ed"- Lt
W b I Y S P 2y1-x4 V1-x4 :
L -h i =
e : 31, Hereflx)=vxZ+1=(x2+1)2
n L&] 2 e
- im| 422 |- [h h]‘ - S )= 41) 2 2% e (1)
= —= = = —+—|=0=-1==1 = 5
maol  =h nsol—4h " =h : 2 Jxz+1
{iii) (a} We know, that function flx) is differentiable at : fand gl)= x+1
x=1if LH.D.= RH.D. =f(1) 5 x2+1
= -i==1=-1 . 2% 7 ; B Fini ()= (2 +1)A—{x+1)-2x _—x2-2x+1 (2)
Hence, the given function flx) is differentiable at x = 1. g 21 21 =
OR fand hix)=2x-3 = W) =2 {3)
(b) Differentiate f{x) wor.t. x, we get i Y|
-1,  1=x<3 f‘[h‘tg'ix}lkf’[h'[z—}z]] [Using (2)]
Fix=) 1,  x=23 . b1 .
=f'(2) [Using (3)]
22 xa i [Using (1]
; = - = sing
22 g J22+1 45
A ok ey
f(2)==1and " f—‘l:l-?—E:T:-I B Concept Applied {L:"I:'
29. Glm&nthatﬂx]lsdlfferenhableatx=1Therefuref{xj ot ks
is continuous at x = 1 i 2 Lletys={it], t= giu) and u = mix), ﬂ‘PEH:Y :—:KEXE
= lim f{x)= lim fix}=f{1) i
x—1" =1 H - 3 'l
= lim [x% +3x+a)= lim (bx+2) 32 Thegivenfunctionls fix) = |x=1] +pcs1]
x—1 -1 (=)= (1), ¥ <=1 =2x, xe<=1
A:}.g _1‘;{3;0;#;2 :}I:I“b* 21'35 A1) md(x=1)ex+1,-1<x<1 =2, —1=x=<1
ain, flx}is differentiable atx=1.50, i i
(LH.D.at x= 1) = (RH.D. at x = 1) ;At” 11”*1 gl L
flej=F(1) . Flx)}=f(1) AL
| =1 £ —hl=
o X1 et x=1 Eprye i PRI 222,
z : h—0 =h h—0 =h
i ”ml:x +3x+u}-{4+ﬂ]=Im{hx+2}—li4+a} FLehl=f(1) A1+h}-2 Eh
-1 a1 1 x-1 F7)= Jim = = lim SR i 252
2 — —¥ —
¥ +3x-4 bx=2-a
In. =Il ¥ - r &
= .:T:l x=1 xI—TI. x=1 F)=Firy
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= fis notdifferentiableatx= 1.
Atx=-1,
- =1-h}=f(-1
-2:—1-hl-f2] 2h L 3
=h r!_,a -h =
et i (LD, 222
h—0 h h—=0 h
Fri-1)=f(-1%
= fis not differentiableatx=-1
33 Atx=1
1) i (=)
st x=1
=1t X=
Since, f{17)=f(1")
s fix) is not differentiable at x = 1.
Atx=2

HE_I

= lim
h—0

=

x-1
= lim ——=1
RIE!I[ x=1
2=u=1 1-x
=i =i ==1
xil-f:. I-l aI—TI.K 1

Hxl ﬂEJ 2 -x=0
x=2 x—.z =2
flx)=£(2)
K=2
-2+3x=x2=0

= lim = lim
=2 x—r?

Since, f(2)=F12%)
ﬂx_l is differentiable atx = 2.

==1

f2*)m lim

x—2*
{1=x){x=2)
K=2

==1

alx? +2),
Adx+b,
Atx=0,fl0) = A0+ 2) = 24
LH.L=II1r’3_f|:x]=mﬂﬂ-hj ='|1|_r'|;|=l{[0-h)‘2 +2]=2

ifx<0

34. Here f{x}={
if x>0

R.HL=xI_|‘r;1ﬂx:|='I1Taﬂﬂ+hJ = lim[4(0+h)+6]=6

: For f to be continuous atx =0
2sb=h=3

Hence the function becomes
ﬂx}={3{x1 +2), if x<0
A x+6 ifx=0
2
pi0 Yl JO==H0) _ G 426 ot a0
st O=h h—0 =h h—s
h—=0  O+h h—0 h

= [0} =f(0*) .. fis not differentiable at x=0.
35. We have cosy = xcoslo +v)
_ cosy
cosla+y)
Differentiating w.r.t. y on both sides, we get

cﬂs{aﬂ-:l(%msy ]—cas y[icm‘.{a + rl)

cosZ {a+y)

2|8
]

dx _ cosla+y){=siny}+cosysin{a+y)

U

dy cos® (a+y)

E cusrslnla+ﬂ cos{a+y)siny

dy cos I:rJ +¥)

Get More Learning Materials Here : &

5|n[{a+r}-1f] sing

m51{a+vl
l Concept Applied (@]

= Quotient rule: [E] =
v

d_y_:uszfa+ﬂ
" sina

m51{a+ﬂ T odx

u'v—uv’

2

— s
© 36, We have, y=sin~ lxvI-x=vxV1-x*)

= V=5in'1{x~...'1 !».I';]-z-u';v'l-xz]
= y=sin  x-sin Tvx

i Differentiating w.r.t. x, weget

e 4 (i~ x)= ]
& '1-!-..';[} dx ( dx 1—x2

O e e ____.

i 37. [c,l'rvlngfsine“}l

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

i dy 1 d 1 x d 4 1 X _x

i —(sine®) = COSE g = .

Cdx sine® dx sine”

= ¢" cote”

i 38. fa}'Given y = tan1(e2)

s 2x
. dy EEI.: 2e

Cdx 1+e* dx

d o oxy_ ¢
= E{ﬂ‘]—e

1+e

i 39. Giveny = loglcose)
On differentiating w.rt. x, we get
dy_
i dx  cose
| 40. We have, y = e == + (cos x)*
! EerA + E_.lﬂrtm.ﬂl
dl" :: eosx O
dx

2
AT O0E K
= E

[—sine” ." )=—e" tane”

x bvcos x

= (x%cosx)+e —-q-[.xlm:u-sx}
dx

(2xoosx— X2 sinx)

+&" hmsx[

x .
Incosx = ——sinx
Cosx

2 sinx)+ {cosx)* (Incosx —x tanx)

2
= g% BN Dxcosx—x
41. Given, Inug{.:n:2 +1,.-r2 J=2t;1n_‘1 [1 ]
i X

On differentiating w.r.t. x on both sides, we get
21 (211—2}'—-]»2): 2 d [1]
x2 4yl dx
1+
2
2x 2y d:,r 25" flﬂ’:r [-1]]
¥yt .'¢'2+}l'2 dx x +y2‘x-¥d-'t

2
:d_',r[ 2y  2x ] 2x% [=y 1]
dx| x®+y?  x*+y?

=

X +rzlx X

ucnrene €
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2y=x)d =2x2 (y+x X+
= {21; ::J_F=z z{yzl:dv —
wlaylde x4\ x de  x=y

[ Key Points ()]

= To differentiate an implicit function, consider y as a
function of x then apply derivative rules.

xcos 1x

Vi-x2

Differentiating w.r.t. x, we get

V1-x? -%{xcus'i x)=xcos™tx- % V1-x2

42. Here y=

152

=log v

d_
dx 1=x2 i
i 3 P
w.l'1-x 2 dx i
\'1-::2-{1-1:05 x-—l,_)-xccrs x[ ]
= w.'i-x \.1 -y

1 [ = I
V1-x2 ln.'ri-::z ] i
V1-x? cos  x=x+ X cos” x
= 'u'll—xz + X
1-x2 e
_(1=x?)eos x+xPcos x| coslx
T -1 P2

Concept Applied '@

= Product rule of derivative : (uv)’ = u'v + uv’

£ 47, Lety = (logxj+ xosx .,
i Differentiating w.r.t. x, we get

- _togx* 2 ixlogllog )+ x°
H i_".‘.:l.' d.:l.'

Concept Applied

= Iug[%)sluga-lugh

! 45. We have, er-% =y
i Taking log on both sides

i (y-x)loge=xlogy = y-x=xlogy i)
! Ondifferentiating, we get
i ody 1dy dy ¥
——1=x——] ————=1
i dx x}rdx+DgF:de logy
dr(l__] - dy y(l+logy)
dx ¥=x
i = %: F—{;:;iﬂ [Fromi (i}]
i 46. We have y = x%(cos x)* +sin™? Jx i
i Let z = (cos x)* = g*logrosx
: E:e*mm‘[mﬂug msx]
dx COSX
= (cos x)* % [-x tan x + log cos x] i)

! Mow, differentiating (i) w.r.t. x, we get

z—i- = 3x?¥cos x)* + x¥cos x)[-x tan x + log cos x]

1 (1 ——
+E(E] [Using (ii)]

= %% cos x)3 - x® tan x + x log cos x] +

1 1)
2Jx\V1-x

5,,=Exlnxtl.:n1;a1Hu.:.,;;.:.i

s d v,
Emﬂgiﬁ i

43. Givene'+e'=e"'= 1+ =¢ (1) | 11 1
Differentiating (1) wort. x, we get : =(logx)* {x[@)‘;ﬂuﬂlngx:l} +x1%8* [E{In-gx}; ]
d dy
¥ — ¥ L
3 'H{F-Il-f i - =(logx)" {hLm+hﬁlhgxl}+2[m%}x‘““
o [d_r_1 }ﬂrd_r o Worx oy v | 48. Given, ¥%y* = x*
dx dx dx i Taking log on both sides, we get
: +xlogy = xlo
= W gy o W [Using(1)] | V%" o s E:d.}, .
dx dx i = y.—+logx—+——+logy=x-—+logx
P X dx ydx X
4 A e il :
. Ehere oy =tm [ ]HDE!J,,.H, P = g %-rlngx ]=1+Iugx—§-ingy =1-E+Ing$
e (2 el i
2 X+a - d_}r=¥
=tan~} {; }*E[Iugix—a}—lugllx +a]] i dx X tlogx
Dllferentlatmgw r.tx, we get { 49. We have, x¥ - y*=g®
1 dfa o i{tan‘ix}z 3 i Taking log on both sides, we get
;e s }"‘[ o ] T 2] ylogx = xlogy = bloga i}
... ks & Tk : Now, diﬁerent'latingl:i}wrt x on both sides, we get
x —+“[:I x}——lu _ﬂd_y 0
_ ( 1 ]+1[:x+a}-{x-a} : ’ By i
A = [-—Iug_-,.r ]= d—(—-lﬂgx]
_ =-a a —alx 2 ) +alx? +a?) | 24° i * s
R v A At dy _y ly—xlogy)

Get More Learning Materials Here : &

5 = lﬂr—xingﬂ-—
X dx

ucnrene €

dy [ x=ylogx ] ¥
dx  x({x=ylogx)
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50. Given y = [x) + [cosx)sm
Let u = (x)=== v= [cosx)®™ - ysu+v

—_— i)
{ Now,u=x*"* = logu=sinx(logx)
: Differentiating w.r.t. x, we get

= logu = cosx logx
Differentiating with respect to x, we get

1du 1
——=cosx-—+logx[=sinx)
u dx X

du  epss| COSX |

= = X |: = smxlugx:l

MNow, v = [cosx)sine

= logv = sinx logcosx

Differentiating with respect to x, we get

ldv .
——=sinx-

(=sinx)+logcosx-cosx
cosx

i) 2
- %ﬂmu]"”[ sin” x+Cos xlngcusx] il

CosX
Putting value of (ii) and (iii) into (i}, we gt
dy [cﬂs A
i g
dx

—sinx Ingx]
X

COsX

. 3 2 i
—sin® x+cos® xlogeosx | §
+h:usx}"""[ C: ] :

51. Lety=(sinx)* +sinvx
= y=u+v [where u= (sinx)* and v=sin ! vx ]
L dv_du dv

dx  dx dx
MNow, u = (sin x}*
Taking logarithm on both sides, we get logu = x log sinx

1du 1
= ——=x—oIcosx)+logsinx
udx  sinx
du . : oy
= d—-={5mx:l‘{xmtx+!ﬂg5mx] ...I:||I
x

andv=sin1x

dv[i}l
dx \1-x / 24x

From (i). (i) and (iii), we get

:—: = (sin x)* (x cot x + log sin x) + L(L]

2% \1=x
[ Answer Tips ( 7]

d 1
= —lsinY{x))=
dx P

52. We have, x' +y =a”
Taking log on both sides, we get

viogx+xlogy=bloga i)

Nuw. dif‘FErEHtiatl'rrg (i} w.r.t. x on both sides, we get
1 dy

Yl }+ ..... =0
+ngx logy +x T
=y y+xlogy
Y flopy==] Z 4 _=_ Yo ver
i x+ e -{F+Dgx};% = de  x [x+rlugx]

53. We have, y= x 5™ + (sin x]os”
Let u= 5= v =(sinx) ="

Get More Learning Materials Here : &

i)
i Also,v=
i Differentiating w.r.t. x, we get

From (i), (i) & (iii), we get

d_r=x5m [xcusx-ﬂugxhsinx]q_
P odx

__|:r:l :

: 54, Givenx™y" =
i Taking log on both the sides, we get
i logx™+logy" =
i = mlogx+nlogy=(m+n)loglx+y)
: Differentiating wor.t. x, we get

i)

(- Loogt) (-2

=3 [x-y](l-% ]—H{-r—x[l—g }=CI

ucnrene €

Y=Uu+v
dy du dv

——=—— i)

= U dx dx

i1 du : S
! —=cosx-llogx)+=-sinx
Pouodx L

du
:b_

dx 40

=5 [cﬂsx [logx)+ 11=.irL:-c:|
x

(sin x}*™=* == |log v = cos X (log sin x)

D ldv . : 1
i 2 =—sinx{logsinx)+cosx.-——.cosx
v

sinx

H 2. "

- d_v={5inx}m“[cus X 5|rllzx{!ugsmx]l] i)
dx Sinx

X

2 . F :
. cos” x=sin” ¥{logsinx
ISIJ’!J{I“H[ . {log )
sinx

Key Points {1/

For function y{f(x}}**), we must take 'log’ on both
sides of the function to remove g(x) as the power of

fix).
(+ypmee

(m + n)log (x + ¥}

1 1 dy ( ]
r——= —f1+
M x+" y dx m } dx
g rfl_r[ﬂ_m+n _m+n_E
dely x+y ! x+y x
:, dy | mx+ny—my—ny ]_mx+mt-m-my
i dx yix+y) N x(x+y)
| ey oy
I del ylx+y) ) xlx+y) — dx x

i 55. Here, (x-y)-e* =a
: Taking log on both sides, we get

H X
: Iug{ﬂx-y}-e”‘*’}:lugﬂ == Iug{x-y]+i=lngu
i I—}"

Differentiating w.r.t. x, we get

=0

oo o)

(x—-y)

-%}H-y =0 = r%ﬂr:h‘

= -
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56. Here, (tan ix) +y@tx= 1
= u +v=1whereu=(tan1x) and v=y=t
Differentiating w.r.t. x, we get

LI 1)

MNow, u = (tan~1x)¥
= logu=ylog(tan %)
Differentiating w.r.t. x, we get

1du dy 1 1
e —logftan x)+y-

= da =(tan™ x)¥
dx

tan1x 1+x%

dy _1 ¥ ]
—logltan™ x)+ ———— | .[2)
[dx (1+x}tan 1 x
And v =y
= logv = cotx-logy
Differentiating w.r.t. x, we get

1dv

— — t

v dx
dv ﬂu[cutx dy P ]
—_—= —_— e —rosec” X-lo
= ¥e s 4
From (1), (2) and (3), we get

i dy 2 ¥
{tan™! xl"[abg{tan Lx)+ W]

ytotE [cntx_dy —COSEC xlugr] 0
v dx i

- %[ftaﬂ_l x)" logitan™ x)+y" " .cotx]

Y
(1+x%)

ol X

=y cosec?x-logy=(tan~1x)¥1.

jrm“ rmseczx-lugy-{tan_l x}""_l i 5
dy _ (1+x7)
dx [tarr:l_1 x) logltan™  x)+y ™ cotx

57. We have, x = ¢'sint

dx _ 4 . t
= —=g sint+e cost
dt
and y = efcost = %:E! cost—e’ sint
ﬂ_e! cost—e' sint
dx g (cost+sint)

“’5(4) 5'“( ) Jz jz

ot fft) 5ot

58. Wehave x=asec.vy=btant

ox =gsecBtandand = dy =bsec?d
dE di
dy
Now. d_].-' d‘ﬂ bsec’ @ b 1 cosB _ Ei
dx E asecltand a msB sinf a i)
de
EF.‘ _E.L_E.i_ﬂ
fb“ﬂ:% a a 3 a3

EIHE T

and v=sin"1{2xy1 -xz}

Put x = sintin (i) and (i}, we get

u=5ec_1[;]=sec_1[i]= sec'lﬂsecﬂ:t
1-sin®t cost

* and v=sin™!(2sint1-sin’t)=sin"(sin2t)=2¢

-3)

EI\-ii::'.l'..r

ucnrene €

i 59, Letu=sindx, v=gm=2

du_., . dv _ cosx_ .
dx-ﬂsmxmsx and dx-E (=sinx)

E Now, ﬂ E d_x 2sinxcosx N =2cosx

! dv dx dv g“®%(_ging) ™"

60. Let u=sec” [ J i)
i 1-x

i)

du dv du du di 1
P i e o

Vitxd =y

&] i)
1.11+x2+'u'r_xz )

61, Let u=m_1l

Putting x% = cos 20 in (i), we get
~1| Yi+cos28=-+1-cos28
u=tan ;
V1+cos20 ++1=-cos28
gt [ ‘ulIEEEISI = w.'r25ir12 ]
_42m525+w{25in2&
—tan? [ msﬁ-sinﬁ]_ tm_l[l—tanﬂ]
| cos@+sind 1+tani
e [E-BJ]=E-B
an i an{ - 7]
.2 -1

=E—EDETM ['.' IE =C0s28= 8= EDSE xz ]

du 1 1 X .

— = 2x= v i)

dx 2.4 x4 J1-x*
ek vaokd) e TaaTRX . (il
i dx .JII_ x"
Dividing (ii) by (iii), we get 3“ --;—.
¥ Key Points (

= 1+cos20=2cos?8, 1 -cos20 = 2sin® 8,

| 62. We have, x = a(26 - sin26) G
i and y=all - cos20) _{ll:l

i Differentiating (i) w.r.t. 6, we get

X ot _9eneo0)
‘a8

i)

: Differentiating (i) w.r.t. 8, we get

9 2asin20
:

iv)

dy dy/dB  2asin26 sin2@
dx dx/de a{!-!cusiﬁ} 1-cos28
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3 _V¥3_1
132 .3
2
Concept Applied |(El]
S Ifx=fit)andy=git) then 2-D/9_310) 000

dx dx/dt f(t)’

63, x=osin2t(1+cos2t),y=bcos2t (1 - cos2t)
Mow, d—: = 2acos 2t{1 + cos2t)+ asin2t{=2sin2t)

= 2o cos2t + 2afcos? 2t - sin? 2]

(- cos? (a)-sin” {a} -ms{iﬂ‘.ll
Also, 3:: ==2hsin2#{1-cos2t)+bcos 2H{2sin2t)

= =2Zbsin 2t + 4b (sin2t cosZt)
= =2bsin2t + 2b sindt [ Esmh]cu:i{a}-swﬂﬂa]]

o d_v d'y!dt 2b(sindt-sin2t)
de  dx/dt 2alcosdt+oos2t)

[ﬂr_] o b[ sinm=sin{m/2} ]

dx fate=nra o) cosm+cos{n/2)

= 2ancos2t + 2acos 4t

0-1 ]J:-
=1+0

| Also, RHS=""Y =

| 66, Let u=tan

: Differentiatingw.rt. x, we get

du
; dv 2 — E:..E:Ml:;ﬂ:i
dx 1+x% dv ﬁ
i dx

1+x2

£5. We have x =ae'{sint+cost)
= -:itzae'{sint-l-mst}q-nf' {cost—sint) = 20e'cost
- and y = aetlsin t - cos t)

dy

P = E:ae' (sint—cost)+oe’ (cost+sint) = 2ae'sin t

d_}r_ dy/dt Zae’ sint
dx  dx/dt  2ge cost

oe! (sint+cost)+ae’ (sint=cost)

& LHS = =tant

x=y ae' (sint+cost)=ae' (sint=cost)

= 2ae' sint

2ae’ cost

&2)

=tant=L.H.5.

! Putx=cos®

., u=tan} [@]=tan_l ( sin@ ]

cost cosH

du

=tanYtanB)=8 —=1
anHtanB) =8 = -

i Alsolet,

{d_y } _ g[ sin:4nf3:-sin:2nr3}] | vacos ™ (2xy1-x% )=sv =cos~ (2056 1-cos? )
dx fati=/3 @l cos(4mn/3)+cos(2n/3) i =cos Y2 cos 0 sin B) = cos™Y(sin 20)
-3 3 P _1[ [u }]_‘m dv
_*_’ S @ =C0s | COS -2--23 --E--EEI = ——=—
a -1 1 a wﬂ_du.n"dﬂ_-_i
22 dv dv/dd 2
2 i
G4, Etu:tan_l[m] i 67, Llet u=tan_1[ 'x_
i Wl=x
i i
Putx=tanf = B=tan"x i Putx=sinf = B=sin"x
1| ¥1+tan® -1 _qf sind 1
T ’[—] L Ustan ™| — [=tan™" [tanB)
tant i V1-sin®8
_1 sec-1 _1f1-cos8 = u=8 = u=sinx
= wu=tan [ ]:HJ=’EEIT! [—} i du i |
and 4 sing i Differentiating w.r.t. x, we get e —— i)
2sin® = — Yl=x
E—— z,uﬂan_i{mﬁ}  Again, let v=sin"' (2xV1-x")
2sin—cos— 2 i Putx=sint
Fg i o v=sin"t (2sin® cos B) = sin- (sin 28) = 26
2 u=g = u=%tan‘1x = v=2sinix & 5
! Differentiating w.rt. x, we get —= i)
=i N S i dx \;1_
» 2sin® ==1-cosx, 2sin—cos—=sinx | : du 1 x
2 2 2 : From (i) & (ii), we get —==
du 1 : dv 2
Differentiating w.rt. x, we get — P — t =
& 71e) ;
ey = :
PRS0, et v nini (1+x ] = v=2tan = Powerrule: %{x” J=nx"1 nz0
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68, Wehave, x= ae (sin® -cos 8) 9 — —4x2 +3 }
Differentiating w.r.t. 6, we get P~ M =2x % —e + 2V 1= x 3 i)
dx W1-x2 Vi-x
— =ge? (sinf-cosh)+ae” (cosB+sinB) i i
df i v E—Ex:l {—4x2 +2)x .j =
e o i _ 241-x
—_— i BB Ya=
= —o=ae (25sinB@) (i} 2 PR
Also v = ae® (sin B + cos A) N Ax? - bx =x?) _413—6;:
Differentiating w.r.t. 6, we get i (1=x2)1-x2 = VmEgs Ji—a2
%:ufﬂ[sinﬁ-:-casﬁhae"l}cusﬂ-sinﬂ] . Now, consider xyy =4y
P —AxT2x T g ”
_— d_]"r= e (2cos8) i) | =——=8x J1-x2 [Using (i} and (ii)]
8 : V1-x?
LB s P [From () &(ii)] | _4x%-6x
dx  dx/d0 2g¢"sing T - )
" i Wl-x
¥ n i
mﬁ% =mt1=1 Thus, (1 - 5%y, = xy, - 4y 2
Fil oy 4 X
69, Here, x=cos {3 - 2cos?t), y =sin {3 - 2 sin?t) 74. (d):We have,y = log, [e_z]
=3 %=—sint{3-2cn52t]+cnst[2~2cnstsint] El_i 1 2 E _ ia__{
=-3sint+6&cos?tsint : dx  x? Ez t dx >
and J:_—]::=|::||::ast[3-25in2 t)+sint|=2-2sintcost) 75. Given,x =at’,y = 2at
H d}r
=3Jcost-bsin’tcost i dx dy dy dr_2a 1
dy _dy/dt _ Jcost-6sin” tcost _3cost-cos2t .. i E=2ﬂt"a=2ﬂ T dx dx 2at t
dx dx/dt -3sint+écos tsint  3sint-cos2t ; dt
dy| __.m_ gy dw_1d_ 11 1
= ksl P g 2 dx (2 2at 288
4 i
70. (d):We have, x=Acosdt + Bsindt | 8. WEIG Lw A c0s 0.y b S0
?Herentlat:ng both sides wurt. £, we get %:msinﬂ,%:bmsﬂ
Ed 7). =
X _ A(-sindt)-4+Bcosdt.-4 i) §
g~ A i-sindt)-4+Beos o dy_dy do_beoso b
Again differentiating both sides of (i) w.rt. t, we get 7% Gx @0 dx -asinb  a
d’y
d’ x--4A|{ms4t} 4+ 4B(-sin4t)-4 ! Now, —1---[-505&:25:'—
2 : dx dx
= ~16Acosdt - 16Bsindt = ~16({Acosdt + Bsindt) = -16x | btmczﬂ[__m B] b
71. (b):Given,y=e™ a a*
dy o dy : 77. We have, y = tanx + secx
= == = ——=f =¥ i
dx dx® ! Differentiating both sides w.rt. x, we get
_. & i d
72. (b):Given,x=t+1andy=2at i ;’ sl e
dx dy dy a : %
= E=2t = E=2’ﬂ T . dy 1 % 1 sinx _1+sinx
B g b —a &y e -1 dX cosix COSX COSX cosix
=% F=t_za=¥ [d_x?] F"; : Now, agam differentiating w.r.t. x, we get
at fam ]
_ ) ) i u‘zy cos® x{cosx)—(1+sinx)(—2cos xsinx)
73. (e): We have, y = sin(2 sin 1) o
iodx (cos x}z
=sin| sin~? (2xy1-x? | 3
= F=HI ] ( e Bt . cos” x+(1+sinx)-2sinx-cosx
(1—sin®x)?

{ 2sin} x=sin > 2::1«."IZI-M2 ]

=  y=2xy1-x’ i) =

cos? x + 2sinxcosx +2sin? X cosx
{1—sinx)* (1 +sinx)®
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: dy

2 o2 :
=msx{cns *+5in” x)+sin” xcosx + 2sinkcosx P [1"‘2}%'“?'2:&
i x

(1-sinx}2(1+sinx)? :

cﬂsx[1+5|n x+2sinx}  cosx. {1+5|nx]- COsX Concept Applied {@

- {1 sinx)?(1+sinx)? tl SIHIJZH'I-SII'EHF E1—5.iru[}2
Hence proved.

T8, We have, x = acostl + bsinf), y = a sinfl - bcosh

= Let y = f{x). then %#1:}. If f(x) is differentiable,

d(dy) .. dy ..
ﬂma{;}f () or SL=f(x)

E‘-t-=-a5inﬂ+ bcosa, ﬂl’_ =gcost+bsing
i] da

A _1‘-1'_1"] 82. We have,x=sintand y = sinpt
s dy acosB+bsing _ x ﬂ =¥ e i dy
dx  —asinB+bcosB -y gx2 (=y P Podx dy _ dy _ ﬂ praspt
P dt-msi‘anddt-pcﬂspt = dx-d_{- —y
= yz-—?-—-y+x :}1{2“—}: L 4y=0 b o ) dt
dx’ dx i Differentiating both sides w.r.t. x, we get
79. Herex=asec® ﬁ_-pzsinptmshpcusptsinfxd_t
Y cos’t dx

=5 di:a-i!secz @-secBtand = Jasec*@tanBandy=atan’@ |
» fr__ -pz sinptcost +pcospt sint

dy i =

=3 E= a-3tan’ B-sec’ @ : dx® cos  t
i d? sinptcost poosptsint

d_}'_d!".u"dﬂ_ﬂ-ﬂtanzﬂseciﬁ _fan8_ o i = ﬁ- o’ pt +£ pt

dx  dx/dB 3asecs Otand " sech i cos tr.hr cos’t
On differentiating wor.t. x, we get 2 Mot

‘ ik P o= -d—zr- ZF —dx = cnsztg—z-r-—- 1 +xﬂr~

d’y di cosf 1 i e T z="PY e
— =058 —=————=—cos" B-coth i x*  cos’ t cos™t dx
dx? dx  3gcec®otand 3o I

=4 |:1—5in2 t:l—: =—p21r+x;.—i:

n
Jo — =— - l—-— -—-—=—
Bz 30 4 4 (-J" ] 304 120 dy
4 i = (1- xzi—-nEﬂJ y=0
B0, We have, y = acos(logx) + bsin{logx) fios
. 83, Here,y =sin(sinx)

i - &

— Et:-asin{lugx]l+bm5{|ugx]u1- DH.:'FEI'El'tﬂEtI-I'IE both sides w.r.t. x, we get
dx x x ' :
_=asin{logx}+bcosllogx) E;:cos{smx]-msx
X Again. differentiating w.r.t. x both sides, we get
x[-ums{lugx]u}—bsin{lngx:l-%] H = -sin(sing) - cosx - cosx + (-sinx) cos(sink)
w d?y —{=asin{log x}+bcos{logx)) = = cos<x - sinfsinx) = sinx - cos{sinx)
e e ] i 2
* { Now, LH5. = E—;—+tanxr—+rcnszx
o’y xdy | dy by o dx dx
= X ;"Y'I = EE+NE+F- ¢ = - cos?x - sin(sinx) — sinx - cos(sinx)
+ tanxlcoss - coslsink)) + cos®x - sinlsink)
B1. We have, y = (sin"x)? i} ¢ = = sinx-cos{sinx) + sinx - cos(sinx)
= 1:,—vr=2{5ir|'1 x)x po =S,
dx 1-x? i B4, Givenx™" =[x+ y)jm+no
) i Taking log on both the sides, we get
=~ (E =M i logx™+ log v = (m + n)log (x + v)
dx [1-x") i = mlogx+nlogy=(m+n)log(x+y)
i ay [From (i)] : Differentiating w.r.t. x, we get
{ e N o i dy
dx 1—:{ DM — m+n]--— 1+—
p i) i x vy dx X+y e
ﬁ[:ﬁ] (1=x2 )=dy : - dr[n m+n)_m+n_m
Again, diHErEntiating (i) w.rt. x on both sides, we get y' Y KTY K
dy [ nx+ny=my=nay | mx-+ng—mx=my
d d E.— =
22 L) “"-"]2{ ~2x)=4 ""-"] P v P
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dy (nx—my | nx—my dy y Eand v: = a?sin?8 + b?cos?A - 2ab sinf cosh el 2)
dx(ﬁ“ﬂ x(x+y) dx x - Adding (1) and (2), we getx* +y*=o” + b*
Again, differentiating w.r.t. x, we get Differentiating w.r.t. x, we get
dy Fo ¥ x[{-}-v d2y 21+2F%=0 ==I+F:?—x=ﬂ ~A3)
B g T gl =0 d_x_=ﬂ Again, differentiating w.r t. x, we get
85. Giventhater{x+1)=1 NoR 1+de_r+(d_rjl=u
Differentiating (i) w.r.t. x, we get : dx? \dx
o i[x+1]+{x+1:lie"=i{1] - e”+{x+1}e"£=ﬂ Multiplying by v on both sides, we get
dx dx ax dx ! Ed?_r dl’ d
¥ —+(y ]7+r-ﬂ
= ET[1+{I+I];£]=U = [:+1}%=-1 dx’ dx Jdx
e
i 2dy _dy
i — —x—L4y=0 Fi 3
and ;ﬂ-_i BT Y IFeom
d.x zh- 1 : B9. Wehave,y= —gmin X
or [—r] ={ 7 {iii) | Differentiating w.r.t. x, we get
X+ i
i od =1
Again, differentiating (i) w.rt. x, we get | o= “[ ; — ]= JW 3 A1)
i 1-x 1-x
dy__ 1 _dy_(d — Y
T§={x+1}2 dx (-d—:JZ [From (iii)] i Again, differentiating w.r.t. x, we get
o2
B6. We have, y=x" =y = ¢ '8~ Fdly 1- dx'—\lf—xz'{ ~2x)
Differentiating w.r.t. x, we get : F 241
(1=s’ ]
d?—e"'"'f”(xxiﬂngx] 5
= Ly P = :1-x21"—“’=m[mv+ s [From (1))
= E=x"{1+|ngx}:&- E=y{1+lngx] A1) | dx* S
o ekt i Ay
i id
ﬂ-,gam.dlﬁerentlatingw.r_t_x,weget P = - xzj?-m[my+x mj:}]
d—§={1+lngxl-j—y+y:{1 d2y i d2y  dy
ahx 2 % * = f1-12]—2=m1]r+}:a = [1—:2}E-:a-mzr=ﬂ
—"-E[d’" [From (1)] :
J:ix2 dx _ 4‘-' i 90. Wehave,y= l{x+'u1+x P
¥ ¥ _ i Di rEnhatlngwrtx.ngt
zi_;. A e
dxi dx/! x i 2x
87. Wehaue.}rEst{Iﬂgﬂ+35in {logx) '"{”"'"‘I'_'Hrzr_i[i-'- —
Differentiating w.r.t. x, we get 29l+x
;ﬂ=-zsimlngx:xl+3cusuugx}x5 = ﬁ =nlx+\14x2 ! J"_:"]
e X X ! 1
. M RS e e (1) i -
. = 2sinllogx)+3cos(logx SAD Dy nboet +2)  ny (1)
Again, differentiating w.r.t. x, we get dx V1422 u'|1+x
dl._., dy . i — 1 i Again, differentiating w.rt. x, we get
+E-— cosﬂugx}x;- sin| Dgx}x; “I,_ d':f 2xy)
4 - dy dx _ 2*1
=5 a:z--E--Hﬂ:-[imsl:lugx]+35in|{|ngx}] [ —Z=n V12
dx?  dx iodx 1+x2
Idz!t" dy zd'z‘r’ dy 0 : = I:lixz}ﬂ-n[u"1+x L. AHERL.) 4 ]
e [,-?”E"" e E-H{d g dx* Viex®  Visea®
2
Carsuee T (4] L.
5 £ gt~ d’y H;: ’
dx ~x = |:1+;.r*-]|ﬂ._5=n?1.f-xE [From (1)]
X
B8. Given,x =acosi+ bsinf, y=asind - b cosb 42 dy
= x?=a%cos? + b?sin?0 + 2ab cosf sind 1) ;| = |:1+3rz:lﬂl—;_r—+:[E:ni‘;‘r
i %
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71. Giveny = Ae™ + Be™
Differentiating wort. x, we get

2
II:'—"”I=.'f|L-E:"“"‘-m+E’£'"“-n =4 d—v=m?AB"”‘ +n°Be™
dx d?
2

Mow, LH.5.=:T:-{m+n}jr—x+mnr
= mPAe™ + P Be™ ={m + n) (mAe™ + nBe™)+ mn{Ae™ + Be™)
=Ae™[m? - {m + n)m + mn] + Be™ [n* - {m +n)n + mn]
=fe™xJ+Be™x0=0=RHS5

2. Here x=alcost+tsint)

‘fﬁx=ﬂ[—5in‘l+1-Sin‘t+f[ﬂit]=ﬂi‘[ﬂ5f
and y=alsint - tcos t)
== %:a[mst-{i-::ﬂst—tsinﬂ]:u tsint
dy dy/dt atsint “
dx  dx/dt atcost _
dy o, dt  sec’t :
—_—= t-—= 1)} :
= i SeC T dx atcost [Using (1]
I i |
a tcos®t
2
dyl 11 4 5p_82
dx’li-X a X 3% ma ma
4

3. Here, x=a[m51+lagtan%}

e S
2 2

tan—

=5 ] =d| =sint+
dt - [
P

1)

: Now, lim fix)
H x—0

i . 1-cosdx . 2sin®2x . sin®2x
o= lim = lim = lim
Pox—0 gy =l gu? w0 47
=|im{5'”2"]2=1 (1)
i ox—0 2x
: Also, fl0) =k
: Hence k=1
: 1-:,:!5.]:: T,
i 2. (b):We have, f(x)= "5:”‘
it . =0
2 X
fix) is continuous at x = 0.
. = kat
. 1-coskx 1 _ 2sin” = 1
s lim - == = [im ]
a—0 xsinx 2 a0 3 SInX 2
X
2
: o 5""['2_} 1 1
T e | Gn 2
2 x
N ol |
: —=— =k=t1
= 5 2:1
i Butk<0 .. k=-1 (1)
i x
i —, x=0
3. (a):Wehave, fix)={ix]
i =1, x 20

x
i ﬂIJ=|—x- 1,x<0

-1, x=0

‘> fix)=-1¥xeR

cus% 1 1 i
=d| =sint+ . = a[—sint-l-‘—t) = fix) is continuous ¥ x & R as it is a constant function.
sin— 2cos?— il i (1)
2 2 x
Zsini[—]
- 2 2 =
g T ER) e © F 4. Wehave, lim 1005y 2
sint sint I =0 HSINX  x—0 Xsinx
. afkx
Also.y=asint= dj-:umst 25'"2("2"] k@
* o x K(E] 2
i i k
ﬂ=m=amst- 5'"2 =tant (EJI 2x1x— 2
dx dx/dt acos” t b o - = L £l [1%)
Again, differentiating w.r.t. x, we get lim 20X 1 2
d* dt c’t int Gl
——g~= = 5': = sm‘ i fix) is continuous at x = 0.
dx dx gcos“t/sint acos t : i
i limfix)=F{0)
« X = . x—
d%y N3 J3r2 a3 L gy
o = = = K i - ==
dx :=§ acc—sqg all/ 2y a =4 = = k*=1 = k=+1 (1/2)
= & 5. Wehave, yvV1-x® +xy1-y” =1 i)
CAS5 Sample Questions | Letsinx=Aandsiny=B.
1. (c):Given, the function fis continuous at x = 0. ThE“"f =_5|nAand ¥ =_5|nB
, ! From(i)sinBrosA+sindcosB=1
lim flx)=f{0). i -
x—=0 = sinfA+B)=1 (1)
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= A+B=sinll= %

- | . 1. K
= 5N " X+5in }"_-2-

T2
Differentiating w.r.t. x, we obtain gi:-\{_._._l =¥
dx 1-x"
6. Wehave, fix}=[x],0<x<2
RH.Dfat x = 1)= fim (LA _ g [+hI-{1]
h—0 h h
—tim =Y _q
h—=0 h
LHDat x = 1)=lim [A=M=F1)_ ;, [1-h1-T1]
h—0 =h h—0  =h
lim E lim ;
Thso =h  hwoh

Since, RHD. = LH.D.

Therefore flx) is not differentiable at x= 1.
7. lch:Wehave, € +e'=e"""

= eg¥+er=1

Differentiating w.r.t. x, we get

s IR dy s
T e et I T e
" € = = E
8. (d):We have, y = loglcos &%)
Diﬁerentiating both sides w.rt. x, we get

dyr -[=sine” )-e*

dx  cose”

dy

= —=—g"tane”
ax

9. Wehave,y ="+ (sink} = y=u+w,

where = &5 and v= (sinx)*
d].r du d'v

= W dx dx
Now, consider u = g5
Differentiating both sides with respect to x, we get

?:E”""i" [x-{2sinx cosx)+sin? x]
x
= prsin’s [x[sin2x) + sin®x]
Also, v = (sinx)
= logv = xlog{sinx)
Differentiating both sides with respect to x, we get

1dv 1
e = ) ¢ e - 005X +HOE(SIMX)
v dx sinx

= %ﬂsinx}"[nmtxﬂng[sinx}] ... (iii)

From (i), {ii) and (i), we get
&y
dx

(1)

i 11. (a):Wehave,y=5cosx - 3sinx

(1

=:-£=uta1&5eca andy=btanf :-;—t:bseczﬁ

(1)

(1)
i)

(1) :
(i

w2

=" X [ sin2x+sin? x]+(sinx)* [xcotx + log(sinx)](1/2)

¢ and v=sin""

= SIN¥=X

(|

10 (a): Let u=sin™ (2xy1-x) i)

x.i{xﬁi

V2
i)
From (i) and (ii), we get
u = sin~{2sin v cosv) = sin~Y{sin 2v)

= u=2v
i Differentiating with respect to v both sides, we get

du
E=2 (1)

= E"‘--!r-=-5-sin;tt-ﬂu:m.x
i dx

(1

2
= %:-5m5x+35hx=-}f (1)

12, [al:We have, x=asect

di

dy bsec’® b
=—cosech
" dx atanBsech o

H 2
a:—é-?bcﬂsecﬂmtﬁa
-:E-cusecl}:ntﬂ—- bc{:taﬁ
i atanBsecd g2
—Su'Sb
L = (1)
&
i 13. Wehave, y=btand = :"—E=hsec2a ()
and x=asech = %:us&cﬂtanﬂ .. (i)
dy dy/dd bsec’® b
Lo—= = == i] 1%
dx dx/dB asecBtand acﬂsec (9
: Differentiating both sides with respect to x, we get
ﬂ—iu:i:nsxf_-lrﬁrl:,[:utEI:ncﬁ
dx?
b 1 o
==—=cosech cotBx ———— [using (ii)] (1)
a asecBtant
b s
==—cot™ @
a*
d2y -b[ n]s Sh 3.J3b
S |2d B P e S S (1/2)
[dxz " a’ & a’ a’
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