Continuity and Differentiability

Multiple Choice Questions

Choose and write the correct option in the following questions.

)

The value of k (k < 0) for which the function f defined as

1-coskx
xsinx % #0
flo) = 1
7 , x=0
is continuous atx =0 is [CBSE Sainple Paper 2022 (Term-1)]
1 1
(@) £1 ®) -1 © 5 @ 5
e e ey -
If the function fdefined by f(x) = o iscontinuousat x = a5 then the value of
3, ifx= 2
kis [CBSE 2021-22 (65/2/4) (Term-1)]
(a) 2 ®) 3 (c) & ) -6
The function f{(x) = cot x is discontinuous on the set [NCERT Exemplar]
@ {x=nn:neZ ) x=2nn:neZ
© {x =@n+1)gine z} ) {x= Hne z}
The function f(x) = (xz;ll’ is discontinuous at [CBSE 2020 (65/2/2)]
x(x” -
(a) exactly one point (b) exactly two points
(c) exactly three points (d) no point
e&x o e—ix i "
The function flx) = 5 g , 18 continuous at x = 0 for the value of k, as

k, ,ifx=0
[CBSE 2021-22 (65/4/2) (Term-1)]

(a) 3 ® 5 (c) 2 ) 8
x
The point (s), at which the function f given by f(x) = [| x| x<0 g continuous, is/are
-1,x=0
[CBSE Sample Paper 2021-22 (Term-1)]
(@) xeR ) x=0 (c) x e R-1{0} (d) x=-1and1

3x+5 x=2

ke is a continuous function, is
¥

The value of k for which f(x)= [

[CBSE 2023 (65/1/1)]
11 4 11
@ -5 ® 15 © 11 @ 5
The function flx) = [x], where [x] denotes the greatest integer function, is continuous at
[CBSE 2022 (Term-1), 2023 (65/5/1)]
(@ 4 (b) -2 (c) 1 @) 15
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14.
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7.

18.

The function flx) = |x|is
(a) continuous and differentiable everywhere.

(b) continuous and differentiable nowhere.

[CBSE 2023 (65/4/1)]

(c) continuous everywhere, but differentiable everywhere except at x = 0.

(d) continuous everywhere, but differentiable nowhere.

The function flx) =x| x| is
(a) continuous and differentiable at x = 0.
(c) differentiable but not continuous at x = 0.

The function f(x) = ' is

[CBSE 2023 (65/2/1)]

(b) continuous but not differentiable at x = 0.
(d) neither differentiable nor continuous at x = 0.

[NCERT Exemplar]

(a) continuous everywhere but not differentiable at x = 0

(b) continuous and differentiable everywhere

(¢) not continuous atx =0

(d) none of these

The function f: R — R given by f(x) = -|x-1] is
(a) continuous as well as differentiable atx =1
(b) not continuous but differentiable at x = 1

(c) continuous but not differentiable at x = 1

(d) neither continuous nor differentiable at x = 1
x* for x<1

The function f(x) =L_x st ey B

(a) not differentiable atx =1

(c) not continuous atx =1

[CBSE 2020 (65/2/1)]

[CBSE 2021-22 (Term-1)]

(b) differentiable atx =1

(d) neither continuous nor differentiable at x = 1

2 x>0
The value of k for which function f(x)= {;x z< 0 is differentiable at x = 0 is
] [CBSE 2023 (65/3/2)]
@ 1 )2 (c) any real number (d) 0
If (* + y»? = xy, then % is [CBSE 2021-22 (65/2/4) (Term-1)]
+dx(x? +y* —dx(x?+4? —dx(x?+y? dy(?+y?)-x
 STEE ) peletry] L peflfvg) o dele )

ay(x+ %) -x x+4(x2+y?)

If sin y = x cos(a + y), then % is

y—4x(x?+47)

[CBSE 2021-22 (65/2/4) (Term-1)]

ay(x®+y?)-x

(@) #ﬁ;iy} ) #Tfy) © % @ _Sicniof;
Differential of log [log (log (x°)] wrt x, is [CBSE 2021-22 (65/2/4) (Term-1)]
O o oglog ] © SToglog)

4 .
9 g logiog) 9 Lo loglog )
If x = A cos 4t + B sin 4f, then % is equal to [CBSE 2023 (65/5/1)]
(a) x (b) —x (c) 16x (d)y - 16x



* d

19. If tan (u) =k, then = is equal to
x-y dx

i

x

= s socl (l)
@ — (b) (c) sec &
20. If y = sin"'x, then (1 - %°) y, is equal to

(@) xy (b) xy (€} xy,
21. If y = sin(m sin"x), then which of the following equations is true?

[CBSE 2023 (65/2/1)]

(d) —secz( y)

X

[CBSE Sample Paper 2023]

(d) 2

[CBSE 2021-22 (65/2/4) (Term-1)]

42 d 42 d

(a) (T—xz)dfxg+x%+mzy=0 (b) (1—x2)ﬁfx%+m2y=0
d* d a2 d

© (1+x2)T§—x%—m2y=0 ) (1+.1'2)Txg+xa—m2x=0

2

d
22. Ify=¢", then

P is equal to
x

(@) -y By () x

d
23. Ify? (2-x) = then (—y) is equal to
dx (1,1)

(a) 2 (b) -2 (c) 3
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I cos ¥ — sin x dy
| 2. Ify= """ then o s
: @ -se(G-x) @ se(]-x) © log
|
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SEC(%* x)

25. Differential coefficient of sec (tan™"x) w.r.t. x is

x
1+2°

(@) ®) (© x/1+2

V1+x
5 % dy .
26. Ify=sin (+%), then Sy 18 equal to
(a) 2sinx®cos (b) 327 sin 2° cos ¥* (c) 62 sin x* cos x°

Answers
1. (b) 2. (0) 3. (a) 4. (0) 5. (d)
8. (d) 9. (0) 10. (a) 11. (a) 12. (¢)
15. (¢) 16. () 17. (a) 18. (d) 19. (b)
22, (b) 23. (a) 24. (a) 25. (a) 26. (c)

Solutions of Selected Multiple Choice Questions

P

r=0 xsinx 2 x=—0

= .2 kx
i lim(ﬂ)zl = lim(zs‘*’f 2 )=
xXsinx

KV Skax x 1
= EI_,mBZ(?) e (s'mx)=5

2
= k'=1= k=+1but k<0 = k=-1
.. Option (b) is correct.

[CBSE 2022 (Term-1)]
(d) —x
[CBSE 2022 (Term-1)]
3
@ -5
[CBSE 2023 (65/3/2)]

(3
sec 4 -X

[NCERT Exemplar]

(d) —log|

W ==

[CBSE 2023 (65/4/1)]
(d) 2 sin? (%)

6. (1) 7. (d)
13. (1) 14. (d)
20. (a) 21. (b)



2. Given f{x) is continuous at x = %
3 -
tim f(x)= (%)
r~7
lim fx) = & kcosx
im fi)= lim (375 )
=3 I-5
= lim —ksinx _ lim ksinx
i S
z z
s K E
=gsing =3y
T
13)=3
: = fd L
= lim fo=f%)
= %:3:> k=6

. Option (c) is correct.

3. We know that, f{x) = cotx is continuous in R - {nn: n € Z}.
cosx
sinx

Since, fx)y=cotx= [since, sin x = 0 at {nm, n € Z}]
Hence, f(x) = cot x is discontinuous on the set {x =nn:n € Z}.
. Option (a) is correct.
4, We have,
x-1
¥) =
fe x (=)

fix) is discontinuous when x(-1)=0.
= x=0px==%1

fix) is discontinuous at x =0, -1, 1.
ie., exactly at three points.
. Option (c) is correct.
5. Given function is continuous at x = 0.
PI% flx)= f(0)
3x _ ,~5%

tim fl)=lim (=€ )

=0

. Option (d) is correct.
x
6. Given, f(x)=1-x <k, %l
-1, x=20

= flx)=-1v¥xeR
= f(x)is continuous ¥ x R as it is a constant function.

.. Option (a) is correct.



7.

10.

& e ) 3x+5 , x22
x)=

iven function, fi o ) iy

Atx=2

LHL = lim f(2- k)=lim k(2 - hY =k(2-0F =4k

RHL:1irréf(2+h)=}Tina3(2+h)+5=3(2+0)+5:11

andf(2)=3x2+5=11
Since f(x) is continuous atx = 2
LHL =RHL = f(2)

= 4k =11
11
k=

. Option (d) is correct.
We have f(x) = [x]

Atx=15

LHL = lim flx)= lim [x]=1
115 x=15

RHL = lim flx)= lim [x]=1
x=15" x=-15%

f1.5) =[15] =1
Hence, LHL = RHL = f(L5)
= f(x)is continuous at x = 1.5.
. Option (d) is correct.
Given function f{x) = |x].
On plotting the curve f(x) = | x|, we have

form the graph of f{x) = | x|, it is clear that |x| is continuous
everywhere, but differentiable everywhere except x = 0.

. Option (c) is correct.

Given function,

2
x5, xz20
xy=xlx|={""
f( & {—xz,x<0
Atx=0
LHL = lim -x*=-0%=0
x=-0
RHL = lim ¥*=0%=0
x—0"
fio)=0
s flx) is continuous at x = 0.
d
Now, LHD =T(—x2) =-2%|g=-2x0=0
= e =0
d
RHD :d—(xz) =2x|,0g=2x0=0
X x=0
= LHD =RHDatx=0

= Itis continuous and differentiable at x = 0.

Option (a) is correct.




12. We have,
=1, i x=1
f(x)__lx_ll_{—(xfl), if x>1
Atx=1
LHL = }E% f(l—h)=;171‘1:ré {(1-h)-1}=0
RHL =1 1+h)=lim-(1+h-1)=0
T, F1 -0 = Hon = )
fl)y=1-1=0
~» LHL=RHL=f{0) = f(x)is continuous everywhere.
Now,atx=1

d d
LHD—E(x—l)L:l—I; RHD = -H-D)|  =-1

= LHD = RHD
Hence, f(x)is not differentiable atx = 1.
. Option (¢) is correct.

S ¥® for x<1
13. Given function flx)= 2o x for x31 Atx=1
o 2 =
e LHL = lim x =(17=1
dx? RHL=lim 2—x=2-1=1
LHD = =Zheim2x1=2 ot
x=! A)=2-1=1
d2-x = =
— o BRI . LHL =RHL = f(1)
dx e . f{x) is continuous.

Here, LHD % RHD
. fix) is not differentiable at x = 1.
. Option (a) is correct.

12, J:ZO

14. Given function, f(x)= ! PEp— differentiable at x = 0
Atx=0
RHD = lim f(x)=lim 2x=2X0=0
x=0" x=0"
LHD = lim f'(x)= lim k=k
x—=07 x—07

Since f(x) is differentiable of x = 0.
= LHD=RHI} = k=0
Option (d) is correct.
15. = (P +y)=xy
Differentiating wrt x, we get

d d
2(x2+y2)(2x+2y a‘i)=xﬁ+y
d; ]
= 4I(xz+y2)+4y{x2+yz)—d£ ;%3 ty

= {ay(«?+ yz)—x}%ﬂf ~dx(x?+y?)



dy _y- ax(x2+42)
dx  gy(P+y?)-x

.. Option () is correct.

=5

16. ' siny=xcos(a+y)

siny siny
= . o 5—X = o G o
cos(a+y) cos(a+y)
dx _ cos(a+y)cosy~siny x[-sin (a+y)] _ cos(a+y)cosy +sin(a+y)siny
dy cos?(a+1y) cos(a+y)
_cosla+y-y) __ cosa

"~ cos’(aty)  cosP(aty)
. Option (a) is correct.

17. Lety = log [log (log =]
By using chain rule, we have

d d =
%=Elog[log(logx )]
1 1 Lol 5

T e
log(logx®)  log(x°) ~ #° xlog(x°)log(logx®)
. Option (a) is correct.
18. x=A cos 4t + B sin 4t
dx .
ar =—4A sin 4f + 4B cos 4t
2
% =-16A cos 4t - 168 sin 4t
=-16 (A cos 4t + B sin 41) = -16x
. Option (d) is correct.
19. Given, tan(; t ¥ ): k
+
LA =tan"'k
-y
Differentiate both sides w.r.t. x, we have
d(x+y) d(x~y)
G-n g -G T
5
(x-y)
ﬂ) ﬂ)_
= (x y)(1+dx.7(x+y)(l—dx =0
dy dy
= ey ela-y) -t y) +(xty)o =0
dy _ dy _
= dx(x—y+x+y)—2y =>2xdx—2y
dy _y
= dx ~ x
. Option (b) is correct.
20. y=sin'x
d; / d|
. R SN .

dx  Jf1-x2 " dx



Again, differentiating both sides with respect to x, we get

s dy dy - a
v’l—x2%+l.,7 - = (l—xz)%mryl
dx? dx 21-x2 dx
= (-Fw=xy
Option (a) is correct.
21. Given y = sin(m sin' x)
dy —_— m m cos(m sin™x)
—- =cos(msin™ x)x — -=
dx ( ) V1= x2 Y1- xz
a2y Vl=xtx = [sin (m sin™ x)] x m_2 — cos(m sin”'x) x ——— ()
. S V1-x 2y1-x
dx? 7 32
(V1-#%)
3. o xmcos(msin'x)
—msin(msin™ x)+ ——————
_ Vy1—-x
1
&y dy
2 c e P L d
= [A—a?) PR m*sin(msinx) +x Fa
&y dy sy dy
= (l—xZ)F=—m2y+xa = (1-2? E—xaﬁ-mzymo
. Option (b) is correct.
dy dzy dzy
=X = — =pF _ =
22, Wehave, y=¢* = ir € = 0 e = P v
. Option (b) is correct.
3
23, Given, yZ(Z -0)=7 = y2 = 2}; p
Taking log on both sides, we have
2logy=3logx-log(2-x)
Differentiating w.r.t. x, we get
14y i 0 3o
LI Ny gy
2 Vix Tx 2—xx( ) x T2
dy _y(3 . 1 dy s .
b s ., M gp@, 1y
dx 2\* 2-x & oy 201 2-1
. Option (a) is correct.
- si 1-t
o, ‘Gitin, Y= cosx s%nx s anx
cosx +sinx 1+tanx

(Dividing numerator and denominator by cos x)
=¥ y:tan(E—x) = d—y=—secz(£—x]
4 dx 4
. Option (a) is correct.
26. Given,y = sinz(x:‘)
dy _d sin? (%)
dx dx
=2 sin(x?) x cos(x?) x 3x% = 6x7 sin(x%) . cos(x?)

. Option (c) is correct.



Assertion-Reason Questions

The following questions consist of two statements—Assertion(A) and Reason(R). Answer these
questions selecting the appropriate option given below:

r
(a) Both A and R are true and R is the correct explanation for A.
l (b) Both A and R are true but R is not the correct explanation for A.
I (¢ A is true but R is false.
I () A is false but R is true.
1. Assertion (A): Iff(x).g(x) is continuous at x = 4. then f{x) and g(x) are separately continuous at x = a.
I Reason (R) : Any function f(x) is said to be continuous at x =g, if ;I:imo fla+h)=fla).
l 2. Assertion (A): If flx) and g(x) are two continuous functions such that f{0) = 3, g(0) = 2, then
J lim { f() + g (1)} = 5.
I Reason (R) : Iff(x) and g(x) are two continuous functions at x = a then
| lim {f(x) +g(x)} = lim f(x) + lim g (x).
l 3. Assertion (A): |sinx| is a continuous function.
Reason (R) : If f{x) and g(x) both are continuous functions, then gof(x) is also a continuous
I function. P
I 4. Assertion (A): Ify=sinzx, then d—g:—l atx=0.
X
d d d
I Reason (R) : Ify=f(x).g(x), then % = f(x). 8@ +g(x)Ef(x).
I 5. Assertion (A): Iff{x) =sinx +cos'x + 2 then f'(1)=0.

Reason (R) : %sinx=cosx

; - dy _ 2
6. Assertion (A): If y=sin 1ﬁ,then T Ta
R PR T D N S O
eason : Sm 1+12 = an ~x an dx an x = 1 +x2
d
7. Assertion (A): Ify=(sinx+cos x)%, then (%) ol
atx:z
dy _ d (dy
Reason (R) : E = E(E]
Answers
1. (d) 2. (@) 3. (a) 4. (b) 5. (b) 6. (a) 7. (b)
Solutions of Assertion-Reason Questions
5] 220
1. Letfix)=x, g(x) =signum(x)={ x * , then G(x) = flx) g(x) = |x|.
0,ifx=0

Which is continuous at x = 0.



But g(x) = signum x is not continuous at x = 0.
So A is false but R is true.
Option (d) is correct.
2. lim{f(x)*+g()} =f0) +g(0) =3 +2=5
e
So A as well as R is true and R gives correct explanation of statement A.
Option (a) is correct.
3. Wehave f(x) =sinxand g(x) =|x|
80f (x) = g(f(x)) = g(sin x) = |sinx|
Here, sin x and | x| both are continuous functions.
| sin x| is also continuous function.

Clearly, both Assertion (A) and Reason (R) are true and Reason (R) is the correct explanation of
Assertion (A).

Option (a) is correct.
2

4. Wehave, y =sinx = d_y= cosx = . —sinx
) 4 dx dx?
2
E= —cosx=-1,atx=0
Clearly, both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation
of Assertion (A).
Option (b) is correct.
5. We have, flx) =sinx + cosx +2
n
= flx) = %+ 2 o sinTx+cosix = o

fx) =0 = fra=0
Clearly, both Assertion (A) and Reason (R) are true but Reason (R) is not the correct explanation
of Assertion (A).
Option (b) is correct.

6. y=sin" IEXT =2tanx
dy _ d Al -1
S EQ tan”'x) = ZE{tan x)
dy 2
¥ 1+x°

S0 A is true statement.
Also R is a correct statement and gives the correct explanation of A.
Option (a) is correct.

o= y:(smx+cosx)2
d 2
= % = 2(sinx + cos x)(cos x — sinx) = 2(cos?x — sin’x)
dy _( PR S ¢ I, A
:(dx)ng—Zcos g =S 4)_2(2—2)—0

S0 A is a correct statement.
Also statement R is correct, but does not give the correct explanation of the statement A.
Option (b) is correct.



Case-based/Data-based Questions

1. Read the following passage and answer the following questions. [CBSE 2023 (65/4/1)]
Let f{x) be a real valued function. Then its
fla—h)— fla)

-h

fla+h)- fla)
h

Left Hand Derivative (LHD) : Lf '(a) = %ir%

Right Hand Derivative (RHD) : Rf'(a) = }‘irré

Also, a function f(x) is said to be differentiable at x = a if its LHD and RHD at x = a exist and both

are equal.

|x-3] g
For the function f(x) =x> 3x 13

i 2 + 4,1’<1

(i) What is RHD of f(x) atx=1?
(i) What is LHD of flx) atx =17
(iii) (a) Check if the function f(x) is differentiable at x = 1.

OR
(iii) (b) Find f'(2) and f'(-1).
]
Sol. (i) RHD:IimM
=0 h
- . |1+h-3]-1-2]
BO= g,
|-2+h]|-2

= Rf(=lm—p

g S22 2-h-2
i h = h
.
= ==
(1-h? 30-h) 13 [1-3]
1-h)- fil T I
(ii)LHD:limﬂ I, g A 2 4
h=0 -h h=0 —-h
(A-h? 3 3h 13
pms 4 2732 a~
Lf(l)—}rlf"; T
; . (1+K*-2n)-6+6n+13-8 _ K’+4dh
= ek —4h g
e fi Pt . h+d 0+4
TR TR

(iif) (a) For the given function, we haveatx =1

and,
=

LHD = Lf'(1) = -1

RHD = Rf'(1) =-1
LHD=RHDatx=1

f(x) is differentiable atx = 1.



OR
(iif) (b) We have, flx)= |x-3| forx=2
=4 flx)=-(x-3)=-x+3
=  flx)=-1
= f@=-1
¥’ 3x 13
and, f(x):?—7+? forx=-1
’ 2x 3 _=x 3
= g5t
-1 3 -4
= Telsg-ghg -t
= flen=-2
2. Read the following passage and answer the following questions. [CBSE 2023 (65/1/1)]

The equation of the path traced by a roller-coaster is given by the polynomial f(x) = a(x + 9)
(x + 1) (x = 3). If the roller-coaster crosses y-axis at a point (0, -1), answer the following:

(i) Find the value of ‘a’.
(if) Find f*(x) atz=1.
Sol. (i) Given polynomial f(x) = a(x + 9)(x + 1)(x - 3).
Since polynomial f(x) crosses y-axis at (0, -1).
. =1=a(0+9)(0+1)(0-3)
1

= -1=ax(-27) Sa=5s

(i) We have,
fix)=alx+9(x+1) (x-3)

= f(x)=2}*7(x3+7x2—21x727)
= f’(x)=21—7(3x2+ 14x - 21)
= f'(x):zl—7(61+ 14)
= f'(x)=%(3x+ 7)

20

1y e 2 -2
fr)=(3+7 =22



CONCEPTUAL QUESTIONS

£

Sol. lim
¥

Sol.

Sol.

-9

If the function f defined as f(x)={ x-3" el is continuous at x = 3, find the value of k.
&k x=3
[CBSE 2020 (65/5/1)]
2
=9
3x_3—6, k=6 i

[CBSE Marking Scheme 2020 (65/5/1)]

Detailed Solution:
o It is given that f(x) is continuous at x = 3.

lim £(x) =£(3)

s lim x2_9=k 2y lmw=
x=3 x=3 =3 (x=3)
= iins(x+3)=k = 3+3=k = k=6
. Sx+ cosx, ifx#0
For what value of ‘X" is the function f(x)=1 3x . continuous at x = 0?
ifx=0
[CBSE (F) 2017]
lim f(x)=lim f(0 + h)
x=0* h—0
" .__(sin5h
= lim f(h)= }m( S+ cos h)
: SInSE B 5
=;lf_{ré5—hx§+;l£r'l]cosh=]x§+l [~ k= 0=5k—>0]
. _8
= lim f(x)= 3
x=0"
Also, f(0)=k
Since, f (x) is continuous at x = 0.
- lim f(x)= f(0) = 2=k
r—0"
L Y
Determine value of the constant ‘k’ so that the function flx) = |x|”’ *<Y is continuous
3, ifx=0
atx =0. [CBSE Delhi 2017]

v f(x) is continuous atx = 0.

= limf(x) = lim f(x) = £(0)
x =0 x=0"

Now, lll_ﬂ;f (@) =1lim f(0~h)

. . k(=h) . —kh
= lmf( h) = im——2 =] =k
PER-N e Sh

Also, f(0)=3
lim f(x) = f(0) = ~-k=3 =  k=-3
=07



Sol.

Sol.

Sol.

10.

Sol.

Sol.

Sol.

Sol.

Differentiate sec” (x”) with respect to 1. [CBSE 2020 (65/2/1)]

Letx’ = u, differentiating sec’u w.r.t u, putting u = b , we get

2sec” 2 tan x° 1
[CBSE Marking Scheme 2020 (65/2/1)]

i
Ify=fix") and f'(x) =e’", then find % [CBSE 2020 (65/2/1)]
y _ o,
il P
— Dt L
[CBSE Marking Scheme 2020 (65/2/1)]
Differentiate sin®(y/x) with respect to x. [CBSE 2020 (65/3/1)]
sin(2+x) siny'x cosv'x
2J%) or = it
rE i [CBSE Marking Scheme 2020 (65/3/1)]
; d
If y=2ysec (ek) then find d_g [CBSE 2019 (65/5/3)]

Given, y = 2\ffsec (22’)
a‘_y z i / 20 ) — ; 2r. 27, 2x
;S (2vsec(e®)) = 2x e xsec(e™) tan(e™) x 2e
= 2y/sec(e™) tan (¢¥) . e = 267 / sec(¢™) tan (%)

; d
If y = cosec (cot v x ) then find d—z [CBSE 2019 (65/4/2)]

Given, y = cosec(coty'x)

d d
% = E{cosec(cot\:’x))
r ; i 1
= —cosec(cot v x) cot(coty x) x (—cosecz(,,-’x)x = )
\ ¥
- cosec(cot\f’;)cot (cot v"':;) x cosec” (v‘?ﬁ)
Zv"lx.
Find the derivative of log,, x with respect to x. [NCERT Exemplar]

Let y=logyx=Ilogye.log,x

dy o i - log, e . 1 _
dx 9Bt * T T 1 T dx OB Ty
7x -7x d'y
If y = 5¢"* + 6e~"*, show that d_2 =49y. [CBSE 2019 (65/5/1)]
x

Given, y =5 +6¢""

d

= dl=3587x—42£’_h
X

= dz—y7245 %+ 004,7% = 49 (507 + 6e7) = 49
P £ = 49( e") =49



Sol.

Sol.

Sol.

10.

Sol.

Sol.

Sol.

Sol.

Differentiate sec” (x”) with respect to 1. [CBSE 2020 (65/2/1)]

Letx’ = u, differentiating sec’u w.r.t u, putting u = b , we get

2sec” 2 tan x° 1
[CBSE Marking Scheme 2020 (65/2/1)]

i
Ify=fix") and f'(x) =e’", then find % [CBSE 2020 (65/2/1)]
y _ o,
il P
— Dt L
[CBSE Marking Scheme 2020 (65/2/1)]
Differentiate sin®(y/x) with respect to x. [CBSE 2020 (65/3/1)]
sin(2+x) siny'x cosv'x
2J%) or = it
rE i [CBSE Marking Scheme 2020 (65/3/1)]
; d
If y=2ysec (ek) then find d_g [CBSE 2019 (65/5/3)]

Given, y = 2\ffsec (22’)
a‘_y z i / 20 ) — ; 2r. 27, 2x
;S (2vsec(e®)) = 2x e xsec(e™) tan(e™) x 2e
= 2y/sec(e™) tan (¢¥) . e = 267 / sec(¢™) tan (%)

; d
If y = cosec (cot v x ) then find d—z [CBSE 2019 (65/4/2)]

Given, y = cosec(coty'x)

d d
% = E{cosec(cot\:’x))
r ; i 1
= —cosec(cot v x) cot(coty x) x (—cosecz(,,-’x)x = )
\ ¥
- cosec(cot\f’;)cot (cot v"':;) x cosec” (v‘?ﬁ)
Zv"lx.
Find the derivative of log,, x with respect to x. [NCERT Exemplar]

Let y=logyx=Ilogye.log,x

dy o i - log, e . 1 _
dx 9Bt * T T 1 T dx OB Ty
7x -7x d'y
If y = 5¢"* + 6e~"*, show that d_2 =49y. [CBSE 2019 (65/5/1)]
x

Given, y =5 +6¢""

d

= dl=3587x—42£’_h
X

= dz—y7245 %+ 004,7% = 49 (507 + 6e7) = 49
P £ = 49( e") =49



dy

11. If y = log (cos ¢") then find o

Sol. Given, y=log (cos¢")

= B st
o= 3. 110g{C0s € = X {—sinle KL=
dx  dx "8 cos(e?) cos(e)

ay _ .
o tan(e®)

sin®Ax ¢ x#0

1. Find the values(s) of ‘A, if the function f(x) =§ ,2
1 "ifx=0
o
sin“Ax |
Sol. -~ f(x): 1’2 ,lfI #0
1 Lifx=0
) TR
. _osin*Ax  sinfAx _,
x)= =
Mmoo T e T
sin(A 1)\
(—?f ) a2 =102 =22
x x

and fl0)=1

fis continuous at x =0 if lirré fix)=f0).
e

= =1 = A==l

ax+b ; 0<x=1

2. If f(x) ={2x2

aandb.

-x ; lgx<2

Sol. Gi P < (x)= ax+bh ; 0<x =1
ol. Given function, f(x)= o
atx=1

LHD =limf(x)=a

x=1"

RHD =lim f'(x)=lim 4x-1=4x1-1=3
-1 x=1*

Since f(x) is differentiable in (0, 2).

. LHD=RHDatx=1

= a=3

As fis differentiable in (0, 2) so is continuous.

Meg=rt, THE= lin: ey= linll (ax+b)=a+b

=17 =1

RHL = lim f(x)= lim (sz—x) =2-1=1
x=1" =17

= LHL = RHL

r
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 1,
| =
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

—e'sin(e”)

is differentiable in (0, 2).

[CBSE 2019 (65/4/1)]

e“tan (e%)

Very Short Answer Questions

is continuous at x = 0.

[CBSE 2023 (65/5/1)]

is a differentiable function in (0, 2) then find the values of

[CBSE 2023 (65/2/1)]



3.
Sol.

Sol.

Sol.

= a+b=1 =3+b=1 = b=-2

a=3,b=-2
- 2 dy 3§
If y=(x+/x*=1), then show that (x*-1) (E) =4y, [CBSE 2023 (65/1/1)]
We have, ;
i

y=(x+Vx*-1)
Differentiating w.r.t. x, we have

dy s U 1

— = +./ 52 1+ —F—%2%

ix 2(x Vv l) x( 271

dy _2(x+ 1) x(x 4y 1) _2(x+/F-1)
oy -1 -1

dy_

dx /¥ -1

=

Squaring both sides, we have

dy\_ 4y Y LA
= (E) ey =l ‘”(3) =4
d
If (* + y»)* = xy then find Ey‘ [CBSE 2023 (65/4/1)]
Given,
@ +y") =2y

Differentiating w.r.t x, we get

dy

d
2(x2+y2) x IZx+2y£] =X

Fyel

=% 4x(x2+y2)+4y(x2+y2)%=x%+y

= {4y(x2+yz)—x}%:y—4x(:rz+y2)

dy _y-4x(x*+y?)
dr - ay(x®+y?)-x

2ifx21
If fl) = {" ‘¢ - 1»then show that fis not differentiable at x = 1. [CBSE 2023 (65/5/1)]
X,
)
s ikx =]
: f(x)_{x,ifx<1
Atx=1
1-h) - f(1) 1-h)-1?
D =l ALl al [~ 1-h<1]
h=0 -h h—0 —h
N
-
=1
h=0 h
1+hy -12
=lim¢ [1+h>1]
h=0 h



Sol.

Sol.

Sol.

1+2h+h?-1 _ h(2+h)
= lim = lim
h-0 h h—0 h
= lim(2+h)=2+0=2
h-0

AsLHD=#RHDatx=1

= fis not differentiable atx = 1.
2
x .. dy
If y=x ,then find T atx=1. [CBSE 2023 (65/3/2)]

Given, y = x%
Taking log on both sides, we have

1
logy = % logx = %

Differentiate w.r.t x, we have

1dy _ ™ —logxxl _1-logx

y dx x% x?

dy _ y(1-logx) _ x%(l—logx)

45 =2 32

(ﬂ) _1(I—log1)_1—0_1

L — 1 =g
d
If x = a sin 2¢, y = alcos 2f + log tan £), then find % . [CBSE 2023 (65/3/2)]
p . dx
Given x = a sin 2t = G =acos2tx2
dx
= = 2a cos 2t

and, y =4 (cos 2t + log tan t)

Y _ o 2sinae+_L x 21] (2 St ]
= ar - “(_ M mnt e 4 St g

dy (l—sinZZt) 2acos?2t
= — =2a . = =

dt sin2f sin 2t

dy 2a cos?2t
dy __sin2t  _cos2t_ .,
d/ 2acos2t  sin2t
dzy
If x=at’,y = 2at, then find — FrL [CBSE 2020 (65/1/1)]
Given, x=af’® = d_x = 2at
dt
dy

Also, y=2at = E=2a

dy _dy/dt 24 _1

dx dx/a't 2at ¢




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

ay d(dy) a’(l):L dt
2

dx?  dx dx Ty o
N ST S S
T mt g8
dy 1
dx” 2at®
: - 2)
9. If f(x)=+'tany'x, then find f(’lf—&) [CBSE 2020 (65/1/3)]
Sol. Given, x =at* = E = 2at
Also, y=2at=>%=2a
d_y _dy/dt 2a 1
dx " dx/dt T 2at "t
Again differentiating w.r.t. x, we get
dzy (a’y) (1 e i
A dx\dx) dx ) 7 *dx
P 2at
dy_ 1
de* 2
a2
= i i D T WRE INCERT Exemplar]
10. If y = (cosx) » then show that - ylogcosx—1° xemplar

¥ = (cosx){s) e

Sol. We have,
=5 ¥ ={(cos x¥
log y = log (cos x)¥ =
On differentiating w.r.t. x, we get

1 dy
e

dy[1

= dx|y
dy _ ~y?tanx

x ~ (1-ylog cosx)

d
=y ;x log cosx +log cosx - dy

- ysinx
CosXx

—log cosx =-ytanx

_ yztanx

~ ylog cosx—1
'y

11. Ifx=acos B; y=bsin O, then find ?

de ., Ay dy
Sol. 5 = -asin, 5 =becos = o
d -1 -b

dﬁ; *coseczﬁ(as-me)= aTcosecz'G

—gcotﬂ

1dy__v

log y =ylog cos x

d
icosx +log cosx-%

y dx  cosx dx

[CBSE 2020 (65/5/1)]

i |

[CBSE Marking Scheme 2020 (65/5/1)]



Detailed Solution:
We have,

x=acosh = %=—asin9

dy
and y=bsing = E;bcosﬁ

ﬂ:d_b’ dx _ beosb =—£cot8
dx db/ df —asinf B

Again differentiating w.r.t x, we have

Py d(dy\_ b4 b 2o dB
§=E(E);_EE(CNE) =—EX(—COSEC G)E
b 1
R e cosec?f) % (— e )

d2

d—:;= —:%cosecsﬂ
2 (dy\ [dy\

12. If y=+ax+b, prove that y(—z) + (—) =0. [CBSE 2023 (65/2/1)]
: dy dx

Sol. Given, y=yax+b =1’ =(ax+b)
Differentiate w.r.t x, we have
2yy' =a = yy'= %
Again differentiate w.r.t x, we have
wHyYy=0 = yy'+(y')2=0

dy (dy

= yE-'-(E) =0
Short Answer Questions

Continuity and Differentiability

1. Find the values of p and g, for which [CBSE Delhi 2016]
1-sin’y _ b
i ifxr<—
3cos’x E 2
T 01
fe) = P , ifx= Y is continuous at x = -
1-sinx] b
53(72) i b
[~ E
1-sin’y n
> 1
3cos’x 2
Sol. Wehave, f(x)= P if x= % is continuous at x = %
g(l1-sinx) 7
5 s o
(m—2x) 2



+

Now, hm f(x)—hmf Lefx— +hx—

)
{1 sm(—+h)} =B g{l-cosh}  gq(l1-cosh)

= lim < im 5
h=0 (ﬁ+h)] h—O [m-m—2h)2 T k=0 4h
" -2 3
qZSmZ% q.sng sin 1 7
i T g - 252 S " B
2
Again ]unif(x)—lmf( ) [Le‘tl’:%—h’x—'%=’h—'ﬂ
-
3'3
) h=sin (Z_h) . 1-eos’h .. (1-cosh)(1+cosh+cos’h)
=lim ! — = lim = = lim 2
h=0 ST k-0 3sin"h h—0 3sin“h
3cos E_h)
el
hm 7. xlim (1+ cos It + cos’h)
-0 3sin“h k-0
h
2sin® 2k
2 —
= lim— 22 x(1+1+1)=lim[ e 2]
h-0 3sin‘h k—0) Sit'lzh
Dividing N" and D" by i, we get
s.mzi sinﬁ
SJ:.12E 2 2 lim—2
a2 E i b
e aPE 4 F B ]«
k=0 sin’h k-0 sin’h Z(Iin_lsmh)2 2
W > h=0
T
Also f(E)=p
fix) is continuous at x =% : = l'u'n+f(x) = lim f(x) =f(§)
h-'.[T h-%
g _1 1
= §=E=p = p=iandq=4

2. Show that the function flx) = 2x — | x| is continuous but not differentiable at x = 0. [CBSE (F) 2013]
Sol. Heref(x)=2x- |x|

For continuity atx =0

1in;f(x) = ;];ilnof(ﬂ-bh) = ;l,ilnuf(h) j_i_r,;ﬂx} = ;l,ji:%ﬂo ~h) =;],'i{%f(_ 1)
= lim{2h | | }=lim (2h - k) =hm{2(-h)~| = | } = lim{~ 2 - i}
= limh = lim(-3h)

k-0

=0 ) =0 ...(i)



%
: =1im £ T =T S
Now, 111'[7;1+ f(x)—}l:_l:laf(2+h) Letx 2+h,x 3 =h-0
G
e m(£+h)
dkaaa e q{1-cos h} q(1-cosh)
=lim -~ = lim ~ = lim =
h=0 e h=0{m—-m—2h})~ h=0 4h
rr—Z(—Hz)
2 )
2sin’ 2 sin® = sin+-
—limq 2 - 1mq- lim e ><l=i
T h-o  4i? h-o  2K2 e h 8 8
2
s T =i L = T o
Again hr;j(x)_},lﬂf(2 h) Letx 3 h, x 3 =h-0
g
I—sina(ﬂ—h) 2
. 2 1-cos®h _ .. (1-cosh)(l+cosh+cosh)
= lim =1li =lim
k=0 TS k=0 3sin®h k-0 3sin’h
3cos 5—}1)
2sin’
=lim——=xlim (1 + cos h + cos™h)
h=0 3sin“h k-0
.ah
2sin” 5 Zs,irl2£
=lim—— - x(1+1+1)=lim =
h-0 3sin“h [ il
Dividing N" and D" by I, we get
11'12£ irlﬁ
2 h SRS -
sin” 2 Lim
2 2 J"IZX b B
TR F L 1
=lim——= IR =
k-0 sin"h k-0 sin"h ( smh)
K’ K =0 h
n -
Also f 2=
fix) is continuous at x = % : = lim f(x) = lim f(x)=f (%)
h-T =T
q9_1 1
= §=E=p = p=Eandq=4

2. Show that the function f(x) = 2x — | x|is continuous but not differentiable at x = 0. [CBSE (F) 2013]
Sol. Here fix) = 2x - | x|

For continuity atx =0

111} f(x) = Lim f(0 + k) = lim f(h) Xli_n;f(x) = lim (0 ~ 1) = Lim f(~ h)
= lim{2h | h |} = lim (2~ 1) =lim{2(-h)-| -k | } = lim{- 2k - h}
= }.il"éh = E‘% (~3h)
=0 i) =0 (i)



Also, fl0)=2x0-]0| =0 -.(iii)
(1), (fi)and (i) = lim f(x) = lim f(x) = f(0)

x=-0" x=0”
Hence, f{x) is continuous at x = 0.

For differentiability atx =0
f(O h) - f(0) i f=h) - f0)

LHD h-o —h =0 -h
M- -h|)-2%0-|0[} _ _2h-h-0
=1 = lim
k-0 -h h=0 —-h
. =3h
-l y —}llmS und
LHD =3 {iv)
0+h)- f(0
Again RHD = li.mM
h-0 h
g SOFO - |h|-2X0-0] _ ohh_ .k
i h b h iy h P
= liml=1
h=0
RHD =1 (@)

From (iv) and (v), we get
LHD = RHD i.e., function f{x) = 2x - |x| is not differentiable at x = 0.
Hence, f{x) is continuous but not differentiable at x = 0.
3. Find the value of ‘k’ for which the function f defined as

ksmz (x+1), x<0

f&) =1 tanx—sinx is continuous at x = 0. [CBSE Delhi 2011; (South) 2016]
#’ x>0
Soll ey — e L — — — —— — s, e — —
I I fr@., Us'an\‘: k2o e oo
U S L*ﬂ’fgt&x._ TR e T
; . —= : : AT 0 SR
S -\_.f‘- = - 2 P LI S — VYL oo FHETEY — SR S HEE B iy |
b e i ot e
I SN 2311,_4@; Q:mffgz;;?gg; RO UGS DR S¥. SR TG -

: ).!;7A o Hma %}1-}-{_}_ 5@_ _&m h"[_;&'ﬂ/]— ﬁ:;/\r};’r&"k; e

i

| - Jm %Z‘}._ﬁm* W‘" S0 . Qi 5‘"“’( o Oh ciibeges” g
i x-ngt s xac:"

WAL | — — S —_— e — ]

e S ﬂu"ﬂi-”—" Spn LZWE

kgt & 2'-30 v sl

-~ % = Pl
o L2 .1 ik = Uien Sne U iem ani?f i e
| Al * A=2g” s el

__ﬁ*ﬁ. st L T EY WAL e o
| R LRE

~ Yim 5% it e g e
g




4.

Sol.

I

Sol.

Mew Lim Hoz - L i [SnE)Y o T N, ST
Ay o . w20l () ' SO s
dien Aoy = I *‘i U | /? Lt ol o
. w3 TR :fé-,’/ ; [Topper’s Answer 2016]
i % _-5 1 c 1 1 ¢ & i
e i d §ofis 50 isemtinuss Z.-.DE o
sin(a +1) x + 2 sin x
S
f fl= 2 , x=0 iscontinuous atx = 0, then find the values of a and b.
V1+4bx -1
- L [CBSE (North) 2016]
sin(a+1)x+2sinx
R
Wehave, f(x)= 2 , x=0 iscontinuous at x = 0.
V1+bx -1
— = , x>0
Since, f{x) is continuous at x = 0.
= lim f(x) = lim f(x) = £(0) ()
x-0" x=0"
Now, lim f(x)= }l‘ir% f(O+h) [Letx =0+ i, his +ve small quantity x - 0" = h — 0]
- @
/1+bh -1 V1+bh-1 _ J1+bh+1
=l ) =1li ¥ =1 ®
s ) S h o h V1+bh+1
= lim 1+bh-1 = lim bh = lim b _b
E=0f(/1+bh+1) ~0h(y1+bh+1) h—0y1+bh+1 2

Again  lim f(x) = lirré f0—h) [Letx=0-h, his +ve small quantity x —» 0" = h — 0]
=07 =

= lm i ) = limy T DED 220D

-0 -0 —h

| -sin@@+1)h-2sink]| . [sin@+1)h 2gink
=lim = lim +

h-0 -h h=0 h h

sin(a+ 1)h sinh sin(a+1)h sin
=lim————+2lim——=lim ——————X{(a+1) +2lim——
s 2heH i mewmn Serlndime,
=Ix(@+1)+2 =a+3
Also fioy=2

Nowfmm(f)%=a+3=2 = b=4,a=-1

Show that the function f{x) = [x~3|,x € R, is continuous but not differentiable at x = 3.

[CBSE Delhi 2013]
~(x-3) ,x<3
Here, flx)=|x-3| = flx)= 6 ,x=3
(x=-3) ,x>3

For Continuity:

Now, lim f(x)=}iimf(3+h) [Letx=3+handx— 3" = h—0]
23" -0



Sol.

=lim(3+h-3)=limh=0
-0 h—-0
lim f(x)=0

r ()
lim f(x)=}’imuf(3—h) [Letx=3-handx—>3 = h—>0]
x=3" -
=lim-(3-h-3)=limh=0
h—0 h-o
lim f(x)=0 i)
x—3*
Also, f3)=0 ...(i)

From equations (i), (if) and (iii), we get
lim f(x)= lim f(x)=/(3)
x-3 -3

Hence, f(x) is continuous at x = 3.
For Differentiability:

fB+h-f@B)  (3+h-3)-0 _ p
m = lim =

RHD =li lim—=liml=1 .(iv)
=0 h=0

h=0 h P h
3-h)- f(3 -(3-h-3)-0
LHD =lim fe )~ 1) = lim ( )
h=0 -h h—0 —h
From equations (fv) and (v), we get

RHD =LHD atx = 3.

1
==
Ll
=
I
o
=3
=4
pill)
i
)
1]
|
i

(V)

Hence, f(x) is not differentiable at x = 3.
Therefore, fix) = |x-3]|,x € R is continuous but not differentiable at x = 3.
Discuss the continuity and differentiability of the function
fix) = |x| + |x~1] in the interval (-1, 2). [CBSE Ajmer 2015]
Given functionis f{x) = |x| + |x-1]|
Function is also written as
—x-(x-1), f-1<x<0 —-2x+1, ifx<0

fl)= 1, if0=x<l1 = flx)y= 1, f0=x<1
x+(x-1), ifx=1 2x-1, ifx=1

Obviously, in given function we need to discuss the continuity and differentiability of the function
flx)atx=0o0r1 only.

For continuity at x =0

1'1mf(x)=)l!ir!éf(0+h) [Letx=0+handx = 0" = h—0]
x=0° =
= }Iilré flhy = ilirré 1 [+ his very small positive quantity]
- =
=1 )
lim f(x)=}[irr[\]f(0—h} [Letx=0-handx -0 = h—0]
x=0" »
= }Eré fl-h) =;1,]'F5l_2(_ h+1}= }Enu (2h+1)
lim f(x) =1 (i)
=07
Also, fioy=1 (i)

(i), (i) and (iii) = Tim f(x) = lim f(x) = f(0)
x=0" =0

Hence, f{x) is continuous at x = 0.



For differentiability atx =0

h) —
RHD <l JO P - fO)

h=0 h
h) - f(O
:}hrtl' w [ his very small positive quantity]
- P = ~
L R T R = IRt~
RHD =0 ...(iv)
0-h)- f(0 —h)y- (0
i =g JOP=FO) L feh- £O)
h=0 -h h=0 -h
N e e N TR
e —h g e
LHD =-2 -(v)

(iv)and (v) = RHD=LHDatx=0.

Hence, f(x) is not differentiable at x = 0 but continuous at x = 0.
Similarly, we can prove f(x) is not differentiable at x = 1 but continuous at x = 1. (Do yourself)
ax*+b,ifx<1
bt B | o el |

is differentiable at x = 1.

7. Find ‘a’ and ‘b’, if the function given by f(x) = {
[CBSE Sample Paper 2018]

Sol. Since, fis differentiable at 1. = fis also continuous at 1.
Now  lim f(x)= ,lgm‘é f(1+h) [Here h is +ve and very small quantity]
b £

=}Iirr32(1+h)+1 =2+1=3
lim f(x)=lim f(1-h) =lim{a(1-h)’+b}=a+b
T h-0" h=0
Since f (x) is continuous at x = 1.

= a+hbh=3 ()
Again, since fis differentiable.

lim f(1-h)-f(1) i fll+h) - f(1)

= LHD(atx=1)=RHD (atx=1)

h=0 -h k=0 h

; a(l—h)2+b—3 . 2(1+h)+1-3 . a-2ah+ah®+bh-3 _ 2+2h+1-3
= lim =lim = lim = lim

k-0 -h h=0 h h-0 —h =0 h

_ 2ah+ah*+(a+b)-3 __ 2h _ 2ah+ah*+3-3
= lim =lim—— = p—————————=2

k-0 ~h h-0h h—0 ~h
=3 lir%w=2 = e = a=1 =5 b=2 [From equation (i)]

Derivatives
[ ; d x+
= i T ¥ - L5 .
1. If tan (.?)—log\:x +y*, prove that =y [CBSE 2020 (65/2/1)]

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

d d
B - B 5
X =— i 1%+ 1%
T \/x2+y2.2/x2+y2
e ¥
x



Sol.

di d
Simplifying we get x%— y=x* y% %
. dy  x+ty
getting e ; L]
[CBSE Marking Scheme 2020 (65/2/1)]
Detailed Solution:
Given, tan™ ( %) =log {Ixz +y’
E 1
= tan 1(;) = Elog(:t2 +y2)
Differentiating w.r.t x, we have
dy
1 ( d
- 1 Qx{xdx yxl}=%x%x(b+2yd—y)
1 +(£) x? Ery *
x
(5-y)
2 ax Y 1 dy
= “Bym g aByed ( 3'_)
X +y x X +y dx
dy dy
> xo-y=x +y o
dy dy x+y
= (x—y)E—x+y s E'x—y
L
Differentiabe tan? > = lxl< . L T [CBSE 2019 (65/5/1)]
1-3x V3 Vi-x2
Let “tan'l(sx_xs) Putx = tan 0 %
y= 1-32)° =
Oy 3tan9—tan39) 4 _
y=tan (71 — A3taD = y=tan" (tan 30) =30
= dy 3 .
= 1 e
y=3tan x = = (i) 1
T ST W .
etz = tan \/ﬁ ,putx=singd
. sin¢ g
z= tan™t (v.-"rl—si_nzdn):) z=tan (tan §) = ¢

o Of 1
Z=p=sin X = S_-= >
¢ dx vfi 712

i) 1

dy _dy/dx _ 3/1-%

Using (i) & (if), T 1is 1

[CBSE Marking Scheme 2019 (65/5/1)]



3.

Sol.

Sol.

Sol.

dy (1+logy)?

If y* = &Y% then prove that —=——————. [CBSE (AI) 2013]
dx log y
Given, y*=é/"*
Taking logarithm both sides, we get log y* = log e ™" = (i) log,mn =log,m+log.n
= xlogy=(y-x).loge = x.logy=(@-x) (ii]loge%=logem—logen
= x(l+logy)=y = x= % (1ii) logrm” = nlogem
(iv)loge =1

Differentiating both sides with respect to y, we get

1
&5 (1+1°g5’]'1’y'(0+?) _l+logy-1 __ logy

dy (1+logy)* (L+logy)’  (1+logy)’
dy _(1+logy)*
= W - a——
dx log y
dy
If (cos x)¥ = (cos y)", then find i [CBSE Delhi 2012]
Given, (cos x)¥ = (cos y)*
Taking logarithm both sides, we get
log (cos x) = log (cos y)*
= y . log (cos x) = x . log (cos y) [ logm" =nlogm]
Differentiating both sides with respect to x, we get
1, dy dy
Y- cos (8N x) + log(cos x).a e y -(=sin y) + log(cos )
ysinx dy xsmy dy
=5 =T ———+log(cosx).—— dx = oSy dx ——+log(cosy)
dy xsiny dy ysinx
= log(cosx).a+ oSy dx - log(cosy)ﬁ-m
dy xsiny ysinx
= e log(cosx) +———— cosy =log(cosy) + o coSX
ysinx
dy log(cosy) 200 cosx_ log(cosy) +ytanx
= dx xsiny log(cosx)+xtany
log(cosx) + Cosy
dy
Find the value oi at 0= —, if x = ae’(sin 6 - cos 6) and Yy =ae %(sin 6 + cos 6).
[CBSE (AI) 2008, 2014]
Given, x= ﬂ.ee(sm 6 = cos 6) and y= afe(sin 0 + cos 8)

Taking x = aeﬂ(sin 6 - cos B)

Differentiating with respect to 6, we get

j—g = ae® (cos B + sin 0) + a(sin O — cos 0).£® = ae®(cos B + sin B + sin B — cos )
=2ae%in O oD

Again, y = a¢%(sin 6 + cos 8)



6.
Sol.

%

Differentiating with respect to 6, we get
d
% = a¢® (cos B - sin B) + a(sin B + cos B) .€® = ae® (cos B - sin B + sin B + cos §)
=2ae® cos B .. (i)
dy
dy 40 2ae®.cos0

T T [From (i) and (7)]

d
dy dy n
=5 E—cotﬂ = Ehl—cotz—l
3
Differentiate the following with respect to x: (sin %)™ + (cos ™" [CBSE (F) 2013]

Let u = (sin x)* and v = {cos )™~

Given differential equation becomes y = u + v.

di

A _du dv %

dx  dx dx
Now, u = (sinx)*
Taking log on both sides, we get

log u = x log sin x
Differentiating with respect to x, we get

1 du _ i du _ :

U gy - Yeing 8% +logsinx = e u(xcotx + log sinx)
= % = (sinx)*{xcotx + log sinx} ...(if)
Again v = (cos x)*"*
Taking log on both sides, we get

log v =sin x . log cos x
Differentiating both sides with respect to x, we get

L. i 1 ;

g sinx. ;g7 (-sinx) + log(cosx).cosx

dv _ sin’x 5 | _ G 1 sin’x
= Y] cosx cosx.log cosx = (cosx) cosx.log(cosx) - BOST
= (cosx)' ¥ (log (cos ¥) — tan’x} (i)

From (i), (ii) and (iif), we get
di

d—i = (sinx)"{xcotx + log sinx} + (cos x)

1+ og (cos x) — tan” x}

d
If x = a sin 2t (1 + cos 2f) and y = b cos 2t (1~ cos 2f), then show that Ey = %.
atf=—
1

[CBSE (AI) 2014; Panchkula 2015; (Central) 2016]

Sol.

i ) Ez{z_a; inat) CEm,) + {1 2R BRENL].

L _{% = 20f (o8 aL tCos2t - KirTat)
[ b % r

ik ) A




Sol.

Ja{mtrt +cw_7_ f"—’f’” i B

1 = hesatl! - ;Qﬁgt) Cey
T —?bcb&*" m e
ﬁ...fﬂbmou #1 5 !—m ot Sindt x2 -

s e ;;;%-mmu et R
e e e el B ————

Loy =

T el ]

| , - _7 [Topper's Answer 2016]

Y
—— =, ; CBSE (F) 2009, 2019(65/5/3,
N2 [ (F) ( )]
\f"l—xi+vf1gy2'=a(x—y),putx:sinﬁ,y:sinnb 1
= y/1-s5in’0 +41-sin’$ = a (sin O - sin ¢)

= cos 0+ cos ¢ =a(sin 0-sin )

= Zcos(ezd’) os(B;¢)=2acas(8;¢)sin(9£¢) 1
0-¢
=% tan( 7 ) =
= ‘LT¢=tan’l(%) = sin’lx—sin’ly=2tan’l(%) 1
Differentiating both sides w.r.t x, we get
11 dy_, %
Ji-x2  f1-2
1 dy 1 dy 1=
= / 2dx ~ fq S 2 i
yl-y v1- V1-x

[CBSE Marking Scheme 2019 (65/5/3)]



Sol.

10.

9.

r
I
|
|
l
I
|
|
l
I
|
|
l
I
I
|
l
I Sol.
I
|
l
|
|
|
l
l
|
|
l
|
I
|
|
|
I

d
If x = cos H3~2cos” £) and y = sin £ (3 -2 sin” #), then find the value of Ey att= % [CBSE (AI) 2014]

Given, x=cost(3- 2cos? t)

Differentiating both sides with respect to t, we get

% = cosH{0 + 4 cost.sint) + (3 - 2cos2f).(—sint)
=4sint.cos’ f—3sinf+2cos £ sint
=6sintcos’t-3sint=3sint (2cos’ t-1) =3 sint.cos 2t
Again, - y=sint(3-2sin’f)

Differentiating both sides with respect to t, we get

Y
— =sint. {0 - 4sintcost} + (3 - 2sin’f).cost =—4sin’t . cos t + 3 cos t-2sin’ . cos |

dt
=3cost-6sin’t .cost=3cost(1—2sin2 f)=3cost.cos2t
dy
Kt E:EZM i d_yzcotf
" dx dx 3sint.cos2t dx
d
dy n
. t=%;C0tZ =1

>

1-x .
Differentiate tan’l( : = ) with respect to cos™ (2xy1-2"), whenx #0. [CBSE Delhi 2014]

/1-x2 ;
Letu =tan™’ ( ! o )and v=cos ' (2xy/1-x)

d
We have to determine i.

dv
Putx=sin® = B=sin"'x
/1_ z ge
sinf sin
=5 u=tan™ (cot 6) ey u=tan™ tan(% _e)l
i R o
= H=g 8 = U= -sin"x
= d_u=0— ,_1 = ﬂ=_ 1
ax Vi-x? dx Y1-2a? —}_<x o
V2 V2

Again, v =cos™ (@xy1-23

| ;Y o 8 < sin®
x=sinf = sin T < sin B < sin o
U:Qﬂs‘l(zsine‘h_smze} = v=cos” (2sinB.cos ) = . E 5.7
4 4
= v = cos™ (sin 20) = v=cos’1(cos(£—29)) % rc
2 = _E<29<5
=> v=%—29 = vz%—Zsin'ix - =
= —5-20>-—
dv _ 2 dv 2 2 2
= d——D— — = d___ — #
% Vl-x % lde = rr>(5—29)>0




1L

Sol.

12.

Sol.

du
du_de  v1-® 1
dv do 2 2
dx \J'J]_xz
[Note: Here the range of x is taken as —1_2<1‘<L2]
¥ v

Differentiate the following function with respect to x:
y = (siny)* +sinyx [CBSE Delhi 2009, 2013, 2017)

Given, y = (sinx)*+sinyx

Yy =u+7v, whereu=(sin :r)x, p=sin" VX

4y du ,

dx  dx ax T g: <=}
Now, u=(sinx)*
Taking log both sides, we get

log u = log (sin x)* = log u = x . log (sin x)
Differentiating both sides with respect to x, we get

%.%=x. siix cosx +log sinx = %=u{xcnt1+lngs'mx}
= ‘;—2= (sinx)*{x cotx + log sin x} ...(i)
Also, w=sin™yx

d_ 1 1 _ 1 )

- [_(n? 2/x 2/x(1-x)
From (i), (ii) and (ii), we get

= = (sinx)*[xcotx + log sinx] +

dx 2/x(1-x)
3.9 _ dy _y
If £y’ = (x + 1), then prove that X [CBSE (F) 2012]
OR
m_.n m+n dy - y
If x™y" = (x + y)™", then prove that T [CBSE (F) 2014]
Given :rtmy;r =(x+ y)za
Taking logarithm on both sides, we get
log (I“y?) log (x + y)*
= log ¥ + logy’ = 20 log (x + y) = 13log x + 7logy =20 log (x + y)
Differentiating both sides with respect to x, we get
B g o5 f .9 s B %W =( 20 _Z)ﬂ
Y dx x+y dx ¥ x+y \x+ty Y/dx
13x + 13y - 20x (20y—7x—7y)dy 13y - 7x (13y 7x) dy
= = —_ = —
x(x+y) xty)y Jdx x(xty) \yGty)
dy 13y—-7x y(x+y) dy y
= E_x(x+y) 13y -7x = dx X
OR

Do yourself (similar question)



13. Differentiate with respect to x:

Sin-l( 2x+1‘3x )
1+(36)"
gl 3") ( 202 3* ,1( 26" )
Sol. Let y=sin = sin i
4 (1+(36) 1+ 6 1+(69?)
Let 6°=tan® = 6=tan! (69
_ .. 2tanB ) g A
=ginT | ———— == =sgin™ (sin 20
¥ ( 1+tan’6 ¥ ¢ )
= y=20 = y=2.tan" (69
dy 2 " a’y 2.6%. logeé
= e 1+(6"}r2'logfé'6 Z T 1436

14, Ifxsin(a+y +sinacos(a+y)=

Sol. Given xsin(z+y)+sinacos{a+y)=

= .

Differentiating

sina.cos(a +y)

sin(a +y)

with respect to y, we get

0, then prove that T h

dy sin®(a + y)

sina

x=-sina.cot(a+y)

dx . 2 sina

- =+sing.cosec (@+y) =

dy @+y) sin® (a +y)
sin(a+y)

dx | sina

15. Ife+e¥=¢&"Y,
Sol. Given, ¢ +¢é' =

dy
then prove that —+e¥™ %

dx
ey

=0.

Differentiating both sides with respect to x, we get

di d
E-‘+eb‘__y:ex+y{1+_y}
x

d: dx
di d
= e'+e3’.—y=e’+y+e’+y.—y =
dx dx
dy
= (e”+e3’—e-‘f)E=e"—e*—ey 3
d
=¥ ex.Ey =¥ =
dy
gy
=2 55 =
— ,C08 2t — 8in2t dy =
16. Ifx=¢ and y =" ", prove that — F
x
cos 2t

Sol. Wehave x=¢
dx
dat

Again
dy
dt

r
I
|
|
l
I
|
|
l
I
|
|
l
I
I
|
l di
I =
I
|
l
|
|
|
l
l
|
|
l
|
I
|
|
I
I

=52 20082t =

= ¢ (_ 25in2f) = — 2xsin 2t

y=esm2f

2ycos2t

dy
XY _ oL = o _ px Y
(e e)d e —g

e* +e¥ = ¢ ¥ (given)]

_E
dx B gx
4y
¥-x
p +ef7 =0
ylogx
xlngy ;

[Differentiating w.r.t. £]

[Differentiating w.r.t. {]

[CBSE (AI) 2013]

[CBSE (AD) 2013]

[CBSE (F) 2014]

[CBSE (East) 2016]



17.

Sol.

18.
Sol.

dy
dy gr _ 2ycos2t dy —ycos2t
NoW, & " dx ~ 2xsn2t  ©  dx xsind
dt
o o2t sin2 ;
= E__xlogy [ x=¢ = logx=cos2t; y=¢"% = logy=sin 2]
Hence proved.
If x € R - [-1, 1] then prove that the derivative of sec x with respect to x is ; [HOTS]

Let y= sec x

Then, secy=sec(sec x)=x Ifx>1thenye (0,%)
Differentiating both sides with respect to x, we have secy >0, tany >0
p ,

= is,e.:yv =i(x) = i(secy)—y =1 = |secy|.| tany | = secytany

dx dx dy dx

i If x < -1, then
Y : :

= secytanyE:l [Using chain rule] ye(g,n).; secy <0, tan y <0

di
R _ = |secy | | tany |

‘dx ~ secytany \secy | .| tany | = (-secy)(~tany) = secytany
= dy 1 _ 1 B 1

dx ~ = i &

| secy | v"'tanzy | secy | ysec’y -1 |x| V-1

: ay
If y=¢" “**+(cosx)”, then find e

2
Given, y = ¢e* “** + (cosx)*

Let u=e"*andop= (cosx)*
o dy_du_do
L dx dx dx
Now, =gt
Taking log on both sides, we have
logu = logeJr =2 cosx

Differentiating w.r.t. x, we have

1ldu _ 5 BN 5
T % (—sinx) + cosx x 2x
du 50

= T=u(—x sinx +2xcosx)

x

s _ & oY (_xsinx + 2xcosx)
dx

Again, v = (cosx)”

Taking log on both sides, we have
logv = xlog cosx
Differentiating w.r.t. x, we have
1 do it
s (—sinx) + log cosx

=—xtanx +log cosx

x| v¥x-1

[CBSE 2020 (65/1/1)]



dv
T v(-xtanx +log cosx)
= (cosx)™(~x tanx + log cos x)

Putting values in equation (i), we have

d
Ey ! X (_x”sinx + 2xcosx) + (cos x) " (—x tanx + log cosx)
F oo _
19. Differentiate sec™ (ﬁ)' w.rk sin™ (2xy/1-2%). [CBSE 2023 (65/5/1)]
Vi-x

1 —
Sol. Lety= sec” (ﬁ),x=sin*1(2xvf1—12)

Putxr=sin® = O=sin'x
1

e 1 E
/1_sin’6 ) =sec l(m) = sec (sech)

y= sec'l{
y=0=sin"x
Also, t=sin"(2sinf \‘Tsng)
=sin™ (2 5in B cos 0) = sin™ (sin 26)
=20=2sin"x
dy 1 a2
dr  J1-x*"dx  J1-2%

dy dy/dx _1/y1-% 1

dt ~ di/dx 2/J1-2 2

Second Order Derivatives
2

1. If x=asec®0, y = atan’0, then find r f at e=§. [CBSE 2020 (65/1/2)]
X
SD]. ot o i Y S P
_.’l.__.Qszec’* E: " e » e W——
| 'D‘F{h'ﬂ}‘mﬁn% uﬁm w\pq&m » _ o _
1

Y= atan®d
. m{ﬂpaw_hﬁmfng waith mpggg-jo,\é,
3 dy = Bolaotesec®s

an

I D dx . 3ose?0eecOtanS = Basec® otan©
l de

|

|

| 4y - % - Ratoreteo - tavp -soe -®
dr. P& R0%ec0tonB Sc®

_ Pifcaentog @guasion © pien respecs 1o x

¢y -dswe g

_d> g dx
q:g = 03 = G cne® @ cog® - cos’p
dx‘ \ 3odectCian® Ba‘ﬂﬁe __30sm®
e =B = _..._{i\:lgi’@; i
Kd’r.’ JCTD *45)9 3(3. e [Topper’s Answer 2020]




2
2. If x=a(0-sin0),y=a(l-cos0),a>0, then find d,_E: atO= ? [CBSE 2020 (65/1/3)]
X

d d
Sal. %=as'm9,ﬁ=a(1—cosﬂ) %+ %
B0
dy _ sinp _2sinjcosy tg .
dx  1-cos@ ~ g
2sin” 5
0
dz_y i 20 40 coseczi -
G2 2 -cosec” 2°dx  2u(1-cosh)
2
fyl 14 4 ,
dail.x 2 a(l—l) a
2 [CBSE Marking Scheme 2020 (65/1/3)]
J42
&y dy
3. Ify=e" " _1 < x <1, then show that (1- ¥ )d_ —xE—a y= [CBSE 2020 (65/2/1)]
Iy
dy _ aeﬁcus_lx
Sal. —i=—F—— 1
i V1-#°
e .
v'fl _ xzd_i = _ gglicos 1y 1%
Differentiating again & getting
dzy - dy azgams“x
L —= = -
yl= P g 1 S s 9
d
i x)dz—xdi—ay 0 %
[CBSE Marking Scheme 2020 (65/2/1)]
i : Sl i)
4. Ifx=acosb+bsin0and y=asin0-b cos 6, then show that 1 E—x3+y=ﬂ.
[CBSE (F) 2014; Delhi 2015]
Sol. Given, x=acosD+bsin® = %=—asm9+bcosﬁ ...(1)
dy >
Also, y=asin®-bcosH =5 Ezacosﬁ%bsiﬂﬁ ...(i)
dy
dy _4h _ acosB+bsinf ; i
i S [From (i) and (#)]
ko
- @7ac059+bsin6 o d_y,_i (i)
dx  becos®-asinb dx Y
Differentiating again with respect to x, we get
dy
dy V%4 dy dy dy  dy
o 22— — 22 L —
i /2 = ¥ P y+xdx = ¥ px xdx-#y 0



d*
5. Ify=Pe™ + Qe™, then show that de —(a+ b)—y +aby=0. [CBSE (AI) 2014]
Sol. I T T =
3.0 4= 2 L ¢ ‘;.Ex s (1) g e
L los AP ppe”™ @
| dx .
o ! : l,e'?“ g- e A
. Sdb,hfuhrg n @&, )
2y a.(q\Qr“') + LQEH{',
5
bt 28 T P s
el W, g 3 -
i d1* o
mawx—?d 6. PO Y . R R
o 4% - ra P») ﬂ w nb\; = 3
da*
 lEvanbog  LHS
LML E __Q_;__m-b)_ _dLL Gl
s ot ﬂ s h spe'“ = @fb) [&f‘r +. é.t;f 7
[ v @_{”_), o el . )
SRR || N T j sl a_s_{ rett+ 6 f“ %
_ = ,"‘\PQ T f}%@\eb‘ = eﬂd‘ = b\‘é?\e o
...... ST cxfab @}JQ'\.—' a.h_\EP - ob\ﬂfa’ - ab\ﬁ‘\é" b
- L =0 {(;muw::g . wm%)
EHS 2O s
TR )" T L s RS
4y = _fadb) Ay by =0 Honw |, pivord
o dat _ #x _ [Topper’s Answer 2014]
; y
6. If y =sin (log x), then prove that xZ? + XE +y=0. [CBSE (F) 2013]
iy
Sol. Given, y = sin (log x)
dy 1 cos(logx)
= E=cos(logx)><f= T
; 1
d2y  ¥|-sin(logx) X |-cos(log x) —cos(log ) - sin (logx)
Again, ——= 5 = 5
dx x x



Sol.

Sol.

d dy

=T x4+
Now, LHS x P xo oty

_ ¥’{-cos(logx) - sin(log x)} . xcos (logx)

+sin(logx
% 5 (logx)

=-cos (log x) - sin (log x) + cos (log x) + sin (log x) = 0 = RHS

d*y dy
If y = cosec" x, x > 1, then show that x(xz—l)y - (sz—l)a = [y, [CBSE (A 2010]
y=cosec’ x
Differentiating with respect to x, we get
dy -1
& g1
Again differentiating with respect to x, we get
2 2x 12
dzy L xvx -1.0+ 1.{x.ﬁ+vx 71}
P 2 (x-1)
- Ly, ., L4d=1 2% -1
de? P21y -1 P12 -1)
2 2
= x(xz—l)%=%=(2xz—l)(—%)
2
= x(xz—l)%+(2xz—l)%=0
If y = 3 cos (log x) + 4 sin (log x), show that
5 dzy dy .
x ? + 13 +y=0. [CBSE Delhi 2009, 2012]

Given, y =3 cos (log x) + 4 sin (log x)
Differentiating with respect to x, we get
dy 35in(logx)+ 4 cos(logx)

1 5
ik = % = y= ;[—3 sin(logx) + 4cos (logx)]

Again differentiating with respect to x, we get

- I 4sin(l
2y X 3C0si0gx)— sm(xogx) —[-3sin(logx) + 4 cos(logx)]

dx? x2
x -3cos(logx) —4sin(logx)+ 3sin(logx) - 4cos(logx)

xl

dz_yi —sin(logx) - 7cos(logx) _ —sin(logx) - 7cos(logx)
- 2 - 2

dx’ x N i
Now, LHS = x2y2 +XY +Y
[ —sin(logx) — 7 cos(logx) 1 i :
=x ( . +E% ;[—3sm(logx)+4cos(logx)] +3cos(logx) + 4sin(logx)

=—sin (log x) - 7 cos (log x) — 3 sin (log x) + 4 cos (log x) + 3 cos (log x) + 4 sin (log x)
=0=RHS



9. If t+tsinf)andy=a(sin t—1 tOtT:ﬁdx‘iz ML |
i x=alcost+tsint) and y = a (sin cost),0<t< 5 PrLpPr an P
[CBSE (AD) 2012]
Sol. Given, x=a(cost+1tsint)
Differentiating both sides with respect to t, we get
E = int+t t +sint = d—x = at 3 i
Frint (—sin cost +sint) ar = atios (i)
Differentiating again with respect to t, we get
d’x . .
F = g(~tsint + cost) = a(cost — tsint)
Again, y=a(sint-tcost)
Differentiating with respect to , we get
ﬂ = t+tsint t d__l,f =atsint ii
el (cos sin t — cost) = gf ~atsin (i)
Differentiating again with respect to f, we get
dZ
—=—=aga(tcost +sint
dr? !
dy _ dy/dt . L
Now, e dx Jdt [From (i) and (i1)]
dy _ atsint dy
= = — =
= dx  atcost dx i
dy o dt 2, 1 sec’t sec’t g
- =sect. gx - sec L T [From (i)]
d’x d’y a'zy sec’t
Hence, —5=a(cost-tsint), —5 =a tcost +sint)and —5-=
dr’ . dr’ ¢ dx*  at
- dy dy
10. If y =log[x+yx?+ az], show that (® + a8 —5 +x——=0. [CBSE Delhi 2013]

dx? dx
Sol. Given y= log[x +/x +a ]

dy 1
T
dy 1

dx y"fszaz

2x x+ i +a?
i i

N x+yx? +ﬂ2)(\"x2+ az)

24 x%+a?

=% ...(i)
Differentiating again with respect to x, we get
3
—X
3

d? 1 3
LI TN
(Jc2+.az)2
‘izy =% O | dzy ¥
= e = X ta)—=——F7—=
dx? (2 +a?) Ay x2+d? ( )dxz Vxt+a?

dzy dy
F o5
= (x*+a%)—+x. Ix =0 [From (#)]

r
I
|
|
l
I
|
|
l
I
I
|
l
I
I
|
l
I Differentiating again with respect to x, we get
I
|
l
I
|
|
l
l
|
|
l
|
I
|
|
I
I



dy q(dy\ y
1. lfy:x*,thenprovethatE—?(E)——=D

Sol. Given, y=x"
Taking logarithm on both sides, we get

logy=x.logx
Differentiating both sides, we get
1dy 1
;.E—x.x +logx =
Again differentiating both sides, we get
d’y 1 dy
?—y.;'&(lﬁ'lﬂgx}.a =
Cy _y 1dyy
Sl *

" &
12. I y=(x+y1+x%)" thenshow that (1+ xzi—y;
dx

Sol. Given y=(x+y1+x2)

Differentiating with respect to x, we get

dy e 2%
= dx-n(x+vl+x) '{1+2\"'I+x2-}
dy n(x+y1+22)
dx y1+a?
s dy
= J1+x2 L=
Vitx L

Again differentiating with respect to x, we get

— d° d d
41 +x2_7y+%_—y= n—y
dx®  24/1+x% dx dx

d
=4 =n./1+x%. 7
dx \,«'1+x2

dy
= 1+xY)—+x
( )dx2

J 2
/ )
13. fy= log(\ x+ _x) then prove that x(x + 1)y,
N

2

Sol. - y=10g(\f'x++) =
¥ X
y=2log(x+1)-2logyx =
. e 2 A F¥eipend -
L x(x+1)
x(x+1)—(x-1X2x+1)
= ly = 2 =
x(x+1)
—x?+2r+1
= =~

P(x+ I)2

r
I
|
|
l
I
|
|
l
I
|
|
l
I
I
|
l
I =
I
|
l
|
|
|
l
l
|
|
l
|
I
|
|
|
I

[CBSE Delhi 2014, 2016)
d .
ﬁ=y(1+logx) )
a2 y 1 dy dy "
E = ;+ ;-73 IFI’DH‘[ (‘I)]
dy 1gdy\*
) e
* xz—z =nty [CBSE (F) 2015]

dy —yn-1 x+y1+22
= dx_n(x+\"1+x) = \‘;'1_'_12'
dy __my
= — =
dx  /1+42

dy dy o dy
2 = 4 2
= (l1+x )dx2+x'dx n.yl+x i

dy dy
2 il
= (1+x)E+xE—ny

+ @+ Dy, =2 [CBSE Sample Paper 2018]

; 1 x+1)
= x+—|= 7
v ZIBg(\ x = ) 2log( =

y=2log(x+1)-logx

. Bl
lL’rl_:r(x+’l)

¥, = CHx-2—x+2x+1
’ Ax+1)



2 2 2 =
Now, x(x*!-l)y2+(;vc-v-1)311—ac(:r+1).xz(ﬂ_l)2 s

T+l (x+1)x-1)

X x
P+ +1+x° -1 2x
e ) Hence proved.
% %
d d
14. If y = sin (sin x), prove that d_lzf +tan xd—z +ycosix = 0. [CBSE 2018]
x
Sol. y =sin(sin x)
L LD L wEEp—
- Cos (sinx) T (sinx) = J - €08 (s1[nx) cosx

Again differentiating w.r.t x on both sides, we get
2y E d :
—= =cos (sinx) E(cos x) + (cosx) T 08 (sinx)

di’
2
= P = cos(sin x) (- sin x) — (cos x) {(sin (sin x)} (cos x)
x
dzlf ; . 2. e g
= F =—sin x cos (sin x) — cos“x sin (sin x)
¥
Putting these values in LHS, we get
&y dy >
—+ L+
P tanx— -+ ycos’x
= [~ sin x cos (sin x) — cos” x sin(sin x)] + tan x {cos x cos(sin x)} + ¥ cos’x
= — sinx cos (sinx) - cosx sin(sinx) + tan x cos x cos(sin x) + v cos?x
= —sin x cos (sin x) — cos’x sin(sin x) + :;2; €03 x ¢os (sin x) + sin(sin ¥) cos’x = 0
Hence proved.
; : 'y dy
15. If x = sint and y = sin pt then prove that (1-x )E —x - tpiy=0. [NCERT Exemplar]
Sol. We have, x = sint and y = sin pt
dx _ dy dy dy/dt _p.cospt
4r =costand 5 = cospt.p = e it st =261}

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

d%y _ cos t.%(p. cospt)% = pcospt.%ces t.g—;

dx* cos’t
: . dt ; ;
_ [cost.p.(—sinpt).p — pcospt.(- smt)]ﬁ & [~ pPsinpt.cost + psint.cospt] T,
cos’t cos’t
dzy —pzsi.npf.cosf+pcospt.sint "
F - cos’t =4}
Since, we have to prove
dy __dy
(l—x2 F—xﬂ+p2y=0
[- pPsinpt.cost +pcospt.sint]  pcospt

LHS = (1-sin’#) sint. +p?sin pt

cos’t cost



1 (1 —sinzt) - pzsmpf.cost-ﬁ-pcospt.smf)
cos™t |- peospt. shqf.cosZszsmpf.cosat
1 —pzsinpt.cos3t+pcospf.s'mf.coszt

~ cos’t —pcospt.sinf.coszi+p25i.npi‘.cosst

[ 1-sin®t = cos’t]

= CDISSf 0=0 Hence proved.
2
16. If y = tan x + sec x, then prove that d% = 7‘:0?:\' o [CBSE 2023 (65/5/1)]
dx (1-sinx)
Sol. y=tanx+secx= Lo L moF=l
COSX COSX cos x
dy _ cosx(cosx+0)—(1+sinx)X(-sin x)
dx cos’x
_ cos’x+sinx(1+sinx) _ cos’x +sinx +cos’x
) cos’x - cos’x
_ l+sinx ~sin’x +cos?xr =1
" 1-sin’x and cos’x = 1-sin’x
(1+sinx) 1

(1-sinx)(1 +sinx) “1-sinx

sy df 1 1
.. —g:—( - )=_ (0 -cosx)
dx dx\1-sinx (l—sinx)2
__ cosx
(1-sinx)
17. Ify = (tan™ x)*, show that (* + 1)*y, +2x(x* + Dy, = 2. [CBSE (AI) 2012; Delhi 2012]
Sol. Wehave, y=(tan"x) i)
Differentiating with respect to x, we get
Y = T 1 .
T 2tan” x. T -..(if)
d
or (1+ xz) n= 2tan”! x [where Yy = %}
Again differentiating with respect to x, we get
dy, d 1
#p) gy By gty ©
1+ )'dx y‘a‘x(l x7) 2'I+:rz
= 143y, +y, 2x=——
(L+x%) .y, +y, 2 S
dy dy
2,2 2 = i
or Q+x)Y1p+2x(1+x)1y=2 whereyz—?andy]—a
dy cos*la+y)
18. If cos y = x cos (a + y), with cos a#+1, then prove that o = BT Hence show that
dy dy
sinaF +sin2(a+ y)E =0. [CBSE (F) 2014; (North) 2016]
X

Sol. Given, cosy=xcos(@+y)
cosy

i cos(a+y)



Differentiating with respect to i on both sides, we get
dx _ cos(a+y) X (-sin y)-cos y X [-sin(a+ y)]

dy cosz(a-t-y)
dx _ cosysin(a+y)-sinycos(a+y) dy _sin(@a+y-y)
= d_: = 7:27
Y cos“(a+y) Y cos“(a+y)
dx sina
. -

E ) cos?(z + y)
dy _ cos*(a +y)
dx ~ sina

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

dy _ 1 dy
Y = pe —2cos(a+y).sin(a+y). dx}
. & . dy 1 d ! dy
o hT Filyia —+ +y)— =
= sing P sin2(a +y). = = sing e sin2(a y)'dx 0

Questions for Practice

B Objective Type Questions

1. Choose and write the correct option in each of the following questions.

2
() If flx) = 2x and g(x) = % + 1, then which of the following can be a discontinuous function?

@ fix) + 5 Of-s0 @A) 5@ @
(i7) The set of points where the function f given by f(x) =|2x - 1|sinx is differentiable equals
[NCERT Exemplar]
(@) R (b) R- {%} (c) (0, ) (d) none of these

(#if) Let flx)= | cos x|. Then,
(a) fis everywhere differentiable.
(b) fis everywhere continuous but not differentiable at x = nm, n € Z.
(c) fis everywhere continuous but not differentiable at x = (2n + 1) %, nez.

(d) none of these.
2

dy
(iv) Iy = A e™ + B e™, then o isequal to [CBSE 2020 (65/5/1)]
X
(a) 25y )5y (c) 25y d) 15y
(v) The derivative of x* w.r.t x is
(a) =71 (&) 2x™ log x (©) 21 +logx)  (d) 2x°(1-logx)

d
(vi) If (1) = 2 and y = f (log ,x), then % atx=eis

(@0 (b1 () e @ -



B8 Conceptual Questions

sin”'x
2. I f(x) = x » ¥*#0 iscontinuous at x = 0, then write the value of k.
k, x=0
3. Determine the value of k’ for which the following function is continuous at x = 3:
(x+3)2-36
fa@)={ -3  *#3 [CBSE (AI) 2017]
k, x=3
Z d
|sin® feost| fug L gt
4. 1If y—{sm2 +c052] , find =% atx = 6
dy 1+tanx nn
= el s i = s i
5. Find J(,1fy—tan —l—tanxl’x E[ 3 4].
d
6. Tfy=log (¢"), then find %. [CBSE 2019 (65/4/3)]

B Very Short Answer Questions
7. Find kif f(x) is continuous at x = 0.
sinx

j‘(x)={ ¥ T Cosx, ifx#£0

k ifx=0
8. Examine the continuity at the indicated point.
flo)=|x|+]|x-1| atx=1
9. Iff(x) = |cos x - sin x|, find f*(n/6).
d*y
10. Ify =5cosx-3sinx, prove that y+y= 0.

di
11. Find d—y At t= 2% when x = 10(f —sin ) and y = 12 (1 - cos t). [CBSE (F) 2017]
X
; dy Ko oon ;
12. Find Eat X =lon= T if sin"y+cosxy =K. [CBSE Delhi 2017]

B Short Answer Questions
3x-2, 0<x=1

13. Show that the function ’f * defined by f(x) = 2x%—x, 1<x <2 is continuous at x = 2, but not
differentiable. Bt B [CBSE Delki 20101

14. For what value of k is the following function continuous at x = - % ? [CBSE Sample Paper 2017]

V3sinx+cosx i
BN TR
f=1 **%
k, r= —%
i
2x-1,x< 5 1
15. Discuss the differentiability of the function f(x) = ] atx=5.
3-6x,x2+5
2 [CBSE Sample Paper 2017]
16. Show that the function f given by
1
e/x=1
" L ifx#0
=100
-1 ifx=0
is discontinuous at x = 0. [CBSE (East) 2016]



17

18,

19.

20.

(5]
ey

23.

24,

25.

26.

27.

29,

30.

31.

33.

34.

35.

Find the values of 7 and b, if the function fis defined by [CBSE (F) 2016]
2
x4 3x+a, x=1
st = bx+2, =x>1
is differentiable at x = 1.
Letf(x) =x-|x=¥|, x e [-1, 1]. Find the point of discontinuity, (if any), of this function on [-1, 1].
[CBSE Bhubaneshwar 2015]

Show that the function f(x) = [x=1] + [x + 1], for all x € R, but is not differentiable at the points
x=-landx=1. [CBSE Allahabad 2015]
Iy =2+ 1-log| =+ [1+ 0 e [CBSE Delhi 2008]
x Ty 2 [ dx

I x /A% s dy 1

xyl+y+yyl+x=0,-1<x<l,x#y, then prove that —=— - [CBSE (F) 2012]

dx  (1+7x)
Differentiate the following function with respect to x : (x)™** + (sin x)*** [CBSE Delhi 2009]
g dy _yx-1)
= -y 2

If xy = ¥ ¥, then show that i 2y [CBSE (F) 2017]
T T L [CBSE Guwahati 2015]

x-y ~ Bx—y P " y
Let y = (log x)* + x™, then ﬁnd% . [CBSE Sample Paper 2016]
If flx)=yx®+1;8(x)= x: 11 and h(x) = 2x - 3, then find f[h’{g"(x)}]. [CBSE Allahabad 2015]

x+
x =1 = dy
Ify= x° (cos x)* + sin” v'x , find T [CBSE 2020 (65/3/1)]
Differentiate (sin 2x)* +sin™ ¢3x with respect to x. [CBSE (South) 2016)
oy L a|6x-4y1-a4? i

Find E if y = sin — 5 | [CBSE (North) 2016]
If y =sin (6xy1-9x%),— L gy thentind 4 [CBSE Delhi 2017

y & " 342 3v2 dx

. 21+1 A dy
If y=rcos (ﬁ} then find e [CBSE (F) 2010]
Vfl +x0—f1-x?

= ] with respect to cos ' x°. [CBSE (South) 2016, 2019(65/4/1)]

Differentiate tan™ (—7
Yi+x2+y1-x

1+x7 -1
Differentiate tan™ I%] with respect to x. [CBSE (AD) 2012]
Differentiate tan_I% with respect fo sin™ (2xy/1-2%). [CBSE Delhi 2014]
£TE Wi &
L[ V1+2+1-27) dy ,
If y=tan” |——— x =1, thenfind . [CBSE Delhi 2015]
y"ll +x2 - 1= T dx

\"fl +I-2 =4

wrk St gt [CBSE (E) 2016
x 1+x2

Differentiate tan™ (



dy

37. Ifx™y"=(x+y)" ", prove that P 0. [CBSE Delhi 2017]
X
d 2.4
38, Ify=Ilogtan (% + %), show that % =sec x. Also find the value of Ti at x= % =
g [CBSE (F) 20101
39. Ifx=tan (%Iog y) , show that: [CBSE (AI) 2011]
&y dy
oy S
1+ —5+ @x-a)2=0
Py _dy
40. Ify= & (sin x + cos x), then show that F -2 ¥ +2y=0. [CBSE (AD) 2009]
X
- G dzy dy 5
41, If y=e"* ¥, 1<x <1, show that (1-x )? —x -4y =0. [CBSE (F) 2012]
5
p o[ Fy\_(dy ¥
42, If (ax + b)é"* = x, then show that x ) T y) . [CBSE Ajiner 2015]
Py _(dy
43. If e¥(x +1) =1, then show that —-= (—) : [CBSE (AI) 2017]
dx® \dx
dzy
44, If x=a(B—sin0), y=a(1+ cos B), then find " [CBSE Delhi 2011]
&
By dy
45. If y = 2cos (log x) + 3sin (log x), prove that x Fh’ca-*- y=0. [CBSE (Central) 2016]
x
d*y
46, If x = a(cos 2f + 2t sin 2f) and y = a(sin 2t - 2t cos 21), then find F 5 [CBSE (Ajmer) 2015]
X
Answers
L () (@) (i) (b) (iif) (c (i) (@) @) () (vi) (d)
2 k=1 3. k=12 4 5.1 i 7. k=2
; 2y
8. Discontinuous 9. —L(1+/3) y, 2v3 o T
2 3 4(v2-1)
14 k=2 15. Not differentiable 17 a=3, =5
2x-x% -1<x<0
18. No point of discontinuity. [Hint: f(x) = 0, x=0
3 Dex=1
N i
20, Ix 23, x7°F (% -sinx log x)+ (sin x)®*[1 + sec’xlog sin x]
24. Hint: f v log a—log (x — y) then differentiate.
25. (log x)* { e +log (log x)} +x""*{cosx + cosx(logx) - xsinxlogx}
245 T — : T ] -2 +1
26. 5 Hint: At first find f*(x), g'(x) and h'(x) and then find f Th"{g'(x)}] = f'|K 271
x4+




27. x*(cosx)* %—xtanx+ log (cosx) |+

2 -2
28. (sin 2x)*{2x cot 2x + log (sin 2x)} + ,3_ 29, — =
24/3x —9x? y1-dx?
a1
& —2*"".log,2 1 1 1

30. — 31. 32. —— 33. 4. —

J1- 02 1+47 2 2(1+29) 2
e dy X - s 5 ; =T 1 + ‘F"rltié 5 & : L 7 f 3
35. . =— A = [Hint: At first simplify y = tan = by multiplying with y1+x" +y1-x".

¢i—a \ x
Then let x* = 5in 8 and then solve.]

36. % 38. 2

X
s Gl X L % _ ( X
# Hink & ax+b X log(ax+b) ¥ 108_ax+b)

] sec 2t
44. — cot 5 46. 2at



