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Second order derivatives.

Continuity and differentiability, chain rule, derivative of inverse
trigonometric functions like sin”'x, cos?'x and tan'x derivative of
implicit functions. Concept of exponential and logarithmic functions.

Derivatives of logarithmic and exponential functions. Logarithmic
differentiation, derivative of functions expressed in parametric forms.
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In this chapter you will study

o Continuity of functions
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and 1im+ f(x) is Right Hand Limit of f(x) at

Xx—m
x = m. Also f(m) is the value of function f(x) at
X =m.

2 A function f(x) is continuous at x = m (say) if,
f(m) = lim f(x) i.e., a function is continuous at
X—m

a point in its domain if the limit value of the
function at that point equals the value of the
function at the same point.

9 For a continuous function
fx) at x = m, lim f(x) can
X—m

be directly

evaluating f(m).
S Indeterminate forms or

meaningless forms:

glfrox °°/°°_°°/1er01 0-

O oo

obtained by

n Multiple Choice Questions

Q. 1. If a function f defined by

kcosx . b

, ifx#—

f(X)= TE—Zx 2
3 if x=

T

2

. . T .
is continuous at x = 27 then the value of k is:

(A) 2
©) 6

(B) 3
(D) -6

[CBSE Term-I 2021]
Ans. Option (C) is correct.

N a

Explanation: Since, f(x) is continuous at x =

Therefore,  lim f(x) = f (Ej
ik 2

. lim £9O8% _ 4

o ET—2x
2

= —x1 =3=k=6
2
eSx _ e—5x .
Q. 2. The function f(x) = { ifx0
k ifx=0
is continuous at x = 0 for the value of k, as:
(A)3 (B) 5
©eo (D) 8

[CBSE Term-I 2021]
Ans. Option (D) is correct.

Explanation: Since, f(x) is continuous at x = 0, then
LHL = RHL = f(0)
or LHL = RHL = k

3(0-1) _ ,-5(0-h)

Now, LHL = lim
h—0 0-h
3 i
= lim
h—0 —h
e 1 (-1
= lim +1lim
h—0 —h =0 h
—3h 5
= 3]jm[e _1]+5]jm{e _1J
-0\ —3h h—0{ 5h
=3Xx1+5%x1=8
Thus, k=38

2
x
Q.3.1f f(x)=2xandg(x)=""-+1 then which of the
following can be a discontinuous function?

(A) fx) + g(x) (B) f(x)-8()

(©) fx)-8(x) (D) %

Ans. Option (D) is correct.
2
Explanation: Since f(x) =2x and g(x) - x7 +1

are continuous functions, then by using the algebra
of continuous functions, the functions f(x) + g(x),
flx) — g(x), f(x).g(x) are also continuous functions

X
but g( ) is discontinuous function at x = 0.
f(x)
. 4-x"
Q. 4. The function f(x)= 5 is:
4x —x

(A) discontinuous at only one point
(B) discontinuous at exactly two points
(C) discontinuous at exactly three points
(D) none of these
Ans. Option (C) is correct.
Explanation: Given that,
4-x°
f(x)= 4x—x*

then it is discontinuous if




=x(2+x)(2-x)=0
= x=0,-2,2
Thus, the given function is discontinuous at exactly

three points.
Q. 5. The function f(x) = cot x is discontinuous on the set:

(A) {x=nm;neZ} (B) {x=2nm;neZ}
(©) {x=(2n+l)§;neZ}

(D) {x:%;neZ}

Ans. Option (A) is correct.
Explanation: Given that,

cosx
f(x) = cotx =——
sinx
It is discontinuous at
sinx = 0
= x=nn,ne’l

Thus, the given function is discontinuous at
{x=nn:neZ}.

. T
mx+1if x<—

Q.6.1f f(x)=

. . b
sinx +mn, 1fx>E

, is continuous at x =

kil then
2
nmn

A)m=1n=0 (B) m="F+1
© n="% () m=n=7

Ans. Option (C) is correct.
Explanation: Given that,

mx+1 ifoE
2

f(x)=
. . T
sinx+n, if x>—
T
is continuous function at x = X then
LHL = RHL
= lIim f(x)= Lm f(x)
T nt
x—o— x>
2 2
= 1imf(E - h) = limf(£+h)
h—0 2 h—0"\ 2

= 1imm(£—h]+1=lim sin (E+h)+n
=0\ 2 h—0 2

zlimm(g—hj+1=1im cosh+n

h—0 h—0
= m(2j+1=1+n
2
mT
= n=——
2

©) Very Short Answer Type

Questions (1 mark each)

Q. 1. If the function f defined as

ﬂ x¢3
f(x)=4 x-3"
k, x=3

is continuous at x = 3, find the value of k.

[CBSE Delhi Set-I, II, III 2020]

Q. 2. Determine the value of k" for which the following
function is continuous at x = 3:

(x+3)*-36
=, x#3
f(x)= x_3 x
k ,x:3
@ R&U [OD, 2017]

Q. 3. Determine the value of the constant ‘k’ so that the

— , ifx<0
function f(x) = {| x| nxs<
3 , ifx>0
is continuous atx = 0. [Delhi, 2017]
; . k(—x)
1 = =_
Sol. o f(x) xh_)n(} B k %3

k = —
[CBSE Marking Scheme, 2017] 2

Detailed Solution:

Since fis continuous at x =0,
lim fix) = lim_f(x) = f(0) Ve
x—0 x—0

f0) =3,
LHL = lim f(x)

Here



kx k(=x)
= lim — = = _

x=0" | x| =0 | x|

-k =3ork=-3. Y2

Q. 4. If the following function f(x) is continuous atx = 0,
then write the value of k.

. 3x
sin—
fl) = 2, x=#0
x
k , x=0 [OD Comptt., 2017]
sin3—x sina—x
Sol. lim i 2 1
x—=0 x x—0 2, 37)6
2
or k= % 1

[CBSE Marking Scheme, 2017]

Short Answer Type Questions-I
(2 marks each)

O)

Q. 1. Find the value(s) of k so that the following function

is continuous atx = 0

1-
1-coskx 0
_ ) xsinx
fo=1, .
- ifx=0
[CBSE SQP 2020-21]
kx
. 2
1-coskx i (?)
Sol. Lt — = Lt _
x—=0 xsmnx x—=0 xsinx
2sin? (k—x)
o \2)
_ xz
T x50  xsinx
2

Lf ————=
x—0 kx 2
0
1 Sinx
x—0 X
2
lex%
= == 1
1 1%
- f(x) is continuous at x = 0
Lt =
x—)Of(x) f0)
(S
= 2 2
= =1
= k = +1 Ya

[CBSE Marking Scheme 2020-21]

Commonly Made Error

» Some students do not know how to evaluate

limits of the form %

-

@‘ Answering Tip

» Learn to evaluate the indeterminate forms of
limits.

_______________________________________________

Q. 2. Find the value of k for which the function.
x?+3x-10

x—2
k ,x=2

S X#E2

fle) =

is continuous atx = 2.

[Delhi Comptt. 2017]
Q. 3. Find the value of p for which the function

1-cosdx
72 ,x¢0
fx) = x
4 ,x=0

is continuous atx = 0. [Delhi Comptt. 2017]

li -
Sol. um f(x) = f(0)

. 4x2sin?2x
i R '

. 2

. sin 2x

8}513(1)[ 2x j =P %
p=38 Y

[CBSE Marking Scheme, 2017]

Q. 4. Find the value of k for which the function

sinx - cosx
f) = ix-m is continuous atx = X
T 4
k ,X=—
4
[Delhi Comptt. 2017]
i SInX—cosx _ f(z
Sol. E 4x-m 4
4

1 1

\/E(—sinx ——Cosxj

lim 2 2 o
n 4x—m

\/Z(sinxcosE - cosx.sinﬁj
4 4) K

n 4x—T7



ﬁsin(x—fj
Iim ———= =k
T T
X—>— 4 —_
: (’“ 4)
V2 _
4
1
k=—0
242

[CBSE Marking Scheme, 2017]

O)

Q. 1. Find the values of p and g, for which

[1-sin®y . T
3cos“x
fx)= p, ifx=_,

4(1-sinx) ,if x>
| (t -2x)?

NIE via

. . s
is continuous atx = —

Short Answer Type Questions-II
(3 marks each)

[Delhi Set I, II, III 2016]

Sol. LHI; = Lt f(x)
at x=— x%n—
2
Lt (1-sin’x)
- a~ 3cos®x
2
13_ 3
_ ( : 51.n 2x) v
7~ 3(1° —sin” x)
2
= Lt (1-sinx)(1+ sinx +sin® x)
o 3(1-sinx)(1+sinx)
2
(1-sinx)#0
lim 1+sinx +sin’x y
~ x 3(1+sinx) 2
xai
Put x = E—h.Asx—>E ,h—0
2 2
1+sin(£—h]+sin2(£—hj
. 2 2
i n
3(1+sin(—hj)
2
. 1+cosh+cos’h
Iim—7F—
>0 3(1+cosh)
1+1+1 1
= = %

TO3(1+1) 2

RHL = Lt+-f(X)

(atx=g) (x_>g )
= Lt q(1—sinx)
nt (n-2x)°
N
2
Put ¥ = Sth Asx——,h—0 v
2 2
1—sin(g+h)
= th 3
—0
{n-z(ﬂh)}
2
. 2h
1-cosh 2sin”—
= q Lt =
h—0  4h% h—0 442
2
sin—
q 2 1_4
= — Lt X === !
2p50| B 4 8 ”
2
Also, f(T| =p
(3)
Since f(x) is continuous at x = g
LHL = RHL = f(g)
1 _4q_
2 87
1
or g =4andp = 5 b

Commonly Made Error

» Many student commit errors in finding the Left
hand limit and Right hand limit.

Q. 2. For what value of k is the following function

T
continuous atx = —E ?
V3 sinx + cosx T
yeem e -, _r
fer=] x+% 6
6
k, x = _r
6

[SQP 2016-17]



Sol. lim f(x) = lim
T T

V3 . 1
2| —sinx + cosx-—
2 2

limn f(x) = lim1t

=== T=r=—

T
. A X+

=
=
—n
—~
=
~
Il
=
2

=
4
|
|a
4
|
B
+
=
Il
[\9]
=]
VY
@
=]
=
N——o

T
For the continuity of f(x)atx = o

lim_f(x)

) m

or k=2 1
[CBSE Marking Scheme, 2016] (Modified)

Q. 3. Determine the values of 'a' such that the following
function is continuous atx = 0:

w,if -t<x<0
sin(a + 1)x
fx) =4 2, if x=0
sinbxy __
2—, if x>0
bx f
[SQP 2017-18]

Differentiability

TOPIC- 2 Concepts Covered e Left Hand Derivative, ® Right Hand Derivative,

® Relation between Continuity and Differentiability

Derivative of Some Standard Functions:

@%le o
d

(© E(ﬂx)ﬂl’( log,a,a>0 )
d 1

(e) E(loga x) = thJl = ;logﬂ e (f)

(8) %(sin X) = cosx (h)

. d .

(1) E(tan x) =sec2x (])

(k) %(cot x) = —cosec2x )

X +sinx

Sol. lim f(x) m-———
x>0 x—0" sin(a +1)x

sin x

; x

0 S e
(a+1)x

1+

(a+1)

- 2 1
a+1

| esinbx -1
im = lim 2
x—0" f(x) xl—%l* bx

V2

_ limzesmbx—l sin bx

x=0"  sinbx bx

V2

f(0) = 2. b3
For the function to be continuous at 0, we must
ave lim f) = lim fx) = 0)

i.e., we must have i =2 ora = 0; b may be any
a+1
real number other than 0. 1

[CBSE SQP Marking Scheme, 2017-18] (Modified)

ksinE(x +1), x<0

Q.4.Find k,if f(¥) = ) .1 v _ciny

x3

is continuous atx = 0.

, x>0

[OD 2016]

_______________________________________________

_______________________________________________

d—(k) =0,where k is any constant
b

d

—(eX)=¢ex

T (ex)=e

d 1

“a ==
llog, )=~

d .
a(cosx) =—sinx

d

—(secx) =secxtanx
dx

d
d—(cosec X) =—cosecx cotx
b



(m)

(0)

(@

O e ) ot =g el
d d 1

1 £ (cot-1x) = — xeR
dx(tan 1x)—1+x2,xeR (p) dx(CO X) 1+ 22 Xe

d 1
I (sec™ x) =

%/—, where x € (—o0,=1) U (1,0)

xvx“ -1

di(cosec_lx) =— , where x € (—o0,—1) U (1, )
X

1
wwWx? -1

(r)
Following derivatives should also be memorized
by you for quick use:
. d \/— _ 1
M o(x)=57
o d(1y 1
(&) dx(x)_ x2
S Left Hand Derivative of f(x)
atx =m,
Lf'(m) = lim M and,
x—m= X—m
Right Hand Derivative of f(x) atx = m,
Ry = tim L=
x—mt xX—m
For a function to be differentiable at a point,
LHD and RHD at that point should be equal.
S Derivative of y w.r.t. x: ay_ lim S—y
dx 8x—00x

Also, for very-very small value &, f'(x) =

7f(x+h]z_f(x),(ash—>0)

Relation between Continuity and Differentiability:

(@)

(i)

If a function is differentiable at a point, it is
continuous at that point as well.

If a function is not differentiable at a point, it
may or may not be continuous at that point.

(iii) If a function is continuous at a point, it may or

(iv)

Rules of Derivatives:

=

may not differentiable at that point.

If a function is discontinuous at a point, it is not
be differentiable at that point.

Product or Leibniz's rule of derivatives:

ui(v)+v%(u)

d
E(uv) T dx

Quotient Rule of derivatives:

)

d(u

7(,

dx\ v

d d
_ UE(M) - HE(U) B ou'— up'

Z)Z

UZ

.

____________________________

Discontinuous Function: A

1

1

1

1

1

:
discontinuous function is a function in i
algebra that has a point where either !
the function is not defined at that point i
or the LHL and RHL of the function !
are equal but not equal to the value of i
the function at that point or the limit of |
the function does not exist at the given i
1

1

___________________________________

* All differentiable functions happen to
be continuous but not all continuous

functions can said to be differentiable.

* A function is said to be continuously
differentiable if the derivative exists and
is itself a continuous function.

* f(x) = 0is a continuous function because
it is an unbroken line, without holes or
jumps.

* If f(0) = oo, then function is continuous
at 0.

* All polynomial functions are continuous

functions.

____________________________________

______________________________________

@ Mnemonics

1

1

1

1

i

. o . 1
Quotient Rule of Derivative ]
Ho D Hi Minus Hi D Ho Over Ho Ho
. _ Ho D Hi-Hi D Ho |

In mathematical notation, ——— !
ho ho 1

1

1

1

1

1

1

1

1

where, Ho — function in numerator
Hi — function in denominator

D — derivative of

___________________________________________



+// OBJECTIVE TYPE QUESTIONS

n Multiple Choice Questions

Q. 1. Differential of log[log(log x°)] w.r.t x is:

5 5
(A) xlog(x®)log(log x°) (B) xlog(log x®)

5x* 5x*
© log(x”)log(logx®) (D) log x°log(log x°)
[CBSE Term-I 2021]
Ans. Option (A) is correct.
Explanation: Let y = log[log(log x%)]
dy 1 dy

= ———log(logx’
dx  log(logx®) dx[ og(log )]

(By Chain Rule)
; Li]o x°
log(log x°) log x° dx 8
1 14
log(x*)log(logx”) x° dx
5
xlog(x*)log(log x*)

(x”)

Q. 2.If (x* + y*)* = xy, then Z—y is:
x

y+4x(x* +y%)
dy(x* +y*)—x

y—4x(x* +y°)
x+4(* +y7)

(A) (B)
y—4x(x’ +y%)

4y(x* +y*) - x
© 4y(x* +y*)—x (

y—4x(x* +y?)

[CBSE Term-I 2021]
Ans. Option (C) is correct.
Explanation: Given, (2 + 1?2 = xy
= x4+ 2%+t -xy =0
Differentiating w.r.t. x, we get

4x° +2 2xy2+2x2yd—y +4y3d—y— y+xd—y =0
dx dx dx

%[4x2y+4y3 —x]+[4x3 +4xy” —y] =0

dy —|:4x3 +4xy* — y]

dx |:4xzy+4y3 —x]

2 2
or B _ Y- +yT)
dx — 4y(x*+yh)-x

Q.3.If siny = x cos(a + y), then Z—x is:
y

cosa —Cosa

(A) (B)

cos*(a+y) cos*(a+y)

cosa —Cosa

(D)

sin’y sin’y
[CBSE Term-I 2021]
Ans. Option (A) is correct.
Explanation: Given, siny = xcos(a + )
siny

> x=—"—
cos(a+y)

Differentiating with respect to y, we get

dx cos(a+ y)%(sin y)— siny%{cos(u +v)}

dy cos*(a+y)

- dx cos(a + y)cosy —siny[—sin(a +y)]
dy ~ cos*(a+y)

N dx cos(a+ y)cosy +sinysin(a + y)
dy ~ cos*(a+y)

o, & cosl@+y)-yl
dy cos*(a+y)
dx cosa

: - = — 5, .
dy ~ cos*(a+y)

Commonly Made Error

» Sometimes students commit errors in — rule

for differentiating the function.

(L

@ Answering Tip

G

» Differentiation rules for different functions
and forms need continuous revision practice.

Q. 4. Ify = sin(msin™x), then which one of the following
equations is true ?

dy

1-) L4

() (-x )dxz +xdx

+m’y=0

iy d
(B) (1—x2)ﬁ—x%+m2y=0

da d
(©) (1+x2)ﬁ—xﬁ—m2y =0
dy

2
_ =0
dx "y

dZ
(D) (1+x2)ﬁ+x

[CBSE Term-I 2021]

Ans. Option (B) is correct.

Explanation: Given, y = sin(m(sin'x)) ()
Differentiating both sides w.r.t x, we get



An

*2]

Ans.

4y _ cos(msin™ x) x

dx 1-x7

dy  mcos(msin” x) .
= dx = \/ﬁ ...(11)

mcos(msin™ x)

= y = T ..(ii)
= (\/ 1-x* )y'
Differentiating again w.r.t. 'x', we get

T (_Tz_xiz

—m?*sin(msin ™ x)
1-x

mcos(msin x)

2

=y (1= —xy = -m%y
Sy (l-x)-xy +m2y =0

2
or (1—x2)%—x%+mzy =0

.If x = 2cosB - cos20 and y = 2sin6 - sin2 6, then

d—y is:

dx

(A) cos0+ cos20 (B) cos6— cos26
sin 0 —sin 20 sin 20 —sin 6

©) cos0 — cos20 (D) c0s26 — cos6

sin 0 — sin 20 sin 20 + sin 6

[CBSE Term-I 2021]

. Option (B) is correct.

Explanation: Given, x = 2cos — cos26

and y = 2sin® — sin26
dx

Therefore, i —2sin® + 2sin26
dy

and 0 2c0s0 — 2c0s26
iy _ 2c0sb—2co0s20
dx —2sin 0 + 2sin 20
dl _ cosB—cos20

or = Py teay
dx  sin20—sin®

d’y

.If y = Ae™ + Be™, then T is equal to:
X
(A) 25y (B) 5y
(©) -25y (D) 15y

[CBSE Delhi Set-I 2020]
Option (A) is correct.

Explanation:
y = Ae* + Be™
d
= 4o 5Ae>* — 5Be™>*
dx
dz
= b = 25467+ 5B

=25y

2 2
x d
Q.7. Ify = log, [22 J, then dxz equals:
1 1
A) —— (B) =
x x
2 2
C) — D) ——
© 5 D) -5
[CBSE Delhi Set-III 2020]
Ans. Option (D) is correct.

Q.8.

An

An

7]

w

. The function f(x) = "

Explanation:
2
Given, y = log, -
e
= y = 2log,x —log ¢
= y = 2log,x -2
= dl =
dx x
dy -2
= — = —
dx* x?

The set of points where the function f given by
f(x)=|2x-1|sinx is differentiable is:

1
(A) R (8) R- {5}

(C) (0, =) (D) none of these

. Option (B) is correct.

Explanation: Given that,
f(x)= |2x-1]|sinx

The function sin x is differentiable.
The function | 2x —1] is differentiable, except

2x-1=0

1

= X==
2

Thus, the given function is differentiable R — {%}

s

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

(B) continuous and differentiable everywhere

(C) not continuous at x = 0

(D) none of these

. Option (A) is correct.

Explanation: Given that,

fx)=e"

The functions ¢* and | x| are continuous functions
for all real value of x.

Since ¢" is differentiable everywhere but | x | is non-
differentiable at x = 0.

Thus, the given function f(x) =Ml is continuous
everywhere but not differentiable at x = 0.

Q.10.Let f(x)=|sinx|, then:

(A) fis everywhere differentiable
(B) f is everywhere continuous
differentiable at x = nm, n e Z.

but not



(C) fis everywhere continuous but not differentiable © 1 43

atx=Qn+ 1=, ne z.
(D) none of these

4—x* 1-x*

Ans. Option (B) is correct.

Ans. Option (B) is correct. Explanation: Given that,
Explanation: Given that, )
=|si =1lo =
f(x)=|sinx| y g(1+ xz)

The functions | x| and sin x are continuous function

for all real value of x. = V= log( 1 _xz) —log( 1+ xz).

Thus, the function f(x)=|[sinx| is continuous Differentiate with respect to x, we have
function everywhere. p p p
Now, |x| is non-differentiable function at x = 0. YL [log( 1 —xz)]—— [log( 1+ xz):l
. o . . . . dx  dx dx
Since f(x)=|sin x|is non-differentiable function at 5 5
sinx=0 = — xz ad .
Thus, f is everywhere continuous but not 1-x" 1+x
differentiable at x = nm, n e Z. 2
2 = 2| ————
Q.11.If y =log 1-x , then dy is equal to: (1—x2)(1+x2)
1+x° dx 4x
4x° —4x R
A B) — -
W1 ® 1

v/ SUBJECTIVE TYPE

Very Short Answer Type
- Questions (1 mark each) A Commonly Made Error

» Mostly students find difficulty in differentiating

1
Q. 1. Letf(x) =x|x|, forallx € Rcheckits differentiability i modulus functions.

atx = 0.
R&U [CBSE Delhi Set-TIT 2020 NN N
R&Ul e : :@: Answering Tip
—xz, x<0 . . ! !
Sol. f(x)=1 , o) differentiable atx = 0. /2472 | » Learn the modulus function with its properties. |
[CBSE Marking Scheme 2020] (3 5 1fy = x|x|, find % for x < 0.
X
Detailed Solution: [RI [CBSE OD Set-I, 2019]
—x* ifx<0 . . 7
Here, foo=1, 50 Q. 3. Differentiate e”* , with respect to x.
X Irxz
[/ [CBSE OD Set-II, 2019]
. f() - f(0)
' = lim —/—————~* q
Rf ) ot x—0 ©) Short Answer Type Questions-I
(2 marks each)
x> -0
= hm =0
xs0t x=0 2
2X —X d y dy
— £(0) Q1.Ify =ae +be,thensh0wthat—2———2y
L@ = tim L= A dx
: w0~ x—0 5
- =0. [CBSE SQP-2020-21]
li XZ 0 dy T
=me/T T 0 Q. 2. Find the value of —= at 8 =—, x = cos 0 — cos 26,
x—0 dx 3

y = sin 0 —sin 26.

Rf'(0) = Lf'(0)
[CBSE OD Set I, 1I, I11-2020]

Therefore f(x) is differentiable at x = 0.



Sol. 7 = —sin® + 2 sin 20 V2
dy .
e cosO — 2 cos 20 %)
dy cos0 — 2.co0s20
2L _ eV T atthav 1
dx —sin 6+ 2sin 26
dy B §
dx|g_m B \/5 %

[CBSE Marking Scheme 2020]

Detailed Solution:
Given, x = cosO — 2 cos20
Yy = sin® —sin20
Differentiate x = cos6 — 2cos20 w.r.t 0

ax = —sin® + 2sin20 ..(i)
dae
Differentiate y = sinf — sin20 w.r.t ©
ay = cos6 — cos26 ...(ii)
de
On dividing eq(ii) by eq(i)
dy
46 _ cosb—2cos26
dx  _sin@+2sin20
dae

dl cosO —2cos260
dx 2sin20 —sin O

] _eof5) 23]
o a5)()

Commonly Made Error

» Some students first substitute the value and
then take the derivative which is wrong.

@' Answering Tip

» Find the derivative first and then substitute the
values.

________________________________________________

4y
dax?’

[CBSE Delhi Set-LII,III 2020]

Q.3.1f x = a cos 8; y = b sin 6, then find

Q. 4. Find the differential of sin%x w.r.t. e,

[CBSE Delhi Set I, II, IT1-2020]

Sol.Let y = sin?xand z = ¢

d .

4 _ 2 sin x cos x

dx

dz .

and s —sin x.e* o+

dy 2sin x cosx

dz —sinx ¥

—2Cosx s
= o OT —2cosxe

Vot
[CBSE Marking Scheme 2020]

Detailed Solution

Here, suppose u = sin%x, v = e
Then, we need to differentiate u w.r. to v
. du du dx
ie. — = — .=
dv dx dv
du  d(sin’x)
_odx _ __dx
- @ - d(eCOSX)
dx dx
du 2sinxcosx 2cosx
= — = e wmy =
do e .(—sinx) £C05%

Q. 5. Find the derivative of x'°8* w.r.t. log x.
[CBSE OD Set-II 2020]
Sol. Let u = x°¢¥ and v = log x
Now, logu = (log x)>

L
= po 2B
= du_ M.xlogx 1
dx x
Again, v = logx
o1 )
= dx = «x e
du
- 2.x18* log x V2

[CBSE Marking Scheme 2020]v

Detailed Solution:
Let u = x°%, v = logx and u = x°%*
taking log on both sides
logu = logx's*
logu = logxlogx
logu = (logx)?
Differentiate w.r.t. x



Ldu

= 21 X —
u dx o8 x
d
du _ u_Zlogx
dx X

du _ x8* 21log x

Q)

dx x
v = logx
Differentiate w.r.t. to x
do 1 ..
w2 (il
dx X (i)

On dividing eq(i) by eqn. (ii)
du xlog x 2 log X

de - x
do 1

dx X

du

— = logx
o 2logx.x

The derivative of x16* w.r.t. to logx is 2logx.x!°8".

1+cosx .
- with respect to x.
sinx

Q. 6. Differentiate tan‘l(

[Delhi/OD, 2018]
., dy T ...,
Q. 7. Find Ir atx=1,y = 1 if sin’y + cos xy = K.
x

[Delhi Set I, IT 2017]

Sol. From the given equation

d
2sin y cos y. Z—y — sin xy. [x.£+y.1] =0 1
e

dy ysinxy
or dx  sin2y—xsin(xy)
dy ysinxy
dx sin 2y — xsin xy
T oing m1
(d_y) L ZSIH Z _ 4 \/Z
T 1
dax =z sin2™ —1sin1.” -5
S
4(\2-1)
4 _ =
dx

x=1,y=g

[CBSE Marking Scheme, 2017]

1 1
8.1f y = sin’! (sx\/1—9x2),——<x<—, th
Q y = sin 32 32 en

d
find °. . [Delhi Set I11, 2017]

Sol. y =sin! (6x\/1—9x2),—L<x< L

32 T 32
put 3x =sin®or 6 = sin”! 3x Y2
y = sin™! (sin 20)
=20 = 2sin™!' 3x V2
ay _ 6 1
dx 1-9x2

[CBSE Marking Scheme, 2017]

cosx—sinx

Q. 9. Differentiate tan‘l( ) with respect to

cosx +sinx
x. [Comptt. Set I, 11, III, 2018]

_1| cosx—sinx
Sol. Let y=tan | ——————

CoSXx +sinx

sin x
cosx| 1—
1 COoSX

= tan - b3
sin x
cosx(1+—)
L CcosX
_1f 1-tanx
= tan L 1
1+tanx] /e
= tan_l[tan[g—x]] A
b1
= ——x
4
dy
= =1 1
dx :

[CBSE Marking Scheme, 2018]

©) Short Answer Type Questions-II
(3 marks each)

Q1Ify= eroin’x 4 (sinx)*, find d—y
dx

[CBSE SQP 2020-21]

2

Sol. Let y = *inx
and v = (sin x)* Y
so that y=u+vo
d_]/ = @+d_ﬂ 1
= dx ~ dx dx ~(1)
Now. u = exsinzx
Differentiating both sides w.r.t. x, we get
d )
— Lo oY y(sin2x) +sinx] 1

dx
(2



Also, v (sin x)*

=

logv = xlog (sin x)

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

1 dov .

v x cot x + log (sin x)
dv . .
o (sin x)* [x cotx + log(sinx)]

-3 1
Substituting from eq.(2), eq.(3) in eq. (1) we get

dy X sinZ x . g
- [sin 2x + sin?x] +

(sin x)* [x cotx + log(sinx)] V2
[CBSE SQP Marking Scheme 2020-21]

Commonly Made Error

» Some students take logarithms directly without
splitting the function.

Q. 2. Prove that the greatest integer function defined by
f(x) = [x], 0 < x < 2is not differentiable at x = 1.

[CBSE SQP 2020-21]
[CBSE Board 2021]

Q.3.1f V1-x* +\1-y* = 4(x - y), then prove that

dy _1-y*
2
dx \1-x [NCERT Exemplar]
[CBSE SQP-2020-21]

\ll—x2 + \ll—yz =a(x-y)

Letx =sinA,y = sin B

Sol.

\/l—sin2A+ \/1—sinzB = q(sin A - sin B) Y

cos A + cos B = a(sin A - sin B)

(A+B) (A—B)
= 2 cos CcoS
2 2

A-B

= = cot la 1
A-B=2cotla

= sinlx—sin"ly =2cotla

Differentiating w.r.t. x

11 dy
J1-22 \/l—yz dx

0 1

,ll—yz

V1-x?

[CBSE SQP Marking Scheme, 2020] (Modified)

G

dx 7

Commonly Made Error

» Most students differentiate directly and will fail
to reach the final answer.

» Learn all the substitutions made in inverse
trigonometric functions by heart.

xZ

d
Q.4.Ifx = asecH,y = b tan0. Find Ty atx = %
[CBSE SQP 2020-21]

Q.5. If x = a(cos 26 + 26 sin 20) and y = a(sin 20 —
2

L4y e T
26 cos 260), find 2 ato = 3"
[CBSE SQP-2020-21]
Sol. x = a (cos 20 + 26 sin 20)
= % =q(-—2sin 20 + 2sin 20 + 46 cos 20) %
= ax _ a (46 cos 20) 1)
70
Yy = a (sin 26 — 26 cos 26)
= Z—ye = a (2 cos 26 + 46 sin 20 — 2 cos 26) Y
= & _ a (46 sin 26) (2
0
Using (1) and (2),
a(46sin 26
e a(46 cos26)
= d_y = sin 26 = tan 20
dx c0s26
Differentiating again with respect to x, we get
dy _ s dO
= — = 2sec”20.—

dx* dx



dz_y = 2sec? 29.; 1, B 82 1
dx? a(40co0s26) Sl
dz—z} = 2sec? % v [CBSE SQP Marking Scheme, 2020] (Modified)
ax 0=3 a(4£cosﬁ)
8 4
2
Q. 6.If x = asec® 0, y = a tan® 6, then find Z -Z at9 = % [CBSE Delhi Set-I1, 2020]
X
Topper Answer, 2020

e

*=08ec®C
bx@&f&mo&nca WD YeapeC to »
2 dx = 3036ec?02ecCtan® = ’%a%ec'*@’t'aﬂ@

808 = STHS |

s dg ==

Y= otan3s -
D?FP&MH&HV\H oo?Hq mp&&io

3 dy = Boten’®sec®®
as o S

dy - % - Ratarfese®® -

dx  &&  308ec’Oton®  Sec®

DiRcrenting  @quasien © wirn reopee 40 x
0’y - d sthe de
9

e R e e

=V

L SRS - |
Y = s = 080c0ed0 amd - cose
ok . 0%ec®Otan® _ 3ashB  Basn®
&y =42 = 1 @oswex .
kdef )@~ W (@f3a lae —
71 yesind [ IFXHNI=X ) oW that - y = o=l leos s v
Q.7. y =sin 2 , en show tha 4 4
dy -1 dy -1 X
—= . = - = 1
dx o 1—x2 dx 21— x? ’
[CBSE Marking Scheme 2020] (Modified)
[CBSE OD Set I, I, IT1-2020]
Detailed Solution:
Sol. Put X = cos26
ToProve /—
= 0 = %Cos_lx 1 2 1-x
ol V1+x++41-x
. _1[\/§cos6+\/§sin6] Given: Yy = sin B
y = sin = 3
Put X = cos 20

)

)= Sinl[Jl+C0529 +\/1—cosze}
2



[ V14200820 —1+,/1-(1-2sin”6) Now, log u = y.logx
y=sn 5 1 du 1 dy _du [y dy
=>——=y-—+logx—==>—=xY =+log x-—=
u dx X dx  dx X dx 1
[c0s28 = 2c0s?0 — 1 Acain. 1 —
—1-2sin0)] gain, logv = x - logy
- 1 d 1d d d
1| V2cos0++/25in6 :>—-—U=X~—-—y+log y-1:>—v=y* £—y+log y| 1
Yy = sin — 5 v dx y dx dx y dx
- , 1 From (1), (2) and (3)
e -1 .
y = sin Cose+sm(-)} y(1+1 d_]/j_ x fd_]/_‘_1 -0 1
:ﬁ V2 ' x ngdx v y dx e |
¥y = sin™ singcosﬁ+cosgsin0} :>d_y_ v .logy—xy‘1 -y v
- dx x'-logx—y~'-x
[Using sinA cosB + cosA sin B = sin(A + B)]
r - [CBSE Marking Scheme, 2019] (Modified)
y = sin™ sin(+9ﬂ
L 4 Detailed Solution:
. Given, Wyt =a
y= 4 +0 = eylogy _ pxlogy — obloga

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

i (eylogx)_ di (exlogy) = % (ebloga)

dx

Put® = %cos‘1 x [x = cos 20]

BRI PN
YA

= eVlogx di (y log x) — e¥ oy 4 (xlogy) =0
x

Differentiate above equation w.r.t x : dx
dy 1 -1
o 0 +E X — 2 dy 1 B 1_dy| _
x 1-x Si—=xlogx+yx—=r—y* {1xlogy+xx=x—L =0
d -1 dx x y dx
% = m Hence Proved. x| dy y
- = {x¥ x1 —yrx ==L YL ¥ =
{x xlogx yxy}dx _,_{x ><x yxlogy} 0
Commonly Made Error = {x'logx— xy"‘l}j—y +yx' " =y logy} =0
x
. » Some students directly apply the formula for | *log 1 — V1
: derivative of sin"lx and apply chain rule. : = &y _ {yy()gyxx_ly}
leemmmeemeememeseeseseseseC S eieememesee——————- dx x’'logx -y " 'x

@' Answering Tip

Commonly Made Error

i » Some students take logarithm directly without
I separating the equation.

» Convert inverse trigonometric functions to
simplest form before finding the derivatives.

Q. 8 If xJ1+y+yv1+x=0 and x # y prove that
dy 1
dx  (x+1)%

@‘ Answering Tip

[R [CBSE OD Set-I, 2019][NCERT]

. » log (a + b) # log a + log b. So separate the |
: function and find the derivatives. :

Q.9.1f ¥ —y* =a’, find %.

2
x Q.10.If y = (sinx)? prove that (1 - x?) d—z - xd—y
[CBSE Delhi Set-TII, 2019] dx® dx
-2=0. Z i -
Sol. Letu=x%,v=y*.Thenu-v=a’ (1) [RIICBSE Delhi Set 1-2019]

du do 1, Q.11.If (cos x)? = (sin y)* find dl

“ % 0 V2 dx

dx dx

[R| [CBSE OD Set-1, 2019]



Sol. (cosx)Y = (siny)* =y -log (cos x) = x - log (siny) 1

Differentiating w.r.t ‘x’

:Z—ylog(cos x)+y(—tan x) 1
X

. dy
=1 .cot 1y -—=
og(sin y)+x-cot y .
dy _ y-tan x +log(sin y) 1
dx  log(cos x)—x cot y

[CBSE Marking Scheme, 2019] (Modified)

Detailed Solution:

Given, (cosx)¥ = (siny)*

Taking log on both sides, we get
ylog (cosx) = xlog (siny)

Differentiating w.r.t x, we get

=y 4 [log (cosx)] + log (cosx) i(y)
dx dx

= xi [log (siny)] + log(siny) i(x)
dx dx

—sinx dy
1
= y( ) og(cosx)

COSXx

- x(W]d—yHog(Siny).l
siny )dx

= —y tanx + log (cosx) dy _ x coty d—y+log(sin Y)
dx dx

= (log (cosx) —x cot y) % = log (siny) + y tanx

log(siny)+ytanx

= dx  log(cosx)—xcoty

Q. 12.If (x — a)*> + (y — b)> = ¢, for some ¢ > 0, Prove that

()]

dzy

dx?

is a constant independent of 4 and b.

(R [NCERT] [CBSE OD Set-I, 2019]

Sol. (x-a)?+ @y-bP=c%c>0
2(x—a)+2(y—b)~Z—Z:O:>Z—Z:—% 1
ey )=o)

i (y-by
:ﬁ [By substitution '%'j 1

e = =

_ — _ 1

4y R S

& (-0 (b

which is a constant independent of ‘a’
and ‘b’ Ya
[CBSE Marking Scheme, 2019] (Modified)
Detailed Solution:

Given, (x-a)*+ (y-b)? =2 (i)

Differentiating w.r.t. x, we get

2(x—a) + Z(y—b)d—y =0
dx

= (x—u)+(y—b)% =0 ...(ii)

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

1+ (@y-b) dzh(dyI =0

dx? dgz 2
ay

{1+ dsz}
dzy X

= = ...(iii)

dy —

» (y—b)z [from eq (i)] ...(iv)

(x (v-b)°
- 1+(di2 _ (x-a();jlf)yz—b)z
[ 2 c

3/2 ) 3/2 s
N {“(Ziﬂ/ :{(yib)z} :(yib)s v

From eqns. (iii) and (iv), we get

1+(dy)Z ) 5
d2y dx c*/(y-b)

T y-b T (y-b)

= (y_b)3 (Vl)

From eqns. (v) and (vi), we obtain

3/2 3
1 +[dsz 673
dx (y=b)
T = 2 == whichisindependent

dx? (y—b)3

of aand b. Hence Proved.



Q.13.If log (x> + y*» = 2 tan?! (%), show that p . x-d—y—yl
. . (2x+2yd—yj 2 — 2
x*+ X x
Yo XY [U] [CBSE Delhi Set-III, 2019] / +(1j
dx xX-y X
2
= 22 (x+ydyj 2x 2~i2-(xd—y—yj 1
x* +y dx) ¥*+y* x dx
Sol. log(x*+y?) = 2 tan’! (lj
* >y =(r-p L= LI 1
Differentiating both sides w.r.t. x, dx dx x-y
[CBSE Marking Scheme, 2019]
Detailed Solution:
Topper Answer, 2019
Sol. { Ring) = 2tom 4
o s i % : % > ; / i

piH. ool sider wovi -a./ _
[ - a7, R . voqh) =
[ feamy s 2y [RR g
- L v+ 55;

x’nj" M
2 2 +yY4y' = g2 (‘1»'( ) [mu. y' =*ﬂnﬂ_.
APyt ategr R /
_.:i_,.,.__ 4 ‘ILJI’ = "vl} = _;4{_._.___4.... i, e
L T S o o NS

= g = x+y o -
- } -

________________________________________________________________________________________________

Q.14.If x = cos t + log tan E, y = sin ¢, then find the (@) Long Answer Type Questions
2 (5 marks each)

value of ﬂ and ﬂ att = E.
dt dx2 4

> Q. 1. Find 4y 1fy—esm ¥i2tan _11,1—_x .
[CBSE OD Set I, 11, I11-2019] dx’ 1+x

S.Q.P. Dec. 2016-17] [HOTS
Q. 15.If x = a (206 — sin 26) and y = a (1 - cos 20), find Z—y [5-Q e I |

¥ . : -1 [1-x
T X Sol. Putting x = cos 20 in |2tan To o [ Weeet 1
wheno = =, REU[Delhi/OD, 2018] T

3
2tanL fl —c0s20
1+ cos26



o2
ie., 2tar1_11 szze
2cos” 6

= 2 tan’!(tan 0)

=20 = cos™x 1
sinzx -1
Hence, y=e cos X
or log y = sin’x + log(cos™x)
-1
or l><d—y = 2sinxcosx + ———X
y dx oS x 1-—x%

1

cos ! xV1-— x2

or d_y = eSin2 * cos x| sin2x — ; 1
dx cos ! V11— x*

[CBSE Marking Scheme, 2016] (Modified)

Q.2.If x cos (a + y) =
dy _ cos’(aty)

cos y, then prove that
2

- . Hence, show that sina —:Z +
dx sin a dx

sin2 (a + y) Z—Z =0.

+// COMPETENCY BASED QUESTIONS

{@); Casebased MCQs (4 marks each)

Attempt any four sub-parts from each question.
Each sub-part carries 1 mark.

I. Read the following text and answer the following
questions on the basis of the same:
Ms. Remka of city school is teaching chain rule to
her students with the help of a flow-chart
The chain rule says that if 1 and g are functions and

f(x) = g(h(x)), then
Fx) = (g(h(x))) = & (h(x)) I (x)

_/

-keep the inside by deri.va%'ive
- take derivative of the inside
of outside

1. Find i(cosxs)
Q. 1.Fin i .

(A) x*sinx®
(C) 5x*sinx®
Ans. Option (B) is correct.

(B) —5x*sinx®
(D) 4x°sinx*

Explanation: i(cosxs) L (x7)
dx dx

= —sinx®(5x%)
= —5x*sinx®

Q. 2. Find isin(cos x).
dx

(B) sinxcos(cosx)
(D) cosxsin(cosx)

(A) cos(cosx)
(C) —sinx.cos(cosx)
Ans. Option (C) is correct.
Explanation: isin(cosx) = cos(cosx)i(cosx)
dx dx

= cos(cosx)(—sinx)
= —sinx.cos(cosx)

Q. 3. di(sin3 x) — .
X

(A) cos®x
(C) 3sin®x cos x

Ans. Option (C) is correct.
Explanation:

(B) 3sin xcos x
(D) —cos3x

a4 (sin®x) = 3sin®x 4 (sinx)
dx dx

= 3sin’x cosx

d
i 43
Q.4. dxsmx

(A) cos (x%)
(C) 3x?%sin (x%)

Ans. Option (D) is correct.
Explanation:

(B) —cos (x%)
(D) 3x%cos (x%)

d . 3 _ 3 d 3
dx(smx)—cosx dx(x)

= 3x%cosx®

Q.5. %(sian) atx = g is
(A)0
© 2

Ans. Option (D) is correct.

(B) 1
D) 2

Explanation:
d . d
—(sin2x) = cos2x—(2x)
dx dx

= 2c0s2x
n d, .
At x=—, —(sin2x) = 2cosn = -2
2" dx

IL. Read the following text and answer the following
questions on the basis of the same:

A potter made a mud vessel, where the shape of the
pot is based on f(x) = |x - 3| + |x - 2|, where f(x)
represents the height of the pot. [CBSE QB-2021]



Q. 1. When x > 4 what will be the height in terms of x?

(A) x-2
(C) 2x-5

(B) x-3
(D) 5-2x

Ans. Option (C) is correct.

Explanation: The given function can be written as

5-2x, ifx<2
f(x)=11, if2<x<3
2x-5, ifx=3

When x >4, f(x) = 2x-5

Q. 2. Will the slope vary with x value?

Ans.

Q.3.

Ans.

Ans.

Q.5.

Ans.

(A) Yes
(C) Can’t say

(B) No
(D) Incomplete data

Option (A) is correct.
Explanation:
-2, ifx<2
f(x)=40, if2<x<3
2, ifx=3
What is 4y atx = 3:
dx
(A) 2
(B) -2
(C) Function is not differentiable
D)1
Option (C) is correct.

Explanation: f(x) is not differentiable at x = 2 and x
=3.

. When the value of x lies between (2, 3) then the
function is:
(A) 2x-5 (B) 5-2x
©O1 (D) 5
Option (C) is correct.

Explanation: In (2, 3), f(x) = 1
If the potter is trying to make a pot using the
function f(x) = [x], will he get a pot or not? Why?
(A) Yes, because it is a continuous function
(B) Yes, because it is not continuous
(C) No, because it is a continuous function
(D) No, because it is not continuous

[CBSE QB 2021]
Option (D) is correct.
Explanation: [x] is not continuous at integral values
of x.

I

Sol.

Sol.

Case based Subjective
Questions (4 marks each)

Read the following text and answer the following
questions on the basis of the same:

(Each Sub-part carries 2 marks)
Reena started to read the notes on the topic
'differentiability’ which she has prepared in the
class of mathematics. She wanted to solve the
questions based on this topic, which teacher gave
as home work. She has written following matter in
her notes :
Let f(x) be a real valued function, then its Left Hand
derivative (LHD) is :

L@ = i L= 1@

Right Hand Derivative (RHD) is :

(o = iy 1011

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

| x-3 | ’ x=>1
For the function, f(x) = { x> 3x 13
———+—, x<l1
4 2 4
. Check the differentiability of function at x = 1.
x=3, x=>3
We have, flx) = 3-x, 1<x<3
x* 3x 13
TS T x<1
4 2 4
. 1-h)-f(1
LHDatx=1 = hmw
h—0 _h
2
- i A=m" 3=k 13,
-0 h 4 2 4
. (1+h2 —2h—6+6h+13—8)
= lim
h—0 —4h
i h* +4h
= TR el 1
. 1+h)-f@1
RHDatx=1= hmw
h—0 h
i3m0 =2
h—0 h
= limw
h—0 h
h—0 h
Since, LHD = RHD
Thus, f(x) is differentiable at x = 1. 1

Q. 2. Find the value of f '(-1) and f(2).

, x 3
=22 y<1
f') 5%



[LEI 1 LAy _ -Gx 4 2uyty) 1
2 2 dx (x* + 2xy +3y%)
fllx) =-1,1<x<3 , .
—_ . y
fv(z) =1 1 Q. 2. Ify— (\/;) ,then flnd Tx'

II. Read the following text and answer the following

questions on the basis of the same: Sol. We have,

If a relation between x and y is such that y cannot y= (\/;)y
be expressed in terms of x, then y is called implicit
function of x. When a given relation expresses y as = logy = ylog(\/; )
S . .1 dy
an implicit function of x and we want to find e [Taking by both sides]
Then we differentiate every term of the given Now, differentiating both sides w.r.t. x, we get
relation w.rt. x remembering that a term in y is first lgl - yi(log\/; ) + log\/; i(y)
x d d
differentiated w.r.t. y and then multiplied by dy . y g g
dx 1 dy dy
Q.1.Ifx® + x%y + xy* + y® = 81, then find 4 yax
o 1dy y dy(1
Sol. We have, = ydx 2% |08
x4+ 2%y + xy? + 1y =81
Differentiating both sides w.r.t. x, we get d]/(l _ llog x) - ¥
dx\y 2 2
3x2+(2xy+x22—y)+ (y2+2xyzy)+3y 24y =0 *
x
R dy Y. 2
dx 2x 2-ylogx
= (x* +2xy+3y) +(3x +2xy+y°) =0 1 ,
= dy _ __Y

= (@ 20432 =6 + 2y + ) dx = x(2-ylog)

Solutions for Practice Questions (Topic-1) -

Very Short Answer Type Questions Detailed Solution:
2
) -9
1L lim=——=6 .k=6 Yo+ 1 Topper Answer, 2017
x—3 x—23
[CBSE Marking Scheme 2020] : ff‘l) s S(x*3_ 3¢ - s

| ~=
= " - m=3

,./C‘l‘) ua  tormbBraiowas ab o
Livn -f&! L l'.:'rn f{"x)__ g ;,1_(32

» Some students do not know how to evaluate

Commonly Made Error i

limits of the form 0 . %> 3- w3 3k
0 —— -
! bm (*v3) ()= k
wra, »

i Li+m "1‘"3-6) fq+31-g) =k
X i vyl C'x—%)

» From this part questions are mainly asked

I tm (2=2) (x+9) = " __
x 23 ZTx =
the different forms of limits. . H /@
"""""""""""""""""""""""" N L f [(x+42) 1}/ ]

I =

: :
: from indeterminate form of limits. Learn all !
1 1

_______________________________________________



Short Answer Type Questions-I

[CBSE Marking Scheme, 2016] (Modified)

) i or RHL = lim = 1
2 lim fx) = f2) = k %

! £\

i _ sin—

i GO~ e TN i B
: X— =0 X 21

k=7 1 2

i [CBSE Marking Scheme, 2017] = 1x2x 1

| 4. Here, LHL = lim ksin ~ (x+1) =k 1 - k=1 v
! x—0" 2 2

Solutions for Practice Questions (Topic-2)

= 2 [CBSE Marking Scheme 2020]

i Very Short Answer Type Questions dy  Bx s

: = ay _ N3x,

i 2 Forx<0,y=x|x| =-x % dx 2x

; Z—y =-2x %

i g Commonly Made Error

i [CBSE Marking Scheme, 2019] .

E Detailed Solution: i » Sometimes students forget the Chain Rule. i

i Given, y= x‘x‘ i
i Since, x <0, then ‘x‘ =-x i
i y = x(-x) ¥
| y=-x2 . :
: dy _ Short Answer Type Questions-I ;
: — = =X :
; dx 1. y = ae® + be* w(l)
i d 5
: d | 5 J3 5 Y _ 2a¢** — be™ (2
H _(e X) =——¢V* 1 dx !
; dx 2x ;
: [CBSE Marking Scheme, 2019] dzy :
E —5 = 4ae® + be* ()1
i Detailed Solution: dx i
i Let y = e Putting the values on LHS i
i Differentiating w.r.t. x, we get _ dz_y 3 d_y _ 2y i
i dy _ 4 d  dx i
Z" . ] = (4ae> + be) — (2ae> — be™) — 2(ac> + be™)
i = d—y = B ?m = 4ge®* + be™ — 2ae* + be ™ — 2ae* — 2be™ i
- X X |
s By _ g5l - . 1
S e 3 E(‘E) [CBSE SQP Marking Scheme, 2020] !
: = 2 = V3™ —=—(x) i
i dx 2Vx dx 3. d_x = —usine,d—yzbcosezd—yz—kcote !
i de dae e a0
i dy V3 a1 Vot s '
: = - = —e" . —=. 2 _ i
i dx 2 Vx d_z = écosecze( _1 )=—%COS€C39 Vot |
E ; A dx a asin® a '
i L= e ;



Detailed Solution: Short Answer Type Questions-Il

[CBSE SQP Marking Scheme 2020-21]

Commonly Made Error

» Mistakes are made while finding second . Commonly Made Error
1
1

derivative of parametric functions.

» Mostly students fail to do problems involving
modulus and greatest integer functions.

b o o H

' Here x = acos6, y = bsin® :
i dx . dy - L fA+m)-f1) _ L [+ -[1] !
= -5 = osind, = = bcos® 2. RHD = Lt p A i
: (I-1) :
i = Lt——=0 i
N dy _ beosb _ b e 0 L
i dx —asin® a :
; e g SO k-
: >y _ b 20 A0 h—0 —h 50  —h :
i = ——5 = —cosec”Ox— i
' dx a dx 0-1 i
i = Lt — i
i , =0 —h E
i = —cosec’d x (__ ) 1 i
i a asin© - } —=oo 1
i h—0h :
i dy 5 Since, RHD # LHD i
i = — =-— —ycosec’d |
: dx a Therefore f(x) is not differentiable at x = 1 1

i » Second derivative of parametric form is an |
1 1
! important area for scoring. Practice more !
: questions from it. :

_____________________________________________

E 4. y = btan6 :
I fo = tan11EE022) & |
sinx = B - b sec®0 (1)
i 2c0s?E X = asech .
i - 2 dx i
! =tan| ———=—1 1 = — = gsecOHtan O (2) !
! 2.sir1£cosE de @ !
1 2 2 1
: 4y :
: = log x* = (log x> % dy _ de :
i T odx i
. 1 dx o .
: f@ = 72 a6 i
E bsec®® b i
! [CBSE Marking Scheme, 2018] = ———=—cosec® 1%
: asecOtan® a :
E Differentiating both sides w.r.t. x, we get E
i 2 _ i
: Commonly Made Error d—Z ~ Y e l
| dx a dx |
e nge students write dif.ferel}tiation of. tan~lx ! _ -b cosec 0 cot 6 X 1 :
i directly. They don't simplify the inverse ! a asecOtan® !
¥ trigonometric functions which leads fail to | [using (2)] :
n reach the final answer.. : b :
E = —cot’8 1
: a.a '
5 :@: Answering Tip 2y ol =P
i . E . = u_z cotg :
'\ » Differentiation rules for different functions | fars NG !
L and terms need attention. A thorough revision | = __b(\/g )P =- 3v3b 1
N . 1 2 2 oy |
1 is a must. 1 a a :

' [CBSE SQP Marking Scheme 2020-21]



8. xJl+y+yvl+x=0=>xJl+y=-yJl+x 1
=121+ %
Simplifying to get: (x—y) (x + y + xy) = 0

Squaring to get: x2 (1 + y)

As, x # e 1
vy 1+x

d_y_—1(1+x)—(—x)-1_ -1 1

dx (1+x)Z (1+x)Z

[CBSE Marking Scheme, 2019] (Modified)
Detailed Solution:

Given, equation is, x\1+y+yvJ1+x =

On squaring both sides, we get
Pl+y)=y*1+x)
= 2422y =2 + y*x
= x2—y? =y2x—x%y
= x+y)(x-y) =-xy(x-y)
= (@-E+y)+ay@x-y)=0
= xX-yY)x+ty+xy)=0
Eitherx—y =0orx+y +xy =0
Now, x-y=0orx=y
Butitis given that x # y
x -y = 0is rejected.
Now considery + xy + x =0
or y(1 +x) =—x
—X

or y= Tox ..()

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

[CBSE Marking Scheme, 2019] (Modified)

d d
o 0= L
dx (1+x)
N dy _ (1+x)(—1)-2+x><1
dx (1+x)
—1-
dx (1+x)
-1
= dy _ 5  Hence Proved.
de (1+x)
10. y = (sin™ x)2
=y =2-sin"x- 1
1-x°
=V1-x* -y =2sin'x
1 2
SVI-X Y +y———(-2%) = — 1
21— x* V1-x*
=0-x)-y"-xy' =2o0r (1+x° )-—— Z—y—Z:O. 1
5

15.

Yy =sint
or d_y = cost
dt
2
o Y _ _nt
dat2
[ﬂ] TE:—s,inlz_L
a2 |t = 1 4 V2
Again x = cost + log tan ; '
1
or d_x=—sint+ - seczt1
t tan — A2
Ccos— 1
=_sint + & t
2xsin— cos2—
2
=-—sint + L
sin2 x —
= —sint + cosec t L
dy
dy _dp ___ cost
Now, dx dx  cosect—sint
dt
_ cost = SR
1-sin2t’ cos2 t
=tant %
dy _d(d
or _Z ( y)
dx dx \ dx
d(dy
dt dx) _ sec2t
dx cosect —sint
dt
o
= w = sec’t.tan t
cos2t
or

2
[_dy] n:2\/2 X1 =22 1
T2

dx2 t

[CBSE Marking Scheme, 2019] (Modified)

& a(2—2cos 20) = 4asin’0 %
do
d_y = 24 sin 20 = 4a sinf-cos® %
do
d_y _ 4asm‘9c20s9 — coth 1
dx 4asin” 06
dy]  _ L 1
dx Q:E \/g
3

[CBSE Marking Scheme, 2018] (Modified)



2. Given, x cos (@a+y)=cosy x, we get E
i Py 1d :
i = + i
i or x= —5Y dx? sina dx cos” (@ +y) !
: cos(a+y) '
= . - . 1 d ., dy :
i On differentiating both sides w.r.t. y, we get = —X—_—cos*(@a+ty X —= 1,
i sina dy dx :
i d d i
' cos(a+y)—cosy —cosy—-cos(a+y) 1 '
E = dy dy = —— X2cos(a+y) E
! dy cos*(a+y) sina :
! 1 !
| sin o+l x 2|
' [By using quotient rule of derivative] dx |
i _ cos(u+y)x(—sin;/)+cosy><sin(u+y) ” __ 2sin(a+y)cos(a+y)  dy . ;
i cos“(a+y) sina dx :
i sin(a +y)cosy —cos(a+y)siny ) :
: = 2 LAy _ osin2@ry)dy — sin 201 |
: cos”(a+y) ST T sna dr [+ 2sin 6 cos O = sin 20] :
E dx  sin(a+y-y) sina :
: o day cos*(a+y) - 2(a+vy) dy dy :
i Y y costaty sosing — +sin2@+y) —= =0 1.
i [+ sin A cos B—cos A sin B = sin (A - B)] dx dx :
E 2 Hence Proved. !
: or W _ cos(a+y) () % :
' dx sina :

@ REFLECTIONS

i *  Will you be able to calculate the higher order <+ Can you apply derivatives to calculate profit and i
. derivatives? loss in business? .
i * Do you think, derivatives are used in medical field? i

_____________________________________________________________________________________________



