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CONTINUITY & DIFFERENTIABILITY
Continuity & Differentiability

Top Definitions

1. A function f(x) is said to be continuous at a point c if
lim f(x) = lim f(x) = f(c)
+

X—>C~ X—C
2. Areal function f is said to be continuous if it is continuous at every point in the domain of f.

3. Iff and g are real-valued functions such that (f o g) is defined at ¢, then

(Fo9)(x) =F(9(x)).

If g is continuous at ¢ and if f is continuous at g(c), then (f o g) is continuous at c.

4. A function f is differentiable at a point c if Left Hand Derivative (LHD) = Right Hand Derivative (RHD),

8 [ =t TG _ oy B+ M)
h—0~ h h—s0*

5. If a function f is differentiable at every point in its domain, then

Iimw or Iimw

is cailed the derivative or differentiation of f-at x-and is
h—0 h h—0 _h

. d
denoted by f'(x) or d—xf(x).

6. If LHD = RHD, then the function f(x) is not differentiable at x = c.

7. Geometrical meaning of differentiability:
The function f(x) is differentiable at a point P if there exists a unique tangent at point P. In other words,
f(x) is differentiable at a point P if the curve does not have P as its corner point.

8. A function is said to be differentiable in an interval (a, b) if it is differentiable at every point of (a, b).
9. A function is said to be differentiable in an interval [a, b] if it is differentiable at every point of [a, b].

10. Chain Rule of Differentiation: If f is a composite function of two functions u and v such that f = v(t) and
dv dt dv dv dt

t = u(x) and if both at and ™ exist, then X dtdx

11. Logarithm of a to the base b is X, i.e. logya = x if b* = a, where b > 1 is a real number. Logarithm of a to
base b is denoted by logpa.

12. Functions of the form x = f(t) and y = g(t) are parametric functions.
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13.Rolle’s Theorem: If f : [a, b] - R is continuous on [a, b] and differentiable on (a, b) such that f(a) =

f(b), then there exists some c in (a, b) such that f'(c) = 0.

14. Mean Value Theorem: If f : [a, b] — R is continuous on [a, b] and differentiable on (a, b), then there

exists some cin (a, b) such that f(c) = |imM_
h—0 b-a
Top Concepts
1. A function is continuous at x = ¢ if the function is defined at x = ¢ and the value of the function at x =c

8.

equals the limit of the function at x = c.

If function f is not continuous at ¢, then f is discontinuous at ¢ and c is called the point of discontinuity
of f.

Every polynomial function is continuous.

The greatest integer function [x] is not continuous at the integral values of x.
Every rational function is continuous.

Algebra of continuous functions

1. Letf and g be two real functions continuous at a real number c, then
f + g is continuous at x = c.

2. f—gis continuous at x = c.
3. f.gis continuous at x = c.
4. (gj is continuous at x = ¢, [provided g(c) # 0].

5. kfis continuous at x = ¢, where k is a constant.

Consider the following functions:

Constant function

Identity function

Polynomial function

Modulus function

Exponential function

. Sine and cosine functions

The above functions are continuous everywhere.

I e

Consider the following functions:

1. Logarithmic function

2. Rational function

3. Tangent, cotangent, secant and cosecant functions
The above functions are continuous in their domains.

If f is a continuous function, then |f| and ? are continuous in their domains.
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9. Inverse functions sin™ x,cos™ x, tan™ x, cot’ x, cosec'x and sec'x are continuous functions
on their respective domains.

10. The derivative of a function f with respect to x is f(x) which is given by f'(x) = mw .

11. If a function f is differentiable at a point c, then it is also continuous at that point.

12. Every differentiable function is continuous, but the converse is not true.

13. Every polynomial function is differentiable at each x e R.

14. Every constant function is differentiable at each x e R.

15. The chain rule is used to differentiate composites of functions.

16. The derivative of an even function is an odd function and that of an odd function is an even function.

17. Algebra of Derivatives
If u and v are two functions which are differentiable, then
i. (Uxv)' =u'tv' (Sum and DifferenceFormula)

i. (uv)'=u'v+uv' (Leibnitz rule or Product rule)

i (_] _uVoW' L 0 (Quotient rule)
\Y

18. Implicit Functions
If it is not possible to separate the variables x and y, then the function f is known as an implicit
function.

19. Exponential function: A function of the form y = f(x) = b*, where base b > 1.
(1) Domain of the exponential function is R, the set of all real numbers.
(2) The point (0, 1) is always on the graph of the exponential function.
(3) The exponential function is ever increasing.

20. The exponential function is differentiable at each X e R.

21. Properties of logarithmic functions:
i. Domain of log function is R”.
ii. The log function is ever increasing.
iii. For X’ very near to zero, the value of log x can be made lesser than any given real number.

22. Logarithmic differentiation is a powerful technique to differentiate functions of the form f(x) = [u(x)]"*.
Here both f(x) and u(x) need to be positive.

23.To find the derivative of a product of a number of functions or a quotient of a number of functions, take
the logarithm of both sides first and then differentiate.
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24, Logarithmic Differentiation

y=a'

Taking logarithm on both sides

logy =loga”.

Using the property of logarithms

log y = xloga

Now differentiating the implicit function
1 dy
y dx

dy

—~ =yloga=a*loga
dx

=loga

25. The logarithmic function is differentiable at each point in its domain.

26. Trigonometric and inverse-trigonometric functions are differentiable in their respective domains.
27.The sum, difference, product and quotient of two differentiable functions are differentiable.

28. The composition of a differentiable function is a differentiable function.

29. A relation between variables x and y expressed-in the form x = f(t) and y = g(t) is:the parametric form
with t as the parameter. Parametric equation of parabola y2 = 4ax is x = at?, y = 2at.

30. Differentiation of an infinite series: If f(x) is a function of an infinite series, then to differentiate the
function f(x), use the fact that an infinite series remains unaltered even after the deletion of a term.

31.Parametric Differentiation:
Differentiation of the functions of the form x =f(t) and y = g(t):

dy
dy _dt
dx dx

dt
dy _dy dt
dx dt dx

32. Let u =f(x) and v = g(x) be two functions of x. Hence, to find the derivative of f(x) with respect g(x), we
use the following formula:

du
du_dx
dv  dv

dx

33.Ify = f(x) and g—i = f'(x) and if f'(x) is differentiable, then

d(dy) d% .. .. _ )
—| == | = —=or f’(x) is the second order derivative of y with respect to x.
dx\dx) dx?
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34.1f x = f(t) and y = g(t), then

dy d {9’(9}

P Py
P &y _d[g(y] dt
dx* dt |[f(t)] dx
or, dy _f(t)g'(t)-g(®)f(t)

s O

Top Formulae
1. Derivative of a function at a point

. . f(x+h)-f(x)
f(x)= Ll_rjgf

2. Properties of logarithms
log(xy) = logx +logy
X
Iog(;J =logx —logy

Iog(xy) =ylogx

_log, x
log, a

log, x

3. Derivatives of Functions

d—ci(x“ =nx"?

d, .

&(smx) = COS X
d .
&(cosx):—smx
d >
&(tanx):sec X

4 cot x) = —cosec? x
dx

i secx) =secxtanx
dx

ax (cosecx) = —cosecxcot x
X

,a>0,a=1

e
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X
d/. 1.y 1
dX(sm x)_ —
9 (costx)o L
CIX(cos x)_ -
d 1 1
—t =
el by
d 4 1
d—x(cOt X):_1+x2
d . 1
—(sec™ x| = ,if x> 1
dx( ) |X| X2_1 Il
d i =1
—(cosec™ X) = ———, if [x|>1
—122,X>1
+
d _ 2X 2
d_{ 1(1+x2)}: 1+x°" Lex<l
2
_1+X2'X< 1
2
1_x2 1 5, X>0
a0
1+x -
1 2 X< 0
2
— X =]l OFX>1
i tan_1 2X2 _ 1+x
dx 1-x
m,—1<x<1
q —\/13_2,%<x<1,—1<x<—%
2 fsin? (3x — 4x3)! = -X
dx{ ( )} 3 1 1
,m— <X <=
1-x 2 2
= 2,%<X<1
L= {cos‘1 (4x3 - BX)} = L—
dx 3 1 1 1
,—=—<X<=Zor —l<x<-=
1-x2 2 2
3 x<-Loorxs L
4 Jiant 3x-x7 || _ 1+x*’ NE) 13
dx 1-3x2 3 _i<x<i
1+x*" 3 3
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d—i[sin(sin‘l x)} =1, if —1<x<1
d—i[cos(cos 1x)] =1, if —1<x<1
d—ci([tan(tan1 x)] =1, for all x eR
dix[cos ec(cos ec‘lx)] =1, for all x e R —(-1,1)
d—ci([s ec(sec‘lx)] =1, for all x eR-(-1,1)
d—c:([cot(cot1 x)] =1, for all xeR
—1,—ﬁ 2N
2 2
d [ ] l,-——<Xx< g
—|sin™ (sinx) | =
dx 1IE <X < 3_TC
2 2
1,ﬁ <X E
2
d _ 1,0<x<mn
&[cos "(cosx)] = {—Ln e
d—dx[tan‘1 (tanx)] = {1,nn—% <X < g +nm,neZ

T T
d 1,—E<x<00r0<x<E
—[cos ec(cos ecx)] =
dx T 3n
—1,5 <X <mor n<x<7

d 1,0<x<E or E<x<n
&[s ec’ (secx)] = 2 &

-1,t<X< ﬁ or ﬂ<x<2n
2 2

d—c)l([cot‘1 (cotx)] =L,(n-1)n<x<nmneZ

4. Differentiation of constant functions
1. Differentiation of a constant function is zero, i.e.

d
d—X(c)=0

2. Iff(x) is a differentiable function and c is a constant, then cf(x) is a differentiable function such that

2 (cF(x)) = e (F(x)
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5. Some useful results in finding derivatives
1. sin2x = 2sinX cos X

2. cos2x =2cos’x—1
3. cos2x =1-2sin’x
4

. 2tanx
SIN2X = ————
1+tan” x

2
5. cost:l_t#
1+tan“x
6. tan2x=2ta—n§(
1-tan“x

7. sin3x =3sinx —4sin®x
8. €os3x =4cos®x —3cosx
3tanx —tan’x
1-3tan’x

10. sin'x+sinty =sin™® {le —y? tyJ1- xz}
11. cos'x+cos'y =cos™ {xy FV1- x2\/1 - yz}

+
12. tan'x+tan?y = tan‘l( X2y J

9. tan3x =

1xxy
13. sin‘1x+cos‘1x=g,if -1<x<1
14. tan’1x+cot’1x=g, for allx eR

15. sec* X + cosec 'x = g,if X & (—o0,—1]u[1, »)

16. sin™(—x) = -sinx, for x e[-1,1]
17. cos™(-x) =m—cos'x, for x e[-1,1]
1(

18. tan'(—x)=—-tan"x, for x eR
19. sin' x = cosec™ Gj if X € (=00, —~1]U[1,0)
=1 = | 1 u
20. cos'x =sec (;J if X e (—oo,—1]U[1,)
cot™ (1), if x>0
X
21. tan'x =

-1+ cot™ [%), if x<0

22. sin™'(sin0) =0, if -

23. cos(cos0) =0, if0<O<n
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24. tan™(tan0) =6, if —= <0<—
2 2

25. cosec™(cosech) =6, if —§<9<g,6¢0

26. sec’(sec0)=0, if0<0 <m0 ¢g

27. cot™(cot6) =6, f 0<O<m

6. Substitutions useful in finding derivatives

If the expression is then substitute
1. a’+x° X = atan6 or acoto
2. a>-—x? X = asin® or acosd
3. x*-a X = asecO or acosech
a-x a+ X
4, \/a or \/a X =acos20
+X - X
2 2 2 2
a’ - x a’ +Xx
5. \/a2 5 O \/az ” x* = a’ cos 20
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Important Questions
Multiple Choice questions-

1. The function

sinx .
F(x) = —x—+cosx, if x#0

k , ifx=0
is continuous at x = 0, then the value of ‘k’ is:
(a) 3
(b) 2
(c)1
(d) 1.5.
2. The function f(x) = [x], where [x] denotes the greatest integer function, is continuous at:
(a) 4
(b)-2
(c)1
(d) 1.5.

3. The value of ‘k’ which makes the function defined by

. Sill1 , if x#0
fi_'_t) = X
k , if x=0,
continuous atx =0 is
(a) -8
(b) 1
(c)-1

(d) None of these.

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



CONTINUITY AND DIFFERENTIABILITY

F e,
Vv 1+z°

1~
1+

5.1fy=log ( Z) then Z—i’ is equal to:

IfFy=4/8inx + y,then % is equal to

COST
(a) 51

® %

sinz
() 1-0

sinT
(@) gz

7.1fu=sin-1 (12+—);) and u = tan-1 (_12’; ) then ‘;_i’ i
2 —X2

(a) 12
(b) x

1-x?
1+x2

(c)

(d)1

d?y .

— 32 — 43

8. Ifx—t,y—t,then—dXZ is
3

(a)5

(b) =
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3
(c)
3t
(d) =
9. The value of ‘c’ in Rolle’s Theorem for the function f(x) = x> — 3x in the interval [0, V3] is

(a)1
(b) -1
3
(c)5
1
(d)5
10. The value of ‘c’ in Mean Value Theorem for the function f(x) = x (x —2), x € [1, 2] is
3
(a) 5
2
(b)2
1
(c)5
3
(d)
Very Short Questions:
1. If y =log (cos ex), then find 3—1 (Delhi 2019)
2. Differentiate cos {sin (x)2} w.r.t. x. (Outside Delhi 2019)

3. Differentiate sin?(x?) w.r.t. x%. (C.B.S.E. Sample Paper 2018-19)

. o dy . i
4. Find . if y + siny = cos or.

fy=sin 1(6.13\/'/1 — QIL)s o 31. < & < =1 thenfind 5>
\

(%)
w
P
(3%
[~ 9
(9

6. Is it true that x = €'°® for all real x? (N.C.E.R.T.)

7. Differentiate the following w.r.t. x : 3**2, (N.C.E.R.T.)
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8. Differentiate log (1 + 8) w.r.t. sin16.
9. Ify = find Z.
dx

10.

d
fy= \/‘2I + \/2’ +V25+...... + 000 then prove that: (2y - 1 :d—i’ = 2%log 2.

Short Questions:

1. Discuss the continuity of the function: f(x) = | x| at x =0. (N.C.E.R.T.)

2. Iff(x) = x + 1, find % (fof)(x). (C.B.S.E. 2019)

CoSX—sinx

3. Differentiate tan™ ( ) with respect to x. (C.B.S.E. 2018 C)

cosx+sinx
1+cosx
si

4. Differentiate: tan™ (T) with respect to x. (C.B.S.E. 2018)

5. Write the integrating factor of the differential equation:
(tanty—x) dy = (1 +y?) dx. (C.B.S.E- 2019 (Outside Delhi))

dy

" +12,/1—z2
6. Find 5 ify=sin [M

7 A CLC 2¢.N1A4)
3 ] (A.I.C.B.S.E. 2016)

. d o —1|62—4y/1-422 | ,, A~
7. Find Ey ify =sin s l—I] (A.1.C.B.S.E. 2016)

8. Ify = {x+ vzZ + a2}, prove that % =Z¥
Long Questions:

1. Find the value of ‘@’ for which the function ‘f’ defined as:

asin£{1+1),x£0
fe) = tan x - sin x

X
’
x3

>0

s continuous at x = 0 (CBSE 2011)

2. Find the values of ‘p’ and ‘q’ for which:
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1-sin’x T
Ty HX<—

3cos'x 2

T

1 P, 1fx=5
g (1-sin x) 4
—_— ifx>—.
m-2x ' 2

is continuous at x = 2 (CBSE 2016)

3. Find the value of ‘k’ for which

J1+kx—yf1-kx’if_1$x<u
X
flx) =
2”11 if 0<x<1
x—

is continuous at x = 0 (A.l.C.B.S.E. 2013)

4. For what values of ‘a’ and ‘b\ the function ‘f’ defined as:

Jax +b ifx<1
fx)= 11 ifx=1
Sax=-2bif x>1

is continuous at x = 1. (CBSE 2011)
Assertion and Reason Questions-

1. Two statements are given-one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from the codes(a), (b), (c) and (d) as given below.

a) Both A and R are true and R is the correct explanation of A.

b) Both A and R are true but R is not the correct explanation of A.
c) Aistrue butR is false.

d) Aisfalse and R is true.

e) Both A and R are false.

| 2 1
x*sinl = |, x =0
f ] 1 |
| X)=< (L
0

Assertion(A): L @ *= s continuous at x = 0.



CONTINUITY AND DIFFERENTIABILITY

Reason (R): Both h(x) = x, .9 *x=0 3re continuous at x = 0.
2. Two statements are given-one labelled Assertion (A) and the other labelled Reason (R).
Select the correct answer to these questions from the codes(a), (b), (c) and (d) as given below.

a) Both A and R are true and R is the correct explanation of A.

b) Both A and R are true but R is not the correct explanation of A.
c) Aistrue butRis false.

d) Aisfalse and R is true.

e) Both A and R are false.

’ o v v >0
. X[+ . X—=IX|], XZVU
[{X)=«

Assertion (A): The function L osiax o %<0 s continuoUs everywhere.

Reason (R): f(x) is periodic function.

Case Study Questions-

1. If arelation between x and y is such thaty cannot be expressed in terms of x, then y is called

an implicit function of x. When a given relation expresses y as an implicit function of x and

d
we want to find d_z' then we differentiate every term of the given relation w.r.t. x,

d
remembering that a tenn in y is first differentiated w.r.t. y and then multiplied by d_z(’

Based on the ab:ve information, find the value ofd—z in each of the following questions.

i x3 + x%y + xy2 +y3 =81
(3x>+2xy+y?)

a. - -
x2+2xy+3y2

(3x>+2xy+y?)
x2+2xy+3y2

(3:(2 +2xy y2)

G- : ;
x2—2xy+3y?

3x2 Hcy}y2
x2+xy+3y?
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i x¥ = e

x—y
- (1+log x)
Ty
" (1+logx)

Xy

¢ X(1+logx)

d x+y
- x(1+log x)

iii. 512Y = xy
B
€ oyl

¥y

" x(ycosy—1)

iv.sin? x + cos?y = 1
sin 2y
sin 2x

sin 2x
b. — sin 2y
sin 2y
sin 2x
sin 2x
d. sin 2y
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vy = (/X)) VE oo

2
y

- x(2 ~v.log x)

92
¥
. 2-+y log x

y‘.’

- x(2+y log x)
y‘.’

. x(2—y log x)

1. If y = f(u) is a differentiable function of u and u = g(x) is a differentiable function of x, theny
dy _ dy du
= f(g(x)] is a differentiable function of x and dx ~ du dx " This rule is also known as
CHAIN RULE.

Based on the above information, find the derivative of functions w.r.t. x in the following
questions.

I. COS /X
sin /x

2/x

sin /X
2/x

c. sin /X
d —sin /X
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i 7<=
x—1 ++
a ( = ) % log7
: 4+ 1
b. (xi;l) ST L log 7
-1 —
c(x2 ).7x : log7
x2+1 -
d ( = ) 7% .log7
1-cosx
. 1+cos x
1 2 X
a §SeC 3
2
b —ESGC 35
c. sec? %
2 x
d. —sec” 5
-1 X 1 -1( x
-1 1
a x2+b? + x>+a?
1 |
e +
1 {
« x2+b? x2+a?

d. None of these.
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X

Vvx2-1

v.sec 1 x + cosec !

2
vxi-1
2

Vvx2-1

— s
xlv -1

—
[xly/x -1

Answer Key-

Multiple Choice questions-
1. Answer: (b) 2

2. Answer: (d) 1.5.

3. Answer: (d) None of these.

4. Answer:

6. Answer:

cosz
(@) 2y—1

7. Answer: (d) 1
3
8. Answer: (b) —
4t
9. Answer: (a) 1

10.Answer: (a)%



CONTINUITY AND DIFFERENTIABILITY

Very Short Answer:
1. Solution:
We have: y = log (cos e¥)

. |
“dr = cose*

(—sine®) - e*
=—e*tan e*

2. Solution:
Lety = cos {sin (x)%}.

Z—z =—sin {sin (x)%}. Z—z {sin (x)}

== sin {sin (x)?}. cos(x)? = (")
= —sin {sin (x)?}. cos(x)22x
= -2x cos(x)? sin {sin(x)2}.

3. Solution:

Let y = sin?(x?).

2% - 9sin (x?) cos (x?) = sin (2x?).
dx
4. Solution:

We have: y + siny = cos x.

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

dy dy .
—+Cosy.—=—sInX
dx Y dx

dy _ .
(1+cosy) <. - sinx

d sinx
Hence, 2o
dx 1+COSy

wherey # (2n+ 1), n € Z.

5. Solution:



CONTINUITY AND DIFFERENTIABILITY
Herey = sin™ (6:1:\/1 - 9;1:?)

Put 3x = sin 6.
y =sin (2 sin 6 cos 8)
=sin™ (sin 26) = 28

=2 sint 3x

6. Solution:
The given equation is x = e'%%
This is not true for non-positive real numbers.
[ - Domain of log function is R+]
Now, let y = /o8
If y >0, taking logs.,
log y = log (e'°®) = log x.log e
=log x.1=logx
=S y=X.
Hence, x = e'°® is true only for positive values of x.
7. Solution:
Lety=3**2,
Z—z =3*2 |og3. :—x (x +2)
=3**2 Jog3.(1+0)
=3**2 |log3=log 3 (3**?).
8. Solution:

Lety =log (1 +0) and u =sin™0.



CONTINUITY AND DIFFERENTIABILITY

dy  dylde
du ~ duld®

1
1+6
K 1+

Ny

9. Solution:

.+.
o
I
[an]

it

[==1

Herey = x*...(1)

Taking logs., log y = log x*

= logy=xlogx.
Differentiating w.r.t. x, we get:

1 dy _
- =x 1x + logx. (1)

=1+ log x.
Hence, & _ y (1 +log x) dx
dx
=x*(1 + log x). [Using (1)]
10.Solution:

The given series can be written as:

\)" - AV 21 + y

Squaring, y?>=2"+y

> yl-y=2%

Diff. w.r.t. x, (2y -1) % =2*log 2.
Short Answer:

1. Solution:



-
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—-x, ifx<0
By definition, f(x) =
d fe) { % ifx= 0.

M o) = fim ()

x =0 =0

lim (—(0—h))
h=0

= P‘_l:l"l] (h) = 0.
m f(x) = lim (x)
x=0* 0"
= lim (0+h)
h—=0D

Also A0y = 0.
Thus xiﬁ;_ fix) = xi“}_ fx)=7£(0).
[+ Each = 0]
Hence ‘f" is continuous at x = 0.
2. Solution:
We have : f(x) =x+ 1 ...(1)
~ fof(x) = f (f(x)) =f(x)+ 1
=(x+1)+1=x+2.
fo(fof)(x).) === (x +2) =1+0=1.

3. Solution:

Let y= tan’j(

Sl

cosx—sinx
cosx+sinx

1+tanx
[Dividing num. & denom. by cos x|



e
CONTINUITY AND DIFFERENTIABILITY
:.tau"‘lan LLZEPN |
e )] 4

Differentiating (1) w.r.t. x,

fii
et
4. Solution:
(1+cosx
Let y = tan” :
5inx
2cos? X
= tan’! 2
QSinfcusi
2 2
¢
x
— tanl kCOtE]
4 (1{ x T x
= tan” |tan|=-=|| = ===
2 2 2 2
d
SHo— = 0-—1 :-1.
dx 2 2
5. Solution:

The given differential equation is:

(tanty —x) dy = (1 +y?) dx

dr & tan 'y .
= = = ——— Linear Equation
ay T 1y° 1+y? i

.'.I.F=ef“v’-’ —efan 'y

6. Solution:

.n_1,5x+12\{1—.r2J

We h Ty = 81
e have : y 3



MATHEMATICS

L -E)’- _z,g)
-M[xl(lil -1r-lJr13

CONTINUITY AND DIFFERENTIABILITY

(Note this step)

12

- Bl
= sin~ x + sin
13

[~ sin"' A+ sin"' B = sin” (A1 - B* + BJ1- A%)]

y Q = - +0= . x| <1
U odx w_fl—xz ﬂ}lﬁx:"i |

. Solution:

6x — 44J1 —4x*
. 1] 0% = &
We have ; y = SI [ 5 ]

= sin”| (2% .%-%\fl—(zx}’)
\
( 2 ,
_ sin™'| (2x) 1.{&) - [%)\}1—(2::}2]
LY

5

= sin™ (2x) —sin"% .

1 2
Hence, — = ——=(2)-0= ,
enee 1 - (4x%) 1-4x*

. Solution:

y=x+vVzZ+a%" ... (1)



CONTINUITY AND DIFFERENTIABILITY

=1
= R{I‘F‘\JXI'Q'GZ}

SRy

Wy

L
dx

H{I'P‘H'Iz +ﬂ2 }m-!I .

1 ,
1+ —pemer (2x+ 0) |
[ W +a ]

et Nxi+al+x
n{x+~J,r +a} B —

x*+a
a
u{x+«1x’ +a2}

o i
'eri +a’ Vit +a®

[Using (1))

1}

which is true.

Long Answer:

1. Solution:
lim f(x) = lim asin—(x+1)
_.-Lo' =TT Z
= limasin =0 -h+1)
= hl_l;l‘[l}as 5
" asing({]-o-#l)
= asinE =al=
= 2 =d.1=4a
lim‘ f(x) - Tim tanx—asmx

x=+0 x=0" X



CONTINUITY AND DIFFERENTIABILITY

tan (0 + h) —sin (0 + h)

= li

= 0 0+ h)
. tan h=sinh

= lim ——————
=i W

. sinh l-cosh 1
lim - -

-0 h kK cosh
. h
. 28in”° —
= lim L lim 2

B0 f A0 KP

.lim
Bt cos h

. h
- smz» )
=15}!1—i‘1fl* h “cos0
2
1,1
=1.—1 o= T,
2{) 1 2

Also f(0) = a sin /2 (0+1)
=asinm/2=a(l)=a

For continuity,

lim, o f(z) = lim, o+ f(z) = f(0)
=>a=1/2=a

Hence,a=%

2. Solution:



CONTINUITY AND DIFFERENTIABILITY

— 1 3
lim f(x) 1-sm x

== =

2

lim

=~ 3cos’x

n
1-sin’l ==h
sin (2 J

i (1~-cos k) (1 + cos® h + cos h)
h=0  3(1—cos k) (1 +cos h)

mﬂ+mszh+cosh
k=0 3(1+ cos h)

1+1+41 1
T3+ 2
x—.rio 1_‘:. {:r—Zx)z
2

o (67)
(i)

lim -2 (1—cos -‘1)2
k=0 (;r — ;r — 2h)

. gq(l—cosh)
=
g.2sin’ =
= lim =
k=0 4k
2
q sinz
= I';I'.E% E A
2
q. .2 4
= =) = —,
8() 8



CONTINUITY AND DIFFERENTIABILITY

Alsof{%,i =p

For continuity lim:—»"T flz) = limx_)f_; f(z)

Hencep=1/2andq=4

3. Solution:

lim f(x) = lim
= ="

" (V14 kx = 1=k )1+ kx + V1 - kx)

=l
x—0" x( 1+ kx ++/1=kx)
[Rationalising Numerator)
(1+ kx)~(1-kx)

" eo0 21+ kx + V1= Fx)

kx
= lim

2k
=0 x(x1+ kx +1=kx)

lim ok [ x20]
— e X
=0 1+ kot + V1 - kx

2k

=—=k

I+1

, 2x+1 . 2(0+h)+1
Em = lim
=0 x—1 k=0 (04 h) =1

lim f(x)
=l

I

2(D)+l!_1___1
T o0-1 -1
2ih+1 1
Alsof(0) = 011 —_—1;-1



CONTINUITY AND DIFFERENTIABILITY

Hence k =-1
4. Solution:
limys1 - f(x) = limxs1 — (3ax +b)
= limnhso (3a (1-h) + b]
=3a(1-0)+b
=3a+b
limxs1 + f(x) = limxs1 + (5ax — 2b)

= limnso [5a (1+h) — 2b]

=5a (1+0) - 2b
=5a-2b
Also f(1) =11

Since ‘f’ is continuous at x =1,

& limysa = f(x) = limys1 + f(x) = (1)
= 3a+b=5a-2b=11.

From first and third,
3a+b=11........ (1)

From last two,

54 —2B= 11 wconsommn (2)

Multiplying (1) by 2,

Adding (2) and (3),
11a=33
=>a=3.

Putting in (1),



3(3)+b=11

=>b=11-9=2.

Hence,a=3 and b =2.
Case Study Answers-
1. Answer:

—(3x2+2xy+y?)
x2+2xy+3y>

i. (b)
Solution:
X3 +x’y+xy’ +y° =81

d d d
=3 +x*T +=xy+2xy T +y2 + 3% E =0
= [ +2xy—i-3y2)%y = —3x* —2xy — y°

s dy _ —(3<+2xy+y’)
dx —  x*+2xy+3y?

; X—y
v x(1+log x)

Solution:
X =YV =3ylogx=x—-y

d d
yx%+logx-ay=1—ay

= %[logx+1] =1-3

dy xy

=~ & ~ x[i+log]
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y
. (d) . Sp—
Solution:

es"Y — xy = siny = logx + logy

1dy dy

=>COS}’dx —+ :dx[cosy—%]zi

dy _ y
= dx = x(ycosy-1)

sin 2x

Iv. (d) sin 2y

Solution:

sin?x 4+ cos?y =1

=2 2sinxcosx+2cosy(—siny%i—’) =19

> =k _dn
v
D ey Ter)
Solution:

-

y = (V) ® 5y = (yX)
=y = y(log /X) = logy = 3(ylogx)

dyli_ 1 — 15
=>dx{y 2logx}—2x
~dy _ ¥ 2y y’

dx 2x (2—ylogx) x(2—y logx)

2. Answer:
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i (a) —— ;’f/;c‘/’_‘
Solution:
Let Y = COS /X
d d . d
& = & (cos yF) = —sin X - (V)
o . 1 —sinyx
= —sln xx?ﬁc_ NG
ii. (a) (";1) Tt log 7
Solution:

ety = == ., % - %(7“%)
— 7% . log T - %(x+%) = 75 . log 7 - (1— xi,)

=(xx*1) 7Y L log T

i (2) 3sec” %
Solution:
2 x
_ 1-cosx 2sin iniliaiinndll SN X
Lety = Ttcosx 2 cos? % 1+1 = tan (5



CONTINUITY AND DIFFERENTIABILITY

: 1 1
iv. (b) e + o
Solution:
— i, -1 [ x 1| 1(x
Let y = ¢ tan (b)+atan (a)
dy 1 1 1,1, 1 g1
dx b 1+x_i b a 17# x; a
b2 a2
__1 1
x2+b? x> +a?

2
A d O e——
W =

Solution:

X

Vvx2-1

putXx =sech = @ =sec 1x

Lety = sec ! X + cosec !

- v = i <1 __secf
.y =sec " (secH) + cosec (\/sec201)

— 0+ sin~? [mm]

=@ +sin !(sinf) =0+ 6 =20 =2sec 'x

L dy _
B =2

d —1 1
—(sec 'xX)=2 X ———
ax ) Ix|v/x2-1
_ 2

|x|/x2—1



