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Question 1:
Prove that the function f(x) = 5x - 3 is continuousatx =0, atx=-3 and atx = 5.
€. Answer 1:

Given function f(x) = 5x — 3
Atx =0, f(0)=50)—-3=-3
LHL = lim f(x) = lim (5x—3) =-3
x—=0" x—=0"
RHL = lim f(x) = lim (5x —3) = -3
x-0% x—0t
Here,atx = 0, LHL =RHL = f(0) = -3
Hence, the function f is continuous at x = 0.
Atx =-3,f(-3) =5(-3)—-3=-18
LHL = lim f(x) = lim (5x —3) = —18
x—=3" Xx—-=3"
RHL= lim_ f(x) = lim (5x—3) =-18
x——3% x——3*%
Here,atx = —3,LHL=RHL = f(—-3) =-18
Hence, the function f is continuous atx = —3.
Atx=5,f(5)=5(5)—-3=22
LHL = lim fl{x)= lim (5x—3)=22
xX—-57 xX—5"
RHL = lim f(x) = lim (5x — 3) = 22
x—5t x—5%
Here, atx = 5, LHL = RHL = f(5) g
Hence, the function f is continuous atx = 5.

Question 2:
Examine the continuity of the function f(x) = 2x? — 1 atx = 3.

€. Answer 2:
Given function f(x) = 2x? — 1.Atx =3, f(3) = 2(3)* -1 =17
LHL = lim f(x) = lim (2x2 — 1 "7
x—3~ x—3"
RHL = lim f(x) = lim (2x? —1) =17
x—3t x—3+
Here,atx = 3, LHL=RHL = f(3) = 17
Hence, the function f is continuous at x = 3.

Question 3:
Examine the following functions for continuity:

(@ f(x)=x-5 (b) f(x) ==, x#5
@ f@ =2, x%-5 (d) f@) = |x = 5|
€. Answer 3:

(a) Given function f(x) =x —5
Let, k be any real number. Atx =k, f(k) =k — 5
LHL= lim f(x) = lim(x—-5)=k -5
x—k~ x—k~
RHL‘J}E,I,{Lf(x) _,}Ll}}r(x —-5)=k-5
At x =k, LHL=RHL=f(k)=k -5
Hence, the function f is continuous for all real numbers.
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(b) Given function f(x) = ﬁ,x 5

Let, k (k # 5) be any real number. Atx =k, f(k) = k—iS
1 1

LHE. = hm flx)= III,IC‘I (ﬁ)zﬁ

RHL = 11m f(x) = llm (ﬁ) =k—i5

At x = k, LHL = RHL -f(k) ==
Hence, the function f is continuous for all real numbers (except 5).

(c) Given function f(x) = x;:S,x # —5
Let, k (k # —5) be any real number.
_ 225  (k+5)(k—5) _
Atx=ls (k)= o (k+5)
_ _ x2-25Y\ _ . (k+5)(k—5)\ _
= 10 =l () = i (S282) =+

_ x2_25 _ A (k+5)(k_5) -
RHL = Jim, () = lim, (55°) = Jim, (55557) = b+ 5

At x = k,LHL—RHL—f(k) =k+5
Hence, the function f is continuous for all real numbers (except - 5).
— Aepi<iab
(d) Given function f(x) = |[x — 5| = { _5 x>5
Let, k be any real number. According to question,k < 5ork =5ork > 5.

First case: If, k < 5,
f(k) =5 —kand llmf(x) g llm(5 —x ) =5 — k, Here, limf(x) = f(k)

x—k
Hence, the function f is continuous for all real numbers less than 5.

Second case: If, k = 5,
f(k) =k —5and llmf(x) = llm(x —5) =k —5,Here, limf(x) = f(k)

x—=k
Hence, the function f is continuous atx = 5.

Third case: If, k > 5,
f(k) =k —5and llmf(x) = llm(x— 5) =k — 5, Here, limf (x) = f(k)

x—k
Hence, the function f is continuous for all real numbers greater than 5.

Hence, the function f is continuous for all real numbers.

Question 4:
Prove that the function f(x) = x™, is continuous at x = n, where n is a positive integer.

€. Answer 4:
Given function f(x) = x™.
Atx =n, f(n) =n"
lim f(x) =lim(x™) =n"
x—=n x—n
Here, atx = n, }{L_r}}l )= fin)=n"
Hence, the function f is continuous at x = n, where n is positive integer.

Question 5:
: ; xxsl .
Is the function fdefined by f(x) = {5 5 1 continuous atx = 0? Atx=1? Atx=2?
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€. Answer 5:

Given function f(x) = {
Atx =0, f(0) =0

x, x<1
5 x>1

lim f(x) =lim(x) =0
x—=0 x—=0
Here, x = 0, lingf(x) =f(0)=0
x—
Hence, the function f is discontinuous at x = 0.
Atx=1,f(1)=1
LHL=lim f(x)=lim(x) =1
x—=1" x—=1"
RHL = lir{1+f(x) = lir{1+(5) =5
x— x—=
Here, at x = 1, LHL # RHL. Hence, the function f is discontinuous at x = 1.
Atx=2, [{2)=5h
lin; Fix) =ling(5) =5
Here, at x = 2, lin%f(x) =f(2)=5
x—

Hence, the function f is continuous at x = 2.

Find all points of discontinuity of f, where fis defined by

Question 6:
§ [2x4 3, fx=?
f&) _{Zx—s, Ifx > 2
£. Answer 6:
Let, k be any real number. According to question,k <2 ork =2 ork > 2

First case: ‘Tﬁ( k<2,
f(k) =2k + 3 and lin;lt f(x) = limk(Zx + 3 ) = 2k + 3, Here, limf (x) = f(k)
X— X—=>

x—k
Hence, the function f is continuous for all real numbers smaller than 2.

Second case: If, k = 2, f(2) = 2k + 3
LHL= lirgl_f(x) = liry_(Zx +3)=7

RHL = lirél+f(x) = li%1+(2x -3)=1
X— X—
Here, at x = 2, LHL # RHL. Hence, the function f is discontinuous at x = 2.

Third case: If, k > 2,
f(k) =2k —3and lin;lc f(x) = lin’lc(Zx —3) = 2k — 3, Here, limf (x) = f(k)
x— x—

x—=k
Therefore, the function f is continuous for all real numbers greater than 2.

Hence, the function f is discontinuous only at x = 2.

Question 7:
|x| + 3, Ifx < -3
f(x) ={-2x, f-3<x<3
6x + 2, Ifx=3
€. Answer 7:

Let, k be any real number. According to question,
k<-3ork=-30or-3<k<3o0ork=3o0rk>3
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First case: If, k < =3,
f(k) =—k + 3 and limkf(x) g lin;lc(—x + 3) = —k + 3. Here, limf(x) = f(k)
x— x—

x—k
Hence, the function f is continuous for all real numbers less than —3.

Second case: If, k = =3, f(-3) =—-(-3)+3 =6

LHL= lirré flx)= ]irr; (—x+3)=—-(-3)+3=6
x—=-3" x——-3"

RHL = lirr;+f(x) = lirré+(—2x) = —2(—3) = 6. Here, limf (x) = f(k)
X AP x—k

Hence, the function f is continuous atx = —3.

Third case: If, =3 < k < 3,
f(k) = —2k and lin?c flx) = lirr}1{(—2x) = —2k. Here, limf(x) = f(k)

x—-k
Hence, the function f is continuous at —3 < x < 3.

Fourth case: If k = 3,
LHL = lirél_ flx) = lir’?_(—Zx) = -2k
xX— X—

RHL = lir&f(x) = lir}€1+(6x +2) =6k + 2,
X—= xX—
Here, at x = 3, LHL # RHL. Hence, the function f is discontinuous at x = 3.

Fifth case: If, k > 3,
f(k) = 6k +2and lim f(x) = lim(6x +2) = 6k + 2. Here, limf (x) = f (k)

x—k
Hence, the function f is continuous for all numbers greater than 3.

Hence, the function f is discontinuous only at x = 3.

Question 8:

m Ifx+0

f)=1x"
0, Ifx=0
£. Answer 8:
After redefining the function f, we get
“Z=1, Ifx<0
X
fx)=4 0, Ifx=0
221, Ifx>0
x

Let, k be any real number. According to question,k <0 ork =0 ork > 0.

First case: If k < 0,

f@)=—%:-4am1kgf@)=£$(—§)=—1ngnmgg)=f@)

Hence, the function f is continuous for all real numbers smaller than 0.

Second case: If, k =0, f(0) =0

5 5 x % i X
CHL=lim FO= g () =~1 mad REL=lip G0 =Jim C)=1,
Here, at x = 0, LHL # RHL. Hence, the function f is discontinuous at x = 0.
Third case: If, k > 0,
f(k) = ¥~ 1and lim f(x) =lim (f) = 1. Here, limf(x) = f(k)

k x—k x—k \X

x—=k
Hence, the function f is continuous for all real numbers greater than 0.

Therefore, the function f is discontinuous only at x = 0.
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Question 9:
x
—, Ifx<0
fix) = ilxl
-1, Ifx >0
£. Answer 9:
Redefining the function, we get
X X
—=—=—1, Ifx<0
f(x) = {le i
-1, Ifx=>0
Here, limf (x) = f(k) = —1, where k is a real number.

x—-k
Hence, the function f is continuous for all real numbers.

Question 10:
x+1, If >1
f(x)‘{x2+1, Ifx <1
£. Answer 10:
Let, k be any real number. According to question,k < lork=1ork > 1
First case: If, k < 1,
f(k) = k*+1and Jl{i_r}}lcf(x) = }(i_r’rilf(x2 + 1) = k? + 1. Here, limf (x) = f(k)

x—k
Hence, the function f is continuous for all real numbers smaller than 1.

Secondcase:If k=1,f(1)=1+1=2
LHL = liq1_f(x)= lir}'n_(xz+1)= 1F1=2
% Vg 2 xX—=

RHL = liri1+f(x) = liri1+(x +1)=1+1=2,
x— x—
Here, at x = 1, LHL = RHL = f(1). Hence, the function f is continuous at x = 1.

Third case: If k > 1,
f(k) =k+1and limkf(x) = linflc(x + 1) =k + 1. Here, limf (x) = f(k)
X— X

x—k
Hence, the function f is continuous for all real numbers greater than 1.

Therefore, the function f is continuous for all real numbers.

Question 11:
x?-3, Ifx<2
f(x)_{x2+1, Ifx > 2
€. Answer 11:
Let, k be any real number. According to question,k < 2ork =2o0rk > 2
First case: If k < 2,

f(k) =k®—-3and linjlff(x) = linz(x3 —3) = k3® — 3. Here, limf(x) = f(k)
A £ x—k
Hence, the function f is continuous for all real numbers less than 2.

Second case: If k = 2,f(2)=22-3=5
LHL =xlir£1_f(x) =xlil%1_(x3 -3)=23-3=5

RHL = lim f(x) = lim (x2+1) =22 +1 =5,
x-2t x—2t

Here, at x = 2, LHL = RHL = f(2)
Hence, the function f is continuous at x = 2.
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Third case: If, k > 2,
f@)=k2+1mﬂh%f@)=h%&2+1)=k2+LHaghmf&)=f&)
X—= X— x—k
Hence, the function f is continuous for real numbers greater than 2.

Hence, the function f is continuous for all real numbers.

Question 12:

_(x10—1, Ifx<1
fe) = {xz, Ifx>1
€ Answer12:

Let, k be any real number. According to question,k <lork=1ork >1

Firstcase:If, k < 1,

f(k) =k —1and lirrjlcf(x) = lini'1c(x10 —1) = k' — 1. Here, limf (x) = f(k)
X— x—

x—k
Hence, the function f is continuous for all real numbers less than 1.

Second case: If, k=1, f(1) =19%-1=0
LHI= li1111_f(x) = li1111_(x1° -1)=0

RHL = lim f(x) = lim (x?) = 1,
x—1t x—1t
Here, at x = 1, LHL # RHL. Hence, the function f is discontinuous at x = 1.

Third case: If, k > 1,
f(k) = k? and linjlcf(x) = lin,lc(xz) = k?. Here, limf(x) = f (k)
x= x= x—k
Hence, the function f is continuous for all real values greater than 1.

Hence, the function f is discontinuous only at x = 1.

Question 13:
Is the function defined by f(x) = {

€. Answer 13:

Let, k be any real number. According to question,k <lork=1ork >1
Firstcase: If k < 1,

f(k) = k+5and me(x) = Jlti_l’r}{(;vc +5) = k + 5. Here, limf (x) = f(k)

x—k
Hence, the function f is continuous for all real numbers less than 1.

x+hgxAfxg <1

a continuous function?
x—5 Ifx>1

Secondcase:If k=1,f(1)=1+5=6
LHL = lim f(x) = lim(x+5) =6
x—1" x—=1"
RHL = ,}H{la,f(x) =JL1’11’1+(X —5)=—4,
Here, at x = 1, LHL # RHL. Hence, the function f is discontinuous at x = 1.

Third case: If k > 1,
f(k) =k —5and lin?{f(x) =linr]£(x—5) =k — 5.
x— x—

Here, limf (x) = f(k)
x—k
Hence, the function f is continuous for all real numbers greater than 1.

Hence, the function f is discontinuous only at x = 1.

Discuss the continuity of the function f, where fis defined by:
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Question 14:

3, fo<x<1

fx) =14, El<x<3

5, If3<x<10
£. Answer 14:
Let, k be any real number. According to question,
0<k<lork=1lorl<k<3ork=30r3<k<10
Firstcase:If, 0 < k <1,
f(k) =3 and }ci_r)rj}cf(x) = }ci_r’rllc(B ) = 3. Here, limf (x) = f (k)

x—k
Hence, the function f is continuous for 0 < x < 1.

Second case: If, k=1, f(1) =3
LHL=lim f(x) =1lim(3) =3
x—=1" x—-1"
RHL = lim f(x) = lim (4) = 4,
x—1t x—1t
Here, at x = 1, LHL # RHL. Hence, the function f is discontinuous at x = 1.

Third case: If, 1 < k < 3,
f(k) =4and lin’lcf(x) = lin.'lc(4) = 4. Here, limf (x) = f(k)
X3 X—

x—k
Hence, the function f is continuous for 1 < x < 3.

Fourth case: If k = 3,
LHL= lim f(x) =1lim(4) =4 and RHL= lim f(x) = lim (5) =5,
x—3~ x—3~ x—3% x—3+

Here, at x = 3, LHL # RHL. Hence, the function f is discontinuous at x = 3.

Fifth case: If, 3 < k < 10,
f(k) =5and linllcf(x) = lin?c(S) = 5. Here, limf (x) = f(k)
X x> x—k

Hence, the function f is continuous for 3 < x < 10.
Hence, the function f is discontinuous only at x = 1 and x = 3.

Question 15:

2X, Ifx<0
f(x) =40, fo<x<1
4x, Ifx>1

£. Answer 15:

Let, k be any real number. According to question,
k<Qork=0or0<k<lork=1lork>1

First case: If, k < 0,

f(k) = 2k and chl_,mlc filx) = chi_lf)x}c(Zx) = 2k. Here, limf (x) = f(k)

x—k
Hence, the function f is continuous for all real numbers less than 0.

Second case: If, k =0, f(0) =0
LHL = lilgl_f(x) = lirg_(Zx) =0
x— x—

RHL = lim f(x) = lim (0) = 0. Here, limf(x) = f(k)
x-0% x—0t Y
Hence, the function f is continuous at x = 0.

Third case: If, 0 < k < 1,
f(k) = 0and lim f(x) = lim(0 ) = 0. Here, limf (x) = f(k)
x—k x—k x—k
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Hence, the function f is continuous at0 < x < 1.

Fourth case: If k = 1,
LHE, = linllnf(x) = lir{1_(0) =0
x— x—

RHL = J}l)rigrf(x) 2;35{1+(4X) = 4,

Here, at x = 1, LHL # RHL.
Hence, the function f is discontinuous atx = 1.

Fifth case: If, k > 1,
f(k) = 4k and linl’lc Flx) = ]in;(élx) = 4k.
xX— xX—
Here, limf (x) = f(k)
x=k
Hence, the function f is continuous for all real numbers greater than 1.

Therefore, the function f is discontinuous only at x = 1.

Question 16:

-2, Ifx<-1

f(x) =12x, f-1<x<1

2, Ifx>1
€. Answer 16:
Let, k be any real number.
According to question,k < —lork=—-lor—-1<x<lork=1lork>1
First case: If, k < —1,
f(k) =—-2and Lif}cf(x) = }ci_)mk(—Z ) = —2. Here, limf(x) = f(k)

x—k
Hence, the function f is continuous for all real numbers less than —1.

Second case: If, k = =1, f(—1) = =2
LHL = lim1 fx) = lim1 (-2)=-2
x—=—-1" x—--1"

RHL = lim_f(x) = lim_(2x) ='=2,Here,limf(x) = f(k)
x—o=1t x—»—1% e
Hence, the function f is continuous atx = —1.

Third case: If -1 <x <1,
f(k) = 2k and limk flx) = lirIIl{(Zx) = 2k. Here, limf (x) = f(k)
X— xX—

x—k
Hence, the function f is continuous at —1 < x < 1.

Fourth case: If, k = 1,

LHL = lim f(x) = lim (2x) = 2
x—=1" x—1"

RHL = lim f(x) = lim (2) = 2. Here, limf (x) = f(k)
o x-1t ok

Hence, the function f is continuous atx = 1.

Fifth case: If, k > 1,

f(k) = 2and lim f(x) = lim(2) = 2.
x-k x—k

Here, limf (x) = f(k)

x-k
Hence, the function f is continuous for all real numbers greater than 1.

Therefore, the function f is continuous for all real numbers.
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Question 17:
Find the relationship between a and b so that the function f defined by

ax + 1, Ifx <3
f@) _{bx+3, Ifx >3
is continuous at x = 3.
€. Answer 17:
Given that the function is continuous at x = 3. Therefore, LHL = RHL = f(3)
= lim f(x) = lim f(x) =f(3)
x—3~ x—37t
= limax+1=1limbx+3=3a+1
x—3~ x—3t
=3a+1=3b+3=3a+1

2
=2>3a=3b+2 =>a=b+§

Question 18:
For what value of A is the function defined by

Fo) = {)t(xz —2x),dfdx <0

4x + 1,9 x > 0
continuous at x = 07 What about continuity atx=17?

€. Answer 18:
Given that the function is continuous at x = 0. Therefore, LHL = RHL = f(0)
= lim f(x) = lim f(x) = f(0)
= lim A(x? — 2x) = lim 4x + 1 =A[(0)? — 2(0)]
x—0~ x—07%
= A[(0)? - 2(0)] = 4(0) + 1 = A(0)

1
=2041=1 :A=6

Hence, there is no real value of A for which the given function be continuous.

Ifx=1,

f(1) =4(1)+1=>5and lin}f(x) = lin; 4(1) + 1 =5, Here, limf(x) = f(1)
x— x—

x—1
Hence, the function f is continuous for all real values of A.

Question 19:
Show that the function defined by g (x) = x - [x] is discontinuous at all integral points.
Here [x] denotes the greatest integer less than or equal to x.

€. Answer 19:

Let, k be any integer.

LHL= lim f(x) = limx—[x]=k—-(k—-1)=1
x—k™ x—k~

RHL = xl:r}x;f(x) = xlll}}x —[x]=k—-(k)=0,

Here, at x = k, LHL # RHL. Hence, the function f is discontinuous for all integers.

Question 20:

Is the function defined by f(x) = x* — sinx + 5 continuous at x = 7.
€. Answer 20:

Given function: f(x) = x? —sinx + 5,

Atx=m, f(n) =n?—sinn+5=n>—-0+5=m%+5
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lim f(x) =limx? —sinx+5=n?—sintn+5=n2—-0+5=n?+5
x—n xXx—=n

Here,atx = m, lim f(x) = f(r) =m? + 5
x-n

Hence, the function f is continuous at x = m.

Question 21:
Discuss the continuity of the following functions:

(@) f(x) =sinx + cosx (b) f(x) = sinx — cosx
(c) f(x) =sinx .cosx
€. Answer 21:

Let, g(x) = sinx

Let, k be any real number. Atx =k, g(k) = sink

LHL = lim g(x) = lim sinx = lim sin(k — h) = limsink cosh — cosk sinh = sink
x—-k~ x—-k~ h—0 h—0

RHL = lim g(x) = lim sinx = limsin(k + h) = limsink cos h + cos k sinh = sink
x—k* x—kt h—0 h—0

Here, at x = k, LHL = RHL = g(k).

Hence, the function g is continuous for all real numbers.

Let, h(x) = cosx

Let, k be any real number. x = kUX, h(k) = cosk

LHL = lim hA(x) = lim cosx = limcos(k — h) = limcoskcosh + sink sinh = cos k
x—=k~ x—=k~ h—0 h—0

RHL = lim h(x) = lim cosx = limcos(k + h) = limcosk cosh —sink sinh = cosk
x—=k* x—kt h—0 h—0

Here, at x = k, LHL = RHL = h(k).

Hence, the function h is continuous for all real numbers.

We know that if g and h are two continuous functions, then the functions g + h,g — h
and gh also be a continuous functions.

Hence, (a) f(x) = sinx + cosx (b) f(x) = sinx —cosx and (c) f(x) =sinx .cosx
are continuous functions.

Question 22:

Discuss the continuity of the cosine, cosecant, secant and cotangent functions.

€. Answer 22:

Letg(x) = sinx

Let, k be any real number. Atx =k, g(k) = sink

LHL = lim g(x) = lim sinx = limsin(k — h) = limsink cosh — cosk sinh = sink
x—=k~ x—=k~ h—0 h—0

RHL = lim g(x) = lim sinx = limsin(k + h) = limsink cos h + cos ksinh = sink
x-kt x—=kt h—0 h—0

Here, at x = k, LHL = RHL = g (k).

Hence, the function g is continuous for all real numbers.

Let h(x) = cosx

Let, k be any real number. At x = k, h(k) = cosk

LHL = lim h(x) = lim cosx = limcos(k —h) = limcoskcosh + sinksinh = cosk
x—k~ x—=k~ h-0 h—0

RHL = lim h(x) = lim cosx = lim cos(k + h) = limcosk cosh —sinksinh = cosk
Priy e x—k* h—0 h—0

Here, at x = k, LHL = RHL = h(k).
Hence, the function h is continuous for all real numbers.

We know that if g and h are two continuous functions, then the functions %, h #0,
%, h+0 andé, g # 0 be continuous functions.
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1 w 3 i P g
Therefore, cosec x = S5 Sinx # 0 is continuous = x # nw (n € Z) is continuous.

Hence, cosec x is continuous except x = nw (n € Z).

1 i L 2n+1)n . ;
sec x = ——,cosx # 0 is continuous. = x # % (n € Z)is continuous.
COosXx
. . 2n+l)n
Hence, sec x is continuous except x = % (n € Z).

COosX . . . . .
cot x = ——,sinx # 0 is continuous. = x # nm (n € Z)is continuous.
sinx

Hence, cot x is continuous except x = nm (n € Z).

Question 23:

Find all points of discontinuity of f, where
sinx fx <0
f@=1"%" "7
x+1, Ifx=>0

£. Answer 23:
Let, k be any real number. According to question,k <Oork=0o0rk >0

First case: If, k < 0,
F) =22E and lim f(x) = lim( , Here, limf (x) = f(k)
k x—k x—-k e

Hence, the function f is continuous for all real numbers less than 0.

sinx) __sink

x k

Secondcase: If, k=0,f(0)=0+1=1
LHL = lir(r)l fix)= lir(r)1(x+1)=0+1=1
x—=0" x—=0"

RHL = li%1+f(x) = li%1+(x +1)=0+1=1,
X—= X=
Here, at x = 0, LHL = RHL = f(0). Hence, the function f is continuous at x = 0.

Third case: If, k > 0,
f(k) =k+1and linllcf(x) = lirz;(x+ 1) = k+ 1, Here, limf (x) = f(k)
x— x—

x—k
Hence, the function f is continuous for all real numbers greater than 0.

Therefore, the function f is continuous for all real numbers.

Question 24:
Determine if fdefined by

1
£lx) = xzsin;, Ifx#0

0, fx=10
is a continuous function?
€. Answer 24:
Let, k be any real number. According to question, k # 0 ork =0
First case: If, k # 0,

FE) =k* sin~ and lim f(x) = lim (x2 sin 3) = k?sin~, Here, limf (x) = f (k)
k x—k x—k X k x—k
Hence, the function f is continuous for k # 0.

Second case: If, k =0, f(0) =0
-1 — 1 2ain ) — 1 2 i b
LHL = xlirg_ f(x) —x]LI(I)l_ (x sin x) = lim (x smx)

x—0
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We know that, —1 Ssinis 1, x+0 = —x?2 Ssin%sz

1
= lim(—x?) < lim sin— < lim x2
x—0 x—0 X xX—

1 1 1
=0 <limsin—<0 =limsin—=0 = limx*sin—=0 = limf(x)=0
x—0 X x—0 X x—0" X x—0"
S T - i o l = e g l =
Similarly, RHL = le131+ f(x) = xll%lr (x smx) }cl_r)ré (x sin x) 0,
Here, at x = 0, LHL = RHL = f(0)
Hence, atx = 0, f is continuous.
Hence, the functionf is continuous for all real numbers.

Question 25:

Examine the continuity of f, where fis defined by
sinx — cos x, Ifx+0

fe = [—1, Ifx =0
£. Answer 25:
Let, k be any real number. According to question, k # 0 ork = 0
Firstcase:If, k #0,f(0)=0—-1=-1
LHI:= kli,%l—f(x) = klir{r)l_(sinx —cosx)=0-1=-1

RHL = kILI(IJ1+ f(x) = Jrcll)r(r)1+(sm;:c —cosx)=0—-1=-1,

Hence, at x # 0, LHL = RHL = f(x)

Hence, the function f is continuous at x # 0.

Second case: If, k = 0, f(k) = -1

and }Ci_r’r}cf(x) = Jlci_)mk(—l) = —1, Here, limf(x) = f(k)

x—k
Hence, the function f is continuous at x = 0.
Therefore, the function f is continuous for all real numbers.

Find the values of k so that the function f is continuous at the indicated point in
exercises 26 to 29.

Question 26:
k cosx Tl T
1] X oy
flx)=4{ ™~ 2x 211: atx=g
3, If x = E
€. Answer 26:

Given that the function is continuous at x = g Therefore, LHL = RHL = f (g)

T
= lip f(x) = lim, f(x) =/ ()
x—»:,:

39

. kcosx  kcosx
:JLT_H—ZJC x‘ig“fﬂ—Zx_
:limkcos(%_h)—limkcos(%-l-h)—3
g —2(z—h) "Om-2(7+h)
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=i ksinh_l_ —chsinh_3
no0 2h hdo —2h
k_k_3 i sinh_1
22727 “heo h
=2>k=6
Question 27:
_( kx?, Ifx<2 _
f(x)"{& IF x>z TX=2

€. Answer 27:

Given that the function is continuous at x = 2.
Therefore, LHL = RHL = f(2)

= lim f(x) = lim f(0) =f(2)

= lim kx? = lim 3 =k(2)?
x—-2t

x—2~
=4k =3 =4k
> k= 3
T4
Question 28:
_(kx+1, Ifx<m
f(x)_{cosx, i >
€. Answer 28:
Given that the function is continuous at x = 7.
Therefore, LHL = RHL = f ()
= lim f(x) = lim f(x) = f(m)
X x—-mt

= lim kx+ 1= lim cosx =k(m) + 1
x> x—mt

= k(m)+1=cosm=kmr+1
>kn+l=-1=kn+1

=k = -2
2
=>k=——
A

Question 29:
_(kx+1, Ifx <5 _
f(x)‘{sx—s, g ALE=D
€. Answer 29:
Given that the function is continuous at x = 5.
Therefore, LHL = RHL = f(5)

= lim f(x) = lim f(x) =f(5)

x—5~ x—5%
= lim kx+1= lim 3x—5=5k+1

x5~ x5+
=5k+1=15-5=5k+1
=5k=9
>k =—
5
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Question 30:
Find the values of @ and b such that the function defined by
5, Ifx<2
f(x) =4{ax + b, If2<x<10
21, Ifx =10
is a continuous function.
€. Answer 30:
Given that the function is continuous at x = 2. Therefore, LHL = RHL = f(2)
= lim f(x) = lim f(x) =f(2)
x—2~ x—2%
= lim5=Ilimax+b=5
x—-27t

x—2
=2a+hb=>5 v 1)
Given that the function is continuous at x = 10. Therefore, LHL = RHL = £ (10)
= lim f(x) = lim _f(x) =f(10)

= lim ax+b = lim+21=21

x—=10" x—10
= 10a+b =21 - [ 2]
Solving the equation (1) and (2), we get
a=2 b=1

Question 31:

Show that the function defined by f (x) = cos(x?) is a continuous function.

£. Answer 31:

Assuming that the functions are well defined for all real numbers, we can write the
given function f in the combination of g and h (f = goh). Where, g(x) = cosx
and h(x) = x%. If g and h both are continuous function then f also be continuous.

[ goh(x) = g(h(x)) = g(x*) = cos(x?)]

Function g(x) = cos x

Let, k be any real number. Atx = k, g(k) = cosk

JICIIE glx) = }cl_r,l:tlc cosx = }li% cos(k+ h) = Li_r}g cosk cosh —sinksinh = cosk

Here, lirrllc g(x) = g(k), Hence, the function g is continuous for all real numbers.
X—

Function h(x) = x?

Let, k be any real number. Atx = k, h(k) = k?

lim h(x) =limx? = k?

x—k x—=k

Here, lim h(x) = h(k), Hence, the function h is continuous for all real numbers.
x—k

Therefore, g and h both are continuous function. Hence, f is continuous.

Question 32:
Show that the function defined by f(x) = | cos x| is a continuous function.

£. Answer 32:

Assuming that the functions are well defined for all real numbers, we can write the
given function f in the combination of g and h (f = goh). Where, g(x) = |x|
and h(x) = cosx. If g and h both are continuous function then f also be continuous.
[+ goh(x) = g(h(x)) = g(cosx) = | cos x]]

Function g(x) = |x|
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Rearranging the function g, we get
—x, Ifx<0

90x) = {x, Ifx=>0

Let, k be any real number. According to question,k <OQork=0o0rk >0
First case: If, k < 0,
g(k) =0and lirrjlcg(x) = lirrjlc(—x) = 0, here, limg(x) = g(k)

x— x—

x—k
Hence, the function g is continuous for all real numbers less than 0.

Second case: I k =0,g(0)=0+1=1
LHL= li%‘l glx) = liry (—x)=0
x—=0" x—=0"

RHL = lim g(x) = lim (x) =0,

Here, at x = 0, LHL = RHL = g(0)
Hence, the function g is continuous atx = 0.

Third case: If, k > 0,
g(k) = 0and limkg(x) = lin}c(x) = 0, Here, limg(x) = g(k)
x— x—

x—k
Hence, the function g is continuous for all real numbers greater than 0.

Hence, the function g is continuous for all real numbers.

Function h(x) = cosx

Let, k be any real number. Atx = k, h(k) = cosk
limk h(x) = ]ink cosx =cosk

x— x—

Here, lir2 h(x) = h(k), Hence, the function h is continuous for all real numbers.
. o J

Therefore, g and h both are continuous function. Hence, f is continuous.

Question 33:
Examine that sin |x| is a continuous function.
€. Answer 33:

Assuming that the functions are well defined for all real numbers, we can write the
given function f in the combination of g and h (f = hog). Where, h(x) = sinx and
g(x) = |x|. If g and h both are continuous function then f also be continuous.

[+ hog(x) = h(g(x)) = h(|x|) = sin|x]]

Function h(x) = sinx

Let, k be any real number. Atx = k, h(k) = sink

lim h(x) =limsinx = sink
x—k x—k

Here, limk h(x) = h(k), Hence, the function h is continuous for all real numbers.
X—

Function g(x) = |x]|
Redefining the function g, we get

(x) = {——x, Ifx<0
g X, Ifx=>0

Let, k be any real number. According to question,k < Oork=0o0rk >0
First case: If, k < 0,
g(k) =0and lin?cg(x) = lirrjlc(—x) = 0, Here, limg(x) = g(k)

x— x—

x—k
Hence, the function g is continuous for all real numbers less than 0.
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Secondcase: If, k=0,g(0)=0+1=1
LHL = lir(x)‘l gix) = liré‘l (—x)=0
x—=0" x—=0"

RHL = lim_g(x) = lim, (x) =0,

Here, at x = 0, LHL = RHL = g(0)
Hence, at x = 0, the function g is continuous.

Third case: If, k > 0,
g(k) =0 and lim g(x) = lim(x ) = 0, Here, limg(x) = g(k)
xX— x—

x—k
Hence, the function g is continuous for all real numbers greater than 0.

Hence, the function g is continuous for all real numbers.

Therefore, g and h both are continuous function. Hence, f is continuous.

Question 34:
Find all the points of discontinuity of f defined by f(x) = |x| — |x + 1].
£.Answer 34:

Assuming that the functions are well defined for all real numbers, we can write the
given function f in the combination of g and h (f = g — h), where, g(x) = |x|
andh(x) = |x + 1|. If g and h both are continuous function then f also be continuous.
Function g(x) = |x|
Redefining the function g, we get,

sl {—x, Ifx<0

X, Ifx=0

Let, k be any real number. According to question,k < Oork=0o0rk >0
First case: If, k < 0,
g(k) =0and }ci_r'r}cg(x) = Li_r}}c(—x) = 0, Here, limg(x) = g(k)

x—k
Hence, the function g is continuous for all real numbers less than 0.

Secondcase: I k=0,g(0)=0+1=1
LHL = lim g(x) = lim (—x) =0 and RHL= lim g(x) = lim (x) =0,
x—-0~ x—0~ x-0t x-0+

Here, at x = 0, LHL = RHL = g(0)
Hence, the function g is continuous atx = 0.

Third case: If, k > 0,
g(k) =0and limkg(x) = lin}c(x) = 0, Here, limg(x) = g(k)
Xx— xXx—

x—k
Hence, the function g is continuous for all real numbers more than 0.

Hence, the function g is continuous for all real numbers.

Function h(x) = |x + 1|
Redefining the function h, we get
—(x+1), Ifx < -1

h(x)_{x-i—l, Ifx>—1
Let, k be any real number. According to question,k < —lork =—-1ork > -1
First case: If k < —1,
h(k) = —(k+1)and }clg}{ h(x) = JltI_I,T,-l{ —(k+1) = —(k + 1), Here, limh(x) = h(k)

x—k
Hence, the function g is continuous for all real numbers less than - 1.

Second case: If k = -1, h(-1)=-1+1=0
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LHL= lim h(x) = lim —(-1+1)=0
x—--1" x—--1"
RHL= lim h(x)= lim (x4+1)=-141=0,
x——1% x——1%
Here, at x = —1, LHL = RHL = h(—1)
Hence, the function h is continuous at x = —1.

Third case: If k > —1,
h(k) =k+1and lirrllc h(x) = linilc(k + 1) =k + 1, Here, limh(x) = h(k)
xX— X

x—k
Hence, the function g is continuous for all real numbers greater than —1.

Hence, the function h is continuous for all real numbers.

Therefore, g and h both are continuous function. Hence, f is continuous.
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