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1. Prove that the function f(x) = 5x - 3 is continuous at x =0 at x =-3 and at x = 5.

Solution:
Given function is f(x) = 5x — 3

Continuity at x = 0,
lim f(x)=lim(3x—3]

=5(0) -3
=0-3

Again, f(0)=5 (0)-3=0-3=-3

" e £l
As 250 f(x)=7=) , therefore, f(x) is continuous at x = 0.

Continuity at x = -3,

lim _f (x)= lim (5x-3)

=5(-3)—-3=-18

And f(-3)=5 (= 3) - 3 =— 18

lim f(x) = f (=)
S X——2

A , therefore, is continuous at x = -3

Continuity at x =5,
lim f(x)=lim(3x—-3)

=5(5)—3=22

And f(5) =5 (5) — 3 = 22

i )= () | |
Therefore, 23 Flx)=flx , SO, f(X) is continuous at x = -5.

2. Examine the continuity of the function f(x) = 2x?> -1 at x = 3.

Solution:
Given function f(x) = 2x2 - 1

Check Continuity at x = 3,
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lim f () =lim 2" 1)
=232 -1=17
And f(3)=2(3)"2-1=17

i e
Therefore, = f(x)=71(x) so f(x) is continuous at x = 3.

3. Examine the following functions for continuity:

(a) f [ -T_.] =x—3

flx)= I - x#5
() xS

Fx)= v =25 ee 5
(C) o x+5
(d) f['_x_]=|1—5|
Solution:

(a) Given function is flx)=x-5

We know that, < is defined at every real number * and its value at ¥ is &

-5

lim f(x)=lim (x—3)=k—y=Fk)

Also observed that =+

lim f(x)=f(k] lx) ¢ . o )
As, =i , therefore, - iS.continuous at every real number and it is a continuous

function.

L

flx)= ! _ x#
(b) Given function is 0 x—5

For any real number =3 | we have

- 1
lim /x| =lim
=k f[ : =R o R k=

LA

. 1
flk)=
and = k-

L

ps ()= (R)
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Therefore,

f(x) is continuous at every point of domain of f and it is a continuous function.

| ]
L

X — -
JEED

flx)=

(c) Given function is x+
For any real number, =3 we get

Lh

=25 (x+5)(x=5)
=11m L FaY F

x+35 r—k x+ 35

lim f [x)= lim =lim (x—3)=k-5

b=

Ln

o E+5) k-5
iy = EFE=S)
And k+5

ps, lmf(x) =7 (K)

continuous function.

, therefore, ALY is continuous at every point of domain of f anditis a

(d) Given function is f(x)=pe=5]
f f["f]

Domain o is real and infinite for all real x

Here f(x) =] is a modulus function.

As, every modulus function is continuous.

Therefore, f is continuous in its domain R.

£(x) ="

4. Prove that the function is continuous at *=" where " is a positive integer.

. . . . flx =.Ty' P " .
Solution: Given function is * '™/ where 7 is a positive integer.

Continuity at *=7 lim f(x) =lim (x")=n"

-'...] = ;I'jy'

And S

" e £l L
As, = Slx)=r1x) , therefore, S1x) is continuous at *="7,
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5. Is the
£(x) e ifx=1
xXl=5 _ .
function 7 defined by & =1 continuous at =0 at ¥=L gt x=27

L [x, i x=l
flx)=1, .
Solution: Given function is ;. oox=

Step 1: At =0 We know that, f is defined at 0 and its value O.

li x)=limx=0 0=
Then 0 /) >0 and £10)=0

Therefore, S1%) is continuous at *=0 .

_1 (x)=1
Step 2: At *=1 Left Hand limit (LHL) of 7 7/ (¥) =Hm ()

=1 =
Right Hand limit (RHL) of f f[ x) 1ﬂ1[1]
11I'ﬂf[ﬁn];':hm flx)
Here =1
Therefore, f(x) is not continuous at *=1,

Step 3: At x=2 " is defined at 2 and its value at 2 is 5.

lim f{x)=lim(5)=5 lim Flx ) =7 1)
i /() =lm(3 , therefore, =2

f[ .T_'] . < =2

Therefore, is not continuous at -

Find all points of discontinuity of f- where 7 is defined by:

Flx)= J-1+3 v 2
x
6 - |2 3, ox=»2
[2x4+3, if x=2
f[l]—Ji,J P
Solution: Given function is - X
‘ e o
Here © 1) is defined for *=2 or ™) and also for ¥>2 or (=* )

(~0.2)U(2.%) = (0. %)

Therefore, Domain of f |s =R
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2 Flx)=2x
Therefore, For all * =%/ 1x)=2%+3

- F'r i -. :F'r . — - - - - .
x> 2 flx)=2x-3 is a continuous and hence it is also continuous on R — {2}.

lim f(x)= lim (2x+3)

Now Left Hand limit = =2 =2x2+3=7
) . lim flx)=lim (2x-3)
Right Hand limit = #=2=" * © ==1"" T =2x2-3=1
p, i /() = lim £ ()
lim f(x) : Fx) o _
Therefore, *=2 does not exist and hence  ** is discontinuous at only x = 2.

Find all p(?ints of discontinuity of f- where 7 is defined by:
'|.T|+ 3, if x=-3
f['__r_\] =« —2x, if —3ax<3
561’+l if x=3
|d+3 f x=<2
§7 "3 & e 1)

:Lﬁ:r:+ 2 i =3

(—o_ -4

! and for —3<x<3 and also for *=3 or

Solution: Given function is

flx)

Here 7 ™' is defined for ¥=—3 or (3.%).

(=2, —3)w(-3.3)u(3.0) =(—mw,x) _

Therfore, Domain of < is { R

<=3, flx)=|d+3=-x+3

x . . .
Therfore, For all is a polynomial and hence continuous and

x(=3=x<3), flx)=-2x

for all is a continuous and a continuous function and also

- el = Byt 7
fora||1::-3=f[_1_]—61+-.

Therefore, f(x) is continuous on R — {-3, 3}.

And, x = -3 and x = 3 are partitioning points of domain R.

is a polynomial and hence continuous and for all
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lim f[x]—11ml| |+3|—11m[—1+3]—3+3—5
Now, Left Hand limit = =%

1 =li —2¥1=(=21{-31=8
Right Hand limit = —22./ (%) = lim (=) = (=2)(=3)

And f(=31=]3|+3=3+3=6

Therefore, S(*) is continuous at X=-3 .

1 _]- -2 :—FJ‘ 3 —
Again,Left Hand limit = lim f(x)=lim(=2x)=-2(3)=

lim fl\.’i—hm[ﬁx%-‘l—ﬁ[ﬁl-lzm
Right Hand limit = ===

ps, ()= lim £ ()

" )
Therefore, 73 Sl does not exist and hence fx)

Find all points of discontinuity of I+ where 7 is'defined by:

8.
1=
f['.‘r']=J.?: ifx=0
0, ifx=0
& |
flx)=4 %" if  x=0
0. it x=0

Solution: Given function is
f(x) = |x|/x can also be defined as,

X1 *_
x  if x>0 and x if x<0

= f[..'-"’..]zl if .'l.’}[:', f[._r_.]:_l if x<0 and f[._:"'_.]:[:' if x=0

We get that, domain of S1x) isR as S1x) is defined for ¥>0 x<0 gng x=0

NCERT Solutions

Is discontinuous at only x = 3.
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For all x>0 , flx)=1 is a constant function and continuous.

For all x =0 , flx)=-1 is a constant function and continuous.

flx)

Therefore * - is continuous on R — {0}.

Now,

" V= lien (1) = —1
Left Hand limit = xlﬂsl—f[-"‘-] xi_i?.[. )

Right Hand limit = 12 7 1) = (1)

lim f(x) = lim f /()
lim f1(x] : . M :

Therefore, *==%" * ° does not exist and f(x) is discontinuous-at-only x = 0.

Find all points of discontinuity of /= where ¥ is defined by:

9.
o yi=fr{0
F(x) =14
t—L if x=0
Solution: Given function is

.
1+ x=0
flx) :J_ |+
.h—l= F x>0
lim — =—
At E=0 L= ppg F(0)=1
RHL = dmSf(x)=-1

As,LHL =R.H.L. = 710)

Therefore, flx) is a continuous function.
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Now,

Therefore, ==

Therefore, F1%) is a continuous at x=c <0

NOW, for == I:I xlﬂl‘f[l’] :1: f[r_-]

Therefore, F1%) is a continuous at x=¢>0

Answer: The function is continuous at all points of its domain.

Find all points of discontinuity of f- where 7 is defined by:
10.
i) J"x+1= ifxz1
xX|l=5 .
x L+l ifx <l
Solution: Given function is
(x+1, i x=1

._'Il".]=“! "
A% o+l i x<l

We know that, f(x) being polynomial is continuous for 21 gnd * =1 forall *€ R,

Check Continuity at x = 1

lim f(x)= liﬂl% (x+1)=lim(1+h+1) =2

R.H.L. = ==I" .
lim £ (x)=lim (+* +1) =lim ((1-7)" +1) =2
LHL. === fL ] =1t LT J ]
T
And f1)=2

As, LHL =RHL =1

Therefore, F15) s a continuous at *=1 for all *€ R.
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I

Hence, ) has no point of discontinuity.

Find all points of discontinuity of - where ¥ is defined by:
11.

() J'.r‘—l =2
xl=+

2 +1, fx>2
Solution: Given function is

=3 if x=2
f[:_'u;j:J.

| +1, if  x»2
lim (% —3]=8-3=5

At =2 LHL = =1

lim(x*+1]=4+1=5
R.H.L. = =" :

Ln

f(2)=2"-3=8-3=

.
As, LHL =RH.L =72

flx) 2

Therefore, is a continuous at -* =

o lim[x =3} =¢"—3 = ffc)
Now, for ==¢ = == ‘ and

lim(x"+1)=c’+1=f(c)

fim = £
Therefore, e f1x)

This implies, /() is a continuous for all *= R.

Hence the function has no point of discontinuity.
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Find all points of discontinuity of f- where 7 is defined by:

() Jx“—L ifx=1
xX|l=9 .
Tt if x=1

Solution: Given function is

£ Jxl"—L if  x=1
xX|=5 -
S £ ox=l

. SRET (10 ':
At F=L UL = o) =lm ) =0

_ tim £ (x) =lim () =1

R.H.L.
f(1)=1"-1=0

As,LH.L. = RH.L.

Therefore, /(x) is discontinuous at * =

im0 -1) =" —1=F(e) \ lim()=cl= 7(1)
Now, for *=¢ =1 il : “ U andfor £=c =1 im| X fil
Therefore, ALY is a continuous for all “= R—{1}

Hence for all given function t=1lisa point of discontinuity.

o xS, ifx=l
F)= s, sexs1
13. Is the function defined by KT #x=4 5 continuous function?
£(x) ;.T+5: if x=1
A S

Solution: Given function is
1ir111: flx)= liﬂll (x+5)=6

At =L LHL =

lim f(x)= lmll (x—5)=—4

R.H.L. = ==I"

As,LH.L. = RH.L.
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Therefore, f1x) is discontinuous at *=1

Now, for *=¢ < 1

lim(x+5)=c+5=f(c)

for x=c =1 1}_111 (x=5)=c=5=7F(c)

Therefore, f(x) is a continuous for all x € R — {1}
Hence f(x) is not a continuous function.

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

3, if 0=x=1
f[l’]:J-4= if 1<x=3
|i if 3=x<10

14. -

Solution: Given function is
(3, if 0=x=1

ff_."n’j =J- 4 if lex<3
!51 if 3=x=10

i <y =3
Ininterval, 0= *<L (=

Therefore, f is continuous in this interval.
At x =1,

IO o
LHL = 2223 d R = r

As, L.H.L. # R.H.L.
flx)

Therefore, is discontinuous at x = 1.

lim f (x)=4 lim flx)=5

At =3 LHL. = and RH.L. = —=

As,LH.L. = RH.L.
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Therefore, f(x) is discontinuous at x = 3
Hence, f is discontinuous at x = 1 and x = 3.

Discuss the continuity of the function f, where f is defined by

2x, if x<0

f['_.T_'I=J- 0, ifl=x=1

4y if o

15. h—h= if x=1
Solution: Given function is

[2x. if x<0
f(x) =J. 0. if 0=x=l

|h—1.'l{= if x=1

lim 2x=0 lim (0)=0

At x =0, L.H.L. = ==¢ and R.H.L. = ==~

As, L.H.L.=R.H.L.

Therefore, f(x) is continuous at x = 0

lim (0)=0 lim(4x)=3
Atx=1, LHL = and RH.L. =~ -

As, LHL. = RH.L.
Therefore, f(x) is discontinuous at x = 1.
When x<0,

f(x) is a polynomial function and is continuous for all x < 0.

When *7 flx)=4x

It is being a polynomial function is continuous for all *>1-

Hence, x = 1 is a point of discontinuity.
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Discuss the continuity of the function f, where f is defined by

(-2, if x=-1
f[m’_]=J-2.1’= if —le=x=1
16. ‘2 if x=1
Solution: Given function is
=2, if x=-1
f(_l’:IZJ-E_T: if —-lax=1l
2 if w1

Atx=-1,

L o
LHL = 237272 g rpL, = 2B

As, L.H.L.=R.H.L.

Therefore, f(*) is continuous at *=-1
At x=1,

lim £(x)=2 lid 7 ( x) <2
LHL. ===1"" "~ and RH.L. = == g

As, L.H.L.=R.H.L.

Therefore, f(x) is continuous at x = 1.

17. Find the relationship between a and b so that the function f defined by
f(] <(qcu’+1= if =<3

Vbl i x»3
is continuous at x =3

Solution: Given function is
lax+1l  if x=3

N=d
f () bx+3, i >3
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Check Continuity at *=>:

lim f(x)=lim (ax+1)=lim{a(3-})+1} =lim (3a—ah+1)=3a+1
lim f(x)=lim (bx+3) =lim {5(3+7)+3} =lim (3 + b +3) =3b+3
Also/ (3)=3a+1

lim f(x)=1lim 7 (x)= £ (3)

Therefore, ==

= 3b+3=3a+1

18. For what value of + is the function defined by

Al =2x). if x=0
7= -

[ 4x+1, i x>0
continuous at x = 0? What about continuity atx =17?
Solution: Since /(x) is continuous at * = -
Therefore,
L.H.L.

lim f(x)=f(0)=Ai(x—2x)=4(0-0)=0

R.H.L

Ang Flx)=F(0)=4x+1=4x0+1=1

Here, L.H.L. # R.H.L.
This implies 0 = 1, which is not possible.

Again, f(x) is continuous at x = 1.
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Therefore,

lim flx)=f(-1)=4 ['_x* —2x)=A(1+2)=34
And lim flx)=F(1)=4x+1=4x1+1=3
Letus say, L.H.L. =R.H.L.
= 3i=5

i=2
= 3

The value of is 3/5.

g(x)=x

19. Show that the function defined by _ is discontinuous at all integral points.

Here [1‘] denotes the greatest integer less than or equal-to *
Solution: For any real number, X,

['T] denotes the fractional part or decimal part of x.
For example,
[2.35] =0.35

[-5.45] = 0.45
[2] =0
[-5]=0

glx)= 1’—[1’]'7.-’1’6 0D

The function g : R -> R defined by is called the fractional part function.
The domain of the fractional part function is the set R of all real numbers , and
[0, 1) is the range of the set.

So, given function is discontinuous function.
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20. Is the function 7 /=% ~SI8X+3 tinuous at *=7T 2
Solution: Given function is 7 | =% ~i8x+3

PR o . r 1_‘: . 1 | -
lim (x —sinx+5|=lim | (7—h) —sin(T-h)+5|=7 +
LH.L. =" ToEmE b ) ' -

L

lim (x" —sinx+5|= lim | (7+h) —sin(7+h)+5 |=7" +5
RH.L. = z==" : ¥r—=s L : ) -

T)=m —sinT+5=1 +5
and < L7

Since LH.L. = RHL. = 7 (7

Therefore, f is continuous at *= T

21. Discuss the continuity of the following functions:
@) flx)=sinx+cosx

(b) flx)=sin x—cosx

) fx)=sinx.cosx

(c

Solution: (a) Let “a” be an arbitrary real number then
lim f[:.‘l.’J = lim fI:c;r+ »'c-?l

x—a
Now,

limsin(a+h)+cos(a+7
’llin(l)f(a +h) ==t

lim(sin acos h+cosasin h+cosacos h—sinasin )
A—¥d " -

— singcos0+cosagsin 0+ cosacos0—sinagsin 0
{As cos 0 =1 and sin 0 = 0}

_sina+cosa= flal
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Similarly,
lim £(x) = f(a)
lim f(x)=f(a)=lim f(x)

Therefore, f(x) is continuous at x = a.

flx)=sin x+cosx

As, “a” is an arbitrary real number, therefore, is continuous.

) lim f(x)=>lim f(a+h)
(b) Let “a@” be an arbitrary real number then ===~ * 0" 4y
Now,

_ limsin(a+h)—cos(a—h)|

}ng)f(a+h)= a0 ' ' '

— lim (sinacos h+cosasin i—cosacos h—sin asin k)
A=

sinacosl+cosasin D—cosagcos0—sinasinl

— sina+0—cosa—0

sina—cosa= fla)

lim f(x)=f(a)

Similarly, ==«
lim f(x)=f(a)=lim f(x)
Therefore, f(x) is continuous at x = a.

flx)=sinx—cosx

Since, “a” is an arbitrary real number, therefore, IS continuous.

lim flx)=lim fla+h
(c) Let “a” be an arbitrary real number then r—m‘f[ ) =0 A )

. limsin(a+h).cos(a+h)
Now, }lm(l)f(a +h) = =t - - . .

lim(sin acos h+cosasin h)(cosacos h—sinasin i)
= A% o '
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_ (sinacos0+cosasin0)( cosacos O—sin asin 0]
(sina+0)(cosa—0]
sina.cosa=f(a)

lim £(x)=f(a)

Similarly, -4
lim f(x)=f(a)=lim f(x)
Therefore, f(x) is continuous at x = a.

f(x)=sinxeosx

Since, “a@” is an arbitrary real number, therefore, is continuous.

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

Solution:

Continuity of cosine:
Let say “a” be an arbitrary real number then

lim f(x)= lim cosx= limcos I:a +h)
EEY- x—sa” it g

lim | cosacos h—sinasin 7|

Which implies, =2

cosalimcos hi—sin alimsin
- E RN A=)

— cosaxl—singx( - €osa=714]

fm A= £la
i/ (x)=71a) forall 4= R

Therefore, f(X) is continuous at x = a.

Since, “a” is an arbitrary real number, therefore, “°*-* is continuous.

Continuity of cosecant:

Let say “a” be an arbitrary real number then
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flx)=cosec x= Il
o sinx gnd
domain * =X Tl xE
, 1 1
lim

s=asinx limsin(a+/4
= 0 I: ']

1

lim( sin acos h+cosasin K|
s :

1

sinacosl+cosasin()

1

sina(l)+cosal0)

Therefore, f(x) is continuous at x = a.

- om . f|x)=cosec x
Since, “a” is an arbitrary real number, therefore, * )

is continuous.
Continuity of secant:

Let say “a” be an arbitrary real number then

x=R-(2x+1)Z . xe
cos x and domain ' "2 I
1 1

lim =— -
==2cosx limcos I:c;r+r.-]
i

flx)=sec x=

=

1

lim(cosacos h—sinasin 7
= A=l :

1

= cosacos—sinasin 0
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_cosall)—sina(0) _ cos

=flal
Therefore, f(x) is continuous at x = a.

fx)=secx

[{Pg )

Since, “a@” is an arbitrary real number, therefore,

Continuity of cotangent:

[{peei)

Let say “a” be an arbitrary real number then

flx)=cot x= R — (%) xe
o tanx and domain = T

1 1

limt " limt +F
T=sc1 - ;
datl x /15 ELﬂI:H K:I
1 1
. [ tanag+tan h |
lii'ﬂ drl a1 # tan c:f+[:|

_ =\ 1—tanatan h.) _ 1_tanatan0

-0 1 _ fla)

= taha = tana
Therefore, f(x) is continuous at x = a.

flx)=cot x

Since, “a” is an arbitrary real number, therefore, is continuous.

if x=0

23. Find all points of discontinuity of £ where

Solution: Given function is

[ sin x

if x<0
7(x)=1 =
|5_T+1= if x=0
Atx =0,
i f ()= i 227
L.H.L S ¥ —A

is continuous.

x
| x+1, if x=0

NCERT Solutions
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pt o ()=l (1) <0411
f(0)=1

Therefore, / is continuous at *=0-

sin x

When * <0518 gnq v are continuous, then x s also continuous.

x>0, f(x)=x+1

When is a polynomial, then f is continuous.

Therefore, f is continuous at any point.

24. Determine if 4 defined by
f[.r]:J:I:SinIl’: if x=0
| o if x=0

is a continuous function.
Solution:

Given function is:
J.T: 5ini= if =0
ffx] =1 X

!ﬁ 0, if Y x&d

lim f(x)=lim x" sin 1
x—=0" x— x

As we know, sin(1/x) lies between -1 and 1, so the value of sin 1/x be any integer, say m, we
have

lim f(x) =lim x" sin 1

X
=0Xm
=0
And, f(0) =0
lim f(x)=£/(0).

Since, == therefore, the function /" is continuous at *=0-
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25. Examine the continuity of f, where f is defined by

[sinx—cosx, if x=0

=
f 1) -1, £ x=0
Solution:
Given function is
[sinx—cosx, if x=0
F(x)=1 |
-1, if x=0

Find Left hand and right land limits at x =0.

lim f(x] =lim(0—/) =lim f (%)

Atx=0, LH.L. =

limsin(—h)+cos(—h) lm(—sin i+cos h)=—-0+1=1

lim £ (x)=lim (0+ %) =lim £ (%)

RH.L. ==
. 1121 sin( /1) +cos( /) _ 1151 (sin h+cos 4)=0+1=1
And f(0) =1
lim f(x)=1lim Flx)= £(0]
Therefore, %—ﬂ‘f[' Tor 1= A

Therefore, f(x) is discontinuous at x = 0.

Find the values of k so that the function f is continuous at the indicated point in Exercise

26 to 29.

26.
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Solution:
Given function is
(kcosx . T
J . if .T'F?
flx)=1""~ :r
{ 3, if x==—
2
fcosx
lim fix)=lm
x—h;f( ] x—p; T—2x
T
X —
So, 2
=z
This implies, 2
T o,
X=—+# ,
Putting 2 where 120

B
kcos| —+Hh
12 _.l

lim ——> <
A= I :':._'.' . 1
=2 —+h|
pe— :-\. J-'r .ll
, —ksin ki
lim

= =0 r—mr—-21h

[Given]
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As we know, f(x) is continuous at x= T1/2.

I et
(N

lim £(x) = 7l |

From equation (1) and equation (2), we have

=3

| oA

=~

=6

Therefore, the value of k is 6.

Solution:
Given function is

lim f(x)=lim f(2+ /) =3

lim £(x)=3 () =3
lim fx)=3 __ f(2)=3

This implies, 4

tim 7 (x)=lim £(2—k)=lim > (2 A} =3
when k=3/4, then *—* i =

. =2
S5} is continuous at =2 when 4.

Therefore,
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(ﬂ_Jh+l 1.f xET

28, © o leosx,  if x=m at x=T1.

Solution:

Given function is:
(le+l if x=7
flx)=1

lcosx, if x>m

A=A

,liﬂfl- F(x) =1}iﬂ1ﬁf|:}'1'+;ij =limcos(+h)=—cosh=—cos0=-1

and 11_}1:1 fI: j—11Ef[T—j=11E CDS[E—EJ:—CDSI’::—CDSD:—I

Again,

lim £ (x) =lim (k7 +1)

As given function is continuous at *= T, we have
lim f(x)=lim f(x)=lim £ (x)
= kr+l=-1

= ka=-2

The value of k is -2/1r.

[lc+1 if x<5
fl:'] J'ﬂ g -

29, Br=5 i x>5 g x=5
Solution:
Given function is

[le+1l if x<5
flx)=1, .

3x—5  if x=5
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F(x)=he+1

When x< 5, : A polynomial is continuous at each point x < 5.

When x > 5, Flx)=3%=3 : A polynomial is continuous at each point x > 5.
Now Fl13)=3k+1=3(5+h)-5
lim f(x)=lim f(5+7)=15+33-5
= 10+3h=10+3x0=10

lim fx)=lim f(5—h)=k(5—h)+1=5k—nk+1=5k+1
Since function is continuous, therefore, both the equations are equal,
Equate both the equations and find the value of k,

10=5k+1

L
7
I

L =]

k=

L | W

30. Find the values of a and b such thatthe function defined by

5, if x=2
ff_.r_] :J- ax+b, if 2<x<10
!5 21, if x=10

is a continuous function.

Solution:
Given function is:
[ A if x=2
ff_l’]=Jc11’+b= if 2= x=10
! 21, if x=10

For x < 2 ; function is f(x) =5 ; which is a constant.

Function is continuous.
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For 2 < x < 10; function f(x) = ax + b; a polynomial.
Function is continuous.
For x > 10; function is f(x) =21; which is a constant.

Function is continuous.
Now, for continuity at *= 2
lim £ (x)=lim f(x)=£(2)

lim (5) =lim {a(2+k)+bf=5

=10, lim f(x)=lim f(x)=f(10}
For continuity at *= 10 «=ir flx)=Tlm f(x)=f{

- 1};5(21.]#}‘13 [a[lD—»‘:-j+b}:21

= 10a+b=21__ . (2)

Solving equation (1) and equation (2), we get

a=2andb=1.

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

Solution:

Given function is :

f(x) = cos (x?)

Let g(x) = cos x and h(x) = x?, then
goh(x) = g(h(x))

= 9(x%)

= cos (Xx?)

=f(x)
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This implies, goh(x) = f(x)
Now,

g(x) = cos x is continuous and
h(x) = x? (a polynomial)

[We know that, if two functions are continuous then their composition is also continuous]
So, goh(x) is also continuous.

Thus f(x) is continuous.

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

Solution: Given function is
f(x) = |cos x|

f(x) is a real and finite for all x e R and Domain of f(x) is R.

g(x)=cosx h(x)= |1|

Let = and

Here, g(x) and h(x) are cosine function and modulus function are continuous for all real x.

(goh)x=g{h(x)}=g(|x||=cos|x . . . . . .
Now, “= T W is also is continuous being a composite function of two

continuous functions, but not equal to f(x).

(hog)x=h [g[:_i.’)} = Prllcns_ﬂ = |EDS :-:| = ffx]

Again, - = [Using given]

f(x)=|cosx|=(hog)x

Therefore, is composite function of two continuous functions is

continuous.

33. Examine that SmM is a continuous function.

Solution:

Let 7 () =] and g(x)=sin |1‘| then

(20f) x=g (£ (x)} =2 (}x) =sin}
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(gof)

Now, f and g are continuous, so their composite, is also continuous.

sin | . )
Therefore, | 1 is continuous.

34. Find all points of discontinuity of f defined by f(x) = [X| - [x +1]
Solution:

Given function is 7 ¥/ =[x =|x+1]

When x < -1: 4 %) =—x—{-(x+1)} _ —xsx+1=1

When _1 i D . f[-T] :_.T—(_T+1) :_2.1"—1

When *¥20. . f(x)=x=(x+1)=1

So, we have a function as:

1, e |
ff_x]=J-—2x—l= if —-1=x<0
|5 -1, if xz0
Check the continuity at x =-1,x =0

lim f(x)=lim1=1

At*= 7L LHL = e T e

B qlin}_ flx)=lim (2x-1)=1

RH.L. =

P
ang S (D) =-2x1-1=1

Therefore, at x=-1 f(x) is continuous.

lim f (%) = lim (-2x—1) = -1 lim f(x)=lim (~1) =1

At *=0 LHL = and RH.L. = =

Ang /0=t

Therefore, at x = 0, f(x) is continuous.

There is no point of discontinuity.
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Exercise 5.2 Page No: 166

Differentiate the functions with respect to x in Exercise 1 to 8.

in(x*+5
1 5111[_1 _]

. v=sin|x +5]
Solution: Let : :

Apply derivative both the sides with respect to x.
v e d .
— = cos|x +5]—[x +5]
dx : St :

_ cos [...T: +5_-] (2x+0)

_ 2xcos|{x’ +5)|
2. cos|sin x|
Solution: Let ¥ = cos{sinx]

Apply derivative both the sides with respect to x.

dv L. o d .
— = —sn|sinx]—snx
ax ) L

_ —sin(sinx)cosx

3 sin(ax+5)
Solution: Let '}.:SIH["I{-FEJ'J

Apply derivative both the sides with respect to x.

av . . d :
— = coslax+b|—|ax+b)
ax ) Caxs '

_ cos(ax+bd)(a+0] _ acos(ax+b)
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sec| tan\.'{_ﬁ._’]
4, ' /
v =SEC[ tﬂﬂ-qf"l_’ |

Solution: Let -

Apply derivative both the sides with respect to x.

E = sec(tan~/x|tan (tan /| sec’ \ﬁiﬁ
W H W 4 d:ll.‘-

ax

1
cectan & tan (tan ¥ sec” Y. 2o

2

sec |:-tan \."T| tan | tan -qlq :|sec: \ﬁ%
_ . ; : ; 10

sin |:m'+E:j
cos(cx+d)
sin [mH.gjj
y=— AT
Solution: Let cos(cx+d)
Using quotient rule,

cos [l:x+c:.-"j i sin( ax+5 | —sin fa:r—i—bﬁi cos| ot a"J
v ax ) 1' ) Cax )
Ez cos” I:a'f—'—a’]

d (@x+b)—sin(ax+b) [— sin (ex+ a‘]} i (ex+d)

ax e
cos | I:."i'+ﬂl-:|

cos [:t'.."f-l- a"j COS [:cl'l:+ b)

COs [:E..T+ a"j] COS |:m’+ b_] |:c;r] +sin |:c;f.T+ E:] sin |:m'+ a"j [r]
cos- [m’+ a"]

cos x sin” (x|

. v=cosx .sin’ [ |
Solution: Let -

Apply derivative both the sides with respect to x.

v sd . oa¢ sy, .2 sy & 3
— = cosx —sin | x |[+sin| X |—cosx
ax fik's C Cax
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DT A AT 3l 3
cosx”.2sin|x” |—sin (x |+sin” | x || —sinx’ | —
_ v N ! e

cosx” 2sin|x |cos(x |[5x7 ) —sin®( % |sin x 3x’

: 10x" cos ¢ sin [..Ti Jcos [' | —3x" sin® [' + |sin %

2,jeot E3 |

7. Lo
) _:L'=2,IICDS|;I:.]
Solution: Let b

Apply derivative both the sides with respect to x.

-1

coai= PR
I:Dt[_r‘]}‘ —cot| x|
Al e Ry

D_ 2
dx

——

ka2 | =

————— . —cosec|x I}fr

1 (

Jjcot [+ '_I A ax
L
=1

— | —cCosec [._'IC‘ 'I}['_Z.T_\l

Jjcot (x* J

—lxcosec [' bl

cot ['_ X _-]

Cos [ ﬁ ]

8.

'=|:|:|5|'\."'1_’]

1
Solution: Let ~

Apply derivative both the sides with respect to x.

Lo —sinyr Sk
ax

ax

1. 2 —sinafx
_ msinyro(x)T W
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f(x)=p—1].xeR

9. Prove that the function & given by is not differentiable at x = 1.

Solution: Given function: /(¥ =F~1
fll)=-1=0
1+ k)= f£(1)
- IEAOE f[ £
Right hand limit: 2
1+ 7r-1/-0
— A=l b
[ ;
lim — lim —
—a+l i — =D =1

and Left hand limit:

£1(1)= f[l— ]—f[ll
hm&

= —?fE
11m|_ |

= =i ]
11ﬂ1—r=—1

= =0 ]

Right hand limit # Left hand limit

Therefore, f(x) is not differentiable at x = 1.

10. Prove that the greatest integer function defined by flz)=[x].02x3 is not

differentiableatx =1 and x =2

Solution: Given function is

flx)=[x].0<x=3
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Right hand limit:
f(1)=lim S+ *’*1.]— f(1)

1

lim m

— A=l A

lim -1

— a0 )

lim —
— A A O

and Left hand limit

f(1=-h)-f(1)

—h

£'(1) =lim

lim -1 ;"LH
L —¥#

Right hand limit # Left hand limit

Therefore, / (%) =[] is not differentiable at x = 1.

In same way, fx) :[J"] is not differentiable at x = 2.
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Exercise 5.3 Page No: 169
Find % in the following Exercise 1to 15.

1 Ix+3v=sinx

Solution: Given function is 23 =sinx
Derivate function with respect to x, we have

. . ) . ad
—(2x)+—(3y)=—sinx
e ae T

Pt
243 — =cosx
ax

al'.L.
3~ =cosx—2
ax

dy cosx—2

adx 3

2 Ix+3yv=siny

; . . ] &
Solution: Given function is =¥ =¥ =il
Derivate function with respect to x, we have

d .. d
—(2x)+—(3y)=—siny
-ﬂl.T. ’ ,ﬂ'_'ll"' : a'x'

av v
2+3—=cosy—
ax dx

3 ax+ b}: =cosV

Solution: Given function is % * 2" =cosy
Derivate function with respect to x, we have
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2 (@) + L (0y?) = Lcos y
ax ax - Toax

ay .y
a+bly—=—siny—
ax ax

d.L. ) .
2byv—+siny—=—a

ax ax

—E(Zb}'+5in _:L'J =—a
a@x

dy —a
dx 2bv+siny

4 xv+ _:L': =tanx+y

Solution: Given function is & T} =tanxTy

Derivate function with respect to x, we have

d d, . d d
— () +—(y" )= —tanx+—y
ax T ax (s
d d dy 1 o4y
¥—1+yv—x+2v——=sec x+—
ax ax ax ax

[Solving first term using Product Rule]

dy dy ) QY
¥—+v+lyv—=secx+—

ax ax ax
a) ay 2
Xx—+2y—-——=sec x—y
ax ax  ax
[1’+2}'—1j = =sec’x—y
ax

dy  sectx—v

dr x+2y-—1
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5 ' +x+y =100

Solution: Given function is * T +»" =100

Derivate function with respect to x, we have

d , d d , d
Xt—xt+—y =—

dx e e Fok's

100

-

2x+ x

i
—v+yv—x +2y—=0
ax ax f,| ax

ay ay
dx+x—+y+2y—=0

ax ax

. . ay
(x+2y)—=-Ix-y
) L dx

6 X +xyv+xt+17 =81
Solution: Given function is -

Derivate function with respect to x, we have

vﬂl- | vﬂl ’ vﬂl- ’| - | [“4:]I

—x +—xy+—x +—1 =—2~81
ax ax ax o [k

1, 2av d 1) di7 .d 2
I+ X —+y—x [ Fx—) +1 —x+3y

\ ax ax J ax ax

3 3 ﬂil.- ﬂLL A ] ﬂil..

3xT+x —+ylx+xly—+11+3y"—=0
ax ax ax

v o- . ., .
—(x"+2xy+3y" |=—"3x" —2xy—y°

ax

dv |3 +20+7)

d x+2x 437

X +xy+xi+y =81

=0

Class - Xll _ Maths

Ch. 5 - Continuity and Differentiability

(using product rule)

NCERT Solutions
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7 sin’ y4+cosxy=1
Solution: Given function is 3 Y Tcos V=7

Derivate function with respect to x, we have

d .. 1 A d
- I:sin}'] +—cCosxy = — fT]
ax & ax

: d . d . .
Zsin y—sin v—sin xy—(xv|=0

ax &
. ar " dv “:
2sinyeosy——sinxy| x—+v.1 /=0
ax \oax )

. av . dv .
sin 2v——xsinxy——vsinxy =0
ax o

— = vsinxy

(sin 2y —xsin x|
) s ax

v Vsin xy

dx  sin2yv—xsinxy

8 sin” x+cos” y =1

Solution: Given function is sin’ x+cos” x=1
Derivate function with respect to x, we have

—sinx) +—(cosx) =—(1)
dx Coax Soax
.d .
Jsinx—sinx+2cosy—cosyv=0
adx 20
l I.-" I a.'_L_"-.:
Jsinxcosx+lcosy —siny— =0
‘ dx )

o

ax

sin 2x—sin 2y

Class - Xll _ Maths

Ch. 5 - Continuity and Differentiability

NCERT Solutions
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: dy :
—sin 2y—=—sinlx
ax

dv  sinlx

dx  sinly

g 2x )
V=sin T )
9 Y +x A

Solution: Given function is

o 2x )
1V =sin .
1+

Step 1: Simplify the given function,
Put *=tanf e have

-1 [ 2tan & H:

v=sin | ——
1+tan- @

_ sin”'(sin 26)=26

Result in terms of x, we get
v=2tan" x

Step 2: Derivative the function

. 5
aj':l_ 1 2

dx 1+ 1+x

L 3x-20) -1 1
Vv=tan

— = o W —
10. U N
Solution: Given function is

L 3x-2) -1 1
y=tan & —— . <Xx< xﬁ

1-3x )3

Step 1: Simplify the given function,
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[ 3tan & —tan’ G |
1-3tan* @

Vv =tan
v=tan" (tan 36) =36
Result in terms of x, we get

v=3tan x

Step 2: Derivative the function

v ] 13
dx N+ I+

-1t 1-x |
¥V =cCos - ,:D'C:..T'C:'l
14

11.

Solution: Given function is
L=

v=cos™ = D=x<l
W1+x )

Step 1: Simplify the given function,

puyt X =tan &

L 1—tan? @)
1 = COS _—
: d+tan’ 6

Step 2: Derivative the function

hy 9
@ _, 1 2

dx 1+ 1+x

C ol 1=x)
V=sin - ,:[:]":'-.."L"C:'l
1+x |

12.

Solution: Given function is
Step 1: Simplify the given function,
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Put x=tan &

o 1-tan’ @)

y=sin  ———
A+tan~ &

sin”™ (cos 28|

Step 2: Derivative the function

. =
L _p-2. 1 =
ax 1+x" 1+ x" (Derivative of a constant is always revert a value zero)
{ 2x 0
J.'=|:DS_1 — . —lex=l
13 i\_]. +x __.-l
4 2%
y=cos_| A F_] <xZl
Solution: Given function is LA

Step 1: Simplify the given function,

put x=tan&
-1 [ Jtan & E\:
v=cos & ———
1+tan* 8

cos™ (cos28)
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Step 2: Derivative the function

& g, 1 _ 2

dx T+ 1+

y=sin~ | 2aeaf1—x"

|
14, J' J'
y=sin~ |”u|l'1—1 |— <y 1

Solution: Given function is
Step 1: Simplify the given function,

put x=siné

v=sin""(2sin Gafl —sin 6 |
sin™ | 2sin ffcos @ |
sin™ (2sinfcosd )

i1 ein 201 =28 =2sin™"
_ sin (sin 26 ) =26 =1sin" x

Step 2: Derivative the function

iz 5 1 _ 2
ax 1-x 1—x
v=sec L 0exa L
15 ) :-.‘_ 2_";" —1__| ’ sﬁ

-1
Vv =sec

Solution: Given function is

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions

(Derivative of a constant is zero)

ﬁn

1 0 1
[0 exa

21 ) 2
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Step 1: Simplify the given function,

put Xx=cosf
-1 1 |
y=y=sec | ————|
L 2cos -1}
-1¢ 1 |
y=sec | ——|
_ . cos28 )

sec” (sec2d)

-1
—28=2cos" x

Step 2: Derivative the function
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Exercise 5.4 Page No: 174
Differentiate the functions with respect to x in Exercise 1 to 10.
EI
1. sinx

&

V==
Solution: Let s X

Differentiate the functions with respect to x, we get
.ood oy oed
E=51ﬂ laé‘ — & Eilﬂl
x sin” x

[Using quotient rule]

sin xe —e cosx

sin” x

. [sin x—cos x|
e .

= sin” x

2. Ei ....

Solution: Let ¥=¢

Differentiate the functions with respect to x, we get

ay ity @ . -1
— = —sn X
ax ax
EnCx 1
e
- . -
a8 i fien B
Ve =g — flx) |
ax ax B
3. ¢

Solution: Let ¥ =¢ =e
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Differentiate the functions with respect to x, we get

dy_ (#]d ;3
f=€ —
ax fris

4.
v —51n[tan e_x']
Solution: Let *

Differentiate the functlons with respect to x, we get

day -
= —cos(tanle™ [tan e |
ax ' a'_x ’

-

d | cod ]
[ —sin f(x)=cos f[‘tJE f[.-"fj_|

CI.'.‘IE[tﬂ.tl L™ ];ie
14(e) @

CDE[:tﬂIl_l e'xj] —e —(—x])

g " cos [-t;an_:l e |

1+

log| cose® |

=1
Solution: Let ~ DE[CDSE ]

Differentiate the functions with respect to x, we get

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions
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i: 1 —[CDS & '| [ —Fll.'_'lg f['l._"] —;_f[ |
dx cose dx’ L o f[
. r a'- ) | " .- al— - -
_ e e ‘gf‘-‘ | gecos S (x)=—sinf (x) - (x) |

—(tan &” |&* =—¢" [tan & |

Solution: Let ¥ =¢ T¢& T..Té&
Define the given funct|on for 5 terms

Letussay,yzﬁ‘ +e +e° +ef +e°

Differentiate the functions with respect to x, we get
dv d ., d o d o d .+ d :
+: fEﬁ+fEﬁ +—_Eﬁ +fEﬁ +fEﬁ
ax ax ax ax ax ax

e »2 vﬂl o] ed ﬂl- -1 4 vﬂl- 4 "‘r
g+ —x t+te —x te —x +e Ay
= e e e ehe

— e +ef 2x+e 3+l A +e” Sy

— & +2xe" +3x'e" +4x e +5x 6"

7 \fe"Ez.r::-D
I Y
Solution: Let}_ €

|*"’|
ory= :

Differentiate the functions with respect to x, we get

ﬂ ll 1F|_d- £
dc 2" adx
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-

G!'- N PR N -1 G!' . ~_|
L-.-Em_xj )| =nlf(x)) Ef[_xJJ

—F L

_2 ol e
1 o 1

= JeF 2\4”1_'
oV

8. log(logx).x>1

Solution: Let ¥ =log(leg x)

Differentiate the functions with respect to x, we get
dv 1 4. :
—= —(log x]

dx logxdx

1 1 1
_logx x xlogx
CDS.‘&:_{}D

g logx

CO5X
1=

Solution: Let ~ logx
Differentiate the functions with respect to x, we get

log x a (cosx)—cosx a (log x)
i_ -'a.'__ll__. r 'a.'__ll__. =TT,

= Y _
X (logx) [By quotient rule]

o 1
log x|—sin x| —cos x —
: . -

[.. log .1’_'] 7

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
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cosx |

— sinxlogx+ |
\ x )

(lng J:j:

—( xsin xlog x+ cos x|

x(log x} :

10. cos ['_lug x+e _'L =0

v=cos|log x+e" |

Solution: Let

Differentiate the functions with respect to x, we get

Feal Ly ood .
—=—sin|logx+e | —(logx+e |

ax ax

. 10
—sin(logx+e || —+¢& I
: lx )

1 xH:
—+&

sin(logx+é" |
R - )t :
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Exercise 5.5 Page No: 178

Differentiate the functions with respect to x in Exercise 1 to 5.

1. cos xcos2xcos3x

. = -cos 2y .
Solution: Let * cos xcos 2x cos 3x

Taking logs on both sides, we get

log v =log|cos xcos 2x cos 3x|

— log cosx+logcos 2x+log cos 3x

Now,
d d d d
—log v=—Ilogcosx+—logcoslx+—logcos3x
ax ax ax ax
1 av 1 d d 1 .
- —= —Cosx+ —coslx+ — — COSaX
Vv dx  cosxdx cos2x dx cos3x dx
1 av 1, . . S d - . d
——= (—sin x|+ (—sin 2x)— 2x+ (—sin3x)—3x
Vv dx cosx’ © coslx dx cosAxX | T dx
1 & : i
— — =—tan x—[tan 21’] 2—tan 3x(3)
v odx :
dy y
— =—v(tan x+2 tan 2x+ 3 tan 3x)
ax ) '

ml
— = —cos xcos2xcos 3.1’I:ta.n x+2tan 2x+3tan 3_1’]
ax

(x-1)(x-2)
, Y(x=3)(x—4)(x=3)
(x=1)(x-2)

(x=3) (x—4)(x—5)

[using value of y]

y=
Solution: Let \[
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(x-1)(x-2) |
=39 -9))

Taking logs on both sides, we get

log v =%[lag (x—1)+log(x—2)—log(x—3)-log(x—4)—log(x—35)

g_lJ (x—1)(x-2) 1,1 11 4m

dc 2Y(x=3)(x—4)(x=5) x-1 x-2 x-3 x=4 x5!

1 F=3)(4)3) L i * ~ [using the value of y]
3 (log x|

Solution: Let ¥ =1egx)

Taking logs on both sides, we get

log v =log(log x| = cos xlog (log x}

i_lug v= i[cns xlog(log x\I]

ax ax x :

lﬁ = cus_ri_lug (log x)+log(log 1)i Cos X

Y ax ax ax [By Product rule]
lﬂ =cosx ! i log .1’) +log [lug _1') [—sin_r)

v odx log x dx

ldy cosx 1

vdr logx logx

—sin xlog (log x|

dv cosx
— =7

dx | logx

—sin xlog [10g.1’jj|
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log x

4 x* — %

Solution: Let ¥ =% —2
Put u=x and v=2""

V=U—V

m_a"u av

dx dx dx ... (1)
Now, &=x"

d d .
—logu =—{ xlog x|

ax [vics '

1 du d d
——=x—Ilogx+log x— x
U ax ax ax

1 du

——=1+logx

i dx
du

— =u(l+log x)
ax '

du _ x (1+logx)

—=T VTR L (2)

Again, v=2""

ﬁ: d yEnx

dc  dx

av
dx Fri's

sinx

o a,' . . .
=2""logl —sinx [ EH

I:l og J.’]:m [ COS Y sinxl og [lug.rj:|

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions
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ﬁ =2""(10g 2).cos x= cos x.2* log 2
a (3)

Put the values from (2) and (3) in (1),

ﬂ =x"(1+log x) —cosx.2 % log 2

ax )

’ iy 4
5 (2+3) (x+4) (x+3)

: Wi 3. 4
Solution: Let ¥=(x*3) (x+4) (x+5)

Taking logs on both sides, we get
log y =2log (x+3) +3log (x+4) + 4log (x+5)’

Now,

i_log v =_ilag['x+3']+Hilag['Jr+—1']+-1i_1.:.g|;x<_5j
: Jrao o8t _ —

ax ax X

1ay d . d. . 4.
——=12 —(x+3)+3 —(x+4)+4 — (%45
ydx x+3dx’ T ox+4dx i+ 5 :

4 32 4 2 3 4 0
— =(x+3) (x+4) [x+5 + + '
dx [1 ) (1 ) \] Lx+3 x+4 x+5)

(using value of y)

Differentiate the functions with respect to * in Exercise 6 to 11.
- X Foy

x+2| +x ®
6 \ .Tf.-l

N X I
1

fo1 22|
y=|x+— I +x =
Solution: Let Lo
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| Xt—| =u =3
Put = %/ and * =V
y=u+v
dv du dv
dx dx dx ... (1

i 1 X

u=_r+—|

Now - *

I-" 1".'?\.' -'" 1 '.
logu=log x+—| =xlog x+—|
Lox) Lox)

ldu _ 1 d 17 10
—_—— =X —— x+— +log x+— .1
ude | 1Y el x) L ox)
x+— |0 . - -
x/
1 du 1 ) foo1n
——=x- < x—— |tlog, x+—|.1
u dx ' IV X)) L X,
Xx+— |
x)

du [f—l C 1]
—=u +IDE X+ — J
w 2

v

Again ¥=*

o1y P 1~\|

log v=log x ¥=lx+2 ilug_t
:'\. -T__-'

1adv [ 171 -1

-——= x+- —+10gL —

vdr |\ x I LT ;J

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
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dv {1 1)1 }
—=v|— x+-— l——zlogx

ax xh, x) x

dav x-é |F1 : —‘
—=x V| = x+—|——logx
dx | x x) x

Put the values from (2) and (3) in (1),

. I3 X 1 I » .1 -
d [ AYV[F=1 (1Y sl
—= x+— —tlog x+—||+x | —
de | x) | x+1 L ox) | 2\

-

7 (log J:_f + x

. v=(logx) +x°F
Solution: Let * (log x)

dv du dv
—=—+—
ax  ax  ax

Now

logu =log(log J:_]x =xlog(log x)

i_lug = il:l’ll:lg I:].Dg .T\l_i

ax dx

ld_ﬁ = Ii[log (log x){+log (log _ﬂi x
i dx ax - P
idfu:r ! i_ln:lg w+log(log x).1

U dx log x dx :

udec logxx :

ﬁ=& 1 +log (log x|

ax log x :

ﬁ=[10g x)’ +log(log x)

ax " llogx :

= u+V where

X ;' x

u=(log .."CJx

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions

1) 1 }
i+— ——logx

and v=x""
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Again V= X%

log v=log x¥* =log x.log x= (log .1'_]:

ilngvzi_(lng J:_]:

ax ax

1 dv d .

—— =2logx—/(logx)

vV ax ax '

1 dv 1
——=2logx—

vV ax X

av 2 er 2
—=v, —logx =x . —logx
ax X ' X

dv —

= =2x"¥og x

ax 3)

Put the values from (2) and (3) in (1),

i:[lngx}x ! +log(logx) |+ 2% log x
dx log x 4

dy :[ 1+1log xlog (log x) |
—f:(lugx] [ - e J |+2_1’1':=“ llng x
dx | log x
i:(lug_t]:_l|f1+10g_1:10gI'lug:-L"I'I%-Ex::'gx'llagx
ax ' )

8 [:sin .T_:I: +sin™ «.n'q
= [ﬁin .T_:Ix +sin”! «.-'q

Solution: Let *

dv  du . dv
dx dx dx ... (1)
Now %= (sin x|

logu =log(sin .T_:Ix = xlog (sin x)

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions

= u+V where u=(sin x) and v=sin"fx
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i_ll:ug oy =i_|_.1’1 og I:sin 1]]

ax fok

1 du dr . 1 . d
——=x—/|log (5111.1’3] [+1log (5111 J:) —x
i ax ax - - [ris
1 du 1 4 . :

——=x fs1nx+loglzs1nx].l

i e sin x g

1 du . .
——=x——cosx+log (5111] =xcotx+logsinx
i ax sin x ’

du .

—=u [J:l:l:ut x+logsin .T]

ax

di . X :

—= fsm _T] [l’l:l.'_'lt x+logsin J:]

ax

log v=logsin™ NI'T

|
L=
P2
[
[
I
=

= 2x— (3)

Put the values from (2) and (3) in (1),

i:f_sin I]x [xcu:ntx+lng sin _T]+ 1

ax 2ofrr—x7
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x4 4 (sin x| =

9.
5-':".x+ - ,J:asx
. V=x sin x
Solution: Let - \ :
) ‘o ]::ex
_ L Enx V=510 X ) =

put «=%"" and Y= e get *
dv du dv

dx dx dx ... (1)
Now ="

log u =log x*°* _ sinxlogx

d d ..

—logu =— (sin xlog x|

ax [ris '

ldu . d d .
——=sinx—logx+logx—sinx
U ax ax ax

ldue |, 1

——=sin x—+lng_1’(cns J:]

i ax x

du [sinx 3

—=u +cosxlog x

ax LoXx .

du [ sinx A

— = +cos xlog x |

ax LoX

Y

v={sin J:_]mar

Again

log v=log|sin 1] — cos xlogsinx

d dr . 7
—log v=—/| cosxlog(sinx) |
dx ax - -

1 dv d : :
—— =cosx—logsin x+logsin x—
vV ax ax ax

CO5X

U+v

Ch

Class - Xll _ Maths
. 5 - Continuity and Differentiability
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1av d . . .

—— =CO05X— - s1nx+1|:+g 5111.1'[:—5111 x]

VvV ax S11 X ax

1 dv ) .

— — =cot x.cos x—sin xlog sin x

VvV ax

v . .
— = v[cot xcos x—sin xlog sin x)
ax

v = (sin J:):m (ccut x.cosx—sinxlogsin _1::1

dx (using value of v) .......... (3)

Put values from (2) and (3) in (1),

av sy (" sin x \: . COEX . . )
. +cos xlog x I+f51n .'l:] I:cat.‘r.cm_r—ﬁm xlog sinx)
ax LoX ;o

h &

S o +1
Xt —
10. x -1
e xt +1

o

Solution: Let x -1

Putz=x""and x -1 weget" "
dv du dv
—=—+—
ax  f8x  ax (1)

Now &= KX

logu=log x™" _ xcosxlogx

ldu d

—f:f(l’cnsxlug J:]

iU ax ax

ldu 4. d . d .
——=—{x).cosxlogx+x—/( cosx)log x+xcos x— (log x]
Udax  ax ax ' ax '
1 du

. 1
——=1.cosxlog J:+J:(—51n J:]lug X+XCO0sSX—
i ax X
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du .

—=u [cnsxlogx—x&m xlog x+cos J:]

ax

du .. .

— =x"*(cos xlog x— xsin xlog x+ cos IJ
ax )

©+1
y=

Again I

.:_-i-’: \_ (.2 'i'ﬁ_'
ﬁ=['l 1_]&’[_1 +1) ['lﬁ +1] dx[-l 1)

E» ER

dv (x =1)2x—(x"+1]2x

d [ _-,;: _ 1]2

Put the values from (2) and (3) in (1),

'ﬂil" TOOEX . \ —Ax
—=x [:CDS xlog x— xsin xlog x+cosx |+ - ——
ax (x2—1)
_ . 1
xeosx) +( xsin x)*
11. [ .] [ _]
. W ¥ 1
. v=[xcosx) +(xsin x)*
Solution: Let * { )+ )
1
u=(xcosx| v={xsinx)* D= .
Put { ) and \ ) , we get * Et+v
dy _du  dv
dc dx dx ... (1)

u={xcosx)
Now { )

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions



@dsecure

EDUCATION

lngz.-,:lng[:xcusx_]x _ xlog(xcos x|

logu = x[lug x+log cos x|

d d

—logu =— {x(log x+1 x

drngu dTLx(Dgx Dgcusxj}

idj=x l+ 1 .I:—sin_‘l:]:|+[10gx+10gcnsJr]_l
U oax X COsSX

du

— =u|l—xtan x+log( xcosx

. u[ xtan x Dg[xcosxj:l

du x

—=(xcosx) |l-xtan x+log(xcosx

dx ( J[ ( ]] .......... (2)
) !

Again v=[xsinx)*

) 1 11 sin )
log v=log(xsin x)* _ - og | xsin x

logv= l[:lcug x+logsinx]|
"

_

d 1 Y e |

—log vzf{ —(log x+logsinx)

ax ax | x )

v 1 -

1 1 ) N
f——’7—+ ——.cosx |+(log x+logsin x), — |
Veax X[ X sinx L f,|

dv _ Ji . cotx log(xsin _:-.:l—‘

dx |__1:: x x ]
ﬂ . 1)% - 1ﬁ . cotx log I:J:?inx]_i
ax |__1:‘ x x

Put the values from (2) and (3) in (1)

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions
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fy . 1 - loe(xsinx
E:(Icusl’y [l—xtan _1:+1':|g(J:u:u:rs.ﬂ]+(J:5inx]E : + SOt og (xsin 1)—‘

ax

x° x x

d.;L.
Find 4x in the following Exercise 12 to 15
12, ¥ +¥° =1
Solution: Given: * T =1

utv=l \where u=x" gnd V=¥

d d .

—logu =f[}'10E x)

ax ax '

1 du d av
——=y—logx+logx—

U ax ax ax

1 du 1 av
——=y.—+logx—

Hoax x ax

du [ av |

— = —+].Dg Xx—

ax LX a’.r}

du v ( ¥ d.} \: v ¥ r ay
—=x | —+logx— |=x —+x logx —
ax X a‘.r;' x ax
du

-1 ¥ ﬂj’
—=x"v+x logx—
dx ax ... (2)

Again Y=
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logv=log y* =xlogy

el )
—log v=—»{xlog v)
dx ax '
1 dv d d
——=x—logyv+logy—x
vV ax ax ax
1 dv 1 dv
-—=x———+logyl
VX Vax
av x dy A
—=v, ——+logy |
ax L Vdx
v [ xdv 1 Lxdv
—=1" ——+logy =1 ——+1"log)
ax Ly ax J Vv ax
av -1 d} x
—=1"x—+vlogy
ax ax 3)

Put values from (2) and (3) in (1),

e . av . dv .
Py 4+ log x— + 1 'x— + v log ¥ =0
@ [rics

oo g ) .
— ([ logx+y x| == y—p log v

ax
N For-1 x )
dv  —lx y—ylogy|
d  xlogx+yTx
13 V' =x

Solution: Given; & =+

."f:; = :L'x
log " =log V"

vlog x=xlog v
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(vlogx)= d (xlog y)

dx dx
1 4dv 1 av
v—+logx—=x— —+logy.l
X ax vV ax
( x\d 1
log x—— | —=logy—=
Vv )ax x

Solution: Given: (<05%) =(cosy)

log(cosx)” =log(cos }-.]x

vlogcosx=xlogcosy

d . d .
—(ylogcosx)=—( xlog cos J.']
ax Codx

w

d
logcosx+logcosx—=x—1Ilogcosv+logecosy—x

ax ax ax ax

¥

d dv 1 4
—cosx+logcosx—=x —cosy+logcosy
COsX 4x ax CosV ax

v

g v 1 [ . ay)
¥ [—sin .T]+10g|:05.1' — =X —si Y ——
Cosx [k cosyl, ax )

e

+logcosy

d::L' i '
= —xtan y.

—vtan x+logcos x

+logcosy

ax ax

dy ay
xtan y—+logcosxy. — = ytan x+logcos v
@ o
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al'-L.
—f[_ttﬂn v+logcos J:] =vtan x+logcosy
ax

dy _ ytanx+logcosy

dx xtan y+logcosx

15, w=e"*

Solution: Given; = =¢ °

log xy =loge™
log x+logy =(x—y)loge

log x+log v =(x—y] [ loge =1]

d d d . \
—log x+—logy=—(x—y)
ax dx ax '

dv _ ¥(x-1)

dc  x (1+y]

)= (1) 1+ [ 1+ 27 )1+
16. Find the derivative of the function given by f(x)=(+x){1+x)(1+27){1+x7) a

(1)

nd

hence

v e
Solution: Given: f(x)=(l+x){l+x){1+x){l+x) 1)
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log / (x) =log (1+x)+log(1+x") +log (1+x") +log (1 +°)

1
FEr UGN
fix)= L PR S PO S : ~8x”
fl‘cl l+x  1+x 1+x 1+x°
1 2x 4 8 ]
x)=fl=x]| —_— -
Fix)=71 Nlex 1sx 1+x 1+x |

Put the value of f(x) from (1),

o e g 1 2x 4 8x'{]
(x)=(1+x)(1+= )1+ )1 +2%) 4 i
A ' ' ' "{l—x 1+x? 1+xt 145

Now, Find for f'(1):

s " \ g o] 1 2%
1) =(1+1)1+1)1+ 1) (1+1°)| —+ —F — +——
Ay ' : [1+1 14187 18T 1+1°4

L

._I_
S)=(2)02)2)(2)| =555

7(1)=16| = |
=8x15
=120
= Sx+8)(x +Tx+9
17. Differentiate S ”1 * ] in three ways mentioned below:

(i) by using product rule.

(i1) by expanding the product to obtain a single polynomial
(iii) by logarithmic differentiation.

Do they all give the same answer?

—[1 —"1+S][1 +7 1+9]
Solution: Let ~

(i) using product rule:

Class - Xll _ Maths

Ch. 5 - Continuity and Differentiability

NCERT Solutions
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& . . N e odo s :
—=x —5x+8)—|xX +Tx+9)+H|x+Tx+9) —[x" —5x+8|
de P I L :

D (i —5x+8)(358 +7) + (o7 +7x+9) (2x-3)
ol N )+ ,

dv - ; ) ; )
~ =3x 7 — 152 —35x4 24 +56 4+ 2xF —5x° +14x7 —35x+18x—45
ax

GFL' ] o]
= =5 2007 +45xT 411
ax

(i) Expand the product to obtain a single polynomial
y=(x*—5x+8)(x +7x+9]

y=x +7x% +9x? —5x" —35x" —45x+8x° + 56x+ 72

y=x =52 +15x° - 262" +11x+ 72

=5x" =20 +45x" —52x+11

(iii) Logarithmic differentiation
y=(x"—5x+8)(x +7x+9)

log y=1log |_r_'c: —5_‘c—8:| —lngLf +7x+9)

a a e d s .
“logy="log{x'-5x=8)=—log(x = Tx=9|
ax o : ax ‘
1 dv 1 )

——= — —([x —5x+8 |+ —— — | =Tx=9|
vy x*—3x+8 : ~7x+9

1 av 1 _ o
——= — [Z2x—3)+ [32+T7|
Vet x —5x=8 Cox+Tx+9

. - 1 5 7

ah . 2x-5 IxT =

dx | x—5x+8 X +Tx+9|
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r. A3 o T S BT I B 4
av (2x=3J[x +Tx+9|+[3x" +7 ) x" —3x+8)

;=_:L'f

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
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-

d 7| (' —5x+8)(x = Tx+9) i
. J

dv | 2x* +14x% £18x —52° —35x —45+3x* —15x% + 24x% + Tx? —35%+ 36
dr |_ (P —5x+8)(x* +7x+0)

5 [ T 9 T

d_ | Sx*—20x7 = 45x? - 52x+11

dc - L (1 —35x=8|(X+Tx+9| |

-:'j'l' r'.-1- ﬂ'l:l 3 _I_F.l ol P 11-|
2 -sx =8 (e Tx=0) T T

s o |l =5x+8)(x

= =5xt 20X +45x - 52x+11
ax

1

=721 | lusing value of y]

Therefore, the value of dy/dx is same obtained by three different methods.

18. If u, v and w are functions of x, then show that

ad . av aw
—luvw|=—vw+u — W+ uy—
ax Cooax ax ax

in two ways—first by repeated application of product rule, second by logarithmic

differentiation.

Solution: Given u, v and w are functions-of x.

a . 3 du av aw
— | VW) =— VW — WUV —
To Prove: &t & ax &

Way 1: By repeated application of product rule
L.H.S.

d . . - -
—wvw| i| | 1) |
& T dx- -

d d
UV —W+W—| UV
d dx
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dw av it
B — W — VW —
= fras [ris ax

du dv aw

— VWt — WtV —
= ax ax ax
=R.H.S

Hence proved.

Way 2: By Logarithmic differentiation

Let V=W
log y =log (uvw)

log y=logu+logv+logw

iln T—iln u—iln 1-'—£1|:| w
dﬁ:g" aﬁ:g .:irg .:irg

Put y=uvw, we get

d A [1du Tdw 1awl
—luvw | =uww

@ v va v
d . u av aw
— Lu.v.lt‘] =— VWt — wtuv.—
ax Coax ax ax

Hence proved.
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Exercise 5.6 Page No: 181

If x and y are connected parametrically by the equations given in Exercise 1 to 10, without
eliminating the parameter, find dy/dx.

1 x= 2at'. v=at’

. o a
Solution: Given functions are *=2at" gnd ¥ =%
dv  d -
—=—|2at" |

g 4t

dx d oa
—=2a—|1"|
at ar -

= 2alt=4ar gp(g

dv d

—=—(at*|

at ar -

av d

_I::a_. I4 el Fl
ot dre ¢ = adr =4ar
Now,

dv  dv dz.-_mf_rz

dc deldt  dar

2 x=acos& yv=bhcos&

Solution: Given functions are *=acosé gng ¥ =bcosd
ﬁZi[{ICDSS]

d8 d

£=a—[c05§]

dé d

Ez—asinuﬁ'

de

and

ay =—/|bcosé|
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'd'.L.

_;:br_ll—[cus g)
déd  df '

Y hsind
48

Now,

dv _av/dd —asinf b

dr  dxldf —bsiné a

g Xx=sint,y=cosls
. _ _ . s
Solution: Given functions are * =311 gnd ¥ = €051

— =cost
at and

dv , a .
— =—sin 2t —( 2z}

ot s — —2sin2r
Now,
dv dvidr —2sinl2r —2xlsintcost &
=== = =—4sint
ax  ax!’ar Cost COos [’
4
x=d yv=—
4, 4
4
y=—

Solution: Given functions are =% and”~ ¢

dr d. d
atr  ar o= ar
and
dy_d[4)
dr di\ t)
d d
t—4—-4—r
friy af
= I‘

https://byjus.com
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_2
Z -1

dv deldt 4

g x=cosf—coslf, y=sinf—sin 2¢

. . . . _ 9] — [ |
Solution: Given functions are X =c0sé—cos28 gnq ¥ =sin&—sin 28
de  d d

— =— cosf——cos2f
d8 48 Fele)

& o —sing—(-sin28)Z 28
46 a6

& o Sin&+(—sin28)2
46 -

ﬁzlsmlé‘—smé‘

de

And

ay d d
_—-—51:19—-—51:1-"49
dé dé dé

dy a ..
—=cos8—coslf —d6
dé dée
day .
—=cos&—cos2Fx 1
dé

d
—=cos&—21coslf
dé

dv _av/df cosf—1cosld

Now ¢x dx'df 2sinlf—sind

6 x=al(f—sinf).y=a(l+cosé)

Solution: Given functions are * = 4(&—5in &)

and v=a(l+cosf)
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o~ (6-sin6)

g8 dé

£= [ig_i51n€:|

de a8 Fele)
%_H(I—CDSSJ

ﬂ _ai[l cos @)

dé

d’fu i- 1 d 5‘
— =gl — +—

= L 5‘1] dacos [
dy -

— =a(0-sin@)

dé

— —asinf

dv_dvidé  —asiné =sin &

& dxl dé _a[l—cusé‘] —_ 1 -39
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sin” ¢ cos ¢
— y=
7. Jcos 2¢ Joos 2t
sin” ¢ cos ¢
N — :L =

. . . ) 3 7
Solution: Given functions are NEos<I gnd \fcos <t
dr

- v 300 . 3 d ¢ )

njeos2r.—(sin” £| —sin’ £.— [ fcos 27 |

ax _ dt' dt /
ar [ Jcos 21‘]‘

[By quotient rule]

I —|cos ZI
-II: :I

~icos 2¢ 3sin’ Ii['iin I]—Eiﬂs t
at )

= cos 2t

cos 27
( ]

(]

3

. sin’ t
Jcos 2 3sinT roosf ————=( —2sin 2t
2afcos 2¢ ( ]

— cos 2t

3sin’ fcosfcos2e+sin’ £.sin 2f

[ ]y

(cos 2t)

sin” rcost|3coslr+2sin” ¢

S s

(cos2t)2

| o,

d 2 ; —,
. ~jcosli.—|cos” i|—cos §—|~foos 2r
Q:L alr L £ J A

)
o~

dt [+fcos 2t |

And ' [By quotient rule]

~Jcos 2¢.3cos’ Ii (I:DS t) —cos” I.l (cos 22.‘]_71 i[:CDS 2t)
dt : 2" dt :

= cos 2t

oy cos’ ¢
~jcos 2¢ 3cos” #(—sin £) — ———==(—2sin 2t
~ Iafcos 2t '

— cos 2

—3cos” rsin feos 2+ cos” fsin 2

a] s

(cos2z)?
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—3cos  tsinfcos 2r+cos’r.2sin foost

bl i

(cos 2¢)

sinfcos” f| 2cos” r—3cos 21

(] LR

(cos 2¢)

sinfcos” #[ 2cos’ £ —3cos 2|

] Lad

I:cus 2t )

sin” 7 cosz( 3cos 2z + 2sin” 7|

& _avld — '
dx  dcldi (cos 2¢ )2

cos 3[2 cost -3 [2 cos ¢ —1:]]

sin#| 3(1-2sin®¢)+ 2sin’z |

cosz(3—4 cos’ ¢}

sinz(3—4sin’ ¢

—['_—h:u:ls: t—3cos r_']

— 3sinf—4sin’ ¢

—cos 3t
— = —cot3r

sifn 3¢

-

f £ )
x=a, |:|:|52.‘+1|:ugtan; l'L =gsint
8. =
! IE":
l’=a_c05!+10gtﬁﬂ;l .
Solution: Given functions are =/ and Y =asmit
r -
& 1 d )
—=g| —snf+—— — tan—
dt todrl 2)

{ tan —
3

L s -
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: 2t 1
a| —snr+ SeC —.—
17
tan — - =
— L 2 i
_ . -
, R |
a —smn i+ —. —
4 1 2
sin— Cos —
- L 2 2
) 1
g —sinf+
. r f
2sin—cos—
3 3

c;ri—sinz.‘+.—
- L sin r |
ri1 [=sin“r|  ,.082;
al ——sint| 4 ————| knienivilile’
= L_snr 4= M sz J = sint
— =4gcost
and at

dv _dv/dt  acost
e 3

dr  dxldr F{ICDS:IL

sinf

sin ¢
=tanrt

= COsT[

g Xx=asec g y=btan¥

Solution: Given functions are *=4asecé gpg ¥ =otand

¢
— —gsecFtan &

de and

m- 3
— =sec &
de

Now,
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dv _dv/df  bsec’6
dv dx/df asecftan &

hsect

= agtan &

5 1
cos &
sin &

a.
—  cosf&

b  cosd

— cosf siné

b

= asin &

—cosecH
=

10. x=alcosf+8sinf).y=a(sinf—Fcosé |

Solution: Given functions are * = 4(c0s€~Fsin 8],y y=alsing—Fcos6)

dx

__:a(—ﬁin 6+ 8cosf+sind 1)
deg '

— affcos

and

% = a[cns & — [E-"(—Sin 6"] ~+cos r:'?_l}]

a[c05€+u§' 5in S—CDESI
— afsin &

dv _dv/df aflsing
dr dx/df afcosf

an &
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11.
g —v
R s e - —=—
If “=Nd LV ENG T s ghow that @ x
Solution:

1

= a;'::‘-: :[aa':"__:s]l

1, -
=4a-
and
1
y: ﬂ_:{ :lnﬂ\- |;
l:c-"
— g
Now,
1. .
dx  zdn d ,
—=a* loga— —sin"t
dt drl 2 '
S 1 1
a loga—
= 2 1-¢
dv _ e N
—=a" loga—| —cos™ 1
And @t t )
Lot 1- 1
a loga—
= 2 1-¢
Now,
Zeosts 1 -1
) o a? loga— =
ay _aylat 2 1-F
dx  dxldt  lart 1 1
at lnga; -
=ajl—r
.-
—a2
T _ —-¥
?Ef'. —
= 4-° = X
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Exercise 5.7 Page No: 183

Find the second order derivatives of the functions given in Exercises 1 to 10.

1 x +3x+2

Solution: Let ¥ =% +3x+1

First derivative:
& 2+ 31+ 0=2x+3
ax

Second derivative:

2. x*"

Solution: Let ¥ =+

Derivate y with respect to x, we get
A 90"
ax

Derivate dy/dx with respect to x, we get

| L.
_d_ll a | ay) 18 A 18
'v-' = _T:zz[:lxlgj.'nzjgl:]x“
dx-  dx\ dx)
3, XCosx
Solution: Let &+ = *cosx
dy _d d
— =X—CO0SX+COoOSXx—X
ax ax i

— —XSnX+cosx

Now,

dy diaé& 4, . . d
— =—, — |=——|xsmnx)+—cosx
ax axl ax) ax ax




EDUCATION

ax

—xeoosx—2sinx

_ —(xcosx+2sinx])

4. log x

Solution: Let ¥ =legx

5 x log x

Solution: Let
ﬂi.L.

dx dx

I‘:.l+10g x(3x%)
= x S

_ x*+3x logx

Now,

d'v d

ﬁ:fjl’: +3.T: lo
axs  oax;

@dsecure

ax

—XCOSX— Sin X —Ssin X

d . . d .
— | x—sinx+siny—x |—sinx

- (_TI:DS X +sinx)—sinx

v=x logx

: d d
—=x —log x+log x— x~

ax

gx)

Class - Xll _ Maths
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&'- ) rﬂl- Foa y
—x +3—[x log x|
= ax e :

a1 al- al- -
2x+3| x¥ —logx+logx—x
o ax

A

I ]. - . 1
2x+3 x".—+(logx)2x I
Lox J

2x+3(x+2xlog x)
— 2x+3x+6xlog x

_ Sx+6xlogx
x(5+6log x)

6. € sinfx

. - X -
Solution: Let ¥ = ¢ Stn-x

dv

. d . : d .
—=¢ —sindx+sinSx—e¢
ax ax ax

. d . .
e cosfx—Sx+sinSxe’

= ax
=g cosSyxS+etsinsSy
_ € (5cos5x+sinSx)

Now,

=¢ —(5cosSx+sinSx)+(ScosSx+sinSx)—e”

ax dx ddx

g [5[—5in x) %5+ (cosSx)x 5} +(5cosSx+sinSx)e’

g [—25 sin Sx+5cosSx+5cos Sx+sin Sx |



2 d = Cl - XIl _ Math
e secu m Ch. 5 - Continuity anda;?fferentiabailit)s(

EDUCATION NCERT Solutions
e (10cos5x—24sin5x)
2e" (5 cosSx—12sin 5x]

7. e cos3x

Solution: Let ¥ =€ cos3x
@ _ =4 d .
_f:EHfCDEEI'l-CDEB_TfE"
ax ax e

g™ (—sin3x) i (3x)+cos 3xe™ i (6x)
= ax ax

¥ sin3xx3+cos3xe %6

g™ (—3sin3x+6cosbx)

Now,
dy o d . .. o 7d />
— =¢" —(—3sin 3x+6cos3x)+(3sin3x+6cos3x| €
ax’ dx @x

g™ [:—3 cos3xx3—fsin3xx3 |+ [—35in 3x+6c0s 30 S

e (-9 cos3x—18sin3x—18sin3x+36 cos 3x)

_9g™ (3cos3x—4sin3x)

1

g tan x

S
Solution: Let ¥ =tn Xx
a1
dx 1+
dv di 1

axt  dx\ 1+ )
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. o d . d .. 4
I+ | — (1) -1—(1+x
(1+) = (1) -1 (1+)

(1+2)

['.1+ x .'1><o—2x

1+ .]:

—2x

(1% _'f

g, log(log )
Solution: Let ¥ =1ogllog x)
dv 1 4

e —logx

-al_-'f ]_DE x d_-'f

d . 1 4 .
) Elng f“]:mE f[x]:|
1

xlog x

1 1
_ logx x

. d . a
2 xlog x)— (1) —1—(xlog x|
gy (dog) S (1)1 (slog v

— dx (xlog x| :

[:xlng IJ[:D;]— [.tiplng x+log xi ."CJ

ax ax

[ xlog .'l.’:l:

{Il+lug _'l.’><1:|
+

(xlog J:_]:

[1+10g .T]

_ (xlog J:_]:
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sin(log x|

10.

Solution: Let ¥ =sinllogx)

E =cos(log _T.]i (log x|
ax ' Tax '

cos(log J:_']_l
= x

cos(log x|

= x

Now,

b . . . . d
x—cos|log x| —cos(logx)—x
ax ) ’ ) T ax

dv
] =

ax x

x| —sin ['logxﬂdi_ (log J:] —cos(log x)=1
L : AN : .

f— _'|I-_"

—xsin (log x']l— cos(log x|
: 15 :

—_ x -

—Eﬁin (log x) +cos(log V]]

— .-II.- -

d*v
—+v=0.

11, If ¥ =3cosx—3sinx, prove that ¢

Solution: Let ¥ =3cosx—3sinx (1)

ay - .
— =—Ssinx—3cosx
ax
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Now,

2:—51:95 x+3sinx

ax”

= (5 cos x—3sin x} = 7% [From (1)]
dly

—T="¥

ax”

Lsy=0

ax”

d v

r=cos T eI -
12.If ¥ =9 % Find < interms of + alone.
a1
Solution: Given; & =% *

OF X=COSY.......... (1)

dp_ -1

E:xn'l—xz

1
= A1=e05" Y mrom )

— = ——=—cosec ¥
inty sSiny
Jsin® ) - Vel ... (2)
Now,
d'v _ d, .
—s=——I|cosecy|
o ax ’

. al
—i —cosec yeot v—
ax |

_ cosec yeot v(—cosec v)

— —Cos ec:}' cot v [From (2)]
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135 Y= 3cos(logx)+4sin(log x).

Xyt +y=0

show that

Solution: Given function is
v=3cos(logx)+4sin(log x|

(1)

Derivate with respect to x, we get

ay . d d
— =), =—3sin flug_r] —logx+4cos [lng x]flng x
ax ) ax ax

:Ll = —3 Siﬂ [._ll.'_'lg _T_.] l + _1 cos [._ll.'_'lg .T_.] l
x e

! | —3sin (logx)+4cos(log _T_']_I
= x- -

xy =—3sin(log x)+4cos(log x|
Now, derivate above equation once again

i[' xy; | =—3cos(log J:']i_lng x—4sin(log xklilng x
ax ) T dax ax

xi[}ﬂ +¥ i x=—3cos(log x] l——l sim{log 1]1
de dx ' x ) x

[3 cos(logx)+4sin (log ﬂ.)l]

Pt W=
X

x(, +1 )= —[3 cos(log x)+4sin(log _Tj]:|

x(x, +y)=—¥ [using equation (1)]

This implies, * ¥2 721 7Y = 0

Hence proved.
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14, 1f Y =A€7 B, ghow that

dy L av

——|m+n|—+nmpy=0.

ax L ax
Solution:

d_—"lrl—lfm+i:-j£+mn}'=ﬂ

To Prove: ax ax

.:LIZ;Q!LEW +BE=: (1)

aI'_L_ . al- al- [ al- r.l.r.l ._.I.x.l al- 1
== Ad™— (mx|+Be™ —(x) |V —€ T =& —f(ﬂ
dx a".TI: ) a"x[ ) |. ax ax —|

v _
dc  Ame™ +Bre” | (2)

Find the derivate of equation (2)
dve  Ame™ m+Bne™ n

= Am’e™ +Bn'e” ...(3)

dy

—=—(m+n|—tmny

Now, L.H.S.= dx

(Using equations (1), (2) and (3))

Am'e™ +Bu'e™ —(m+n)Ame™ +Bne™ + v Ae™ +Be”™ |

Ame™ +Bue™ —Awm 2™ —Bame™ + Amne™ —Bue™ + Avmne™ +Barme™

=0
=R.H.S.

Hence proved.
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15. 1f ¥ =302, show that

v
—J:=—193.'_

ax

Solution:
_}=3DDE +600e (1)

_ 500(7)e™ —600(7)e”
Now,

a7y
dx

_ 500(49)e " +600(49)e "
=>

22 _ 49]500e™(7)+600e™ |
dx” - ) -

= #9% [Uing equation (1)]

dv

= dx :49.}'
= Hence proved.

g (x+1)=1

16. If * show that
dy _(dY
dxt ldx)
Solution: Given: e (x+1)=1
1
g =
So, x+1

Taking log on both the sides, we have

=3500(7)e™(7)—600(7)e ™ (-7

Class - Xll _ Maths
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loge' =log !
x+1

vioge =logl-log(x+1]

v=-log(x+1)

D oL s
ax w+1dx '
-1 . 1
— =[x+l
= x+1 L ]
Again,
ﬂl_;"}:—[\—l][:x+l] —(x+1)
ax” ' X

X &
d'v 1
So, F=(1’+1]
dy 1
Now, LH.s. = & (x*1)
(ayy (17 _ 1
AndRHS, = "% U (x+1)
L.H.S. =R.H.S.

Hence proved.
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v=[tan" x|

17.1f - £ 7 show that
[ +1) 3, +2x(x" +1) 3 =2.
. . =(tan~ %)’
Solution: Given: * (anx) (1)

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions

Represent y1 as first derivative and y2 as second derivative of the function.

. E . &2 R
1y =2 tan 'x)—tan x
L 4 d_-ll.-

lﬂlr .--_-.":_-_I-' .-'_”:—lﬂl- P
U =y |
v, =2(tan" x| -
and ‘ 14X
2tan ' x
= 1+.T:
(14 ']}-lzltan'l x
SO, . 2

Again differentiating both sides with respect to x.

1

. o d d . .
[1+x° | —w +y—(1lfx =2
: Cax ax {

2

(147 ¥yt 3 2x= <
' : 1+x°

(1433 ) 3y + 2004 (14 27) =2

Hence proved.
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Exercise 5.8 Page No: 186

AN -: Yoo o a
1. Verify Rolle’s theorem for flx)=x+1x S=J‘C[_4=']'

AT ._: Yoo o -
Solution: Given function is flx)=x"+2x S““:[—J”']

(a) f(x) is a polynomial and polynomial function is always continuous.
So, function is continuous in [-4, 2].

(b) Silx)=2x+2. fx) exists in [_4=2], so derivable.

(C) f[_—-H:U and f[.2.|:':|
Fl4)=r(2)
All three conditions of Rolle’s theorem are satisfied.

Therefore, there exists, at least one c € glad} such that £ () =0

Which implies, 2c +2=0o0rc =-1.

2. Examine if Rolles/ theorem is applicable to any of the following functions. Can you
say something about the converse of Rolle’s theorem from these examples:

(i) f(x)=[x] g, xe[59]

iy /)=l g 2= 1722]
ity £ () =% =1 ¢ xe[1.2]
Solution:

(i) Function is greatest integer function.
Given function is not differentiable and continuous
Hence Rolle’s theorem is not applicable here.

(i) Function is greatest integer function.
Given function is not differentiable and continuous.
Hence Rolle’s theorem is not applicable.
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iy £ ()= -1 = f()=(1) ~1=1-1=0

F(2)=(2) -1=4-1=3 _ s(1)= £ (2)

Rolle’s theorem is not applicable.

3. If f [_iil - R is a differentiable function and if f’ (x) does not vanish anywhere, then
prove that FI=3)= 713

Solution: As per Rolle’s theorem, if

(@)  is continuous is [a.5]

(b) 7 is derivable in [%-2]
(©) fla)=ri(&)
Then f'le)=0.celab)
is gi fi i : f'ley=0
It is given that ¥ is continuous and derivable, but - -
= fla)=f(d)
= f(=5)=f(5)

4. Verify Mean Value Theorem if
flx)= X —4x—3

in the interval [ai’] wherea=1and b =4

Solution:
(@) f(x) is a polynomial.
So, function is continuous in [1, 4] as polynomial function is always continuous.

(b) fx)=2x=4 F'(x) avists in [1, 4], hence derivable.

ce(l.4)

Both the conditions of the theorem are satisfied, so there exists, at least one such that

fl4)=7,01 ..
T—f ()
—S3-(-6) _
— -

2c—4
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1=2c—4

n
Il
2| L

J=% —8% —3x%

5. Verify Mean Value Theorem if flx in the

interval [a.0] where ¢ =1 and 2=3- Find all cell3) for which S'e)=0.

Solution:
(a) Function is a polynomial as polynomial function is always continuous.

So continuous in [1, 3]

(b) f(x) =3x"-10x, /(%) exists in [1, 3], hence derivable.
anditions_ of MVT theorem are satisfied. So, there exists, at least one © = (1.3) such that
110

2107 52 qqc

—-7=3¢c"-10c¢

3 —Te—3c+7=0

(3¢—T)ec-1)=0
(3¢=T7)=0 ,, (c-1)=0
3{-:? or f:l
T3 gre=1

c=l
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As, f()=r(3) , therefore the value of ¢ does not exist such that fle)= D.

6. Examine the applicability of Mean Value Theorem for all the three functions being
given below: [Note for students: Check exercise 2]

(i) f['_x_']=|:1’] for J:E[iE?']

(ii) flx) =|:.T] for X€ [—12

(iii) flx)=x"-1 g, xe[L.2]

Solution: According to Mean Value Theorem :

For a function filab]- R, if
(@) / is continuous on (a.5)
(b) £ is differentiable on (%2
.. fIBY=fla)
Then there exist some © = (a.B) such that 7e)= b—a \

Q) f['_x_']=|:1’] for xE[iE’]

given function < \*) is not continuous at *=3 and * =%
Therefore,
(%) is not continuous at 1>2)
-, 9"

Now let 7 be an integer such that = ~ -7 ]

n+h)—fln n+h)—(n 1—1—n _

lim finth)— 1l I: m[_: h [_F_]:Hmi| 1-7 :1im—1::x:
S LHL ==Y h sl h =0 ] PR
n+h)—fln n+h)—(n 1—n
hﬂ}_f[_’ *’1_] fin) _lim 7 *’1_] L7) —fim 7=~ fim 0=0

And R.H.L. = = h sl h =0 P

Since, L.H.L. # R.H.L.,

Therefore 7 is not differentiable at [ig]'

Hence Mean Value Theorem is not applicable for this function.
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(ii) f['_x_']=|:x] for € |:—12]

Given function 7 ™) is not continuous at *=—2 and *=2-
Therefore,
— =7
f(x) is not continuous at [ '=']'
1€ |—2.2

Now let ” be an integer such that " [ : ]

n+h)—f(n n+h)—(n 1—1—n -

lim flnth)=fn) o \n¥h)=tn) o 1 fim T
S LH.L. = = h T B P k0"
n+h)—fin n+h)—(n i— 1
1iﬂ}_f[_F *’1_] f[_?_]zliﬂ}_[_? F;] [_?_]:hm_ 7 im 0=0

And RH.L. = ** h = h i N

Since, L.H.L. = R.H.L.,

-2.2].

Therefore f is not differentiable at {

Hence Mean Value Theorem is not applicable for-this function.

giiy (%) =x"~1 g x€[1.2] @)

Here, S1x) is a polynomial function.

Therefore, © 1*) is continuous and derivable on the real line.

Hence < ) is continuous in the closed interval [1, 2] and derivable in open interval (1, 2).
Therefore, both conditions of Mean Value Theorem are satisfied.

Now, From equation (1), we have

flx)=2x

fle)=2¢
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Again, From equation (1):

Fla)y=f(1)=(1)-1=1-1=0

And, /(B)=7(2)=(2) —1=4-1=3

Therefore,

_7(®)-s(a)

e
! h-1

Therefore, Mean Value Theorem is verified.
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Miscellaneous Exercise Page No: 191

Differentiate with respect to x the functions in Exercises 1to 11.

L (32 —9x+5)

v=(3x—9x+5)

Solution: Consider *
E =9(3x —91’+5']Si['31,: —9x+5)
oax ' . ,

L =l @) S )

& _o(3x" —9x+5)[3(2x)-9(1) + 0]
reinid| j |
D 27(3% —0x+5) [2x-3]

ax ’ ’

2 sin® x+cos x

Solution: Consider ¥ =3 X+ cos X

. -._ =] + F -._ o
ory= (sinx) +(cos x|
dy . 1 d : s d
—f=3[s1n_1:] fsm_ﬁ:-!-ﬁlcnﬁxj — oS X
dx dx ' dx

ay . 2 o
— =3sin” xcosx—6cos” xsin x
ax

. { . FE
3sinxcosx|sinx—2cos x|

e e
]:_L':a.a.

3, 5%
- 'q
Solution: Consider * X

Taking log both the sides, we get
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log vy =3cos2xlog [:5.1:_]
Derivate above function:

i_lng y=3 i [L’.‘DS 2xlog I:Exj}

ax ax

1 ay i o . Y |

—— =3 u:nsE_Tflug[\5.x’jl+lng[\5_rjfcnsl_ﬁ:—‘
¥ ax ax ax |

1 ay 1 4 . , -
——=3 cos2x——3Sx+log [\5.1'3] [— sin 2x ) — 2x
v dx Sxdx dx
1y 1 ]

——=3 caslﬁ:—_i—lsmlmlag[\ix]

¥V odx Sx

ay cos 2x , .

—f=3}'| —2sin 2xlog(5x)

ax |_ X ’

day 2s2x| Cos 2x , -

— =3 (5.1’) —2sin 2xlog (5 x|

ax x y

- (using value of y)

A sin” [ xefx ). 0= x=1

=sin”{ x|

. . X
Solution: Consider

1) 3 |

sin’ | xt
ory= '
Apply derivation:
dy 1 4}

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions
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Solution: Consider "
Apply derivation:

T

— d _10
2x+7 —cos 5~

dy _ ax

ax d p
COos l—f—\flﬁ:+
2 dx

dx (V22s7 )

Class - Xll _ Maths
Ch. 5 - Continuity and Differentiability
NCERT Solutions

[Using Quotient Rule]

2x+7
ay _
dx
o = 2x+7T
ay
dx
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- T X
v | 2x+7+-Jd4—x cos 1;

@ | fi- 22t (224 7)

r T

_1-_\.'f1+sin.ﬁ:+qfl—sinx_ T
cot | | <X —
6 _\.'r1+5inr—~fl—sin_1:_ 2
" +sinx+~T—sinx | T
}-:cut_l_jl ETHI :{1 Efnl l=[j-:::~:-c‘.:—1~
Solution: Consider WyiFsinx myiosiny B, AT (i)

Reduce the functions into simplest form,

n :."; . ::‘; . X x
m"1+s1n.r=\/cus =t sin ;+251n—cn5:

, WU 475 .. A
~l—sinx=,Jcos” —+sin S —4sin—cos—

And A & &
X x| . W
; I X X
CO8 ——511 — H
| CO5 ——5iNn —
= ¥~ Z zf'l = 2 2

Now, we are available with the equation below:

cos—+sin —+ cos — —sin — |

1 5 5 5 5
v=ucot = = = = |
Cos—+sin ——cos—+sin — |
5 5 5 5 |
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: Ecus'—T 1:
-1 3
cot = |
Esiﬂi .
2.

1 X
1 =rcot cot—
h L 2 |

-
=2

Apply derivation:
dv 1. 1
—==(1)==
dx 2 2

7 (log x) oe w1

Solution: Consider * = egx) ~.x=1 = (i)

Taking log both sides:
log v =log(log _T_']'ng _ log xlog(log x|

Apply derivation:

i[lng V)= i (log xlog (log x|
ax ’ Frke

lﬂ =log Iilng (log x)+log(log x) i_lng x
: . : Ly

¥V ax ax

dv d . : . 1
——=logx —(logx)+log(log x)—
v dx log x dx ' ' ‘x

1 logllogx)
+ : .

& [1+log (log J:J‘\!
ax x
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wer | 1+log(log x) )
(logx) —Dg[ ogx) |

x

cos| acosx+ bsin x|
8. \ ) for some constants a and b.

) ) v=cos|acosx+ bsin x|
Solution: Consider * [- ) for some constants a and b.

Apply derivation:
4y . : d :
— =—sin I:a cosx+ bsin x)— I:a cosx+b 5111_1’)
ax Cax
— =—sin I:a cosx+b 5111_1’][(—:: sin x+bcos .T:l
ax '

E = —f—c;rsin_ﬁ:+b Cos J:] sifl I:c;r cosx+bsin .T:l
ax )

ay . . .
=~ =(—gsinx—bcos J:] sin I:c:f cosx+bsinx)
ax '

I:sin *—COos .TJ dimcoss E < X 3T

9. 4 4

Solution: Consider ¥ = (5 x¥z08x] &7\ (i)
Apply log both sides:

TLE—OEX

log v =log [:sin _T—cas.x] f

_ [sinx—cosx)log(sin x—cos x|

Apply derivation:
d . .d . . .d ., .
—log v =(sin x—cosx|—|(sin x—cosx|+log|sin x—cosx)—|(sin x —cos x|
x . P et . . ! et .
1 dv , 1 d . . . .
—_—= [51113:— cos _T] —  —(sin I—CDS.‘I{J +log [5111:':— COs I:I.I:CDS_T-FSIII_T:]
V ax I:51n J:—u:u:us_t] ax
1 eh

——— =(cosx+sin x| +( cosx+sin x)log(sin x—cosx
S (cosx+sin x) +(cos x+sin x| log(sin x—cos x|
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1 ab

i cos x+sin x)[ 1+log(sin x—cos x) |
Sl J[1+10g )

ﬁ =v [ccsx+sin J:] [1 +log [sin_ﬁ:—ccs 1]_|
ax -

iz[sin x—cosx) =

I:n:ns _'l:+5iﬂ_'l.’:I [1+10g [sin:n:— COS 1)_|
dx -

10. ¥ TF T4 T4 for some fixed a> 0 and x>0.

Solution: Consider ¥ =% T Ta +a

Apply derivation:

dv d . d ., d . d .,
—=—x +—x +—a +—a
ax ax ax ax ax

d . a1«
— x +ar +a"loga+0
= dr (i)

First term from equation (i) :

d. .
— (7 . P
ax - Consider ¥=X

logu =logx* _ xlogx

d d . :
—logu =—| xlog x|
ax ax '

ldu d d
——=x—logx+log x—x
i odx ax ax

1 du 1
——=x—+log x1
U ax X

— l+logx

This implies,

ﬁ= u(l+log x)
& ) ’
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Substitute value of u back:

i_.’x =x"(1+logx)
ax ' (1))

Using equation (ii) in (i), we have

dy . . .
= =x"(1+log J:]m”‘ '+a'loga
ax '

e +(x=3)

11. for x>3.

=xF +['_:|:—3_']x;

Solution: Consider * for x>3.

put#=x"" and ¥~ 1*73)

dv du dv
B

dr  dx  dx (i)

Now #=x""
logu =log ¥ _ [._-T: —3_']10g X

ldu 5 . d d., .
—fu=[1"—3]flng x+log x—[x" =3
uax Cax e ’

(3 —3) l+1|:ug x(2x-0]
= T x '

ldu -3
——= +2xlogx

i dx x

du (¥ -3
— =i
ax X

+ 2xlog x |




2. d v Class - XIl _ Maths
e secu m Ch. 5 - Continuity and Differentiability
EDUCATION NCERT Solutions
Again = (=3

log v=log [:1’—3_]1;

_ x'log (x—3)

lﬁ_x —109[1— ]+10g[:1'—3]ix:
vdx ax T ax
) d .
J:‘ —(x=3)+log(x-3)2x

= . ﬂ"&L ] ) L ]

ldv

= +2xlog(x—3)

vdx x=3

-
-~

) {;‘3 - | 48 N (i)

Using equation (ii) and (iii) in eg. (i), we have

dy '3 h 2|
2o o + 2xlogx +( 3) , 7 +2_1:1Dg[_1:—3]:|

dx L X ’ xS
4 T T
—Cost x=10{¢—sint).——<r<—.
12. Find @ if ¥=12(1me0st) g 2 >
= ] _ . _
Solution: Given expressions are * =12(1-cosz) and © 10(z—sinz)

D 129 (1-coss) =12(0+sinz)=12sin 1
dt dt )
ﬁ-lU—Ll—CDSI]
and ar

dv dyldt  12sint
de  deldt 10(1l-cos?)
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Lh | o
'

L | o
' m
o

(¥4}

|

13. Find E if }'=5in'1 xt+sin Tt fl-xt —l=x<l

TS IR B SR
Solution: Given expression is ¥ =it~ x¥sin” N1-x
Apply derivation:

dy 1 1 d R
— = + —fl=x

dx \f1-x \/1_|*j1__1| dx

& + 1 l['l—.-:: 7 £04-2)
e o r, o ’

1 1’: \[1_[ 'Ill—.‘l.’: | - ax

—t

7

1 .

dy 1 1
—_ —
ax - f1-1+x 2 1—_-.-‘|“

—2 .".'v.|

11 a—
— \u'(l—x: Fk»\h—xz
Which implies:
dy 1 X

= \'Irl_-"f: _ﬂfl_-"t': =0

Therefore, dy/dx =0
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14.
IF I+y + 1+ x=0, for —lex<l
dv -1

@ (1+x)

Prove that

XnJl+ v+ y4fl+x=0

Solution: Given expression is

Squaring both sides:
X (1+y)= 1’ (1+x)
Pady=1t e
e R SO
(x=v)(x+y)=—0(x-y)
x+y=—xy

¥ (1+x)=—x

—x

V=—-

= ’ 1+

Apply derivation:

(1+x) i .T-.Ti[l-F x)
) S ax ax

ax (1+x) :

B (1+x).1-x1
(1+x)°

1
(1+x)°

Hence Proved.
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15.
if Fma) Fr=0) =< 01 some >0, prove that
4 2}
| \.dx )
Q'-:_:L'
dx
is a constant independent of aand b.
Solution: Given expression is (x=a) Hy=b)=c" (1)
Apply derivation:
2(x—a)+2(1-8)Z =0
' T dx
ai.L.
2x—a)==2(r-5)E
(x—a) (3 Jdr
v _ x—a )
& \y=b) . )
. = (v=b)1—(x—a)Z |
a"‘}: |_[':L ) I:-IL aju’:fj
Again & (v—2)
r .-__, A -“'_l
. = (y=b)l-(x—a) s _aj
2y |V T e )
a (y=b) . .
: : [Using equation (2)]
r 2 |—
| (p-b)+| &= |
dh L v—b )
& (v=5)°

_I‘[..}_ —E:_']: +[.._T_a..]: .

[I—bf
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dy d'y

Put values of @¢ and @x inthe given, we get

= e = —¢ =7t (Constant value)
Which is a constant and is independent of a and b.

av cosz[a+}']

prove that @x sing

cosy =%eos(a+y)

COsS ¥V = XC05 .H+ 'L'.] . +

16. 1f ~ - L@tV \yith €osa=EL

Solution: Given expression is
cosy

T cos(a+y)
Apply derivative w.r.t. y

cosy
cos(a+y) |

Jl
dy vl )
. . d d . :
cos|la+y|—cosy—cosy—cos|a+ V|
. Ty v . .

cos® (a+v)

&%



@edsecur‘e Class - XIl _ Maths

Ch. 5 - Continuity and Differentiability
EDUCATION NCERT Solutions

dy COS [a+ J.'] [—sin ;L':l —cos Vv [—Siﬂ (a+}']}

H cos’ (a+ _:L':I

—cos(a+y)sin y+sin(a+y)cosy

_ CDS:[:H-F;L':]

snlaryy

dx sin |:cI+ v—
E cos” I:cz+ v

po——

=>

sifl a7
_cos (a+y)

dv _cos'(a+y]

=> dx sina [Take reciprocal]

=
.

d
" find ¢x

-

(=]

r=alcost+rsint v=galsint—rcos¢
17.1f *=4l }ang ¥=4l 7)

. . x=alcost+tsint) V=alsint—tcost)
Solution: Given expressions are : and : :

x=alcost+rsinz)

Differentiating both sides w.r.t. t

P A d Fh
—=a, —sinf+—1fsin |
ar \ dar ),
dx [ . d . . d
— =g —smnf+r—snr+sinti—;i
dt dt dt )
dx . .

- =a[—51ﬂr+rcnsr+smr]
ar ’

— =gatcost
= af

And:
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y=al(sint—tcost)

Differentiating both sides w.r.t. t

d_ | d

— =g cosf——rcost

dt dt ),

dy ’ 1)

w

[ d d
— =g cosi— I—_cusr+cnsr—_rll
at - \ar ar /)

Y

ay , , :
— = | cos I—f—rsm I+|:Dsrj|
dr . . )

ay :
— =garsint
ar

v dvldr arsinr  sint
== = = =tant

Now &x dx/'dt atcost cost

da . d
—=—tant secTr—1

Again dx dx = dx

), 4t 1
sec” r— sec” f
= ax = qrcost

[FE]

, sect sec’t
e f——=
= at ar

18. If f[-x-]=|l1 * show that J X exists for all real x and find it.

x. if x=0

F(x)=p2|_ (). # x=<0

Solution: Given expression is

Step 1: when x <0
f(x) = -x"3
Differentiate w.r.t. to x,
f'(x) = -3x"2

Differentiate w.r.t. to X,



2, " Class - XIl _ Maths
edsecu m Ch. 5 - Continuity and Differentiability

EDUCATION NCERT Solutions

f’(X) = -6x, exist for all values of x < 0.
Step 2: Whenx=0

f(x) = x"3

Differentiate w.r.t. to x,

f’(x) = 3x"2

Differentiate w.r.t. to x,

f’(X) = 6x, exist for all values of x > 0.
Step 3: Whenx =0

llm f(O)_f((H'h) — hm f(0+h)_f(0) — fl(c)
h—0~ h h-0* h

J’h& if x20
fllx)= [—31’:= if x<0

Now, Check differentiability at x = 0

L.HD.atx=0

lim £/©@-r10+h)
h-0— h

L (—a(_m2
lim 3(0)—(=3(=h)*)
h—0~ h

I
g
|

And RH.D.atx=0

L fOE) =)
m
h—07t h

= lim fr(h)=£1(0)
h—0t h
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lim 3(h)?-3(0)?
h—o0t h

lim 3h =0 (at h = 0)
h-0t

Again L.H.D. at *=0 =R.H.D. atx = 0.

This implies, f’(x) exists and differentiable at all real values of x.

L () =

19. Using mathematical induction, prove that «x = for all positive integers n.
Solution: Consider p(n) be the given statement.

pn) =S (") =™
ST
Step 1: Resultistrueatn=1

d e ﬁ
pU=Z =) =0 (=1

d . .
—(x)=1
which is true as @x

Step 2: Suppose plm) is true.

. d ;e e
p(m)=—(x")=m""
- dl_-'\- ’

Step 3: Prove that result is true for n = m+1.
. od y _melel
plm+1)=—(x" ) =(m+1)x™""
: A J=L .
=
d i+l d ; _om
F - w &
X—x +x —x
= ax ax

™+ " (1)
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Therefore, 7% T =% (m+1]

(m+1)x" =(m+1)x"

[???+1]1*1_1

Therefore, plm+l) is true if plm) is true but p(l) is true.

Thus, by Principal of Induction p(n) is true for all n € N.

20. Using the fact that sin(A+B)=sinAcosB + cosAsinB

the sum formula for cosines.

and the differentiation, obtain

Solution: Given expression is sin{A+B)=sin A cosB IR TS

Consider A and B as function of t and differentiating both sides w.r.t. x,

(dA dB dB f A aB
CDS[L"L Bj —+— =sin L";L s1nBj—+u:usB cosA— +cu::5L"u:DsB—+s1nB[—51n L"Lj
dt | L dt dt dt
dA  dB dal dBY
CDS[L"L B] —t— —[CDSL"LED':B sin A sin B AT '
— . dt dt ) g~ dt )

— cos(A+B)=(cosAcosB—sinAsin B)
21. Does there exist a function which is continuous everywhere but not differentiable at
exactly two points?

Solution: Consider us consider the function Fx)= |l1+|r_l|
f is continuous everywhere but it is not differentiable at x = 0 and x = 1.

flx) glx)  hlx)

v=| 1 m M
a b c
22. If prove that
£x) g B
- = | " 7l
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Solution: Given expression is

fx) g(x) k()

yv=| 1 m i

a b e
Apply derivative:

i) Lo Lnx)| (. , \]
A s RO O RO I CR O RS
— = [ m n o |+ 0 0 0 |+v=|1 M
&

"l oa b c a b c 0 0 0

1 1 1

flx) glx) hA(x)
{ " o
_| a b c
I [ i 1= x=1 [l—xr]g—xﬁ—a:}'zﬂ.
23.1f ¥=¢ - T1=¥=L showthat =~ dr dr
Solution: Given expressionis ¥*=¢
d.}' gty d -1
—=e .—dacos x
ax ax
acosT X ( -1
= £

- Ladl—2x
—av

= yl—x

This implies,
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Differentiating both sides with respect to x, we have

v dy diy [av) . dv
[1-x")2 = —+ = | (2x)=2a"y =
’ Tooax x| a'x;' ) ’ ax
f 'R ﬂill' ay q

(1-x" | —=—-2x—=a'y

: T o

; 1y 81 dv

(1-x" | —=—2x——av=0

' Cax” dx

Hence Proved.





