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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 Flx) =lim (5x-3)

=5(0) -3
=0-3

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

lim f(x)=f(x)

As =0 , therefore, f(x) is continuous at x = 0.

Continuity at x = -3,

lim, flx)= lim:[:SI—H_]

=5(-3)-3=-18

And f(-3)=5 (- 3) - 3=— 18

lim f(x)= f(x)

As = , therefore, is continuous at x = -3

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

=5(5)—3=22

And f(5) =5 (5) — 3 = 22

lim f(x)=f(x)

Therefore, =3 , 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(x)=lim(2x"~1]
=2(3)"2-1=17

And f(3)=2(3)"2-1=17

lim f(x)=f(x)

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

3. Examine the following functions for continuity:

o F)=55
o) Flx)= =3 =3
G S ks
@ 7k
Solution:

(x =r—=5
(a) Given function is flx)=x=5
We know that, /" is defined at every real number ¥ and its value at ¥ is £ —5-

m f(x] =1xiﬂ|:x—5] =k-y=f(k)

li
Also observed that =+ :

].lm f_'l;' = ,lT(' ;
As, = f(=)=11 J, therefore, f(x) is continuous at every real number and it is a continuous
function.
f[:l'] = Lx=ES
(b) Given function is x—5

For any real number k=5 we have

) 1
S
) 1
Fll)=—
and - k-5

lim f(x) = £ (k)

AS, =k
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Therefore,

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

.. x =25
flx)= — . x#*—5
(c) Given functionis ~ x+2
For any real number, k==5 \we get
- 25 e+ 5)(x—5 L
lim £(x) =lim 22 =fim ST e (o8 =5
=k - =i o4 & =k x+ 5 r—sk " ‘
o [ k+5)(k-5) N
flg =2 s
And k+5
lim f(x)= F(k) “x) . ) . . .
As, =% flx)=flk , therefore, ALY is continuous at every point of domain of f anditis a

continuous function.

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

Domain o is real and infinite for all real x

£ (x)=]e—5|

Here is a modulus function.

As, every modulus function is continuous.

Therefore, f is continuous in its domain R.

K
4. Prove that the function i) 5> is continuous at *=" where " is a positive integer.

Solution: Given function is Slx)=x where 7 is a positive integer.
o ~_lim f(x)=lim K =n"

Continuity at *=", H’-f[' ' H’-[' '

ang £ ()=

" e £l L
As, = Slx)=r1x) , therefore, S1x) is continuous at *="1,
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5. Is the f['_x_']:-’? Ilf.".:'c_:l
function / defined by S #x=1 continuous at =0 at ¥=1L gt =27
£(x) Jx it x=1
x)=1.

Solution: Given function is 3. i x>l

Step 1: At =0 Wwe know that, /" is defined at 0 and its value O.

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

Therefore, F1%) is continuous at *=0 .

=1 1
Step 2: At *=1 Left Hand limit (LHL) of 7 lim f () =lim(x)=

=i =
Right Hand limit (RHL) of f f[ x) 1ﬂ1[1]

11mf[1.];:11m flx)
Here =—!

Therefore, (%) is not continuoS =

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

11m £l 1]—11111[ )= lim f(x)=f(2)

, therefore, *=1

Therefore, f1x) is continuous at *= 2

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

Therefore, For all is a polynomial and hence continuous and for all

- 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) : f(x) . . _
Therefore, *=2 does not exist and hence © ** is discontinuous at only x = 2.

Find all points of discontinuity of f- where 7 is defined by:
(J+3. if x=-3

f[:_ﬁ:_\]= —2x, if —3ax<3
B+ 2. if x=3

7.
(+3. i x=<2
f[::c]=J. ~Dx if  xx2
. . Y - {5J’+l if x=3
Solution: Given function is
Here 7 %) is defined for *==3 or ™2} and for =3 <x<3 and also for 23 or (>*)-

Therfore, Domain of / is (2B (BI)vBe)=(==) g

<=3, flx) =|x|+3 =—x+3

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

- — P = | .’.:—2_' . . H 1
for all x(3<x<3). f(x) : is a continuous and a continuous function and also

- el = Byt 7
fOI'a”l}lf['l']_ﬁl-'--.

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

And, x = -3 and x = 3 are partitioning points of domain R.
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o lim fx)=lim ([¢]+3) = lim (—x+3)=3+3=6
Now, Left Hand limit = =% ST oxar :

Right Hand fimit = ~27 ()= HR (72 =(=2)(=3) =€

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

Therefore, F1%) is continuous at *=3

li ‘x)=1lim (2x)=-2(3)=-6
Again,Left Hand limit = P S1x) rﬂl’t %) (3)

_ . lim fix)=lim (6x+2)=6(3)+2=20
Right Hand limit = x=3=" - ©  «=z" o

s, 1 ()2 (2

lim f{x)

Therefore, =3 does not exist and hence

()

is discontinuous at only x = 3.

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

8.
1L
fL1]=JT ifx=0
|MEI= ifx=10
1
f(1]=JT if x=0
|¥D= if x=10

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

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

= f(x)=1 if x>0 flx)=-1 if x<0 and f(x)=0 if x=0

We get that, domain of S (x) isR as S (x) is defined for *> 0 x<0 gng x=0
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For all x>0 , fL'T-] =1 is a constant function and continuous.

For all x =0 , ﬂ'ﬂ =-1 is a constant function and continuous.

Therefore f(x) is continuous on R — {0}

Now,

5 = i (1) =1
Left Hand limit = x1—>ﬂ:1-f“-] 11_}11:11 -]

1i x)=lim (1) =1
Right Hand limit = rl—>ﬂ:1—f“-] 11_{1:1_[ )

AsS, :%I—T‘f[\-"] ?:il_}r?_ fo]

lim f(x) , . B :
Therefore, ¢ ~ does not exist and f(x) is discontinuous at only x = 0.

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

9.
, Ji if % 0
f ()=
‘5—1: if x=0
Solution: Given function is

Ji if x=0
fF(x)=1
‘—1 i 120
lim — =—1

act=0 L= ang S0 =1

RHL = /()=

As, LHL =RH.L = /0

f(x)

is a continuous function.
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x .
=5

for x=c <0

lim = f(x)

Therefore, ==~

Therefore, f () is a continuous at *=¢ <0

lim £ (x)=1= £(c)

Now, for x=¢c =0 =~

Therefore, f () is a continuous at *=¢ >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) jx+L ifxz1
xX|l=5 .
x L+l ifx <l
Solution: Given function is
(x+1, i x=1

r [ x) <

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

Check Continuity at x = 1

lim f[.‘cj =lim I:_‘c+1j =lim(1+ »':-+1] =1

R.H.L. = ==I" =17 PR
lim f(x)=lim (x° +1) =Lim((1-%)" +1) =2
LH.L. = x—}l'f( ] PR D s ( J ]
S
And F(1)=2

As, LHL =RH.L =/

Therefore, f () is a continuous at *=1 for all *€ R.

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

)
m BYJ U S NCERT Solutions for Class 12 Maths Chapter 5 Continuity and

The Learning App

Differentiability

Hence, f(x) has no point of discontinuity.

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

J'f -3 fx=2
2+l ifx»2
Solution: Given function is
=3 if x=2
F=
3+ i x>2

A= LHL = ol T3)=8m3=3

flx)=

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

f(2)=2-3=8-3=5

&
As, LH.L =RH.L =/ 2

Therefore, F%) i o SO~ =7

o lim(xF=3)=c"=3=7(c)

Now, for *=¢ = and

lim (X' +1)=c’+1=f(c]

lim = f(x)

Therefore, ==~

This implies, f(x) 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
le’_] = 7 .
12. B if x=>1
Solution: Given function is
Jx“ -1, if =x=1
| . i x>l
L lim f{x)=lim(x* -1]=0
atF=l LpL =t/ =lm

lim f(x)= lim (') =1

RH.L. = ==
f(1)=1"-1=0

As,LH.L. = RH.L.

Therefore, f(x) is discontinuous at * =1

lim(2°—=1)=c"-1= F(c lim( |=c*= (1
Now, for *=¢ <1 il J /(<) and for x=¢>1 ml¥ f(
Therefore, f(x) is a continuous for all = R —{1}

Hence for all given function x=1jsa point of discontinuity.

f(x)

_J"J:+5= if =1
13. Is the function defined by Lx=

g if x i i
5. =11 3 continuous function?
(x+5 if x=1

f[:_‘lr:l:"i-_{ I T |
Solution: Given function is S -

o lim f{x)=lim(x+5)=6
At x=1 L.H.L. = I—Vf[“ ] r—rl'[‘ ]

RL = dmf(x)=lim(x-5)=—4

As,LH.L. = RH.L.
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Therefore, fo_] is discontinuous at *=1

Now, for *=¢ < 1

lim(x+3)=c+5=f(c
im(x+5)=c+5=1(c) 4

tor x=c>1 dm(x=5)=c-3=7(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(.r):JA: if 1<x<3
‘ﬁ: if 3<x=10

14.
Solution: Given function is

(3. if 0=x=<1
f[:x:l=J-4= if le=x=3
‘Mi if 3=x=10

Ininterval, =¥ =L f(x)=3

Therefore, f is continuous in this interval.
Atx =1,

].. .'_" =3 1' "___ =_1_
LHL = 22T L =

As, LH.L. = RH.L.

Therefore, f(x) is discontinuous at x = 1.
o lim f(x)=4 lim fix)=5
A= LaL = 22 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
flx)=40, if0=x=1
‘ dx, if x=1

15. -
Solution: Given function is
[2x, if  x<0
F(x) | 0. if 0=x=l
‘5—1_1:: if x=1
lim 2x=0 lim (0)=0
Atx =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)=4
Atx=1, LH.L. =1 " and RH.L. = ==

As, L.HL. = 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 L/(x)=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
fl:_x’]=J-2x= if —le=x=1
16. ‘2 if x=1
Solution: Given function is

=2, if x=-1
2y, if —-lex=l
‘hz: if  x>1

Atx=-1,

].I J_" =—2 1 '_, =_2
LHL = 23 =2 g R = B

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

Therefore, F1%) is continuous at *=-1
At x=1,

lim F(x)=2 lim F(x)=2
LHL. = T—ﬂ_fL ] and R.H.L. = x—ﬂ'fL J

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 *=>:

im (ax+1)=lim{a(3-h)+1} =lim(3a—ah+1)=3a+1

— =0 Al

fim f ()=

lim f(x)=lim (bx+3) =lim {5(3+7)+3} =lim (3 + b +3) =3b+3

s/ (3)=3a+1

lim 7 (x) =lim £ (x)= £ (3)

Therefore, ==

= 3b+3=3a+1

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

(A —2x). if x=0
£ =40 ),

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

lim £ (x) = £(0)=A(x'=2x)=4(0-0)=0

R.H.L

And lim f(x)= £(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 f(x)=f(-1)=A(x" -2x)= A(1+2) =34

=l

ang 1 f(x)=F (1)=4x+1=4x1+1=5

Letus say, L.H.L. =R.H.L.
= 3i=5

5

A==

= 3

The value of is 3/5.

glx)=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

SV TN
The function g : R -> R defined by g(x)=x—[x]7xem

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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‘¥)=x —sinx+3 . R
S (%) continuous at =T ?

flx)= X' —sinx+3

20. Is the function

Solution: Given function is

lim (' —sinx+5) = lim | (7=%) —sin (7= 7)+5 |= 7+
LH.L = & =

tim (x* —sinx+5) = lim | (7+])" ~sin(7+7)+5 | =7 +5
RH.L. = z==" ‘ E—r

And f(7) =T —sinT+5=7" 43

Since LH.L.=RH.L. =/ 7

Therefore, f is continuous at *= T

21. Discuss the continuity of the following functions:
i) =sin x+cosx

(b) flx)=sin x—cosx

©) f(x)=sinx.cosx

Solution: (a) Let “a” be an arbitrary real number then
lim f(x)= lim f(a+h)

Now,

limsin(a+#k)+cos(a+i)
}lin(l)f(a + h) = ==t '

lim(sin acos h+cosasin h+cosacos i—sinasin &)
A= -

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

_sina+cosa=f(a)
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Similarly,

lim f(x)=/(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.

li x) =i +h
(b) Let “a@” be an arbitrary real number then xl—g‘f“j Eﬁf(a )

Now,

_ limsin(a+h)—cos(a—h)
lim f(a + ) = == - -

— lim(sinacos h+cosasin i—cosacos hi—sinasin k)|
A= E

sinacosl+cosasin D—cosagcos—sinasin()

— sina+0—cosa—0

sina—cosa= f(a)

lim f[:.ﬂ =f[:c;rj

Similarly, ==«
linﬂl_ f[x] =f[:c;r_] =1inﬂl_ f[x)
Therefore, f(x) is continuous at x = a.

flx)=sin x—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 H:_f( ) =0 A )

limsin(a+h).cos(a+h)

Now, }ll_l’)r(l) fla+h) = =

lim(sin @acos h+cosasin /1)(cosacos h—sinasin /)
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_ (sinacos0+cosasin 0)( cosacos 0—sin asin 0)
_(sina+0)(cosa—0)
sina.cosa= f(a)

lim f[x] =f[:c:f_]

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

flx)=sin x.cosx

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 fl:'l.] = lim cosx = lim cos I:a+f:-]

=g = R

lim(cosacos h—sinasin &)

Which implies, =2

cosalimcos h—sinalimsin i
— =0 =D

—cosaxl—singx=( — CDSH:f[ﬂ]

lim fU] =f[:c:f_]

x—+a forall = 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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sin x and

flx)=cosec x=

domain * =R (7)< |
1 1

lim ——=—— -
~esinx  limsin(a+h)
A=A

1
lim (sin acos ki +cosasin /)

= a3

1

sinacosl+cosasin()

1
_ sin a(l)+cosa(0)

= f(a)

= sing

Therefore, f(x) is continuous at x = a.
f."{v =COs&ec X . .
7 (x) is continuous.

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

Continuity of secant:
“a” be an arbitrary real number then

Let say “a
f(x)=sec x= l’=R—[:21’+1_]£=l’E
cosx and domain Z I
, 1 1
lim =—
=2 COsX l_qul:CISI:a-l-;EJ
At
1
l_in}[cosacoﬁ h—sinasin i)
= =l :
1

= cosacos—sinasin 0
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1

_ cos a(l)—sina(0)

- f(a)

= COs5gd

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

flx)=sec x

~ is continuous.

[{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=

. x=R—(x7T).xe
tanx and domain (x7). x €

lim : =— :
~atanx limtan(a+h)

=

1 1
. [ tana+tan h |
i EnaTtan n | tana+0
— =i 1-tanatan i

— l—tanatan 0

=0 L)
o

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

flx)=cot x

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

if x<0

sin x

by

flx)= |
23. Find all points of discontinuity of £ where (x+lif x20 .

Solution: Given function is

[ sin x

if x<0
o= F
|:Y+1= if x=0
At x =0,
fim 7 (x) = tim 32
L.HL. = = —h
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apL o lmfx)=lim(xe1)=0+1=1

f(o)=

Therefore, / is continuous at *=0-

sin x

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

x=0, fx)=x+1

When is a polynomial, then f is continuous.

Therefore, f is continuous at any point.
24. Determine it / defined by
51111: if x=0
| if x=0
is a continuous function.

Solution:

Given function is:
1"51111: if x=0

_| if x=10

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 . X—d En
=0xm

=0

And, f(0) =0

11me x)= fLD]

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['ﬂ:Ji&—L if x=0

Solution:
Given function is
[sinx—cosx, if x=0

f=) =11 £ x=0

Let's find the left hand and right hand limits at x =0.
Atx=0, LH.L = lim f(x)=lim(0—h) =lim £ ()

= limsin (k) —cos(~%) = lim(~sin hi—cos k) =—-0-1=-1

RH.L = lim £(x)=lim (0+ ) =lim £ (%)

. 1»121 sin(#)—cos(h) = liir%[sin h—cos h)=0-1=-1

And, given f(0) = -1

Thus, lim f(x)=lim f(x)=f(0)

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

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

kcosx T
J » f I?:?
=177 _
{ 3 if x== =
26. - at 2
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Solution:
Given function is

J’Iccosx

T—2x

f(x)= { .

kros x

li x| =1
xlfif( 1] xl—?i T—2x

Fd a

T
N ——
So, 2

=z
This implies, 2

T .
x=—+H

[

Putting where 1 =0

|-I-' "I "‘|

kcos, —=+Hh |

. L2 ]
lim - -
A= I E . 1
T2 =+h|

| ¥ |

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

(N

\I

§

!
E

lim £(x)= £
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)=3 )=
lim fx)=3 __, F(2)=3
k=2 =3

3
This implies, 4

when k=3/4, then *=*

Therefore, fLI-] is continuous at =< when

https://byjus.com
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e+l if x=m
(=1 L
8. lcosx, if x=m at x=T1.
Solution:

Given function is:
J’h+1: if x=m7
flx)=

lcosx, if x>m

A=l

vliﬂf_f(-‘fj zljggf[,?r+fﬁj =limc

DSI::-'I+."¢-] =—cosh=—cos=-1

lim fI:J:J =lim f[?I—-’j =lim cos [:I—k-) =—cosh=—cos0=-1

and =5
Again,

lim £ (x) =lim (k7 +1)

I—=s

As given function is continuous at *= T, we have

I—=m ==

= kr+l=-1

= kor=-2

The value of k is -2/1r.

J'ib:+1= if x=5
f(x)= 5 5
29. |‘3.T—_,= ].f Xx>2
Solution:
Given function is

J’ﬁo:+1= if x=5
f(l)_Lax—i if x>5

lim_f(.r] =li_}r.171_f|:x] =lim f(.rj

at .TZS.
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When x< 5, fx)=hoc+]

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

flx)=3x-5 - . .
When x > 5, : : A polynomial is continuous at each point x > 5.

Now / (3)=3k+1=3(5+k)-5

lim £(x)=lim f(5+4k)=15+3k—5

E—2

= 10+3h=10+3x0=10

lim f(x)=lim £(5—h)=k(5—h)+1=Sk—nk+1=3k+1

Since function is continuous, therefore, both the equations are equal,
Equate both the equations and find the value of k,

10=5k+1

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

5, if x=<2
f(_rJ:J-m:+E:= if 2 x<10
‘5 21, if x=10

is a continuous function.

Solution:
Given function is:
[ A if x=2
f[:.1’J=J-c1T+EJ= 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 f[:x:l: lim f[:.rl] :f[ll]

lim(5)=lim{a(2+%)+b} =3

= k=l s

x=10, lm f(x)=lim f(x)=£(10)

For continuity at

lim(21) =lim {a(10—})+ 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.

Let glx|=cosx and il x| =|.T|

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

- T (¢t ¢ Y,
oh)x=gih(x)=g||x||=cos|x| . : ] ) . .
Now, (£27) (2 (x)} =& & is also is continuous being a composite function of two

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

[fc-og_\] x=h {g[r]} = hl:casx) = |+:05:|:| = f[x)

Again, Using given

g g9

Therefore, f[-x-]:|m“’|:(mgjx is composite function of two continuous functions is
continuous.

33. Examine that sin|+ is a continuous function.

Solution:

Let f(x)=|x and g(x)=sinx then

(gof) x=g{/ (=)} =g} =sinl4
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Now, f and g are continuous, so their composite, 2o/ is also continuous.

Therefore, sin|+ is continuous.

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

F(x) ==+

Given function is

When x < -1: flx)=—x—{—(x+1)} = —x+x+1=1
When -1=x<0 : flx)=—x—(x+]) =-2x-1

When xz0, ; f(x]=x—(x+1)=-1
So, we have a function as:

1, e |
fl:x]=J-—lﬁ:—l= if —-1=x<0
‘5 -1, if x=0

Checking the continuity at x =-1and x =0

- lim x|=lm l=1
A=l = A S2)=ln

R L = Jm f(x)=lim (2x-1)=1

ang /(D) =-2x1-1=1

Therefore, at x=-1, f(x) is continuous.
ppx=0 g = Bm A =tim (el =l o < G S =lm ()=
ang /(0=

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

Hence, there are no points of discontinuity for f(x).
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Exercise 5.2

Page No: 166

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

sin|x* + 5|

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

Apply derivative both the sides with respect to x.
v e d .
— = cos|x +5]—[x +5]
ax ’ Caxc ’

_ cos|x* +5)(2x+0)

_ 2xcos(x +5)
o cos [:sin x|
Solution: Let ¥ = cos(sinx)

Apply derivative both the sides with respect to x.

ay o d .
— = —sin(sinx)—sinx
ax L dx

_ —sin(sinx)cosx

3 sin( ax+5)

Solution: Let ¥ =stnlax+ b)

Apply derivative both the sides with respect to x.

v . ad
— = cos(ax+b)—(ax+5)
ax T dx '

_ cos (ax+b)(a+0) _ acos(ax+b)
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4 sec | tan \.'q |

'L'=SEC[tﬂIlJ.‘k_’]

Solution: Let -

Apply derivative both the sides with respect to x.

E = sec |rtan q,.'q| tan |"tan \.'"I| sec’ \Hiﬁ
L8 s k) s G'l_-ln'.-

ax

1
sectan ) tan (tan % sec” . 2 27

2

sec [-tEIIl \."T| tan |:.t:an -qlq :|sec: \.'q "j."'_
_ . . . . [N

sinl [m’+5j
5 cuﬁ[ﬂx+d]
5in[m’+bj
y=——
Solution: Let mﬁ[m-lrdj

Using quotient rule,

4 cns(r:x+djdi_;:sin [ax+bj—5in ({H—i_bjcii;r cos [c:r+a"j
E‘ cos” I:c:x+a’]

cos(ex+dcos{ax+b)|—(ax+b|—sin(ax+b)|—sin(cx+4d — ex+d
: il
ax

cos’ I:c“x+a":|

cnﬁ(ﬂx+ a"j] COS [:cl'l:'+ EJ] (a] +sin [:cl'l{-l- E:] sin [:E!.‘J{+ 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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o ed e e e d
cosx”.2sin|x” |—sin (x |+sin” | x || —sinx’ | —
Y AL ! e

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

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

2,jeot | X |
7. o

) _}'=21||CDS|;I: |
Solution: Let b

Apply derivative both the sides with respect to x.

@& _ 2

ka2 | =

ax
1 (

oot [.._‘L’: | L

—
—

—————|—cosec (x* I}IZEIJ

—2xcosec|x

)

_ ,llcnt['_x: _-]

Cos [ ﬁ :|

8.

Solution: Let

v

-1

—cosec|x _I}fx
ax

=|:|:|5|'\."'1_"|

(ot (N7 D cot( 2
co | x ]} = cot| x|

Apply derivative both the sides with respect to x.

ax

- sin ﬁ% (x)

-1

=

Lo —sinyr Sk
ax

—sin\.'fl_'
W
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9. Prove that the function / given by & (%) =p=1l-x=R g ot differentiable at x = 1.
Solution: Given function: f“’-]:|x_1|
f()=-1=0
f 1+h)-£(1)
Right hand limit: h
p+r 1|-0
= "_} h
|| h
lim — lim —
—a+l i — =D =1

and Left hand limit:

fll-h) - F(1)

)
—FH

£'(1) =lim

lim l—7—-1|-0

=k

—h
11111—:—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:
Fll+h)-F(1)

f[]] =lim :
1+ k-1
fm fl
= fl
lim 11—1
= i B
lim —
= """ =0

and Left hand limit

fll-h) - F(1)

—h

£(1) =lim

lim

- #|-1

=¥ —F

Right hand limit # Left hand limit

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

In same way, f(x) :[J"] is not differentiable at x = 2.
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Exercise 5.3

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

a . d . d .
—(2x)+—(3y)=—sinx
an R ' ’ e

Pt
243 — =cosx
ax

al'.L.
3~ =cosx—2
ax

dy cosx—2

adx 3

2 Ix+3yv=siny

Solution: Given function js =% *3¥ =siny
Derivate function with respect to x, we have

d . a . d
cirL ) d‘k’L ») dr

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

https://byjus.com
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d

ax

% @)+ (o) =Lecosy

dx &

ay .y
a+bly—=—siny—
ax ax

al'-L. ) '
2byv—+siny—=—a

ax ax

—i(lb}'+5in _:L'J =—a
a@x

dv —a

dx 2bv+siny

4 xy+ _:L': =tan x+ ¥
Solution: Given function is

Derivate function with respect to x, we have

d d . 5
— () +—(y | =—tan x+—y
dx dx" ' dx
d d a
¥x—1v+yv—x+2v—=sec  x+—
ax ax

[Solving first term using Product Rule]

¥—+yv+lyv—=secx+—

ax ax ax
Xx—+dy———=sec’x—y
ax ax  ax
ml a3
[1’+2}'—1j — =secT x—V
ax

dy  sectx—v

dr x+2y-—1

https://byjus.com
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5 ' +x+y =100

Solution: Given function is * T2 +»” =100

Derivate function with respect to x, we have

d , d d . d
—x +—xy+—y =—100
ax ax ax ax
" d d !
2x+| x—y+y—x |+2yv—=0
\odax dx ) ax

&

ay ay
dx+x—+y+2y—=0

ax ax

dy
x+2y)—=-2x—y
(1 }:Ia"x o

6 C+xy+n’+) =81

Solution: Given function is * T* ¥+ +)" =81

Derivate function with respect to x, we have

d ; d ;, d . d 3 d
r+—xv+—xp +—y =—2_81
dx

dx dx

| I v I [ C " H
Lode Cdx ) dx ax @ (using product rule)

- , dv dv 2 ) dv
3x"+x"—+y2x+x2y—+11+3y"—=0

ax ax ax

&, o - . -
a; [x"+2xp+3)° ] =—3x" —2xy—°
X :

dv (3% +20+)7

d x+2x 437
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7 sin* v+cosxy =T

Solution: Given function is 3" Y Teosxy =T

Derivate function with respect to x, we have

(7)

d
- — COsS XV =

d .. 1 &8
[5111 J.'] + -
ax ax ax

: d . d .,
2siny—sin y—sinxy—{(x)=0
ax & '

. & .| ay \
2sin yeos y——sinxy| x—+v.1 |= 0
ax L ax J

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

— = vsinxy

(sin 2y —xsin )
i

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

d ., 1 d . 1 d
—|sinx| +—J|cosx| =—
1
ax ' o ) ax

.od
Jsinx—sinx+2cosy

—cosy=0
ddx ax
l - I a.'_L. "-.:
Jsinxcosx+2cosy, —siny— |= 0
L ax
: . av
sin 2x—sin2y—=10
ax

pter 5 Continuity and

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

)
m BYJ U S NCERT Solutions for Class 12 Maths Chapter 5 Continuity and

The Learning App

Differentiability

: dy :
—sin 2y—=—sinlx
ax

dv  sinlx

dx  sinly

. _1'f 2x \\:
V=511 1 T |
9 LN +.-'|. 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

_ i
d_, 1 2

dx 1+ 1+x

v=tan™ E _—1 <X ~:’.i
10. U N
Solution: Given function is
v=tan" E _—1 <X i

-3 3T B

Step 1: Simplify the given function,
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[ 3tan & —tan’ G |
y=tan~ ———
) 1-3tan~ &

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+
M=)

= .0=x=l

WA+x7 )

¥ =Cos

11.

Solution: Given function is

gl l=x"
1 =C0s - Dexal
1)

Step 1: Simplify the given function,

Put x=tan &
L 1—tan?8)
y=cos  ——— |
d+tan’ @

_ cos™ (cos28)

26 - 2tan”' x
Step 2: Derivative the function

hy 9
@ _, 1 2

dx 1+ 1+x

- 0=x<l

.l 1=x
V=sin T .0=x=1
i +_1"" |
12. . 4
1 i 1__-{# p
V=c0s
1)

Solution: Given function is
Step 1: Simplify the given function,
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put x=tan&
C . 1-tan* @)
y=sin  ———
A+tan” & |
_ Eiﬂ_l[:CDS 28 )
a1, T | T
sin” sin, ——28 =—-18
— :'\. - __.ll 2
T
~ —2tan7' x
=2

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.'=|:|:rs_1 | —lex<l
13 ;-.‘_1+.":‘ __;l
-
¥ =cos 1' T2 ;=—1 cx<l

Solution: Given function is .

Step 1: Simplify the given function,

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

CDS_II:CDS 28)

[T |\ T
cos cos ——28 =—-28
_ W2 ]2
T -1
——2tan™ x
=2

https://byjus.com
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Step 2: Derivative the function

& g, 1 _ 2

dx 1+x" 1+x" (Derivative of a constant is zero)

y=sin~ | 21— |
14 «f' J'

1
y=sin~ |"u|l'1—1 |— -c:'_x-c:'

Solution: Given function is ’E

Step 1: Simplify the given function,

put x=siné

v=sin™(2sin 6fl—sin’ 6 |
sin”' [ 2sin fafcos’ & |

_ sin™ [:Zsin & cos EJ

_ sin”'(sin26) =26 =2sin" x

Step 2: Derivative the function

i::_ 1 __ 2
ax 1-x 1—x
1 | o 1
1 =5EC L
15 2 -1) V2
a 1 0 1
V=5ec lD-:x-c N5
Solution: Given function is 2x _1 =

https://byjus.com
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Step 1: Simplify the given function,

put Xx=cosf

-1 1 \:
y=y=sec | ————|
L 2cos -1}

P )

-1¢ 1 \:

y=sec | ——|

_ . cos28 )

sec” (sec 25‘]

-1
—28=2cos" x

Step 2: Derivative the function

https://byjus.com
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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

EI
Y ==
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—cosx]
g —————————
= sin’” x
2. Ei ....

Solution: Let ¥=€ =

Differentiate the functions with respect to x, we get

ay ity @ . -1
— =g —sin x
ax ax
I 1
EE.
- 1—x

3. ¢

Solution: Let ¥ =¢ =e

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

)
m BYJ U S NCERT Solutions for Class 12 Maths Chapter 5 Continuity and

The Learning App

Differentiability
Differentiate the functions with respect to x, we get

vﬂl':_l-' |x': ] vﬂl- |
— =& —X
ax ax

sin(tan e |
4. -

) v=sin(tan~ &7 |
Solution: Let : :
Differentiate the functions with respect to x, we get

dy ‘ o a -
=~ =cos(tan" e | —(tan"" e |
ax ' Cdx ’

d o . d :
[. Esm f[x] =cos fl:'LJE f[x]:|

1 g= 'l 1 i e "

cos tan" ¢ ) —— 2
‘ 14(e7) ax

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

1+

log| cose® |

) =log| *)
Solution: Let 4 Dg[-mﬁe -]

Differentiate the functions with respect to x, we get

https://byjus.com
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5 1 4 [ Losom L s
E_cnsexa[‘msg'][ dx e flx)ax >

= Ccose -

sing) L "ims ‘x)=—sin ﬁ:i e
(~sine*) Lo [d £(x) f(-Jd._f(-J}

ax x

—(tan &” |&* =—¢" [tan & |

Solution: Let ¥ =¢ T¢€ T...te
Define the given function for 5 terms,

Let us say, y = & +ef +e +&* +e°

Differentiate the functions with respect to x, we get

dv d . d » d » d .+ d ;=
+: fEﬁ fEﬁ +—_Eﬁ +fEﬁ +fEﬁ
ax ax ax ax ax ax
e »2 vﬂl- o] ed ﬂl- -1 4 vﬂl- 4 = ﬂl- 5
g+t —x t+te —x te —x te —x
= dx dx dx dx

— & +e’ 2x+e 3+ A+ S

X r 1 i 3 =
— & +2xe” +3xe" +4x e +5x e

7 Jg?:r::-[]

I Y
Solution: Let ¥ = V¢

!
()
ory=" "

Differentiate the functions with respect to x, we get

- -1 -

ar 1/ i - S

—_—= |€£ | fE’-'J:
\ r ci-.ll.-

ab:_i

https://byjus.com
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[ L (7 =nl (0" L f(x)}

ax

IR ~
2 Q-uE e

3. log(logx).x>1

Solution: Let * =10g(log x]

Differentiate the functions with respect to x, we get
dv 1 4.

—= —(log x}

dx logxdx '

1 1 1
_logx x xlogx
Cosx
Lxa(
g logx
COs X
V=

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

d . a .
;. logx—/(cosx|—cosx—/(logx
ay T TL ] a‘J:L )

dx (log .T.:I:

[By quotient rule]

c 1
log x(—sinx)—cos x—
. -

=

(log x)
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cosx |

— sinxlogx+ |
\ x )

(lng .'L’J:

—( xsin xlog x+ cos _T]

=

.TI:IDg .1]

10, [:lug x+e' ]1 =0

v =cos(logx+e|

Solution: Let

Differentiate the functions with respect to x, we get

v Loy od .
— =—sin|logx+e’ |—(logx+e”|
! L\ )

ax

. |
—sin(log x+e" | —+e |
: X )

1 xH:
—+&

sin [flc:gx+ exx]
— .'\.‘_l __Jl ; :
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Exercise 5.5

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 [:CDS xcos2xcos3x)

— log cosx+logcos 2x+log cos 3x

Now,

d d d d

—log v=—Ilogcosx+—logcoslx+—logcos3x

ax ax ax ax

1 ay 1 d d d

——= —cosx+ —coslx+ —cos3x

Vv dx  cosxdx cos2x dx cos3x dx

1 ay 1 . . ! d . d
— == (—sin x)+ (—sin 2x) — 2x+ (—sin3x)—3x
Vv dx cosx © cos2x dx cos3x T dx
1 ay

—. — =—tan x—(tan 2x) 2—tan 3x(3)

V ax

ml

—f:—}'(tanx+2tan2_1:+3tan3x)

ax

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

J (x—1)(x-2)
5 (=3 )(2x—4)(x—5)
(1’—1_](1’— 2)

(x=3)(x—4)(x-5)

[using value of y]

Solution: Let \[

https://byjus.com
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-y(x-2)
BEETE)

Taking logs on both sides, we get

log v =—[1|:ug I:J.’—l] +log I:.T— 2] —log [1’—3) —log I:.T—fl] —log I:J:—S]:I

| R

&1 (x—1)(x-2) {1 L1 1 & 1}
de 2 I:_t—3:|I:x—4]I:J:—5] x=1 x-2 x-3 x—4 x-35

3 [lug .TJA

Solution: Let * ~ (lug 1‘)

Taking logs on both sides, we get

log v =log [lug J:]ﬁ“ =cos xlog [lng x]

d d

—1 = — xlog(log:

- og 1 dt[cus rlog(log 'c]]

lﬁ = CDS_‘{i_IDg (log x)+log [lng_ﬁc)i COs X

y ax ax e [By Product rule]
1 dy 1 d .

—— =cosx —(log x) +log (log x| (—sin x)

v odx log x dx

ldv cosx 1

: —sin xlog(log x)
vdx logx x : ‘

av | cosXx

- —sin xlog (log x) |
ax x log x ' '

https://byjus.com

[using the value of y]


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

)
m BYJ U S NCERT Solutions for Class 12 Maths Chapter 5 Continuity and

The Learning App

Differentiability

x log x

4 x* — %

Solution: Let ¥=% —27

Put #=x" and v=2

V=U—V

m_a"u av

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

d d

—logu =flzrlug .'l.’:]

ax [vics

1 du d d

——=x—Ilogx+log x— x

U ax ax ax

1 du

——=1+logx

i dx

du

f=u[l+lngx)

ax
du _ x I:1+1|:ug .'l{:l 2)
dx - 7 aassssssas
Again, v=2""

ﬁziza}:x

dx dx

dv - .4 g

—=2""1ogl —sinx [ —-a

dx i ax

P woex | COS XY , . .
(log x) [ —sin xlog [logx]}
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ﬁ =2""(10g 2).cos x= cos x.2* log 2
ax (3)
Put the values from (2) and (3) in (1),

dv . s
— =x"(1+log x) —cosx.2""log 2
ax

3

5 (x+ 3_]: (.T+—'1_]3 (x+3)

r 1 3. 4
Solution: Let ¥ =(¥¥3) (x+ 4] (x=5)
Taking logs on both sides, we get

log y =2log(x+3)+3log(x+4)+4log (x+ 5_]4

Now,

i_ll:ug y= -ilag[.ﬁ:+3_] +3i_1|:ug [:Jr+4j+4i_10g[:x+5]

ax a2 ax X

1 ay 1 4. 1 4 1 4,
——=1 —(x+3)+3 —(x+4)+4 —(x+5)
vedx x+3dx : x+4 dx x+5dx 3

dv [ 2 3 4
— =V + +
de T\ x+3 x+4 x+35

Y (243) (x+4) (x45) 5 )

+ +
dx Lx+3 x+4 x+5)

(using value of y)

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

(e 2) o2t

1\ % 1
(x+—) +x(1+x)
Solution: Let %

6.
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Put :\51+1| - and x(l +E) =V

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

x) L ox)
ldu _ 1 4 1) Fo10
X— —— x+— +log x+— .1
wde | 1Y el x) L ox)
x+— |0 . - -
x/
1 du 1 [ 17 W 4
——=x— — X—— +102 x+— .1
u dx 'T+l:;‘~ x*) s Y3
| _le

Again ¥=-
log v =log x(l-"i):(l + i) log x

% g = (0+(_—1)).logx+ z (1 + i)
ﬁ%) ;1 logx+—(1+ )

1 /dv —log x 1 1
A ._.) — g + — _|_ S
dx x2 x x2
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& (1')[ (1+ )——10g1:| o

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

. \E 1 - ) 1
E.'= I+l' * 1+IDE 1+1 +Jl'(1 ‘:l l 1 = 1« -
dx | ox) | x4+l L x) x x) x

2 IZIDEIT+1IDF
— I - _ :
Solution: Let y=(logx) +x = u+V where u_(mgl] and v=x"°"
& _du v
dc dx dx ... (1)
Now u:[lug ljx

logu =log I:lcug .zj =xlog I:log x]

d d

—1 =—| xlogilogx

— ogu cir[l og(log 1]]
ld—a—xi[loa log x :|+1c+g lnngix
U ax ax ax
ldu 1

. i1::12 w+log(log x).1
udc  logxdx

idizx ! l+1|:|g|:1|:|gﬁ.]
u dx logx x

ﬁ = u|: ! +log [lng 1:|i|
dx log x

1

@=(1Dgx)*[

adx

+log(log xj}

logx ] (2)

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

)
m BYJ U S NCERT Solutions for Class 12 Maths Chapter 5 Continuity and

The Learning App

Differentiability

Again ¥V= XE*

log v=log x'** =log xlog x =(log x)

d d

—logv=—~(logx]

X ax

1 dv d

—— =2log Tf[IDE x]

vV ax ax

1 dv 1

——=2logx—

vV ax X

dv 2 \\: loex 2

—=v —logx | =x" . —logx

ax X J X

dav -

= =2x"¥og x

ax 3)

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

i:[lug:{)x[ +log [10ngj|+2_1’1°gx'llngx
dx log x
v | 1+1 log(l
Ej:(lagr){ e DgI: = xj:|+2xng_llugx
dx log x
d.}' x-1¢ ogx-1
E:UDEXJ (1+log xlog (10gx)]+23: =log x
. : j

8 I:sin .TJ: +sin™ «.n'q

Solution: Let }':[Eiﬂl’]x+sin‘1”@

dv  du . dv
dx dx dx ... (1)
Now = I:sm 1]

https://byjus.com
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ilng oy =i[1’1 og I:sin 1]:|
1 du d d
—_— ]_ i - +]. i X|—X
— X civc[ og (sin r:l] og (sin x) e X
ldu 1

d . :
——=x— f51nx+loglzs1nx].l
U ax S X X

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

d .

fu = u[rcnt x+logsin .T]

ax

d; . ax .

e = (sm x] [ICDt x+logsin .‘L’]

& T (2)

log v=logsin™ NI'T

dv 1 d
T a
(%)
av_ 1 1
dx 1—1-3{;
1

N o
1

= 2x— (3)

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

1

x—x

E = (sin .‘L’]x [ICDt x+logsin _1:]+
ax

k2

https://byjus.com
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% +(sin .T:I':m

9.

_ _shx . o
Solution: Let* +(sin x)

_ s v={sin x| = ]
Put =X and (sin x) ,we get ¥ THTY

dv du dv

dc dx dr . 1)
Now ="

log u =log x*** _ sinxlogx

d d ..

—logu=— (Sm xlog J:)

ax [ris

ldu . d d .
——=sinx—logx+logx—sinx
U ax ax ax
ldue |, 1
——=sinx—+log x(cus .TJ

i ax x

du  [sinx )
—=u +cosxlog x

ax LoXx

. . X
aiu sy 510X |
— = +cos xlog xJ

ax xR (2)

sin _Tj': -

Again v=(

log v=log [5111 -Tj — cos xlogsinx

d d ,

—logv= f[cnsxlug (5111_1:]]

dx dx

1 dv d : :

—— =cosx—logsin x+logsin x —cosx

vdx dx dx

pter 5 Continuity and
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1dv . . .
—— =CO05X— —sinx+log 51113:[—5111 x]
VvV ax S11 X ax
1 dv ) .
— — =cot x.cos x—sin xlog sin x
VvV ax

av . .
E = v[cot xcos x—sin xlogsin x)
X

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

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

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

ﬂiL' sy I sin x \: . coeX . .
— =X +cos xlog x I+I:51n .'l:] I:cat.‘r.cmx—mn xlog 5111.‘:]
ax LoX /

o +1

10. x -1
oy X1
5O

K- IR

o

Solution: Let x -1
x +1

v=

Put u=x" and x -1 weget?=%TV

dv  du . av
dx  dx  dx (1)

Now &= KX

logu=log x**** _ xcos xlog x

ldu d

——= —(J: cos xlog J:]

udc dx

ldu d d d
——=—(x).cosxlog x+x—/( cosx)log x+xcos x— (log x|
idx  ax ax ax

1 du

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

https://byjus.com
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du .
—=u[c05x10gx—x&1n xlog x+ 1:05_1’]
dx
du e :
—=x" (CDS xlog x— xsin xlog x+ I:DSJ:J
& (2)
X +1

V=
Again  x -1

2 opndiany (andia g
ﬁz[}’ —I]E[x +1§]—[‘_1 +1]E[1 —1’]
e [fx:—lx]‘

dv [1. —1:] 2x— [1 + 1] 2x

dx (1)

a'-'lf [.--T: B 1-.]2
av _ —Ax
' [ 2 _1‘]

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

ﬂiL' TOEX : —4x
—=x [cusxlagx—xmﬂxlﬂgx++:|:+5_1cj+f ——
dx (x* 1)

x 1
11 (xcosx) +(xsinx)*
* !
SO|UtI0n Let :-LI:I:I':DS -"L’:Ih +I:_'If51ﬂ _T:lx
1

Put u=[1’c051’] and v=[rs1n:-::|rywe get Vv=u+v
b _du v

dx dx dx ... (1)

Now u=[xc051]x

https://byjus.com
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-

_ xlog [:.'lfl.'_'l.'_'IS _TJ

logu = x[l-:ug x+log cos x)

iluzug i :i_ [J:(l og x+log cos 1)}

dx dx
ia;u_x —+ : _[:—sinx]:|+|':1ﬂgx+10gcns_r]_l
i ax CosX

du

— =u|l—xtan x+log( xcosx

= u[ x tan x Dg[xcosxj:l

du .

—=(xcosx| |l-xtan x+log(xcosx

d ( 'l ( o )

oL
Again v=(xsinx)3
1 .
log v=log(xsin x)* _ ;lng (“m x:l
1 .

logv= —I:lng x+logsin xj

ilng &»=§{% [lng x+logsin x]}

lﬁ: ! . _cos_ﬁ.{|+[10gx+lng sin 1] _—1 |
Vo Sl X L f,|
dv cotx log I:.".’Siﬂ x:l:|

— =V + - --

ax x X"

s 1 - log(xsinx
%—(tsin J:]E [ i N cutp_ﬁ. 3 l:rgl:xjm 1]:|

¥ o I 3)

Put the values from (2) and (3) in (1)
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—fI: xcosx) l—xtan x+log| xcosx) |+(xsinx
=
X

al-;L.
Find 4x in the following Exercise 12 to 15
10, ¥ 1y =1
Solution: Given: * T =1

g —_ v - X
utv=1l \where u=x" gnd V=1

d d

leE ) =f[:_:|.'].DE -'l:l

an fk's

1 du & av

——=y—logx+log x—

i dx fris dx

1 du 1 v

——=y.—+logx—

uoax x an

de (v ay |

— = —+].Dg Xx—

ax LX a'_ﬁ:J

i Sy dv v : '

—=x" T+logx— |=x “+x'logx—

ax X a‘.r;' x ax

i _ . v

=Xy logx—

ax ax ... (2)
Again ¥ =4

cotx log(xsinx)

https://byjus.com
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logv=log y* =xlogy
d d
—log v=f[.ﬁ:10g J.']
ax a2
1 dv d d
——=x—logy+log y—x
Voax o ax
1 dv ldv
——=x——+logy.l
VX Vax

dv [ xdv
—=v| ——+logy
dx | ydx

v [xdy 1 Lxdy
—=) ——+logy =y ——+1"logy
e Wy dx J v dx

av x-1 d.]' x
— =V x—+)logy
ax ax (3)

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

. . dv 4 dv .
v+ log 1:.{_ + 13 =+ 1*logy =0
X

av; . el . .
‘:{—”[J:‘1 logx+3™ x| =—x"y—3"log ¥
n J

For-1 x )
dv —|xX T y—1r"logy]

T x-1
de  xlogx+1Tx

-

-
13. Y =4
v =xt

Solution: Given: -
_T‘r =:le

log " =log V"

vlog x=xlog v

https://byjus.com
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“ I:rll:ugx] _“

ax ax

I:J.’log J.']

dx J:I:J.'lng .T—.‘J(:I

14 (L’.‘DS .TJI = (L’.‘DS }Jr

-

Solution: Given: (cos x)” =(cosy)

log [:CDE .T:]I =log [:I.'_'I.'_‘IE _:L':I

vlogcosx=xlogcosy

i_(}'lug Cos .'l.’:l = i(xlug caﬂ}']
ax

ay d d
logcosx+logecosx— =x—logcosv+logoosy—x

"
dx dx edx dx
d oV 1 4
v —cosx+logcosx—=x —cosyv+logcosy
COS X ax ax CosV ax
I : ay 1 [ . av)
v I:—sm :r]+10g COSX—=23X —sin v +logcosy
COsS X dx cos ax )

e

af-L.
=—xtan y.—+logcosy

—vtan x+logcos x
dx dx

dy ay
xtan y—+logcosxy. — = ytan x+logcos v
@ o
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dx

dy _ ytanx+logcosy

dx xtan y+logcosx

15, w=e"*

AT
Solution: Given: = = ¢

log xy =loge™

log x+log v = [:.T—_:L':Ill.'_'lg e

log x+log v= I:.T—J.'J [ log e =1]

< jog x+Zlogy = i(r—}'J

ax ax ax
1 lay - )
x ydx dx
1 dv av _1 1
v dx dx X
a1 ) x-1
= S4l==
axiy ) X
dv(1+y) x-1
dx\ v | x
dv Y(x-1)
dr  x I:l + J.']

16. Find the derivative of the function given by

hence fl[lj'

Solution: Given:

al'-L.
—”I:xtﬂn v+logcos .'l:] =vtan x+logcosy

£ ()= (1) (1) (1) (1457)

L L 2Ny ANy
fx)=(1+x){1+x" |(1+x7|(1+x"} a
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log f(x) =log(1+x)+log 1+ | +log(1+x" ) +log(1+x"

1 4 . 1 4, 1 4, 2 1

— —f[\\']:——[\1+1']+—w__|1+"f |+ 3
flx) dx T 14+ xdx Tl xt dx 1+x

1 o 1 1 1 : 1 -

"(x)= A= - 2x+ S 8x

flx) f'(x) l+x  1+x 1+x 1+x°
File) = flx)| L 2x 42 & ]

ST lex 1ex 12t 1ex ]

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

o N 2x  4x  8x ]
(x)=(1+x)(1+= )1+ )1 +2%) 4 + N
Fix)=\ a o {l—x 1+x? 1+t 1-x" |

Now, Find for f'(1):

F)=(1+1) (14171 1%)[1+1°

(12 4x1® 817
141 1488 1+1" “141° |

FUL)=(2)2)(2)(2) B—%—;—g—l
o 15

f Ll_]:lﬁ[?}

=8x15

=120

. [ —5x+8) (X +Tx+9)
17. Differentiate * I .

(i) by using product rule.

d 1 4. z
— (145" |+ — —(1+x|
' 1+x &'

in three ways mentioned below:

(i) by expanding the product to obtain a single polynomial

(iii) by logarithmic differentiation.
Do they all give the same answer?

_ v=(x'—5x+8)(x +7x+9)
Solution: Let : o :

(i) using product rule:
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ﬂ =( —51’+S~]i[§1’: +7x+9)+(x* +7x+9) i[ﬁ. —5x+8)
e Lrm JT L J
& - e

—= (x*—5x+8)(3x" +7)+(x" +Tx+9)(2x-5)

dv - ; ) ; )
a; =3+ 7 =155 —35x+ 24" +56 + 237 =5 +14x7 —35x+18x—45
X

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

(i) Expand the product to obtain a single polynomial
V= [1 —5_1:+S:] [ 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

V= [1 —5_1’+S:] [ i +Tx+ 9]

log v=1log |_r__'c: - 5x—8;] ~log fx’ - ?x—‘};]

ilug}- = ilngff —5x+ 8]—ilog[{x‘: ~Tx=9]
Q-lc m- * s ax b r
].\':I‘l ]. \':I i 3
- = . —[x =Sk =8| — — | +=Tx+9|
vy xt—ix+8 4 ~Tx=9
lﬂ= { [Z2x—3)+ |32 +T]

vt x —3x-+8 ox +Tx+9

dy_ [ 2x-5 347 1

de T x—3x+8 X +Tx+9|

& _ [ 2x-5 3x'+7 |

de | x'-5x+8 ¥ +7x=9]
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(2x-5){F + Tx+9) (32 =7){* —5x+38) |

!
!

Be| <

(x—35x=8)(x +Tx=9) |

r . . . . T
2x* +14x* +18x —5x —35x —45+3x* —15x" + 24x* + Tx* —35x+ 36

@ _
dr (P —5x+8)(x* +7x+0) |
dy | 5x*-20x" +45x7-52x+11 |
@ | (F-5x=8)(F+Tx+9] |
- 1 A 7
dv Sx* —20x  +45x° —52x+11 |

=

4 =|..I1_5I_S.‘I|II5_}‘x—‘;':||: 3 E~|| B 9‘| |
XX+ X+ /XY J[using value of y]

av 2 o]
= =5xt 20X +45x - 52x+11
ax

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

d . i av aw

—(uvw)=—vwt+u. —w+uv—

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 . ] av aw
— YW | = — VW L — WUV —

To Prove: 4 ¢ dx d

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

%Eu'v'u'.] _ % [(w) ]

d d
UV —W+W—| UV
d dx

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

]
m BYJ U S NCERT Solutions for Class 12 Maths Cha

The Learning App

Differentiability

aw av i
MV —— LW VW
= ax ax i

di dv aw
— VWt U — WwWtuv.—
= dx ax ax

=R.H.S

Hence proved.

Way 2: By Logarithmic differentiation
Let ¥ =W

log v =log I:u_v.w:I

log y=logu+logv+logw

iln 1'—iln u—iln v‘—iln w
dx = ax £ friy £ dx £

Put y=uvw, we get

d A [1du 1av 1.::’11-1
—luvw | =uww

@ | v
d du dav aw
— I:u.v.w] =— VWt — wtiuv.—
ax ax 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 1to 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,

dc deldt  dar

dv _dv/dt 4dar _p

2 x=acos& yv=bhcos&

Solution: Given functions are *=4acosé gng ¥ =bcosd
ﬁZ?’—[HCDSS]

dé d :

£=a—[:|:05§]

de d

Ez—asinuﬁ'

de

and

£=c_zl—[:bcns &)

d8 48 '
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E =b r_zj—(cus E.")
de de

Y hsind
46

Now,

@ _dv/dé —asinf b

dr  deldf —bsing

3 X= sinf, Vv =coslt

Differentiability

. . . ol - 2
Solution: Given functions are X=sifif gnd ¥ =¢c0s=t

ax
— =cos?
at and

2 _n2l(2)
at ar

Now,

dv  dv/dr —2sinlr —2xlsintcost

— —2sin2r

=—4sint

dy ol dr cost

x=dt v=

i
4. !

cCosT

V=—

Solution: Given functions are *=% and ~ ¢

dx _d

=21 4%

dt  dr = ot

and

Q:I:L'
ot

&l &
:H I -Ls

d d
t—4—-4—r
at at

https://byjus.com


https://byjus.com/?utm_source=pdf-click
https://byjus.com/?utm_source=pdf-click

)

m TBWI‘:F'”H ﬂ§ NCERT Solutions for Class 12 Maths Chapter 5 Continuity and
Differentiability

Now

4
1

g dcldr 4

dv _dvidt

g x=cosf—coslf, y=sinf—sin 2¢

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

de  d d

— :_—CDES__— Cos 25
df 46 ae

dx

& o —sing—(-sin28)Z 28
46 46

& o Sin&+(—sin28)2

da

ﬁzlsmlé‘—smé‘

de

And

d . &
_—y='7—5‘1ﬂ|9_'_—51ﬂ21§'
dé dé dé

d d
i—:cns@—ccslﬁ-_—lé?
dé dé
day
—=cosf—cos2Fx1
dé

d
~_—y-=cost§'—2c0528
dé

dv _av/df cosf—1cosld
Now ¢x dx'df 2sinlf—sind

6 .T=(II:E-"—Sin Ef‘j“r =a(1+c05€j

T=c;rI:Ef'—sin E-"J

Solution: Given functions are - }:HUHDESJ

and
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£=ac_i—-lz|§'—sin§]

d8 de

ﬁz [iﬁ—i51n€:|

d6 a6 a6
%ZH(I—CDSSJ

ﬂ, =ai['l+cnsé?]

rel=, dé '

ay i oY | 1
— =q| —|[1)+—cosf

d dé " dé _l

dy ,

—=q|0-sinéd|

dé
— —asin &

ﬂ_aﬁ‘:"dé‘_ —asiné . 1

dc dx/df a(l-cosb) _ [_cosg
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sin” ¢ cos ¢
V=

e
7 Jeos2r T Afeos2t

- -

sin” ¢ cos f

= V= ——
. . . ¥ - ]

Solution: Given functions are NEos<I gnd \fcos <t

dr

- v 300 . 3 d ¢ )

~Jcos 2t —(sin” | —sin” z.— | ~fcos 2 |

dx ! dt! /
ar [ Jcos Erlli

[By quotient rule]

) ) g
~Jcos 2 3sin” Ii(iin I:l—ﬁiﬂ: t L [CDSEI]T d—_fcui Erj

dt 2 Codtt
= cos 2t

3

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

— cos 2t

3sin’ fcosfcos2e+sin’ £.sin 2f

[ ]y

(cos 2t)

sin“ fcost(3cos2r+2sin” ¢ |

bl b

|:CDS ZI)

al'-L.

/oS 2!.%['42053 t)—cos” z.dif.\fcni 2r|
dv A ) A\ )
ar |rw.|'+:+::+5 Ir.lli

pter 5 Continuity and

And . ! [By quotient rule]

~Joos 21, 3cos’ I— I:cus I:I—EDS r lI:ms ”I:I_T j—(cus ’Tz]

art
= cos 2t

- cos t
eos 2r 3cos i —sin ) - ———{ —2sin 2t
( J 2afcos 2t ( ]

— cos 2

—3cos” rsin feos 2+ cos” fsin 2

.-I s

|CDEjI|
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—3cos” tsin fecos 2r+cos’.2sin

FCost

bl i

(cos 2¢)

sinfcos” f| 2cos” r—3cos 21

(] LR

(cos 2t)

sin £ cos- I[fE cos® t—3cos2t)
(cos2t)?

sin” 7 cosz( 3cos 2z + 2sin” 7|

dy dyldr - 3 f
dr el dt (cos 2¢)2

cos I[E cos®#—3(2cos’t —1~]:|

_ sinz 3(1-2sin’z)+ 2sin’ ¢ |

cosz(3—4 cos’ ¢}

sinz(3—4sin’ ¢

—['_41:052 t—3cos r]

— 3sinr—4sin’ ¢

—cos 3t
— = —cot3r

= sin3r

- .
o i1

x=a cost+logtan

8 : !
X .

b |

Solution: Given functions are

l'L =gsint

i I :
_ﬁ::a_c05r+lugtan;l .

i1

,,
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Differentiability
, 1 a1
a| —sinr+ seC —.—
22
tan —
- L 2
i t
, 5T 11
a| —sin i+ = . —
. - 2
sin— Cos —
- L 2
, 1
al —sint+
q t r
4511 — COs5—
- L 2 2
[ 1
al—sini+——
- L sin it
T 1 , (1—sin’t g
al — —sint a — |
- Lsint st )~ sing
— =4gcost
and ar

dv _dv/dt  acost
dx dxldr [ acosit)

i osinf )

sin ¢
=tanrt

= COsT[

g Xx=asec g y=btan¥

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

_—'T:asecuﬁ'tan &
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 .‘l.’=c:f|:l:l.'_'15 &+ & sin E-":l=3.'=c;rI:5in 5‘—51:&55‘)

Solution: Given functions are x=alcosf+6sind) and y=alsiné—Fcosf)

ﬁ :a(—Ein #+ Hcosf +sin E.I:I
d8

— affcosd

and

% = a[cns & — [S(—Sin 6"] ~+cos E.I}J

a[c05€+u§' 5in S—CDESI
— afsin &

dv _dv/dfé afsind _
dr dx/df afcosf

an &
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av _ -y
if ¥=Na" y=NaT L oghow that ¢ x|

Solution:

— ook
r= a;n‘. t :[aa:"_ ':]2

%it’."
— a"
and
1
'y': {I:{ zla (% |;.
Lo
— g
Now,
dr  san d 2 )
—=a? loga— —sin" ¢
dt de\ 2 )
La 1 1
a?  loga—
= 2 1—1
d_}' i-:c-a"': .Q"r]_ 1 w"!
—=a- loga—' —cos™ ¢
And @t dr\ 2
Lot 1- 1
a loga—
= 2 1-r
Now,
%-:c*a" 1 -1
) o a? loga— -
ay _ay'at _ 21-7
dx  dx!dt Lot 1 1
at ln‘_a; -
“afl—r
loor
—a2
T__ —-¥
i —
= - = X
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Exercise 5.7

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

1. X +3x+2

Solution: Let ¥ =% +3x+1
First derivative:
£=21'+3X1+D=2_1;+3
ax

Second derivative:

2. x°
Solution: Let ¥=*

Derivate y with respect to x, we get

dy :
= =20x°
ax

Derivate dy/dx with respect to x, we get

-ﬂrj V d e
— =—| — : =2|:|><19x13 =38Dx13
ax o \ d_\._-:.
3, XCosx
Solution: Let + =*F05*
dy _d d
— =X—CO0SX+COoOSXx—X
ax oax dx

— —XSnX+cosx

Now,

dy dia&\ 4, . |
— =— — |=——|xsmx)+
ax axl ax) ax

d
—Cos X
ax

https://byjus.com
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d . . d .
— | X¥—sSnX+s8AxY—x | —snx
— ax X

—XCOSX— Sin X —Ssin X

—xeoosx—2sinx

—I:_Tcus x+2sin _T]

4. log x

Solution: Let ¥ =legx

5 x log x

Solution: Let

- [_TI:DS x+sin .TJ —sinx

v=xlogx

dv  sd d -
—=x —log x+log x— x~
e e x

X l+ log x(3x7)
- T

xt +3x log x

—=—|x" +3x"log x|
o odx; :
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&'- ’) rﬂl- Foa Y
—x +3—(x logx|
= ax ax ’

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

- )
L ]. . )
2x+3 _":‘.—+|:10g x)2x

— \ X JI

" e

2x43 I:.T+ 2xlog .T:l
— 2x+3x+6xlog x

_ Sx+6xlogx
.TI:5+ blog .T]

6. € sinfx

1 ) — L -,
Solution: Let ¥ =¢ Stn-x

Q:LI

. d . : d .
— =g —sindx+siniv—e
ax ax ax

. d , .
g cosfx—Sx+sinSxe’

= ax
=g cosSyxS+etsinsSy

g I:E cosSx+sin 51’]

Now,
dy .d, , . , .d .
—=¢ —|ScosSx+sindx|+(ScosSx+sin Sx|—e”
ax ax C ax

e [5[:—5in J:] #=A+ I:cus 51’] XS} +I:5 cosSx+sin 51’] e

g [—25 sin Sx+5cosSx+5ScosSx+sin 51’)
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g [IUCDS Sx—24sin 51’]
2e* [5 cos3Sx—12sin 51’)

7. e cos3x

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

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

¥ sin3xx3+cos3xe %6

g™ [—3 sin 3x+6cos 61’)

— =™ i[—?rsin 3x+6cos3x)+(—3sin3x+6cos 3xji e
dx” dix dx

g™ [—3 cos3xx3—6sin3xx 3]+ I:—?rsin Jx+6cos 33:) e %6
g™ I:—E?' cos3x—18sin3x—18sin3x+36 cn&h’j

_ 9™ [3 cos3x—4sin 3.1:)

1

g tan x

R
Solution: Let ¥ =tn Xx
aﬁ.'_ 1
dx 1+
dv di 1

axt  dx\ 1+ )
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. o d d . -
14+ )= (1) =12 1+
(1+x7 ) — (1) -1—(1+x')

(1+: )

[:1+ X ]>< 0-2x

(1+2)

—2x

_(1+2)

9. log [lug .1']

Solution: Let ¥ =1og(log %)
dv 1 4

e —logx

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

I:Jrlng 1]& [l] —lgx[xlﬂg x]

dly _
. dx (xlog x]l
[.ﬁ:lng_ﬁ:][:ﬂ]— [.t%log x+log 1% xJ

=
a

_ [_ﬂng .r)
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Differentiability

sin I:lug J:]

10.
Solution: Let y=sin(log x)
dy d
—= logx)—(log x
— cos(log 1]{2{1’[ og x
1
Cos IZlclg J:]_—
= x
cos [lng .'l.’:]
= X
Now,

d d
dly _ XE Cos I:log .T] —Cos I:lag Jr] Ex
ax x

x[—sin ['log.ﬁ:]:ldi_[log x]—cnslilog x]><1
: -

= x5

—xsin I:lng x)l— cai[lag x]
+
= _T:

—[ﬁin [lng J:] +cos [lug x]:l

— .-II.- -

d*v
—+v=0.

11, If ¥ =3cosx—3sinx, prove that ¢

Solution: Let y=5cosx—3sinx (1)

ay .
— =—Ssinx—3cosx
ax
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Now

)
dv .
—=—Scosx+3sinx
ax

_ —(5cos x—3sin x| = 7% [From (1)]

dly
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=eo" Y mrom

= =—Cosec ¥

. &'- ;
—==——1/cosec y)
ax” ax ’

aiL.
—| —cosec yoot v—
ax

_ cosec ycot _:L'[:—CDS ec y)

— —Cos ec:}' cot v [From (2)]
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13 If v=3cos(logx)+4sin(logx), show that

Xyt +y=0

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

()

Derivate with respect to x, we get
E =1 =—3sin [lng _1:] ilugx+4cns [lag_rjilug x
ax ax ax

1, = —3sin [:lr_'ug x_]%+—'1 cos [:lng 1]%

! [—3 sin(log x) +4cos(log 1]]

x, =—3sin(log x) +4 cos(log x)

Now, derivate above equation once again

d . . d . .

— (x| =—3cos(logx|—log x—4sin|log x| —log x

a”rL 1) [log :lc:.n"x . [log Ja"x s

Ii[}ﬂ+}'1i__ﬁ::—3c05[1c+gx]l—iisiﬂI:lng 1]1
ax ’ oax a ¥

[3 cos [lng_ﬂ:]+4 sin [lng_ﬁ:)]

X

P+ 1 ==

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

022731 =7 [sing equation (1))

This implies, * ¥2 721 7Y = 0

Hence proved.
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14, 1f Y=4¢7 B ghow that
dy | . @y
——|m+n|—+nmpy=0.
axs L ax
Solution:

d_—"lrl—[:m+3fjﬁ+m}:-}'=ﬂ
To Prove: &x ax
v=~Ae" +Be™ ()

L & a x @
= = Ad™ — [mx)|+Be™ —(mx |: —e =& _flz"hj:|
o a".TI: :l cix[ J ax ax

&

dx Ame™ +Bne* (2

Find the derivate of equation (2)
dx Ame™ m+Bne®.n

- Ame™ +Bnte® ...(3)

d'y -
— —I:m+rr]—f+mn}'
Now, L.H.S.= ax ax

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

B Am'e™ +Bn'e™ —(m+n)Ame™ +Bne™ +nm ["..L‘ILE.*J +B e‘”‘r\]

— Am'e™ +Bute™ —Am*e™ —Bnme™ + Amne™ —Bn'e™ + Amne™ + Brme™

=0
=R.H.S.

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

dly

ST

ax”
Solution:

y=300e" +600e7* 1)

al'-L.

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

d—‘ =49[500¢™(7)+600¢™ |

ax

= #9% [Uing equation (1)]

dv

= dx :49.}'
= Hence proved.

E‘TI:_T+1] =1

16. If * show that
dy (@)
dxt ldx)
Solution: Given: o [Iﬂjzl
1
g =
So, x+1

Taking log on both the sides, we have
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1
x+1

loge' =log

vioge=logl-log [J:+1)

yv=-log (J:+1]

—=————|x+1

ax J:+1a".1’[1 J

-1 -1
—=(x+l1
= x+1 I:-Il J
Again,

d4 |
—=—(=1}x+1] —(x+1
© = (1) (1) L )

&
ﬂ: 1

So, dx”  (x+1)

dy_ 1
Now, LH.s. = & (x+]

@y (1Y _ 1
AndRHS, = " T )
LH.S.=RH.S.

Hence proved.
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N SR BT
1716 2 =1 s ghow that
[ +1) 3, +2x(x" +1) 3 =2.
. . v=|tan™ _1:']:
Solution: Given: : A (1)

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.-

) =l )

ax

:L'l = ’}[?tﬂ.ﬂ_l _'{:ll
and : N+

Jtan " x
= 1+.T:

(14 ¥ = 2tan” x

So,

Again differentiating both sides with respect to x.

f 7 rﬂl- 'ﬂr i 3 1
(14x" |—y +3—(1+x" =2 -
' “dx dx* $ 1+x
L 2
(1+x" |y, + 1.2x= 5
' : 1+x°

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

Hence proved.
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Exercise 5.8 Page No: 186

ron -_: Yoo - 4
1. Verify Rolle’s theorem for f(x)=x +2x-8.xe[4.2].

AT .-: Yo o 4
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) fllx)=2x+2. f'(x] exists in [_“L:], so derivable.

(¢) 717)=0 gng /12)=0
Fl4)=r(2)
All three conditions of Rolle’s theorem are satisfied.

cE L—42]

Therefore, there exists, at least one such that f [':-] =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:

0 f['_x_']=|:1’] for J:E[iE?']
(i) f['_x_']=|:x] for J:E[—ll]

roy ’:_ 1= 9
iy 7 (x) = =1 gop x<[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 L) =51 = F(1)=(1) -1=1-1=0
F(2)=(2 -1=4-1=3 . fF(1)=£(2)
Rolle’s theorem is not applicable.

3. 1If f: [_iil ~ Ris a differentiable function and if f’ (x) does not vanish anywhere, then

prove that f(=5)= f(5)-

Solution: As per Rolle’s theorem, if

(@)  is continuous is [a.5]

() 7 is derivable in [%:2]

(©) fla)=rf(b)

Then f'le)=0.celab)

Itis given that 7 is continuous and derivable, but f'(c)=0
= fla)=f(?)

= f(=5)=f(3)

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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5.t _ 2.
o 3 —3x in the

for which & €)=

5. Verify Mean Value Theorem if flx)=
interval [a.2] where 4 =1 and ?=3- Find all ce(1.3)

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

So continuous in [1, 3]
(b) f{x) =310z f'(x) exists in [1, 3], hence derivable.

cE[leJl

Conditions of MVT theorem are satisfied. So, there exists, at least one such that

fBI-f)_ o,
o

21-(-7)

=3¢’ =10c

—7=3c"—10¢
3 —Te—3c+7=0

c(3c¢=T7)-1{3¢-7)=0
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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 fz[a:b]_} R, if
(@) 4 is continuous on (a.5)
() / is differentiable on %%/
o b)— fla)
. ce(a.b) fL':.l=—fL ) Aa
Then there exist some = =™~/ such that b—a
(i) f[._-"f_.]=|:."f] for .TE[iQ]
given function < \*) is not continuous at *=3 and *=2-
Therefore,
. p
F1%) is not continuous at [5.9]-
Now let 7 be an integer such that =[5.9]
i ORI S o Ot () mmlem L
S LH.L. = = h il h =0 ] PR
n+h)—fin n+h)—(n —n
hﬂ}_f[_’ *’1_] fin) _lim 7 *’1_] L7) —fim 7=~ fim 0=0
And R.H.L. = = L s h = Py

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 ¥ '*) is not continuous at *=-2 and *=2.
Therefore,
- =7
f(x) iS not continuous at [ '=']'
1= | =22

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

n+h)—fln (n+h)—(n 1—1—-n -

PN L) b A ) T G0 ) BTN o N S
S LHL = Rl F sl F sl I =0 |
n+h)—f(n n+h)—(n 17— 11
hﬂ}_f[_’ -”1_] fin) —lim 7 *’1_] [#) :hﬂ}_F : ’ —5im 0=0

And RH.L. = h =1 »:- B0 G, 0

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

£ : . [—2.2].

Therefore ¥ is not differentiable at * =

Hence Mean Value Theorem is not applicable for this function.
ity £ (<) =% 1 gop x=[12] (1)

Here, S1x) is a polynomial function.

f(x)

Therefore, 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)=f(1)=(1) -1=1-1=0

And, F(B)=f(2)=(2) —1=4-1=3
Therefore,

- _f(b)-f(a)
Je=T T

3
f:?EI:].ZJ

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.
32 —9x+5)
g, 3795

: : =(3x—0x+5)
Solution: Conslder:L [~ * * ,]
D 935 —9x+5) L (37 —9x+5)
d."i- N ‘ a’_-r‘- K

) =) L)

@ _g (32 ~9x+5) [3(2x)~9(1) + 0]

ax

D 27(3% —0x+5) [2x-3]
dx : .

2 sin® x+cos x

Solution: Consider + = St ¥ +cos x

ory = (Sin 1] +[cn5 J:]
@ 3(sin x]: i sin x+6 I:mﬁ:c]j icnsx
dx dx ax

-~ =3sin” xcosx—Hcos” xsin x
dx

. . .
3sinxcosx(sinx—2cos x|

=P
ool X

] = 5 .
Solution: Consider * (‘J‘J

Taking log both the sides, we get

Scoalr

log y =log(5x)
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log vy =3cos2xlog (51’)

Derivate above function:

d d
Zlog v=3""cos 2xlog(5x
0g 1 ai‘rtms X Dg[ 1)}

fris
1 &y i i . . d
—— =3 cos2x—Ilog Li.‘c:l +log [\5_1:] —cos2x
¥ ax ax ax
1 &y 1 & . , d
——=3 cos2x——3Sx+log Li_t:l [— sin 2.1’3] —2x
v dx Sxdx dx
1 dv I 1 , .
——=3|cos2x— 5—2sin Ixlog LSx]
¥V odx Sx
ay cos 2x , \
— =3y —2sin 2xlog [5.\’)
ax x

Sooedx r cos 2x

—2sin 2xlog (5_tjj|
* (using value of y)

4 sin”™ |1~J’T|D =x=1

Solution: Consider *

1'=5.in'1|: xJJ_r :|

1l

sin’ | xt
ory=
Apply derivation:
v 1 d :
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3 x
_ 2¥1-x
X
COs 1—
2 g R 2
5 wWix+7T
¥
cos 1=
2
y= 3
Solution: Consider X+
Apply derivation:
- ﬂl- 1 x 1 x ﬂ'- —
i 2x+7 —cos Y2 cos l_f Yt T
Y _ ax 2 2 dx

o (227

\ / [Using Quotient Rule]

BT @+ 7)F L (27)
@ _
ax
1 X
2 1 1 [anl ;
—f2x+7 . 2
@_ 4—x 2 2 Ix+7
dc I:lr+"]
-1
2x+7 9% 3
_ n 2
Ni—x? Nf2x+
_ (2x+7)
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2x+T+Aj4— + cos™!

de | Jamd 2T (204 7)

b2 | o=

w

- 2 -1
2x+T7+~/4—x" cos

4—x" (2x+7)

b | =

[ Rt

Dexa—
Ml+sin x—+fl—sinx |

_1[\.'f1+sin I+J1—Siﬂ.‘l.’:| T
cot 0w xw
6

1l fl+sin x+af1-sinx | 7
v=cot ] -:;_‘l.f-\::?

?‘h\.'r1+sin x—+1—sinx 2

Solution: Consider

Reduce the functions into simplest form,

, 1 X L3 X X x
~l+sinx =,lcos” —+sin” —+ 2sin —cos
2 2 2 2

-

, 1 X L7 X X x
l—sinx=,lcos" —+sin” ——2sin—cos—
D 2 3 3

And > - -
[ N k "
| oS —si cos ——sin —

= - S= 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 2 )
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e\
2::1::5i |
-1 3
cot = |
2sin > |
—_ W 2 __-"
1 X
Vv=cot | cot—
v L 2}'
-
=2
Apply derivation:
dv 1 1
& 207
7 (lng J:)kgr el
ey
Solution: Consider y=(logx) ™ .x>1 "y (i)

Taking log both sides:
log v =log [:lag _T]kgx _ logxlog [lug J:]

Apply derivation:
i(lug V)= —IIDE xlog(lo x]]
de dx S

lﬂ =log Iilng (log x)+log(log x) i_lng x

¥V ax ax ax
—— =log x ! i[lcg‘u]ﬂug[lcg 1]1
v dx log x dx x

1 log(logx)

—+
= x X
dv (1+1log I:lng_‘cjx\!
—=y —
ax i x
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wer | 1+log(log x) )
(logx) —Dg[ ogx) |

X

cos (c;r cos x+ bsin x|

8. for some constants a and b.
. . v=cos|acosx+ bsin x

Solution: Consider - L ) for some constants a and b.
Apply derivation:

av . . d .

— =—sin I:a cosx+ bsin 1)— I:a cosx+b 5111_":)

ax ax

— =—sin I:a cosx+b 5111_'(][:—:: sin x+bcos .T:l

ax

E = —I:—c;r sin x+bcos J:] sifl I:a cosx+bsin .T:l
ax

—=( asinx—bcosx)sin(acosx+bsinx|

. HNX-COEX 40 3T
[:51I1_'l|.’— CDSIJ X —
0. 4 4
Solution: Consideiil T < .. (i)

Apply log both sides: |
log ¥ =log(sin x—cos x| sinx-cosx

_ (sin x—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|

ax L ax ' T ax '

1 dv 1 d

——fz[sin_ﬁ:— cnﬁ_ﬁ.’].—ffsin _ﬁ:—cus_ﬁ.’]+lag[5in_‘v— cns.‘n:].(ccs.‘n.%sinx]
V ax I:51n J:—cus_t] ax

1 eh

_;I: x+sin x|+ x+sinx)l inx— x
T (cosx+sin x) +(cos x+sin x| log(sin x—cos x|
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1 av
29 _(cosx+sin x)[1+log (sin x—cos x
T (cosx+sin 1][ og (sin x—cos 1]]

av
=1 x+ i 3 1+1 ; r— e
d\: ¥ [CDS s o i | '{':II: og I:Siﬂ X—C0s5 ‘k.:]:l

i = I:5in .T—CDSI:I o

= x+sinx)| 1+1 inx—cosx
d‘c I:CDS".. 5111'{':][ Dgl:Slﬂ'I.. CDS"..:I:I

10. ¥ TX¥ T4 T4 f5r some fixed a> 0 and x>0.

Solution: Consider ¥ =% T Ta +a

Apply derivation:

dy d ., d , d ., d ,
—r=flph+flﬁ+fﬂﬁ+f£}'u
ax  ax ax ax ax

d . .
— x +ar +a"loga+0
- dx (i)

First term from equation (i) :

d [, .
— | x 4
ax  °  Consider ¥ =x

logu =logx® _ xlogx

d d
__]_Dg ii :f[:_'lf].f_'lg .T:l
ax ax
ldu d d
——=x—logx+log x— x
i dx ax ax
1 du 1
_le’—ﬁ-lﬂg xl
u ax x
— l+logx
This implies,
du
— =u(l+log x)
ax
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Substitute value of u back:

i_ x* =x*(1+logx)

die .. (ii)

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

Ezf (1+log J:]af‘"l+c;rxlaga

dx

11. ° “H(x-3) for x>3.

Solution: Consider Y=%  *(¥73) (51 453,
put =" gng ¥=(*73)

dv du dv

—=—+—

ax  ax ax ... (i)

Now #=x""

logu=log T — [1 _3:]105 -

lou_

i dx

[?.T: -3 l+1t:ug x(2x—

= X

ldu -3
——= +2xlogx
i ax x

du (¥ —3
— =i
ax X

= ) ﬂl— ﬂr i ¥ b
=[x -3 —logx+logx—|(x =3
(x—3) log x+log x— (" -3)

0)
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d 4
3____;.
Ja"rx

lfzrzilug[r—ﬂﬂug[r—
vV ax ax

x i[x’—3]+lng[r—3]’!r
= x—3dx o -
ldv
—f=—+l‘clug(x—3)

vdx x=3
ﬁ=v|: * +2_1:10g[_1:—3]—‘
ax x— ]

dv 28
—=[x-3 +2xlog|x—
dx (x=3) |:_1:— wlog (x

3)}

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

& psfx -3 )

— =X

ax x 3
&:‘:L'

12. Find dx jf + =12(1=cos?)

. . . 1
Solution: Given expressions are *

m.
ot

E=1[3I£_I:1—|:|:|52.‘]

and dt ar

dv dyldt  12sint
de  deldt 10(1l-cos?)

2xlog x |+ I:x—?rjf |:i3 +2xlog I:J:—3j:|
x—

x=10{f—sint)|.—
and ( )

=12[1—CDSI) and x

Y 128 (1—cosz) =12(0+sinz) =12sin ¢
ar ’
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.,k i
2sin —cos—
3 3

Lh | o

2sin”

| S It

COs

| =+

Lh | o

sin

I
—cot —
5 3

(R

ai.L.

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

PR SNPI B S
Solution: Given expression is ¥ =it x¥sin” N1-x

Apply derivation:

& 1 1 ' .
a + Lh-2

dx \f1-x \/1—|*.{I—T|: feis

v 1 1 1
—= + =
e :

ey

= (i

f

v 1 1 1
et [ 2x
ax  fl-x  1-1+ }Jl—xf( )

1 1 - )

] + 2] 3 b

— \u'(l—x‘ «,/rlju;\fl—x‘
Which implies:
dy 1 X

= \'Irl_-"f: _ﬂfl_-"t': =0

Therefore, dy/dx =0

—198,
(1-22)7 21— »2)
e &
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T I+y + 1+ x=0, for —lex<l
av -1

(1+x)"

d
Prove that .

a1+ Vv + 114+ x=0

Solution: Given expression is -

1+ v =—1afl+x
Squaring both sides:

X |:1+_:L'J = _:L': [1+J:]
X+ .1’2_}' = _:L': +_}':.T
X —_:L': = —.'l.’:_:L' +_:L':_T

(x-3)(x+3) == (x-3)

x+y=—xy
— J.'I:l+x] =—x
e
y=—
= 1+
Apply derivation:
d d
& I:1+J:]E .T—.TEIZI-F x]
dx (1+x)’
_1:1+ 1’].1—1’.1
(1+x)°
1
_ (1+x)

Hence Proved.
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If (x—a) +(y=b) =c". for some ¢>0, prove that

dv

dx
is a constant independent of aand b.
Solution: Given expression is (x—a) +(y=b)=c"
Apply derivation:

2(x—a)+2(1-8)Z =0
ax

[Using equation (2)]
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dy d'y

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

ac
[1+(I_aji]
y=b)’
- (v-py
R N A
= (y=5) - = o (Constant value)

Which is a constant and is independent of a and b.

av cos” I:a+}']

with €259 =ZL 5r6ye that dx sina

cosy =xcos(a+y)

Ccosy = 1’cu&[a+ J.']

16. If

Solution: Given expression is

cos v
x=—"
cos(a+y)

Apply derivative w.r.t. y

dx d " cos i
d& dv| cos [a+}'jJ

. d d .
cos(a+y)—cosy—cosy—cos(a+y]
Ly Y .

0
E_ cos® (a+y)
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dy COS [a+ J.'] [—sin ;L':l —cos Vv [—Siﬂ (a+}']}
E_ cos’ I:a+ _:L':I

—cos(a+y)sin y+sin(a+y)cosy

CDS:[:H-F;L':I

snlaryy

dx sin |:cI+ v—
E cos” I:cz+ v

po——

=>

5in a

_ cos’ (a+y)

dy cos’ [:a+;|.']

=> dx sina [Take reciprocal]

5
s

d
find &x

e

(=]

17 1f _T:c;r[:cnsr+rsinr_] and }'=H[:5inI—IEDEIJ=

. . . x=alcosr+rsint v=alsint—rcost
Solution: Given expressions are ( ) and ¥ =41 )

x=alcost+tsint)

Differentiating both sides w.r.t. t

dx ro 0
— =g, —sinf+—rsnft
ar \ dar
-fi"f I.-" I ﬂ'- I I a‘ -L_‘:
— =g —smnmif+r—snr+sinf—;i
dt dt dt )
dx . .
=a[—51ﬂr+rcnsr+smr]
dt
— =gatcost
= af
And:
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v=alsint—tcost)

Differentiating both sides w.r.t. t

a_ | a \

— =g COosf——1fcost

dt dt ),

dv | [ d d ]
— =g cosf— f—cosf+cost—1
i gt dr })

ay / . )
ar—"=a|_cn5r—[:—r51n I+|:Dsrj |
: J

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

iy

, sect sec’t
sec f—=

= at ar

18. If fLIJ:M: show that f[ﬂ exists for all real x and find it.

x, if x=0
| [—1] if  x<0

i

fix)=

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,

https://byjus.com
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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

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

J’h{ if x20
Fix)= |3 i x<0

Now, Check differentiability at x = 0

L.HD.atx=0

lim f 1(0)=f1(0+h)
h—0~ h

L (—a(_m2
lim 3(0)-(=3(-h)*)
h—0~ h

I
§
|

And RH.D.atx=0

L FO) =)
m
h—07t h

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

d 1

— x| =m

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

p(n)=Z(x )=
Codx
Step 1: Resultistrueatn=1

. g - .
o Ll] ZE [.Tl] =[\1'] -Tl ! _ [:1] ¥ =1
< (x)=1
which is true as @x

| m)

Step 2: Suppose P s true.
d ' Ny
p[im]=f[_r‘]=mx“l
ax: T . (2)

Step 3: Prove that result is true for n = m+1.

p[:m+1] :i['x*"l ']:[:m+l]x""1'1
' ax ’ '

=

el " d o
— "= — (x|
ax ax ‘

F - w &
X.—X +x —X
ax ax

™ 45" (1)
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Therefore, 7% T =% (m+1]

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

(m+1)x mel)-1

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

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

sin(A+B)=sinAcosB + cosAsinB

20. Using the fact that and the differentiation, obtain

the sum formula for cosines.

Solution: Given expression is sin{A+B)=sin A cosQg coS@gin B

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

. TdA 4B . 4B { dA0 B . dA
cu5[\.&+Bj —+— =sin .ﬂ;[—sinBj—_+cusB; cosA— |+cosAcosB—+sinB(—sin .L"Lj—_
Ldt dt) dt dt | dt dt

. dA 4B TdA 4B

cos|A+B) —+— '=[\CDS.L"LCGEB—SiIlP"LSiIlB‘] —_—

— ' Node  dt) Ndt dt)

— cos(A+B)=(cosAcosB-sinAsinB)
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
(=) g'(x) #i(x)
ay
—=| I m n
o a b e
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Solution: Given expression is

F) gl Ax)

v=| I m ol
a b £
Apply derivative:
d d ) -
E_f("u] Eg(-"nj EK("L] f[_‘c) g[: 1) !’(AJ f[_‘l:) g[:x:] _r‘r[x)
h
—= [ " n +| 0 0 0 |+v=| 1 "
P
§ a b c a b c 0 0 0
1 1 1
f(x) g(x) hix)
i H
_| a b £
e 1< <] [l—x]d—l—xm —a'y=0
23.1f ¥ =F -T1=%=% show that " dx dx
Solution: Given expressionis ¥ =¢
d.}' Aot d =
— =g .—acos X
dx ax
acosT X ( -1
e ﬂ ] »
_ LAfl—x )
—av
— afl—x
This implies,
"‘d}"‘;: _ay
e ) 1-x7
(1-) & | =gy
’ N dx )
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Differentiating both sides with respect to x, we have

@ dy (@Y

) . I
[1-x" |2 — —+ — | (2x)=2a’y—
: Yode de | dx) dx

f 'R ﬂill' ay q

(1-x" | —=—-2x—=a'y

' S dx

; 1y 81 dv

(1-x" | ——-2x——ay=0

: Cdx” dx

Hence Proved.
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