Class XII Chapter 5 - Continuity and Differentiability Maths

Exercise 5.2

Question 1:

Differentiate the functions with respect to x.

s.in(x'1 +5)

Answer

Let f (x) =sin(x"+5), u(x)=x"+5, and v(¢) =sint
Then, [vm.'}{x} = v{u{x]} = v{xz + 5] = tan(x: | 5) = _f{x]
Thus, fis a composite of two functions.

Put¢= u[x}::r: +5
Then, we obtain

dv . (oL s

E=E[smr]:cu51=mb{1 +:J)

df d b o d z dr _ —

i a7 () g ()= 20

Therefore, by chain rule, 4 = dv dt = ms[xl +5):-c 2x = 2.1c<:tlns(x2 +5)
dt dx

Alternate method

%[sin(x’+5ﬂ cos(r +5]-di{r +5)

X

= cos(x* +5)- i[ )+ .:r 5]}
=cos( ) [2x+0]
+5)

—Zruh[

Question 2:

Differentiate the functions with respect to x.

cos(sinx)

Page 40 of 144



Class XII Chapter 5 - Continuity and Differentiability

Maths

Answer

Let f (x) = cos (sin x),u(x) =sinx, and v(f) = cost
Then. (vou)(x)=v(u(x))=v(sinx)=cos(sinx) = f(x)
Thus, fis a composite function of two functions.

Putt = u (x) = sin x

.:J:h _ j [ms‘_]:_sinf = —sin{sin x}
df r
drd .
E:{i—{ﬁlnx}:'cgsx
X

df  dv di oo o
- == _ﬁln[ﬁln .\‘]-L‘st= _Cﬂﬁ.'fﬁln[ﬁln X]
By chain rule, @x  df dx

Alternate method

d . L
y; [::(15;{5;111 r}:l = —sin(sin x] .

d
x dx
Differentiate the functions with respect to x.
sin{ax+b)
Answer
Letf (x)=sin(ax+b), u(x)=ax+b, and v(¢)=sint
Then, (vou )(x) 1-‘{zr{x}} v(ax+b)=sin{ax+ b) f(x)
Thus, fis a composite function of two functions, u and v.

Putt=uxx)=ax+b
Therefore,

av  d .
—=—(sint)=cost=cos{ax+h

- = 7 in) (ax+b)

ar  d b d .
—=—(ax+b)=—I|ax)+—(b)=a+0=a
v n’x[ ] rbr( ) n’x[ )

Hence, by chain rule, we obtain

ﬁ: ﬂﬁ: cos[ax : b}-.:J:acnﬂ{ax ; h]
dy  dr dx

(sinx)=-sin [.\;in x] £COSX = — Cos xsin(sin _r}
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Alternate method

i[s{n[ax+b}]= cas[ax+£:).i[ax+h)

X ax

= cos(ax+b) [%{MIH %[b}}
=cos(ax+b).(a+0)

=a Cos[ax+b}

Question 4:

Differentiate the functions with respect to x.

ac{on(5)

Answer

Let f(x)= s-‘dc(tan '\.E)H(’T} = \.";1[:} =tant,and w(s)=secs

Then, (wovou)(x)= H-'I:'-’{I'-‘[,‘c‘})] = w[u[xf,_” = w(tan wf'}) = scc(ran J—T) = f(x)

Thus, fis a composite function of three functions, u, v, and w.
Puts =v(f)=tans and r =u(x) = x

Then. i’p = j (secs)=secstans =sec(tant).tan (tant) [.v: tan r]
5

:sec[lanﬂ]-lan(land;) [r:\f;]

%:%{tanf]zsec:fzs&czﬁ
di d di 2 1 Lo
dr_dr(ﬂ)_drk" ]‘2“ Tk

Hence, by chain rule, we obtain
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et :dwldsld.f

dy ds dr odx

:se-::(lan-.u'{;}- lan(mn\.";)xsecz V% 2‘};
g,j_m v"_scc(tanv'x)tan[tanv'{_]

| sec” \.I'Tsec(tan »,I'T) tan (lan J;)

B 2Jx

Alternate method
[ see{tanx) | =sec(tan ). tan(tan Vi) (1an %)
= sec(tan /) tantam ) s (1) ( )
= sec(tan x )-tan tan V/x ) -sec’ (vx )
sec( tan Vx )- tan(1 anx )sec? (V)

%\

,.1

Question 5:

Differentiate the functions with respect to x.
sin(ax+h)

cos(ex+d)

Answer

£(x)= sin{ax+h} _ i[{r}

The given function is CDS{M‘I_ d) x)

h (x) = cos (cx + d)

o gh-gh
o f .

Consider g(x) = sin(ax+5)
Let u(x} =gx+ h.,v{f} =sin{

Then, [mu}{.\') = v(zr[x}) = v(ux+b} =sin(ax+b)= g[l}

, where g (x) = sin (ax + b) and
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~ g is a composite function of two functions, v and v.

Puts=u(x)=ax+b

av d

— =—(sint)=cost =cos|{ax+b

di a’lf[ } [ )

daird d d

—=—/(ax+b)=—|ax)+—(b)=a+0=a
dx ri’x[ ) (ir(u ) ci’x[ )

Therefore, by chain rule, we obtain
,_E_dv dt

g'= o = cos(ax+ b)-a=acos(ax+b)
Consider h(x) = cos(cx+d)
Let p(x} =ex+d, g 1-‘} =CO0s Y

(.
Then.(gop)(x) = q{p{x}} =g(cx+d)=cos(cx+d)=h(x)

~h is a composite function of two functions, p and qg.

Puty=pXx)=cx+d

dq i{cos_v} —sin y —s[nl[c.rﬂ-’]
dy dy
dy

d d i
— - d — '_ d =
D (exrd)= (ex) 4 (d)=c

Therefore, by chain rule, we obtain
h  dg dv
h,=f__€qlf} _

i _E e ~sin(ex+d)xe=—esin(ex+d)
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. acos(ax+b)-cos(cx +d)—sin(ax+b){—csin (cx+d)|
[ms{c.x+a‘]]z

sin(cx+d) |

cos(ex+d) cos(ex+d)

~ acos(ax+b)
 cos(ex+d)

+esin(ax+b)-

= acos(ax +b)sec(cx+d)+esin(ax+b)tan(cx +d )sec(ex+d)

Question 6:
Differentiate the functions with respect to x.

=3

3o 2
COsX7.51n {,!. )
Answer

o2
cosx .sin” | x
The given function is { )

%[cns x* -sin’ (1*” = sin’ (x’)x %{msx‘ ) +cosx’ x %[sin‘" {x"ﬂ

[sin .1'5]
)

= sin’ (x‘)x(—sin_r“]x (x"}+ cos x° xZSin(f}

&=

d
dx

5 o
. 3 e 2 2 . 5 ; 5
= —s5Inx sin (x }xB_t +25InX COSX COSY X —

—

= —3x"sinx’ -sin’ [xﬁ)+ 2sinx’ cosx’ cosx -x5x”

=10x"* sinx” cosx” cosx” —3x” sinx" sin® [xq)

Question 7:

Differentiate the functions with respect to x.

2, [cot [xl )

Answer
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%[EJmt(f]}

F cot
sin(xﬁ) x —C0sSec” (r’)x i(r:}

dx

[( e x{h

\I'(C'DSI' x."rsm ¥ sinx’
—Zsﬁx
= . L] - . +
W2sinx” cosx” sinx”
—E\Ex

N : - :
sinx”+/sin 2x

Question 8:

Differentiate the functions with respect to x.
cus(x’g)
Answer
Letf(x)= cos(v‘rJ_c]
Also, let u(x)= Jx
And, v(r) = cost
Then, (vou)(x)= v{u{x}}
~v(45)
= cos/x
= f(x)

Clearly, fis a composite function of two functions, v and v, such that

t=u(x)=+x
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odr dy~y o df )1
Ihen,f;:m(u'{;]:m‘tx-/J: ¥ 2

And, v _ ifcosr] =—sint

dt dt
= sin(.\,";}

By using chain rule, we obtain
didv di
de dt dx

= -sin(Vx)

] ) P "
N sm{_\f}_]
~ am(ﬂ]
N

Alternate method

%[cos(ﬁ?” =—sin(£),di[“,n';]

Prove that the function f given by

f{r] =|']"_ I|’ ve I;t“is notdifferentiable at x = 1.

Answer

flx)=|x=1,xeR

The given function is
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It is known that a function f is differentiable at a point x = c in its domain if both
fle+h)-1le c+h)-1le

et h ot h are finite and equal.

To check the differentiability of the given function at x = 1,

consider the left hand limit of fat x =1

F(1+h) __f'[l)zlim 1+ h=1]-[1-1]

lim

h—sll} fi Te—sll h

im0 i (h<0=>|h|=—h)
Jrald h fa=ui) _|Il|r

=-1

Consider the right hand limit of fat x =1

S(1+h)- {I} N l— —1|-|1-1
f—ll’ h !.l wi} .I'Ii'
im0 iy (h>0=H|=h)
fe—1" h h—" ‘Ilil .

=1
Since the left and right hand limits of f at x = 1 are not equal, f is not differentiable at x

=1

[]Ucr«: < not

Prove that the greatest integer function defined by" (
differentiable at x = 1 and x = 2.

Answer

The given function fis" f(x)=[x].0<x<3

It is known that a function f is differentiable at a point x = c in its domain if both
fle+h)- 1Flc c+h)-1le

e h o h are finite and equal.

To check the differentiability of the given function at x = 1, consider the left hand limit of

fatx =1
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fen)-f(1)  [1 ;;] [1]

lim lim
s} h  hs0
-1 -1
=lim——=lim—=m

Sl ,I[f sl ;jl
Consider the right hand limit of fatx =1

g SO+R) =7 () [l+h] [1]

f—ll .r{i' "

Lo 1=1 .
=lim—=lim0=10
[ -’

Since the left and right hand limits of f at x = 1 are not equal, f is not differentiable at
x=1

To check the differentiability of the given function at x = 2, consider the left hand limit
of fatx = 2

o S@em)-£(2) | [2+4]-[2]
i) B fe—il b

L 1-2 . =
= lim =lim-—=m=

[T bl

Consider the right hand limit of fat x =1

f(2+h)-1(2) _ [""”?] [2]

lim lim——+=*-+
h—al)’ h fr—ail”
2=2
= lim =lim0=0
[T Hi—sd)’

Since the left and right hand limits of f at x = 2 are not equal, f is not differentiable at x
=2
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