On further differentiating w.r.t. x, we get

53]
“dx 2t

Q. 95 The value of ¢ in Rolle’s theorem for the function f(x) = x> — 3x in the

interval [0, +/3] is

(a) 1 (b) -1 (c)E
2
Sol. (@) - flc)=0
= 3c?-3=0
= 02:9—1
3
= c =+ 1, where1e(0, v/3)
: c=1

1
d) —
: 3

[ f{x) = 3x% - 3]

Q. 96 For the function f(x) =x + l x €[1, 3], the value of ¢ for mean value

%
theorem is
(@) 1 (b) V3
(c) 2 (d) None of these
fib) - fila
Sol. (b)) - f'(c) = )~ ')
b-a
[3+i —[1+1]
1 3 1
— ‘]——2=
i 3-1
10
2 —=2
- C :’1= 3
e 2
c? -1 4 2
= 5 = = —
c =2 3
= 3% =1)=2c*
= 3c®?-2c%=3
=% c°=3=c=+43
c=/3e(13)

,
cfx)=1-—

(x) "
andb=3a=1



Q. 92 If y = ,/sinx + y, then 3—y is equal to
X

(@) CcOS X b) cos X ©) sinx () sin x
2y =1 1=2y 1-2y 2y -1
Sol. (@) - y =(sinx + y)"?

% = 21 (sinx + y) "= % (sinx + ¥)

= g-y-=1v~,;”2~r(cosx+~q}i)
dx 2 (sinx+ ) dx

= gy = 1 [cosx + ﬂ] [ (sinx + y)
dx 2y dx

5 ﬂ{,ﬁ_i}=cosx

dx 2y 2y

dy cosx 2y _ cosx
dx 2y 2y-1 2y-1

Q. 93 The derivative of cos * (2x2 — 1) w.r.t. cos ' x is
o

(a) 2 (b) .
Sl =a”
b) 2 @152
X

Sol. (a) Letu=cos™ (2x* —1)andv =cos™'x

ﬂz + -1 Ay = - 4x
N P V1 - (4 + 1-4x?)
B - 4x a - 4x
J— Ax? + 4x° \/4112 (1 - x?)
__ =2
J11= w2
and i .
dx 1-x2
dr du/dx -2/ 1—.1‘2_2
dv  dv/dx “1/1-x2 -
d’y
Q.94 If x =t° and y =t>, then —- is equal to
dx
3 3 3 3
a) — b) — =, d) —
(3}2 ( )4[ (C}2I ( er

Sol. (h)) Wehave, x =t?and y=t°

d—x:2Ianc|%=3r2
dt dt

o _oy/dt_3°_3,

dxr dx/dt 2t 2

/2 _

y]



LHL= lm (mx + 1)= lim [m(%—h)+1]=%+1

n h—0
X =¥
2
and RHL= lim (sinx + n)= lim {sin (5+ h]+n1
I_‘L =0 2 J
= lim cosh+n=1+n
h—0
LHL = RHL [to be continuous at x = 25}
= m-E+1=n+1
2
i
2

Q. 90 If f(x) =|sin x|, then
(a) f is everywhere differentiable
(b) f is everywhere continuous but not differentiable at x =nm,n e Z
(

¢) f is everywhere continuous but not differentiable at x = (2n + 1) i ,neZ
(d) None of the above 2

Sol. (b) We have, f(x) =|sin x|
Let flx) = vou (x) = v [u(x)] [where,u (x)=sinxand v (x) =|x|]
= v (sin x) =|sin x|
where, u(x)and v (x) are both continuous.

Hence, f(x) = vo u(x) is also a continuous function but v(x)is not differentiable at x = 0.
So, f(x)is not differentiable wheresinx =0=x=n=n ne’Z
Hence, f(x)is continuous everywhere but not differentiable at x = nn, ne Z.

_ e
Q. 91 If y = log 1% ) then Y i equal to
1+x° dx

4x° —4x 1 4

(@)

1-x4 1-x

2
Sol. (b)) We have, y =log (1 _x_ ]

:rz)L 1+ x2)-(-2x) - (1- x°)-2x
x2) (1+ 22
_ =2+ x°+1-x%] -4x

1-22)-(1+x%) 1-x°




Q. 86 The function f(x) = cot x is discontinuous on the set
(@{x=nn:nelZ} b){x=2nn:neZ}
(d{x=(2n+!)§;n62} (d){x=”2—“;nez}

Sol. (@) We know that, f(x) =cot x is continuous inR - {nn:neZ}.

Since, f(x)=cotx = [since,sinx =0atnn, nel]

Hence, f(x) = cot x is discontinuous onthe set {x = nn:ne Z}.

Q. 87 The function f(x) =eWl is

(a) continuous everywhere but not differentiable at x =0
(b) continuous and differentiable everywhere
(c) not continuous at x =0
(d) None of the above
Sol. (@) Letu(x)=|x andv (x)=e*
: flx) = vou(x) = v[u (x)]
=v|x|=eg!*
Since, u(x) and v(x) are both continuous functions.

So, f(x) is also continuous function but v (x) = | x| is not differentiable at x = 0, whereas
v(x) =e" is differentiable at everywhere.

Hence, f(x)is continuous everywhere but not differentiable at x = 0.

Q. 88 If f(x) = x? sin—, where x # 0, then the value of the function f at
X

x =0, so that the function is continuous at x =0, is

(a) O (b) -1
(o)1 (d) None of these
Sol. (@) - flx)=x?sin [%) where x 2 0

Hence, value of the function f at x = 0, so that it is continuous at x = 0is 0.

mx+1, ifx< =
. ) T
Q. 891 fix)= 2 is continuous at x = > then
: ; T
sinx +n, if x>—
2
(@m=1,n=0 (b}m:r;—n+1
mm T
) -— d}l = = —
(©n > (dym=n 5
mx + 1, if x <X
Sol. (c) We have, f(x) = is continuous at x = g

(sinx + n),if x :%



: 4-x°
Q. 84 The function f(x) = —is
4x — x
(a) discontinuous at only one point
(b) discontinuous at exactly two points
(c) discontinuous at exactly three points
(d) None of the above
4 - x° (4 - :rz)
. () We have, flx)= =
Sol. (¢) (x) o2 2@
(4-x%) _ 4~ x°

Tx@-x?) x@+mR-71)

Clearly, f(x)is discontinuous at exactly three points x =0, x = -2and x = 2.

Q. 85 The set of points where the function f given by f(x) =|2x —1|sinx is
differentiable is

1
R b)R-|—
(a) (b) (2)

(€) (0, o) (d) None of these
Sol. (b)) We have, f(x)=[2x - 1| sinx

Abx= % f(x) is not differentiable.

y
Hence, f(x) is differentiable in R - (EJ

(3o B

h -0 h

- A1) 1)1z

-1
p(3-1) [ nfar)-
= |im
h—0 -h
|0 — 2h|-sin (l—h] y
= lim 2 =—25En[—)
h—0 -h 2

(3

So, f(x)is not differentiable at x =



On, differentiating Eq. (ii) w.r.t. x, we get

f.
_o‘u

l — =tanx- lHOQ.x sec” x
u dx x
du [tanx 2 }
=> =u + logx-sec“x
dx %
== [tanx + logx-sec r} (V)
x
Also, differentiating Eq. (iii) w.r.t. x, we get
LT L P L R e
dx 2 dx 4v
dv 1 x-2
= —= 20 =
dx 4 x? + 1 24x% + 1
g
d ;
. LA (9
dx 2 (x% +1)
Now, y=u+yv
dy _du av
dx dx dx

X

S i [tan + logx-sec? r} Y —
x 2x? + 1)

Objective Type Questions

s
Q. 83 If f(x)=2x and g(x) =x? +1, then which of the following can be a

discontinuous function?
(a) flx) + g (x) (b) f(x) —

© Fx)- g () d4) ¥
f(x)

Sol. (d) We know that, if f and g be continuous functions, then
(a) 7+ g is continuous (b)f g is continuous.

(c) fg is continuous (d) is continuous at these points, where g(x) = 0.
ﬁ +1
Heres g(x) " s P )
: f(x) 2 4x

which is discontinuous at x = 0.



Q. 81 If x =sint and y =sin pt, then prove that

d* d
(l—xz)—y—x—y +p’y =0.

dx? dx
Sol. We have, x =sint and y = sin pt
dx dy
— =cost and — = t-
o cost an = cospt-p
dy _dy/dt _p-cospt ()
dx dx/dt cost
Again, differentiating both sides w.r.t. x, we get

=

g2 COSI-E{p-COSpI)i—pCOSpf-iCDSt-d—I
4 at dx at ax

dx? cos? t

[cost- p-(-sinpt)- p- pcospt - (- sint)];—t
- X

cos®t
: . 1
- p° sinpt -cost + psint- cospt] ——
| p* sinp p ptl- ——
- cos? t
d?y - p°sinpt-cost + pcospt -sint :
=5 5= 5 (i)
dx cos”’!
Since, we have to prove
d’y oy .
T=gf)s Seg iy =0
( }dxg g DY
LHS = (1 — sin?t) [-p SIHDI-GOSI;— pcos pt - sint]
cos”t
—sEnI-M+ pzsinpf
cost

1 [ -sin®t) (- p? sinpt - cost + pcos pt - sint)
cos’t | - pcospt-sint -cos’t + p2 sinpt -cos’t
1 = ,t::2 sinpt - cos’t + pcos pt - sint - cos?t

" [ 1-sin’t = cos?t]
cos’t | - pcospt -sint - cos®t + psinpt - cosai‘]

" cosit
=) Hence proved.
. dy . 2 +1
Q. 82 Find the value of &, if y = x'®* 4+ ;
dx 2
2
Sol. We have, i g E 2+ L D)
2
Taking v=x"%andy =% 2+ 1
log u = tanx logx .. (i)
2
and y2 __.(iil

2



Q. 80 If x™ -y” =(x+y)""", prove that
2

. d
(1) =£ nd i) 2 =0
x da?
Sol. We have, My = (e oyt ()
(i) Differentiating Eq. (i) w.r.t. x, we get
i m_ n=i i m+n
D,x(x Y=g e+
» xm‘d%}’”'%Jf y”-j—xx”’ =) ey
= -y’ 'dy+y .mx™ ' = (m+ n)(x+y}”””"[1+ﬁ)
dx
— ;ﬂ[xm nyn—l _(m+ n}{x e y]fﬂff]—]]=(m+ n) (x o+ y:}ﬂ‘?-t-n".l—l _}/?mxﬂ?—1
x
05 L m
A P Ty L R P A S S A AL
dx x
(m i n] (x + y}m + n - yf3—1.y.mxf?1
ay = (x + y) x
dx nx"y"
— —(m+nx+yt" —
(x + y)
xm+n)x+y" " —@x+y)y-" "y mx™
N (x + y)-x
(x + y)nx"’yn —ym+n)x+y"*""
(x +y)y
x(m+n)-x"- vV -mx+y)y x
(x+ y)-x m+n m D
— + — .
(x+ynx™-y —y(m+n)-x"- [+ ) oy
(x + y)y

y" [mx + nx — mx — my)- (r+y]y
}f "[nx + ny - my - ny]-(x + y)-x

m

... (ii)
Hence proved.

(i1) Further, differentiating Eq. (i) i.e., {;ﬂ = ¥ on both the sides w.rt. x, we get
It x

dy
d2y=x'a_y'1
dx? x?
Yy _
e [-2&-]
x° dy x

=0 Hence proved.



Long Answer Type Questions

2 .
Q. 79 Find the values of p and g, so that f (x) = SR ESE Pl is
gx +2, i x>1

differentiable at x = 1.

Sol. [ 2%+ 3x+ pifx <t

We have, f (x) = is differentiable at x = 1.

qu+2, if x >1
()= tim =10
P
2 -~ -—
= fim " +3x+p-(1+3+ p
2 =217 x -1
& i [(1-hF +31-h+p)]-[1+ 3+ P
A0 (1-h) -1
i [1+ h® =2h+ 3-3h+ p]-[4 + p]
_h » 0 - h
2
_jim P =5h+p+4-4-p] . hih-35
h-0 -h h—0 =h
=fiim0—[h—5]=5
RF(M= lim f(x)-f(‘lj= lim gx+2)-(1+ 3+ p)
x =17 x =1 =1 x -1
_ lim G+ h)+2]-(4+ p)
h—=0 1+h—1
_ m Qtoh+2-4-p] . gh+@G-2-p
h—0 h h—0 h
5 g-2-p=0=p-g=-2 (i)
= o TEEYL [for existing the limit]
h—0 h
If Lf*(1) = Rf'(1) then5=q

7 p=h=—2=h=3
i p=3andg =5



= x = —sina-cot(a + y)
dx S o 5 g
Tin sina-[-cosec-(a + y)] dy(a +y)
1
= sina:?ﬂ
sin“(a + ¥)
_sinf(a+ y)

- Hence proved.
sina

Q.63 If\/l—xz +\/1—y2 =a(x — y), then prove thatj—yz
X

Sol. We have,

JT—), +J1 ¥y =alx - y)

On putting x = sin a and y = sin B, we get

J1 -sin o + J? - sin®B = a(sin o - sinp)

= cosa + cosp = a(sin o —sinp)
- Bopp TP s X P :a[2cosa+ﬁ.sina_ﬁ]
2 2 2 2
= cosu_ﬁ:asinu_ﬂ
2 2
= cot P _
=3 -8 _ s
=% a-Pp=2cot'a
= sin'x —sin”' y=2cot™'a [-x =sinoaand y=sinp]
On differentiating both sides w.r.t. x, we get
1 1 oy
_ o A
et ot
J1 - g 3
2 Hence proved.
\/1 — x2 1-x
d?® y
Q. 64 If y =tan ' x, then find —= in terms of y alone.
dx
Sol. We have, y=tan'x [on differentiating w.r.t. x)
L2 5 [again differentiating w.r.t. x]
dx 1+ x
Now, d;r 0J(H:x:)’
gx® dx

5
=—1(1+ 2272 —(1+ 2
(1+ x%) dx( x°)

RN 1

(1+ x®Y
_ —2tany

= L7 I -y =tan”' tany =
(1+ tan® y)° [y w3y =)



1 dy o=y =)=y —%)—%
= ;az —
- yax T #
2
= - N A
y dx dx
ay(2® ) _
- dx[y x]— y
o L )
dr x®-ay  x(x-y)
Y x_ ¥
Txly-x) x 22 Y-x)
X
2 -
=w [rlogy=ulogy=zh1:>1+Fogy=£:l
logy x x i
Hence proved.
s ) 2
Alcosx)™
Q. 61 If y = (cos x)(™ then show that &Y — ¥ tanx

dx ylogcosx —1

Sol. We have. y= (cos x) % yjleosx
= y = (cosx) :
logy =log (cosx) 4
= logy = ylog cosx
On differentiating w.r.t. x, we get
1 dy d dy
—— =y-—Ilogcosx + logcosx-—
y dx dx dx
= 1-d—y=L-icos.1:+h:)gcos.1:-ﬂ
y dx cosx dx dx
= d_y[l ~log cosx} = POV . i
dx| y cosx
dy  -y“tanx
dx (1-ylogcosx)
y~ tanx

= m Hence proved.
x -

Q. 62 If xsin (a + y) +sina-cos(a + y) =0, then prove that
dy sin(a + y)
dc  sina

Sol. We have,

xsin(a+ y)+ sina-cosfa+ y)=0

=4 xsin(@a+ y)=-sina-cos(@+ y)
—-sina-cos(a+ y)

sin(a+ y)

= =




Now, differentiating Eq. (1) w.r.t. y, we get

9 @?)+ L ehy)+ L)+ L o)+ L en)+
dy ay ay

dy dy

—()=0

dy

=1 a-2x-d—x+2h- x-iy+y-ix +b-2y+2g-gi+2f+0=0
Y

dy dy ay
=% %[2ax+2hy+29]=—2hx—2by—2f
dr -2(hx+by+f) —(hx+by+H

dy 2(ax+ hy+g) B (ax+ hy + g)
ﬂ'@_—(ax+hy+g)‘—{hx+by+f)
dx dy (hx+by+f) f(ax+hy+g)

=1=RHS

Q. 59 If x =e*/¥, then prove that L

dr  xlogx
Sol. We have, P
d d .y
Lo
dx dx
= 1=e" L (x/y)
dx
= 1=e*'f'y.{3/'1'x'd}/fdx}
¥
= }/2 3 y‘ex:'f_'r" - d_yer.l"
dx
] x.ﬁ‘ex")" = ye.l‘_-']" _ y2
ax
F_ye -y
ax I_'B't";y
B
ex”’ £
4
-
N x-logx

dy (1+log y)2

Q. 60 If y* =¥ ¥, then prove that < =

dx logy
Sol. We have, y*—g¥ ~*
= logy* =loge’ ~*
= logy = y—x)
gy=——
X

Now, differentiating w.r.t. x, we get
d ay _d (y-x)

_Eo . -
ay 2 dx dx «x

... (i)
[using Egs. (i) and (iii)]

Hence proved.

[ x=e"’ = logx = E}
Y

Hence proved.

[ log, =1]
(1)



Q.56tan! (x? + y?) =a

Sol. Wehave, tan' (x* + y*)=a
On differentiating both sides w.r.t. x, we get
d A B d
e taﬂ x + = — 18
St (% + ) =—-(@)

Q.57 (x* +y*)? =xy

Sol. We have, (x% + y*)° = ay
On differentiating both sides w.r.t. x, we get

o I S
el e e
= 2(:4:2+y2)--gw{x2+y2}=x-iy+y.“x
dx dx dx
= 2(x2+y2)-(2x+2yﬂ)=x%+y
dx dx
= 2x2v2x+2x2-2y%+2y2-2x+ 2y2v2yﬂ=xﬁ+y
dx dx dx
= :—y[4x2y+4y3+x]:y_4x3—4xy2
x
y _ (y-4x® - 49P)
dx (4x2y+ 4y”3~x)
2 2 dy dx
Q. 58 If ax® + 2hxy +by® +2gx + 2fy +c =0, then show that = . — =
dx dy
Sol. Wehave ax® + 2hay + by® +2gx + 2fy +¢c =0
On differentiating both sides w.r.t. x, we get
d .. s d d d d d
— (ax®)+ — (@h — (b —= 1o — @)+ —1()=0
75 @x%) + —— @hxy) + — (by*) + —— (2gx) + —— @) + —— ()
= 23x+2h(x-ﬂ+y-1j+b-2yﬂ+29+23’ﬂ+0=0
. dx ax dx
= %[2hx+2by+2f]=-Eax—Ehy—Eg
. g_—2(ax+hy+g)
dx  2(hx+by+1)

_—(ax+hy+g)
"~ (hx+by+ 1)

1.

)



Find a4y when x and y are connected by the relation given.
x

Q.54Sin(xy)+§=x2—y

Sol. We have. sin () + = =x% - y
y
On differentiating both sides w.rt. x, we get
i(sin )_,_i(f]_ix?_i
dx = dx \y) dx dxy
X 2 X-x g y
d dx~ dx dy
= COS Xy — + = 2 =25 - —=
s s (2y) 7 i
you
d d e dy
=% cCosSay-|x —y+y — x|+ ——=2x - —
xy|: o’ Y g } y2 dx
ay y x ay dy
et ) I W (LY 7 Y
= XCOS ay dx+ycosxy+ A X o
dy x y
— | xcosay-—+1|=2x-ycosxy-—
= dx[x xy 7 } X -ycosxy 2

dy _[2xy-y’cosxy-1 y?

dx—[ y nyzcos:cy—x+y?}
_(Rxy-y*cosxy-1)y

© (xy?cosxy-x + y°)

Q. 55 sec (x + y) = xy

Sol. Wehave,sec(x + y)=xy
On differentiating both sides w.r.t. x, we get

9 secx+y)=2(xy)

dx dx
= sec (x + y)-fan (x + )-itx-{- }—x.i + .ir
d Y . ax’ Y
= sec{x+y)-tan{x+y)-(1+g}i]=xg§ﬁ+y
dx dx
= sec(x+y]tan(x+y}+sec(x+y)-tan(x+y).ﬂ=xﬂ+y
dx dx
= :,—y[sec(x+V)-taﬂ(x+y]—x]=y—sec{x+y)rtan(x+y}
X

ﬂ _ y-sec(x+ y)-tan(x + )

dx sec(x+ y-tan(x+y)—-x




X

Q. 52 Differentiate w.r.t. sin x.

sin x
x .
Sol. Let u=——andv=sinx
sinx
sinx d X—-x g sinx
au _ dx dx
dx (sinx )
sinx — x COS x .
= 0
sin® x
av d .
and — = — 8iNx = COSX (i)
dx dx
du dul/dx sinx — xcos x/sinx
ov  dv/dx cosx
Sinx —xCos x
_sinx—xCOSX _ COS x
sin x cos x sin® x cos x
COS X
[dividing by cos x in both numerator and denominator]
B tanx — x
sin® x

2
J1+x® -1
Q. 53 Differentiatetan > Y-~ " w.r.t. tan ' x, when x # 0.

X
J1+x2 —1
Sol. Let u=tan' X% T andv=tan'x
X
x=tan 0
R J1+ tan® 8 -1
= —
tan 0
_tan™ (sec 6 -1)cos 6
- sin @
. 1-cos B
B sin O
[1-1+2sin 0/2
= tan™’ 2sinw2103 mz} [~ cos® = 1-2sin? 6]
=tan™’ lan—ﬂ]
2
= =—tan'x
2 2
21O - T N - .(0)
dx 2 dx 2 1+ x
dv d 1 .
and — =—tan 'x = - ..(ii)
dx dx 1+ x
du _du/dx
dv  ov/dx

_1/2(1+2%) _ (1+x?)

1
1/0+x%)  2(1+x%) 2




and

(5¢)

= [sinzr-(— sin2t}-£2t + (1+ cosEt)-coszt-Em]
dt dt

= - 2asin® 2t + 2acos 2t (1+ cos 2t)

Zr;:= ~2a[sin® 2t — cos 2t (1+ cos 2t)] ..(0)
ﬁ=.b [coszt-£(1—cos2r)+ (1 —coszt]-icosm‘]
dt ot at
: d . d
=b 2t - 2t)—2t + (1 - 2t)(-sin2t)- —2t
[cos (sin }dr + (1-cos 2t)(-sin2t) = }

=b[2sin2t-cos2t +2 (1-cos2f)(-sin2t)]

=2b [sin2t -cos 2t — (1—cos 2t)sin2t] .. (i)
dy dy/dt -2b[-sin2t cos2t + (1-cos2t)sin2l]
dx dx/dt —2a[sin® 2t - cos 2t (1+ cos 2t)]

. I s L8 . T

=35IN—C038 — + (1 —COos —] Sin —

_g[ T 2) 2
a

- , o T rc( ?‘t)
sin© — -cos — | 1+ cos —
[ 2 2 2

=n'4

[ sin R 1and cos i 0}
2 2

Hence proved.

Q. 51 If x =3sin t —sin 3t, y =3 cost — cos 3t, then ﬁndg}iattzg.

sol. =

and

Now,

(

ady
dx

dx
x=3sint —sin 3t and y = 3cost —cos3t

OE: 3--(1$i!"lf —isin 3t
at dt at

=SCOST—COSSI-§—I3I=SCOST—3CDSBI ()]
%: S-Ec:osf —icossr
dt at dt

= - 3sint +sin3r-£3£

at

z—y= 3sin 3t — 3t sint -..(ii)

t
dy _dy/dt _ 3(sin3t -sint)
dx dx/dt 3(cost -cos 3t)

S,n?m S.nn
N3 7°N"3 _0-43/2

) .- :
t=w3 (0052—0053%] ——(=1)

2
_-B/2 -3 _ 1
T 3/2 3 43




!
2
Ae=Uralld 4o Gy gl

t4 gt

t -1-2logt .
=F[1m2(1+logr)=Tg )

d d
t.—(3+2logt)-(3+2logt). —t
o d dr( gt) - ( g)dE
- 2

dt {

t-2-r1—(3+21ogt}-1

2

t
_2-3-2logt -1-2logt "
= 2 = 2 (1)
dy _dy/ot _-1-2logt/t*® 7
dx dx/dt -1-2logt/t?

Q. 49 If x =e“*? and y = "%, then prove that W —w.
dx xlogy

cos 2t sin 2t

Sol. - x=e and y=e
,.d_xu:i cos 21
dt dt

; d
=g®%2 . (_gin2t)-— 2t
( )dr( )

cos 2t

=g Q cos 2t
at

dx
ot
2
o

= -2 %52t ginDt (i)

iesma —e sirIEIYESm2r
dt dt

=e*"? cos 2t - iQt
ot

and

=2 "2 cos 2t ...(ii)
dy dy/dt 2e°"% .cos2t
dx dx/dt —2e°2! .ginnt

_e*"? .cos2t

e 2" .gin2t

We know that, logx =cos2t -log e =cos2t .. (iv)
and logy = sin2t -loge = sin2t (V)
dy -y log x
dx x log v
[using Egs. (iv) and (v) in Eq. (i) and x =®%82! |y =¢5"2!]
Hence proved.

Q.50 If x=asin2t (1+cos2t)and y =b cos2 t (1 —cos2 t), then show that

(d_YJ _b
dx t=n/4 ﬂ-

Sol. - x =asin2t (1+ cos2t)and y = b cos 2t(1 - cos 2t)
d d d .
— [sin?_! -— 1+ cos2t)+ (1 + cos2t)- —sm?.l]
dt at at



) 2t 2t
Q.4751nx=72,tany= z
1+t 1-t
, 2t .
Sol. - sinx =—7 N 0)
ot .
and ’[any=1“t2 (i)
iSimc-d—j‘:—i &
dx at  dt (1412
(1+r2}-i(23)-(2t)-3(1+r2)
- Cosxy — = at dt
(1+12)
2(+t?) -2t 2+ 2% -4
R T A+

dr _201-1%) 1

= —_= -
dt  (1+t%7 cosx
5 dx _ 201-t%) 1 2(1-r2)_ 1
dt  (1+1t2y \h sin? x  (1+12) ([ 2
1412
2
= o 2“_” (+t 2 22 (i)
at  (1+t37? (1- T+t
d, dy d
Also, = s
S0, dy ydt [1—?2]
d 2
1=t~ Do) —
secyﬂ={ dr 2ty dr( )
242
dt =15

dy 2-2t%+ 4% 1

dt = (1-t2¢  secly
2(1-4-; ) 1 201+ t?) 1
A—t27 (+tan?y) (1-127 42

_20+1t%) (-t?P 2
TU=PF (Q+1PF  1+17
dy dy/dt 2/1+t?
dr dx/dt 2/1+t°

..(iv)

=1 [from Egs. (iii) and (iv)]

Q.48 x 1+tlogt y:3+2tlogt

1+ logt

3+ 2logt
Sol. - =g andy ="t

{

> d d .2
dx—t .a(1+iogr)-(1+logr).a?£

E (IQ)E




Sol.

and

:e-e‘i(g_l% £ —a(ﬂ_l)

ao

92+1-93+e]

e‘ﬂ[ -

dy dy/do _ 0

dx dx/do 0['92—1+{]3+0}
e

92
_29(—03+02+0+1

=& 3 2
o+ +a-1

Q.46 x=3cos0 —2cos’ 0, y =3sin0 —2sin> 0

Sol. -

and

Now,

x =3cos8 -2 cos’@and y = 3sin 6 - 2sin® 0

ﬁ = .d_ (3cos 0) - -d—{2 cos® 0)
ag  do ad

= 3-(-sin ) - 2-3cos? 8- 2 .cosd
e[S

=-3sin0+ 6cos’ Osin®
@ 3cos A-2-3sin’ D-E‘sinﬂ
do o

= 3cos 0 — 6sin® 6-cos 0

dy dy/dd 3cos® —65sin” Hcos 0

dx dx/d0 —3sin®+ 6cos?Bsind

_ 3cos B(1 — 2sin? 0) -
3sin 0 (- 1+ 2cos? 0)

€082 0

cot 6



1422 +4/1 - «°
Q. 43 tan™ \/+x +\/ = | —1<x<1,x%0

\/1+x3—\/1—x2
Sol. Let y=tan [\/1+x +"{1_ }

\f1+x \){1—*:

Put x°=cos20

=  [J1+cos28+ J1-cos28
- J1+cos26 - /i-cos26
it (y1+2cos20-1+1-1+2sin? 0
J1+2cos 0-1-1-1+2sin’ 0
J2cos 0+ +2sino _ V2 (cos 0 + sin 0)
J_cc-se J2sing | V2 (cos 6 - sin 6)
cos 0 + sin B
=1 cose+sm9 -~ cos 0
™ \coso-sine)” ™" | Gos0-sin0
cos 6
1+ tan @
1-tan @
= tan™' taﬂ[—+9] -.-tan(a+b)=M
4 1-tana-tanb
=L g2y i cos™ x° [ 20=cos x°=0= 1ccos"1 xz}
4 4 2 2
ﬂ=£[E]+i(lcos1x2)
dx dx\4) dxl\2
1 -1 d » 1 =2x -X
=04+ =- P—x == =
2 1,H—:4:'2 dx 2 \/1—1'4 J‘I—:vc4

Find % of each of the functions expressed in parametric form.
X

1 i
Q.44 x=t+2, y=t--=
t t
1 1
Sol. - x:r+£—and y:r_I_
d—x=i[t+1} and %zi[I_IJ
at ot t at dt t
dx o dy :
_=1 —1 )i d ki PP R PG Ty
- o eI ged Co=T=E)
= LR and ey
dt fz dr rE
2 2
= B8 I =1 and o T4
at rz dt rz

dy dy/ot 7 +1/t7 1741
dx dx/ot t2-1/t2  t2 -1




=tan' ——x
b
ady d ( _1a) d
st A t Pl .o
dx dx o b dx()

% 1 1
c4lsec'| ———— | O<x< =
Q [4x3—3xJ V2

1 ,
. Let =se¢” | ——— i
Sol y [4x3_3x] (i
On putting x =cos 0in Eq. (i), we get
-1
=sec
# 4cos” 0 - 3cos O
=sec”
cos 30
=sec”' (sec 30)=30
=3cos'x [ 6=cos'x]
d
%:a(i’;cos"'x]
4
-
1-x?
a3 x-x*) -1 x 1
Q. 42tan! - — b —=<=< =
a® -3ax® | 3 a 43
3a% x — x°
. Let —tan ! [22 XX
Sol v [aa—Baf]
Put x=atan® = B=tan‘1§
B _ 3 _ 3 A
y=tan1 3tan O tin 0 tan39=3tan9 tan” 0
1-3tan” 0 1-3tan®0 |
=tan' (tan30) =380
=3tan' = [ 0=tan' =
a a
3 d rEog| L9 (2]
dxuadx tan a ¢ x°| dx \a
1+—2
a
" a® 1_ 3a
a2 +x? a a%+x?




_(1+cosx) 1[(1-cosx) ]”2 2 sin x
- 2 EL sin x (1+ cos x)?
(1+cosx) 1 sin x 2sinx
"2 2 (1-cosx) (1+cosx)
2sin® x 1 sin x
B 4(1+ cos x)(1-cos x}: 5{1 —cos® x)
1 sm x l
B sin® x T2
Alternate Method
Let y = Tan*[ 1—(:05;1:]
1+ cosx

1-1+2sin? 2
2 [ cosx =1-2sin = —2(:05 ——1}
1+20052§—1 2 2

= tan‘1[tan£] ==
2 2

On differentiating w.r.t. x, we get

1
dx 2

Q. 39 tan? (sec x +tan x), %< x<Z

2
Sol. Let y=tan™' (secx + tanx)
ay d
—=—1an (secx + tanx
dx  dx ( )
= ! 5 .i(secx + tanx) { i(tzﬁn“:»c)= 2]
1+ (sec x + tanx)” dx dx 1+ x J

1

1+ sec® x + tan® x + 2sec x - tanx

,
= -Sec x-(secx + tanx)

(sec? x + sec® x + 2sec x - tan x)
1

2sec x (tan x + sec x)

-[secx-tanx + sec? x]

1
-sec x (secx + tanx) = s

Q. 40 tan™! acosx—bsTnx , T <x<Xand Ztanx>-1.
bcosx+asinx | 2 2 b

acos:c—bsinx)

Sol. Let y = tan™ :
bcosx + asinx

acosx bsinx | a
1| bcosx bcosx _ G
= tan - = tan
bcos x asinx
+ 1+ —tanx
bcosx bcosx b

~tan' 2 _tan" tan x ctan' ¥ —tan'y = tan”' | 2=
b 1+ xy



_,(sinx +cosx T T
Q. 37 cos ™' [—) -——< X< —

2 4 4
_1 (sinx + cosx
Sol. Let Y =C08s (T)
ﬂ__a;c Y (sinx+cos::)
dx dx 2
B -1 d (sinx + cosx
. ol

‘j1 B [sinx :ECOSIT

1 1
‘j4 (sin® x + cos? x + 2 sinx-cosx) 2
2

(cosx — sinx)

=142 1
Jl-sin2x 2
[+ 1-sin2x = (cosx —sinx)* =cos? x + sin® x - 2sinx cosx]
-1(cosx -sinx)

= ==1

(cosx —sinx)
1 |1—cosx T T
Q.88tan™t |- % _Coxel
1+cosx 4 4
Sol. Let y=tan™ ﬁ—1 =
1+ cosx
ﬂzitan_' 1-cosx
dx dx 1+ cosx

(cosx — sinx)

1 d [1-cosx]"? d =
_ ") o —(tan” ' x) = 5
\/1—005:: 2 dx [1+cosx dx 1+ x
1+ ,]| ———
(1+cost
B 1 l“—cosx]_w d [1-cosx
_1+1-COSI"2 1+ cosx "dx |1+ cosx
1+ cosx
) 1 1[(1-cosx) (1-cosx) i
1+cosx+1-cosx "2 |(1+cosx) (1-cosx)

1+ cosx
(1+ cosx)-sinx + (1-cosx)-sinx
(1+cosx)?

2 -1/2
_(1+cosx) 1[(1-cosx) [sinx (1+ cosx + 1-cos x)}

2 2| (1-cos? x) | (1+ cos x)

- —_1-’2
_(1+cosx) 1|(1-cosx) |:sinx (14 cosx + 1 —cosx)}

"
2 2| (1-cos? x) (1+ cosx)®




Q. 35sin" x-cos" x

Sol. Let y=sin" x - cos” x
dy d .
— =— [(sin cos
dx dx Usimsy™ feons]')

= (sinx)" - E—(cosa:)” + (cosx)" - g (sinx)™
dx dx

= (sinx)" -n (cosx)"" - icosx + (cosx)” m(sinx)""" -isinx
dx dx
71 (-sinx)+ (cosx)” -m(sinx)"'cosx

. 1 , . -
= -nsin” x-cos" ' x- (sinx)+ mcos” x-sin”™ ' x-cosx

= (sinx)™ - n(cosx)

) 1 n
+m-sin” x.—-C08 Xx-COSx
COsSx Sinx

=-n-sin”x-cos” x-tanx + msin™x -cos” x - cotx
=sin™ x - cos” x [- ntanx + mcotx]

=-n-sin™x-sinx -cos” x-

Q. 36 (x + 1)%(x +2)3(x +3)*

Sol. Let y=(x+ 17 (x + 2% (x + 3)°
log y=log {(x + 1°- (x + 2)%(x + 3)"}
=log (x + 1% + log(x + 2)* + log (x + 3)*

d dy d d d
d —| =102 1 —[3l 2 —[41 3
an dyogy ar ofx[ 0g (x + )]+dx[ 0g (x + )]+dx[ og (x + 3)]
l-ﬂ= 2 -i(-r+ 1N+ 3. 1 d —(x+2)
y dr (x+1) dx (x + 2) dx
1 d

d 1
'(x+3) H;(x+3} [ EE“OQH_;}

2 3 4
= + +
x+1 x2+2 x+3

ay 2 3 4

— =Y + +

dx (x+17) (x+2) (x+3

2 3 4
+ +

x+1) (x+2) (x+3}J

=(x+1% - (x+2)° (x+ 3)‘*[

=(x+1?-(x+2° (x + 3
Fz x+2)x+3+3(x+Nx+ I+ 4x+1)(x+2)
[ x+Nx+2)(x+ 3 :|
e+ (x+2)f (x+3)°
(x+1)(x+2)(x+ 3
[2(x% + 5x + 6)+ 3(x% + 4x + 3)+ 4 (x% + 3x + 2)]
=(x+ )(x + 2P (x+3°
Px? +10x + 12 + 322 + 12x + 9+ 4x% + 12x + §]
=(x+ 1) (x+ 27 (x + 37 [9x2 + 34x + 29




Q. 32 sinx® +sin® x +sin® (x?)

Sol. Let y =sinx® + sin° x + sin’ (x°)
gx = -g— sin (x%) + E- (sinx)® + -d- (sinx?)?
dx dx dx ax
=cos (x‘?}i(:rz} .28, S divgaoring®. 2 sngd
dx dx dx
=C0s x%2x + 2 -sinx-cos x + 2 sin x° cos x° - dix2
X

=2x cos (x)° + 2-sinx-cos x + 2 sinx”-cosx” - 2x
}2

=2xcos (x)° + sin2x +sin2 (x> -2 x
=2x cos (x°) + 2x -sin2 (x?) + sin2 x

G 1
Q. 33sin' -
Jx+1
_— 1
. Let =sin™’
501 y Jm
& d ., 1
— = —sin
dx dx Jx+1
_ 1 4 _ 1 g e
\/1 1 2 dx (x+ 1)V Cdx
-[ x+1
1
=7-i-(~c+1)'12
ﬂx+1~1 dx
x+1
1
s ";1 %(x+1}_5-1-—x(x+1)

Q. 34 (sin x)**

Sol. Let y = (sinxf™ *
= log y = log(sinx % * = cosxlog sinx
iIo ~ﬂ— i|[cmsx-lcr sinx)
dy 9y dx dx 9
= Lo, Cosx - -3 log sinx + lo sinx-icosx
y dx dx g . ax
1 o [ ; y
=C0sx - —— - — sinx + log sinx - (- sinx)
sinx dx
=cot x - cosx - log (sinx) - sinx { cotx
2
24 = J{cols ¥ _sinx - log (sinx}}
dx sinx

2
. | COS X . .
= sinx“***| ——— —sinx - log (sinx)
Sinx

1-x




Q. 28 log[log (logx®)]

Sol. Let y =log [log (logx”)]
dy d 5
—=—l | |
g o (0d flog log=")]
I . -i(log-log x°)
loglogx® dx
= 1 [ ! )—q—long
loglogx® {logx® ) dx
1 1 d 5
x : <L (Blogx)=
loglogx® logx® gx 109! x-log (logx®)-log (x°)

Q. 29 sinx +cos® Vx
Sol. Let y = sinyx + (cos Vx)?

B 9 sy 2 resa o
dx dx dx

—cosx¥2. 9 4¥2 4 2008 (x"%) L [cos (x?)]
dx dx

=cos (x"?) %x"""? + 2 -cos (x"?)- l:-— sin (x"?). ;— x""z]

‘

1/2

:
=cosvx - ol [- 2cos (x"2)]-sinx"2.

Jx) - sin(@vx)]

2

2
1
:ﬁ[cos(

Q. 30sin" (ax? +bx +c)
Sol. Let y=sin" (ax® + bx +¢)
4 5 8 [sin (ax? + bx + )]’
dx dx
=n- [sin (@ax? + bx + c)]" di sin(ax? + bx + ¢)
o

=n-sin” ' (ax® + bx + c)-cos (ax® + bx + r:).di (@x® + bx + c)
x

=n-sin” "' (ax® + bx + ¢)-cos (@x® + bx + ¢c)- (2ax + b)
=n-(Pax + b)-sin” '

Q. 31 cos(tan/x +1)

Sol. Let y =cos (tan \Jx + 1)

(ax? + bx + ¢)-cos (ax® + bx + ¢)

? = c;icos (tan \Jx + 1)=—sin (tan Jx + 1)- o‘i (tan /x + 1)
X X X
=—sin(tan x + 1)-sec? fx + 1- :—x (x + )2 [ :—x{tanx) = seczx}

= —sin(tan Jx + 1)- (sec fx + 1)2-%(1: + e ;— (x + 1)
X
i 1 -sin (tan fx + 1)-sec? (Jx + 1)

:2 X+



Q. 25 21:052 x

Sol. [et y=2
3 log y =log 2°*° ¥ = cos? x -log 2
On differentiating w.r.t. x, we get

COos I

d d 2
Iogy _—Iogz-cos x
ay dx dx
= l o Jog2i(005x)
y dx dx
= l-E’y——logz[.'EC:rC)sx]--?nr-cc}sx
y dx dx
=log2-2 cosx - (- sinx)
=log2- [ - (sin2x)]
L/ - 5
=-y-log2 (sin2x)
x
. QCDSQI-tog 2 (sin2x)
X
Qa 26 8_8
x
83.‘ 8_\‘
Sol. Let y=— = logy=log —
x X
d dy d 8
—logy-—=—[log 8" -lo
= a9 o 75 log gx”]
1 dy d
——==—|[x-logB-8-lo
i y dx dx be-l0g 9]
On differentiating w.r.t. x, we get
1,_=|098,‘]ﬁ8,l
y dx X
= 1ﬂ=|098_§
y dx A

a¥ = y(|DgB—EJ=8—-[EOQB—§}
dx x) xB X

Q. 27 log (x + 1/x2 +a)
Sol. et =log (x + yx° + a)
C;ﬂ=—log(x+ Jx% +a)
X
1 d 5
= —[x+4x"+a
(x+\Jx2+a)dx[x g

1 [
=__1__[1+_L.]
(x+m) x? +a
(m+x} 1
TG+t ra) (a2 +a)

1

1+ 1 (x2 + a}'”2 -2xJ




Q. 23 Show that f(x)=|x —5|is continuous but not differentiable at x = 5.

Sol. We have, flx)=|x - 5|
—(x - 5),if x<5
f(:r):{

x-5 ifx=5

For continuity at x = 5,
LHL= lim (-x+ §)

x—57

=him)10[—(5—h)+ 5]=nlln:|Dh=0

RHL= lim (x - 5)

x —5"

= lim (5+h=-5=1lm h=0

h —0 h -0
f(6)=5-5=0

= LHL = RHL = f(5)
Hence, f(x)is continuous at x = 5.
Now, (rsy= o D =10)
X=+D" x-5
= lim LS_D =3
x=-25" x-5
RFS) = lim &) =f5)
x—>5H" X = 5
; x-5-0
= |lim =1
x5 p=5
Lf'(5) = Rf'(5)

So, f(x) =|x - 5] is not differentiable at x = 5.

Q. 24 A function f :R — R satisfies the equation f(x + y) = f(x)- f(y) for
all x, ye R, f(x)+# 0. Suppose that the function is differentiable at

x =0and f'(0) =2, then prove that f'(x) =2 f(x).

Sol. Letf:R — R satisfies the equation f(x + y) = f(x)- f(y), ¥ x, y e R, f(x) % 0.
Let f(x)is differentiable at x = 0and ' (0) = 2.

= £(0) = lim f(x) = 1(0)
te=20 x-0
= 2= fim "2 =10)
x—0 X
= 2 = lim 0+ h)-#0)
h—=0 0+ h
=5 2= lim w
h—=0 h
- 2 = lim 1o -1
h—0 h
Also, )= lim w
i )P~ 1)
h=0 h
= lim W=2f{x]
h—0 h
Flx)=2f(x)

[ /(0) = f(h)]-..()

[ flx + y) = f(x)- f(y)]

[using Eq. ()]



.
sin—, if 20
Q.21 fm=4" " " Natx=o.
0, =10

x? sinl. it x#0
Sol. We have, f(x)= x a

0 ifx=0
For differentiability at x = 0,

tx=0

x?sin—-0
1#(0)= tim =10 _ iy x
x =0 S PR x —0 x -0
1 -1
0 - h)? 2 s =L
_ ( )Slﬂ[g_h] o h sm(h]
= lim = lim
h =0 0-h h =0 —-h
= lim + hsin (1] [+ sin (= 6) = - sin 0]
h -0 h
= 0 x[an oscillating number between —1and1] = 0
1
- x?sin—-0
R'(0)= lim flx) - 0) _ lim — X
x =07 x-0 x 0" x-0
. 1
0+ h)® sin
, i [O+h] h? sin (1/ h)
= lim = lim —~
h -0 O+ h h -0 h

= lim hsin(1/h)
Hh —0
= 0 x [an oscillating number between -1 and 1] =0

Lf'(0) = Rf'(0)
So, f(x) is differentiable at x = Q.

1 I w2
Q.22 fx)=4 " H T a4 xo2
5—x,1f x>2

14 x.if x €2
Sol. Wehavaf(x]:{s_xlifx>23tx-2.
For differentiability at x = 2,
PPy = fifp R (R )
r—2 x—-2 x =2 x -2
| (l42=-h)=3 ﬂ_,{
h—s0 2-h-=2 h—0 —h
RFE)= lim &) =18 4, (6-%)-3
x =27 x -2 x 5P x -2
. 5-2+h-3
lim
h—0 24+ h-2
5-2-h-3 . -h
= lim = lim—
h =0 h h=>0+ h
=-1
Lf'(2) # Rf'(2)

So, f(x)is not differentiable at x = 2.



Q. 19 Show that the function f(x)=|sin x + cos x| is continuous at x = .

Sol. We have, flx)=|sinx +cosx|atx ==
Let g(x)=sinx + cos x
and hix)=|x|
: hog(x) = hlg(x)]

= h(sinx + COS x)

=|sinx + cos x|
Since, g(x)=sinx + cos x is a continuous function as it is forming with addition of two
continuous functions sin x and cos x.

Also, h(x)=|x| is also a continuous function. Since, we know that composite functions of
two continuous functions is also a continuous function.

Hence, f(x)=|sinx + cos ] is a continuous function everywhere.
So, f(x)is continuous at x = .

Q. 20 Examine the differentiability of f, where f is defined by
2fx], if0<x<2
-]

-1 Ifesx<3

at x=2

® Thinking Process
We know that, a function fis differentiable at a point a in its domain, if both Lf '(a) and

Rf'(a) are finite and equal  where Lf’(d:hm% and

h—0
Rf"(c)= lim M‘
h—0 h
x[x], if0<x <2
Sol. We have, f(x)_{(x_”x if2£x<3mx_2'
Atx =2, LF'@) = lim fe-h-re)
h -0 -h
T @-h@-h-@2-1)2
 ho0 -h
{- [a—h])=[a-1],where a is any positive number}
. 2-hmQ)-2
= lim ————
h =0 —h
. 2-h-2 -h
= |lm ——— =lm — =1
h -0 —h h—=0 —h
wosn_ yes ety ~H2)
Rf (2}-}!@0 h
_ lim +h-NYe+mM-2-1)-2
T h -0 h
< B +hE+m-2
h —0 h
. D h+2h+ht =
= lim
h —0 h
2
g Wit L L i)
h =0 h h =0 h
Lf'(2) # Rf'(2)

So, f(x)is not differentiable at x = 2.



Q. 17 If the function f(x) =

X +2
the composite function y = f{f(x)}.
Sol. e have, f{x)=;
x+2
y = H{f(x)}
x +2 1 + D
x+2
=;'(x+2)= (.1'-!-2)
1+2x+ 4 2x + 5)

, then find the points of discontinuity of

So, the function y will not be continuous at those points, where it is not defined as it is a

rational function.

Therefore, y =

is not defined, when2x + 5=0
(2x + 5)

=5
Xr= —

2
Hence, yis discontinuous at x = _?5

Q. 18 Find all points of discontinuity of the function f(t) =

Sol. We have, f(t)=————and t =

B 1 1) 2
2 s 1
[x +‘|—2x) [I—T) 1

1
[1+x—1+[—2(x—1)2]
(x% + 1-2x) ]
N x% +1-2%
Cx-2x% -2+ 4x
o ox*+1-2x
C—2x?45x-2
_ -
_m(2:r:2—5x+2}
(x = 1°
(2x -1)(2-x)
So, f(t)is discontinuous at2x -1=0 = x=1/2
and 2-x=0 = x=2

R

, Where



X

Q. 15 Prove that the function f defined by f(x)= J| x| + 2x°
[
remains discontinuous at x =0, regardless the choice of k.
J——i—?,ﬁxio
Sol. We have, flx)=4 | +2x
| k ifx=0
Atx =0, LHL= lim —% = jjm — 9=
x0" |x| +2x° h1=0|0-h|+2(0-Ah)
= lim ——— = lim —— =-
h—0 h+2h°> h-0h(l+2h)
RHL= lim ———= lim L d
x»0" |x| +2x° h-0|0+ h|+2(0+ h)
— Il - — I e ——
Rl h+ 2h° hab h{1+ 2h)
and 1(0) = k
Since, LHL = RHL for any value of k.

Hence, f(x)is discontinuous at x = 0 regardless the choice of k.

; I % #0

% =0

Q. 16 Find the values of a and b such that the function f defined by

X —4 .
+a,ifx<4
|« -4}
f(x)=<a+b, if x=4
x—4 .
+b,if x> 4
|x — 4
is a continuous function at x = 4.
JC_‘j'+a\ii:u:<:4
|x -4
Sol. We have, flx)={a+ b, ifx=4
F9 sihesa
|x -4
Atx = 4 (B s i 2% u
X —4 |x—4|
. 4-h-4 _ -h
= lim —+a=I|lim—+a
h +0|4-h-4| h—=0 h
=-1+a
’ x—4
RHL = lim + b
x —34* |x-—4i
i 2EEER e B Bea 0B
h—0 |4+ h-4| h—0h
f(d)=a+b=>-1+a=1+b=a+b

= -1+a=a+band1+b=a+b
: b=-1and a=1



JT+kx—J1—kx

X

J1+ kx = 1= ke J1+ kx + \[1-kx
[ x ].[Vn’1+kx+\f1—kx]
_ lim 1+ kx -1+ kx

x-0 x[\[T+ kx + 41 - kx]
= lim <%

10" X1+ Kx + \f1- kx

. 2k
=Iim

o T+ kO-h) + y1-k(0-h)
= lim ek =%=k
h-0 J1—kh + 1+ kh 2
2x0+1
Bl

= k=—1 [.-LHL= RHL = £(0)]

LHL = lim
x—07

= Jim_

and f(0) =

=]

I_Ckafoiﬂ

Q.14 f(x)=1 *3¥ at x =0.
1, iF4 =)
2

—1_C?Skx. ifx=0
xsinx

Sol. We have, f(x) = 1 atx=0
—, it.x=0
2
Afwml  CHL = G A=208 N o003k O0—h)
x>0~  XSinx h -0 (0 - h)sin (0 - h)
1-cos (- kh)
= lm ——
h—0 =hsin(=h)
1-cos kh

= |im —— [ cos (- B)=cos 6, sin(— B) = —sin 0]
h-0 hsinh

1=1%2sin® ) 0
= |lim 2 [ cos 8 = 1-2sin? 5}

h—0 hsin h

2sin® o

= lim ——=
h—0 hsin h

5 _kh . kh
- ! SIN— SIN ? 1 kzhf:‘#
gy it kh " kh "sinh™ p
2 5 h

2k K? [ __sinh }

== o lIim——=1
4 2 h-0 h
2
Also, s st alapast B
2 9 2




— <
Q.11 f(x):{ 2k, if x>5

{33:—8,”.1:*_15
X)=

gk s =0

Sol. We have,
Since, f{x) is continuous at x = 5.
LHL = RHL = f(5)
Now, LHL = lim (38x - 8)= lim [3(5-h) - 8]

X-F" h—0

= lim [15-3h-8]=7
h—0

RHL= Ilim 2k :hlim02k:2k:7 [+ LHL = RHL]
x—5t +
and f(5)=3x5-8=7
2k=7 = k:z
2
R | T
Q.12 f(x)={"4_1¢ ° i %24 =2,
i, if m=2
2¥*2 _18 i 5
Sol. We have, flx)=< 4* _15 ° I X#catx=2
K if x=2
Since, f(x)is continuous at x = 2.
! LHL =RHL =1(2)
pRpr Rt o AR =)

At x =2, IMm ———= ST T

: 4-(27—4) e . o B
S -a .9 [+ a"-b" =(a+b)@-Db)
_ o L
‘a—»22x+4“8-2
But @) = k
=
2
v1+kx — 41— kx .
r1f-1< x<0
1& %) = X at x =0.
Q 7z 2x + 1 if 0= gl
x-1"
1+ ke =1-kx 5 i
- Tl 5
Sol. We have. f(x) = 2xl+1 .. atx =0

x—1'



1 1

- hhTD g UM L g ™
1
B 0+1 B
Hence, LHL#RHL at x = 0.
So, f(x)is discontinuous at x = 0.
2
il ifo<x<1
Q.9 f(x)=1{ 2 at x =1.

2x2—3x+%, R

_— ifO<x <1
Sol. We have, flx) = 2 E atx =1
2x2—3x+§, if1<x <2
2 2
At x =1, ML= i X gy U
x 1" h—»0
_ o 1¥H -2 1
Hn-»o 2 _2
. 5 3
RHL = Iim (2x —3x+-]
x =17 2

nm[z +h? =30+ h)+ g]

Il

[2+2h2 +4h-3-3h+ :23)= -1+
? 1
and fll=—==
2 2
% LHL. =RHL =#1)
Hence, f(x)is continuous at x = 1.

Q. 10 f(x)=|x| +|x -1|atx =1

Sol. We have, flx)=|x|+|x-1|atx =1
Atx =1 LHL= lim [|x| +|x =1[]
x=>1

= lim [1-h|+1-h=1]]=1+0=1
h -0
and RHL= lim [|x|+|x—=1]]
x =1
:nlimﬂ[|1+.h[+|1+h—1|}:1+0:1

and M=[]+]0]| =1
: LHL RHL = (1)
Hence f(x)is continuous at x = 1.

Note Every modulus function is a continuous function at any real point.

Nlc.u

|\]|....|.



| x —al sin ,if 20
Q.7 fx)= X—a at x=u
0, if x=a
|x —alsin NI )
Sol. We have, flx) = x—a atx=a
0, ifx=a
Atx =a, LHL = lim |x - &l sin
xr—=a =
= Iimla—h—aisin[i]
h—-0 a-h-a
. . ; ;
= hl@g - hsin [_h] [~ sin(- 8)=-sin 0]

= 0 x [an oscillating number between —1and 1] =0

RHL = lim |x—a|5m( L ]
x—4a

xr—=a"

: . 1 . .1
= lim |a+ h-a|sin| ——— |= lim hsin—
h—0 a+.h—a h—0 h

= 0 x [an oscillating number between -1and 1] =0

and fla)=0
LHL = RHL = f(a)
So, f(x)is continuous at x = a.
e/
——, ifx#0
Q.8 f(x)={1+eV* at x =0.
0, if x=0
1/x
e’ .
— ifx=0
Sol. We have, i) =] g% % atx=0
0 ifx=0
1/x Wo-h
Atx =0, LHL= fim ——— = fim ————
PR ol SETTL G R R
= lim L =i !
“hs01+e M T hsoelh (1467
= lim _1 = L ! [-e" =]
hs0e" 414 e +1 =x+1
= Lo
=
0
1/x
RHL= lim —2—
x =07 1+E'x
10+ h 1'h
= lim . = lim _
hl—)01+e1'0'h nl—)t}1+e1"h



D24 R —32+M-2

= lim
h—0 2+ h-2
. 8+2h* +8h-6-3h-2
= lim
h =0 h
2
~ Im 2h +5h= lim h(2h + 5]=5
h—=0 h h—=0 h
and f2)=5
LHL=RHL=f(2)
So, f(x)is continuous at x = 2.
X —4
u, if w24
Q. 5 f(x)={2(x-4) at x = 4.
0, if =4
lx_4|.iix¢4
Sol. We have, flx)=12(x — 4) atx =4
0, ifx=4
Atx = 4, HL= lin 254
X =4 2(]:—4)
l4—h-4] . |0-h
= |lim —m™M— — = lm —————
h>02[(4—h)—4] h-0(8—2h-8)
= tim =21 and f(4)=0=LHL
h—0-2h 2

So, f(x)is discontinuous at x = 4.

S
x|cos—, if x=0
Q.6 f(x)= [ x at x =0.
0, if x=0
lxlcosl. ifx=0
= X

Sol. We have, f(x) atx =0
0 ifa=0
. 1 . 1
At x=0 LHL = lim |x|cos —= lim |0-h|cos
x =0 xr h=o0 0 —
. -1
= lim h —
Jim. cos( r )

= 0 x[an oscillating number between -1and 1] =0
RHL = lim |x| cos -
X

r =07

= lim |0+ h|cos
h—=0

(0+ h)
= lim hcos s
h—=0 h
= 0 x [an oscillating number between —1and 1]=0
and f0)=0
Since, LHL =RHL = f0)

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



1—cos2x’ 0

Q. 3 f(x)= 32 at x =0.
5, if x=0
1—cos 2x ifx 20
Sol. We have, flx) = x? atx=0.
5, ifx=0
Atx =0 LHL= lim 1ZS982%
x =0 X
1-cos2(0-h)
= lim —————
h—0 (0 - h)
1-cos2h
_h“TUT [- cos (- 8) =cos 6]
2
= lim w [-cos2 0=1-2sin’ 0]
fr =0 h
- 2 :
it 2(5|n2h) [ fim smh=1}
h—0 () h=>0 h
=i
RHL= Iim ﬂ
x =07 X
1-cos2(0+ h)
= lim
h—0  (0+ hy
. B .
- lim 230N, [ lim —S'”h:q
h-0 R h—0 h
and fl0)y=5
Since, LHL = RHL = f(0)
Hence, f(x)is not continuous at x = 0.
2x° —3x-2 .
4f P
Q. 4 f(x)= x—2 atx =2,
5, it @ =2
268 -3x-2 L,
Sol. We have, f(x)= o B at x=2.
5 ifx=2
2— —
Atx =2, LBl Ty 2R
o e x=-2
— 2‘— — —
_ i 2@-h?-3@-h)-2
h—0 @2-h)-2
. 8+2h°-8h-6+3h-2
= |im
h=0 -h
2
_ i 2h°=8h _ . h(2h-5)
h =0 = h -0 —h
e =
L= fify 2 =



Continuity and
Differentiability

Short Answer Type Questions

Q. 1 Examine the continuity of the function f(x)=x> +2x® —1atx =1

@® Thinking Process

We know that, function fwill be continuous at x=aif lim f(x) = Im f(x)= f(a).

Sol. We have,

x—ya x—sa’

Hx)= 2 +2x2 —tatx =1
lim f(x)= lim 1+ hP? +2(1+h? -1=2

=17 h—=0

lim f(x)= hlimo A=-h® +20-hF =1=2
x =1 T —+
lim flx)= lim f(x)

x =1t x -1

fll=1+2-1=2

So, f(x)is continuous at x=1.
Note Every polynomal function is continuous at any real point.

Q. 2f(x)={

Sol. We have,

3x+5, ifx>2

i _ at x =2.
xe, i 52
J 3x+5ifx =2
flx)=4« ) atx =2.
l_x‘_ it x<?2
LHL= lim (x)
X -2
= lim @-h? =Ilim (4+h* - 4h)=4
i =0 h—=0
RHL= lim (3x +5)
x — 2
= lim [3@2 + h) + 5] =11
h=0

LHL#RHL at x =2

So, f(x)is discontinuous at x =2.



