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CONTINUITY & DIFFERENTIABILITY

EXERCISE - | HINTS & SOLUTIONS
Sol.1 A
lim lim |[2_ 5
COS(Sinx) — COS X 0 x—2- fX) = h50 (2 h}‘ =5
2 » X#
f(x) = X
a , x=0 5 5
|- f(2) = EX =5
for continuity, xTo f(x) = f(0) so, discatx =2
. now defining function
lim COs(sinx)—cosx
x—0 %2 =a
3 ; -2<x<-1
”
. (x=sinx) . (sinx+x — ; —-1<x<0
, 2sin sin 1 2
lim 2 2 -a fx)= || X+5[XI|={0 ;  0<x<1
x—0 > 2 3
X = ; 1<x<2
S 2 3
. . ; <x<
. Zsin(x—smx) sin(x+smx) .
lim 2 N 2 N X" —sin"Xx | a
x—0 [X—SIHX) (HS"‘X) 4 N by defining the function we can say that this it is
2 2 discatx=0
0
2xz=a:>a=0 Sol4 C
f(x) = sgn (x), g(X) = X(x® — 5x + 6)
f(g(x)) = sgn (X(x* — 5x + 6))
Sol.2 B = sgn (X(x=2) (x— 3)
JT1+PX —4/1=pXx
. , —1<x<0 1 ; x(x-2)(x-3)>0
f(x) = oy 43 x e (0,2) U (3,)
, 0<x<1 0 ; x(x-=2)(x-3)=0
X+2 9(g(x) = X=02,
since it is cont, so, -1, x(x-2)(x-3)<0
. Xe (_°°l 0) U (21 3)
M 1 =1(0)
x—0" -
lim V1+p(-h)—y1-p(-h) 1 f—o o—
h—0 —_h - 92
of 2 3
D o—-0
: (1-ph)—(1+ph) 1 -
lim -
h=0 —h i\/1 —ph +\/1 +ph} 2 so, f(g(x)) is disc. at exactly points 0, 2 & 3
+2p 1 Sol.5 C
2 2
1 1
p=-1/2 te ——
Y= @20t X
Sol.3 D
1
1 y="
fx) = || x+—|[x]|, xe[-2, 2] + 0
X (x-1)2 x-1
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(x=1)
Y= 1 (x=1)—2(x—1)2

X2 2% +1 x? - 2x+1
Y Cox®_2+4x _ —2x2 +5x -2
(x=1) (x=1)
y

T _ox244x4x-2  —2x(x=2)+1(x~-2)

(x=1)
T (x-2)(-2x+1)

1
by =>xe R- {21+§} so disc. at 1/2 & 2 let

we also include x = 1 because at x =1 1 is not

defined.
Sol.6 B
2tanx+5x—-2=0
tan x = 2 + 1
- 2
Sol.7 B

f(x) = x[Vx ~vx+1)
jim h{vh -vh+1)

107 = Ty T
. h—h-1

_lim ————

“h-0 Jh+vh+1 ~ 1

Sol.8 B

(36" +4)

2_e1/X
0 ;

, X0
x=0

(3e1/h +4)

2_e1/h
h

3(1+1}+4
_ lim h

2 4-1
h

-0

|
>
!
o

lim 7h+3
h—0 p_1q =3

(3e7 VN +4)

. — _—1/h
£0)= Ty —==5,

-0

7h-3
h+1
so, not diff. at x=0

Sol9 B

X x(\/m+\/;)

X+1-x

= Fr—vx -
f(x) = X(x/X+1 +\/;)

Now, RHD
; f(0+h)—f(0
(09 = i, - {0+N=H0)
_im h/h+1=vh)-0
~ h—0 h

=1
since ve~values are not in domain of f(x) hance
diff will lie diudid by RHD. Since RHD is finithence
f(x) is diff.

Sol.10 B
f(x) = sin™ (cos Xx)

sin”! (cosh)—E
-2

. lim
f(0*) = 10 -
sin”"sin (n_h]_n
_lim 2 2
~ h—=0 h
i o
im 2 "3
f(0) = 1y 2——2 -1

h

- | Y
sin (cos(—h))—E

-h

0= 0T
sin”! (cosh) _r

-h

_lim
~ h-=0
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T h T
_lim 22
= h-0 —h

Sol.11 B

, 1<x<2

2<x<3

f(x) = )

%(|X—4|+|2—x| , 3<x<4

ey = [m f(2+hr:—f(2)
(2+h)?{2+h—1)

lim 4
h—0 h

_3
5

lim 5(h%+4h? +4h+h? +4h+4)-12
h—0 20h

lim 5(h%+5h2+8h).+8 .
= = Not exists
h—0 20h

Hence f(x) is not diff at x = 2

£/(3") = h“Lno f(3+hk:—f(3)

9
Z(h=1]+|2-3=h
i 4(I [+ )

h—0 h

_18
4

9 |im —-h+1+1+h-2
4 h-0 T=O

f(3-h)-1(3)

@)= n00 —

(3-h°-(3-h® 18

_ lim 4 4
h—0 h
1 Jim (3-h)?(8-h-1)-18
_ 1 lim 18-9h+2h®-h® —12h+6h?-18
- 4 h—0 h
1 |im 21
=gho0 912 =—"1

Sol.12

Sol.13

Sol.14

Sol.15

Sol.16

since f '(3*) #f'(3)
Hence f(x) is now diff at x = 3.

D

max(V4—x2,V1+x2) -2<x<0
f(x) =
min(\/4—x2 \/1+x2) O<x<2

y=4-x,y=1+x

2.0 0

(-2,00 O (2,0 (2,0)

B
f(x) = max{a—x, a + x, b}

so not diff. at two points

B

If f is differentiable everywhere.

then |f| will also be diff. everywhere.
and if two fns. are diff. then sum of then
will also be diff. everywhere

D

f(x +y) =1f(x) . f(y), f(3) =3
f'(0)=11,1(3)=?

) = h"Lno f(x+hr2—f(x)

_ Jlim f(x)-f(h) - f(x)
~ h—0 h

f(h) -1
(h)

lim f(0+h)-(0)
h—0 h

=10 . oM,

£/(3) =1(3)

'(3)=1(3) .1(0)
'(3) =3 x 11 =33
=+ £(0) =1(0) . f(0) = f(0) = 1]

— =k —h

D
f(x + 2y) = f(x) + f(2y) + 2xy
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Sol.17

Sol.18

lim f(x+h)-f(x)

09 =000 —
1) = hliino f(x) + f(h) ; f(x) + 2xy
f/(x) = Jim —f(0+2)_(0) +2x

f'(x)=f'(0)+2
Cc
f(x) =x — X

{maxf(t),OSth,OSxQ
9 =lsinmx . x>1

max f(t) will be obtained when t = x. so
max (f(t)) = x — x?

lim sinm(1+h)-0

so /(1) = M SO
lim  sinzh
=hos0 " g TET

. R _(_h)\2 _
11y - i, ==t

Not diff. at x = 1 but cont.

B
g(x) = x - [x] f(0) = f(1)
h(x) = f(9(x))

Let x=ael

h(a+) = 1M f({x3) = K0)

h(a-) = 1M f(g(x)) = f(1)

h(at) = h(a”) hence then is cont.
D

Iog(4x_3)(x2—2x+5) ; %<x<1&x>1
4 x=1

LHS (1) = "M log, , {(1—h)2=2(1 —h) + 5}

= Im 10g,, 4, {h?+1-2h—2+2h+5)
= hlino |09(1—3h) (h®+4)
- ~3h 1
_ lim 2 X — oo
= h0 109 (%4 4) x j00 @ "ah) ““an =

similarly f(1+) will be oo,

Sol.20

Sol.21

Sol.22

C
f(x) =x2, xeQ°
=1, xeQ
By short trick
x2=1= x==*1
Hence f(x) will be const. at x = £1

C
f(x) = [sin [X]]
we’ll define the given function as follows :-

0 ; 0<x«1
0 ; 1<x<2
. 0 ; 2<x<3
[Sn D=1 o ! 3<x<4
-1 ; 4<x<5
-1 ; 5<x<6

011234566.28

1 o—o—o—0

so point where function is not cont. is (4, —1)

B
. t
0 - lim (1+S|mtx)t 1
t=e | (1+sinnx)" +1
0 1+sinmx =1
sinx =0
X = N7
-1 x=nn=012......
. t 1+ sinmx > 1
lim (+sinmx)” —1 sinmx > sin0
t—0 1 : t 1 X>n
(1+sinmx)” + -1 1>1+sinmx>0
> L
2
0>x>—ﬂ
2
0 x=nn=123...
Nowf(x)={ ' >0
1 -—<n<0
- 2
(i) f(0*) =—1 (ii) f(1+) =—1
f(0%) =—1 f(17) =—1
f(0)=0 f(1)=0

Similarly for all integer the function will the disc.
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Sol.23 B
&(Hsin%) ., x>0
f(x) = —&(Hsinl], x<0
X
0 , x=0
, f(0+h) —1(0) i
f'(0") = —hn hlm) d
_ (1+sin1j
lim \ M) _md = N.dif.

= h—>0 \/ﬁ

: 1
lim —— i
= hIHO h {h+hsm—}
=0
f(0-) = hlino _ \/5[1—Sin—)
=0
Hence (B)
Sol.24 C
f(x) = max X, (x—1)2, 2x(1 — x)}
0<x<1
so, (C)
Sol.25 D

[n+ psinx] =n[psinx]
- [psinx]is non. diff. where p sin x is asinteger but
Pisprimeand0 <sinx<1[0 <X <]

r
sinx=5;where0<r3pandreN

Forr=p;sinx=1:>x=£in(0,7t)

2

r
ForO<r<p;sinx=E

r r
— cin-1 | — Ceimel | —
X sin (pj or ™ — sin (pj

Number of such valuesof x=P-1+P-1
=2P-2
Total No. of points =2P-2+1=2P-1

Sol.26 C
f(X) =X =%+ x+ 1

2

max (f(t));0<t<x for0<x <1
)= 1x2 _x+3:1<x<2

max {f(t)} will be obtained when 1 would be max.

SO, t =X

SO0, max {f(t)} ==X + x + 1

frqny2 fim fO+h) =f() _ lim (A+h2-(1+h)+3-2
( )—hﬁo h ~h-0 h

=not defined

so not derivable
Now check cont by,

f(17y = M 51+ h)

_lim
~ h->0
=3

& f(1) = 2 so f(x) is not cont.

(1+h2=(1+h)+3

Sol.27 C

By using L' Hospital rule
_Lim 2f'(x) - f'(2x) + 4f'(4x)

X—0 2X
Again
_ Lim 2f"'(x)-12f"(2x) +16f"(4x) _
~ x-0 2 =12
Sol.28 C
_ fx)

Puty=0= f (gj 3 = f(3x) = 3f(x)

F(x) = Lim f(x+h)-f(x)

p sin x is an integer only when h—0 h
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ROHIEN oy B0 gy solazp
—Lim

_Li

_hl—l;]a 3 h “h-0 3 h
_ Lim f(h)-f(0) _
- i I01O) _ o)

ff(x) =3 = f(x) =3x+c= f(x) = 3x

Sol.29C
i (X +h) = f(x

_ Lim f(x) +f(h) + xh - f(x)
~ h=0 h

_ Lim fh)
h—0 h
ff(x)=x+3

2
f(x)=7+3x+c

+ X

f(0) = 0

2

X
fi = 4+ 3
(x) > X

Sol.30D

4
Putx =0,y =0=f(0) = 7
Now puty =0

(zj 4 - 2[f(x) + f(0)]
fl3) = 3
= 3f(x) = 4 - 2 [f(3x) + 6(0)]

F(x) = rITI_T) f(x+h|3—f(x)

Now proceed as in question (28)

4
f(X) = 7

Sol.31C

/6

. . 1 2
L - L -
xirt]) f(x) = XT?) (X e2x _]_J

2x
Lim | &7~ 1-2x
x—=0 [ x(3% -1)

Lim ezx -1-2x

= x50 252 =1
Sol.33C
| f(x) - f(y) | <y
T x—y s&x-y)
Lim LfO-f(Y) |
- Ty < M (x-y)
f(x)=0= f(x) =C=f0)=0=C=0
f(1)=0
Sol.34 D

f(x) = |x-1] + |x - 2| + cos x

All three fns are cont. is [0, 4]

so sum of all these functions is also
a cont. funs.

Sol.35D

1
9(5]=f(1) =0
1+
f(j} = f[1+]=f(1) = 0

-
9(7} f[0] = f(0) = 1

1 — l
Discont. at x = >
Sol.36 B
; f(x +h) - f(x

Lim f(h) - f(0)

_ Lim f(x).f(h) - f(x) _ £(x)
- h—0 h

“h-=0 h
f'(x) = f(x) . f (0)
f'(x) = 2f(x)
Inf(x) =2x+C :C=0
f(x) = p>
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Sol.37 B

Lim f(x+n)-f(x)

Fo0 = i 2

_ Lim f(x).f(h) - f(x)

~h-0 h =f(x) h—0 h
f'(x) = f(x) . f' (0)
f'(x) = 2f(x)
Inf(x) =2x+C :C=0
f(x) = e
Sol.38C

By doing rationlize

Lim (@ —ax+x?) - (@ +ax + x?)
x—0 (x+x)-(a-x)

(Wa+x ++a-x)

(x/az—ax+x2 +x/a2+ax+x2)

_ —2ax [&J
T 7 oy | 2a

f(0) =

X

2X
f(0) = - Va

Sol.39C

g st )

RHL = Lim (x) = 03
n+

X—>— h
2
_ Lim Sin{-sinb} | im sin(1 —sinh)
“hs0 T hs0 {0 %
DNE
Sol.40B

f(x) = {\/5 sing + hﬂ

T

_ 1 o) 1
2 2
Y y y
(2) (1) (2)

Total solutions = 5

Lim f(h) - f(0)

Sol.41 D
+ Lim > i
fn = 03 <[z ]=0
: 1
) - B |-

Discont.atx =1
similarly for x = -1

1 1 1
f(x) = x2 (F‘{X—ZH =1-x? {X—Z}

; 1
f(09) = A8 1-x {—2} '

f(01) =1

So dicont. atx =0
atx=2,RHL=LHL=f(2)=0
coint. atx = 2

But f(0) = 0

Sol.42D

RHL = HMsin [rnh] =[-1, 1]

LHL = HMsin [/ h] = [-1, 1]

So DNE
Sol.43 D
| x-3] 1
f)= X2 * 1+x]
X#2 1+[x]=0
[x]=-1, xe [1, 0)

And [x] will be disoint. at every integer
SoxeR-{(-1,0)un,nel}

Sol.44 B
f(x) should be a constant function.

Sol.45C
h
_Lima -1_
RHL = /" H =/na
. -1-h _ 1
lHL=Lma —-1_,_ -~
~Y —-1-h a
f(x) =/na = Discont.atx =0
Sol.46 D
f(0O*)=p+gq (1)
f(O)=-p+gq en(2)

f(O*)=f(07) = p+q=0,reR
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Sol.47 A
g(x) =[x]+1
h(x) = g(sinx) = [sinx] + 1
[sinx ] is discont at x = g
= [sinx] + lis also a discont at x = g
Sol.48 B
f(x) = [tan? x]
— Lim —
RHL= . [tanZ2x] =0
_ Lim — . —
LHL = o [tan2x] =0 :f(x)=0

Socont.atx =0

Sol.49C

f(x) = [x]2 + y(x - [x])2

DIscont. at every integer because [x] is

discont. at every integer.
But f(x) is cont. at x =1
So option (C) is correct.
Sol.50 B
i~ f(0+h)-f(0)
, — Lim RYTT=RY)
f(0*) = ;'™ ™ =/0#0
i~ f(0—h) —f(0)
0-) = Lim AW ZIY)
f(0) = ;'™ - =-(#0
Non. diff. But cont. at x = 0

Sol.51B
3—2\/§+2x—x2
f(x) = N
_ (B-x)(3 +x) + 2(x - 3)
_ S

f(x) =2 - (43 +x)
f(J3)=2-243 =2(1-3)

Sol.52C
f(x) = Sgn (4 - 2 sin? x - 2 sinx)
= Sgn [(sinx + 2) (2 - 2sinx)]

i
when x > —

T
=1 X<E

=-1 sinx >1 not possible
SO isolated pt. discont.

Sol.53 A

RHL= x = 0+h

Hm g(f(h))|
ash—-0f(h) - ;g(0)—0

RHL=0
h(0)=0
Socont.atx =0
Sol.54 B
f(1)=0
1 x>1
f(x) = 0 x<1

Discont.atx =1

Sol.55A

2
Lim  [IX 131X {Ix + {31}
x=0"  (o1/x* _1)5gn(sinx)
fraction part of greatest integer in always
zero.

SoRHL=LHL=0
So coint. atx =0

RHL =

Sol.56 D

In(eX +2vx +1-1)(eX +24x - 1)
€ +24x - 1Wx

RHL = Lim

x—0"

=2

LHL = Lim M —

x=>0"  /n(x +1) = n2

Non-Removable disontat x =0
Sol.57 A

Lim Vv1+Xx-+41-x
x—07F X

RHL = = 1(Rationlize)

1
LHL = ﬁ f(g(x))

_ Lim L 1V2cosx|-|v2sinx|

=0 2 x>0 2 oS 2X
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_Llim 1
x—>0" COSX —SinX
cont.atx =0

Sol.58 D

x—0

x> x° x2 x4
X—o—t = =X 1 -+ ——+....
Lim 3! 5! 2! 4!

=0
f(x) iscontatx =10

Sol.59 C
—h 1
_ Lim sipnh ~ - lim
RHD = h—0 —SIHE ~ h-0 h2
-h )
_ Lim sinh  ~ = Lim
LHD = h—0 sinh = h—0 h2
Non. diff. atx =0
RHL=1 Discont.
LHL = -1
Sol.60B
a2 _5

X —

f(x) =1 3+al/I
0 ;x=0

f'(0*)=0;f(0)=0

diff. & cont. at x = 0

Sol.61 A
LHD (x =1)=RHD (x=1)
1=2a+b (1)
LHL(x=1)RHL (x =1)
l=a+b+c w..(2)

b=1-2a,c=a

Sol.62D

/
27

10 1 2 3 4

Discontatx =1, 2, 3

h —sinh B

-h —sinh

s x|20;a>1

Non. diff. atx =1, 2, 3

Sol.63 D
RHD (atx=0)=0;LHD =1
RHD (atx=1)=2; LHD =2
RHL (atx=0) =0=LHL
RHL(atx=1)=LHL(x=1)
Diff. and cot. atx = 1
Non diff. x = 0 but cont. at x =0

Sol.64 D

RHD_h—)O h “h-0

2+sinh=2

Lim —h+(1—h)—hsin(1 —h)
h—0 _h -

Non. diff. at x =0

LHD =

_ Lim ; _
RHL—h_>0h+h+hsmh—O

LHL=HM —h+1-h+hsin(1-h)=h

discontatn =0
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EXERCISE - |l

Sol.1

Sol.2

Sol.3

Sol.4

Sol.5

AB,C

(A) f(x) = W (B) Not defined atx=0
RHL=0 RHL:—%

Y

LHL =1 LHL = >

C e1/X_1 -1

© 0=, (O =705
RHL=1;LHL =-1

B,C,.D

B) x=1-x = x=1/2

C) x=0

(D)x=-x = x=0

AB,C

Lim
X—1* |X—3| =2

um [X2] (8x) 13
x>t 47 2)F 4 =

function is cont. at x = 1
function is also diff. at x = 1
and will be cont. at x=3

AB,D

T
tan x will be discontinuous at x = Py

and |x—0.5| and |x— 1| will be non-differentiable
at x= 0.5 and x = 1 respectively.

. 1 T
so non diff. at x = 2,1, >
AB,C
0 , xel
00=0;90=12" _m_
forg(x)
RHL (atx=1) =1 g(1)=0

LHL (atx=1) =1
so discont. at x = 1
forf(x)
RHL (atx=1) =1
LHL (atx=1)=0

(A)

discont. atx=1 (B)

HINTS & SOLUTIONS

Sol.6

Sol.7

Sol.8

Sol.9

For gof(x)

gof(x) =[x, M [1]2 = 1

3_
3—{cot_1(2x 5 3]] x>0
X

{x?} cos (€"*) for x<0

cont. V X€ R

B.D

f(x) =

RHL

2

Lim 412x°-3
X 0" 3—{cot ” =3-3=0

cot” (=) = [n] =3

Lim

LHL ,— o {¥} cose™
x=0-h
Lim {h®} cose N=0
h—0 |
d
0 X 1
AB,C

f) = [X] + yx =[]

) = X+ i} = x= {3+ [{x)]
f(x) = x
f(x) is cont. on R, R*, R — |

AC

n
9= ay | x K
k=0

f(X) = a,|x[° + a,|x| + a,|x® +....... +a [x|" = f(|x])
f(x) iscont.atx=0 Vv allis

2k + 1 means all odd a’s

f(x) =a, + @y +a,x* +........

f(x) will be diff. atx=0

A,B,D

f(0)=0
f(0*t)=[0*]=0

f(0") =[0*] =0

f(0") =[0*] =0

So f(x) iscont. atx =0
f(1) =0

f(1*t) = -1 So discont. atx =1

Mortion-
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= Non. diff.atx =1

Sol.10 B,D

function is not cont. at x =

_..
VR
|\>I:-|I
Ne—
I
o
ISIE]

0
function is discont at x = — & infinit number of

2
points.
Sol.11 AB,D Alsin x]
1 1 ............ :
f(x) = 7 R
[sinx] 5 * - >
s 2
D, :[sinx]#0 -1+ o °

Sol.12

o
X € (2nw + m2nT + 27) U {2nn+5}

cont. when x € (2nm + m, 2nT + 27)
f(x) has the period of 2n

AB,D

f(X) = Y1-+1-x2

Di:1-x¥20 = —1<x<1
RHL (atx=0)=0
LHL (atx=0)=0

Lim f(0+h)-£(0)
h—0 h

1-v1-h? -0

cont. atx=0

RHD =

Sol.13

Sol.14

Sol.15

AC

Lim
n—eo

f(x) =

f(1*) =
f(1_) =1

f(x) is a constantin 0 < x< 1
f’(07)=f’(07)  notdiff. atx =1

B,C

ﬂ2

1 ) 2
fF =(sine") e +

putn=co
f(0) = [{a finite quantity b/w (-1, 1)} x 0] + 1 =1

1+n?

CcD

f 1 _ X
M="2""Fx) = x-2 0<5

N

X
Fi(x)=2(1 +X)iscont. —1< ~—1<—=—1=05

Sol.16

2 2

X-2
tan f(x) = tan ( 5 ]

is cont.

1
(%) will discont at x = 2

AC

f(x) = |[X]X| -1<x<g2

_ Lim
= h=o0 f
-X —-1<x<0| Lim0=0: Lim0=0
0 O0<x<i |x—0" x—0~
. 2 1+y1-h? =1 x f<x<2 [gontatx=0
= Hmo 2 =1-hf x———— 4 xeo Not diff. at x =2
~0oh 1+41+h? -
: 1-1+h?
_ Lim l - l A,
S 20 h Yqey14n? 2 /
1 -1 0 1 2
LHD=- —
2
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Sol.17 AB cont. every where
f'x)=—2(2x+3)"+2

2
=T (ex+3)V8 * 2

(5)-r-(5)

f(x) =1 + x. [cos X] O<x<

nla

; T /() is not defined

2
T
function is cont. is (07 E} Sol.21 BD
f(x) = 2 + [sin" X
_ function is continuous
AX | Lim 1=hlcos(-h)]-1 ~ everywhere in its domain
2 | =n>0 =1 ! + : !
-h but f(x) is not diff. at x= 0
diff. at x = 7 Sol-22 AB,D
1
f(x) = X2 sin (;) , X0
Sol.18 B,D
1 =0 , x=0
f(x) = (sin™" x)2 . cos (;j ifx#0 cont. atx =0
£(0%) = f(07) = f(0) = 0
(0+ Lim sin Lim [
Lim (1j f(0)=h‘>0T=h‘>0hsmh=o
LHL = RHL = sin”' x)2cos|
x—0 ( ) X f 1(0_) -0
= 0 x [a finite quantity b/w (-1, 1)] Diff. atx=10

=0
Sol.23

A,B,D
o i)
(0% = r'{i% (sin”"h)“ cos| h
h (A) (B)
(C) h(x)

P
Lim | SN hJ " hx) =% x20
sin™ h) cos(1/h =
hﬁo( h ( ) (/) =-—xXx<0

=1 x (0) x (a finite quantity)
=0 N ‘4 >
£10) =0 (D) (0,1

Sol.19 B,D
y =1 y =Isinx| Sol.24 AB,D
sin” x + |y| = 2y
T T = sin™
-z x y =sIn" X

y is defined for -1 <x <1

Not diff. at x=10

Sol.20 AB,C
f(x) = 3(2x + 3)2% + 2x + 3
=3
fl5]=0-3+3=0

M 0 T<i>o N e e 394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671,93141-87482, 93527-21564
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EXERCISE - Ill HINTS & SOLUTIONS
3x3 +ax+a+3
Sol.l f(x="—"— fncosx .o
X +X-2 4 2
1+x° -1
Sol.3 f(x) = <in 4x
2 e -1
lim Sx“+ax+a+3 ————— x<0
x>2 2.y 5 = f(=2) /n(1 + tan2x)
. 15-a , . . Incosh
= format is , for existence of limitN" =0 f0*) = lim —————
( )_h_>0 (1+h2)1/4—1
= a=15
» lim In(1+cosh-1)}(cosh-1)
lim w — f(—X) = h=0 (COSh— 1){1+h2)1/4 _1}
X——2 X2 +X— 2
2 _lim _(cosh-1) |, cosh-1 .o
R.H.S. im 302**2 +1a_2+h)=f«2) Tho0 (qp)/A g T oo e K
h=0 (-2+h)* +(-2+h)-2 h2
(x +4—1]
im 12+3h%-12h-30+15h+18
h—0 h2 _3h =1(-2) 1
= 5 4=-2
lim M _f( 2)
h=0 K2_3n ~ _ osin(-4h)
f(O_)= im = =
f(2)= 1 h—0 /n(1—tan2h)
i e—Sin4h _1
Cim _{eTM —f(—tan2h) iy
| ax + 3| x <-1 ~ h=0 yn{1+(-tan2h)}(-tan2h) ~ h—0 — x2h
| 3x +a| -1<x<0
_ 1bsin2x . in4h
Sol.2 f(X) ~ -2b a<x<nm _ r!imo e_s|n4h _q =r!imo esmzin4_h1
— —
cos® x -3 X>T7 2h 2h(e )
- (€SN _q)singh |, 2
f(07)=f(0) _lim nah _jjm _2
“h—=0 gin4hx2heSin4h ~h-0 gSin4h =
—bsin2h
fxX)=—"— —2b=|al f(0) >=—2&f(0") =¢e
+2b—-2b=la] = x=0 Hence it is discontinuity of non removable type.
f(n) =f(x
() =fm Sold4 f(x)=x3-3x3—-4x+12&
. bsin(mr—h)
lim =22\
>0 (m-h) 0= ) g
h(x) = 1x-3 '
—2bh=-2 = b=1 k ,x=3

so, [a=0]& b=1

x3 —3x% —4x+12

h(x) = Xx—3
k ,X=3

,X#3
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f(x) = f(3%) = 1(3)

Jim fx) = 1(3)
lim a°—3x2—4x+12 .
X—3 X—13 =
Zero of f(x) = Xx=3,2,-2
x3 —3x%2 —4x+12 3
h(x) = X—3 X7
k ,Xx=3
h(x) = x2 -4
& checking at x = -3
h(x) =5 =k
hence then.
Sol.5
) 2 2 2
=x2+ + T 3o tet T 3ol
Yn(x) X 14 X2 (1 + X2)2 (1 + XZ)n—l
2 2 1
x“(1+x )[1 - 122]
Ya(X) = (d+x7)
2

. . 1

Sol.6  f(x) = x—|x—>2|, xe [-1,1]
f(x) = x - |x - x?| -1<x<1
f(x) = x(2 - x) -1<x<0
= x2 0<x<1
-1

f[x] is con is [-1, ]

f(x) iscontis[-1, 1]

Sol.7

Sol.8

1 -sinnx
1+ cos 2nx

f(x) = P
V2x -1

Jardx-1-2

1-sin n(1 - hj
_ lim 2

X
A

X
Il

X
\%

N NP N =

h—0 1
1+0032n(—hj
2
. h
2sin® ™
_ lim 1=cosmh _ jim [2)
h—0 1_cos2rh h—0 osin2 zh
.2 Tthj
_ sin| —
{1—] _ lim #  mh? 4
2 h—=0 gin? zth 2,2 4 n°h2
b
1
T4

Joh

_ lim
T ho0 (a4foh -2
2h

_ lim —m _
=n-0 Jouyon =0

There is no value of 'P' because f(x) is not
cointinuous.

g(¥) = V6-2x

h(x) = 2x° - 3x + a

h(g) =h(J6-2x2)=h 2
= 2x2-3/3 +a

= 4-3,/2 +a

(@)

Motion
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g(x) ; X<1
(b) fx) = h(x) ; x>1 [x+1]
ol(x+2)n4) ¢ 16
D ox<2
o | Y6T2¢ i X<l Sol.10 f(x) = 16 $ XS
T |2x? -3x+a ; x>1 _1-cos(x-2) .,
(x—2)tan(x —2)
f(rf)= Im Je_2+2n =h
) [x+1]
() = "M 2(1 + h)2— (1 +h) + 2 ()< lim (4X%) 4 16
=—1+a 2 4P v
Iff(x)iscont.a—1=2
4-h 2 2N
[a=3] _lim 4416 jim 4 216
Solo f 1+x ; 0<x<2
o9 fX=13_x . 2cx<3 h )

o
4 2 {1—42‘2 +
lim

}

2

h—0 42—h {1 _ 42—2+h}
4
_42
im hJ1=4
h—0 42 1- 4h
4h _4
x4
lim hJ_1 _L
x4
4
0<f(x) <2 —
lim 1-cos(x—-2)
—> 1+3—Xx; 2<x<3 f(27) = Do m
2<f(x)<3—>3-(x+1)1<xg2
_ lim , (1=cosh) A
X+2 ; 0<x<1 ~ h-0 Mxh_g
g =42-x ; 1<x<2 h
4-x ; 2<x<3 ) 1
If f(x) is cont. then, A=1 & f(2) = Py
tan6x
21 \, (G)tanSX 0<x<®
g 5 2
\ t T
O 1 2 3 Sol.11 f(x) = b+2 X=§
altanx|
(tt]cosx]) b Eex<n
Pt. of disc (s) are 1 & 2. 2
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tan(3x—6h) —tan6h

_ lim Em _ lim ( 6 cotsh 1
~h-0 | 5 2 ~ h-0 g =
ot a(tanx)
f| 27| = lim (1+cosx) b
x—-T
2
im acoth
=h>0"  p (= sin h)
lim  acosh
= h-0 b

Sol.12 f(x) =

3

1-sin” x x<£
3cos? x 2
a : x=g
b(1-sinx) s
(m—2x)? 2
{z]_ "M A-sinx
2 )] *72 3cos?x
lim 1-cos®h
T =0 3gin2py

lim (1—cosh)(1+cos?h+cosh)

= h>0 5
3sm hxhg
h2
1 1
=€x(1+1+1)=5
n . . T
f[E) = a. since f(x) is cont at x = o

(5] 5

a=1
So, =5
n* b(1—cosh) b
fl — lim
Now: (2] Tho0 gn? T 2x4
= b=4

sin(a+1)x +sinx . %<0
X
Sol.13 f(x) = c ; x=0
1 1
2y2 _y2
(X +bx<)e —x . x>0
bx3/2

_lim sin(a+1)(-h) —sinh

f(07)

~ h—0 —h
_lim [sin@+Nh](@+1) |y sinh
~ h-0 h(a+1) * hs0 h
=a+1+1=
f(0) =c,
11
2\2 _p2
lim (h+bh®)2—h
f(0%) = hI—>O 3
bh2
im h+bh? —h

. hi/2

h=0 (h/2(1 +bh)/2 + 13}
Since 'f'is cont at x = 0, so,
f(0*) = f(07) =1(0)

1 1
2 _ C=—
5 = a+2=c> >

sin3x + Asin2x + Bsinx
Sol.14 f(x) = 5

X

‘ Motion"
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3 5 3 5 3 5
{3x,ﬂ+@ﬂ}+A{zx,@+@}+s{x¢¢}
lim 3 5 3 5 3 5

“x=0 x®
x3(9+8A+Bj
lim (3+2A+B)x 3 3
x—0 5 - NE
x°[3° 32A B
T Bl5 5 75

For existence of limit,

8A B
3+2A+B=O&9+?+§=0

2A+B+3=0&27+8A+B=0

6A +24=0 =
B=5
243 128
i AL B
f(0) = = =
115
f(0=—7+1 =

Sol.15

{" é 2 _sinl(1- {X}z)} sin (1 - {X3)
V2({x} - {x3%)

T
2 ’

x>0

f(x)
90 = Y2y2f(x) , x<0

, {E—sinl(l—(l—h)z)}sin‘l(l—1—h)
(o) = Nim 12
=0 P{l-h-(1-h)3}

{" —sin'(1-1-h2 + 2h)}sin‘1 h
_ lim

~ h—-0

J2(1-h)1—-h2 —h-1)

{"—sin—1(2h —hz)}sin_1 h
_ lim

~ h—>0

J2(1-h)(1=h)(h +1)

_lim cos'(2h—h?) T

0 T o_nd) 22

{72‘ —~sin”'(1 —hz)}{sin_1(1 “h)

J2(h-hd)

100 = py

im | cos™'(1-h?).sin""(1-h)
h—0 V2 h(1+h)(1-h)

_lim sin'(1=h) =®
Theo TS T2

{g —sin'(1- {X}Z)}Sin_1 (1-{x})

- >0
9% V2((1- () "
|4x-5]|[x] x>1
Sol16 f(X) = | [cosnx] x<1

Defining the given fn as follows :

Sol.17 f(x) = x + {-x} + [x]
=X+ (-x - [x]) + [x]
f(x) = [x] - [-x]

-3 -2<x<-1
-1 -1<x<0
f(x)=91 0<x<1
3 1<x<2
4 X=2

f(x) discont. at every intiger value is [-2, 2]

3x-b ; x<1
Sol.18 f(x) = 3 ; 1<x<?2
5x2—a; X>2

atx =1
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LHL=a-b; RHL=3 g(1) =2

LHL = RHL

Locusx-y=3 ... ()

at x =2 = f(1) +h(1) =15 ----- (i)
LHL=6;RHL=4b-a g(1*) =(17)

4b-a=6

ordy-x=6 ... (ii) ?= %:3fu)=hu)+ 1----- (ii)
from (i) & (ii)

y=3 from (i) & (i)

h(1)=11and f(1) =4
4g(1) + 2f(1) - h(1)

4g(1) + 2(f(1)+h(1))-3h (1)

But y # 3 because discont. at x= 2

Lim ax2+bx+c+(e")1 =8+4+2(15)-3x11=5
Sol.19 f(x) =
=n>ew 1+ c(e")-I
2+cosx 3
Sol.21 f(x)= —3_.__ ~ "4
1/c ce¥X>1 = x>0 x=sinx X
2
f(x) = Wzl ; e€6=1 = x>0 2X +X oS X — 3sinX
+ —
= 7
ax? +bx +c X<l = x<0 X sinX
For cont. XLi_Tof(X)= XLi_n)102x+xcgs?<—35|nx
f(0) = f(0+) = f(0") x* sinx
1 2 4 3
= o =e=1 2[1]3[15]
: 2l 4 31 5
_ Lim
a,beR “x->0 ¥
n
_lm X™f(x)+h(x)+1 4 3\,
Sol.20 g(x)= n — oo —Zx” 3x 43 Lim a7 s X+
X —0 S
X
M ;o x>1
2 ! 0) 1
f(1)+h(1)+1 = _=
g(x) = UOLLOLE 8() ; x=1 60
h(x) +1 <1
3x+3 ) atanx asinx—tanx _ 1)
Sol.22 -
- 0122 fX) " (sinx — tanx)
Lim _ Sin“(n2X)
(x) = —(—) .
g x—1 In (Seclr - 2% tanx(asmx—tanx _ 1)
— Lim f(X) — Lim -
R x =0 x>0 _(sinx - tanx)
- Sin“(n2%) )
= Lim 1+cosm2*-1), ——————
X_>1|n( X )XCOSTE.ZX—]. =—| = l _____ ;
cosm2* -1 =-Ina=ln|75 (i)
sin?[2r - n2*) 2 | o4
in“Rr-= i = um Lm 1IN0+ X7 + X
_ Lm [1-cosm2*-1 (2") _X—>0(X)X—>Osecx—cosx
X —1 X AT
in.ZX)
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Clm COS X
~ x>0 (1-cosx)1+cosx)”™

In(l + x? + x*)
(x> +x*)

Lim x2(1+x2)

x (x* + x*)

x =0 (1—cosx)l+cosx)}

LHL=RHL

Inl+1-xe) (1—xe)

e

Lim

X_)_ = —e
e 9(n)

“If g(n) is continous

1
then g (EJ =-e

Sol.23 f(x+y)= f(x) +f(y)
putx=0,y=0
—f(0) = 0 ------ (i)
Letx = a
flah= M. f(x)

X—a

= HM fa+h)

X—0

= HM f(a) +f(n) = f(a) -----

X—0

fa) = 2T f(x)

X—a

Lim (a - h)

= LM f(a) +f(-h)

i X
x3L (1-xe) (x—

f(a™) = f(a) +f(-h)---- (iii)
from (i) & (iii)

f(at) = f(a”) = f(a)

so f(x)iscont. atx = a
= f(x) iscont. v all xe R

n
X X
Sol.24 f(x) = z tan(;} sec [_Zr‘lj ;nneN
r=1

X X X
Let T, .= tan(;) sec(—zr_lj 0= 2_r

tan 6 sec 26

sin® sin(26 - 0)
T+ = CosBcos20 ~ cos6 cos26
=tan 20-tan 6
X X
T, = tan o1~ tan ?
X X
T1=tan2—o —tanE
X X
T2=tan5 —tanz—z
X X
T, =tan o1~ tan 2_”

f(x) = sumof T,

X
f(x) = tan x - tan 2_”

X
f(x) + tan 2_” = tan x

/n tanx — (tanx)" [sin [tan)z(ﬂ

1+ (tanx)"

g(x) =- {sin(tan gﬂ tanx > 1

i T
g(x) = Hm X#

X>Tc
= -
4

= /n (tan x) tanx <1

X<Tc
= -
4
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atx:E
LHL 4 =0
_T . T
RHL atx—z = - sm(tan—j
8
=0
= k=0
. T
s (o) - In(tanx) |f0<X<Z
0 if%3x<E

2
T
g(x) is cont. everywhere is (01 Ej

-2

1
so g(0) & g[Ej are opposite signs.
SO

1
Jce {Orﬂ = g(c)=0

= f(c) = f[c * %j

Sol.27
; 1-a*+a* /na*
g(07)= XL;”; X 2 Leta* =t
Sol.25 g (x) =k (x+ 1) a”.x
(x+1)(x* =2x-1) 5 Lim 1-t+t/nt
h (x) = K(x + 1) =/m2a e
Lim - = _ _1
X——-1 (X) 2 = k 4 2 Zn a
g(x)=4(x+1) ) )
h(0)=-1/4 g(0%) = Lim+ (2a)” —¢n (2a)” -1
f(0)=—1; g(0)=4 x—0 /m? t
Lim 13 h(X)+f(x)-2g(x)]=£ , o Lim t-fmt-1 1
x—0 4 = /n 2a f1 gnzt - E /n 2a
0+) =g(0-
Sol.26 (a) Letf(x) = g(x) - x 9(0*) = g(07)
f(a) =g(a)-a<o0 1 1 1
= n2 - = 2 R
f(b) = g(b)-b=>0 Zén 2a 25na:>a 7
3 cela b] = f(c)=0
v o =e S R e
= 9(0) = n 2 =8 (¢n 2)
1
(b) Let g(x) = f(x) - f(x +E]
1
WWTPT g(c) =0 v ce {O, E}
1
X € {0, ﬂ = g(x) is cont.
1
9(0) = f(0) - f| 5
1 1 1
9|3 =flz) ~f() =fl7] -f(1)
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EXERCISE - IV

Sol.1

Sol.2

Let f,(x) = sin x & f(x) = sin |x|

f.(x) is continuous & differentiable always.

f,(x) is continuous but not differentiable at x = 0.
so f,(x) + f,(x) = f(x) is continious but not differ-
entiable at x = 0.

(using fundamental theorems)

-3x+3 x<0
-x+3 xe[0,1)
=1 x41 xe[t2)
3x-3 x>2

so continuous but non differentiable atx=0, 1, 2.

Sol.3 for differentiability
, im h"sin1/h
0= 410

soonlyifne (0, 1], function is non differentiable.

_ Lim f(0+h)-£(0)

Sol.4 (07 =, h
Lim 1+sinh-1
“ho0 T
v Lim f(O-h)-f(0) |im O
(o) = fim LD Hm 2o
so continuous but not differentiable at x=0
(check at x = w/2)
v _ Lim f(0+h)—f(0)
Sol.5 f'(0%) =" T
Lim h.tan_1(1/h)—0
Thso T,
_Tr
)
im f(0—h)-1(0 i
(07 = Him 10=h=10) _)h Q) _ Lim tant (1/m)
= — m2.
so continuous but non differentiable at x = 0.
f(x)—1f(0
Sol.6 LHS= LM (X)X ©
1 {f(x/2)—f(0)} 1 Jf(x/k)-f(0)
E X/2 +..... + E X/k
o . 10 roe_ .1 1
_f(0)+2+ ..... +k_‘|+ Pt

HINTS & SOLUTIONS

f'(0n =0
f'(07) =1
so non differentiable but continuous at x = 0.

£(14) =3&f'(17) = -1

If f(x) is continuous then
f(17) =f(1*) = a(1)—b=-1
= a-b=-1
If f(x) is differentiable then
F(19)=t(1)
1
= — =2ax; at x=1 = a=1/2

X
o) b=3

-~

2

..1/
e N A

2 1 1 2
&

TN

1] == ¥

f(| x]) = _=\ ]l1 Z

so check at 0 & 1 using fundamental theorem of
addition.

0 ;o ox=-1

4 -4 P 3
Hx) = cos [sgn(3X+2D_0 ;o x<—1
cos™ (sgn( -2 D:O Dox>—1
3x+1

so continuous & differentiable at x = —1

0 ; x=1
f(x) = 0 ; x>1

n/2 ; x<A1

so neither continuous non differentiable at x= 1.
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0 ;0<x«i1

X ;1<x<2

Sol.12 f(X) = 2(X—1) : 2<x<3
3(x-1) ; x=3

checkatx=1& x=2.

m 10+h)—f
Sol.13 f /(07 = bim 10+ =10)

Sol.17

1 _—1h

‘ Lim a a
f(0*) = h————-0
h—0 a’h ;a7 h
h
1/h _ ,-1/h 0,a=1
e <—1,ae 0,1)
a’  t+a 1,a>1

h 1, ae (0,1)
f'<o->=< 0.a=1
(eh—z)+1 —1,a>1
_ '|1-|_>n?) T] -1 so continuous but not differentiable fora>1 &a< 1.
, _ Lim f(0—h)—f(0) Sol.18 atx=0
P07 =050 -h £0%) = HM hsin1/hsin————0=f(0") =f(0
(01) = 15 hsin smm——( ) =1(0)
(-he™-2] , 0 e
Lim (=1-h)
= h—0 “h =ND. 1 , ’
fl—| = Lim . x sin1/xsin( , j:O
so non differentiable at x = 0 rn xo x.sin1/x
m’ b/wi—1,1]
Sol.14
. TX YA = f[L]:f(lj
sm? ; x<1 ) I—— . rn rn
fx) = gx__zg ; [[:13 /32/2)) =1 so continious between [0, 1].
5 y—D 5 for differentiability :
Sol.15 f0* = Lim |hsin l.sin¥—0
(0% = o h™>" h.sin/h
3 . T h
ap— — b/w [-1, 1] 0
N — biw [-1, 1]
e 37 — b = oscillating but finite
1 — so f‘(0%) = DNE
so non differentiable at x = 0.
3 if sinx=0
2 if —1/4<sinx<0
fx)=|1if —1/2<sinx<-1/4 yA
0 if —3/4<sinx<-1/2 4
—1if —1<sinx<-3/4 %
Lsum=12n= & & k=24 Sol.19 f(x) 2
= = — = . =
2 &
1 10X \\
Sol.16 f(1)=f(1) = b=0 T 5 5 4
&also3p+q=0 ... (1)
f(3)=1=13)=@2x3)Pp+q oo 2)
from (1) & (2) = p=1/3,q=-1. x ; O0<x<1
also fr(1)=f(1) f(f(x))=16—-x ; 1<x<3
= az1l X-3 ; 3<x<4
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fif()] =

p—p——t————> X
o 1 2 3 4

where [ =] denotes GIF

Sol.20 f(0)=1; f(0)>0

fx) = Hm f(X)-f(E)—f(h)

= Lim f(x).[f(h)—f(0)]
h—0 T

—
£'(0)

=—f(x).

F(o%) = kim f02T0)
_ Lim f(h) — f(kh) — f(o) + f(kh)
h—0 h

_ lim ) =fkh) | im fkh)-F0)
~ h-0 h h—0 kh

f(0+) = o+ k f'(0) = f(0) = o + k f(0)
e
1-k

Sol.21

= f(0) = £(07) = a+k F(0)

Lim f(x)—f(kx)
x—0 X

Lim f'(x)—kf'(kx)

x—0 1

Sol.22 =a

o

=f(0)-kf'(0)=a = f(0)= K

im f(h)—f(0
f,(0+)=r|1_|_>n(1) ()h (0)

Lim f(h)—f(kh)—f(0)+f(kh)
= h—>0 h
f(kh) —(0)
(1O
o

, ko
=o+k.f'(0)=a+ -k = 1-k

_ Lim f(h)—f(kh)
~ h=0 h

Lim
* h-o

Lim f(=h)—f(0)

o) = bim A
Lim f(=h)—f(-kh)—£(0)+f(—kh)
= h-o0 —h
’ %
= o+ kf’(0) = Tk

Sol.23 f'(07) = HM

Lim
h—0 h

T
COS —
2h
| NS

|
0 b/w[-1,1]

Lim h
h—0

=0=10)

sof’(0)=0

Il_ T Il+ T
f 3 =—Eandf 3 =E

where ne |.

f ’(x) fails to exist at o+ 1

Sol.24 {(0)= Hm w

m f7")]-0 _Lim O f,
_ Lim [ h)] _ Lim Uy = (f'(0))"
=1'(0)[f'(0)"—1]=0 =f'(0)=0o0r *1
butf’(0)>0 = f’(0)=0o0r1.

. 1/n\n
Now /9 - Fm {0 (TN 169

X f(h1/n)n ,

= W0 i = (0"
Iff'(0)=0thenf’(x)=0 so f'(0)#0
lff'0)=1 = f(x)=x+c

(using boundry condn c = 0)
= f(x) = x so f(10)=10
fX) —f(y) 2/inx—4Iny+x—y
put X=X+h, y=x
Lim f(x+h)—f(x)  Lim /n(x+h)—/nx+h
h—0 h = h=0 h

1
I3 >_ —
=f'(x) 2 » +1
Ifx=x—h&y=x

Lim f(x=h)—f(x) _ Lim f(x-h)—/nx-h
h—0 “h Z h50 h

© iy =
Mg = Zg(ﬁj=2(n+1)=5150

1
X n=1 n=1

=f'(x) 2
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EXERCISE - V HINTS & SOLUTIONS

Sol.1  f(x) = [X]? — [¥} )
RHL=0 RHL=0 =E;XS—1,0SX<1
atx = atx=1

LHL =1 LHL=0 Discont. at x= 1 and x=—1 hence notdifferentiable

atx=1,—1 and cont. & derivaiable at x=0

Sol2 RHL. Lim X0 ~-1. Sol6 (a) f:R—>R f(x) = maxx x|
) - x+1)1e -

x>0 (x+1)"2_1 ' g form
3 = c=1
Lim (x+c) 31
x>0 (x+1)/2 -1
1+1x—1
Lm '3 _2_ ,_2
x—0 1 -3 ) )
1+§X—1 Non- diff atx=0, 1, -1
(b) f(x) = [x] sin mx
Lim Lim a If x is just less than K, [x] =k — 1
LHL = X0 (1 + ax)”>< = eX—)O =e? f(X) = (k - 1) Sln TTX,
2 2 Lim (k—=1)sinnx —ksinmk
ea=§ = a=€n§ LHD off(x) = , Sk X —k
2 2 Lim (k=1)sinn(k—h)
a=€n§;b=§;c=1 = h-0 —h (x=k=h)
. YA L P
_ r|]_mz) (k=1)(=1)"""sin hn:(—1)k(k—1)n
. 1/x-1 _ - —h
Lim € 2 1-0
Sol.3 RHL ,— 4+ —375 = =1
T e e2 140 Lim sinh-h
(c) RHD of sin (|x|) — |X| =h'_'>72) —h =1-1=0
1/x-1
i e -2 0-2
LHL T P = oo = .- 1(0) =0)
e’” +2 U+ LHD of sin (|x]) — ||
discont at x = 1 Lim sin|-h|=|-h| sinh-h
Sol4 f:R—R g:R—>R
9(x) = [f(x)|
sol7 1 M g = M g =g &
f(x) a(x) a(x)
f(x) = f(a) =g(x) (x—0a) ........ (1)
/ so f(x) — f(a) = g(x) (x— o) & g(x) must be
continous as f’(a*) =f ‘(o)
Sol.8 f(x) =tan™' x —-1<x<1
X
Sol.5 f(x) = ; x=1orx<—1 1
* 1+ x| =—(x=1) x> 1
2
X 1
=1_|X|,—1<x<1 =E(_x_1) X < —1
X f(x) is discontinuous at x = 1, —1 hence non-diff.
f(x)=m;x21,—1<x<0 atx=1, -1
M 0 T? 0 N 394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671,93141-87482, 93527-21564
Nurturing potential through education IVRS No. 0744-2439051, 0744-2439052, 0744-2439053, www.motioniitjee.com, email-hr.motioniitjee @gmail.com




[ Solution Slot — 1 (Mathematics) |

Sol9 f:R—>R f(1)=3;f'(1)=6
1/ L 1(f0x)-f(1) o _ Lim fla+h)—f(a)
Lim [f+x) X ) Ix‘féx[ i J Sol.11 f'(a) =, h =0, xe (0, 2a)
x—0 f(1) -
y_an _ Lim f(za+h)-f(-a)
1) Nowf(—a):h_ﬂ)f
- ef() _g2
i —f(a—h)+f
= rl;'_% w , is an odd function
x+a, x<0
’ ) X+1 , Xx<0 P h) +f
Sol.10 f(x) = {1X_—X1 ,, 8(:>1(<1 ;9(X) = {(x—1)2+b x>0 _ r'}—'_% W;f(x) =f(2a—x), xe (a, 2a)
gof(x) = g[f(x)] =f(x) + 1, f(x) <O _Lim flath)-f@@) o
fx)—12+b , fx) =0 =~ h>0 h =
Now, f(x)<O
x+a<0 , x<0 Sol.12 (a) y=||x|—- 1]
= {x=-1<0, x2>1 y
1-x<0, 0<x<1 0.1)
=X<-a when x<0 = > X
X< 1 when x> 1 1.0 (1.0)
x> 1 when 0<x<1
The last two cases are not possible Non-differentiable at x =1, 0, —1
s0,f(x) <0 if x<-a (b) [f(x;) =0 < (X, = x,)*
a is positive
P Lm [fx)=fx2)| _ Lim | _
f(X) <0 for x<-a = Xy —Xo X4 — X < Xy —Xo |X1 X2|
=f(x)>0 for x>-a e
Now, => f'X)|[<d = f'(x)=0
. ] Hence f(x) is a constant function and P(1, 2) lies
X) + , X<-a
gof(x) ={ ’ ( )1 2,0 . _, Wheref(x)=x+a onthe course.
[fx)-1"+b , x=-a — f(x) = 2 is the curve.
Hence the equation of tangentisy—2=0
(0 { X+a+1 , X<-a
OTl(X) = \ 2
g (x+a-1%+b , —a<x<0 Sol.13 f(x) = min. {1, %, 5 \ I l/‘;j
=(1-x-1)2+b, 0<x<1 fx) =, x<1 -
=X+ b, 0<x<1 _ 1_’X>1 (
gof(x) = (x=1—1)2+ b, x> 1 f(x) is continuous v xe R 3
=(x=22+b , x>1 and non-diff. at x=1 y=x
since, gof is continuous for all real x, therefore,
(a—1)2+b=b = a=1,bisanyreal number. Sol.14 Fromgraph,p =—1
f =1 R, gof i i i
ora=1,be R, gofis continuous N XL_|>rT11+ 9(x) = —1 N -
X+2 , X<-a Lim 0| !
gof(x) = 1 X2 +b , —a<x<1 = o0 9(1+h)=—1
(x-2%+b , x>1
. h"
so gof is differentiable atx=0ifa=1,be R = Lim =-1
g = =h h—0 | logcos™h
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Sol.15

Sol.16

Sol.17

graph of f(x) : -gw/'l
-1

Lim _nh™ () ey [P
=~ h-0 m.(—~tanh) ~\ m)h-0|tanh

which holdsifn=m =2

Lim f(x+h)-f(x)

f'(X)=h—)0 h
Lim fG)+f(h)—f(x) __,
=i Sy =T
{--f(0)=03} = k(let)
= f(x) =kx+c; c=0
hence f(x) = kx
b-x b-y
Lety = —1—bx:> X = —1—by
b -x
—1 —
so =1 (x) 1 bx
SO f=f1on (0, 1)
1 — _ 2 1 —
f'(0) =1-b2&f(b) 1_p2

1
f'(0)

also f~1 is differentiable on (0, 1)

So f'(b) =

)--

N

v

Mortion-

Nurturing potential through education

394 - Rajeev Gandhi Nagar Kota, Ph. No. 0744-2209671,93141-87482, 93527-21564
IVRS No. 0744-2439051, 0744-2439052, 0744-2439053, www.motioniitjee.com, email-hr.motioniitjee @gmail.com




[ Solution Slot — 1 (Mathematics) | Page # 27

Answer Ex-I SINGLE CORRECT (OBJECTIVE QUESTIONS)
1.A 2.B 3.D 4.C 5.C 6.B 7.B
8.B 9.B 10.B 11.B 12.D 13.B 14.D
15.D 16.D 17.C 18.B 19.D 20.C 21.D
22.B 23.B 24.C 25.C 26.C 27.C 28.C
29.C 30.D 31.A 32.D 33.C 34.D 35.D
36.B 37.B 38.C 39.C 40.B 41.D 42.D
43.D 44.B 45.C 46.D 47.A 48.8B 49.C
50.B 51.B 52.C 53.A 54.B 55. A 56. D
57.A 58. D 59.C 60. B 61.A 62. D 63.D
64. D 65. D

Answer Ex-lI MULTIPLE CORRECT (OBJECTIVE QUESTIONS)

1. ABC 2. BCD 3.ABC 4. ABD 5.ABC 6. BD 7.ABC
8.AC 9. ABD 10. BD 11. ABD 12. ABD 13.AC 14.B,C
15.C,D 16.AC 17.AB 18. BD 19. BD 20. ABC 21.BD

22.ABD 23.ABD 24. ABD

Answer Ex-IlI SUBJECTIVE QUESTIONS (CONTINUITY)

1.1 2.2a=0,b=1 3.f(0") =—=2;f(0") = 2 hence f(0) not possible to define
4.(a)-2,2,3 (b)K=5 (c)even 5.y, (x)is continuous at x = 0 for all n and y(x) is dicontinuous atx = 0

6. fis cont. in —1 <x <1 7. P not possible. 8.(a)4-3yJ2 +a,(b)a=3

9.9(x)=2+xfor0<x<1,2—-xfor1<x<2,4—-xfor2<x<3, gisdiscontinuousatx=18&x=2
10.A=1;f2)=1/2 11.a=0;b=-1 12.a=1/2,b=4 13.a=-3/2,b#0,c=1/2

14.A=-4,B=5,1(0) =1 15. f(0") =

16. the function f is continuous everywhere in [0, 2] except for x = 0, % 1&2

17. discontinuous at all integral values in [-2, 2]

18. locus (a, b) — X, yis y = x — 3 excluding the points where y = 3 intersects it.

19.c=1,a,beR 20.5 21. —
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/n(tanx) if 0<x<Z

24.k=0;9(x) = . - - Hence g(x) is continuous everywhere.
0 if = <x<=
4 2
25. g(x) = 4(x + 1) and limit = - > 27.a- = g(0) = (N2’
' 4 A= 5

Answer Ex-1V SUBJECTIVE QUESTIONS (DIFFERENTIABILITY)

1. f(x) is conti. but not derivable at x =0 2.conti. Vv xe R, notdiff. atx=0,1&2

3.0<n<A1 4. conti. but not diff. at x = 0; diff. & conti. at x = &/2
5. conti. but not diff. at x =0 7. fis cont. but not diff. at x=0
8.f'(1")=3,f'(17) =1 9.a=1/2,b=3/2 10. not derivableat x =0 & x = 1

11. fis cont. & derivable at x = —1 but f is neither cont. nor derivable at x = 1
12. discontinuous & not derivable at x = 1, continuous but not derivable at x =2 13. not derivable atx=0
14.fis conti. at x = 1, 3/2 & disconti. at x = 2, fis not diff. at x =1, 3/2, 2 15.24

16.a¢1,b=0,p=%andq=—1

17.1fae (0,1) f'(0")=—1;f’(0) =1 = continuous but not derivable
If a=1;f(x) =0 which is constant = continuous but not derivable
lfa>1f’(0)=-1;f’(0")=1 = continuous but not derivable
18.conti. in0<x<1 &not diff. atx=0
19. f is conti. but not diff. at x = 1, disconti. at x = 2 & x = 3. cont. & diff. at all other points

20. f '(x) = — f(x) 21. continuous but not derivable at x = v2 22.1/(0) = ﬁ
! 4 1—_ T ’ i T 1

23.(a)f'(0)=0, (b)f'| 3 =—Eandf 3 =E,(c)x=2n+1nel
24.f(x) =x = f(10) =10 25. 5150

Answer Ex-V JEE PROBLEMS

2 2 . . ¥ _

1. D 2. a=ln§;b=§; c=1 3. Discontinuous at x=1;f(1") =1 and f(1 ) =—1
4. C 5. Discont. Hence hot deri. at x=1 & —1. Cont. & deri. at x =0
6. (@)D, (b)A, (c)D 8. D 9. C 10. a=1;b=0(gof)’'(0)=0
1. fa)=0 12. (@A, (b)y—2=0 13. A C 14. C
15. B,C 16. CD 17.A,B,C,D
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