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The fact that the limit of f(x) exists at x=a means that the graph

of f(x) approaches the same value from both sides of x=a.
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L.H.L.= lim M= lim| 2—h-2| = lim i=—1
2" X—2 h>0 2—Hh-2 h—>0 — h
and, R.H.L.= lim | x—2| = lim | 2+h-2] = lim E:1 .....(11)

x—>2" X—2 h—0 2+ h-2 h—0 h

-2 -
| x— 2] does not exist.

From (1) and (i1) L.H.L. # R.H.L. i.e. lim

x—=2 x—2
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Let,3%=t,x—>2=>t—>3

t* + E—12
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lim ——— =1lm —
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l-x 1—-x

1

B (1—x)|:1-1+x3+x2:|

1 X ax-2 0 (x+2)(x-1)
_(l—x)-(1+x+x2)_(1—x)(1+x+x2}
x+2
1+ x + x2
x+2

SO llmf(x) =— lim 5 =-1.
L1+ x+x
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x—3 x-)Wx—2+1—x)

= lim

x—}3wl.¥ 2_Jai_x x-3 (‘/7)2 (m)z
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lim S—
Xx—3 N2x—4— VIE

On rationalization we get,

(3x—9) x (V2x—4+2)

lim
x—3  {(2x-4)-2}x(3x43)

3(x-3) o \NIx=4+\2
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i V1A VITE-VE _ Vitvitz-v3  VitVEits+V3

'z—m r—2 e z_ 2
e e 2 Vitv2t+z+v3
rﬂ(m_ﬂ( 1+ 2+z+v§)
— hm V2+z -2 \/E—i—_::—|—2
Hﬂ( -2) (Vi+vZFz+v3)  Trz+2
(-2

o (z—2) (\/F-I-ﬂ/_) (vitz +2)

I_ﬂ (\/ﬁﬂ-{) (v.&—l—z—fﬂ)
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| Solution: )
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lim r+2sin
2—0 /2242 sin z+1—+/sin’z—xz+1
— lim z+2sin

2—0 22+2 sin z+1—sin’z+z—1

(\/xz +2sinz + 1 + \/sin2:r:—:1:+1)

— lim r+2 sin . (2)
50 242 sin z—sin’z+2

Applying L’H Rule
2-(1+42 cos )

— lli% 2x+2 cos x—2 sin x cos z+1
_ 2
241

Hence the correct answer is option (A)
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A Solution: )

X cot4x
sin® x-cot? 2x

x-tan? 2x
sin? x-tan 4x

li]llx—)[) — limx—a-{}

—c: X 2 tan2x 2 4x 4 __
= Imyg—o (5,7) * ( ) (aax ) 2 =1
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2 . 2 .
tim Zs;n x sinbx 3x 5x = tim 2 sin .r_ 3x _51115.1'_5.1' _ 2_E=_
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A Solution: )

. . 1—cos 2x)(3+cos x
Given Iim ( ) )
x—0 X tan 4x

2 sin’ X(3+cos x)
X tan 4x

= lim
x—0

= lim (*2%) “( )(3 + cos x)x

x—0) tan 4x
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Let,sinx =t

. a3
= lim tl. T“t
t_,o tsmtcos
] l—cost
=>l1m( )X(.
50 2 ‘st
(1+1+
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rtan 2z--2x tan x

z—0 (1-cos 29:]2

.'I:( 2tan =

1—tan? =

)—Za:tacu:r.

z—0 (2 sin? 1‘.)2

2z tan® x

z—0 4sin* z(1-tan? z)

4

— 1 i T tan? z 1
= <111 X
2,50 ( sin’ z z? (1—tan? z)
e P
—1l-0.5

8A=4
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L KSMSD sin(27rsin2 9)
) Lo bnX _ 1




LIMITS, CONFINUITY & DERIVATIVES

tan (mcos® 9)

C Solution: ) We have to find L= lim

68— Sin(2msin’6)

Using sin® 0 + cos? 0 = 1, we get
tan(m(1-sin®0))

= L=lim
8—0  sin(2nsin’0)
) tan (7—m sin’ 0))
= L= lim

g—0 sin(2msin’0)
Using tan(w — 0)= —tan 0, we get

—tan{sin? 0
= L=lim > )
g—0 sin(2nsin’0)

tan (msin® 0) )( 2 sin? 0

= lim —
9—0 ( nsin’ @

Using, llm( SINX )= | & lim(l22X )=

x—0

__1
L= >

sin(2nsin9)

1
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1o ( 1 — cos? (3z) ) sin® (4z)
+ lim 3 -
=20\ N cos® (4z) / \(log, (2 + 1)
is equal to 1
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C Solution: ) " 1 — cos? (3z) sin® (4zx) \
:Eli% ( cos?® (4:[5) ) loge((zgc + ]_))5 )

. sindx Y’ 3
i e o0 (%)

x—0 9x* cos’ 4x .
[111(1;2}{)} A2
X

111'112[1}‘g IKMJ 18

2 1 1x32
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C Solution: )

Given 3 = lim,_,¢ (1 + asin x)°S¢¢ *|1* form ]
Putsin x =y -~ whenx -0,y >0
s Limy_o (1 4 asin x)°%¢¢* = Lim, ,, (1 + ay)/V = e

e®* =3 = a=log,3 =1In3.
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nZ_E(r2 —r)(n-r)
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N Z“:rs _Z":rz _ (n=-1)(=3n*+3n+2(2n*+n-1)-6)
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r=I r=I n—>x (n+1)(3n2-n-2)
n-1
Z(—r3+r2(n+l)—nr) lim (n-1)(n* +5n-8) 1
lim —= n>x(n+1)(3n2—n-2) 3

n—m(n(n +1)Y n(@+DQn+1)
2 ) 6
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m 2 / 6 2
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C Solution: )

Let y = lim w’ ]ﬂég(l + %) [2 fﬂl‘ﬂl]
x—0 X 0
Ex + Xxe ¥ e r 0 W
Applying L-Hospital's rule, y= lim £ —fi
pplying p y=lim » [D orm |

y=]jml e¥+e* +xe* + —[1+1+D+1]
x—0 2 (1+X}EJ x—0 2
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li — _
xl—l% V2 (1 — sin 2x) x—4+h

- 8V2(1 —cos” h)
= lim L-Hospital
h=0 /2 (1 — cos 2h)

=7 cos®h (=sinh)
= |lim 8 —-
h—0 sinZh x 2

. 8 x 7sinh cos®h
= lim
h—0 4sinhcosh

 8x7
= lim
h—0

cos’ h = 14
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Q If lim, ., 32 Lz—tanlx 1§'I§qual to L, then\
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ol + 1
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Solution: )

LIMITS, CONFINUITY & DERIVATIVES

sin”' x—tan" ! x

Given ;lgl—>n{]:l} o
I {K+— )= {X— --)
B x1—1>1(1) 3%
LR =) _ .
= lim —oZ (Use L'Hospital rule ¢ form)
x—0
_ (Bt )= (=F+..)
= lim —* (Use L'Hospital rule = form)
x—0 >
_ (3+-)=(=5+...) 42 1
= }1{513) 18 18 6
. ol
Given that, lim =2 >=2% =L

x—0

:%=L36L=l
So,6L+1=2
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In p= 11]:11 1 5>-In (1 + tanQ\/E)
0/
hm 21n (sec./T)
ﬂ+

Applymg L hospital's rule :

_ L sec y/x tan ,/x
= 111N
r—0" sec \/x.2,/T
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dt isequal to

t3
41
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48
z—0 :134
0
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C Solution: ) T _$5 g
48 lim,_, — if ()
Applying L'Hospitals Rule
3 1
481im — x —
z=0 g% +1  4a°
=12
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)

i{\" T 78 \S',’/
) {Q- Let f: {—— —} — R be a differentiable

_ a:/ f()dt
function such that ¢ gy = % If the lim, _p—2" — -
ex —

«,



https://youtu.be/_3bloQpJQ9c?list=PLTa2m6WeLW__7kgXnA7pyDMarhq_G_U54&t=1397

lim

X _1

x—0 xZ

(using L Hospital)
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= W L—\> - (_ ) ax—(g3*-1)
’[L A0 2 A 7\-7— o) Q Let ﬁ = ;!Cl—r}’(l) ax;(){i()me a € R.
]
LH /” © Then the value of ¢ + [ is
P= et (%2 S N &
ol 5 %fm - _ I
& St X 20 = 14 3
¢ 4=3) " @ @ 2
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2
1 -+-ax—(1+3x+9i+-—-)

2!
= [ = lin
ﬁ x—é’l‘) 3(13(2
I a—3 9x
= [ = lim —
p x—0\ 6ax bax

3
€a-3=0pf=—o

1

5
a=3,ﬁ=—§ :>a:+ﬁ=§
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OF lim ©
A0 _ 2 (bae) — 2
S . e?* —cos(bxz)—
..)_h KL Q.If ].lmw_m f_ 2 :1 7
—cos(2z Q__b)’-
L'H swde = )"
,Q)vw\. }‘ khen 5_3&5.\_&15 equal to @L) D
Q3
K A&Q
s *0.e%* +b &b ©Ue - C\‘Oé)@. ) = v

/b
N =& N
=2 @), 2% \<\’Z§ ° 76
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8/ \%}}/‘ Y
e™ —cosbx -
lim— =2 _17
x—0 1-cos2x
On expansion
6\&3 (u)l A {hxll cx ,/\0’\\&1 {cx)l {(’\‘\@1
+ax + +.. 1- te. |— = Lol&x o’ g
& 2L 2! 2 | 21 ). &
,&é\x—ru 1-cos2x S /§\
v\\ 7 x (2 \/\\
& L (2x) 2 32 2.8
N A0 a b W
© 2 B2 2 & 5 t5+5
x[a—E]ﬂtz a_+_+c_ — 2 2 2 =17
, 2 22 2 b
i 1 =17
5 @x%) a> b® 4a’
S 2 Q = —+—+ =34
For liit to be exist S 2 2 2 N
&, & &
x@@i:{}:}.ﬁ: pr @g{\ p— 5&2 +b2 68 ‘/,\/33/\\
S 2 S S
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A Solution: )

fl liz+0( 12\\—l—m(l-l'L'FO(1\“‘II
o\ 2 \x2/)) A3 342 \x2 /)
(. 11 1 1 ( 1 (1.9
1+ 2—4 + 0 T))—W 1+—+0
\ \ X D W \x? ))
1 - 0.
Since lim — =0foralln >0, so lim f(x) = 1-01
x—}mx" X—roo 1—01

LIMITS, CONFINUITY & DERIVATIVES

x?/3 (l + 1/3:2)”3

fx) =

1/2
x(i +l/x2) -

x(1 +1/.:c“*)lM —x*3(1+ Ux“)”5

&

= 1.
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Given, ]Jm\fnl—n—1+an+[3 0

n—oo

Now rewriting the expression we get,

1
lim(n®>-n-1)2 +on=—P
1

=lim n(1 -+~ %)  +an=-p

n—:aooc

Now on using binomial approximation (1 +x)" = 1 + nx we get,

lim n(l — % — L )ton =B Now for limit to exist (1 +a)=0 = a =
Zj 1 1 4 oon = Now on putting the value of a we get,
Amn=y =g ten=-P lim n(l +a)-1 -1 =-
: 1 1 n—omo n
= + )= - — = —
nlilg ﬂ(l ﬂ) 2 2n B = lim _%_é :_B
=>—1 0 =B
=i ﬁ

So, 8(a + B)=8(~1 + 3 )= 8 x —Tl =
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@omsdon (+2)* 1+’ Poy © p
- 2 . —~——T
‘1 -l:- . V 1 * r--}‘:.tw_ \/E . sinzm
(\*(.\ '\—:Jii) a=11mf:>_o a! andb = lmla:_}o\/ﬁ—-\/l+cosm,
, imthen the Vil{le of ab3 is: o
=2 fF L) COa) X xS S
’2{"\\% /}g\’ko- Lim (S\m,x) @+\S\+%) ° \-32/
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Solution: )
J1+J1+_x /]

a —llm

. 1+x* -1
= lim

. x“(\/1+\/1+7+\/2—J

4

LIMITS, CONFINUITY & DERIVATIVES < nene

=lim X

" 4(\/1+\/1-|-T+~/_J(~/1-|-7+1)

1
Applying limit a = ——=
pPplying 4\5
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sin’ X
b=Ilm

""“«/_—J1+cosx
I (1_005 X)(ﬁ+\f1+cosx]
=lim )

x—0 2—(1+cosx)

b=1lim(1+cos x)(-\ﬁ+~,}! +cosx)
x—0
Applying limits b = 2(\/5 +2 ) =42

x(4ﬁ)3 _

Now, ab® =

|
a2
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C Solution: )

We use the Sandwich theorem here. Since 2z < ¢(z) < z*? — z + 2, we have

lin} 2z < lm} 9(z) < li]it}(:!‘?g -z +2),

therefore
2 < limg(z) <2

and hence
lim g(z) = 2.
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Q Let f: R = R be a positive increasing ﬁmctlon with
f(3x) f(2x)

limy_,, —— raal = 1. Then lim,_, . O




A Solution: )

LIMITS, CONFINUITY & DERIVATIVES

f(x) 1s a positive increasing function
= 0 < f(x) < f(2x) < f(3x)
f(2x) - f(3x)
f(x) f(x)

i L
S lim1 < lim &9 < Jim SCY)
e T f®) e f(X)

=>0<]1<

By sandwich theorem.

= lim 2

=1
X—00 f(x)
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lim, ,,, ——— 1.
= n 1 <| E 54 <l§—'?(q N such thz;t(w) - f(z) Then, the value of
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f(x) < f(5x) <f(7x), ¥ x =0

;< f6x) _ (7x)
fx) ~ fx)
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(- ’ ( 11x N 21simx
Q. The value of p—r- sin x X )

the greatest integer less than or equal X is

(
A

3\
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C Solution: > Since x >sinx, forx>0and lim — =1 1Y)
—=0+81nx
11 11
SO — T 511 as x — 0 + but —x > 11. Thus
sin x sinx

[ Hx :| = 11 for value x — 0 +. Similarly

sin x
21 sin —21 as x = 0 + but 20< 21810X _ 5,
x X
[215111 x_’ ~20 . Hence
x U

lim [[ l.Ix ]+[21 sme _131
x=0+ sSinx X

1
Similarly x < sin x for x < 0, 50 [—x} =11
Sin x
sin x

-|:20as.r—)0—.Thus

X 4

11 21si
lirh u ; JIf]+[ S‘“D =31
r—=0- Sinx X

asx > 0-and [21
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4 lim { [ 100z ] _|f [ 99 sin « } }
Q. The value of “2—=0 | gin 2 x :
where [.] represents the greatest integer function is
\ - N \} o
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C Solution: )

We know , x > sinx Vx>0 and x <sinxVx < 0

sinx

< land > 1

X Sin x

99 sin x
=)
X

So,x - 0>

_ 100x
= lim ([ ,
x—0 SN x

=100 +98
= 198
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a d & ARMY
/“?'\\Q/ ,'KK‘O} ,m,\\o} \
& © ar — b , © r <1
Q. Let f(z) = 3z : l<z <2
~ bz’ — a , r > 2
If f is continuous function then (a, b) is equal to )
QS S - S
,sé?;\Q & ju)— > &
& (AL lngon-D = 0L~ 5 2 3 (1,2)
© @ =3 >
{{5?\(2/ R?i%@?\ﬁ\* 3 = ggf}&e (1,3)
A ﬁ : \ 4
L= lim
&
& Yk
N\ A 0:
& &




( Sol t‘oh:
=\ ) fll) =a - b and lim 3x = 3 so for f to be

x—1

continuous @ — b = 3. Also f(2) = 4b — a, so
Iim f(x)= lim 3x=6. Thus 4b —a =6

x—2- x—2—

solving, we have a = 6, b = 3.
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¥ ar — b ,
Q. Let f(z) = 3z : l<z <2
bz’ — a . x > 2
\If fis continuous function then (a, b) is equal to
) D
Q}Q | /é\‘\\
& &
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g
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C Solution: )

LH.L. atx=3, lim Ax)= lim (x+ A) = m{:ﬁ,-m;b}

=3 x=3

LIMITS, CONFINUITY & DERIVATIVES

=3+A4

RH.L.atx=73, lim Ax)= lim 3x-5) = ﬂ{3{3+h}—5}=4

x—3" x—3"

Value of function f(3)=4
For continuity at x = 3

Limit of function = value of function3 + A=4=>41=1.

/.\
AV

O

'/ NEHA
MA ‘AM'S



NEHA
MA'AM'S
RMY
~N

NS
&

Fal
>

LIMITS, CONFINUITY & DERIVATIVES

&

%

Fal
>

T By
S 4 Y
= “ “%
S %,
[} 7 Av\
& = % %
¢ = 4 ¢,
7 S b M
Yo &) ,\&;:
&0 « ?mvw
o M
AVARR | BAN
8 &8 8
< ¥
T o8
™ <
I~
(I
— Y
8 2 P 4,
~— -l (¥ 4
= ™[, @@o
Y A X
5 8] % e,
x .
&, 7%, “%,
®,\&s.? Q,\& ) M
wmw\w mmw,wi
. -~
4 \\
% %
$ z%«
“% %
L% %
e 2 %
¢ 4 "4
\@\\ - \@\ " |



/,

@
\

QIf ) — {a;sinm,

7Sin(7r+$): When%<$<ﬂ'

then
N 3 — R
Clneck Rok()" <~
~ T
. é\%@n f(x) is discontinuous@ff r= —
gl iste = 5
\) VP ' ’,\&
WMHL= T Q‘f\@“ £ | " \{\/‘\'“ta: 7y
2 \ X) is continuguls at ¢ = —
By & é} 2
=N (- - '
it 2'( 2 G f(x) is continuous at x=0
.\}\ \\\
"\'(:\‘ ‘\{\\‘
P P
3 &
2 &
& S
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A Solution: )

lim _ f(x)— i, Ax)= —£an _]=_

x-»Z x—Z
2 2

5 2 . 1 [ 3 L 3 L ] L] H

Since lim # lim f(x), .. Function is discontinuous at x=—

E xE 2
2 2
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%;\\ fQ If f(a) = x sinz, u@n
5 sin (m+z), when 5
then
~ J
x@\}\‘ J\,@%
N (x) is lscontlnugg\s tx = 5
S &
© & i
M,»'\\Q’ f(X) IS Con'gigﬁous at T = 5

{8)/] %};}

G f(x) is continuous at x=0
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0 +3 39 \- lﬁ) /Q. If the function f defined on \
20

N
(\¥3n ] L\ 27() 3'3 L ,whenz = 0
RV S . &

\ 158 edntinuous, then k is equal to.

>

< for ko
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( SolutionD l1m f(x)= hm( ln(l-er} ~ In(1-2x) )

f MARAM!S \
X

3ln(1+3x} + 2].|1(1 Zx]

—110( =3+2=5
[ lim 20 g

f(x)—0 f(x)
~ f(x), will be continuous if f(0)= lin% f(x)

Thus, k=5
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@ ‘?Q/ 4 c\\v 1n(1+5x)—r§§:ax) )
=~ = , x# 0
Q .Let the function f(x) = *
10,x =0
Q \be Continuous@x = 0, then a is eq\ual to: .
& < <
v,\gé?’* N Q1450 —&Qn(\ o)
& &
PR PR
Oy O 6 — 0( = \D
o= _H
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C Solution: ) In(1 + 5x) — In(1 + ax)
, X
f(x) = x
10,x = 0

%0

~ In(1 4+ 5x) —In(1 + ax)
lim

x—0 X

- In(1+5x) In(1+ ax)
= lim —
x—0 X X

=5—u«a

=>5—-a=10=2>a = -5
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Q .Let the function f(x) = *
10,x =0
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',m’(\\ ’ SV“.Z- } \
‘;\w}i *Sm@HIDX T S R 1 ‘3 /Q Let f:R—R be a function defined as{ * ;}Mlh%m 9 I
2 0\ (et~ — " Ifz<0

U £00= b £0)=£(0) -
M0 f ﬁ-voe -Ff(;r: = b, Ifz=0
(o -

— “3‘\
(é&Q 0 -2 \ffls,gp\qtlnuous on x=0, then@+b)ec
/bé\ 3 y)- yL. v
A0 3 _
,mj\Q’ 5| m{ A+ o - = -2+] &
© bn &) ( b ) { - 2




( Solutio

LIMITS, CONFINUITY & DERIVATIVES

f(x) is continuous at x = 0
lim f(x)= f(0)= lim f(x) .

x—0" x—0"

£0)=b ...(2)

(D)

lim f(x)= lim( *‘“‘“*”"
x—0 x—0
a+1

=5 +1 ...(3)

lim f(x)= lim
xim{;' (X)_ x—0" bx>?
(x+bx*—x)

= lim
x—0"  bx?? (Vx+bx+Vx)
. Vx
= lim = = %
x—0"  Vx(V1+bx2+1)

Use (2),(3) & (4)in (1)
l=b=22+1

=>b z,a——Z

—3
a+b—T

Vx+bx3i—Vx

sin2x )

...(4)
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& Q’ /Q Let f:R—R be a function defined as{ * {h}aﬂgzﬁm 92 Ife<0
f(z) =4 b, Ifx =
Q < U if g 0
%,é;\'(\ ffls,gohtlnuous on x=0, then a+b equals *** %,é;\'(\ /
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o) 70
S JEE(Main): 9 April 2024 -I X
& ;E Y
/Q. Leff: (0, ™) = R be a function givenby
'8

. tan Br
§ tan Te 0 {_’ T < E
SOLUTION (7) ’ 2
f(z) = a — 8, T =3
N ltan o N\
,R}xﬁ‘-i— |ccrt:1:)“|m”r 'Ll, s <T<m 0;\'(:\
'<\‘9‘ - é{b‘
\
whgq%‘ a,b € Z. If fis continuous at X = 5 sthe aZ + b2
@équal to S /
PAN O
{f\}i’ )
KY XY KY
{'\:\\ ) &((\ ® {,\f\\ 3
2 2 2
& & &
RS RS RS
Q& & Q&
N ON N
X\(/ (4,


https://www.youtube.com/live/R_bppGwjUWQ?si=80mlE_EpEWnStnXx&t=2140
https://www.youtube.com/live/R_bppGwjUWQ?si=80mlE_EpEWnStnXx&t=2140

A\ | MA'AN'S \

tan8x 0 As f(x) is continuous at x = z
. 8 n7x 8 2
SO0
] 2) 2 2
RHL atx = — b
- =>l=a-8=¢"
. EIrmml _ .
lim(1+|cot x|) =a=9,b=0
2 — a’+ b =8l
bmkotal Zlanad b

L=

= ¢ 2 =en
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@ “ds.atu=o 4 © O e ifz< 0 )
Lo CVar- ) Q. Let a function f:R—R be defined as, f(z) = {a, +[-2] if0<z<l
n07 S 1= £00) 2z — b ifz > 1
DLpin (0-‘\' C x%- o-1 Whe.re [x] is the greatest 1nteger less than or equal to x. If fis
aA0T N\ continuous on R, theQ\“éa+b) is equal to:
u &Q ()*S\ \/\IM
FHol=-| [- 0:001] & Lora-
{5& \ ?@@ F3=%
{{3}\ CJ'S. 0* =\ {\::}\
0-911
by (04CAD)zo1 [F0-299] =+
(s, () - 9 &
7 D
/}:\<\fo A-b= | = l) =3 /bé{o
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LIMITS, CONFINUITY & DERIVATIVES anﬂma,sa,\
(" Solution: ) We have,

sinx — e® if x<0
f(x)={a +H—=x] if 0<x<1
2x—b if x>1
If £(x) 1s continuous at X = a then lim f(x)= f(a)= lim f(x).

x—a x—a

Continuous atx =0
f(0")=1(0")

= a—-1=0—¢°

= a=0

Continuous atx = 1
f(1MH)=1(1")

= 2(1)y-b=a+-1)
= b=2-a+1

= b=3

. at+tb=3
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Q. Let a function f:R—»R be defined as, f(z)={ a+[-2] ifo<z<1
2z —b ifz > 1

Where [x] is the greatest integer less than or equal to x. If fis

continuous on R, thensfa+b) is equal to:
o
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N 1. CONSTANT N Nt

2. POLYNOMIAL

3. MODULUS All these

4. RATLON AL functions are \

N} : continuous on QY
5. @,}}‘fi TRIGONOMETRIC FUNCTiONS v S heir DOMAIN %{5{'\\
6<ALL INVERSE TRIG. FUNCTIONS & RS
<l log.x & &
9.y = [x] and {x} are continuous VX € R-7Z -
10.y = tan x is continuous everywhere except at z = (2n + 1)5; neJz
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& \ARMY
@g/ 3, <0

2
Q. Let f()=[2x*+1] and g(z) = 2043, 220

where [t] is the greatest integer < t. Then, in the open
interval (-1, 1), the number of points where fog is
discontinuous is equal to_6 2~

A
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{‘9« Ocn<|

]C( m)mll
howe 3| —[:7

o vinky




2x—3, x<0
2x+3, x=20
Now, f(g(x))=[2g*(x)]+1

f(x)=[2x% + 1] and g(x)={

| [2(2x —3)°]+1;x <0

[2(2x +3)*]+1;x > 0
Ifx<Othen—-1<x<0=>-2<x<0
= -5<2x-3<-3=>=9<(2x-3) <25
= 18 < 2(2x — 3)? < 50, So there will be 31

values where 2(2x — 3)2 is integer, Similarly for 2(2x + 3’.)2
there will be 31, so total 62 points of discontinuity
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LIMITS, CON'HNUITY & DERIVATIVES

The function u = f(x) = —— is discontinuous at the point
x =1 ...(1)
- . 1 1
The function y = g(x) = — = is
uw“+u-2 (u+2)(u-1)
discontinuous at u = -2and u = 1.
1
when u=-2 =y=-2
x—1
1
= x-1=-=
. X =1/2 . (ii)
_ 1 _
when u=1 —u=1
x -1
= x-1=1
N X =2 .. (iii)

Hence, the composite function y = g (f(x))is

discontinuous at three points x = —, 1 and 2.
2
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{'—"(m) =L @) Q.Iff() =+ :_xjthen the points of discontinuity of the
x=\

& N.o poirg\&\{?f
discontinuity
>




Clearly, x = 1 1s a point of discontinuity of the function f(x)= ﬁ
if X # 1, then

(fof) (x)= f[f(x)]= ( 11:{ )= K;l , Which 1s discontinuous at x = 0.

Ifx#0and x # 1, then
(fo fof)(x)= f[(fof)(x)]= (=)= x

b4
Which 1s continuous everywhere.

Hence, £3°(x)= x, which is continuous everywhere.

So, the only points of discontinuity are x =0 and x = 1
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©) Algebra of Continuous functions © %% O

f() g(x) f(x) £ g(x) () g(x) and f(x)/g{x)

Y N
Co ntin%@‘ Continuous Cupcgﬁﬂ{}us Continuous
R ~f/3 — 6’/3/&

N S
Confinuous Not Continuous NGt Co ntinyﬁs U EVAE CUQﬂD{@J&.

>

AL, /\®

N : " . .
~Not Continuous Not Continuous [+ May be Continuous May be 'Qﬁ,’%muous
{\{;’7 {\,,/' y / \/y (i.,',/’
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NOTE:
® Ifg(x) is continuous at x = a and f(x) is continuous at g(a) then
fﬁg(vxw)) is continuous at x = a. x\&‘ N
/& L—)d‘S Q}. (’ /&
@ If g(x) fhien f(g(x) be &
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© Condition for Differenfiability : ©
If lim [ T@ iy [@DT@ _ o finite value.
h—-0* h h—0~ -h PP
f'(a)
< (R.H.D) . (L.H.D), Q
¢ S &
2> — 2>
<2 > >
Q}\«@ Geometrically implies that there is a unique tangentat x=a
{@j}\ ® )
If LHD = RHD = finite value Lo £0O-£@ -Q'CQD\T
AN A—O
Graph is smooth n—doth
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Vertical Tangent Line
ntifiuity
not differentiable at

‘a’ if thepe is any types of
disgg@t'nuity at ‘a’.

Q
A Function is not dig&”entiable at‘a’

. a7, ) o
A Functio if its graph has g\/}/@rtlcal line at ‘a’.

Corner )
6'350

&
A Function is not dif@}entiable
a‘F a’if l‘tS’ graph%\@ a corner or
kink at ‘a’. &
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f(x) g(x) f(x) + g(x) f(x).g(x) and f(x)/g(x)
Differen‘tci%b‘le/ Differentiable Diff?gsggtiable Aifferentiable &
. ~/{>\_ . . /(}\‘ . . L& /\
lef%géﬁtlable Not Differentiable N\/gﬁleferentlable Mj}be lefere{l%@fﬁ?e
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NotDifferentiable | Not Differentiable xMay be Differentiable May be Differéntiable
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f(x).g(x) and f(x)/g(x) @
May be Differentiable

-
N
2

G

Not Differentiable
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f(x)
Differentiable
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© f(x) @) fx)+gx) ©
Not Differentiable | Not Differentiable May be Differentiable
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@  f® g(¥) @(%).g(x) and £(x)/g(x) ®

Differentiable Not Differentiable May be Differentiable

+ = (L) = S g () o
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Q. A function f(il?) = {5

Continuous but not
differentiable at x = 2



3

CSolutiom) lim 1+(2~-H=3, lim 5-2+H=3, A2)
h—-0" h-0*

Hence, f is continuous at x=2

Now RF(x) = lm A2+ B-8 _ ;
h—0 h
it = st e—3-8 .,
>0 - h

‘* Rf (x) # Lf (x)

. fis not differentiable at x=2.
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atx =

2

\
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able at x

Va

=2
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e Differ
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A\ 4
Continuous but not

differentiable at x

Q None of these

=2
\



& LIMITS, CONFINUITY & DERIVATIVES " neua.
& & 3 ARMY
© & &
> x\x = e 37 0 (‘QQ Let f : (—o00, 00) — (—00, 00) be giteh by
- x<o f(a’):$‘33f+|113;,1\’—\33—2|2+|x—3|3 If A denotes
the set ofpoints v(rhere f (-)?ifsrentiable, then
) —
2% A20 A=
@:\x\)@g S X
—qu A<D L S/ 5

\

J

G

{’/\&W}
&
/}:\\
'\V
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RGN N [ " ¢ , s
| |2-3] ) )
12| = (=" hff o+ 2 e 2
N @ JP@‘E’ 3y, A<
,,/\\‘5;5\\ é\%fé\ 3 ( 1_3) y 1> 3
'\/?’;\ 22 A =
& L dify o =5
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( Solution: %2, x20 | | -
. h(x) = xlxl = , is a differentiable func-
—x“, x<0

tion
u(x) =Ix - 21 = (x — 2)2 is a differentiable function

(x—3)3, £
—(x-3), x<3

y(x) = lx — 3P = { is a differenti-

able function
w(x) = Ix — 1l is not differentiable at x = 1.
f 1s differentiable everywhere except at x = 1.

Hence A = {1}
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F@)=zl|z|+|z—1— |z —2*+ |z — 3> IfA denotes
the set of points where f(.) is not differentiable, then
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Q. The value of the derivative |z - 1]+ ’5’3 —3latx =2
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C Solution: )

-(x-1)-(x-3) , x<l1 [-2x+4 , o x<1
Let Ax)4 x—1|+| x=-3| =3{(x-)-(x-3) , 1<x<3 = 2 , 1<x<3
x-1D)+(x-3) , x23 |L 2x—4 , x=23

Since, flx)= 2 for 1< x<3. Therefore f(x)=0 for all xe(1,3).

Hence, f(x)=0 at x=2.
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Q. The value of the derivative lz— 1|+ [z —3latz =2

4\
i3 84

is:
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fle)=1 H,

f(z)=+ %; z>1

ez’ +b;— 1<z <1

f(z)is continuousatz =1, LHL = RHL

f(z) is dif ferentiableatz =1 = 2,_,1_»,:4_[].::_21

a+b=1, 2a= -1
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f MA'AM'S \

& continuous also
[Any differentiable function

4a + 2b =-  isalways continuous]
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Né@ é\(& EE Main 2016 «‘?\f{\é\\ :
{‘:,':\ &L A0 > \ua?_ 7%“’\& (_:(:,f} ] ain zg\‘}} \

5 F05= log2- simm Q. For @ € B, £(z) = llog — sin zland g(x) = (4(z).
A = -F(f(m) k-\
A{\"Bl s (‘1 2 ) ’&é\% ° g (0) = — cos (log 2})@/&@%—)

<\ &

! _ 2- S /b‘

é\/g%m) h CM( L‘”& 9(_ C‘%{\’é\ e g is dlfferentlgp% at
N
© 3 _ ) z = 0and g@ — sin (log 2)
9 (0)= - u»s(\qz o)( 1)
- 09&()5%2.) G i is: not differentiabl-e at
& &S Q g(0) = goslog2) &
P P P

'\/§\\ ’3‘6\ ,\/gg\\

@ x\’é<Q @
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MA'AM'S |

C Solution: ) In the neighborhood of x = 0, f(X)= log2 — sinx

~ g(xX) f(f(x)) = log 2 — sin(f(x))
=log2 —sin (log2 —sinXx)
- g (X)= —cos(log2 — sinx) (—cosx)

= g (0)= cos(log2)
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@ \ @ RMY
{,,m,\«‘?f f_c : JEE Main 2016 y \«Qf N
Q For @ € R, f(x) = |log 2 — sinz|and g(z) = £(f()),
is
Q \- S '\%_)
Q N QO
S RN / S
&P P ° g(0) = —cos (log 2).2
O O O
& & &
& oS
' \Q~/<®“ ' \Q)(\/‘\’ gis dlfferentl%b&e at
© © z = 0and g@ — sin (log 2)
o g is not differentiable at
x =0
&1&‘ ,\«\{Q}‘« Q g (0) = cos (log 2) &»\\X
P & P
& & <&
& & &
\) A\ \)
2 2 2
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< (0,27) & )
. In'"7 , the total number of points where

f(z) =max:-{sinx cosz, 1 — cosz}

is not differentiable are equal to )
A ~\3\2




A Solution: )

The graph of f(x)= max. {sinx, cosx, 1-cosx } is

= f(x) is not differentiable atx = %, 2, <&

= f(x) is not differentiable at 3 points

N
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Q. In (0, 2m) , the total number of points where f (z) = max.
{sinz cosz, 1 — cosz} is not differentiable are equal to
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f { ’\&
If [t] denotes the greatestinteger < t, then

the number of points at which the function

f(x) 7&4|2x+3| +9[x+ ]—12[x+20] is not XY
“(\

d(ﬂeérentlable inthe open interval (—20, 20%(5

y
"’\\ K
@ @
4 &
N PR
\Y \Y/
& &
2 3
& a
O N
@ &


https://www.youtube.com/live/TgyZXog9SsI?si=fZCRRMzhrITitJhX&t=1376
https://www.youtube.com/live/TgyZXog9SsI?si=fZCRRMzhrITitJhX&t=1376

LIMITS, CONFINUITY & DERIVATIVES

f(x) =4|2x+ 3| +9 [x +%‘ — 12[x + 20]

= f(x) = 4|2x + 3| + 9

1
X + 5‘ — 12[x] — 240

f(x) is non differentiable at x = —z

f(x) is discontinuous at {—19,-18,---,18,19}

39 3 11 39
as well as {——2-,—7,---,_5,_5,5,...’?}

At same points, they are also non differentiable.

~ Total number of points of non differentiability = 39 + 40 = 79

A&7/ NEHA

MA'AM'S
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‘0/& N\ JEE Main 2021:25Feb-1I ¢
/‘*’/\\Q/ _ 2 ﬁ”?\\o} /‘w\\o}
\ A ‘%‘; . @’/ A function fis defined on [-3, 3] as ©

A+ -2~ :
(nt2)(a-\) | D)= min {|z[,2 - 2°}, -2 <2 <2 [jz[|,2 < [¢| < 3 where [X]
denotes the greatest <% The number of points, where fis

. Not differentiable in (-3,3) is_b
N % i n}g‘ ein (-3,3) is

N
—--

[121] \@q;% 2

./b.
7L
| = \/\\,‘5\_7, A< )
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C Solution: ) Ok
o—0 2 oO0——0
min{|x|,2 —x?},-2<x<2 1
f(x)={
(x]] , 2<[x[<3
=>x€[-3,-2)U(2,3] r \

Thus the function f(x) is not continuous at (—2,—1,0,1,2).

Hence, the number of points, where f is not differentiable in (-3, 3) isH

points.
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& ® f(x) is continuous at x@ 1{0) &P
{zg&@ ® f(x)is glfferentlablgﬁa“c x=0for p> 1<~ {zg&@
2 ® /(x)is contatx =0 for p>2 &
S S & ~)
i\{:’,}: f\{\}.io {\{3{}
Q QA
& &
'\59?} »{g} &
'\/3:\\ > ,\/3:\\
& & &



&

& LIMITS, CONBNUITY & DERIVATIVES ) nena

N <O [ MA'AM'S
Q;‘\?} Q}‘“ JEE(Main): 24th Jan 2023 -I Qf\?’ RMY
~) a8 A=K
N & ©
2 i 1
x” sin( — x #+ 0
Q. Let f(z) = (z) e # ; Then at
L] 2 o l
A SAM(T(, ) =0 0 ,x =0
A0 e~ _
A x=01is A Q
/\\ &
&@i\\ % fis continuous but not dlfferenﬁ%ﬁ)le
&
’?:
O\

&
fis conti ut f’ is @‘t continuous

f and f both are continuous

—_——
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Continuity of f(z) : f(07) = h? - sin % =0

f(07) = (=h)* -sin(F) =0

f(0)=0

f(z) is continuous 2 ( 1 )

/ 1 f(0+h) f(O)_h -Sinz _()_
f(07) = o = » =0
=Y — 1 J00 — h) - f(0) h?-sin(4-) — 0 3
f/(07) = lim & _ = o

f(x) is differentiable.

fl(z) =2z - sin(%) + 2. cos(%) - _—21
T
.sin(X) — cos(L
f,(w):{2m sin(+) —cos(<), z#0

0, T =

/.\
AV

NEHA
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Now,

x'h_ng'(x)= g[zx sin( )—cos()]
= limf'(x)= li11:1[2:r.{l — ll [ R =

51 x5 21 x2 41 x4
> mfe)=m((1- 2 L+ 25— g5+ k)]

This limit does not exists finitely, hence f'(x) is discontinuous at x = 0.

‘ AAMS"
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M&\é\“ JEE(Main): 24th Jan 2023 -1

S

X?; P
Q\Qf is continuous but not differentiagl\%\\
\y/J O

9 f is continuous but f’ is not continuous

G fand f’ both are continuous
»\ ® 2
& &
Z)
e fﬂ’Qig‘(Eontinuous but not differentiable &
AN

2 AV
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The derivative of function y= f(x) is defined as the
Instantaneous rate of change of y {or f(x)} with respect to

the change in the independentyariable x. A\
N P &
O
Derivative =

’s}\ ‘\X
&@ > 4 &Q{\ : 4

e 2

& '<\‘9
> &
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ww,/ , . ‘\{3{/’ (2:1: _|_ z—m)tan T \/Egﬁ_l (:172 — + 1)\
f10) = lim o) -£( Q- Suppose ¢ (z) — —

(72? + 3z + 1)°

Then the value of f(0) is equal to
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f(h)—£(0)

f MARAMOS\

| Solution:

) f'(0) = lim
h—0

@" +2M)tan h yftan~!(h2 —h+1) -0

— 1
b0 (Th% +3h+1)°h
= ( h, o-h \tanh \/tan_1(h2 —h+ 1)
; (?h2 +3h+ 1)3

_ 2x1xytan "1 _2

1

Vi _
LN
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(42) i(ka,:r; +b)" =n(az+b)" " -a < 33) d (COS_I:I:) _ @ .

dz %

zzz%\% (sinz) = cosz & i) % (tan~lz) = —L é\{\co

A(’ﬁ:) dm (cosz) =Cxsinx Q\/{@,{\\V (i) d (
Tl

: (U) (tan r) = sec’ f:}\ d {@?n?

N 1 1
Lrtit) —— |\seC "I) =
Ui) - COt ,’,C @COS ec <( ) dx ( ) |m‘m

(cos ec” ;1':) —
Hi

secr) = secz tanx

vizggf:i (q::s ecz) =@xos ec x cot :;:\c;?}(\(:zw)
> >
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| Ny
(zvii) — gogea) - 2;101g a
e !\\ ‘
(a:m%jg\@;%(m): T 70 S
Y \(:\%:\'Tja:ljinot differentiable at z = 0 \<\§\

N4

does not exist for x € [

lifr e R—1
e .

doesnotexistif x € 1

(@) £ () = {

/\\Igég " LIMITS, CO{I\:}I}WUITY & DERIVATIVES /\\1\\,&6 ‘;xzﬁ;
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1. The derivative of a constant function is zero

ie. 4
D=0 & &
1. The derlvatlveoé\f constant times a function is ,{.,;?3\
constant tlm?es the derivative of the &55\\
function;fe. d @
o @ lefE@l-e L @) &°
1. The derlvatlve of the sum or difference of
two function is the sum or difference of their
derivatives, i.e.,
s !\\,\«},}
e O RICs AP P10 B P105) S
— &

,/'\\
N O
X\(z X\(/



& LIMITS, CONFINUITY & DERIVATIVES 5
"\Q\\ /\/X "\Q\
& & NTA PAPER 110 &
c N O 7R @
_1 [ loglex _1/( 3+21
@ [Q If f(.il?) = tan™! ( log ex? ) + tan : ( 1+6 lzii) v >0
then find £(5)?

oo
,_J(@\ef\oze, +Qﬂa(‘h
z'{;/ \P—?Q,'\‘ Q.S%Ux_ ) bﬂ;ff’i) T{-wn (’2"\8'&_) g}j?
=baf _L-2ly O+r@ 2) Ly =4ai) + 1 (5 )
1y 2_|067(.

S k /
g@ U)~Taw'( (A9 @@%«ef\ S£(9) <o

l\V
£S
A\

w&) k@

2
2
~—

(!
@)

o b+2 <
i l(a)rq%%aj L



| Solution: )
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. 1/ log(ez~?)
f (.."',') = tan log ex? )

log e+log ™
log e+log z2

o (5 21553) ! (Zires)
= tan~!(1) — tan='(2log z) + tan~!(3)
+tan~!(2log z)

= f(z) = tan™'(1) + tan™"(3)

= f'(z) =

= f'(5) =



PR

&/ NEHA

o0
>

LIMITS, CONFINUITY & DERIVATIVES

MA'AM'S

Fal
>

PRODUCT RULE OF DIFFERENTIATION
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1”’/\ N ,m/\
‘\\,:\ \a}i\ Q. Suppose for a differentiable func'q{é;n h, hg ) =0,)

h(1) = 1 and h’(0)=h’(1) = 2.1f g(= e”) ehl@)
then g’(0) is equal to:

8!(?:@@3} 6) h(l)_)r ) (‘éﬁu) lf\, 1))

«\(\

@@% OF (J?n 0)- \) O + h(\) é(\”‘éa““’) ln(O))
&
© = Xt 1(@@%17
S Q
~<\“;§ @@’&Q
& 2
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f MARAMQS \

lution: )
g(x)=h(e*)-e"™
gl(}{) _ h(ex) . Eh[x] . h'(K] + Eh{x]hr(ﬂx ) i Ex

g'(0)=h(D)e"Ph'(0) +e"h'(1)
—2+4+2=4
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Q\/{\ ) QY JEE(Main): 6 April 2024 -1 /\(2/{\
fjf\\ {}; Q. Suppose for a differentiable funct:fé\n h, h(0) =0,
h(1) = 1 and h’(0)=h’(1) = 2.1f g(z) = h (e*) e"®),
then g’(0) is equal to:
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DERIVATIVE OF A FUNCTION OF A FUNCTION

If y is a differentiable function of t and t is a differentiable
XY function of x N dy dy dt
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Solution: ARMY

x= eSi'f_l_L? @g::s;b
Ki= sin (log x)\

/
2 - %ysaogx)l,

dy|

= =cos (log 1)=cos 0=1 dy (exz +35-2) d (€x2+3x—2)

— = COS§
x=1 dx Ix

= coser +3572) 7 352 %(.ﬂm2 +3x-2)

2 2
= COS (e“’ HERE )e“"’ 332 (2x+3)

G

= 5¢% cos (&
dled ()
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C Solution: ) Let £ '(x) = sin[logx] and y = f ()
Now, & =f"(Z2). 4 (&8,
: 2x+3 _[(6—4x—)—4x — 6]
- {
sillog( S G-
12 2x + 3
=@ - sinflog(——)]

(3 - 2x2
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. Yo
o1t /() =sin (log )andy = f( > dy
3 —2x
equals
S\ \_
‘\é\ ‘ ,.'\\‘i‘
»{9@ /3}\ R
\/bQ ,}:\<\% G sin {log £9—? +3 )}
Q’:\& Nl T 2
.\{’;,',/" {:*:/,o ;&5}\ 3 _ 2$2)
3 12 cos |1
/?g\{\\ ‘ &é\\}’) (3 — 22 0g
& P
& & &
Q& 22 &
> & 2
4 23
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Y= 38%}\(3 (03 4020 ) Q d 202 .
N . A 2= (-4 5+ D :Jgﬁ-_
»&m@% m%(x)) x D (-Sxm 3(1)))&0%\*@(3 22 :%

) 2 _
& 2y &@‘\\ 3m2y=0

>

e y
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C Solution: )The given equation can be written as y = sin® (%cos g(z))
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where, g(z) = 4z° + ba* +1)

i
= (2) = 55 (—4a® + 527 +1)7 (~1247 + 102)

=g (1) = ﬁ(_g)z_?r |

and.|g (1) = 2r (?T_ T

Now, ¢/ = 3sin” (Fcosg(x)) x cos (Fcosg(x)) x §(—sing(z))d (z)
~%

v (1) = —-ﬁ-g(‘Tﬁ)(—m%

y (1) = sin® (Fcos &) = —
Therefore. 24/ (1) + 372y (1) =0

0=
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%\\,’:’/o

o

Q.Let y= f(z) = sin® (% (cos(?’iﬂ(—tlms + 5x% + 1)%)))

then,atx=1
AN —--
2 )
S G 2y’ +&3m2y=0
2 Y&‘\b my=
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N = %
Q>9m(10 = n(4 220 < JEEMain2019:12Jan-1 %

r:')?)a ) ©;
N/ 7/ wd
= Qa4 + I (e_ll'-z%] Q. Forz > 1,if (22)" = 4e* 2, then (1 + log, 2:17)2% is equal to
23 Q}'\kl‘x.) = 4 + (2_1,—-2.1 )
2
3’(1+Qn(21> RPSEPEN y 6&‘ G log, 2x ‘\@},}
S 24 Qoﬂé’r T ax é\@’b égb
Ds % ,,\\’3‘ \‘\-Qn,(\)_ {,,\\’?/‘ p/mlg@ z — log, 2
\ »{b“ T
""331& (H-Q»lx) (e 20) % 2
{Q"f @ G{:;} z log, 2x
(\ 2 (2xy)>
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Given, (2x)” = 4.2
Taking natural logarithm on both sides, we get
2y loge2x = loge4 +(2x — 2y)

__; loged4+2x
= 2y _( 1+log.2x )
Differentiating both sides with respect to x, we get
1+log, 2x).2—(log, 4+2x) + : :
2dy _ _(1rog.2x) 27 = ke (Using quotient rule)
dx (1+log, 2x)

2 dy =( x.log.2x—log.2 )
dx X )

= (1 + log, 2x)
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Q. Forz >1, if (22)% = 4¢® %, then (1 + log, 2z)
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) CJ“D\ DIFFERENTIATION OF IMPLICIT FUNCTIONS 3

i, If in an equation, x and y both occurs together i.e. f(z,y) =0
... and this equation can not bs&olved either for y or x, then y (m‘ %&
¢ A S
- 1s called the implicit ﬁlg\@ﬁon of (m‘ y) . P
\
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:\:’BIFFERENTIATION SHORTCUT-2/ IMPLICIT DIFFERENTIA'Q@N/DERIVATIVES TRICK

~
218K views * 6 years ago

f,‘,,”",‘ Neha Agrawal Mathematically Inclined @

Copyright 2017, Neha Agrawal. All rights reserved. Shortcuts for IIT/CET/AP Calculus Shortcuts and tricks to find the derivative.

Scolution in 5 secon
2


https://www.youtube.com/watch?v=6BuDe8WFbHU&list=PLTa2m6WeLW_8vI9g_XhwnwQ2OKmd82-Nv&index=4
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@Q. If€(27+ 2‘{3% +y? jlnd d_J; \g}“ Q. Differentiate y2 + z? :Ey{?}fl— cosy = 0
1
21+2L‘&'\' xy) 3‘3 tgf o = Q[_Ll (oﬁ—eu.—\&ﬂ-o) o
3y (222 = - a0ty) & o #
& f LIS @\‘3 + 0~ L—Sim }"\‘
@ \3 = =2(n+y> L& %
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dy . - + 24)
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We have
2 +2xy+y’=4
D:ﬁ‘erentlatmg both mdes w.r.t. x, we gct

Lz g) - 50

= 2x+ 2'[x‘—f2+y.l)+3yz-dl =
dx
Y 2(x+y3
dx (2.x+3_y )

C Solution: )

dy d

dx

(2y —sin iﬂj—i + 3z

2yd + 322 — —

2

dy
2 _ {2
{3: +y.1}

d
2y —siny - 2)% + 322
dx

% —siny — 1) —=
(2y — siny z)—-
dy  y—3z?

dr 2y—siny—z

. dy
(zy) — sin Yy
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Q. Let y=y(x) be a function of x satisfying
Ml —x?2 =k —xy/1— yd/here k is a constant and
y(1/2) = -%. Then dy/dx at x= %4, is equal to
({Q}i — @% ,\{\*)
> V- et -y = K 7
N & @‘&5 /4
@ & @
N QN &
@ du o (}}z%”d?}z - ‘&LB X
~¥ R - x &P V5/2
© o (m:_ + Y ©)
| Fy> G 2/V5
= () \
Q “—‘ x\t‘g Q \/5/,\2\
& oy, 8. &
& & e &
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Solution: ) _ _ —_1 -1
C = 2,.j,f > X -

y,;—w VI=x2=0—{1.N1-y2+ my’}
_ F v NT o2 = ] —v2 4+ Y

ﬁﬁ? y Nl —x -y N

N2 — Y = _[—v2
yOl=x- = 5= 17y

V3 1 v 1 _ V15

(2+3%§_&@ 4

VI5+1 _{Hrj

e 3

V15 V5




& LIMITS, CON INUITY & DERIVATIVES < nena
:\f\{b .:\/&'
& e > ARMY
{,,M.QQ\’\ \Q\’\\ JEE Main 2020: 07 Jan - I,L &
Q Let y=y(x) be a function of x satlsfymg
yyJ1—x2=k—x/1—y2 whereKkisa constant
and y(1/2) = -%. Then dy/dx at x= %2, is equal to
Q - S
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P P
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XY XY
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(' Solution:

i =2 + 61, Q:ZHGF
dt dt

2
So that Y = dy:2r+6t iy
dx 2+6¢

y’2+2y’3=t2+2t3=y
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Q. x=3cos t and y=5sin t, where tis a parameter, then
then gﬁ att — _ ™ isequalto
dx? 6
3 N\ 3
Sk N Sk
& W 229nmt 3 &
& ﬁi{” 2 &
{\{;}\ (%((%‘) — {:’/\__& _ 1‘..5-’- R4eC [_f) X._é‘_\“ 3:}\
Mz“ ax
QY /> =5 cael )X J
L 3 EYSAS
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(solution: ) &y L s 5
_ 4t _ Scost _ —
dx gt ~ —3sint 3 COt(t)
dt
dzy -5 P d - 9

= 2(8)
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A - Q Ei—:"t x(t) = Z\fiths t@sm 2t apd y(t) = 2&/? sint
X (D) =2(2(-smt Jam2k + n 1+(3y)
‘ tE(OE).Th —xatt— isequalto:
v,\.(\”% o3k X ACAsL g\\%
,\%/é Z&S_’_ '\éA - N
= &0 it (<o 7@5 - 202 Sm3k >
T2 [-sunk (sin2K) + sk a2t W0 —— = laadt 9 -
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~ Q Lt x(t) = 2v/2 cost+/sin 2t and y(t) = 2¥2sint /sin2t ,
dy 2
1+(52
t € (O,E) . Then (zdx) att = Zisequal to :
& 2 4ty 4 S
7 \ 07 7
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x(t) = 2v/2 cos t+/sin 2t and y(t) = 2v/2sint /sin 2t ,t € (0,%)

dx 2/2 cos 3t||dy B 2+/2 sin 3t
dt Vsin 2t || dt Vsin 2t

d dy
=Y tan3e (—\: =-1

dx dx/t_g
d?y _ 3 2 dt
—— = 3sec? — =
dx? dx 22 cos 3t

dy\*
d2y -3 3

dx?

3 sec? 3t - v/sin 2t
=

L
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Q Let x(t) = 2v/2 N, N,
2cost
sin2t and y(t) = Zﬁ sint +/sin 2t
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~ 1
o e (0 ) +(dx
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r;\& DIFFERENTIATION OF LOGARITHMIC FUNCTIONS
When base and power both are the functions of z . e., the function
1s of the fo
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C Solution: ) Since, x*.y* = 16
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~ log, x¥ +log, y* = log, 16
= ylog, x + xlog, y = 4log, 2
Now, on differentiating both sides w.r.t. x, we get

L +logex—+§ﬂ +log.y.1=0

- & _ _ (log.y+1)
dx ( logex+?)
. dy _ (log, 2+1) _

dx 1(2,2) (log. 2+1)
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Q. If y(x)=x¥ x>0, then y”(2)-2y’(2) is equal to:

O %\i\&'}‘n Un v &Q}\‘
~a_ L ° 8 log, '2\5@
L& N\
A © :ios.2+
- o~
3 =N (Q/\‘JL‘\' \) ©)
x p il (4 log,2)%-2
2 (et
X @ (410g,2)2+2
Q & l Q
& " &
&° &
> &
& &
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Given, y = x*
= In(y) = xIn(x)

Differentiate both sides w.r.t. x

1
o -y =1+ In(z)
= y’ = y(l +In 'JJ) ....... (1)

=1y =2z"(1 +Inx)
atr=2=9y=14

So,9(2) =4(1+1n2)....... (2)
Now differentiate the equation (1),
y'=y(1+hz)+ %

=y'(2)=y(1+mn2)+2
=14"(2) -9(2) =9y (In2) + 2

AL [ MA'AM‘S‘

=9"(2) —24/(2) = (In2 - 1)y/(2) + 2

=4(In2—-1)(In2+1) + 2
=4(In2)% - 2
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Q. If y(x)=x* x>0, then y”(2)-2y’(2) is equal to:
N\ N\ N\
O & &
& 2 O s:20
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(4 log,2)?-2
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dy
Q.If 2x¥ + 3y* = 20, then 7~ at (2, 2) is equal to:
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.’y's‘s
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C Solution: ) 2z 4+ 3y =20

v} (02% +Inwv; - v;)

2wy(y 1 —i—lnazj—w) + 3y ( %% —l—lny-l) =0

Put (2,2)

0a(1+1m2% ) 134(1- % L1m2) =0
dx dz

dy 2+3ln2| 2+ 1n8
dr 3+2ln2| 3+In4
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Q. If 2xY + 3y* = 20, then % at (2, 2) is equal to:
Q XY K
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~) DIFFERENTIATION BY TRIGONOMETRIC SUBSTITUTIONS
Function Substitution
T
& p) p) — asi @ |where 8 € |0, — :
<) JVa? — x x = asind or a cos [ 72} XY
R g\(\ \/\/2&?%\ (VN ( }}{\)}Q
"'\/bé\ p) 2 S, 0 g |where 0 € (0 i ’;\0
N (i) \/ r Zatan@ or a cot ; E}
' \Q\f\/{\} T +a /}\(\é\/\_ NP\ X
PR R ¢
O © Oy
(iii) \/ z? — a® T = a\Sﬁ_(ff(zr GM where 0 € fﬁ, 5)
(iv) i L — a COS 29 where 6 € [0, E}
Q a +\:L' Q 2 Q
,\1\\‘ \:> XY ,,v'\{\\‘
@%& [—(or 29 :\%@V\ Q @%&

N a\d ¥
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— 1 andy“

1442

1+t2

Put t = tan 6 in both the equations, we get

_ 1-tan’®
1+tan? 0

= c0s 20 ...(1)

fg = sin 20 ...(ii)

and y = —2 e
On differentiating both the egs.(1) and (i1), we get

E = —25in 20 and d}' =2 cos 20

dy
d ® -
Therefore, = = £ = 20526 — _
dx dx
de
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Q. The valueof 4 _1 { vx(3=2) \is, if
it ()

mER—{l}

& & o' Fane (3-Kams)
) | - 23 Xous.
Ao dtamd-Tom &
|~2 Ko ®
R = L. S
3 %\@“ ‘(?5(007\5®> SN e 24%)\ T

&




LIMITS, CONFINUITY & DERIVATIVES

C Solution: ) Ifz € R— {35}, then
£ (san-1 (502D

1-3=z

4 tan 8(3—tan® @
— 4 (tan : ( 5 ))
dz 1-3 tan* @

(putting /= = tanf or § = tan™

1-3 tan® @

di (ta.n_l (2 tan 6—tan? e))

= ; [tan~! (tan 30) | = %(39)
4
dz

3tan™! yz| = 2@(31%)

1\/5)
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A\ [ MA'AN'S‘

Given, Yy = \/JH— \/X.‘f' VvX+...00

2DY=VX+Yy

=y'=x+y

d d
=2y£:1+é

_ndy _
=@y -1 =1

dy 1
dx 2y-—1

-

Hence, if y = \/x+ \/)[+ VX+. .. 00, then

dx ~ 2y -1
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=Yy =+4/sinX+Yy

Hence, if y = \/sinx + v/sinx + Vsinx+

...00 then

dy cosx

~O

dx 2y -1
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\MA'AN'S\

Since by dleting a single term from an infinite series, it

Therefore, the given function may be written as

y=x"

= logy=ylogx

= ld_y__: & x'ﬁgx+yl [Diff. both sides w.rt. x]
ydx dx x -

dy {i-ylogx} _ y
X

—
T2
N y

dc  x(1—-ylogx)
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dy )
, then 7 is equal to (given x>0)
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. . ay () —
First Derivative: T = o (y) o flx)=F(x)=1y

d’y d (dy &

C'/é
4 . . =
»Second Derivative: g,2 = dg

S
& : S
< Third Derivative: 7y - dﬂ&{\a y) —rrE =y
© Codxd dw\ dx?
4 3
Fourth Derivative: Y — d (47 = ¥ (z) = yW
dz*t dz \ dz3
N " N
nthDerivative: —,n=1,2, 3,{4;,% .....
& T e
L &
2 2
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Q.Ify =a cos(log x) + b sin(log x) ‘Where a & b are

parameters, then x?y" + xy' is equal to

3 ag{\&\(l”a XL +b wa(ﬂ.qu)x__a}&,

&
&

> e - ()\Sun(\\l%"\)-\'\:w%(\‘)%k)
m\\Q/ M vJ'J‘?\ ”\
=) la X n\a - - acna(\t_ij) \DSM(\U‘\’Q
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y = acos(logx) + bsin(logx)

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

y, _ ~asin(log x) 4 b cos(log x)

X X

= xy = —asin(logx) +bcos(logx)

Again, on differentiating w.r.t. X, we get

Xy +y =-acos(logx)— — bsin(logx)L

= x?y" +y'x = —[acos(logx) + bsin(log x)]

= x?%y +xy =-y
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PR ,m"\w 2m.'\w
zfm:? (Q f%%g) —ef —e ¥ —2sin xr — 5{\%‘\3 )
dn
Then the least value of n for which %f (z) =0
Vi o istnonzeroQ is Ry
T 608 e 200 \\jC: xS
r‘ Pl ey @ 2000 2D O
R £ & A .
& LtAt2=\ (”‘2$" 7 " F2swmat- bl O
N\ N AN
© '~ - ©
T0 700 = ' r e 20—y (@
v - 1
()= ¢ AR IS O
\ - A x|
Q&\‘s 'FWC’Q Qﬁ.\ 5 - 208 % O
4 P - .
& i ('*7@«%-9, 42 o
& I




ARMY
4

PR

&/ NEHA

o0
>

A
(Y

2
3

L\
o

LIMITS, CONFINUITY & DERIVATIVES

&

%

3

£
—\2

dx™

Then the least value of n for which d"
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