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Lecture- 29 GHOUP O STTUIONS

Introduction of Limit
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LIMIT  We say that lim f(x) = lif whenever x—= a, f(x) = 1.

1=l

Working rules for finding lim f(x)

X-—=d

RULE! Putx=ain the given function. If f(a)is a definite value then
lim f(x) :_f'(ﬂ].

I—=a"

EXAMPLES 1. lim simx=sin 0=10.

=1

), lim (' 452 =(1"+5x1-2 =4
¥l 000
0000
0000
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RULEN Tf f(x) is a rational function then factorize the numerator and the

denominator, Cancel out the common factors and then putx=a.
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P iy
EXAWPLE  Eoluate (1) fm {x_;} fil lin} ; ( 4.1; 3),
14l (x-
oL (1) ilm hm -4 = lim (x+ 3) =6,
_}I.YS 1] (1‘-3] 1+
~I)(x-3
(i) Im ( il lim['T i ):lim(.r—S):—E.
r-&l (,1 )l (1—1) & oo
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™ = -

1 — 1=
EXAMPLE Evaluate hm [q" T Il -

x—=0
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soLuTioNn We have
v - N+x—1-x (lax+1-x
“m[\ﬂ-i-l erl x —— (/14 2 \l'll Tllf\,f1+:-. il ﬂl_
=30 X =0 X {‘J1+I+.J1_T]J
000
0000
0000
000
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i (14x)-(1-x)
140 T(Jm - Jﬂ)
i

= lim
141 x(JH:HJl—:r)
]
- lim =] utting 1 =0
I—}D{\/l-l-l"i'\/l‘x) [p g l vee
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Fundamental Theorems on Limits (without proof)

) lim f(2) + o) =+ gﬂﬂx.ﬁHm o)
3 lim 9 -t} = im0 i gt
() lim {c- f(x)} = f{!ﬂ ﬂﬂ}; where cis a constant
mmos-pales]
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() |miEy
(v) lim {——1=- , provided lim g{x) 2 0
e g(ﬂ { lim 3{1’}} -
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SUMMARY
W X
l.hrn[r H}ZHHH_],WTIEEEEPU. 2, lim[E 1}:1.
=al Y—-a =0y x
X
I‘x.]im('ﬁr 1]:11:@3&. g im(1+2"=e 5 lim lL}g{“ﬂ:].
=0 % 10 1= X
. 000
0000
0000
000
o0
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X—F i

12 12
: =g
EXAMPLE 1 Evaluafe hIm { }



r+0"-0+2"

EXAMPLE  Evalute  im
=41 -1

(1o
i i -l

I Y-

(42" (a4 2"

= im
=l (x42)-(0+2
3 [l 4
:—r{rﬂr?J[1 =224
] ]

Mict

IHII.I.FUFI.BTITL“



Mict

Evaluate: | |
X1 SR & e
fi}Ijm{L lifﬁjﬁm{ﬁl = \!ff.fﬂli.nl{f-l_tj 2]
s 0 x .|| xiy xX ,|| I—=0 ¥

000
0000
0000
000
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q b = 2_-":.'
EXAMPLE ' : Evaluate lim (L ] :
x—0 x
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ql ol '31_ 1
SOLUTON lm H‘:aiw( )-{2-]
el X J 1+ X
o) (B
= lim | — |- lim | —
=00 1 ) 40| ¥
T I S
:(lﬂgS-]DgZ):lﬂgj ET}} ; lﬂgﬂ
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TRIGONOMETRIC LIMITS



(1) lim sin® =20

8 —d

(17} im cosB=1

B — 0
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Sin x tan x

THEOREM 2 (1) lim = (ii) lim
yr—=0 x x—s 0 T

1
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EXAMPLE 1 Evaluate:
e . BIN 2x e .. BN 3x U sin ax
(i) lim (ii) lim (ifi) lim 1
Y30 Y T—=8 &y =0 | sin bx
000
0000
0000
000
o0



EXAMPLE 2 Epvaluate lim

sIn 5x

r— 0 tan 3x
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EXAMPLE  Evaluate:
(cosec x — cot x)

(i) lim (secx - tan x) (11) lim
ik 50 X

T ; 1 sin X
SOLUTION (i) lim (secx —tan x) = Iim -
i far\C0SY COSX

1

i i

(1- sin x) (1-sin x) cos x

= lim = lim :
L 8 - T COs™X

==

(1-sin x) cos x

.L'—}i f-l = Em?-x}

= lim &—{] { uttin T_E}
1o 2 (1+5in %) PR, -
z 0000
000
o0
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Continuity

CONTINUITY AT A POINT A real function f(x) is said to be continuous at a point a of
its domain if im f(x) exists and equals f(a).

L=+l

Thus, f(x) is continuous at x = aif

lim f(x) = lim f(x) = f(a).

=¥k X =¥

It f(x) is not continuous at a point, it is said to be discontinuous at

that point. -9
X X
000
o0
[ )
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If fl(x) is not continuous at a point, it is said to be disconfimuous at
that pornt.

REMARK  f{x)is discontinuousaat x = g in each of the following cases:

(i) f(a)is not defined
i) im (x) does not exist
i )
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EXAMPLE 1 Show that f(x) = x° is confinuous at x = 2.

.
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EXAMPLE 1 Show that j'{}:} = x* is continuous af x = 2.

SOLUTION  We have f(
lim f{.l) lim 2+J} = lim (8+ 17 + 12h+ 67) = §

1—+2+ h-={) fi—+{)
lim f(x)=lim (2-1)° = lim (8-h>-12h+6I") =8
Y=2- fi=+0) fi-+0)
lim f(x) = lim f(x) = f(2)
1=+2+ X=2-
Hence, f(x) is continuous at x = 2 EEE:
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EXAMPLE  Discuss the continuity of the function f(x)at x =0, if

| {21—1, 1<)
L PR
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SOLUTION  Clearly, f(0) =(2x0+1) =
lim f(x) = llm j{{]+h}

-0+

= lim [2(0+4) +1] = lim (2h+1) =1

-0

llrn f(x)=lim f(0-h)
+{)— hi—{)

= lim [2(0—Fh) — 1)1“11111{ 2h—-1) =-L

1~} h—1)

Thus, lim f(x) # lim f(x)and therefore, lim f(x)does not exist.
r =3+ =0 x =0

Hence, f(x) is discontinuous at x = (.
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[3x—2, when x <0

EXAMPLE Show that the function f(x) =z{ B <3 i
' x+1, wnen x>

15 discontmuonus at x = (.
SOLUTION We have, f(0) =(3 x0-2) =—
lim f(x)= ]_1111 f(O+h)

r—=0+"
= bm (h+1) =1
h—{
lim f[:-r.}_h_m f(0-h)
r—30—" h—

= lim [3(-/) ~2] = lim (-3h~2) = -2.
h-»10

.I'i"ilr

lim f(x} # lim f(x)and therefore, lim f(x) does not exist.
r—0+ r=>0-= x =

Hence, f (x) is discontinuous at x = (.
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. [3x—2, when x<0
EXAMPLE - Show that the function f(x) =+
) ' | | x+1, when x>0
1s discontmuous at x = (.
000
0000
0000
000
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SOLUTION ~ We have, f(0) =(3x0-2) =-2
lim f(x)=1lim f(0+h)

-4+ h=0"
= lim (h+1) =1
i)
Iim f{x)=lm f{
r{]—ﬂ J'!—}ﬂf
= lim [3(-h) -2] = lim (-3h-2) =-2.
h=+1) J'z—b
im f(x) # llm f(x) and therefore, lim f(x) does not exist.
X~ J:{I+ 1= 1=l
Hence, f(x) is discontinuous at x = 0. ceso
1
o0
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[ — 0
_ —; when x #
EXAMPLE  Show that the function f(x) =4 |x]
| 1, when x =10
I1s discontmuous at x = (.

000
0000
0000
000
o0



EXAMPLE .

SOLUTION
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—_ P 1; - . {]
Show that the function f(x) =1 |x| when x #

1, when x =0
is discontinuous at x = (.
Itis being given that f(0) = 1.
h h
lim x -I:Lrﬂ O+ h) =1lim —=1lim — =1
= f( ) f[ ) h—0 ].FTJ h-—+0 k
lim f(x) = llm f({] ) = lim T lim =t —1
r—0— h—s0 ].h'.l h h—0 H B -
m. f(x)= him f(x).
=30+ x—¥ 0=
So, lim f(x) does not exist. eoe
x—} 0000
Hence, f(x) is discontinuous at x = (). :::.
o0



EXAMPLE  Examine the continuity of the function

fx) =

sin

X
1,

[

x#0

=1 at x=1.
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SOLUTION

We have f(0) =1.
lim f(x) =lim f(0+h)

T . h= ()

im f(x)# Im f(x). S0, lim f(x)doesnotexist.

x=3{+ x>~ x4}
¥ . . o0
Hence, f(x) is discontinuous at x = 0. 000
.00
o0



Mict

IBRUUF OF INETTILRONS

EXAMPLE  Find the value of k for which

{ﬁ:x +5, when x £2

¥—1, when x =>2

flx) =

1s combinuous at x = 2.
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SOLUTION We have, f(2) =(kx2+5) =(2k+5).
lim f(x) =lim f(2+ h)

=24+ h—=10
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L]

= lim {2+ B =1 =lim (1+5) =1

h=() =)
lim f(x) =lim f(2-h)
o h-50)
= lim {k(2-f)+5} = lim |(2k +5) - kh} = (2k+5).
f1-{l fi—s()
Now, lim f(x)exists only when 2k+5 =1, i.e., when k= -2,

T—42

When k= -2, we have Im f(x) = f(2) =1.

Y—=2

Hence, f(x) is continuous at x = 2whenk =-2.
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Bax+h, for x>
EXAMPLE *  Ifthe function  f(x)=¢ 11, for x=]
5ax-2b, for x <

is continuous at x =1, find the values of a and b.



SOLUTION

We have, f(1) =
lim f(x) hmf’i+h

r-1+ h=-»0
=lim [3a(1+ k) + b} = lim |{(3a+ b) + 3ah)
h—{) h—0
=(3a+b).

lim f(x) =lim f(1-h)

31— h—0"

— lim Ba(1—H) - 2b) = lim |(5a — 2b) - 5al]
() h=—=0

= (5a—2D),
Since f(x) is continuous at x = 1, we have

im f(x) = lim f(x) = f(1).

r-=21+ r—i—"

3a+b=5a-2b=11

On solving (3a + b=11) and (5a - 2b=11), wegeta=3, b=2

Hence,a=3, b=2

‘miet

II.I.FUFI.BTI'I'L“
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| FU.I - when x 20
EXAMPLE  Show that the ﬁencf'mn f{_r)z A% l '
0, when x =10
18 discontmuousat v =0

o000
0000
0000
o000
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SOLUTION  Clearly, f(0) =0. arLPoF v

1/
Now, lim f(x)=1lm f(0+#) = lim f(I) = lim {FITIJ

r—s{) h—{} fi—{ =0l 4 1
f
A 1_%} g 1
- o B &
= lim = lim —m—2 =1
h-»0 17k 1+L k=0 1+L
¢ A/l A7
A
E,—l.-’fi_l
And, ]Jm )= ]_unf(ﬂ I?}—]lm f(=m) =1lim | ———
=0 3_1”:4_1
1 b
7!
=lim £ =-1
h—-0( 1 Llﬁ
F
Thus, hmf # lim f(x), and therefore, lim f(x) does not exist. :::.
1=+ == b | 0000
Hence, f(x) is discontinuous at x = (. (XX



PRACTICE QUESTIONS .
Prove That Ll]l_g.!

xT—x—6 when x = 3
flx) =1 x+_—3 2 =TT jsconnuous at x = 3.
| 5, when x=23
[ x2—25
: — .. when x#5; . : .
Flx) =+ r—5 is continuous at x =5.
10, when x=35
r .
3
M' “?‘hﬂ‘l ¥ — D; . . .
Fl{x) =+ x is discontinuous at x = (.
1, when x =0
1—co=sx i &
Flx) =4 2 - owhen x #=U s discontinuous atx = 0.
| 1., when x =0
fE—.ﬁ:, when x <22 B ]
Fiaxh = 1 5, - - is discontinuous at x = 2.
x, when x =
3—x, when x =0Q:
fix) ={ B by is discontinuous at x = (L
000
0000
0000
000
o0



THANK YOU

Mict

IBRUUF OF INETTILRONS



et

Lecture- 31 GROUPOF HETTUTONS

Differentiability




Differentiability

Let f() bea real function and # be any real number. Then, we define
(i) Right-hand derivative lim flarh-fi , 1 it exists, 1s called the night-
fi=(1
hand derivative of f(x) atx =4, and it is denoted by Rf'(a)
(ii) Left-hand dervative lim fla-h-fta
- I
hand derivative of f(x) at x =4, and it is denoted by Lf'(a).

Cif it exists, 18 called the left-

DIFFERENTIABILITY A function f(x) is said fo be differentinble at x=a, if
Rf'(a) =Lf'(a)

Mict
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EXAMPLE {  Shoto tht f(x isd ferentinble at x =1 and find {1,



Mict

EXAMPLE 1 Show that f(x) = x° is differentiable at x =1 and find f'(1).
2 2
SOLUTION ~ Rf'(1) = lim s =/ g A0 =)
: h=30 h h-1) h
- 1im (1 e I] = lim (h+2) =2
h-={) h h= 1
: 2 2
And, Lf'(1)=lim fA-0-f . Q=8 -{)
h=0) —h h={) ~h
2
- lim {“ .8 _ZH] = lim (<h+2) =2.
k=0 -h h=»0
Rf'(1) =Lf'(1) = 2.
This shows that f(x) is differentiableatx =1and f'(1) = 2 -
e000
000
o0
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(14, 4f x<2 : _
EXAMPLE ' Show that the function f(x) =< _ f is not differentiable at

15-x, if ¥>2

x=2.
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|_5—(E+h}—3_l

e wao FERR-AE . o
el P~ aet W
; —h .
T A=t
Aﬂd; Lfr(z} - lim f‘.(z_h} _fc(g}
=10 =
S F”Hﬂ_ 31 _ i e =1
h=(} —h h=0 =h h=0
Thus, Rf'(2) #Lf'(2).
Hence, f(x) is not differentiable at x = 2.
000
0000
0000
000
o0
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THEOREM  Every differentiable function is continuous. But, every continuous

function need not be differentinble.
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EXAMPL'.7  Show that  f(x) = |x—2|is continuous but not differentiable af x = 2.




et

SOLUTON We have  f(2) =[2-2
lim flx) =1 f2+h hm\2+h ) =lim
n f{2-1

=44 - -4 h hU J'Hﬂ

fim (%)= Im f(2-H)= im [2-h-2|= lim |-h] = lim h=0
i1 fi-+0 =50 !Hﬂ fi-+0
i fi= I fg= -0
[0+ 1=41-

5, f{x)s conenuous atx =2,



But RF'(2) = f(2+ W —f(2) i [2+ h—2] -
Jr — {] h h—+1) h
= lim |h| = lim E—1.
h—0 h =0 h
"? — I __ T3
h—:rl'.l —f‘.! h—ar{] —h
o N

h—=0 —=h h-+0 —=h
Thus, Rf’(i} - Lf’{Z}.
This shows that f ( x) 15 not differentiable at x = 2.

Mict

IHII.I.FUFI.BTITL“



PRACTICE QUESTIONS mlug,!

Show that f(x) =|x —5|is continuous but not differentiable at x =5.
2-x), when x=1
Let f(x) ={ { )
x, when <y =1l

Show that f(x) is continuous but not differentiable at x = 1.

Show that f(x) =[x]is neither continuous nor derivable at x = 2.
(I1-x), when x<1;

Show that the function f(x) =4 _
' (x=-1), when x =1

is continuous but not differentiable at x = 1.

J{2+x}, if xz0 ‘ |
, Show that f(x) is not derivable at x = () YY)
| (2-x), if x<0 0000
o000
000
o0

Let f(x) =



THANK YOU
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Lecture- 32 & 33 GROUP OF STIUTONS
'Y X )
0000
L . 0000
Derivative of sum,difference,and |eee®
its based questions s
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SUMMARY
We may summarise the above results as given below:
S - ood
i) — (") =m™? (i) — () = ¢*
dx dx
; . i -
(111)) — (sin x) = cos x (iv) — lcosx) = —sin ¥
dx dx
) o
(v) — (tan x) = sec"x (vi) — (secx) = secxtan x
dx dx
(vii) — (cosec x) = —cosec x cot x (viii) — (cot x) = —cosec™x.
x dx
The derivative of a constant fuenction 1s zZero, L.e., —— (<) = O
3 ol x
000
0000
0000
000
o0
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EXAMPLE 1 Find the derfoative of
(i) B (i) b x (i) 5e" (1) 9x 2"
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EXANPLE 2 Find he derivafoe of ¥+ ¢+ 3 cot )it repect 0
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EXAMPLE S Fund the dertontroe Uf [Qx'+ — 4385

i respect o x.
f
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B
soLUmoN. We have i(9.1:' +—455n 1)
IR
=0 ()4 3= () + 5= sina]
d:r( dr( it

3

=0x e+ )1 t s =18~ +icosy

X
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EXAMPLE 1 Differentiate the following functions with respect to x:

. 4 2
"+ —-—-—tfanx+ be

3




et

SOLUTION i[.1::+£-gtem:.~:+Em]

d."i’ .T2 3

i i 2 d i

- (D) +4— () - (tanx) + b-— (o

d:r(r d:.r(x ) ] d;r(m dx(F r _

= 2r +4:(-)) .T'}-ESEE:HMU i—{(ﬁ\:O
j .

2 2.1'—£—gsec1:r.

Iiﬁ 3 000



EXAMPLE 2. Find the deroutive of

)

)

2tan x

}

X

.l.

sy sy

SeCY

$11

"l

et
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EXAMPLE 3 Differentiate the following functions;

¢ ?
NI Tl P I B k-
Jx

Yy
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1 — cos 2x i dif
EXAMPLE 4 T I = |II ; ird ——.
‘. Y1+ cos2x f dx
Jil—E{\SEI |2q1n2:=:
SOLUTION = | = = ftan x
E V1+ cos2x 1'1['5'-_(}5 x
dy
d”—:_‘ri{tan ) = secx.
X X
XY
0000
0000
000
o0



Mict

IHII.I.FUFI.BTITL“

2 3
X dy
EXAMPLE 5 Ify: 1+x+1 +I = ] shot that i—*[:y.
| T

SOLUTION. We have, y=¢".

dy d "
b == : \]- — ¢t = i
dx dx )= /
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EXAMPLE6 Ifu= oyt A, | L | find % atbE=1.
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SOLUTION @:i(ar*-ﬁrhzrl-]smj
dt i i d ;
d L
= g W v o Bl a0 e BT B
dt“ dr{ dr” t“ dr(

= 3% AP 5% 3P+ 2% 2t -18%1+0
=12P° 158+ 44 =18

[E] - (2x1-15x 2+ 4x1-19
dt),.

=(12-15+ 4-18) =-17. 000
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DERIVATIVE OF THE PRODUCT OF FUNCTIONS

THEOREM  (Product rule) If f(x) and g(x) are two differentiable functions then
f(x) - g(x) is also differentiable, and

;—I[f{x)-g{x)} f(ﬂilﬂﬂlu ; ity



EXAMPLE 1 Differentiate: (i) xe’

(i) x*¢"sin x

Mict
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A

EXAMPLE 2 Diﬁffﬂ?ﬁ?“’rﬂff < tan x.




]
PRACTICE QUESTIONS MIut

Differentiate:

(x*+ 3x+1) sin x

v" cot x



THANK YOU
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Lecture- 34,35 o
000
0000
N . 0000
Derivative of Quotient of o000
functions and Composite s

Functions




Derivative of the Quotient of two Functions

THEOREM  (Quotient rule) If flx) and g(x) are two differentiable functions and
x)

g(x)

2(x) # 0 then i

il

f(x)
g(x)

is also differentiable, and

— f(x) —{ (x)]

S':-’-} I
]f [3'5

£ e

)]’

Mict
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EXAMPLE 1 Differentiate;
?'.I'.

(i) —

X

(1i) [

2x+ 3

3

.T o

P
(ifi) —=

(1+ sin x)

Mict
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,1'3—1—5,1*—-5]

EXAMPLE 2 Differentiate 5
' dx-— x4+ 3
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_Jl—tan:-:.l)

EXAMPLE. If y = 5 o dy -2

ax :{1+ sin 2x)

, show that
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SOLUTION By the quotient rule, we have

4 (1+ fan.r}-i(l— tan x) — (1 - tan x}-iﬂ + tan x)

¥ dx dx
dx (1+ tan x)°
(1 + tan x)(-sec’x) — (1 - tan x)(sec’x)
(1+ tan x)°
B _Jsec’x B -2
(1+tan )" (cos”x)(1 + tan’x + 2tan x)
B -2 ~ —2
5 siny 2sinx| (1+sin2x)
(cosx) {1+ ——+ 000
cos"x  COSX 0000
0000
YY)
o0
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k A
EXAMPLE 5 Dlﬁlf’rﬂﬂﬁﬂf{’.:
sinx+cosy | secx—1
(1) | — (1)
SIN X — COS X secy + 1
o000
0000
0000
o000



Mmigt

. d [sinx+cosx
SOLUTION (i) .
dx | sin x —cos x
. B . v
(sin x—cosx) -d—(sm ¥+ cos x)—(sin x+ cos 1) -d—{sm X —C0s %)
' X

(sinx—cosx)
(sin x — cos x)(cos x — sin X) —(sin x + cos x)(cos x + sin x)

(sin x — cos x)°

[(sin x — cos ¥)*+ (sin x + cos x)°]

(sin x — cos x)°

w0 )
B —2(sin"x + cos x) 2
= aek 2 : ) : :
(sin“x + cos x—2sin x cosx) (1 -sin 2x) 000

0000
0000
000
[ X



(i d [sec:r—l]

dy | secx +1

(secx + 1}-i(secx 1) —(secx-1)- i(EELI-ﬁ- 1)
dx X

(secx + 1)

(secx + 1) secx tan x—(secy-1) secxtanx 2secx fanx

(secx +1)° (secx + 1)

Mict
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PRACTICE QUESTIONS mtlm,!

Differentiate:
X X |
1_2_ 5 log x 3 & :
X X (1+ x) {]+:r
. w4 ; x:*+3x—1] . (x-1) i Sx’4 6x+7
| 847 ox2 ] (247l | 224 3x 44
4 ¥
g.* _ 15 i T
(a + x7) sin x Ja—-+x log x
000
0000
0000
000
o0



ANSWERS mtﬂ

" Ell(xlugq 2-1) « (1- lf::g X) " I[’I . e'(1- :}:
X x° (1+ (142x7)
. . (x*+4x+7) . (7x 4 4x +7)
(3x7+7)" (x +2) { + Tx 11
. L(r‘+4x+l] (1" - x°) i ¥ 4 sin x - x cos %)
(2 4+ 3y 4 4 (.::r 1 %) sin’y



ANSWERS Miet

11 Ja 1 —(xsin x log x + cos x)

: MT{‘J'I_— x"f?:ll ] .'i.'(fr.'_'lg _'t"]:
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Derivative of Quotient of functions and Composite Functions
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Derivative of a Function of a Function

CHAIN RULE If y = f(f) and t = g(x) then ji = [
b o

dy " .:a’f]l
df dx.

This rule may be extended further.

If i = £y = Yand i = Hx) th T o '
=), 2{u) and u = h(x) then o (a’a‘ b y . dx]



et

]

B! Dol (e sy ("
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P
L frricd 4

EXAMPLE 2 If y =

lrl
-\,l'lﬁ'z — x? dx



et

3 1 ] 7
SOLUTION Put(a*-x") =1, so that y:E:t'”“ and = (7" - x°).

di:—lf'm and d—f:—l’t‘-
dt 2 dx
dr \dt dx

| -i 3 i) 1
= (— ;f'm]{—z:r} o e (o T
£ ' 000
0000
0000
000
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- —_—

EXAMPLE 3 Differentiate:

(i) (ax + B)™ (ii) ( Bx + 5)°



Mict
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EXAMPLE  Differentiate YA

SOLUTION Lety = W Put cotx=t and . cotx :«/T:u, s0 that
y=¢ w=+t and t=cotx.

ﬂ’J’ du 1 AR 1 dt
PN, g 8, | —:—msen::r
dul a2 A
S dy { dtf ::f:f Lit‘] 1 cosecx g
dx \du dt dx § Al

—cuqeL*i: %
= - [ u—«.ﬁ]

—cosec’y
= EF VY [ t=cot 1] 4
t o000
cot x ose
0



mict

EXAMPLE.  Ify = cos” x° ﬁmi
SOLUTION y = (cos x)°. Put x°=fandcosx’=cosf=u, sothat
y —u*, u=cost and f=x".
dt,r dii dt
=2, —=—sint and —=2x.
du df dx
d dy d dt
Sﬂ; l:( hr}i ”}f ]
dx \du dt dx)
=—dux sin t = —4x sin t cost [+ #=cost]
= 4y sin x~ cos x-=—2x sin{it:l} i = rzl
YY)
0000
0000
000
00



Mict

IBRUUF OF INETTILRONS

1 —tan x
EXAMPLE Differentiate | -

"'.JI 1 + tan x



) idt

EXAMPLE  Ify =sin (4 sin x + cos x), find %
X

SOLUTION Putting (sin x + cosx) =t and ./(sin x + cos x) =+/f =u, we get

y=sinu, u:\ﬁ and f =(sin x + cos x).

dl —— = 081, d—”—lr‘” L
du dt 2 24t
and I'j—f:(a::u::w's.:t:—i-:iﬂ x).
dx
dy (dy du dtj cos il .
So, = . ¥ — sin x)
i dx  \du 3 dt  dx Ut Aeas—siny
= EDSJE (cos x — sin x) [+ u=4t]

2\t

cns{\/sm ¥ + cos x)(cos x —sin x)

[+ E=(sin x + cosx)].

2\/5i111+ms:r YY)
0000




et

EXAMPLE  Differentinte ¢ cos(bx + o).

SOLUTION Using the product rule, we have

L] " cos (bx + ¢)
N d

=" —lcos(bx + O + cos (b + ) — (")

i dx
=" [=sin(bx + o — (bx + ¢) + cos(bx + - - — ()
ih it
[using the chain rule]
=—be" sin (bx + ¢) + 2™ cos(bx + ¢
=¢" [ncos (bx + ¢ - bsin (bx + ). EEE:



1. Ity =

Ity =

Ify

Ay =

PRACTICE QUESTIONS

L S

COs X —sin x

!

COSXY + 5N x

COSX + 51N X
&

COS X —SI X

e
\(1-2—}:r

fsex::r—tanx

'I.]ISEL:f—i—tanr

show 1:1"lai:d—“[jlr - yz +1=10.
g ¢

show that ﬂ = EEE:(I + EJ ;
dx 4

aih'

, show that . sec ¥ (tan x + secx).

dx

Mict
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THANK YOU
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Lecture- 36 GROuP o ETTITONS

Derivatives of Inverse
Trignometric Function




SUMMARY
d 1 d 1
() —(sin ")z () — (cos 'y =
dy E dy ﬁ
]
(m) (ta )z — (wl (H—
't (14 ¢) dIm : (14 1)
(v)i(sef" NE : (vil—(cosec'lﬂ' =
b -1 \Mf-l

mict




Mict

IBRUUF OF INETTILRONS

EXAMPLE 1 Differenturte the following wor b, x:
(i) sin~'2: (i) tan"x (fii) cos (cot x)
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SOLUTION (i) Lety=sin 2r.

Putting 2x =t, we get y =gin tandt = 2%
dy 1

dt J1 —t*
dt

And f=2x = —=2,
dx

.'.f__i,f =[. efy ? dt

Cdx \at ﬁ}.f ﬁ_ﬁ ke =tk

Hence, i(ﬂm 27y =

dix
(i) Lety=tan ' x.
Putting vx =, we gety = tan™ t and # = J/x.

Now, i = sin ' =

1—4x3



Miet

H{':W,E,r:hn'lt = dy - lﬂ .
dt (1+£7)
ﬂnL'Lt:E = dt =l_a,_-';"£ = 1.—
dl' 2 TR
= - I_= = -.- ﬂ.= :L' )
ax '*'“ &) @ W aasn
d - | 1
Hence, — (tan x) = .
ence =1 ) EE“_I}'
000
0000
0000
000



miot

A LN ARL T AJ
(ili) Lety=cos™'(cot x).

Putting cot x =, we gety = cos fand{ = cot 1.

Now, ¥ =cos F = dy _ -1
: Ei% I__I!:E
dt
And f=cotx = 1.’_= —COSECT,
i1x

- ﬂ_{ﬂjyﬂ]_mﬁ&%_ coseCy
Cdxe ldtody) \i_2 oty

Hence, ai.’i fcos = (cot x)| =

x -\|'|1 —cot ¥

[t =cotx}k

"
COsSEC™ X
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EXAMPLE 2 Differentiate the following wor.f. x:
(i) sec(tan ' x) (ii) sin (tan " x) (iii) cot (cos™

Iy
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SOLUTION (1) Lety = sec(tan 'x).
Puting tan lr =, we get ¥y =sect and ¢ = tan Iy,

i
MNow, ¥ =sect = -!i_E:’ =gecttan t.
ar
et 1
And, ¢t =tan v = - —
dx {1+ x)

dy _(dy citJ_ secttan £ (3/1+ tan“)(tan £)

— k-
dr \Ldt dx (1+ x5 (1 +x7)
f 3
A ITIE}I=; [- #=tan 'x = tanf =x]
(I+ <) 1452
T x
}{Ence,!—{ﬂt‘fl:hﬂﬂ_l-'ﬁ'}] = ——
- o w2 )o
= A4 -900
0000
000
o0
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WUFW
(i1} Lety = sin I_r_l.'.:'m'_l:r}-
Futtng tan tx =f, we get y =5in fandf = tan 1y
- dy
Mow, ¥y =sint = =Cos t.
- At
000
0000
0000
000
o0
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i 1
And, + = an Ty — = -
dx Ll =220
T T Tt I 1
h EF:{EH = =S -
dx \dt  dx. (1+x asw 2472
[' anf=x —= cosf = .—1 :|
"-..1:—--—_':!:2
1
Hemnoe, i l.’iﬁ:n_l:r}} = -
e I:"_[—e-—_ﬁ:l}-zé
Let v = cot (cos™ L x).
Putting cos™ x = £, we gety =cot tand ¢ = cos .
BeJonisr, . — ok == {:3; g —c-::nl;:eclt.
[
' i —1
Ard. F =iy =i = o
aax b T
: _(dy}{dt‘_ume.ﬂzt_ 1
dx L de dx) -._|,I'1 2 (1 _Iz}f’fg
= 1
oA e A e noses o = ————— | -
I: {l—r“}:l
1
Hence, i 1= Vi 000
oy l:_]. _IZ}H .‘..
0000
000
o0
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EXAMPLE 4 Differentate .ufccnt"lﬁ Lt X,



SOLUTION

Lety = a.||'cﬁt"1 Jx.

Putting Jx =t and cot 'xr = cot ™% =u, we get

Y= u"E, whereu =cot tand t = -/x.

dy 1 -1 1
'."-]m-v.y'=w,|"E — E-i::Eu' 7 =ﬁ,
u=cot f = e = =
dt (1D
And t=+r = d—tu_-l_:.:'xl‘é-: P
dx 2 2
a"y=(ﬂ'g,rxei’uﬁdt]= ~]
de \du dt dx) afu(l+i5)Wx
B —1
Y Jeot EN1 =54
—1

4 Jeot T N1+ x)4x

[...

EI'.

Mict

IBRUUF OF INETTILRONS
L]

u = cot It]
T =+ X]
Jj X X
000
9000
000
o0
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EXAMPLES  Differentiate e it x
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_'.-ﬂ'.-"_'_'"""__l I,l__
SOLUTION Lety =e™" ¥,
Putting Jx =tand tan 'Wx =tan 't = u, we get
y =e", where u=tan 't and f = V/x.
Now, y =¢" = di:i’“;
du
u=tan 't = du: ! 5
dt  (1+t°)
dt 1 -1
mangelies Bl 1
ix 2 2/x
dy_[dyxdﬁxde 1 1
dx \du dt dx | {1+f2) Wx
= | 1 1 2
=Rt R f uztanli] 000
(1++7) 2ZVx 0000
0000
e
o0
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dyy [dy d 1 df] N 1 1
R, 2 - = :E’-" i &
(1+¢%) 2Vx

dx du dit dx
= ptant : —- 1,_ [ u=tan '{]
(1+t7) 2+x
Etan_lﬂ-i';
= [.- t=4/x]
2l 2l + %)
tan " fx
Hence, &y = E_ :
dx  24x(1+ x) -4
0000
000
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dl x | a2 11X f
EXAMPLE *  Show that d— Ex’nq—x +Eﬂn L _"-..r.?z el
X a



SOLUTION  We have

d_r e X
el ﬂ2—12+—=;1n1
x| 2 ] )

d{r ) u] i 11]
=— =" =1 |[+——{sin -
dx D dx q

. N
E, i@fﬁ)%ﬂ)i{i}i#l

2 dx dx\2) 2 | 2
|
| % .8 V 79 ﬂz
o) P2 -1 3,
21 2 )i HZ_IZ o0
o0



Miet

X d ¢ S ¢ S d [1J HE 1 1
=——a -x")+(Va" -1 +—- =
2 d.r( I i dx 2 | v
\ 7
1 1 / 1 :
=5 —(az—xz) " ( 21:)+(wz—.1'2)-—+ !
22 2 Wat-x
) B P ﬂ2—12+ %
Wa® - x? . Wak -2
_—_r2+(r12—1 )-HI arz—xz JH _rg
C pfE (a2 -
a—x .-:: x>
d|x & = H _11‘ 7 :::.
Hence, —| —va -1 +—sin -1 0000
dx| 2 2 a 43



PRACTICE QUESTIONS

Differentiate each of the following wart. x:

1 o5 ) tanly? 3, sec Wy 4, Sm*f
i
! tan’l(log 0 6 cot'l(ex) /. log (tan'11') 8. cot 'y’

9, sm'i(cnsx) 10. (1+x2)tan"lx 11. tan"l(mt X)

et



ANSWERS mtlm,!

2- 4 3- — 4:. —
1—4x2 (1+x7) 2xyx -1 va? - x?
1 —&* 1 -3
. 5 6. e T ¥ 5 = 8. 3
x{1+ (log x)7} (1+e7) (1+x%)tan "x (1+x")
9. -1 10. (1+2xtan'x) 11 -1



et

THANK YOU
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Lecture- 37 GROUP 0 ETTUTONS

Derivatives of Exponential,
Logarithm and Parametric Form
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Derivatives of Exponential and Logarithmic Functions

cﬁ}%caﬂ#unga}



et

EXAMPLE 1 Differentiate each of the following w.rk. 1:

firs (if) 7™ (1) ¢
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EXAMPLE 2  Differentiate each of the follownng w.rt. x:
(i) sin (log 1), x>0 (1i) log (log x), x=>1




SOLUTHON

(1) Lety = sin (log x).
Putbing log x =t, we get

y=sintandt =log x

=gt and —=—
dr x

p—

sir_ at. 1
ar

Mict
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midt

dy {dy. di) ( I'J 1 cos(log x)
st — 1=l cost x— =008 (log ) x—= - -
dx 'Leffxde g K:L s {log }Hr. s
Hencs; o foin (log alf = 05 UOE N
dx ¥
(ii) Lety = log (log x).
Putting log x =t, we get
y=logtandi = logx
- i_fn.ii'_r_—lﬂndﬁ:l
ar dx x
o W ;xd_fJ A1) [ % | I
dr \df dx) \f X logx x) (xlogx)
d 1
. — o 1)} = —-
dx llog tlog x)} (xlog x)
000
0000
00000
0000
0000
000
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EXAMPLES [fy = Sk X find dy
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SOLUTION Given: y = % i
Putting cot x =t and ,jcot.x = JF =1, we et
y=e", u=+ftandt = cot x
ef‘i,r I du 1 _f,{: 1 fdt %
= ——=p, —=—} = ——and — =—gimec Ty
du df 2 2 dx
=5 dy _rd:,.f dii Jt‘|
dr \du efr)
I 1 I_ o X 1 -
=qe—m= I:'—LJJH:L )= -—-I,'—:_:nbec'z_‘t‘}
20t 1 Lll'c{::t X
000
B L—E‘{HEEEJ.'} gt _ ::::
2 Jeok % 0o



et

X o,
EXAMPLEA [y =log tan —, find —. .
- I.i:lr .I:..]ET' n 2 .lﬁ? I:i‘r:
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g x
soLuTioN Given: vy =log tan i
- : 4
Putting ?=f3mﬂ tan 5 an it =u, we get
. x
= log «, u—lzmtandr—E
d 1  du 3 it ]
- L= = sectand — =—
du uw df dr 2
; :
w5 W ai'yx:,iru :-:HTtJ 0o
dr Vdu dF dx 0000
000
000
000



PRACTICE QUESTIONS ml_gl

N e ! 1 Il e 1 B

Differentiate each of the following w.r.t. x;

L @e® @e 2 aer @)eR (el
3, (()e™F (i) e ﬁii}ﬁﬂml

4. (itan (log ) (i) log seca fiii}lﬂgain%

5. (i)logyx ()27 (i) 373

b. {iiif%{l-kl (11} log sin 3x [iii]lt':gfl-i-‘-,'l-i-:r::} =
X
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EXAMPLE 1 Differentiate each of the following w.r.t. x:
. 1| 1—cos x y ~1| €cosx —sin x
(1) tan ](—J (11) tan 1[ J

sin X COS X + Sin X

i -



SOLUTION

(i) Lety=tan ;

| sinx

= tan 4 tan xl:
)

(1-cos

=tan

X
2

-1

sin’(x/2)

2sin (x/2) cos (x/2)

Mict
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gyt

« M=

Hence, dy d(—]zlv
dx  dx 2

. [ cos x —sin x [ 1-tan x
(ii) Lety =tan 1{ [ %. }:tan 1{ J

COS X + Sin X l+tan x
lon dividing num. and denom. by cos x]

-t £ 2.

Hence, d_y g ——I =i & —i(x):([}—l):—l. 000
dx  dx dx\4) dx 0000
XXX

000

o0
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EXAMPLE 2  Differentiate w.r.t. x:

; 1| cosx 3 : |
(i) tan 1[1—J (i1) tan l{secx + tan x)
+ sin x

i F B "
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— SH1L__XJ
SOLUTION (i) Lety:tan'1[ - ]:tan'1'< . :.

o4
J 4 2
HEHCE,d—y:i{E—EJ:i{E _i(iJ: 0_1 :__}'. 000
dx dx\4d 2/ dx\4) dx\2 2 2 0000
0000
000
o0
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(Mlﬁupﬂmqﬁﬁx+mnﬂ
~¢mfﬁ 1 +5mr“_mn41+ﬁmx
L COSX  COS X COS X
g : \II*
m
1—&m(5+x
—— ta_'n“i-: / !:
. I®
mn[—+x
L 2 .
.ﬂZ ; . m
{? ﬂm{—"kI}Z—EHII;5H1£—+IJ=EDSI}
z - YY)
0000
0000
000
o0
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. 1 1+IE—1-
EXAMPLE 12 Differentiate tan F O 3 Sl

X




SOLUTION

Lety = tan

i_

f
1J N1+ 22 -1 _
&

Putting x =tan 0, we get

{1+ tan’0-1

T
-1
[E[}S 8] J

tan O

-

-cos b

sin O

i

— tan-] sec 0-1
tan 0

1[1-cos®
T 1 COs
sin B

2sin%(0/2) el {tm ;”}
0/2) 2

2sin (6/2) cos (

Mict
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et

T |
=—%¥an X
/ 2
4y = , g {tan“lx} — 1 :
dx 2 dx 2(1+ x E}



PRACTICE QUESTIONS mlug.!

szﬁ?reﬂtm ew.rLx;

i /1+e:m I | I 1 B

L (i) tan~{ |—
k\/l—msx 1—5111::‘

k

1{J1+%m1 +J1—qml} jmd

Ify =tan~ :
7Y {\/1+ sin x — I1—:—“.111 x) ::h




PRACTICE QUESTIONS mlug.!

Differentiate w.r.t. x:

.2
(i) cos™! 1 '12 (if) sin'i[ i EJ (iii) sec‘i[ ; J
1+x 1+ x 2x° =1
f o i




et

THANK YOU
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Lecture- 38 GROuP o ETTITONS

Logarithmic Differentiation &
Derivative of implicit Function
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EXAMPLE ¢ Dfﬁ‘:{??’ﬂﬂﬁﬂfﬂ ¥ wrt.x.




. Mict

SOLUTION Lety =x". e

Taking logarithm on both sides of (i), we get
log ¥ = x log x.
On differentiating both sides of (ii) w.r.t. x, we get

i d—y—xr;—xﬂﬂg x)+ lng I-%{I}

y dx
. |
= (I-——f— log x -1] =(1+ log x)
X
= . y(1+ log x)
dx
= ay . x*(1+ log x).
dv 5 A
vo 00
000
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EXAMPLE - Differentiate (sin x)* w.r.t. x.




SOLUTION

Mict

RFOLF OF MI[IL“

Lety =(sin x)*.
Taking logarithm on both sides of (i), we get
log y = x log (sin x).
On differentiating both sides of (ii) w.r.t. x, we get

i%:l %{lmg (sin x)} + log (sin x) - %{

=x- -cos x + log (sin x)-1

sSin x

= xcot x + log (sin x)

= ——=y-[xcot x + log (sin x)]
dx °
= _H =(sin x)" [1 cot x + log (sin x)].
X

000
0000
0000
000
o0



EXAMPLE -

SOLUTION

L

 Differentiate (sin x) OB X it x. e o TR
Lety = (sin x)' ", .. (i)
Taking logarithm on both sides of (i), we get
log i =(log x)(log sin x). .. (i)
On differentiating both sides of (ii) w.r.t. x, we get
. = (log x)-— ;s — (log sin x) + (log sin x)-i(log X)
Y dx dx
1 1
| — | —
= (log x)- o 08 ¥+ (log sin x)- .
= (log x)cot x + g sin 4
X
dy (log sin x)
~ =y (log x)cotx+-
= i y[(ng Y)cotx + - ]
= @=(5in Jf)]ugx'[(log x)cr:rter(mg = x)]_ ceee
b x H



et

EXAMPLE - . Ify =(x)°®¥ +(cos x)*™ ¥, ﬁ’ndj_y.
X




‘miot

F OF IETTTLIRNE

SOLUTION  Let y =1+, where = (1) and v =(cos )™, I

Now, 1 =(x)®*

= log 1t =(cos x)(log x)
1 du d i

N e (cos x) g (log x) +(log x)- T (cos x)
lon differentiating w.r.t. x]
=(cos x) -l+ (log x)(-sin x)
X
- d_u—u {E—(lﬂ 1')('::1.11 1)}
de X s
— du :(I)“m{%—(h}g x)(sin JL)} (1) 000
dx X 0000
0000
000



- - | miet
)sin X

murunu‘rm

And, v =(cos x

= log v = (sin x)log (cos x)

o %j—i =(sin x)- i[h}g (cos x)} + log (cos x) - i (sin x)

[on differentiating w.r.t. x]

25 o =7 -{(sin I).(—sm ) + log (cos x) - cos .r}i

dx COS X
= jﬂ (cos .x)"m [-sin x tan x + cos x - log (cos x)}. ... (i)
b
L y=(u+0)
dl; du do
dr d'!;‘ dx
— d—yz(x)"“” -{m—(lng x) sin .r}
dx . X | YY)
N 0000
+ (cos x)F° {~sin x tan x + cos x-log (cos x)}. :::.
o0



et

. .
EXAMPLE ~ If x" =_1,rf",_hﬂdf_-1"'.
(X




EXAMPLE ~ [fx* = y*’,ﬁﬂdj—y - 'nlut
X

wunlu'muuu

SOLUTION ~ Given: x¥ =y

= ylog x =xlogy. . (1)
On differentiating both sides of (i) w.r.t. x, we get
- g ) +0g )4 (1) =l 4+ (og )+
= y-£+(log:~)—f= i—f (log y)-1
dy y]
log x——| = =|log y—=
0g X yJa’x [:}gy ;
. (ylﬂgx—x)_dy:(xlngy—y)
1f dx X
000
0000
0000
000
00



et

dy _y(xlogy—y)
dx x(y log x—x)

iy




R B e T

dy  logx
dx (1+log x)?

EXAMPLE ©  Ifx¥ =¢* ¥, prove that

Mict

IBRUUF OF INETTILRONS



SOLUTION ~ We have
v =e' = ylog x=(x-y)
= (1+log x)y =x
X
(1+1log x)

=18

On differentiating both sides of (i) w.r.t. x, we get

iy (1+log x) -j?(x)—x-%(br log x)

dx (1+ log x)?
1

(ngI)'l_x';_(lHngr—l)_ log x

—

(1+log 1) (1+log 0t (14 log x)? |

L

U OF ETTTLIONE



et

Differentiation of Implicit Function



et

d
EXAMPLE 1 ff _1‘3 + 1 A= EHIy,'ﬁﬂd di
X




migt

SOLUTION~ Given: ~ ° +1° = 3axy.

Ditferentiating both sides of (i) w.r.t. x, we get
oy y
3+ 3yt L= 3ndp L4yl
sl

d
5 yt-a) 2= 3y~
dx
dy Y- ﬂl
" -, e
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. e
EXAMPLE 2 [f ax> + 2hxy + byz +2gx +2fy+c=0, find d—y
-




et

SOLUTION. Gven: ﬂ.l'EJrﬂIIer[JyZJng,HZf:erC:U.

Ditferentiating both sides of (i) w.r.t. x, we get
l@ﬂ;} dy+')g+2f

i

x4+ 2h

= (2ax+2hy+23)+(2!u*+2by+2f)-%:0
I

r d_y__ it hy+ g |
o \htby+f




BIAVPLES [ {11414

)

=a(x-y), provethat




et

A Gl 117 \fl—yzzn(r—y).
Puttng =50 and y=sin § it becomes

c150+c05¢-a(5m0—5m j

(05 + s
5 ——
s -5




/ \ R
2cos M CcOSs O
- . g 2 )
=3 =
2C0S Bk, SiT 0-9
L. A 2

00—
=> ‘cot [T(b}:” = 0—¢=2cot

— sin 'x —Sm_ly = 2cot g

On differentiating both sides of (ii) w.r.t.

1 B 1 _dy_ﬂ
A1 —x2 1—};2 dx
| 2

dy }1—_1_; .

Hence,

ﬂ'l.ll;n

—1

i

Mict
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x, we get



dy : 51'112(:1 - y)_ ‘ '“int

[CBSE2012] "=

EXAMPLE ' [f sin y = xsin(a+y), prove that ,
— : : dx  sina

SOLUTION  sin ¥ = xsin (a+)

siny .
sin (a+ ) ¥

= p=

On differentiating both sides of (i) w.r.t. y, we get
dx  sin (a+y)cos y-sin ycos(a+y)

|using the quotient rule]
iy sinz(a +1))
_sinfa+y-y)  sina
5i112(u+ ) 5i112(1:1+ )
)
Hence, % -S040, 2s,
dx  sing o000
o0
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d :
EXAMPLE * Ife* + ¢/ =¢" Y, prove that a’y = —e/ ",
X




Mict

IHII.I.FUFI.BTITL“

SOLUTION Given: e +¢é¥ =e¢* 'Y,

On dividing throughout by Y we get

. |

e ¥4 =1.

On differentiating both sides of (ii) w.r.t. x, we get
e . [ dy] +e 7 (=1) =

ax
—X
=5 - s = —g¥%)
dx g ¥
000
0000
0000
000



PRACTICE QUESTIONS mlug.!

d
Find —y, when:
d
2 i v lf2
Lx+y =4 2.ﬂ—2+}]—2:1 3.\/E+\@:x/5
/2
4 1% + y%“ = a/-“ ). Xl = 'y b 1%+ y?‘ -3y =1

7. xyz —J:Ey -5={) 8. (x:z - yz)1 =Xy 9. 1 + yz = log (xy)



PRACTICE QUESTIONS mlug.!

o Lolog )2 ,

I£ cos i = x cos (1 + @), prove thatdu - (y . |

dx  sing
4
EXAMPLE Ifx¥ +y* =a”, find oy 444+

dx o0



ANSWERS mtﬂ

_2, " _73 2
R T s
Iy ! b
) (j-dy A 9. u(l_lxz)



EXAMPLE  If y = T prove that j_y:
X

yz

x(1-ylog x) |
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So, we may write the given function as y = x”.
Now, y=x¥= logy =ylog x.
On differentiating both sides of (i) w.r.t. x, we get

1 dy 1 dy
—e— =i gpe—o]
Yy dx T OB g
—5 [i— log x ] ay . 4
1/ dx x
. (1-ylogx) dy y
Yy dx x
dy _ly. .y _ dy _ Y’ ,
dx |x (1-ylogx) dx x(1-ylog x)

Mict
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et

" fy asr
i (-1

EXANPLE : If = \/ Sin Y + \fsin It jsin I+..0w, prone



et

SOLUTION  We may Write the given Se1168 as
y=snr+y =y =(sinr+y)

On differentiating both sides of (i) w.z.. x, we get

Zy-d—y:mmd—y
i} f
- (2y—1)-d—y:t05x
|
) dy: (0
& 13- 132,
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40 e
EXAMPLE 3 If y = g , prove that dy __y
= de (1-y)
SOLUTION We may write the given series as
y=¢"" = logy=(x+y). (i)
On differentiating both sides of (i) w.r.t. x, we get
LI
y dx T dx
s [l — 1] d_y =1
y dx
_, B= ) ay _ 1
y dx
— dy - y .
dx (1-y)
000
0000
0000
000
[ X
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' 2

, (. A 1—2°
EXAMPLE  Differentiate sin 1[ z] w.r.t. cos ™! =
1+x 1+x



et

Ji

[+

SOLUTION ~ Letu = sm

)
— and v = cos 1{1—}:]

141

Putting x = tan b, we get

u=sin’ Ztan(g *qin'l(sin 20) =26,
[ +tan‘0
/ B\
4 T-tan"0 ;
0= 005" 7 :cosi(ms 20) =20
1+t i
du
Y =p = —=],
v 448
oet
o0
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e : T 2% 1 2%
EXAMPLE  Differentiate tan 1{ z]w.r.f. sIn 1[ 2]—
| 1% 1+x

4 2x - 4f 2x
SOLUTION Letu =tan 1( Jandﬂ:sm 1{ ]

1-x 1+ x?
Putting x = tan 0, we get
U = tan‘l[ m“f J = tan"!(tan 20) = 20,
l-tan”"0

U= 51'11'1[ cian g J = sin " (sin 20) = 26
1+tan”0
du
=D = =1k 000
a0 HH
000



EXAMPLE

SOLUTION

Mict
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/ 2 2

l1+x° —41l—x 1 =

. w.r.t. cos 1:4:E
41+ x‘?‘ + *\.’fl —:n-:2 J

x.f1+.x3 —xa'l—x‘? l

Differentiate tan "IJ\

-1 B
Leti = tan and v =cos™ x°.
/ 2 Vf 3
Vvi+ x® +41—x
Then, cos x* =p = x°* =cosu.

Putting x% = cosv, we get

[ [1+ cosv —f1—co
n:tan‘l{‘f + €05V — /1 —cosv
L\/1+EDSEI+JI—CD53?
1 r -,',IFZEDSE{E?,/Z} — 1'/'251112{33!2} { Y
= tan 5 .f = 0000
\2cos (v/2) + JZsinz{ﬂ,fZ}I e

L.
o0



o =

:

;

4]

1] c0s(o/2)-sin (U/Q)ﬁ

&:tan'1<

0s5(0/2)+sin o/ |
(dividing num. and denom. by cos v/2)

tan

10

: |

T U

;H(n_v]
{0 \4 1
-1
o QU S
i 2

1=

an (o)

[+

an (0/2

F

it



', Derivatives of Parametric Functions

Sometimes x and y are given as functions of a variable t. Then, ¢ is called a
parameter.
Let x = f(t) and y = g(t). Then,

dx . i
— = f'(t)and == g'(1).
f'(t)an i g'(t)

di
. 9 = (dy/ah) -4 Y where f'(t) 20
e (dx/dt) f) |
SUMMARY
Letx = f(f) and i = g(f). Then,
dy_(dy/dt)_g’(f) ; 00
T @/ = ) , where f'(t) #0. EEE:




d L

EXAMPLE 1 Fmd{ii when x=a(t+ sinf) and y =a(1-cost),
Y

soLumioN We have:
I

t=at+sint) = E:a(most);
y=all-cosf) = i—jwam
oy (du d}, psint_ Dsindt/2) cos() o
| d it dx (Jr[.'l}Sf) 23(_‘05(/2) : see



et

EXAMPLE2 [fx = alcos O+ log tan(8/2)]and y = asin, find j—yﬂf B=(n/4)
X
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L A me me m——— )

SOLUTION We have
x = ajcos 0+ log tan (0/2)]

2
= E=ﬂ —sin G+Ml=ﬂj—5iﬂ Bt — L 1\
0 2tan (6/2) | | 2sin (0/2) cos (6/2) |
i 2 2
= e -1 l: n(l—.sm 0) . ac‘ns 0
| sin Gf sin 0 sin 0

And, y=asin 0 = %:ﬂcosﬂ.

dy = [dy ¢ dﬂ} =| acos0- g B = tan 0.
dx do dx 1c0s20

[d—y] =tan— =1
li.x ﬁ=]‘[,."l‘i: 4 '




et

THANK YOU



