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Introduction of Limit




Mict

IHII.I.FUFI.BTITL“

LT We say that lim f(x) = if whenever x = a, f(x) - |

1=

Working rules for finding lim f(x)

X—=d

RULEI Putx =ain the given function. If f(a) s a definite value then

lim f(x) = f(a).

I=4

EXAMPLES 1. lim sin x=smn 0=0.

=0

). lim (x*+5x-2)=(1"+5x1-2) =4
¥ 000
0000
0000
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RULEN If 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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L .'2- 13
o B (| ()
431 1-3 1=l (x-l]
S0LUTON (1) hm hm ki, - lim (x+3)=6,
Ll g-3) W3 -3

=443 (x-0(-))

= im - 3)=-]
T -
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EXAMPLE  Evaluate lim { edait e, Sasie }
x

x—=0
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WUFW
SOLUTION We have
lim ‘“I{1+1'_"~"f1_x \J'|1+A— nm—x f‘u{1+1+F}
x— 0 X I—.r 3 NII1+ 5 —1—\/'[]— T,}
000
0000
0000
000
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_]’—}D \/7 \/7
|
o (J1+:1+\/1 1)
)
=l z] ting 1= 0],
el o



Fundamental Theorems on Limits (without proof)

i) Tim [f(2) + () = lim f(;ﬂ} ' {um g{;ﬂ}

X—=d X—=i I—=d

@) Tim {F(2) - glo) = i f{x}} . {]im g(x]}

I—=i I—=1 X—=i

(iif) lim {c- f(x)} = f-{lim f(x]ﬁn where cis a constant

g " T3

)t gt =l im0
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o1y lim f(x)
(v) lim <mp— L },prnvi::led lim g(x) # 0
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SUMMARY
Wi r
L. ]jm[I ! }:nﬂ”'l.wherexz > 2 lim[E 1]:1.
=al Y—-i =0l x
X
?:.ljm{H 1]:1115511. g lim(1+0"=e 5 lim lc’g“H]:I.
=0 x 1= 10 2
. 000
0000
0000
000
o0
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X— i

12 iz
. x T —a
EXAMPLE 1 Eopaluate him { }
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(400427
EXAMPLE  Evaluafe  im i 42 .

Y= l‘_ﬂ

¢, Ml
N Ll

T+ Y-

) lim (I '|' 2}:”2_ (ﬁ + 2]3;1

(1+2)= (142) Q+2 (ﬂ+ﬂ

(I+m m+m! 'Ihm{iiﬁﬁzmﬂJ'
2 =0} XY-1 000
0000
0000
1Y)
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Evaluate:
—x 1) X X —X
fi}fim[L l'fohm[L e ]f:ujlim( +Eq 2]
v=50 Y ) r— 0 X ) Y — 0 =
000
0000
0000
000
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q x T 2_1'
EXAMPLE  : Evaluate Lim (h ] :
x—s x



et

SOLUTION fim i) = lim =R
1=+0) y J 1'-xﬂl X |
= fim | — . hm2 1]
=400 x| =0y
=(log 3-lo 2)-113E | + lin|— i =log
~\10g 9-10g &= 52 ail 7 h
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TRIGONOMETRIC LIMITS



(1) lim sin® =20

8 —d

(ii) im cosB =1

B —0
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THEOBREM 2 (1) lim E'H”:I (fi) lim ity

r—0 x x—=0  x

1




Mict

EHII.I.FUFI.BT_ITLH
EXAMPLE 1 Evaluate:
. .. SIn 2x v .. BIn 3x U sin ax
(i) lim (ii) lim (iii) lim ]
r—=0 x x—=0 By =0 | sin bx
000
0000
0000
000
o0



EXAMPLE 2  Evaluate lm

sin 5x

r— 0 tan 3x
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EXAMPLE  Evaluate:

(cosec x — cot x)

(i) lim (sec x — tan x) (1) lim
:L'—a-£ 10 X

TR : 1 sIn X

SOLUTION (i) lim (sec x — tan x) = Iim -

et ;B\ COSX COBX
2 2

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

= lim

= 2
oS X i hi o cos™x
z

I—

- -

(1 - sin x) cos x

.1'_}5 (] = Eil"lif'{.'}

COS X it
=lm——={( {putﬁng X :—}-
- - 000
X (1+ sin x) 2] oee0e
z 0000
000
00
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Continuity




Mict

IRRUUF OF INEITILRONS

Continuity

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

X =il

Thus, f(x) is continuous at x = a if

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

I—=*iH X —=*ii—

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

that point. 00
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If f(x) s not continuous at a point, it is said to be disconfinuous at
that point.

REWARK ~ {x)is disconfinuousaatx = in each of the following cases:

(i) f(a)is not defined
i) i f(x) does not exist
(1) HI(I) (o
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EXAMPLE 1 Show that f(x) = x? is continuous at x = 2.

n ]
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EXAMPLE 1 Show that f(x)=x’ ® is continuous af x = 2.

SOLUTION  We have f =9 :H'
lim f(x)=lim (2457 = lim (84 1 + 12h+ 6h*) = §;
124 -0 h—0
lim f(x)=lim (2-1)° = lim (8-h"-12h+6I") =8
=42~ J'Hﬂ h=0
lim f(x)=lm f(x)=f(2)
=2+ x=2-
Hence, f(x) is continuous at x = 2. eese
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EXAMPLE  Discuss the continuity of the function f(x) af x =0, if

() {21—1, x <)
I =
| 2041, x20
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SOLUTION  Clearly, f(0) =(2x0+1) =
lim f(x) = 11m f({]+h}

=+

= lim [0+ %) +1] = lim (2h+1) =1.
h—0 h—0

lim f(x)=lim f(0—Fh)

=~ h—=0

= lim [2(0~F) ~1)] = lim (~21~1) =~

1— ()

Thus, lim f(x) # lim f(x)and therefore, lim f(x)does not exist.

=04 r—0- x—0

Hence, f(x) is discontinuous at x = 0.
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3x—2, when x<0
x+1, when x>0

EXAMPLE  Show that the function f(x) ={

15 discontmuous at x = (.
SOLUTION We have, f(0) =(3 x0-2) =-2.
lim f(x) _}_11'11 fF(O+h)

r—0+"
= lim (h+1) =1
h—0
lim f(x) = ]_1m f(O-h)

¥ —-

— lim [3(—}) —2] = lim (-3k—2) = 2.

1— (] i—1{)

lim f(x) + ].llTl f(x) and therefore, lim f(x) does not exist.
x—{+ x—0— x—l)

Hence, f(x) is discontinuous at x = (.



Mict

, (3x—2, when x =0
EXAMPLE - Show that the function f(x) =
— : ' x+1, when x>0
1s discontmuous at x = (0.

000
0000
0000
000
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SOLUTION  We have, f(0) =(3x0-2) =-2
lim f(x)=lim f(0+h)

=30+ h=0"
=lim (h+1) =1
h={)
lim f(x)=1lim f(0-h)
T—!"[]— h=()
= lim [3(-h) -2] = lim (-3h-2) =-2.
h=1) h=()
+ lim f(x) # lim f(x)and therefore, lim f(x)does not exist.
1=k == 1=l
Hence, f(x) is discontinuous at x = (. ceee
1
o0
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i

EXAMPLE  Show that the ﬁmcrfﬂn f{I} =45 |x|

x

—, twhen x =0
X
I

1 when x =0

i

1s discontmuous at x = ()



EXAMPLE .

SOLUTION
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P f - =0
Show that the function f(x) =4 |x] CETE X

1, when x =0
15 discomtimuotis at x = ().
Itis being given that f(0) =1
h h
lim x ‘—111'11 O+ h)=1lim —=1lim —=1.
r—»0+ Iﬂ: } f[ } h—10 I.F‘i'l h-—-0 h
lim f(x) =lim f(0—Hh) = lim iy ey
2 —»0— _.l'!—a-'l'.l _J!E—H] “I‘I G h—0 h B ’
im f(x)= lim f(x).
r— 0+ r—30="
So, lim f(x) does not exist. eoe
%~ 0000
Hence, f(x) is discontinuous at x = (. ceol”
0000
[ XX



EXAMPLE Examine the continuity of the function

f(x) =

sin

X
1,

i

x#=0

x:=10 af x=1).
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SOLUTION
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L]

We have f(0) =1.

lim f(x) = lim f(0+h)
-0+ h—=0°

i sin (0+ h)| —lim |sin hi| i sin 1 _ !
=0 {{]+h} h=0 h h-0 h

lim f(x) = im f(0-h)

1=~ h =0
= lim sin () = lim -sin i = lim Mz—l.
h—0 =k h—0 =k h—0 —h
lim f(x)# Im f(x).So, lim f(x)doesnotexist.
x=»{+ x>0~ =0’
Hence, f(x) is discontinuous at x = 0. oo
0000
000
0000
000
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EXAMPLE Find the value of k for which

kx+5, when x <2

£ {

1s continuous at x = 2.

x-=1, when x =2
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SOLUTION We have, f(2) =(kx2+5) =(2k+5).
lim f(x) =lim f(2+h)

r—2+ h—=0
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L]

= lim (24 1) -1 =lim (1 ) =1,

h=( h=)
lim f(x) =lim f(2-h)
x=2- h=+1)
=lim [K2-h) +5 = lim {(2k +5) - kh} = (2k+5).
=) fi—(]
Now, lim f(x) exists only when 2k+5 =1, i.e., when k= -2.

¥—=2

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

-2

Hence, f(x) is continuous at x = 2when k =-2.
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(Bax+b, for x>1
EXAMPLE *  Ifthe function  f(x)={ 11, for x=1
Sax-2b, for x<1

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




SOLUTION

We have, f(1) =1L
lim f(x)=1lim f(1+h)

=1+ h—=0

=lim {3a(1+ W)+ b} = lim {(3a+ b) + 3ah)
J!—r{] h—(

=(3a+b).
m f(x) =lim f(1-h)

s —rl— h—0

= lim [5a(1—h) —2b} = lim |(5a — 2b) —5ah]

h—( h—=0
= (5a—2b).
Since f(x) is continuous at x = 1, we have
lim f(x) = lim f(x)=f(1)

-1+ x—1-

3a+b=5a-20=11L

On solving (34 + b=11) and (54 —2b=11), wegeta =3, b=2

Hence,a=3, b=2

‘midt

II.I.FUFI.BTI'I'L“
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[ l/x
{E 1]; when x # 0

EXAMPLE  Show that the function  f(x) =4| J/x 41
; 0, when x=10
15 discontmuous at x = ()
000
0000
0000
000
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SOLUTION  Clearly, f(0) =0. aruPoF v

1/h
Now, lim f(x)=lim f(0+F)= lim f(k) = lim ﬂ["w 1]

¥ =0 h—=0 h—0 - Tl 1 |
f
1 1/h
= ]_'|_'['I]_ b 2 = ]_L'[Tl ; — 1.
h—=0 1/k 1 1 h—0 1 1
S T T
E,—l.-"h S,
And, ]_1m f[.x} = ]Jmf{{] h) = hm f(—h) = lim
h—=0" h—0 3_1'”'7 +1
1 A
!
— ]_].lTl ’: =—1.
k=0 L-I—l
ela’f
Thus, lim f(x) # lim f(x), and therefore, lim f(x) does not exist. :::.
1=+ x == 1) 0000
Hence, f(x) is discontinuous at x = (. 000



PRACTICE QUESTIONS .
Miet

Prove That e

FIE_I_E when x = 3;
f(x) =4 »—3 g T ds continuous at x = 3.
i 5 when x =3
[ x2 25
. —, when x +5; . : 2
F(x) =+ xr —5 is continuous at x =5.
10, when x =5
[ sin 3x
——, when x =0; i k .
Flx) =+ x is discontinuous at x = (L
i 1, when x =0
Jl—cns-x h 5
f(x) = £ OITESIERR ST is discontinuous atx = (L.
1, when x =0
(x) 2—x, when x <2: di i " o
x is discontinuous at x = 2.
"F 2+x, when x =2
3—x, when x <0:
x) = " is discontinuous at x = (.
f(x) { x2, when x>0
000
0000
00000
0000
0000
00
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Lecture- 31 GROUPOF HETIUTONS

Differentiability




Differentiability

Let f() be a real function and a be any real number. Then, we define

! fla+h)-fla)

(i) Right-hand derivative lim ,if it exists, is called the right-
h=()
hand derivative of f(x) atx =, and itis denoted by Rf'(a).
i) Lethand devatve ] (”'h}I'f 0 St e, ol the 1ol
1= -1l

hand derivative of f(x) at x =a, and it is denoted by Lf'(a)

DIFFERENTIABILITY A function f(x) is said to be differentisble af x=a, if
R0 =L (o).

Mict
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EXAMPLE ! Show tht f(x) = gt differentiable ot v =1 ond fnd f'(1)



EXAMPLE 1 Show that f(x) = ¥ is differentiable at x =1 and find f'(1)

2

SOLUTION  Rf (1) A, b L s
h—0 h h—0 h

_m{l” +2h_1]=lim{h+2):2.

h— h h—10)
2 2
And, L) =tim SR @700
J'r—:r'El ~h h—=10 ~h
7
= fim 1+;r_2h_1]=um (<h+2) =
b= —h h=0)

Rf'(1) =Lf'() =

This shows that f(x) is differentiableat x =1 and f'(1) =

Mict
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[1+x4f 2%
EXAMPLE ' Show that the function f(x) =1 f

\

is not differentiable at

h—%; #if x:>2
x=2
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L]

SOLUTION  Rf(2) = lim f(2+h) - f(2) Logus [5—(2+ };}_3"|'

h—0 h h—0 h
h—0 h h—»0

And, Lf'(.?} = E_I}}] f(z—}'_ﬂh—f[ﬁ}

e {H{E—h}— 3
h—=() —h
Thus, Rf’{E} 7 Lf’{Z}.

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

-l=].im_—h:lm11=1.
h—=0-h h-=0
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THEOREM  Every differentiable function is continuous. But, every continuous

function need not be differentiable.
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EXAMPL".¢  Show that  f(x) = |x—2|is continuous but not differentiable at x = 2.
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S0LmON We'have  f()=[2-2/=

x-r2+ﬂ) h-&ﬂf Hﬂ h-rﬂ }Elﬂh:{l
HQ-ﬂ ):!Hﬂm I- }31—1}}1 !Hﬂ h‘ !Elﬂh .
. I e fle =0

%, f{x)s conenuous at =2,



Miet

But, RF(D) = i JEER=FD i, [2+H-2]-0
h—0 h h— () h
it s g Bq
h—0 h h—0 h
And 1f(2) = tim 2B S _ 3, 12-h—2]-0
h—0 —~h h—0) —h
= lim il = lim i:_l_
h—0 —h h-0 —h
Thus, Rf'(2) #Lf'(2).
This shows that f(x) is not differentiable at x = 2. coe
0000
00
o0



PRACTICE QUESTIONS ml.g_!

Show that f(x) =|x —5|is continuous but not differentiable at x =5.
2-x), when x21
Let f(x)= =)
x, when 0<x <1

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.
(1-x), when x <1;

Show that the function f(x)=1{
(x=-1), when x =1

is continuous but not differentiable at x = 1.

2+x), if x=0
Let f(x) = =) | Show that f(x) is not derivable at x = (. XY
(2-x), if x<0 0000
00000
0000
0000
000
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Lecture- 32 & 33 GROUP OF STIITONS
'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 | ~ e o
(i) — (M =m"?! (i) — (") =¢"
dx dx
: . ( :
(111)) — (sin x) = cos x (iv) — (cosx) = —sin x
dx dx
d oo
(v) — (tan x) = sec’x (vi) — (secx) = secxtan x
dx dx
= s o
(vil) — (cosec x) = —cosec x cot x (viii) — (cot x) = —cosec’x.
s dx
The derivative of a constant frurnction is zero, i.e., =
be.

() = 0.
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EXAMPLE 1 Find the derivativeof
(i) 8’ i) bx i) 5¢' (1) 9x 2
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EXAMPLE 2 Find the deroative of (' + ¢+ 3+ cot 1) il repect o
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i respect o x.

i o
EXANPLE S Find the deroatoe of (Qx'+ —+5smx
Y
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soLUmON Wehave i(&hhfys‘m )
ST
:0@“}“3'@(1'1“5‘@(5“*")

j

:9><:2:r+3~(—1):r'2+5ms:r:18x——2+5cﬂsx.
!
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EXAMPLE 1 Differentiate the following functions with respect to x:

4 2
+———tanx+6f'

o 3
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i, 4 2
SOLUTION — [ x +—2——tanx+6@
el ]

:i(f] ' 4i(f3)-gi(tan )4 ﬁi(ﬂ)

dx i 3y i

=2r +4(-)) :r"l—gsecjﬂﬁb-:(] i(r?\:O
j i
= —%—g SeC T,
I 3 000



EXAMPLE 2 Find the deroutive of

5 5

b 2tany

{/E _cn:ss.r

.l.

sny  secy

+

1

J

et



Mict

IRRUUF OF INEITILRONS

EXAMPLE 3 Differentiate the following functions:

2 2
e _ 1 e X+ 2 +5
i) (x2-5r+ 6(x-3) (i) JT+—J (i)
) (x"-5x+6)(x-3) i { Y ﬂ il \E
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EXAMPLE4 If y= ulr: — cmz . find %.
. + Ccos : x
I[l—CDE'-EI [25in2
SOLUTION vy = = — = {am x.
B 1'.|||1+ cos 2x ulE::ﬂE‘:r
dy  d
—~ — — (tan x) = sec’x.
dx dx
YY)
0000
0000
000
o0
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2 3
EXAMPLES If y=[1+x+ :;! - lﬁT ] show that %:y.
SOLUTION Wehave, y=¢".
dy d
. (—’P} = f‘r:
dx dx ( /
000
0000
0000
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EXAMPLE 6 Ifu= 3t 5% 3P 18t £ 4, find %ﬂff—l
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SOLUTION .= (3t -5+ 2° 18t + 4

dt dt
d d d d

=S5 Y s =18 —
rlie U df( 0

= 3x AP -5x 3+ 2x2A-18x1+0
=128 - 1582+ 44 18

[@} —(12x1P-15x 1" +4x1-19)
d{--|':I

=(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

d di i
dr[f() gx) = f(x }-E[g(ﬂlw(ﬂ-dx /()]




EXAMPLE 1 Differentiate: (i) xe

(11) voe'sin x
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k.

EXAMPLE 2 Differentiate x< tan x.




]
PRACTICE QUESTIONS MIDt

Differentiate:

(x*+ 3x+1) sinx

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

fx)

: Oth
g(x) # Othen e

is also differentiable, and

d

dx X

dx

g(x) [¢(x)]

£ .

i{m} S(I}—{ﬂf“ —f(ﬂd—{g(rﬂ

Mict
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EXAMPLE 1 Differentiate:

:...'I.' : 3 N _.,,.'l
(i) < (i) [2‘; i ] (ifi) —
Y ; 1+ sin x)

i i
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: : x2+5x —6
EXAMPLE 2 Differentiate il e -
4dx"—x + 3
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5 =

1-—tan x
1+ tan x

dy -2
dx (1 + sin 2x)

EXAMPLE. If y:{ } show that
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SOLUTION By the quotient rule, we have

dy (1+ tan 1-]-i(1— tan x) — (1 - tan ,ﬂ.i[1+ tan x)

Y- dx dx
dx (1+ tan x)?
_(1+tan v)(—sec’x) — (1 — tan x)(sec’x)
(1+ tan x)?
B Dsec’x B -2
(1+tan ¥)* (cos”x)(1 + tan’x + 2tan x)
B 2 ~ 2
; sinx 2sinx| (1+sin 2x)
(cos™x) 1+ —+ 000
cos Y COSX 0000
0000
000
o0
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L 4
EXAMPLE 5  Differentinte:
. 5inx+cﬂ5r] | secx -1
(1) | — (i
sm.‘r:—::ﬂs;rJ secx + 1



migt

. d [sinx+cosx
SOLUTION (i) .
dx | sin x — cos x
: g . " ST,
(sin x —cos x) -d—(sm X+ cos x)—(sin x+ cos x) -Tfsm X — 05 X)
X ax

(sin x - cos x)*
(sin x — cos x)(cos x — sin x) — (sin x + cos x)(cos x + sin x)

(sin x — cos 1)’

[(sin x — cos x)” + (sin x + cos x)°]

(sin x — cos x)°

[ ] :I j
~Xsin“x + cosx) —2
e D 2 TR = : '

(sin“x 4+ cos"x— 2sin x cosx) (1 -sin 2x) ceo
0000
0000
000
o0



i d [secx—l]

dx | secx +1
d d
(secx+1)-—(secx—1)-(secx-1)-—(secx +1)
i dx X
(secx + 1)
_(secx+1)secxtan x—(secx —1)secxtanx 2secx tanx
(secx +1)° (secx +1)°

Mict
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PRACTICE QUESTIONS

Differentiate:
.
i 3.0 ¥
X X
2 2
. (24 i | +3x—1]
3x24+7 x+2 J
4
I 10. —
(a* + x7) sin x

:r:—l

¥ +7x+1)

I :;LC

12.

f
5y’ +E-:r+?
2%’ +3:r+~l

COs X

log x

Mict
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ANSWERS mtﬂ

2(x ln::g2 2-1) " (1- lr:rlg 1) ” J:‘E‘I " e'(1- ;]:
X X (1+ (1+x%)
. . (x'+4x+7) ( +4T+7j
(3x"+7)° (x+2) { +1)
| 3x?+dx+]) 0 (a"-x%) i > (4 sin x - x cos ¥)
(2¢%4+ 32+ 4% (2*+ %% sin’y



ANSWERS m!gm!

- W 1 —(xsin x log x + cos x)

“Tr W | x(log x)’
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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 ;f—y: (
X

dy . .file
dt dx

This rule may be extended further.

::i;y ({:h,.r df}{du]l

If y = f(t),t = g(u) and u = K x) then e T



et

1 i1

FARLE | Dirntily ()5 C far (e
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1 dy

EXAMPLE 2 If y = , fired —
: _Ull' % = i
fir. X



et

q 1
SOLUTION Put(a*-x") =1, so that y-\/-_t'” and t=(a" - )

di _L_’wz and d—f:—?.:t'.
dt 2 dx

S E:(dyxdt)
dr \dbt dx

= (— %:"3;2]{—21*1 =y 2 - J;.'{n1 i 12)-’*.#"
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EXAMPLE 3 Differentiate:

(i) (ax + B)™ (i) (3x + 5)°



EXAMPLE  Differentiate A,

SOLUTION Lety:f.m. Put cotx=t and q/r:ntx:«}?:u; g0 that
y=¢e, u=+t and t=cotx.

S0,

ﬂ’J’ du 1 /2 _ 1 dt )
= = = and —:—msen:‘:r.
du a2 A
dy [ﬂ’tf du u’fJ 1 cosec'x

el Didoae” gl
dx \du dt dx  J

e “5‘:'5":-"32-'" Ji e i J
= ¥ A el 3
Nt | !

:
—C0SeC’ X Joory
= VY e t=cot 1]

i 2./cot x

i
£

Mict
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L]

EXAMPLE  Ify = cos® x° ﬁud
SOLUTION y =(cos x*)>. Put x"=tand cosx’=cost=u, sothat
y =u*, u=cost and t=x".
dy du dt
=y 2 ——sint and —=2x
du dt dx
di dy du dt
So, 4£:[yx ¥ }
dx \du dt dx
——4yxsint=—4xsint cost [ u=cost]
= —4x sin x~ cos x°=—2x sin{lrl} e = Izl
YY)
0000
0000
000
o0
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: ) 1 —tan x
EXAMPLE Differentiate 'I :

"'.JI 1+ tan x



EXAMPLE  Ify =sin (/sin x + cosx), find 2
dx

SOLUTION Putting (sin x + cos x) =t and \/(E.in X +cosx) =+t = u, we get

y=sinu, =+t and t =(sin x + cos x).

diy du 1,40 1

— — ; —

du R dt 2 Tt
and E—{ms.x — sin x)

dx ‘.
So, 4y = (dy ¥ dy ¥ at ] o ABY -(cos x — sin x)

dx \du dt dx 24/t

_ cos x/_
= +(cos x — sin x) [+ u=+1]

2\t

cos Jsm X + cos x)(cos x — sin x)

2,]5&11 X+ COs X

[+ t=(sin x + cos x)].



et

EXAMPLE !  Differentiate ¢ cos(bx + o).

SOLUTION  Using the product rule, we have

L) " cos (bx + ¢)
I a

=¢"-—{cos(bx + ) + cos(bx + o) — (")

d dx
=¢" |-sin(bx + o) — (bx + ¢) + cos(bx + ¢)- " - — ()
x i
[using the chain rule]
=—be" sin (bx 4 ¢) + 2" cos(bx + ¢
=¢" [ncos (bx + ) - bsin (bx + ). EEE:



PRACTICE QUESTIONS mlug,!

e e B e W

cos x —sin x dy

+ Hy= —~ , showthat——+ ¢y +1=0.
“ cosx+siny dx °
.Hy:cﬂs:r+slmxr 5hnwthatﬂzﬂec:(:-:+£}
COSX—Sin x dx 4
If v = 1% prove that[]—:rz”}di+ 0.
e 1+x"’ dx ¥=
secx — tan x dy
= , show that — = sec x (tan x + secx).
) secx + tan x dx YY)
0000
o000
000
00



THANK YOU
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Lecture- 36 GROu o ETTITONS

Derivatives of Inverse
Trignometric Function




SUMMARY
WM

(1) —(sin""x) =

-t

dy

d

i) -
g

d

(v)—(secn) =

1

1

1) = —

(14 7)
]

x| -1

(mim‘ln: -
ﬁ

ﬁ‘vl-(mt ') —

lx (14 x}l
N -1

(vi)—(cosec 1) =
I \x\ixz-l

it
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EXAMPLE 1 Differentiate the following w.r.t. x:
(i) sin~'2: (ii) tanfx (i) cos '(cot x)




SOLUTION

(1) Lety= sin 2.

Putting 2v =, we get y =sin 't and t = 2x.

1 1
Now, ¥ =sin™'t = S =

it 1 —¢2 -

And f=2x = £=2
dx
: dy {m,r .ft] [+ #=21]
dx dt  dx ..,|| "I].—':LT o

Hence, iqmn 2x) =
dx 1—4::2

Lety = tan~ x.
Putting Jx =t we gety = tan 't andt = /x.

Mict
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H{:w,_:,r=lﬂn'1t = dy - , —
dt  (1+#)
i 1 1 1
.I'I'Ih.l. 'L'Lt='l.III; e : =—X XE: =
. !i.r 1 EWJIT
dy irelrll.l' Jt 1 1 1
3 ;=|_ — = i - - ...r=ﬁ-
dx \ dt ef:r_] (1+¢3) 2fx  2Jx(1+x) | !
i 1 1
Hence, — (tan Jx)= ;
nee !h_[ 1 ) }JTH-—J:}
000
0000
0000
000



miot

[ .|"_"|,I.-LI|IJ. T Ap
(ili) Lety=cos (cot x).

Putting cot x =, we get y = cos 'fand t = cot x.
dg -1
Ef% Jfl__tz

And. t=cotx = ?=—+:mec2.t-
dx

Now, ¥ =cos F =

) lz - ]
'. dy =(afy “ef_i’] _ cosec’x _ cosec ¥ b ol
dy \dt dx, [1_ 42 ~,‘|[1—-|:-l.’:lt2:|:
Hence, - fcas™ (ot 1)) =~ X
dx J1—cot?x ;
100
00000
0000
0000
000
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EXAMPLE 2 Differentiate the following w.r.f. x:
(i) sec (tan ' x) (ii) sin (tan " x) (ii) cot (cos ™ x)




Mict

“II.I.FUFluTm
SOLUTION (i) Lety = sec(tan " x).
Puttng tan lr =¢, we get ¥y =sect and ¢ = tan Ly,
1
MNow, ¥ =sect = %=5E1:Hﬁn £.
= at
dt 1
And, t =tan 'x = = - S
dx (1+x)
dy ,|'¢I|,r dt ] _secitan B (4/1+ lﬁn:if}{iﬁn £)
dx '\ dt ifl'__.' {1+ 12} (1+ I:}
M1+ xd)x x =
o 2} = [t =tan Iy = tan f = x]
(1-+42x7) 1+ x=
1 = X
Hence, {sec{tan™ x)} =
T wd@®O
0000
000
o0
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(i) Lety = sin(tan ' x).
Putting tan'x =1, we get y=sintandf = tan " x.
) Ti
MNow, ¥ =sint = £ _ ot
) dt
000
0000
0000
000
o0
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And, t =tan 'x — - 11-
dx {1+ x5)
. dyzfd!fxdt‘=c{ﬁt_ 1 m—_— 1 =
o \ d# dx (1+ x7) o B _.,:-2};-"5
['. BEnf=xr — ..-_mt=1—1:|_
1+ T
o N 1 1
Hemnoe, Isim (tan™ 2] = o
e (1% _‘l_‘:}""’i
Let v = cot {(cos ' x).
Putting cos  x =, we get ¥ =cot tand t = cos ' x
Bty wsr, iy — oot % Ei‘l: _ —c{':-EEC'z!'_
[
i —1
And f=cos 'y — T —_ - .
dx f1— x?
) dy_(dyﬁdt]_c{ﬁeczt_ 1
i s \ df ol -...llll — (1 _rl}}’;
-+ cost=x — cosect = 1__ #
(1 —a=)
o _1 1
Hence, fcot (cos™"x)} = — - 000
el I:_l _Il}f'i: .‘..
00000
0000
0000
o0 0
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EXAMPLE 4  Differentute .J‘_.”l.-l_i? w.r.k. x.



SOLUTION

Lety = 4.||'cﬂt'1«.n".¥-

Puttingw.."; —t and cot 'fx = cot ™ =u, we get

y = +fu, whereu = cot 't and t = /x.

dy 1 1 | .
Now, y =i = Zh=Zut -
u=cot f = o,
dt.  (1+t)
dt 1 3 1
And, f=+x = H=EI f::lﬂ-
elry N ui'ilf v dii ” dt o -1
de \du dt dx) Ju(l+iVx
N -1
A Jeot N1+ )

-1

) A Jeot )1+ 0)x

E’...

B

Mict
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L]

u=+:nt'1t]

t=Ax].

)00

'000
w000
000
o0
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. ] _.I
EXAMPLES  Differentiate e * wrtx




SOLUTION

Mict
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e T —— -
—1

Lety = e ’E.
Putting '\E =tand tan~ w“r_ tan 't = u, we get

=€ “ whereu =tan 't and t = /x.

Now, y =¢" = di:g“;
du
u=tan 't = d“: 19 ;
dt  (1+1°)
And,t=+x = ﬁ_lx_/ézi.
dx 2 2.Jx
dy:[dyxduxdf]zfn_ 11
dx du dt dx {1+f2) SNE
tan ¢ 1 1 -1
=e : ; [+ u=tan " {] Y
(1+t3) 2Vx 0000
0000
000
o0
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dy [.-::iy d1t dfj N 1 1
o & — b4 4 = E" . =
dx du dit dx (1+ fE} 2+l x

~1
tan—te 1 - 1_ [ u=tan 1{]
(1+t%) 2vx

Etan_lﬂu"; ”."_
:Zﬂ{1+x} RS

dy Etnn . 2

dx 2-/x(1+ x) - -
0000

Hence,
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gl i a* X

EXAMPLE *  Show that d_ Eynz g E%m 1—] = xfﬂz -
X a




SOLUTION  We have

d__r 7 o x_
ol G I M g
dx| 2 ) I

: 2
d{i.rﬂz-xz]ﬂ_i

. -1X
=— sin -+ —
dy| 2 d J

2 x

:fi( HE_IZH(Jﬂl_xz)iH+”_.L,1

2 dx dx\2

11y 2y ) )
=——{"=2") (-2 + (VA =X") =+
g ] R =22




Miet

- n ol
:l i(\’ﬂ —I2)+( HE—IZ)-i[lJ-}'H—'L-l
2 dx dx\2) 2 2 0
[l
V' a
1 B 1 :
=X A s {R )
22 2 Nt -x?
) <7 +~Jﬂ2—x2+ 7
=
Wa? - x? 2 2~Jﬂj—xz
T I 2
—x“+(a"-x")+a (ﬂ —1 2
= »M -x9)
Na? -2 | n -1
dlx [ i° . X 2 ceso
Hence, —|—a 2t +—sin = | =va2 -1 0000
dx| 2 J a ::o



PRACTICE QUESTIONS

Differentiate each of the following wart. x:

; ) ; T
1. cos 121‘ 2 tan 1x2 3. sec lﬁ 4, sin 17
0

b, tan'l(log ) b cnt'l(ex) /. log (tan'lx) 8. ot ™’

9. sincosz) 10, (14 x%)tan”x 11, tan"(cot 1)

et



ANSWERS mll.gl

X 2
5. 1 B . ! — 8. = -
x{1+ (log x)7} (1+e7) (1+x%)tan "x (1+x7)

9; -1 10. (1+2xtanx) 11. -1



et

THANK YOU
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Lecture- 37 GROUP 0 ETUTONS

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

d d ]
Wehave (i)—(¢")=¢" (ii) —(log x) =—
dy dr B Y Y

d ,
(i) = (a*) = a* (log o



et

EXAMPLE 1 Differentiate each of the following w.r. x:

s fif) ¢~ (i) ¢
]
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EXAMPLE 2 Differentiate each of the following w.r.t. x:
(1) sin (log x), x =10 (11) log (log x), x =1




SOLUTION

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

y=sintandt =log x

i it 1
— —H—-L‘-f:lf-r and S

dt dy x

Mict
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- dy =[=iy L ]=[E{35t x1_)=mﬁ dog:#) .1 _cosflog x)
de \dif dx) X X X
I'i.e_rm:.e,i jsin (log x)} = cosflog:®),
dx
(ii) Lety = log (log x).
Putting log x =t, we get
y=logtandi = log x
=% d—i'-l’i=l:m~:jd—t=l
dt dx x
o A (4,8 (11 [ T
dx \df dx) \I Xx log x x) (xlog x)
d
— Mlog {lo L R
:r{ug{ &) (xlog x)
o000
0000
00000
0000
0000



et

4L

EXAMPLES Ify =eV™" %, find % :
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SOLUTION  Given: y=e¥ ™",
Putting cot x =t and .fcot x = JF =1, we get
y=e", u= Jt and f = cot x
= oy e, dj:lf’é =Landd—t = —C0sec ¥
dit dt 2 2.JF
it .:fjf L eiy Y d . df ]
dy \du dt dx)
. . _ . )
=+1“ -_-f—tuﬂlr}l =V . (—cosecy)
2.t J Llu'mt X
000
_ (~cosec’y) eV coce

' 000
2,/cot x 0



et

e e elTif
EXAMPLE 4 [fy =log tan —, find -2 .
fy =log tan =, fund o




SOLUTION

Civen:

Mict
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loge an x
= Iy —
4 P

| —

[

X X
Putting i fand tan 5 Eant =u we get

du

dx

dy .

=logu, u=tantandt = %
=I—, d“= seclfmd£=l
uw df dx 2
dy d du : dt] o6
\duw  df dx :::o
000
o000
o0 0



PRACTICE QUESTIONS

N e ! 1 Il e 1 B

Differentiate each of the following w.rd. x:
L(@)e™ (i)e™ (i) " 3 2 f.i}fy I[n}f"'l_ ful}f

3. (16 i) e ™ (i) e einz

4. (i)tan (g 1) (i) log secx Iflll}l{:g:ijn%

5. ()log,x ()27 (i) 3°*
o e &
b. {;}Iﬁg[hh

(1) log sin 3x (i) log (x + 1+x%)

ol

et
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EXAMPLE 1 Differentiate each of the following w.r.t. x:
: Ji I=cosx y 1/ cosx —sin x
(1) tan 1[—} (1i) tan 1[ J

sin X COS X+ Sin X

i -



SOLUTION

(i) Lety= tan”

) L

= tan 4 tan Il:
)

(1-cos

X
2

2sin’(x/2)

=tan” .
2sin

(x/2)cos (x/2)|

Mict
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S
T2
Hence, dy A [—J:l-
dx  dx 2
i) ki hm_l[msx—ﬁ@ x] 5 tm_l[l—tan _TJ
COS X + Sin X l+tanx

lon dividing num. and denom. by cos x]

s EAE

Hence, d_y i ——x :i 2 —i(x):([}—l):—l. 000
dx d.x dx\4) dx 0000
XXX

000

o0
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EXAMPLE 2  Differentiate w.r.t. x:
. 1| cosx .5 = .
(i) tan? e (1) tan 1{59{:x+tan X)
1+sinx
000
0000
0000
000
o0
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i b COS X
SOLUTION (i) Lety =tan 1[ _

=

dy d[ 1J d[n d{x} 1y -1
Hence, s | | s [ = | O] =—s 000
dx dx\4 2) dx\4) dx\2 2] 2 0000
0000
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M)Lﬁy:Mquﬁx+ﬁmx)
/ 2 % ;
7 [ sin X 1l 1T+ sin x
:tan1 + :mnl-—————
 COSX COSYX) COS X
r T[ \II"
1—&%{—+x
- tan "™ AL
. ol
sm[—+x
L 2 |
.ﬂ.' : ; T
%‘nm{—+x]:—mnx;sm{—+x]:ﬁmx}
2 2 000
0000
0000
000
o0
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_—

. ) _ AR :::E -1
EXAMPLE 12 Differentiate tan 1N w.r.t. x.
x




SOLUTION  Lety = t;_m‘ll

¥

f
"J1+J:21}

Putting x =tan 0, we get

1+ tan20-1

y:tan_l-: —

M| D

[

tan O

[ 1
cos 0

< -cos 0

sin O

.

tan-1 sec 0-1
tan O

>:tan_1[

anL

1-cos0
sin O

[ 2sin%(0/2) } r { u}
< =tan <tan—
2sin (0/2) cos (0/2) 2

Mict
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et



PRACTICE QUESTIONS mlug.!

Differentiate w.r . x:

1+sinx

ol M+cosx | .. .
(i) tan ! ¢ (i) tan” ,
1-cosx 1—51113"

k

1{\/1+qm1+x/1 sin x) ﬁﬂd

If y = tan :
7y {\/1+ sin x — Jl sin x) d.‘t



PRACTICE QUESTIONS mlug.!

Differentiate w.r.t. x:

2 o |
(i) cos™! 1 ‘12 (ii) sin_l( = 2] (iii) sec‘l( 21 ]
1+x 1+ x 2x-—1




et

THANK YOU
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Lecture- 38 GROu o ETTITONS

Logarithmic Differentiation &
Derivative of implicit Function




et

EXAMPLE ¢ Differentiate x* w.rt x




. Mt

SOLUTION Lety =x". o

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

1 dy d
e g —l + 1 —
. =X (log x) 0g X-— {r}

X

= [I*l-f- log x-lJ = (1+ log x)

=> L y(1+ log x)
dx

dy
— = {14 log x )
dl { g } »E:
4
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EXAMPLE ©  Differentiate (sin x)* w.r.t. x.




SOLUTION

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

; j{ = %{lng (sin x)} + log (sin x) - %(1)
= -cos x + log (sin x)-1
X r— cos x + log (sin x)

= xcot x + log (sin x)
dy

=5 dh =y -[xcot x + log (sin x)]
X

= d_y =(sin l) [1 cot x + log (sin x)].
000
0000
0000
000
o0



EXAMPLE

SOLUTION

L

Differentiate (sin x) OB X ort x e o iR
Lety = (sin )% ", . (i)
Taking logarithm on both sides of (i), we get
log i =(log x)(log sin x). ... (i)
On differentiating both sides of (i) w.r.t. x, we get
Lo, = (log x)-— ¢ — (log sin x) + (log sin x)-i(lng X)
Y dx dx dx
= (log x)- L, +c08 X + (log sin x)-— :
sin X X

(log sin x)

= (log x)cot x +
X

= j—z =y .[(lng X)cotx + (log zm I)]
. = (sin x) 8. [(lng X) cot X + fog i x)]- soes
dl Y 0000
H



EXAMPLE - . Ify =(x)°®* +(cos x)*™ 7, find ==

dy

dx

et



‘midt

FUFI.BTI'I'L“

SOLUTION ety =1+, where 1 = (1)*** and v =(cos x)™ .
Now, i = (x)cml

= log 1 =(cos x)(log x)

= 1-d—u:(cr:nent:)-i(lnrg x) +(log x)- : — (cos x)
i dx ' dx

lon differentiating w.r.t. x]

=(cosx)- 31[ +(log x)(-sin x)
= %—u {m:r ~(log x)(sin x)}
j” (l)f*‘ﬂ-‘*{ﬂ—(mg ¥)(sin x)}- 0 e
F 1 HE



5 f miet
)s'm -

murunu‘rm

And, v =(cos x

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

1 dv d d .. .
= " E—(%m X)- E[lng (cos x)} + log (cos x)- o — (sin x)

[on differentiating w.r.t. x]

- dv =7 {(Sjn X) (-8inz) + log (cos x) - cos x}

dx oS X
= jﬂ (cos x)*™¥ . {~sin x tan x+ cos x - log (cos x)}. - (i)
2
L y=(u+0)
du du dv
dJ: dr dx
s ay =(x)%®* -{E—(lng x)sin .1‘}
o . 00
- 0000
+(cosx)*™* .[-sin x tan x + cos x - log (cos x)}. :::.
o0



EXAMPLE * Ifx¥ = y“,_ﬁumﬂ;—'”r
(X

et



EXAMPLE " Ifx¥ =y, ﬁrm!j—y- 'nlut
X

wunlu'muuu

SOLUTION ~ Given: ¥ =y

= ylog x =xlog y. .. (1)
On differentiating both sides of (i) w.r.t. x, we get
yv%(lng x) +(log x)vj—l(y):xvi(lng y) +(log y)v%(x)
1 dy 1 y
—+(l ———+(log y)-1
=y +(og:m) = J +(log v)
dy J]
log x——|—==|log y-=
0g X Jd [ngy
» (ylog .1—x)rdy:(xlngy—y)
If dx X
o000
0000
0000
o000
o0



et

_ ay _ylxlogy-y)
dx x(ylog x —x)




R B = IR

dy  logx |
dx (1+log x)?

EXAMPLE ©  Ifx¥ =¢* ¥, prove that

Mict

IRRUUF OF INEITILRONS



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

” y:(1+lug x)‘

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

iy (1+log I)'%(I)—I'%(I-F log x)

dx (1+ log x)*

1
(ng‘1)'1_‘1';_(1+lngx—l)_ log x

—

(1+log Jc)2 (1+log I)Z (1+log J:)2 |

L

UF OF IETTTLIONE



et

Differentiation of Implicit Function



et

di
EXAMPLE 1 ff 1 3 + Y 3 Sﬂly:fjﬂd di
X



migt

SOLUTION  Given: ~ x° +y° = 3axy.

Ditferentiating both sides of (i) w.r.t. x, we get
i +3J2 dy = 30 {1 d”ﬂl}

dy
) d 3
ﬂy .1‘ ‘

o i

(J - () ﬂyx)

y
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: : < =il
EXAMPLE 2 [f ax> + 2hxy + I:yz +2gx + 2fy+c=0, find d_y
X




et

SOLUTION -~ Given: a.r2+2hxy+by2+2gx+2fy+ﬂ:0.

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

Dy + 20 x-d—y+yv1}+2byvj—y+2g+Zf-j—y:[)
. : ?

i

= (2nx+2hy+23)+(2hx+2!1y+2f)-j—y:0
!

’ dy_ [artlhyeg)
dr \hrtby+f



et

EXAMPLE 3 IfJl—‘x'szl—yz:ﬂ(x—y), prove that j—u:Jl_—yj
royl-x



et

SOLTON - v \fl—x%\/l—yz =(l1-4).

Puttng =sinf and y=sin ¢ it becomes
(05+ 05 =5 b-sin
(05008

3 ——=
s {-sm
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™ R
2C0s M COS u
==, o 2 =
4 ' i AR o
2Cos M S1n u
. 2 2 )

0— o
= cot [T¢]:n = 0—0=2cot la

— 5i11_1x —ﬁin_iy = Ecnt_la.

On differentiating both sides of (ii) w.r.t. x, we get
1 dy_,
l—x®  aflgy” dx

2
d 1 — 0@
Hence, y H . YXY)
ﬂ'l.ll ,:: YX X
XX
o0



L

dy 51'112(:1 +1)

EXAMPLE ' If sin y = xsin(a+y), prove that . [CBSE2012] *r==
DAPE. Fsny=wsin{a+y) y dx  sing [ ]
SOLUTION  sin i = xsin (a+)
= Iz .smy : 1)
sin (a+ )
On differentiating both sides of (i) w.r.t. y, we get
i A (a:+§)cos g S s+ y) |using the quotient rule]
dy sin”(2+1)
sin(a+y-y)  sing
sinz(ner) sinz(ﬂer)
W)
Hence, 2 - S 0+Y) )
dx  sing eeo0
000
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" : d i
EXAMPLE * Ife* + &/ =e* 'Y, prove that f =—e¥ 7,
X
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SOLUTION Given: e +é¥ =e* 'Y,

On dividing throughout by e Y we get

. |

e ¥4 ™ =1,

On differentiating both sides of (ii) w.r.t. x, we get
e“y-[ﬂJ +e*(=1D)=0
dx

dy —e i — i)




PRACTICE QUESTIONS ml_gl

i

Find ﬂ, when:
d
g, .0 J:2 yz
L4yt =4 2 gl 3. x4y =\a
) 2
4 1% t yA = a/-"“ ). XY = ¢ 6. v+ yz -3xy =1

/. xyz —J:Zy 520 8 (r'+ yz)2 =Xy 9, 1%+ yz = log (xy)



PRACTICE QUESTIONS ml_gl

If cos y = xcos (y+a), PFDUE'thatdy 08 (y+a)

dx  sing
000
diy 444
EXAMPLE IfxY +y* =a®, find — 000

dx o0
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EXAMPLE  If y — T prove that j_yz
X

HE

x(1-ylog x) |

Mict
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So, we may write the given function as y = x”.
Now, y=xY= logy=ylogx.
On differentiating both sides of (i) w.r.t. x, we get

1 dy 1 dy
——Z =y.—+1
Yy dx ¥ + %8 ax
= [l—lng:m}dy 4
Yy dx x
_, (Q-ylogx) dy vy
Y dx x
2
day _ly., v |l v v .
dx |x {l—ylngx}f dx x(1—-ylog x) 000
000



et

| iy st
EXANPLE Ijy:\(smx+\/smx+\/sm,1'+...to-ars,pmzlefhnf Ay
| i (-]



et

SOLUTION  We may write the given Se1168 as

y=ysinr+y = ¢ =(sinr+y)

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

ydy-mm—y
it} dx
> (-1 )dy-tosx
dy  cosy |
B 3 132,
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I+ .. Do

ey If yeg? et , prove that 4 _ Y
: e (1-y)
SOLUTION ~We may write the given series as
y=¢""Y = logy=(x+y). (i)
On differentiating both sides of (i) w.r.t. x, we get
l d_y — 1+ d_y
Yy dx dx
=% [l - 1J d_y =]
y dx
-y dy _ 1
y dx
dy __y
dx  (1-y)
000
0000
0000
000
o0
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: Pa 2x =3 1—_'{.'2
EXAMPLE Dzjjerfntmff SIn 5 w.r.t. cos sl
1+ x 1+ x



et

SOLUTION  Lety =sin” iz and v =cos” 1_3:2 -
[+ [+1
Putting x = tan §, we get
( \
i=sin’ ztmg - sin"(sin 20) =26,
L+tanY)
/ 24\
4 T-tan"0 3
=8| ——- =008 (cos 20 =20
H\1+taﬂ [))
di
o=y o —=1
U :::o
0000
000
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o af o] 2
EXAMPLE  Differentiate tan 1( sz.r.t sin 1[ zj'
1—x 1K o ¢

af 9x N 2x
SOLUTION Letu = tan 1[ zJandﬂzsin 1{ EJ'
1-x 1+x

Putting x = tan 0, we get

Y
U = tan"‘[ 2AnY V. Yen 26)=30,

1—tanZ0,
™
D = 51'11'1[ =80 S = sin"Y(sin 26) = 20
l+tan~ 0/
du
H=p = —=1. 000
- HH
000



EXAMPLE

SOLUTION

Mict
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W'1+IE_ 1-x" w.r.t. cos ! x2
\u'fl+_r‘?‘+xf1—.r2

"-.;'1+I3 “-.,.'1—1?2] i .

Differentiate tan "1{

Letu = tan ° and v =cos x“.
v1+ 1 + xf'l— L J
Then, cos x? =p = x% =cosv.

Putting x? = cosv, we get

i l+cosv —./1—cos
U =tan - J J s’
k\ﬂ+cnszﬂ+\f1—c:}sw
| [2c082w/2) — [25in2 21
e 1{\/ cnqj{zrf ) \f sin“(v/2) :::.
-\/21:[}5“{31/*2} 3 JZsiHE{UKZ}[ 444~
. o0



;

_1rc05 (0/2)-sin (11/2)w -tan(o/2) ;
08 (0/2)+sin (u/2) L+an(o/)
dividing num. and denom. by cos v/2)

i

= tan'1<

\

=]

it



', Derivatives of Parametric Functions

Sometimes x and y are given as functions of a variable t. Then, t is called a
pnmmfffr

ff_l _f @: ,
e f'(t)and i’ g'(t).
y . :(dy fat) g Y where f'(f) #0
de  (dx/dt) f'(t)
SUMMARY
Letx = f(f) and y = g(f). Then,
dy (dy/dt) g¢'(t) , 000
T @/ _f'(t) , where f'(t) #0. EEE:




- me
| it
EXAVPLE ! Find di’ when x=a(t+ sint) and y =a(1-cost).
!

soLumioN - We have:
Ihi

t=(t+snf) = E:a(lﬂrost);
ty
i(l-cost) = L =qsint
y=al-08f) 3 -
iy [dk d}_ psint_ Dsindt/2 cos(/) -
S i+ cosf) st/ TS



et

EXAMPLE2 [fx = alcos 6+ log tan (6/2)]and y = asin , find ?ﬂt B=(n/4)
X
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SOLUTION Wehave 7
x = ajcos 0+ log tan (0/2)]
% .
=5 d——ﬂ' —%1n(}+M =q4{—sin 0+ — : 1
4o 2tan (6/2) 2sin (0/2) cos (6/2) |
i 2,
e _1 | _aq sin ()):m:.l:;-s 0
| sin Gf sin 0 sin 0
And,y=asin 6 = d—y:ncosﬂ
do
dy:[dyxdﬂjz acos 0- smg = tan 0.
dx dd dx acos 0
d
[i] =tan = =1
dx 1o /4
000
0000
0000
000
o0
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THANK YOU



