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Diff. w.r.t. ‘x’
dy _ _1 a
dx ~ tanhx dx (tanhx)
dy _ _1 2
dx ~ tanhx sec h°x
1
dy cosh’x
dx  sinhx
cosh.x
dy _ 1
dx ~ sinhx coshx
dy _ 2 2
dx 2 sinhx coshx sinh 2x
dy _
ax 2 cosech2x AnS.
wi) y = sinh‘l(gj
Diff. w.r.t. ‘x’
dy _ 1 ~d (5)
dx [ X2 ©dx 2
1+(§)
dy _ 1 (1
d - [ 2 g
X 1+XZ
dy _ 1 1
dx 4+x° "2
4
dy _ _ 1 1
dx T \Ja+x* 2
2
dy 1
X = \Jarx AnS,
EXERCISE 2.7
Q.1: Find y, if
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3
(i) y = 2C-3*+43+x-2  (ii) y = (2x+5)?2
i)y = kg
Solution:
(i) y = 23"+ 43 +x-2
yi = 10x*— 123 +12x% + 1
[y, = 40x°— 36x% + 24x | Ans.
3
(i) y = (2x+5)2
3
3 5-1 d
}’125(2X+5)2 .&(2x+5)
3 2
yi= 5@x+52 1.2
1
y1 = 3(2x + 5)2
1
3 5-1 d
y2 = 5(2x+5)?2 .5 (2X +5)

3 -1
Yo = §(2x+5)2 2

3
Y2 = \/m Ans.
i)y =k
11
y = x2+x?2

Y1

1
2
_15t -1
Y1= 5X2 -5X
1
2

~
N
N—r
X
N
|
—
N
N—r
~
N
~
x

Y2 =
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-1 3
Y= "3t
4x2 4 x2
—X+3
Yo = X 5 Ans.
4 x2
Q.2: Findy, if
(i) y = x2.e™ (L.B 2011) (L.B 2008)
.. 2X + 3
(i) y = 4n (3X " 2) (L.B 2009)

Solution:
(i) y = x*.e”
, d

I
X’ gx €7 +e7 g (<)

X

Y1 =
yi= X.eX (=1 +e¥2x
y1 = —xe ¥+ 2xe”
yi1 = eX(2x—x%)
—X d 2 2 d -X
y2 = e (2x—x)+(2x—x).d—X e

Yo = eX(2-2xX)+ (2x ~xH) e . (- 1)
Yo = eX(2-2x—2Xx+%9)
Ly, = eX(xX*—4x+2)] Ans.
. _ 2Xx+3
(ii) y = Zn(3x+2)
y = /n(2x+3)—/n(3x +2)

I 1
V1= ox+3°% 3x+2°

yi1 = 2(2x+3) 1 -3(3x+2)*

3

Vo= 2(-1(2x+3))(2)-3(-1(Bx+2)2.3)
—4 9
Y2= (ox+37 T (3x + 2y
_ —4(3x+2)%+9(2x +3)?
Y2 = T (2x + 3)%(3x + 2)

=49+ 4+ 12x)* + 9(4x° + 9 + 12x)
Y2 = (2x + 3)(3x + 2)?
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_ —36x”*—16 —48x + 36x° + 81 + 108x

Y2 = (2x + 3)%(3x + 2)°
60X + 65
Yo = (ox+3)(3x+ 2 ANS.
Q.3: Find y, if
(i) X +y* = a (i) x° -y
(i) x = acos® , y = asin® (G.B2006)
(iv) x = at’, y = bt
(v) XX +y?+2gx+2fy+c =0
Solution:
M Ky =
2x+2yyp =0
2yy1 = —2X
— 2X
Y1 = 2y
_ =X
Y1 = y
1-Xy1
y2 = —
—X
25
Y2 = —T
y+x_2
Y2 = —_21
y
:i2+X2
2y 2
Y2 = —L}L
—a 2 2
Yo = 3 wXT+y= a
y
(i) -y = a
-3y, = 0
“3yyr = =3

AnS.

(Ch.2) Differentiation
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—3x°
no= Tay
yi = F
ZE(XZ)—XZ_( 2)
_ Y ax dx VY
oo = v
V22X — X2 . 2yy
Y = A
y
2xy2—2x2y@
y2 = v
4
2xy2—%
y2 = yﬁ
2xy° — 2x*
_ y
y2 - y
—2X (-3
y2 =
—2xa 3 3
Yo = T Ans, - xX-y* = a
(iii) X = acos0 , y = asin®
X = acoso y = asino
Diff. w.r.t. ‘6’ Diff. w.r.t. ‘0’
dax  _ : dy _
o - —asin 0 0 - acos 0
By using chain rule
dy _dy do
dx ™~ do "dx
Yi=acosh - Fsine
Y1 = —cot o
-1
y2 = — (- cosec’0) .

asin®
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-1
Y2 = Gsin Ans.
vy x=at® ,y = bt
x = at? y = bt
Diff. w.r.t. ‘t’ Diff. w.r.t. ‘t’
%—)t( = 2at % = 4pt
By using chain rule
dy _ dy dt
dx — dt "dx
3 1
Y1 = 4 bt® . ﬁ
2b
Y1 = ?tz
X dt 4bt 1
Y2= 5(2) g > Y250 m  2at
2b
Y2 = FZ Ans;
(v) X2 +y?+2gx+2fy+c_ =0
2x°+2yy, +2g+2fY1 . =10

2(y+flyr = —2x-2g

—2(x +
1= 2(y+9
_ x+g
Y1 = Ty +f
d d
(Y +1) g X+ 0~ (X +9) g (Y + 1)
2= - (y +f)?
_ y+H-(Kx+tg .y
y2 = (y +f)?

v+ o) (o)

2= - v+
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(y+ )+ (x +g)°
_ y+f
s Ty
Y+ P+ 2fy + X2+ gt + 20
2= v+
yy = —c+f?+g’ X2 +y? +2gx+2fy+c=0
? (y+1 X2 +y? +2gx +2fy = -¢
C_fZ_ 2
y2 = (y+f) AnS.

Q.4: Find y, if

(i) y = sin3x (i) y = cos’x (i) y = ¢n(x*-09)
Solution:
Q) y = sin 3X

y1 = co0s 3x.3
y1 = 3cos 3x
Yy, = 3(-sin3x).3
Y2 = —9sin 3x
y3 = —9cos3x.3
ys3 = — 27 cos 3x
ya = — 27 (=sin 3x)(3)
lys = 81 sin 3x| Ans.
(ii) Y = COSX i, (1) (L.B 2008)
cos3x = Ccos (2x + X)
cos3x = COS 2X COS X — Sin 2X sin X
cos3x = (2c0s°X — 1) cosx — 2sinx cosx . sinx
cos3x =  2c0s’x —Cos X — 2 €0s X sin’X
c0s3x =  2c0s°X —Ccos X — 2 cos X (1 — cosx)
cos3x =  2c0s°X —COs X — 2 €0S X + 2c05°X
cos3x =  4cos’x —3cos X
4cos®x =  cos3x+3cos X
cos’x = % (cos 3x + 3 cos X)

.. From equation (1)
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(iii)

1
2 (cos 3x + 3 cos X)

y =
1. .

y1 = Z[—sm3x.3+3(—smx)]
1 . :

y: = Z[—35|n3x—3smx]
1

Yo = Z[—3cos3x.3—3cosx]
1

Yo = Z[—9cos3x—3cosx]
1

Y3 = Z[—9(—sin3x).3 -3 (-sinx) ]

Y3 = %[27sin3x+3sinx]
1

Ya = Z[Z?cosSx.3+3cosx]
1

ys = 7 [81 (4 cos’x = 3 cosix) +Bicosx ]
1

ys = 7[324 cos®x = 243 x +:3c0s% ]
1

ys = 7 [324 cos’x— 240 cosx ]
4 3

Y4 = Z[81cosx—60cosx]

lys = —60cosx + 81 cos’x|

y = In(x*-9)

y = /n(x+3)(x-3)

y = /(x+3)+/n(x-23)

__1 1

17 x+3) T (x=3)

y1= (x+3) '+ (x-3)"

Y2 = —(x+3)°-(x-3)*

Ys = 2(x+3)°+2(x-3)°

Ya =

—B(x+3)*—6(x—3)"

ADnS.



Mathematics (Part-11) 142 (Ch.2) Differentiation

Q.5:

__-6 6
Y4~ (x+3)" (x-3)’

1 1
Y4 = —6|: (X+3)4 +(X_3)4:| Ans.
If x

sin®, y = sinm®,  Showthat (1-x%)y,—xy1 +m’y = 0
(G.B 2006)

Solution:

sin”

Q.6:

Solutio

X =sin® , y = sinmod
6 = sin 'x

y = sinmo

y = sinm (sin'x)

ty

msin ! x

1 m
V1I-X y1 = mA[1-y
Squaring on both sides
LX)y = m@A+y)
(1=X%). 2y1 Yot y2© = 20 = (- 2yys)
1 [(1-x7).y, —xyu] = =2mlyys

Ly mzwl
2y1

(1-%%).y, —xy1 = —m?y

(1-%%.y2 —xy1 =

|(1 - Xz)yz —Xy1 t mzy = O| Hence proved.

Ify

n:

2
¢ sinx, show that%(% _2 %ﬁ +2y= 0 (LB 2009)

y = e*sinx
Diff. w.r.t. ‘x°

% = ¢ % (sin x) + sin % e

d .
aﬁ e* cos x + sin x e~

" (cos X + sin X)
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Diff. again w.r.t. ‘x’

3
N

e* % (cos X + sin X) + (cos X + sin x) % (e

X
d’y o oy
& "~ (—sin x + cos x) + (cos x + sin x) e
d? <, .
x "¢ (—sin x + cos x + cos X + sin x)
d2
az% = 2e* cos X
Taking
dzy gy X X H X a1
di 2dx +2y = 2e"cos X —2e” (cos X + sin X) + 2e” sinx
= 2e*cos X — 2e* cos x — 2e* sin x + 2e* sinx
d° d
a%—zd% +2y = 0 Hence proved.

Q.7:

2 2
0Y ad¥ d#+pyy =0

Solution:

— AAX a3
If y=e" sin bx, show that 1T a2
y = e¥sinbx
Diff. w.r.t. ‘x’
% = % (sin bx) * sin bx dix Cp)
d .
aﬁ = e™cosbx.b+sinbx.e™. a
% = ¥ (b cos bx + a sin bx)

Diff. again w.r.t. ‘x’

3
N

X

= e* (~bsinbx.b+acosbx.b)+ (bcosbx +asinbx)e®.a

o
N

= e (— b? sin bx + ab cos bx + ab cos bx + a’sin bx)

o o
o

X

|

Px = € (=b”sinbx + 2ab cos bx + a’sin bx)

Taking
Qix 2ag¥+(a2+b2) = e® (- b’ sin bx + 2ab cos bx + a? sin bx) — 2ae™
a2 ~ A dx y = e (—=b"sinbx + 2ab cos bx + a“ sin bx) — 2ae
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Q.8:

(b cos bx + a sin bx) + (a + b?) e*sin bx
2

d d . .
azx ~2a a% + (@%+b%)y = —e™sinbx + 2e™ abcosbx + e a’sinbx — 2abe™

ax

coshx —2a% e® sin bx + a%e®™ sinbx + b%™ sinbx

2

%% - Za% +(@*+b%)y = 0|Hence proved.

Ify = (cos ' x)?, prove that (1 - x%) yo—xy1—-2 = 0  (G.B2007)

Solution:

Q.9:

y = (cos *x)?

y1 = 2(cos 1x). \/%2

J1-x%y; = —2(cos 'x)

Squaring on both sides

(1-x3)y:i? = 4 (cos *x)? oy = (cos x)?
L-X°)y* = 4y

(1-x%).2y1y, +yi’ L (= 2X) =4y,

2y, [(1=X°) ya—xy1] [ = 4y

2 _
(1-x)y2—xy1 = 2V,

(L-xD)yo—xy; =.2

Solution:

(LX) yo—xy1-2 "="0f Hence proved:

If y=acos (4nx) + b sin (4nx) Prove that ng—iyz +xg§ +y =0
y = acos (/nx) + b sin (¢nx)

% = — asin (/nx) . %+bcos (nx) %

% = % [—asin (/nx) + b cos (/nx) ]

%z = %[—acos(ﬁnx).%—bsin(znx).%]

+ [(—asin (¢/nx) + b cos (/nx)] (;%)
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2
QZX ;12 [ —acos (¢nx) — b sin (/nx) —X;Lz [~ asin (/nx) + b cos (/nx)]

dx
d’y 1 . .
A "% [ —acos (/nx) — b sin (/nx) + a sin (¢nx) — b cos (/nx)]
Taking
2
XZ%Z)X(+X%¥ +y = xz.glz [~ a cos (/nx) — b sin (¢nx) + a sin (/nx)
—b cos (/nx)] + x. % [ asin (¢nx) + b cos (/nx)] + a cos (¢nx) + b sin (/nx)
= —a cos (/nx) — b sin (/nx) + a sin (/nx) — b cos (/nx) —a sin (/nx)
+ b cos (/nx) + a cos (/nx) + b sin (/n x)
2
X2 %zg +X % +y =0 Hence proved.
EXERCISE 2.8
Q.1  Apply the Maclaurin sgrieaexpansion to prave that:
: N K
Q) fnﬂ+xﬁzx—51“§—z+ .............. (L.B 2005)
. x> xtoxd
I CoSX = 1——+ FF 8R4 .1
o 2 U
X X X
(iiiy 1+x= 1+2+ g = 1g T e
i x 1 X, X L.B 20011
iv) e = X+ —F —F v .
(iv) PRE ( )
o 4x*  8x?
\Y e = 1+2x+ —+ —+ ...
Solution:
. X2 x3 x*
Q) Zn(1+Xx) = X=o g e
Let
f(x) = /n(@A+Xx)
fO =+/m@A+0) =/nl =0





