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EXERCISE 2.4

Q.1 Find % by making suitable substitutions in the following functions defined as:

. 1-x ..
0y =\/Trx (i) y = Vx+x
a /a+x .
@) y = a_ X (iv)
a“+x
V) ¥y =\/Z_2
Solution:
. 1-x
1-x
Let U= T3y S0y A =u”?
Diff. w.r.t. ‘x’
du _ i(l—X)
dx = dx \1+x
1 i 1 1 i 1
PG (1 +x)
dx ~ 1+ x)
du  (1+x)(0-1)-(1-x)(0+1)
dx ~ (1+x)°
du -1-x-1+x
dx — (1 + x)?
du -2
dx (1+x)2
y = R
Diff. w.r.t. ‘u’.
dy _d 1
du = du (™)
Q}f — l u—1/2
du = 2
gx _ l (l_xj—l/Z
du = 2 \10+x

y = 3x*—2x+7)°
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gy _ 1 (1_{_)()1/2
du = 2 \1-x
dy _ (1+x)™
du ~ 2(1-x)"
By using chain rule.
dy _dy du
dx = du " dx
gy _ (1+X)l/2 )
dx T 2(1-x)"2 " (L+x)’
dy -1
= 1
i \J1-x(1+x)%2
dy -1
ax = '—1—x(1+x)3’2 Ans.
(i) y=+x+yx (G.B2007)
Let
U =x+\x/ S0y = fu = u?
Diff. w.r.t. ’x’
du d d
X = dx Ot
g_)‘i - 1+%X—1/2
du _ o, 1
dx ~ 24/x
du  2x+1
dx T 24
1/2
y = u
Diff. w.r.t. ‘u’
dy _ d e
du ~ du ™)
dy _ 1
du - 2Y -1
d 1 _
= 3 ()
dy 1

du — 2«,
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By using chain rule.

(iii)
Put,

Now,

y =X

dy _
dx ~

dy _
dx —
dy _
dx —

atXx
a—Xx

u =
Diff. w.r.t.

dy
dx

dy
dx
dy _
dx ~

u =

Diff. w.r.t.
du _
dx —
du
dx
du
dx —
du
dx

du _
dx ~

dy du
du " dx

1 2[x +1
2 x+\/;( ' 2\/;(
23[x+1
PR R

Ans,

xS0y =xfu=xu
xul2
x’.
d_X (Xul/Z)
X & (ul/Z) + ul/2 : & (X)
S U g—;’( I — @
a+X
a—X
x’.
e
dx \a—x
d d
@-x) g @+x)—(@+x) g (@=—X)
(@a-x)°
_(@=x0+1)-(@+x(0-1)
(@a-x)°
a—X+a+Xx
(a—x)°

2a
(@-%°
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From equation (1).

X (a+xj1/2 2, (a+xj1/2
2la-x) "~ (@-x?" \a-x

dy
dx

dy
dx

dy
dx

dy
dx

dy
dx

dy

dx

@+x):

1/2

1 \/a+x

ax

(a— x)‘l’z (a-x)? *\/— X

a+x

2+ x (a X)" “12e2 T fa— x

a+X

\Ja+x (a —x)*?

¥ \/a—x

ax + (a+ x)(a—x)

\Ja+x (a x)?”2

ax+a

a+ X (a—x)3/2

dy
dx

a>—x°

+ aX

a+x(a—x)

32

(iv) y=(BxC=-2x+7)°

Let u =
Diff. w.r.t. ‘x’.
du _
dx
= 3(2x)-2(1)+0
du
dx - 6X — 2
y =u
Diff. w.r.t. ‘v’
dy _d s
du = du CY)
dy _ .5
du = 6u
d
= 63 -2+ 7
By using chain rule.
dy _ dy du
dx = du-dx

od rERS . "\'"EL

AnNS.

(L.B 2009 (s))

6

3%(xz)—2%(x)+§7(7)
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dy _
dx ~
dx
a +X
V) y=7\/gZ_ (G.B2009)
2 2
a +X
Let u = 22
Diff. w.r.t. ‘x’.

du _
dx ~ (a* - x°)?
du @ -x)2x— (@ +x) . (=2x)
dX - (aZ_XZ)Z
du  2x@i-XHa +xA
dX = (a2_X2)2
du  2x(2a9). . dax
dx ~ (aj—xz)z —
1/2
y =u
Diff. w.r.t. ‘u’.
d _
aﬁ — ﬁ (u 1/2)
& _ L
u - 2
gx _ l (3-2+X2) 1/2
du - 2 (@ -x?
By using chain rule.
dy _ dy du
dx ~— dudx
dy 1 (a2+x2j‘1’2 4a’x
dx ~ 2 \a®-x° (a2 — x)?
gx _ (a2+x2)—1/2 2&2X
dX - (a2_X2)—l/2 . (a2_X2)2

6(3x% —2x + 7)°. (6x — 2)

dy _ 12(3x% = 2x + 7)° (3x - 1)

So y =u

w4 (£
dx ~ dx (a%—x?

AnS,

d d
(& = X7) g @ + X)) = (& +X7) g (& =)
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dy 2a°x

d (a + X )1/2 (a X2)71/2+2

dy 2a°x

& T TR @] A

Q.2 Find % if:

(i) 3x+4y+7=0 (i) xy+y* =2
(iii) x*—4xy—-5y = 0 (iv)  4x*+2hxy + by* + 2gx + 2fy + ¢ =0
V) xfl+y + yWil+x =0 (Vi) yx*-1) = xx¢+4
Solution:
Q) 3X+4y+7 =0
Diff. w.r.t ‘x’.

3dx()+4l dx 7 =0
dy _
31445 =0
dy _
44 = -3
dy _ =3
ax ~ 4 ARS;
(i) xy+y’ =2
Diff.wrt‘ ’
dx(xy)+ V) = 3 (2)
d d
Xa¥+yd—x(><)+2ya§ =0

d
(x+2y)a§ = -y

dy _ =y
ax = X+2y Ans.

(iii) x2—4xy—5y =0
Diff.wrt‘ :

Lo -ad-sL -9
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2x—4[xg¥+y.l} 5% =0

dx

dy dy _
2x—4de—4y 5dx =0

—(4x + 5) a¥ —2X + 4y

dy  -2(x-2y)
dx = —(4x+5)

dy _ 2(x—=2y)
dx = 4x+5

(iv)  4x*+ 2hxy + by? + 2gx + 2fy + ¢ = 0
Diff. w.r. t x’

43 06) 420 o (xy) + b () + 20 1 () + 2F T+ - (¢) =

4(2x)+2h[xg¥+y.1}+b.2ygz +2g.1+2fa§+o

dx
d d
8x+2hxa¥+2hy+ 2bya)¥(+29+2f—¥

2(hx + by + f) = B —8x/— 2hy= 29

. =2(4x.+hy +70)
dx = 2(hx +-by.+f)

Gy XAy g |
dx = hx+by+f ns.

v) xyl+y +yl+x=0  (L.B2007)(G.B 2007)

Diff. w.r.t ‘x’.
B (TFY) + g (TF) =
xdd—x(\/1+y)+\/1+y%(x)+y% (\/1+x)+\/1+x%¥ =0
X.5 (1+y)‘1’2—x+\/m/ 1+y. 2(1+x)‘1’2 1+\/ﬁ<
ey a0

(x+2\/1+X\/1+yj_¥
27[1+y dx

AnS,

|
o

1]
o

|
o

B _y
NIy T ex
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2[1+y [—2\/1+X\/1+y—y}
dX 7 x+241+x41+y 2/1 + X
dy _\/1+y(y+2\/1+xxll+y)
dx 1 x(x+24/1+x1+y)
Vi) yx*-1) = xy\xX>+4
Diff. w.r.t ‘x’.

d d
™ [y(*-1)] = ™ (x/xZ+4)

d d d d
Y 0=+ ¢ - 1) gt = x g (BEH4) + W+ 4 3, ()

=3

AnS,

y.2x+(x2—1)%¥ = x%(x2+4)’1’2.2x+ X°+4

2
(x2—1)%¥= XX+4+\/XZ+4—2xy
dy 1 {x2+x2+4—2xy x+4}
dx ~ x°~1 X2+ 4
dy 2 +4-2xyaX*+4
dx T L =1)axC+4

S A

dy _xyx“+4
dx 0C—1)\XC+4 CYTT
27,2
N ol d 2xX(2x_41 4)
dx = (F-1)\X°+4
2X°(X° = 1) + 4(x® — 1) — 2X°(X° + 4)
dy x° -1
dx ~ O —1)\X* + 4

dy  2x*-2x*+4x"-4-2x"-8x

dx 0F =12\ + 4

—6x° — 4
T -1 X+ 4
dy  —2(3x*+2)

dx = - 1) \(C+4 ANS.
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Q.3 Find % of the following parametric functions.
: 1 y a(l—t 2bt
(')X:9+6 and y = 0+1(ii) X:J]?) andyletz
Solution:
Q) x:9+% and y = 0+1
X = 0+0" y =0+1
Diff. w.r.t. ‘0’ Diff. w.r.t. ‘0’
x _d . d dy _d . 4d
g ~ da@+ge®) do = do @ *gg D
dx 2 dy _ _
90 = 1+(-1)6 40 =1+0=1
dx 1
o - 179
dx _ 0°-1
o - @
By using chain rule.
dy _dy dof | idy.c of
dx ~ de - dx DA IO B
dy 0
dx - 62 _ 1 AnS.
N _a(l-t) 2bt
@@ x = 1+ 8 and y 1+ 1
a(l - t) 2bt
X = 1+ 1 y = 1+1
Diff. w.r.t. ‘t Diff. w.r.t. °t’
dx  d(1-t dy _ 2b£[—t }
dt = 2dt\1+ ¢ dt = “Pat|1+0
2 g 2 2 Q 2 (1+t2)£(t)_tg(1+t2)
o | ErOga--1-Hgase) &y _ at O~ ot
dt = 1+0) dt = (1+t)°
dx [+ -@-1©) @y dy _ 2b[(1+t2)—t.2t}
dt = 1+ 1) dt = (L+t)°
dx  a2t(-1-t"-1+t) dy _ 2b(l+t-2t)
a: (1 +t2)2 dt ~ (1 +t2)2
dx  2at (=2 dy _ 2b(1-t)
dt = (1+1t)° dt ~— (L+t)°
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dx  at
dt = (1+)?

By using chain rule.
dy dy dt
dx — dt "dx
dy 2b(1-t) (@+t?)°
dx~ 1+ _sat

dy _  b(-t)
dx ~ = 2at ADs.
2
Q.4: Prove thaty%%+x:0 ifx:ith Yy = 1-2+—tt2 (Guj. Board 2005, 2008)
Solution:
o 1-f 2t
X =1+ Y = 1+¢82
1=t
X =1+¢7
Diff. w.r.t. ‘t’
dx _ g(l—t
dt ~ dt \1+¢2
(1+t2)£(1—t2)— (1—t2)9(1+t2)
dx dt dt
dt = (1+t9)°
dx  _ (+)(20 - (1 -t
dt  ~ (1 +t%)°
dx  2t(-1-t-1+1)
dt  ~ (1 +1t9)°
dx 2t §—2%
d -~ 1+t
dx  —4t
d ~ (1+t9)?
2t
Y T 1+8
Diff. w.r.t ‘t’
dy _ g( t )
it = 2at \1+¢
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Hence proved.

(1 +x)"w.r.t. x?

ax+b

ax’ + b

ox+d Wt el

u = x*

d d
5 {(Mt%aa)—ta(ﬂﬂ
it " 2 1+ )
dy 2[(1+t2).1—t.2tJ
dt  ~ (1 +t%)°
dy 21+t -21)
dad -  (1Q+t)
dy 2(1—t2;
d = (1+t9)
By using chain rule
dy _ dy dt
dx = dt dx
dy _ 21-t) (1+t)
dx ~ (@L+t)°* —4t
dy  -@-t©H -1
dx ~ 2t - 2t
Taking
dy _ 2t M. i
Yax X = 1+ U2t r+e
T ¥ I Y
B 1+0 140
R e
B 1+t
0
= _21+t = 0
Q.5: Differentiate
(i) XZ_% w.r.t x* (ii)
2
X +1 x—1 .
(iii) x2—1W'r't'x+1 (iv)
X2+ 1 3
(V) Sz_q wrtx
Solution:
(i) XZ—%Z w.rt.x* (L.B2006)
_ 2 1 — 4
Let y =x-32 , u=xX
y = X2 _x 2
Diff. w.r.t. ‘x’

Diff. w.r.t. ‘x’
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d du
%: 2x— (= 2)x *? x -4
2
= 2x+ e
2x*+2
=T
_2(x*+1)
B X
By using chain rule
dy _ dy dx
du™ dx du
dy 2x*+1 1
du ™ X A
dy x'+1
a)lf: IV Ans
(i) @+x)"  wrtx
Let
y = 1+xX)" | AR
y = (1+x3)" u = x'
Diff. w.r.t. ‘x’ Diff. w.r.t. ‘x’
dy_ d 240 dums_d o,
dx = dx (1+X) dx = dx”®
= n(1+x3H™12x du-ti
= 2nx(1+x)" ! dx  ~
By using chain rule
dy_ dy dy
du™  dx "du
_ 1
= 2x (@A) L o
Q)[ 2\n-1
u - " (1+x9) Ans
2
X +1 i x-=1
(iii) 1 Wrti
. X+l _ox-1
ety - X1 : u T ox+1
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X2+ 1 Xx—1
Y =1 U = x+1
Diff. w.r.t. ‘x’ Diff. w.r.t. ‘X’
dy d (x*+1 du d (x-1
dx :&(?—_1) dx :&(xu)
2 402 2, A2 d d
(x° - l)d—x(x +1)-(x"+ 1)&(x -1) (x+ 1)&(x -1)-(x-1) dx (x+1)
) ¢ -1y ) (x+ 1)
(X2 — 1)(2x) — (X + 1)(2x) X+1-x+1
) (x*=1)’ T (x+1)
2X (X*—1-x*—1) du 2X
- (x*— 1) dx ~ (x + 1)
22X g—zg
- (x-1)
d — 4X
6% T (xF-1)?
By using chain rule
dy _ dy dx
du™ dx "du
—4x | (X1
= 0F - 1)
22X (x# 1)
T [+ Dx =D
= 2X(x+ 1)
T (x+1)%(x-1)°
d —2X
aﬁ = —z(x ~1) Ans.
. +b ax’+b
V) o d Wt ad+d
Let _ ax+b :ax2+b
cx+d’ ax® +d
ax + b ax’+b
Y = ox+d U = a+d
Diff. w.r.t. ‘x’ Diff. w.r.t. ‘x’
d d (ax+b d d (ax’+b
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_(cx + d)(;j—x(ax +b) — (ax + b)(f—x(cx +d) B (ax® + d)o%((axz +h) — (@@ + |o)(f'—x(ax2 +d)
- (cx + d)? - (ax® + d)?
_ (ex+da—(ax +b).c _ (ax* + d)(2ax) — (ax’ + b)(2ax)
- (cx +d)* - (ax® + d)°
_acx +ad —acx — bc du _ 2ax(@’+d—ax’*—b)
(cx +d)? dx (ax® + d)°
dy  ad—hc du _ 2ax(d—b)
dx = (ex+ d)2 dx (ax2 + d)2
By using chain rule
dy ~_ dy dx
du ~ dx " du
_ad—bc  (ax’+d)?
~ (cx +d)* " 2ax (d—b)
dy  (ad—bc) (ax° + d)°
du = 2ax (cx + dYA(d —b) Ans.
2
v i w.rtx®  (G.B 2003)
Let
_ X+l _ 3
y =31 , i
X2+ DMEERS
Y =¥ Dff. w.r.t. X’
Diff. w.r.t. ‘x’ du d 5
dy g_(x2+1) ax = dx &)
dx ~ dx \x*—1 = 3x2
B = 1)0‘|j—)((><2 +1) - (x*+ 1)01"%((x2 -1
B (x* - 1)*
_ (=1 - (¢ +1)(2%)
) (x* - 1)°
XK =1-x2-1)
- (x* - 1)°
dy  2x(= 2%
dx (x*-1)

_ —4x
T (-1
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By using chain rule

d  _ dy dx
du ~ dx " du

dx  —4x 1

du = (C-1)273x

dx — 4X

du - 3x(x2—1)2 Ans.

EXERCISE 2.5

Q.1: Differentiate the following trigonometric functions from the first principles.
Q) sin 2x (i) tan 3x (i) sin 2x + cos 2x
(iv)  cosx? (v) tan’x (vi) ftanx
(vii)  cos \/?(
Solution:
Q) sin2x  (L.B 2003)
Let vy = sin 2x
y + 38y = sin 2(x + dx)
dy = sin(2x +20x) -y
dy = sin (2x + 20x) - sin 2x
2X + 20X + 2X) . ( 2X + 20X —2X .
dy = 2cos - 11 S oy =sin 2x
+ —
[~sinp-sing = 2cos (pz_q) sin (}%1)]
Sv = 2 (4x+26x) : (@)
y = 2c0s 5 -sin| =
4X + 2 :
dy = 2 cos( X 5 SX) . sin (8x)
Dividing both sides by 6x
dy (4x + 26x) sin &x
v 2 CoS 5 T ax
Taking limit 6x — 0
Lim

X —>08x d&x—0

Lim AX +2 i
dy 2005( X SXj .5|n8x
2 OX





