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DIFFERENTIATION
EXERCISE 2.1

Q.1  Find by definition, the derivatives w.r.t ‘°x’ of the following functions defined as:

@) 2x>+1 (i) 2-+x (i) ﬁ (iv) %
(v)x 1 a (vi) x(x—3) (vii) o (viii) X +;1£
1 3 5
(ix) (x+4) (x)x2 (xi) x2 (xii) x™
(xiii) m ,me N (xiv) x*' (xv) x '
Solution:
(i  2x*+1 (Lahore Board 2011)
Let y = 2x°+1

y+3y = 2(x+8x)° +1
dy= 2(x+8x)’+1-y
Sy= 2(x*+8x" +2x8x)+ 1 - (2x*+1) vy =2x"+1
dy= 2x*+28x” +4x8x + 1 - 2x>— 1
oy = 28x” + 4x8x
Oy = 20x (6x + 2x)

Dividing both sides by dx.
0y  20x(dx + 2x)
&x 5x
oy _
Sx 2(dx + 2x)
Taking limit 8x — 0



(i)

Lim §X=

6:{—)0‘3};
dy _
dx

dy _
dx
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Lim [2(6x + 2x)]

d
x @) = &

2-/x

Let

8x — 0
2(0 + 2x)
4x
Ans.
2
2 —\/x +0Ox
2-7/x+0x — y
2-x+8x = (2-4x)  wy=2-1x
2 —Jx +6x — 2 +4/x
X —1/X +0x
1,
SR
XIE—X% (14—%%
[ o1
X2 _l—(l+8;x]zu
i Ll I
S I e R
1 1 (6x %(% ) 5x Y} P
X2 _] -1 —E(_)— 2 (;) — rrenans d




(iii)
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11
5u éa_x[_l 2671 5
Yo ¥ x 27 2r x T
Dividing both sides by dx.
11
sy ox -1 207D &
o o 1d 21 x
14 1
sy 1 (=21 2071 &
6x 112 2! x v
x_
Taking limit 6x — 0
1 1
by {-1 207D 5«
51;1_1310 ox slfl_l}ln_m 2 2 X
dy =1
dx  24/x
d —1
EE 2-1/x) = m Ans.
T (L.B 2007)
X
Let
_ L
Ak
y = x\2
y+8y = (x+8x)"”
8y = (x+ox) -y
oy = (x +8x) - x71"
s,
oy = [x(1+5)) -
) S —1/2
8y = "”(Hf) x 2

---------



(iv)
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) —1\(6x) -1/2(-1/2- 1)(&)2 ]
_ 1/2 — | = =
dy = x [1+[2]( )+ 51 ) e '”J
pdx (=1 =12 (=12-1) 8 ]
_ 1/2 _ bl
oy = x "7 [2 + 2 T R |
Dividing both sides by 8x.
Sy ox  [=1 —1R2(=12-1) 8x ]
8 = _l 2 + 2| ©x + o, ‘J
*osx x'2 '
dy 1 [=1 =122(=12-1) & N
5x ;3"2 [2 + X X +...... |J
Taking limit 6x — 0.
dy _ . L=l Zl2El2-1) ox 1
Slpfl—rflu Ox a&inu X [2 " 2! . S |J
dy -1
dx ~ 2 x?
d —l
dx [ x) Ans.
1
X3
Let
_ 1
y = 3
y = x°
y+8y = (x+8x)”
dy = (x+8x) -y
oy = (X+8X)_3—X 3 y = X
A V7
dy = [x(1+ XL - X
. Sx Y
dy = x° l+?x) - x3
B -3
dy = x° (l+6?x) —IH
N 5x) (3)=3-1) (8xY 1
8y = x| 1+(-3) [;j 5 (;J Fon, —1U
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) =3)-3-1) &
x_s.;x‘i—é]-k(—ly—l 24 H

tx e

Dividing both sides by ox.

oy

ox
oy _

OXx

5x [_3 L3 Bx 1
SX x]+3 2! . x e J
1 -3)(-3-1) &
F |:_3 +( 21 .;x_l— ......... ﬂ

Taking limit 6x — 0

oy 1 (=3)-3-1) & |
alil—rfloﬁx_ alignu F[_3+ 2! Tx T IJ
dy -3
dx ~ x°
1 —
dix(?)=;% Ans.
1
X—a
Let
1
y B X—4a
y = (x—a)"
y+oy = (x+8x—a}l
8y = (x—a+dx)"' -y
0x Tl _ _
oy = [(x—a)(l+—x_aL - (x—a)1 y = (311—3,)l
< Y!
oy = (x—a)_'(1+x_a) —(x—a)"
-1
dy = (x—a)_][(l-l-xs_xa] —lﬂ
_ . 5x ) (=)(=1-1) (ax )3 1
dy = (x—a) [1+(—1}[X_a ) e —1|J
B o 8x [ (—D(-1-1) &x |
oy = (x—a) ‘x—a -1+ X ‘x—a+ ......... U



(vi)

(vii)
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Dividing both sides by 6x

oy OX { l+(—l)(—l—l) dx . ‘—l
5x  ox (x—a)'' [~ 20 x—a T |
oy _ EDEl=1) 8 |
8x  (x—a) [_]-i- 2! 'x—a+ """"" U
Taking limit 6x — 0
.oy . [ -D(=1-1) Bx ]
shox T amb x—ay T 20 x—al |
dy -1
dx  (x—a)
d 1 -1
dx (x—a) B (x.—a)2 Ans.
x(x = 3)
Let y = x(x—3)
y = X* — 3x
y+8y = (x+8x)* - 3(x + 6x)
dy = X +8x"+2x8x — 3x — 38x —y
oy = x>+ 8x% + 2x8x — 3x — 38X — X + 3x
oy = ox(ox +2x—3)
Dividing both sides by ox.
+ _
oy _ Oox(6x+2x-3) Sx 4 2% — 3
0Xx 0x
Taking limit 6x — 0
Lim %E: Lim (6x +2x — 3)
dx — 00X ox =0
dy _
KA 2x -3
dy .
dx [x(x—3)] = 2x-3 Ans.
2
<
2
Let y = e
y = 2x7*



1
(viii) x>+ 2z

Let
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y+8y = 2(x+8x)"*
dy = 2(x+dx) -y
5x )] 4
oy = 2[x(1+;L - 2x Y
5 4
dy = 2x° [l+fj —-2xt
sxV' ]
C 4 ox
Sy = 2x KHX) —1U
—4)(—4 — 1
dy = 2}:_4[1 +(—4) (%)"'(_Egr_l
. 40X (=H(=4-1) d&x
_ 49X a)=a—-1) OX
Dividing both sides by ox.
dy  28x [4+g—4;§—4—12 dx
§x  Sx.x ‘[T 2! "X
dy 2 (—4)(-4-1) &x
x X [—4+ X cy T
Taking limit 6x — 0
S 2 -4(-4-1) &
Lim & = Lim = [—4+£—M.—X+
5x—>08x x>0 X 2! X
d 2 -8
TN
d (2 —8
d_x(x_d) =3 Ans.
1
_ 2
y = x°+22
y = x’+x°
y+8y = (x+8x) +(x +8x)"
dy = x°+8x + 2xdx +[x (1 +8;X)— yl]
2 2 -2 5x Y’
0y = X +0x +2x0Xx +X 1+;

5x Y

[?) o —lﬂ
ﬂ

........ J
!

......... J

ﬂ
|

......... U

_ -y

—(x2+x_2) y—x2+x‘



(ix)
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sxY
x>+ 8x% + 2x8x + x (1+;x] —x—x7

oy =
> x)°
dy = ox™ +2x0x +x° KI+ x) _1|J
5x) (=2)(=2-1) (8xY
Sy = 5x(5x+2x)+x_2[1 + (= 2)( X) (—(2,;1(;") I —@
dy = 5x(5x+2X)+}g_26—x [—2+ - (_2_1 . S?er ......... ﬂ
-2)(-2 )
dy = 5x[5x+2x+_|1|1l 2+ LE_) xx ......... M
Dividing both sides by dx.
oy Sx[ 1|, (=2)(=2-1) &x H:\
5x = 5x 5x+2x+;z|ﬁ'l—2+ 51 vl I U
1 -2)(-2 -1
o =5}(+2x+_,?|:—2+w.8—x+ ......... |—|
OX X 2! X |
Taking limit 5){ —0
_ 1 (-2)(2-1) &x N
a,&"_r,“uax Lim [3x+2x+;§| Y o I T Fee &IJ
dy 2
dx 2;;—;;
d(, 1 2
E(X‘Jr;zJ = ZX—;S Ans.
(x +4)" (Guj. Board 2003)
Let y = (x+4)"”
y+dy = (x+5x+4)1f3
8y = (x+4+8x)"" -
ox | 113 173
oy = [(K+4)(1+x+4]J - (x+4)" vy = (x+4)
| sx \? ,_
dy = (x+4)"” 1+—+4) —(x+4)"
r E}K 1/3 -|
_ 1/3
8y = (x+4) _(1+x+4] —1|J
~ sl 1( 5x ) 1/3(173 - 1)( 5x T 1
8y = (x+ 47| 1+3( )t 5 ag) T —1|J
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ox (1 1/3(1/3-1) dx
_ i3 _0X |1
Sy = (x+4) .X+4[3+ 5 Trate
Dividing both sides by ox.
oy Ox 1:1+”3(”3_1) OX N
= 1 R LT
dx Sx(x + 4) '3 3 2! x+4
doy 1 1 1/3(1/3-1) 8x A
5x T { T i SRS U
Taking limit 6x — 0
oy 1 [1 1/3(1/3-1) &x
shox b AT 3T 2 x4
dy 1
dx — 3(x+4)"
L x+ 9] = 7= Ans
dx 3(x+4)™ '
x x*
Let y = x?
y+dy = (erS)()S’r‘2
dy = (x+ox)"* -y
s\, .-
oy = [x (1+?L —x? o y=x"
5x 2 :
6}( — X3-"2 (1 _i_;) — X3a’2
.. sx¥2 7
_ 30 0x
oy = X [(1+Xj _1|J
3(6x) 3/2(32-1) [5){)2
_ o 3n 2 [oX ox
0y = X [1+2(X)+ 21 A ) e
5 OX 32 g3/2— 1) &x]
_ 32 XEa
dy = x7°. < 4:2 l‘
Dividing both sides by 8x.
3
Sy s [ 32(32-1) ox 1
S S e ‘
dx Ox 2 2! X |
dy 3/23/2-1) 6x ﬂ

I V.
ox X [2
Taking limit 6x — 0

2! 'x

.

P
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S 3 3/2@312-1) &
Lim SX: Lim x" [5+(T).—x+ ......... |]
dx - 00X 8x >0 : X
dy _ n 3
dx "2
d 3
d_x(xm) = 5\/;( Ans.
(xi) x? |
Let y = x°
y+8y = (x+8x)"
8y = (x+8x)* -y
OX _|5,2 52 512
oy = [x(l+?L — S Y=X
512
sy = w21+ 2]y
Sx 5/2 —I
_ 5 oxX
oy = X [(]+ x) —1|J
. 2
8y = [1 +§(EE)+5’2 3/2 —dl (ﬁ_x) o
2\ x 2! X
O0x |5 5/2(512-1) dx 1
_ J5n OX |2 oX
By—x.x‘:er T S P U
Dividing both sides by 8x.
5
5y  x .dx FJrS/Z(S/Z—l) 5x 1
8){ - 6}( 2 2' x e J
8 _ [§+5f2(5/2— ) ﬂ
X Sl SO
5x 2 2! X .
Taking limit 6x — 0
) L |5 5/2(512-1) &
Lim == Lim x*’ [E*Jy—l'_}u _________ I}
dx — 0 0OX dx—0 : X
dy 5 32
dx 2
d 5 5
d—x(xs"‘z) = Ex"z Ans.
(xii) x™

10
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Let y = X
y+38y = (x+8x)"
B_K—Im
sy = (45 -
8 m
oy = xm[l-l-%) - x" Cy=x"
5 IT1
-
o m o0x) m(m-1) (B_XT i
oy = X [1+m[x)+ X S el E _]|J
o -1) 8
dy = xm.;x[erm(%l.; ......... H
Dividing both sides by ox.
Sy x'“"Sx[ m(m-1) 8x 1
s = s Mt 3 s SR ‘J
QX :Xm—l ‘im‘FM.B_X‘F ......... ‘-l
OX 2! X |
Taking limit 6x — 0
S -1) &
Lim & = Lim xm_'[m+%.—x+ ......... ]
5x—>00X  5x—>0 2! X d
d
EE =mx™"'
d
&(xm)= mx™™! Ans.
1
“m ,me N
X
1
Let Y = x™
y - x—l'ﬂ
y+8y = (x+&x)™
- S_X—I—Tﬂ
sy = 03 -
8 —IT
ay — =m (1 _I_?X‘j _ x—m . y:K—m
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oy = X [(HFS—X) 1|]
dy = [ 1+ (-m )[ ) (_m)(;n_l).(xj Fon, —1H
:Xmﬁ_[ L m)m—1) &x ﬂ
T T e e, |

Dividing both sides by 8x.

dy _ x™!dx [ L cm)(m—1) 8x ]
5x . ex LM 2 e |
oy m- (-m)(=m—1) ox 1
Sx = x ™! |:— 21 - o |J
Taking limit 6x — 0
Lim oY _ Lim x™ [—m + Cm)Cm - 1) 6_)( + 4. ‘-l
5x — 0 OX &x — 0 2! X J
d
HE = —mx ™"
dy( 1
i(ﬁ] = —-mx ™" Ans.
(xiv) x*
Let y = x "
y+8y = (x+8x)"
S [ (] +6—X]140
y = |X x )| =7
40
Sy = x4ﬁ(1+5;x) _ M oy =x%
40
8y = x‘*“[(wa—xj —1ﬂ
dy = x‘m'{:l + 40 (E‘)x) 40(40— 1 (S—KJZJr ......... —lﬂ
2! X |
Ox 40(40-1) 4{) — 1) ox
dy = 40-? [ o e ﬂ
Dividing both sides by ox.
Sy x* 'ax [ 0(40—1) Sx ﬂ
ax = P J
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0 4040 -1) &x
g}z{ = x [40+%.;+ ......... ﬂ
Taking limit 6x — 0
Lim§X= Lim x39|:40+40 40-1 .S—X-I— ......... ﬂ
5x — 0 OX dx—0 2! X J
d
L - 4o
dy 40, _ 40x%° A
dx(x ) = 40x ns.

Let y = x '
y+oy = (x+5x)_mo

SX —100
Sy = x 10 (1+;) _ o100 o y=x100
100
oy — (12"
_ 100 6_x] (~100)(~100 - 1) (b_sz 1
dy = x [1+(—1m)(x - 51 8 Ll SR —1\J
o —100)(-100—-1) &
sy = x 1.2 [—100+( )(2! ).;X+ ......... H
Dividing both sides by dx.
5y & (—=100)(—100— 1) x 1
5x  _ Bx X1+1_09 ‘:—1004' X - +o U
Sy 1 (=100)(—100 — 1) 8x 1
5x. X [—100+ 21 g T |J
Taking limit 6x — 0
) 1 —100)(-100-1) &
5%i_r}nﬂg§= 5]§i_r>no x'! [_IOOJF( )(2! )'?KJF """"" l]
dy  —100
dx ~ xV
d —100
a(x 100y = L Ans.




Punjab | 12th Maths | Ch # 2

14

Q.2 Find g‘; from first principles if
1
i x+2 (i) NP (L.B 2004, 2010)
X
Solution:
i  x+2
Let y = x+2
y = x+2)"”
y+8y = (x+ox+2)"
oy = (x+2+8x)m—y .
8
dy = [(x+2)(1+ﬁﬂ - x+2) o y=afxt2
sv = (x+2)"2 1+5_Xm_ + )12
y = (x+2) — (x+2)
i) 6}{ Ilfz —|
_ 1/2
Sy = (x+2) Kl+x+2) —1\J
1(8x ) 1/2(112-1) ( 8x Y 1
_ 1/2 =
dy = (x+2) [”2(:&2)* T .(x+2]+ ...... —1\J
L, ox [1 120R2-1) &x )
_ 12 94 |2
oy = (x+2) 'x+2|:2+ o x4 T |J
Dividing both sides by 8x.
dy 5x [l+1f2(1/2—1) 5x ﬂ
Sx 4 12 2! x+2 .
ox (x+2)x
dy 1 1 1202-1) 8 N
ox = m—g 1:2-1- 21 'K+2+ ......... |J
Taking limit 6x — 0
, ¥ 1 (1 1202-1) & ]
08K Db x+2[2+ 2 xe2 el
oy  _ _ 1
Ox 2x +2
1
d_(“\HX+2)_2 T Ans.
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. 1
N
1
Let =
¢ Y= ra
y = (x+ay'”
y+oy = ()';JrSJ(Jra)_”2
dy = (x+a+dx) -y
x Y[ 112 112
oy = |:(X+a}(1+x+a]J - (xt+a) vy=(x+ta)
Sy = -1/2 B_X_m_ 172
y = cra 1+ 50] - )
. ox Y
Sy = (x+a)'”? [(1+x+a) —1\J
B _1n 1V 8x ) (1/2)=12-1) [ 8x Y} 1
by = oy 14 (3)(2) CIRCI2=D (ST, |
. . 0x |=1 (=1/2)(=122-1) &x 1
I.-‘2
Sy = (x+a) +a[2+ 51 aa e "|J
Dividing both sides by 6x.
dy Ox [—_IJF—UZ (-1/2-1) &x N ﬂ
SX - l-'% 2 2’ "X 4ag ottt J
0x (xt+a)x
dy 1 -1 =12(-12-1) & /|
.5 )
Taking limit dx — 0
dy 1 -1 —1/2(=1/2-1) &x |
bI:Tl—rﬂ)BX_ alil—r»nomli 2! x+al U
dy -1
dx  2(x+a)’”?
d( 1 B -1 A
dx\\[x +a) 2(x +a)” ns.

www.u\;stad360.com :

-~



Punjab | 12th Maths | Ch # 2 16

EXERCISE 2.2

Q. Find from first principles, the derivatives of the following expressions w.r.t.
their respective independent variables.
(i) (ax +b)’ (L.B 2004) (i) (@x+3)
(i) (3t+2)7 (iv) (ax+b)”
™ Gz—py LB2010)
Solution:
i  (ax+b)’
Let y = (ax +b)’
y+8y = [a(x +8x)+b]’
dy = (ax+adx+b) —y
8y = (ax+b+adx)’ — (ax +b)’ .+ y=(ax +b)’
3
oy = |:(ax +b) [1 x+b)J ~ (ax +b)’
oy = (ax+ b) ( ) (ax + b)
8y = (ax+b)’ [( ) A
y a +b d
adx | 3(3-1) ( adx T 1
_ 3
dy = (ax+b) [1+ (ax+b) 5T ) T —1\J
B adx 33-1) adx 1
oy = (ax + b)* 7+b[3+ 2 cax i e ‘J
Dividing both sides by 8x.
Sy  (ax+b) ' adx {3+3(3—l) adx ﬂ
SX == BX 2! . ax + b ......... J
Sy 5 33-1) adx N
ox = a(ax +b) [3+ N axtb e lJ
Taking limit 6x — 0
Sy . 21: 33-1) adx 1
bI‘_l_t)nn&){— 51;1_1}1”a(ax+b) 3+ M cax b e U

d
a% = 3a(ax + b)’
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i(axﬂaf = 3a(ax + b)’ Ans.
(i) (@x+3)
Let y = (2x+3)
y+3y = [2(x+8x)+3]
dy = (2x+28x+3) -y
dy = (2x+3+28x) - (2x +3)’ s y=02x+3)
26x
dy = |:(2x+3)(1+2x+3L ~ (2x +3)°
26x Y
dy = (2x+3) (1+2x+3) —(2x +3)
B 5 28x ]5 1
Sy = (2x+3) [(1+2x+3 —1|J
- S 25 ] 5(5-1) (2&( )2 1
§y = (2x+3) [1+5(2x+3 S TH Cvrie- I R —1IJ
B s 28x [ 55-1) 28x )
8y = (x+3) 5315t T a1 ap gt \J

Dividing both sides by ox.

dy  26x(2x+3)”" [5+5(5— 1) 28x ﬂ
Sx = Sx X S I RUETRETENEY J
dy 4{ 55-1) 28x 1
s = 20x+3)M ST o IJ
Taking limit 6x — 0
.0y 4[ 55-1) 28x ]
Lim == Lim 2Qx+3)" |5+75— 573+ IJ
d
o = 2ex+3)s
d 5 4
o (2x+3) = 102x +3) Ans.
(i) @t+2)7
Let y = (3t+2)7
y+8y = [3(t+8t)+2]7
Sy = (3t+35t+2)°—y
dy = (3t+2+33t)%— (3t+2)7 y=(3t+2)"



(iv)
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[(31 +2) (1 + 33?2) J_z - (3t+2)”

oy =
35t )2
_ -2 -2
oy = (3t+2) [1+3t+2) — (3t+2)
- 5 35t j‘z 1
Sy = (3t+2) KH3t+2 —1\J
B 5 35t ) (=2)(=2-1) ( 35t Y
oy = (3t+2) [1 +(=2) (3t+2) 3 .(3”2) i, —1ﬂ
_ - (=2)(=2-1) 33t |
Sy = (3t+2)7 3t+2{2 TR TIr  SSR |
Dividing both sides by 6t.
Sy 35t [ 2+(—2)(—2— 1) 36t N ﬂ
St = 5t(3t+2)]+2 - 21 Cqp g et J
oy  _ (=2)(=2—-1) _3at 1
3t _W[‘” 21 3tk e |
Taking limit 8t — 0
3y .. 3 (-2)(-2—-1) 38t 1
im ey = bm gy |2 G s
dy _
dt  ~ (3t+2) =2)
LTI p— A
B2 = Gr) &
(ax + b)™
Let y = (ax+b)”
y+0y = [a(x+é§'.x)+b]_S
dy = (ax+adx+b)’ -
8y = (ax+b+adx) — (ax+b)° - y=(ax+b)”

o
A
]

[(ax +b) [1 + ai&fb)r — (ax+b)”°

-5
dy = (ax+b)~ [1 + aisfb] —(ax +b)”

Sy = (ax+b)”> Kl + axaa—fb)__ - 1@

www.u\;stad360.com :
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Sy = (ax+b)” [] + (=5) (a:‘sfb}r =)E5-1) . ( adx jz .

2! ax +b
B 5 adx (=5)(-5—-1) adx ]
8y = (ax+b) —ax+b{—5+ 51 i SO U
Dividing both sides by 8x.
dy adx [ 5+(—5)(—5— 1) adx . ﬂ
ox  dx(ax +b)'” [ 2! taxtb T ]
D e R S|
SX - (ax+b)b = 2' .ax+b ......... J
Taking limit 6x — 0
.0y a (=5)-5-1) adx A
a%inu 5x 5];1—1310 (ax +b)° [_5 ! 2! ax +b ‘J
dy a
dx ~ (ax +b) (=3)
d _ —5a
dt (ax +b)”° = (ax + b)° Ans.
1
) (az — b)?
1
Let Y = (az—b)
y = (az-b)”
y+8y = [a(z+8z)-b]”
dy = (az+adz-b)y -y
8y = (az—b+adz) — (az—b)’ - y=(az-b)’
B adz |~ .
dy = [(az—b) (1 +az—b)J — (az—Db)

=7

8y = (az—b)” (1+azaa_zb) —(az—b)”
7 . 5z 7

5y = (az—b) [(Haz—_bj —1|]

‘ ) adz \ (TT—1) ((adz }

dy = (az-b) 7[1 +(=7) (a; _Zb)Jr ( 7)(2!7 . : (az _Zb) +. —Iﬂ
B . adz ~7)=7—1) adz 1

ay - (a\z_b)? az_b [_7—'_ 2! az_b+ --------- ‘J

Dividing both sides by dz.
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dy  _ aﬁ—Z[H(—?)(—?—l) adz_ |
8z dz(az-b)'"" | 2! taz—b T ]
dy a (=7)=7-1) adz 1
5 @z _bF [—7+ 5 v ST \J

Taking limit 8z — 0
sy 2 [ TN=T—1) adz 7

e = T G [T 2wt

dy a
&z ~ @-br 7

d 1 ] —Ta

o)~ @by A
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EXERCISE 2.3

Q.1 Differentiate w.r.t. ‘x’

20 + ¥
Solution:
Let y = X +2x° +x°
Diff. w.r.t. ‘x’
d d d d ,
0= n 2 ) )
d o d d o d
=23 0t ()
d
EX = 40 14653 1+2x. 1
X
d
az =4x> + 6x° + 2x Ans.
X
Q2 x+2x 42
Solution:
Let y = X +2x3+2
Diff. w.r.t. “x’

d d d _ d
R RSl (e Ry )

21
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3
7 -1

3 d -
ax —3x31.&(x)+2.?x

S R L
dX - 3)( . ] 3){ . ]

dy (1 1 ]
dX_S(Xj—f_?n AHS.

d
.a(x)+0

+
Q.3 : — i (Lhr. Board 2008, 2010, 2011)
Solution:
at+x
Let Y T i«
Diff. w.r.t. ‘x’
&y _ d(ary)
dx dxla—-x
d d
) (a—x)a(a+x)—(a+x)a(a—x)
- (a—x)°
C(a=-x)(0+1)-(a+x)(0-1)
- (a—x)*
a—-xta+tx
S (@-x)
dy  2a
dx ~ (a—x) Ans.
2x—-3
Q4 5 (L.B 2008)
Solution:
2x — 3
Let Y T 5+ 1
Diff. w.r.t. °x’

dy i(Zx—B}
dx dx \2x + 1

(2x + 1)%(2;(—3)—(2;(—3)&(2“1)

dy _
dx 2x + 1)

22
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dy (2x+1).2-(2x-3).2

dx ~ 2x +1)°
dy  2[2x+1-2x+3]
dx (2x + 1)

dy 24

dx  (2x+1)

dy 8

dx ~(2x+1y | Ans

Q5 (x-53-x)

Solution:

Let y = (xX=53-x)

Dift. w.r.t. *x’
dy d
o = [x=-5HE-x)
d d d
= (=) B-0+B-x7 (x5
d
o= @=5HED+E-00)
%}}é = x+5+3-x

EY 8 — 2x Al
X

Solution:

el
= 6+ () -2 ()

1
y = x+;—2
y = Xx+x -2
Diff. w.r.t. ‘x’
dy

d d . d
x - @ E D5 @

www.u\;stad360.com :
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1+ (=) x " _(x} 0

= — 7 Ans.

(1+4%) (=

Q.7 \&

Solution:

oo e

Diff. w.r.t ‘x’

g gE BiE B2

() x-x")

\Jx
~ () x=xfx)
\Jx
x(1+4/x) (1=1/x)
Jx
Vxxfx [(1) = (Vx)]
Jx
\x (1-x)

d d
EX( uz) B a (Xs.z)

gle

X
] . d 3
EXUZI d_() ox 2 dx(x)
1 3
Exl-z - 2X3;2—1 1
2\/:1 2
1 —3x
= Ans.
2\/;( ns

24
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2+1 2
Q.8 D;z—_lL (L.B 2007) (G.B 2007)
Solution:
£x2+ 112
YT X
Diff, w.r.t ‘x’
dy _ dfGC+1)]
dx dx[ x*—1"]
(= D) (2 1P = (4 1 (P = 1)
dy dx “dx
dx (x> — 1)
dy (xz—l).2(x2+1).§(x2+1)—(x2+1)2.2x
dx (x> — 1)
dy 20— D+ 1) 2x = 2x(x + 1)’
dx x> -1y
dy 2x(x*+1)[2(x* = 1) - (x° + 1)]
dx x> -1y
dy 2xx*+DEx* -2-x"-1)
dx x* - 1)
dy  2x(x*+D)(x*=3)
dx = (Xz_])z Ans.
o Xt g 009
QY -3 (@ )
Solution:
2+1
Let y = X2_3
Diff. w.r.t °x’
dy _ i(xzﬂ)
dx ~ dx\x*-3
2_3£ 2 D= (2 + 1 £-2_3
dy =3 & D - 1) (x"=3)
dx (x* - 3)
dy  (x*-3).2x-(x*+1).2x
dx (x> — 3)

25
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26

dy 2x(x*=3-x"-1)
dx = x2—3)
dy  2x(-4)
dx ~ (x2-3)
d —8x
EE = m Ans.
Vy1+x
Q.10 \/m
Solution:
I +x
Let y =
1 —x
1 +x 1/2
y = (l—x)
Diff. w.r.t ‘x’
gz - i l+X)”2
dx  dx\1-x
dy 1 l+xj [1 +x)
dx 2\ 1-x
dy 1(1 lf{(l—x)d (1+x)— (]+x)d (1- x)‘
dXZZ(I—x] (1 - x)’ |
dy 1 (4% [A=x)0+ 1)~ (1 +x)(0-1)]
dx ~ 2 (1-x)"? { (1-x)° |
dy l-x+1+x
X ~ 201+x) 2 (1—x) 272
dy 2
dx 231 +x(1-x)*
d 1
H%: r—1+x(l—x)32 Ans.
2x -1
QI 5
Solution:
2x — 1
Let y \/ﬁ

www.u\;stad360.com :
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Diff. w.r.t ‘x’

dy d{2x-1
dx — dx\x2+1

d d
dy (1) g @x=-D-2x=D g (X +1)
. (1)

1 L
QX B (\/;24__1)2_(2){—1)5(}{2_’_1) ].2.2X
dx x>+ 1
o X(2x—1)
dy 24x"+1 \/ﬁ
dx x>+ 1
22+ 1) 2x° +x

&y el
dx X"+ 1

QX 2X2+2—2X2+X
de T (x4 )X

dy x+2
dx (< + 1) Ans.

Q.12 \/f; (L.B 2004)

Solution:

a—Xx

112
_ [a=X
Ko (EH‘}J

Diff. w.r.t ‘x’
QX . i (a - xj“z
dx  dx\la+x

dy _ 1 (a_x)—lfz d (a—x)
dx  2latx) ‘dx\atx
d d
dy I(a—x)" {(aﬂ)dx(a—x)_(a_x)dx(aﬂ)ﬂ
dx ~ 2(@+x)"? P 'J

27
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28

]

dy  (@+x)0-1-(a=x)0+1)
dx 112 __1+2
2(a—x) “(atx)?2
dy _—a-x-a+x
dx 2Ja—x(a+x)*"
dy _ —2a
dx  2vJa—x(a+x)"
dy = — ) Ans.
dx a—X(at+x)
2
vx© +1
13
Q X’ -1
Solution:
L X+ B (x2+1)]""2
et y = 1 Y =\
Diff. w.r.t x’.
dx — dx\x*-1 _
gx - l (X_Z‘l' l)]ﬂ i [X2+ 1]”2
dx — 2 \x*-1) "dx -1
2_11 2 D= (2 + 1 d 2
dy 16317 K =D X+ - +1) 5 (x )‘
dx 2 =1
dy (xX*-D.2x-("+1).2x
dx - 2(}(2_'_ 1)14"2 (X2_ 1)—lf{2+2
dy _ 2x(°-1-x—1)
dx 2\xT+ 1 (- 1)
dy —2X
R T
¥ — e
0.14 \/1 X \/1 X
J1+x+4/1-x
Solution:
1+x-—11-
Let = V1+x \j =

y \f1+x+\]1—x

]
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B \]1+x—\/1—x \/l+x—\/1—x
’ \/1+x+\/1—x g \fl+x—\/l—x
, - (/1 +x-~1-x)
(T+x) = (V1)
_ (e’ (= x)P 2T ) (1= %)

a 1 +x—(1-x)
l+x+1—x—2~/(1+x)(1—-x)

y = l+x-1+x
C2-2n1-%
y = 2x
C2(1-4/1-%)
y = 2x
s
Y- X
Diff. wr.t. *x’
dy i(l— 1—}{2)
dx  dx X
d d
dy xd—x(l—\il—xz)—(l—\fl—xz)d—x(x)
dx X’
dy x.%(l—xg)"-"z.—n—(]—x/l—xg).1
dx ~ X
X fTo
dy x/l—xz *
dx X’
xF—a/1=-x*+1-x
dy 1 —x°
dx X’
dy 1-+/1-x
ax 212 Ans.
x“_\{a+x
Q> a—x
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Solution:
x*_\!a-i-x at+tx 12
Let y = \/; y = X 4 — X
Diff. w.r.t. ‘x’
dy _ d X atx ]2‘-‘
dx dx

dy 1 (a+x]_”2 d (a+xj+\ia+x
’ Ja—x

d _ d
dy x(a+g+Qraﬂdx@+xJ(a+ﬂdx@*ﬂ Vfatx
dx ~ 2 (a—x) " (a—x)* IJ+'\fa—x
dy B X[(a—x)(0+1)—(a+x)(0—1)] +‘\fa+x
= 1
dx 2a+x)"?(@a-x)2 2 Va—x

dy _ X(a—x+a+x)l +\m
dx 2 a+x(a—x}3"2 \];(
dy 2ax \/m
dx 2 a+x(a—x)m+\/m
dy ax \/m

dx \fm(a—x)"”{gjL\/E{

dy ax+(at+x)(a—x)

dx  +Ja+tx(a-x)"

dy ax +a’ — x’
dx  fatx(a-x)"
dy a’ +ax — X’

& " arx@-x| ™

1 d
Q.16 Ify=-/x- N show that 2x Hi +y=2/x. (L.B2004)

Solution:

Let y = \E—ﬁ

n_ -
y = x2_x1"
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Diff. w.r.t. ‘x°

d d d _
a}% - < (x””‘)—&(x 112y

dy % 2 (__1) <32

dx 2
dy 1 L
dx 2\[;_ T
dy 1 I

dx 2\/§<+2X\/}
: dy (1 1) s
Taking Zxdery 2x(2 x+2){\/; +\/;£ \/)—{
x 1 1
IR
- \x +

d
2xa§ +y= 2\/}; Hence proved.

31

d
Q.17 Ify=x*+2x*+2, prove that 5~ = 4x\ly — 1 . (G.B 2006)(L.B 2009(S) (L.B 2007)

dx
Solution:
Let y = x'+2x°+2
Diff. w.r.t. ‘x’
& ax 250D
= 4}(3 + 2(2X) +0
d
HX = 4x° +4x
X
Taking,
4){"")7— 1 = 4){’\/X4+2X2+2— 1
= 4xm
= 4}\:\/(_X2+—l)2
= 4x (x2 +1)
= 4x° +4x
d
HE - 4;{@ Hence proved.
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EXERCISE 2.4

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

: 1—x ..
M Yy="\/13yx (i) y=/x+/x
+
Gi) y =~ [ (iv) yv=03x¢-2x+7)°
a—X
_ a’+x’
V) ¥y =\
Solution:
. 1-x
® ¥ =\1+x
I —x
Let U= T So y=ﬁ=u1'2
Diff. w.r.t. °x’
du _ g(l—x)
dx  dx \0+x
d d
d P01 -0-0=x)5 1%
dx (1+x)
du  (1+x)0-1)—(1-x)0+1)
dx (1+x)°
du —-l1-x-1+x
dx ~  (1+x)°
du -2
dx ~ (1+x)
y = u'”?
Diff. w.r.t. “‘u’.
QX L 1/2
du = du )
QX _ l -1/2
du ~2Y
QX - l(l_xj—lfz
du 2 \U+x



(ii)
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du 2 \1-x
dy UJFXZI.-Q
da — 2(1-x)"?
By using chain rule.
dy _ dy du
dx  du " dx
dy _ (1+x)" -2
dx ~ 2(1-x)"% " (1+x)
dy -1
dx 1
o T=ox (1 +x)2
dy —1
= .- Ans.
dx ~ \[T—x(1+x)" e
y =\x+\x  (G.B2007)
Let
u = x+4/x So y =Afu
Diff. wr.t. *x’
du d d
& - @t &
du 1 i
dx ~ 1T2%
w1
dx 24/x
du  2fx+1
dx a 2 [x
y = u?
Diff. w.r.t. ‘u’
dy d in
du ~ du
dy _ 1 _i»
du - 211 1
d 1
d% - 5 (x—i-\f;;)'”z
dy 1T
du 2\{‘x+\&

u

1/2

33
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By using chain rule.
QX =

_ jatx
(iii) y=x a—x

Put,

Now,

dx

dy
dx

dy
dx

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\fx+\/;; . 2\/;{
2[x + 1
dfx A[x+4x

Ans.

d d
(a=%) g @+ )= @+ %) g =)

(a—x)’
(a—x)(0+1)—(a+x)0-1)
(a—x)’
a—-x+ta+x
(a—x)’

2a
(a—x)’

34
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From equation (1).

dy «x (a+x)_l""2 2a . a-i-x)”2
dx  2la-x) ~(a—x) a—x
dy  (a+x)"” 1 +\Ha+x
dx ax(a—x}_m'(a-x)2 \Ja—x
dy _ "\;‘a+x
dx -\pa+x(a X) e Ja—x
dy _ . \Ja+ X
dx \Ha+x(a—x)3"2 \Ja—X
dy _ ax+t(@tx)@a-x)
dx \Ja+x (a— x)g’f2
dy ax +a’ — x°
& " Jatxta— "
dy a’—-x"+ax
ax f_a+x(a—x)m Ans.
ivy y=0@x-2x+7)° (L.B 2009 (s))
Let u=3x"-2x+7 So y = u®
Diff. w.r.t. X’
du
E 3Lt et
= 3(2x)—2(l)+0
du
dx = 6x —2
y =u
Diff. w.r.t. ‘u’.
dy _d ¢
du = du @)
dy 5
du = 6u
dy _ 6(3x% - 2x + 7Y’
du
By using chain rule.
dy _ dy du
dx = dudx

35
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d
o = 66X -2x+ 7). (6x-2)
dy 2 5
Ix 12(3x" = 2x+7)" (3x — 1) Ans.
a”+x
y = a? — X2 (G.B 2004)
2, 2
Let u=ag xz So y=\ﬁ1 = u'?
a — X
Diff. w.r.t. ‘x’.
du d (a2 - xzj
dx  dx \&®—x°
d 2 2 d o)
du (a’—x%) dx (a’+ X)—(a” + x?) dx (a” — xz)
du (@ —x)2x— (2" +x°). (-2x)
dx (a* — x%)’
du 2x(a’ — x* +a’ + x°)
dx (a’ — x°)°
du 2x(2a° 4a’x
& = (42_2% = T2 22
a —x) (a”—x")
12
y =u
Diff. w.r.t. ‘u’.
d d
du = d @
d 1
EIX] . L
QX 3 l 32+x2 1/2
du = 2 a®—x’
By using chain rule.
dy _ dy du
dx = dudx
dy 1 (32 + xz)_”z 4a’x
dx — 2 \a? x? (a® — x°)°
dy (32 + xz)—]’t2 Da’x

36
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dy 2a’x

dx = @+x)F @ -x) 2

dy _ 2a’x

dx [+ %2 (a2 — x)? Ans.

.2 Find dy if:
dx

(i) 3x+4y+7 =0
(iii) x*—d4xy—5y = 0
(v) x1+y + ywl+x =
Solution:
(i 3x+4y+7 =0
Diff. w.r.t °x’
d dy d
3dx(x) +4dx * dx (7)
3_1+4%X =0
X
d
4% = 3
dy _ =3
ix ~ 4 Ans.
(i) xy+y> =2
Diff. w.r.t °x’.
d d d
KN T ) = @
d d d
xai+ya(x)+2ya§ =0
d
E+2)g = -y
dy -y
dx x+2y
(iii) x2—4xy—5y =0
Diff.wrt‘ ’
L) -4ty -5 Y

(i)
(iv)
(vi)

0

Ans.

xy+y> =2
4x2+2hxy+hy2+2gx+2fy+c=0

y(x’=1) = x\/x* +4

www.u\;stad360.com :
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d
dy  —2(x—2y)
dx  —(4x+5)
dy  2(x-2y) A
dx ~ 4x+5 s
(iv)  4x*+2hxy + by’ +2gx + 2fy +c¢=0

Diff. w.r.t °x’
d d d d dy d
4d_x(x2)+2hd_x(xw+bd_x(y2)+2gd_x(x)+2faz+d_x(c) =0

dy | dy dy , ~ _
4(2x)+2h[xdx+y. 1\J+b.2ydx +2g. 1426540 = 0

d d d
8 + 2hx > + 2hy + 2by & +2g+2f 2 = 0

2(hx+by+f)%§ = —8x —2hy—2g

dy —2(4x+hy+g)
dx  2(hx+by+1)

dy  4x+hytg R
dx  hx+by+f 1S

(v) x\1+y + y\/l +x =0 (L.B 2007) (G.B 2007)
Diff. w.r.t °x’

d d
o AT HY) + - (T +x) =
d d d i
X ax TE) 15y g 0 +y e () T -
c ey Ty ey Lo iR & - o

=TTy + 5= -
polloallovidy iy,

1 +y

+X

www.u\;stad360.com :
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dy 21 +y 21+ x\[1+y—y]
dx _x+2\/l+x\fl+y{ ni+x
dy | ley(eayiexyity)
dx M(x+2\/1+)ﬂ]1+y)
i) yx*-1) = x\/x’ +4
Diff. w.r.t °x’.

d d
o Y= D] = g (xxP+4)

yd%(xz—l)Jr(xz—l)%xx = xd%(\/xzm)ﬂ/x +4—(x)

d I
y.2x (0D = x5 (342 x4

2

2 dy X 2
(X—l)dx—\/;2+—+ X+4—2X}1
dy 1 {x x>+ 4- 2Xy X" +4ﬂ

dx Xz—] X%+ 4 J
dy 2x*+4-2xy\x +4
dx (x*—1)/x" +4
+4
g 5 X4
Q}i_zx 4 2};\,’){2 4 NER ) _XE 4
dx (=)~ + 4 YT X
2, 2
2x2+4_M23{_+4)
dy _ X =1
dx x*—1)\x"+4
27 (x> — 1) +4(x* — 1) = 2x°(x* + 4)
dy X —1
dx (x*— 1)/x +4

dy 2x'-2x"+4x’-4-2x"-8’

dx x*— 1) \/xz+4
—6x" — 4
x> — 1y /x" + 4

dy _ 2(3x°+2)
dx  x'-1)y\x"+4

Ans.

www.u\;stad360.com :
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d
Q.3 Find Hii of the following parametric functions.

_ 1 . a(l1-t 2bt
(1)x=9+6 and y = 0+1 (ii) x=ithrl and Y = 1+¢
Solution:
1
(i) x=9+e— and y = 0+1
x = 0+07" y = 0+1
Diff. wrt ‘9’ Diff.wrt ‘9’
dx dy _
dx 2 dy _ _
a0 = 1+(-1)0 6 = 14+0= 1
1
o e
dx 6’1
o o
By using chain rule.
dy _dy do _ dy O
dx ~ docdx T dx  ei-1
2
dy _ O
dx — 0°-1 Ans.
. _a(l-t) _2bt
(i) X =17 and Y T 1+¢
Ca(l-t 2t
X7 +f Y T 1+d
Diff. wr.t. °t’ Diff. w.r.t. ‘t’
dx  d[1-¢ gxzzbd[t}
dt~ ddt\1+¢ dt dt| 1+¢
i d 2 2, d 2 2 d d 2-|
dx (1+t2)a(1—t)—(1—t)a(l+t)’-‘ dy Zb(l+t)d‘[(t)_tdt(l+t)‘
a4 (1+0) i dt — <9 1+ )
dx [ +6) 20— (1-t) (20) dy _ 2b'11+t21—t-2t]
- 4 (1+1t) dt (1)
dx  a2t(=l-t'-1+t) dy _ 2b(1+t2;2tz)
dt (1+t%)’ dt (1+t)
dx  2at(=2) dy _ 2b(1-1)
dt  (1+t) dt (1+t)

www.u\;stad360.com :
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dx  —4at
dt — (1+t)
By using chain rule.
dy dy dt
dx dt "dx

dy  2b(1-t) (1+t%’
dx— (1+) ° —4at

2
dy  bd-t)
dx~ ~  2at Ans.
d 1t 2t
Q.4: Prove thatyﬁ+x=0 ifx=m Y = 1+¢ (Guj. Board 2005, 2008)
Solution:
1-F 2t
X T 0sd o Y T 1+
17

X7+ d
Diff. w.r.t.

dx g(l—tzj

dt  — dt U +¢

d d

dx _(l+t2)a(l—t2)—(l—tz)a(lﬂz)

dt (1+t)

dx _ (1+6=20- (1 =)y

dt (1+t)°

dx  2t(=1-f-=1+1t)

at (1+1t)°

dx _ 2t(=2)

a1+

dx -4

dt = 1+

2t

Y T 1+

Diff. w.r.t ‘t’
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[ d d ]
2 2 ~ 2
&y (l+t)dt(t)—tdt(+t)|
dt <L (1+t) i
r 2
dy  _[(1+t).1-t.2t]
a2 a+er |
dy 21+t -2t)
d  — (1+t)
2
dy _20-¢)
dt 1+t
By using chain rule
dy _ dy dt
dx  dt "dx
dy  2(1-t) (1+t)
dx  (1+0)7 % —4
dy -(1-t) -1
dx 2t B 2t
Taking
dy _ 2t (t2—1)+ |-t
Yax ™% T 1+ U2t )T +d
I s B O
T +E 1+t
I e e e
1+
0
= 1+ 2 = 0 Hence proved.
Q.5: Differentiate
1
(i) x’-; w.r.t. x* (ii) (1+x)" w.rt. x>
x +1 x—1 ) ax +b ax’+b
(iii) -1 w.r.tix_k1 (iv) ox +d w.r.t‘m
2
x +1 3
(v) -1 w.r.t. X
Solution:
1
(i) x’-; w.r.t. x'  (L.B 2006)
|
Let y=x2—;z,u=x4
y = x> —x 2 u = x*
Diff. w.r.t. °x’ Diff. w.r.t. ‘x’
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d ~ du
a§= 2x — (= 2)x ~° dx = 4%’
= 2Xx+3
X
2x*+2
= =3
2(x* + 1
i
By using chain rule
dy_ dy d
du  dx du
dy 2x*+1) 1
du x4
d X'+ 1
HE: Toxb Ans
i) @@A+x)" wrtx
Let
y = (1+x)" u = x
y = (1+x9)" u = x'
Diff. w.r.t. ‘X’ Diff. w.r.t. ‘x’
dy d 2y dw _ d
dx  dx (1+x7) dx dx *
= n(l+xH"". 2x du _ 5
= 2nx (1 +x5)"! dx x
By using chain rule
dy ~ dy dy
du dx "du
1
_ 2yn-1 -
= 2nx (1 +x7) © o
%E = n(l+xH)"" Ans.
Lo X+ x—1
(iii) T w.r.t ——
L B x>+ 1 _ox-1
ety X -1 ’ u Cox+1
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_x2+1
Y = X
Diff. w.r.t. °x’
2
&y 4 (%21
dx  dx \x"—1

(x* - 1)&(# +1)—(xX*+ 1)%@2- 1)
B (x*—1)°
_ (= DEx) - (¢ + D(2x)
- " -1y
X -1-x 1)
N (x*— 1)
B 2){!—2;
(x“—1)

dy = -4
dx (X —1)

X

By using chain rule

dy dy dx

du~ dx “du

—4x (x+1)
T x-1 T 2
o =2x (x40
T Lx+ Dx - DY
~2x (x + 1)

T D=1

dy - 2x
du ~ (x—1)

ax>+b

Ans.

3 x—1
YT x+1
Dift. w.r.t. °x’

i d(xo1)
dx  dx \x+1

d d
(x+ g = 1) = (x=1) g (x+ 1)

(x+1)°
x+1l-x+1
T (xt1y
du 2x
dx ~ (x + 1)
ax’ +b
U7 ax’+d
Diff. w.r.t. ‘x’
dy d ax’+b
dx  dx (axz+d)

44
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(cx + d)ﬁ(ax +b) - (ax + b)f_x{'cx +d)
(cx + d)°
(cx +d)a—(ax + b).c
(cx + d)’
acx +ad —acx — bc
(cx +d)°
dy  ad-bc
dx  (cx+d)
By using chain rule
dy _ dy dx
du ~ dx " du
- ad-bc  (ax’+d)’
" (ex+d)? "2ax(d-Db)
dy  (ad—be) (ax’ +d)°
du ~ 2ax (cx +d)’(d—b)

x2+1 3
(v) <1 w.r.t. x*  (G.B 2003)
Let
B x>+ 1
y - Xz—l ) u
X+
Y = X1
Diff. w.r.t. ‘x’
dy i(x2+l)
dx  dx \x*—1
2 i 2 2 i 2
- ("~ D™+ 1) = (7 + g (x7— 1)
B (x"— 1)
_ (=D - ¢+ 1)(2x)
B -1y’
2x(x* - 1-x>— 1)
= 2 2
(x"-1)
dy _  2Zx(=2)
x X -1)
B —4x
X1

45

d s d ,
B (ax’ + d) g (ax’ + b) = (ax’ + b)g (ax’ + d)

(ax’ + d)°
(ax’ + d)(2ax) — (ax” + b)(2ax)
N (ax’ + d)’
du  2ax (ax’ +d-ax’—b)
dx (ax” + d)°
du 2ax (d —b)
dx  (ax” +d)
Ans.
u = X3
Diff. w.r.t. ‘x’
du d ;
dx _ dx & )
= 3x’




By using chain rule

dx
du
dx
du
dx
du
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Ans.
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EXERCISE 2.5

Q.1: Differentiate the following trigonometric functions from the first principles.

(i) sin 2x (i) tan 3x (iii) sin 2x + cos 2x
(iv)  cos X (v) tan’x (vi) ~/tan x
(vil) cos \/;c

Solution:

(i) sin 2x (L.B 2003)

Let vy = sin 2x

y +0y = sin 2(x + 6x)
0y = sin (2x +26x)—y
Oy = sin (2x + 26x) — sin 2x

2X +26x +2x) . (2x+26x—2x
dy = 2cos > . sin 5

"y =sin 2x

+ _
[ sinp—sing = ZCOS(qu)SiH[u]]
Sv = 2 (4x+2§x) _ (26_:(]
y = 2cos| 7 5 J.sin|
4x + 26
Oy = 2005(%).5111(8){}

Dividing both sides by 0x
Sy 2005(43. 22&4) .sngfx
Taking limit 6x — 0
Lim 8y  Lim (4:( -+ 26xj sin 8x
5x > 08x dx—>0 2 ©8x




(ii)
Let

(i)
Let
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d 4
a}% 2 cos [?x ) 1
dy .
dx (sin2x) = 2cos2x Ans.
tan 3x
y = tan 3x
y +0y = tan 3 (x +0x)
oy = tan (3x +30x) — vy
oy = tan (3x + 36x) — tan 3x oy = tan3x
5 ~sin(3x +38x)  sin 3x
Y 7T cos(3x +38x)  cos3x
5 _sin (3x + 36x) cos 3x — cos (3x + 38x) sin 3x
Y cos (3x + 38x). cos 3x
__sin (3x + 36x — 3x) L P .
dy = cos (3x + 35x) cos 3x [ sin(a—fB) = sina cosP —cos a sin 3]
5 B sin 36x
Y7 cos (3x + 38x)cos 3x
Dividing both sides by 6x
oy 3 sin 30X
5x  cos (3x +38x)cos3x ~ 38x
Taking limit 6x — 0
Lim dy  Lim 3 sin 30X
6x > 08x  8x— 0cos(3x +38x)cos 3x *~ 38x
dy 3
dx  cos3x.cos3x -’
dy 3
dx  cos’3x

d
dx (tan 3x) = 3 sec’3x| Ans.

sin 2x + cos 2x

y = sin 2x + cos 2x

y +0y = sin 2(x +0x) + cos 2 (x + 0Xx)

oy = sin (2x + 26X) + cos (2x + 26x) —y

oy = sin (2x + 26x) + cos (2x + 28x) — (sin 2X + cos 2x)
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y = sin 2x + cos 2x

dy = sin (2x + 26x) — sin 2x + cos (2x + 206x) — cos 2x
[2}( + 20X + 2){) ) (Zx + 280X — 2}:) _ [2){ + 20X + ZXJ
oy = 2cos . sin — 2 sin
2 2 2
_ (2)( +28x — ij
sin
2
B (4}; + 26){] , (26_)(] _ (4)( + 25};) _ (26_)(]
Oy = 2cos 5 N 2 sin 5 sin {
: 4x + 28 . (4x + 28
oy = 2sin ox [ cos [%]— sin (%m
Dividing both sides by 6x
dy 2 sindx [ [4}{ + 25){] . (4)( + 28x)|—\
5% = T ox cos (T J=sin{ T )l
Taking limit 6x — 0
Lim &8y  Lim 5 SINOX [ (4)( + 28}:) _ [4){ + 2:Sx]ﬂ
Sx >08x  ox—07 5x LU 2 )7L 2 ]
Doo = Les(5han(3)
Sx > 08x L 2% 2]
d . .
dx (sin 2x + cos 2x) = 2 (cos 2Xx — sin 2X) Ans.
(iv) cosx’ (L.B2003)
Let vy = cos X
y+38y = cos (x +8x)
8y = cos(x+8x)—y
8y = cos (x +8x) = cos X  (y = cosx’)
) B + 6 2 + 2 , + 6 2 _ 2
oy = —Zsm_(x ;) Xl]sm[(x ;) xﬂ
& +8x) +x%] . (xP+8xT+2x8x —x°
dy = —2sin 7 |- sin 5
[(x + 8%) + X2 (ox + l|
dy = —2sin (x 6};) xl]sin[éx 8):2 2X}

Dividing both sides by 6x



Punjab | 12th Maths | Ch # 2 50

[ ox (Bx + lel—l
3y , [(x +8x)* + x7] sin [ 2 |

5x = —2sin 2 i ( 2 )8 (8x+2x)
ox +2x /) % 2

Taking limit 3x — 0
2

d , +x7) 1
ﬁ = —25111(x zx).z 1
2x
22
= —ZSin(TX).x
a(eos x’) = —2xsinx’ Ans.

(v) tan’x
Let
y = tan’x
y+dy = tan’(x + 8x)
dy= tan’(x +8x)—y
Sy= tan’(x + &x) — tan’x "y = tan’x
0y = [tan (x +0x) + tanx | [ tan (x + 6x) — tan |
sin (x +8x)  sin x|
cos (x +8x)  cos X |
sin (X + 8X) cos X — cos (X + 8x) sin x|
cos (x +8x) cos x ]J

dy = [tan (x+8x)+tanx]|:

oy = [tan(x+6x)+tanx]{:

tan(x + 0x) + tanx, | .
N Los((x + Sx)) . cos:ﬂ sin (x +0x — )

Dividing both sides by dx.

oy [tan (x +8X) +tan X | sin OX

Ox cos (x +0x).cosx = Ox
Taking limit 6x — 0

dy tan x + tan x

dx  cosx.cosx -

d 2 tan X

HE - cos’x

d 2 2

dx (tan"x) = 2 tanx sec’x Ans.




(vi)
Let

(vii)
Let
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\tanx  (L.B 2003, 2004)

y = \/tanx
y+38y = a/tan (x +8x)
Oy = ~\/tan (X +8x) —y
dy = \ftan(erSx)—\/tanx (v y = \/E{)
oy = [\]tan(erSx)—\/tanx] {%iji—iﬂ
 (\Jtan (x + 8x) ) — (\Jtan x )*

oy = AJtan (x + 8x) +/tan x
B tan(x + 0x) — tanx
Y \]tan (x + 8x) +/tan x

0

5y = I [sin (x +8x) sin xﬂ
\/tan (x +0x) + \/tan X cos (x +8x) cos x|
5y — 1 [sin (x + 8x) cos X — cos (x + 8x). sinxﬂ
\/tan (x +8x) + \/tan X cos (x +0x) . cos X i
Sy = 1 y sin (X +8x — X)
\/tan (x +0x) + \]tan x  €os (X +0x). cos X
5 1 sin Ox

Y \/tan (x +0x) + \ftan X * cos (x + 0x). cos X
Dividing both sides by ox
oy 1 1 sin 5x
8x \/tan (x + 8x) + \ftan X ~ cos(x+0dx).cosx = OX
Taking limit 6x — 0

dy I 1 |
dx - '\/tan x + '\/tan X " COSX.COSX
dy I I

dx  2\Jtanx = cos’x
d sec’x
- ((\tanx) = — —— Ans.
dx ( ) 27/tan x

cos\x (L.B 2004)
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y = 005\/;
y +0y = cos\/x +Ox

0y = cosA\X TOX—y

dy = cos*\fx+8x—005\/3_{ vy = COS\/;{
_ (\foerJr\j;{] . (x.‘erBx—\/;c)
0y = —2sin > . sin 7
) (\Hx-i-ﬁx—\/;]
| (f\/ﬁaﬂ\&] sin |77
2 sin 7 :

Ox

Sin[,/x-f-ﬁx—\/;]
2

- .,/x+5x—\/;
Z(ﬂ/x+8x +\/;)( > )
v Bx = (x +8x /%) (Vx +8x —x)

o
-
[

\/xT&w\&]

dy = —ZSil‘l( 5

Taking limit 6x — 0
[Jx+x
—sin
dy _ 2 )
dx Vx+x
_ [2\/2}
—Sin 5

dy _
dx 2\/;
dix (cos \E{) = %& Ans.
Q.2: Differentiate the following w.r.t. the variable involved.
(i)  x’secdx (ii) tan’0 sec’d
(iii) (sin20 —cos 30)>  (iv)  cos\/x +/sin x
Solution:
(i)  x*secdx (G.B 2005)
Let vy = X’ sec 4x
Diff. w.r.t. °x’



(ii)
Let

(iii)
Let

(iv)
Let

dy
do

dx (x2 sec 4x)
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2 d d
X ix (sec 4x) + sec 4x dx (x)

x” sec 4x tan 4x . 4 + sec 4x . 2x

2x sec 4x (1 + 2x tan 4x)

tan’0 sec’®
y = tan’® sec’®

Diff. w.r.t. ‘6°

d
T (tan39 secze)

d
tan38 o {seczﬂ) + sec

(sin 20 — cos 30)
= (sin 20 — cos 30)
Diff. w.r.t. ‘0’

dy
do

dy
do

dy
de

cos \/;c

dy
dx

d .
m (sin 20

= tan’0 . ZSeCB .
= tan’® sec’® (2tan29 +3 secZB)

— cos 30)’

Ans.

29 d (tan 0)

secO tan 6 + sec’0 3tan’0 .
Ans.

d
2(sin20 — cos30) . 40 (sin20 — cos30)

2(sin 20 — cos 30) (2cos 20 + 3 sin 30)

++/sin x

dx (COS'\/; ) +

(L.B 2008)

cos \/;; +/sin X

Diff. w.rt. ‘x’

('\I sin X )

-1

—Sm\/;dx(\f)+2(smx)2 cos X

—sm\/}_(

COs X

2\x

sin \/;(

2‘\,’51'11 X

COSX

5[_

\x

+*\isinx

J Ans.

.
secO

53
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Q.3: Findg‘;:i if
(i) y = xcosy (L.B2009) (ii) x = ysiny (L.B2009)
Solution:
(i) Yy = Xcosy
Diff. w.r.t. *x’
d d
EE = dx (x cos y)

d d d
H}X( = X5 (COS}'}‘FCDS}’& (x)

d d
aﬁ = xx(—siny§)+cosy.l

d . d
aﬁ +x91nya§= cos y

d
a‘i‘(l +Xsiny) = cosy

dy cos

dx ~  l+xsiny Ans.

(i) X = ysiny
Diff. w.r.t. °x’

d d :
x ¥ = gy (ysiny)

d . . d

1 = Y dx (smy)Jrsmya%
d d

1 = ycosya§+sinya§

1 = (ycosy+siny)g§

d 1
&Y Ans.

dx yCcosytsiny

Q.4: Find the derivative w.r.t. ‘x’

. 1+x . . 1+2x
(i) oS\ |1 2x (ii) sin 1+x
Solution:

. 1+x
(i) oS\ /11 2x (G.B 2005)



Let

B 1 +x

N

Diff. w.r.t. °x’

dy 1[ 1+x]

dx — dx \“95\/ 1 +2x
L 1+x i[ 1+x)
T TSI [ 2kt dx ] +2x
B , 1+x 1 (1+x)‘2—1 i[
- +ox 2 U +2x)7 tdx
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1 +x (1 +x)2

1+xj
1 +2x

-l (1+2x);—x(1+x)—(1+x).d%(1+2x)

= —sin

b2 =

-1
(1+2x)2
1 +x

[1+2x—(1+x).2]

1

(1+x)2eq(1+2x)°

]
|
b,
5
» |7 > =
b | —

: (1+2x-2-2x)
= —sin 3
24/1+x (1 +2x)?
. —1
TSN+ 2x 3
24/1+x (1 +2x)?
. 1 +x
sin
d 1 +2x
az = 3 Ans.
201 +x (1 +2x)?
. . [1+2x
(i) sin 1+x (G.B 2004)
: 1 +2x
Let vy = sin 1+ x
Diff. w.r.t. ‘X’
dy , 1+ 2§ﬂ
dx [ S 1+x']

‘ 1 +2x g( l+2x]
cos 1+x ~dx I +x

b | —

(1+2x)°

T
]
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1+2x 1 (1 +2x)_51 d (1 +2x)
cos I+x "2 \1+x /) "dx \1+x
vl + )i 1+2x)—(1+2 4oy )1
o 125 1 (+2x) % |0 ¥ (20 = (120 g, (T x
Sy 2
NT+x'2 (T (1+x) d
1+2x [ (1+x)2—(1+2x)]
cos l1+x ° 1 —1 ,
201 +2x2 (1+2x)2 *°
| +2x (2+2x—1-2x)
cos 1 +x 3
24/142x (1 +x)?
1 +2x
dy COSN/ 1 +x
dX = é AHS.
241+ 2x (1 +x)?
Q.5: Differentiate
(i) sin X w.r.t. cot x (ii) sin’x w.r.t. cos’x
Solution:
sinXx w.r.t.cotx  (L.B 2009)
Let
y = sinXx , u = cotx
y = sinx u = cotx
Diff. w.r.t. °x’ Diff, w.r.t. °x’
d d
Hi_: COS X d_z = _cosec °X
By using chain rule
dy _ dy dx
du  dx “du
— 1
— COSX. osec’x
d
ﬁ = - cos x sin’x Ans.

(i)
Let

. 2 4
sin"X w.r.t. cos x

)
y = sin'X

u:

(G.B 2003, L.B 2009, L.B 2004, L.B 2008)

0054){
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.2 4
y = sin'x u = CoS X
Diff. w.r.t. °x’ Diff, w.r.t. ‘x’
d du
. 3 .
HE = 2 s8InX cos X dx 4 cos”X —sin X
. 3
= —4 sInx cos'X

By using chain rule

dy _dy dx
du dx "du
: — 1
= 2 sinx cosx P ——
e R T
= 7 cos’x = 5 sec’x  Ans.
dy
Q.6: Iftany (1 +tanx) = 1-—tanx, show that dx -~ 1 (G.B 2009
Solution:
tany(l +tanx) = 1—tanx
1 —tanx
@y = T3 tanx
¢ n
B an 4 tan x
tany = . E
tan 4 tan x
- (5]
fany = tan 4 X
T
Yy = 4 X
Diff. w.r.t. °x’
dy _ 1/ H d
dx = ence proved.
d
Q.7: If y= \/tan x+ \/tan X +y/tan X +......... oo, prove that 2y — 1) a‘i‘ = sec’x.
Solution:

y = \/tanx+\/tanx+x}tanx + e 00

Squaring on both sides

y2= tanx+\/tanx+‘\ptanx F ot o0
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V' = tanx+y

Diff. w.r.t. 'x’
dy = > . dy
2ydx = sec’x 1
dy d
ZyHE—aE = sec’x
dy 2
2y—-1) ax  Secx Hence proved.

d
Q.8: If x = acos’0, y =b sin’® , show that a £ +btand = 0
dx
(G.B 2004, G.B 2011, G.B 2007)

Solution:
X = acos0 y = bsin’0
Diff. w.r.t. ‘6’ Diff. w.r.t. ‘6’
dx _ 20 (< dy o
10 3a cos™0 (—sind) 0 - 3b sin“0 cos 6
= —3asin 6 cos’®

By using chain rule
dy _ dy do
dx ~ do "dx
—1
3asin 0 cos’0

= 3b sin0 cos O .

= _? tan O
d
aax = —btan 0O
X
dy
a gt btan® = 0 Hence proved.
. dy . . .
Q.9: Find dx ifx = a (cost+sint), y = a(sint—tcostt)
Solution:
X = a (cost+sint) y = a (sint—tcost)
Diff. w.r.t. ‘t’ Diff. w.r.t. ‘t’
d ) d .
ﬁ = a(—sint+cost) a%= al[cost-{t.—sint+cost.1)

58
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d .
a“{'= acostt+at.smt—acost

d
a%= at.sint

By using chain rule

dy _dy dt
dx — dt "dx
- atsint. a (—sin t + cos t)
dy B tsint
dx. cost—sint Ans.

Q.10: Differentiate w.r.t. ‘x’

() cos—'§ (ii) cot—‘f (iii) i sin”! =
2
(iv)  sin'\1—-x v)  sec” [zf_’}) (vi) cor‘(lz_xxz)
2
(vii) cos G_ﬁ]
Solution:
X
(1) cos ' a
X
Let y = CO0S 15
Diff. w.r.t. ‘x
dy -1 d (5)
dx x¢ “dx \a
)
dy -1 1
dx x° ‘a
1=
dy -1 1
dx a —Xx d
2



Let y =

Diff. w.r.t. ‘x’

dy
dx

dy _
dx
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a-—x 4
a
-1
Ans.
a’ —x
(L.B 2006)
cot ! X
a

(L.B 2010)

.14
s1n o
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1 ]
= -
X —a X
X
S Ans
XX —a )
(iv) sin " '4/1-x’
Let y = sin " '/1-x
Diff. w.r.t. ‘x’

dy

1
& Af1-T-x

dy 11 25 4 2
x-S (1) g (1)

d
3 GT=x)

dy 11 1 ,
dx —\1;22 r—zl_x .(— X)
_ =X

B x‘\il—xz

dy _
dx m Ans.

-1 [x2+ 1) . i 1. 1
(v) sec (T *dx See K_x\/?—_l
Let
I (KzJ“ 1)
y = sec (77
Dift. w.r.t. °x’
dy 1 i(xz-FlJ
dx — x241 x>+ 1 Cdx \xT -1
(xz—lJ (xz—lJ_l
(xz—l)i(x2+1)—(x2+1)i(x2—1)-|
_ dx dx
(xz_l)z
|




(vi) cot™ (

Let y

- s (4
Diff. w.r.t. ‘x (dx

2x

1-x

dy _

dx
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(x* -1 2x—(x"+1).2x

2 2 (X2+1)2 _(xz _l)z
(¢ +1)(x 1)\/ o

2x(x—1-x"-1)
\/x4+1+2x2—(x4+1—2x2)

(x*+1)(x*-1)

x*—1
2% (-2)
(X +1)fx" +14+2x% —x* ~142x>
—4x
(x2+1)\/4x2
;L — —q2 Ans
(x"+1).2x X +1
3
_1[ 2x )
cot |12
g —1 )
cot x—mz
-1 i[ 2x ]
( 2x )2 dx A\l —x
1+ 772
1 —x
, d d
5 {(1—x~)¢{(x)—x¢{(1—x"ﬂ
4x° (1-x) |
L+ G2y
—2 [(1—;8)—;{(—2;() |1
(1-x°) + 4x° (1-x°) |
(1-x°)

—2[1—x"+2x7]
1+ x* - 2x° + 4x°

—2;1-1-);2!

1 +x"+2x°

-2 +x2!

(I +x%)

62



Punjab | 12th Maths | Ch # 2 63

-2
= 1 +x2 Ans
. (1= X
) .
(vii) U (L.B 2004)
(1 —x°
Let y = Cos [mzj
Diff. w.r.t. °x’
dy
dx

— -1 i(l_xz) d T
- \j > ¢ dx 1+ x> dx O X7 &2
sty

2 d 2 2 d 2 _I
p (LX) = (1=x) = (1=x) = (X))

. \jl (1-x%)? (1+x%)’ |

_(l+x2)z ]

-1 {(1+x2)(—2x) —(1—X2).2x‘—‘
\j(1+x2)z—(1—x2f (1+x%)* i

(1+x%)?

—2x[-1-x*=1+x°]
JUHxt 27 — (14 x* =2x%)
1+x*
—2x(-2)

Jlxd 257 — 1=x* 252 (14 %)

4x
Jax* (1+x%)
B 4x
T x(1+%)

2

= mz Ans.

(1+x%)°

d
Q11: Show that - = ¥ if ¥ =tan™ % (L.B 2003, G.B 2007, L.B 2007, G.B 2008)

Solution:

dx x



y _ tan”"

X

y = Xtan
Diff, w.r.t. ‘x’
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d d X (x\d
HE = Xgx (tan 1§)+tan '(;)& (x)

dy

I S i(ﬁ) .(5]
dx—x.lJr(Ejz.dx y + tan y
Yy

64

dy |
dy _ x| Y™ Ly
dx X y? X
1+37
! ]
o dy ]
y—X——
dy _ _x dx| . Y
el e
1+ Y X
y L |
(-2)
dy = x dx y
dx z;zx? y? X
i |
2
dy = _xy X" dy 'y
dx X +y _x2+y2dx+x
dy x> dy X 1
dx+xz+? dx p ch_l_szr;J
dy 1o X | _ 4x+y |
dx x‘+y2|J x(x*+y%) ‘J
5, 9 2, 2 2, 2 2, 2
dy (x"+y +x B 2X“+y ] B y(x“+y7) (2x°+y%)
dx [ Xty j - { 2 2 | - 2 2y (2x2 2
X(x"+y") ] X(X"+y") (2x"+y7)
d
aﬁ = ’1‘ Hence proved.

Q.12: If y=tan (P tan ' x), show that (1 +x*) y;, — P (1 +y) =0

(L.B 2006) (G.B 2006)
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Solution:
y = tan (P tan ' x)
tan ~' y = P tan”' x
Diff. w.r.t. °x’

1 1

1+y"y] - Pl+xz
(1+x)y1 =  P(l+y)
(1+x)y1 — PU+y) = 0 Hence proved.
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EXERCISE 2.6

Q.1: Find f'(x) if
Jx-1 .
(i) f(x) =e' (ii) f(x) = xe*(x#0)
(i) f(x) = ex(1+ £ nx) (iv) f(x) = e_f+1
M fm = mEe) ) T = g ew
(i) f(x) = \/fn ™ +e ™  (viii) f(x) = fn(yeH+e H)
Solution:
(i) f(x) = e\ﬁ"1
Diff. w.r.t. ‘x’
f(x) = e\E“L.d% (x=1)
-1
fr(x) = e\ﬁ_l.% X ?
\x—1
fr(x) = 62\/}-{ Ans.
1
(i) fx) = xe¥(x=0)

Dift. w.r.t. ‘x’

1 1
d . d
f(x) = x3&(exj+ex &()3)



(iii)

(iv)
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1 d 1
f(x) = xe*. 5o (—}re" 3x’

f(x) = xe* x;z‘+3xze"

[a—
| =

f(x) = —xeX+3x"e™

1
f(x) = xe*(3x 1) Ans.

f(x) = e (1+/nx)
Dift. w.r.t. °x’

f(x) = exi (l+fnx}+(1+.€nx)i (e*)

1
f(x) = ex.; +(1+ /nx) e*

f(x) = e[i +(1+fnx)ﬂ

" [ 1+x(1+/nx)]

f(x) = . Ans

X

fx) = =4
Diff. w.rt. X’

—X d X X d —X
(€ + (@) = g (™ + 1)

f(x) = @ “+1)
oy - S
r - = g{: f;;zex_x
1N e—::_ 1_ i_xl }en

e’ +e*+1

Fe = e 1y
1+e*+1
f(x) = (e + 1)

67
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(vi)
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e* +2
f(x) = m Ans.

f(x) = fn(e*+e)

Diff. w.r.t. ‘x’

] d X —X
PO = Fre™ ge €

ex_e—x
f(X) = e+
« 1
c —ex
fx) = —
5] +ex
e - 1
— ex
f(x) = &+l
ex
e2x_]
f(x) = 11 Ans.
eax_e—ax
f(x) = e ™ 4 o X

Diff. w.r.t. °x’

ax —dx d ax —ax ax —dX d ax —ax
(" + e g e = (@ - e ™) g (@ e

f(X) = (eax +e —ax)2

(eax _|_ e —ax) (eax ) a - e —dX (_ a)) - (eax o e —’d?()(e‘dx ‘a + e—‘d}( % _a)
f(X) = (eax_i_ e ax)2

. a(eax + e —ax) (eax + e—ax) —a (eax _ e— ax)(eax _ e— ELX)

f(x) = (eax+ e ax)z

a[(cax + e —ax)z . (cax —e ax)z]
f(X) a (eax+ e —ax)2

a[ezax + e—2ax +2 eax e—ax . (e2ax + e—2ax_ 2eax e ax)]
f(X) == (eax +e —ax)E

a(elax _|_ e—zax + 2 _ eZax _ e_zﬂx _|_ 2)
f(x) =

(ed\ + e—ax)Z



(vii)

(viii)

Q.2:
()
(iiii)
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4a

f(x) = m Ans.

f(x) \/ fn (e +e?
Diff. w.rt. X’
1 X — 2%\ q— d 2x —2X
) = 5 (e + e g0 [n (€ +e™)]
1 1
f(x) = TR R
2\/1‘&1 (ezx + e—2x) c + C

1

d
d_x (62x+e—2x)

f(x) = L . (@ 2+ e N (=2)
N[ +e™) e Te
f(x) 1 1 2@ —e ™)
= . 2x —7x . —
2\t +e™) e e
% 2
P(x) = = Ans.

(eEx —e —Ex) \/L';n (elx + e—Zx)

fx) = (e +e™) (LB 2009 (s)
Diff. w.r.t. °x’
1 d X —2X
I = Toom - g (e re™)
]' ]' X —zX i d X —=X
Ny E(e2+e2)2.d—x(e2+ez)

_ 1 2x -2x
f(x) = 2\116 t e \jrezx+e_2x (e7.2+e 7 =2)

i,
2€2x—62 el’x_e-x
f(X) = 7X Tx = Ix —Ix

f(x) =

20 +e ) e te
f(x) = tan h2x Ans.
Findg}i if
X
y = xzfn\/; (i) y = X~ [fnX
1
y = fflx ) v =xfny

www.u\;stad360.com :

-~



Punjab | 12th Maths | Ch # 2 70

(vi) y = m(x+3x +1)

x —1
(v) y =fn’\,'xz+1

(vi) vy = fn(9-x% (L.B2009) (viii)  y=e **sin 2x (L.B 2009 (s))
(ix) y = e x+2x"+1)(L.B2009) (x) y = xe'™
(xi) y = 5e°? xii) y = (x+1)
2
\xP—1(x+1
(i) y = (fnx)™ xiv) y = (xé )
(}(3 +1)2
Solution:
@ y = xmx
Diff. w.r.t. ‘x’

d d d

aﬁ = xza (én\ﬁ()Jrfn\/;(a(xz)

dy 1 d

ix xz.\/;. X (\j;()Jrﬁn\];c.Zx

2 -1
dy x 1 5 4 :
= . 2x In ‘\f;(
dx A x27*
2

dy = x* ,

dx 2\/; \/; +2x fn\/;{

d 2

aﬁ = % +2x fn\/;;

d

af =§+2xfn\/;; Ans.
(i) y = x~/fnx

Diff. w.r.t. ‘x’

d d d
EE:"d_x *\/an)Jr fr"‘nx&(x)
—1

d 1 — d
EE = X.5 (fmx)2 . &(ﬁnx)Jmh:"'nx.l

QX_ X

1
— LT+ lfnx
dx 2+ [fnx X

dy 1 r
= +/fnx
N
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d I +2/nx
a% = Ans
2 [Inx
_ X
(iii) y Inx
Diff. w.r.t. X’
d d
dy (an)a(x)—x&(fnx)
dx ( /nx)*
/ 1 1
dy i nx .1 - x. 0
dx (/nx)*
Inx —1
QX .
= An
dx ~ (/nx) >
s _ 2,8 l
(iv) y = x"4n_
Diff. w.rt. ‘x’
dy 1 d

d 1
dx = X () + iy g )

1 ] ]

dy = X, —.i (—jJré’n—.Zx
17dx \ X
X

dx X

dy 5 -1 1
ix = X .?+2xﬁnx
1
g% =—x+2x€n£
dy _ 1
dx —x[ZJF?nX—l] Ans.
x —1
(v) y = ¢n Z+1
1 [xz—l)
y =2 T

Diff. w.r.t. ‘x’

71
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dy 1 1 iﬁ%q
dx ~ 2°x>—1'dx \xX*+1
X+ 1

&y el {@+lh(x—n u-JM(x+q

dx ~ 2 1) (x*+1) ]
dy (x> +1)2x—(x* - 1)2x

dx ~ 2(x" - D" +1)

dy 2xx+1-x+1)

dx 2(x*— 1)

% = ;421{—1 Ans.

i) ¥y =fInEx+x*+1)

Diff. w.r.t. ‘x’

d 1 d
& il o T

dy 1 - d
dx ~ xe T 13072 )
dy 1 I ; 1
= A+ 2
dx  x++x+1 N[x*+ XIJ
dy 1 3{xf+1+§|1
dx Xx+Fx“+1
dy 1
dx X+ 1 Ans
(vii) y = m©@-x)
Diff. w.r.t. °x’
dy 1T d 2
dx ~ 9 x° "dx O -x
dy = —2x
Ix ~ 9_x2 Ans.

(viii) y = e *sin2x
Diff. w.r.t. °x’
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d

gz = ¢ gy (sin2x)+ sin 2x (c_z")
d
dx = e ™. cos2x(2) + sin2x.e ™. (=2)
QX —2x :
Ix 2e 7 (cos 2x —sin 2X) Ans.
(ix) y = e (X +2x°+1)
Diff. w.r.t. ‘’x’
d d d
© = et (D 2 1) g (€Y

gﬁ = ¢ B HAx) + (2 1) e M (- 1)

d
& - et +ax X -2 )

g% = e (X +xP+4ax - 1)

% =~ (=X —dx+1) Ans.
® v = xe™ (G.B2007)

Diff. w.r.t. °x’

g% - i (@™ + esinx%(x)

gﬁ = xe™™ dd (sin x) + ¢ 1

% = xe™™ cos x +¢e"™

% = "™ (xcosx+1) Ans.

xi) y = 5¢™°* (G.B2006)

Diff. w.r.t. ‘x’
d . d
E§=563 4 &(3){—4)
g’f = 5% 7% 3
X
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(xii)

(xiii)

(xiv)
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d
aﬁ = 15¢%° Ans.
y = (x+1)*

Taking ‘/n’ on both sides
my = In(x+1)"
fmy = x/m(x+1)

Diff. w.r.t. °x’

Ans.

1 d d d
;.ﬁ = xg [+ D]+ mx+1) g ()
d
a% = y|:X.X+l + €n(x+1)ﬂ
dy K x+(x+1)fn(x+1)ﬂ
dx = (x+1) [ x+ 1 IJ
y = (fnx)™

Taking ‘In’ on both sides
fmy = fn(/nx)™

fny = /nx /n (/nx)
Dift. w.r.t. *x’

1 d d . d |
= i = /nx dx [/n (/nx)] + /n (/nx) dx (/nx)
dy _ 1 d .
FI [I?nx o dx (/nx) + /n (fnx) . ;U
/n (E’nx)]
QX _ mx | = _
F (/nx) L +— |
/n (ﬁnxﬂ
B (fnx)"“"[l s—— | Ans.
dx x |
\/xi —1(x+1)
y = 3
(x° +1)2

y - VE+HDE-Dx+1)
- 3
[(x+1) (X —x+ 1]
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x+1.ax—1(x+1)
y = 3 3

(x+1)2 x*—x+ 1)5
1
(x—1)2
3
(x*—x+1)2

Taking “/n’ on both sides

1
1)
my = In & )3%

(x*—x+1)2 |
1 N 3
Mmx—12 —fmnx —x+1)2

fny

| 3
fny = Eén(x—l)—ifn(xz—erl)

Diff. w.r.t. °x’
dy _ 1 I d 3 L d
dx T2 x—1 XD T gy XD
dy [ 1 32x— 1) ]
dx ~ Y2x-1) T 2x—x+1)]
1
dy (x-12 [xz—x+l—3(2x—l)(x—l),-|
dx 3 2x-DHx —x+1) ]
(x*—x+1)2

dy XX-x+1-3@2x"=3x+1)

dx . §+1
2yx—1(x"—x+1)2

dy X' —x+1-6x"+9x-3

dx , 5
2x -1 (x"—x+1)2
dy = —5x"+8x-2
dx 5 5
2yx—-1x —-x+1)2
d 5% — 8x +2
ai = — 2 2 5 Ans.
22x— 1 (x*—x+1)2
Find %Y if
dx
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(i) y = cosh 2x (ii) y = sinh 3x
i) y = tanh ' Gsinx)-5<x<}
(ivy y = sinh™' (x) v) y = (¢n tan hx)
vi) y = sinh“(%)
Solution:
(i) y = cosh 2x (L.B 2008)
Diff. w.r.t. ‘x’
%E = sinh 2x d_(i{ (2x)
d
ﬁ = 2 sinh 2x Ans.
(i) y = sinh 3x
Dift. w.rt. 'x’
d d
a‘;i = cosh 3}{.& (3x)
d
E}X{ = 3 cosh 3x Ans.
i) v = tanh 7 Ginx) 5 <x<3
Diff. w.r.t. ‘x’
dy _ I d .
dx ~ 1—sin’x *dx GinX)
dy cosx 1
dx ~ cofxe - GosSX = §SeC X Ans.
(iv) y = sinh' (x°) (L.B 2008), (G.B 2008)
Diff. w.r.t. ‘x’
QX ik, ; i ( 3
dx W1+ )T dx x’)
dy  3x°
N Ans.
v) y = (fmtanhx) (L.B 2009 (s)
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Diff. w.r.t. °x’
d 1 d
E)}é " tanhx © dx (tanhx)
d 1
HE = tanhx - S€¢ h’x
|
dy cosh’x
dx sinhx
cosh.x
dy 1
dx sinhx coshx
dy 2 B 2
dx  2sinhx coshx sinh 2x
% = 2 cosech2x Ans.
y = sinh_l(§]
Diff. w.r.t. °x’
dy _ 1 d (—]
dx x¥ dx \2
1+ (5
dy _ 1 1
dx B x° 2
AT+ 4
dy 11
dx 4+x° " 2
4
dy _ 11
& T i 2
2
d 1
a% = ) Ans.

a4
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EXERCISE 2.7

Q.1: Find v, if

(i) y = 2x-3x*+4x’+x-2 (i) y

(iii) y=Jhﬁ

Solution:
(i) y = 2x -3 +4x’ +x-2
y; = 10x*—12x° + 12x* + 1
| y» = 40x° — 36x° + 24x | Ans.
3
(i) y = (2x +5)2
3

3 5-1 d
yi= 5(2x+5)?% .9 (2x+5)
1
3 51
y1=§(2x+5)2 .2
1
y = 3(2x +5)2
1
3 5-1 d
y:= 5(2x+35)F .50 (2x+5)

3 -1
yy = 5(2x+5)2 2

2 " px+s| A
i)y = Vx+7

y = X“+Xx
1
Y= 9
1 =1
y1=§x2—7x
1
2

2=
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—1 3
Y2= T3t s

4x2  4x2

V2 = _X+53 Ans.
4 x2

Q.2: Find y; if
(i) y = x.e" (L.B 2011) (L.B 2008)
. 2x + 3
(i) y = fn [ I+ 2 ) (L.B 2009)
Solution:
(i) y = x*.e"

yi = xzc% (e)+ e"‘d% (x%)

yi=x.e (-1 +e”2x

y1 = —x%e ¥+ 2xe "

vy = e (2x —x)

—X d 2 2 d -X
2= € 4y (2x —x )+(2x—x).a (e )
o= e (2-2x)+(2x—x7).¢e *.(=1)
y, = e (2-2x-2x +x°)
ly, = e*(x'—4x +2) Ans.

. 2x +3
(i) y =f“[3x+2)
y = m(2x+3)-/m(3x +2)
1
V1= 2x+3: %4 3423
y; = 22x+3)" =3(3x +2)"
v, = 2(12x+3)H)Q)-3(103x+2)2.3)
—4 9
Y27 2x+3) T (3x+2)
4 (3x+2)°+9(2x +3)°
Y27 (2x +3)%(3x +2)
s - —4 (9% + 4+ 12x)” + 9(4x” + 9 + 12x)
) =

(2x + 3)*(3x + 2)°
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Q.3:
()
(iii)
(iv)
v)
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- 36x° 16 - 48x + 36x° + 81 + 108x

Y2 = (2x +3)’(3x +2)°
B 60X + 65 N
2 7 2x+3yGx+2) -
Find y; if
X +y = a’ (ii) X -y

X = acos® , y = asin® (G.B 2006)
x = att, y = bt*

Solution:

()

(i)

X +y +2gx+2fy+tec = 0

4y )
2x +2yy; = 0

2yy; = —2Xx

o

Y1 = 2y

_ X

Yi = y

!.I—X.Z]
yz=_

yz= _T
BURAN]
2 Y’
2052
-
.
Y2 = _Lyi‘_
—a’ 2 2
Y2 = ?r X"tTy= a
x3—y3 = 3°
3x —3y2y| = 0
—3yzy| = —3x’

3
a

Ans.
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B ~3x°

¥i - . 3y2
2
Yi = ;2

oo (v
_ y2.2x—x2+2yy1
¥2 y4
2:icy2 — szy Gz)
y2 = }’4
2 4
2){3/2 — ?x
Y2 = yﬂ
2xy° — 2x°
B Y
Y2 = —},4—
=2 —y)
y2 y5
~2xa
y2 = yS ' Ans. X -y =a
(iii) X = acos0 , y = a sin O
X = acos0 y = asin0
Diff. w.r.t. ‘0’ Diff. w.r.t. ‘0’
d 4 d
d_(); = —asmno aé\i = acosb
By using chain rule
dy dy do
dx  do " dx
— 1
y1 Zjacos 8 asin®
y; = —cot0
—1
_ 2
y2 = —(—cosec0) 2 sin 0



(iv)

(v)
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—1
a sin’0

V2 = Ans.

x = att y = bt
x = at’ y = bt
Diff. w.r.t. °t’ Diff. w.r.t. ‘t’
dx d
a 2 at T:l%
By using chain rule
dy dy dt

dx dt "dx

= 4 bt

1
Y1 = 4bt3 .y

2at
2b
Y= ?tz

4bt 1

_ X4t o _4bt 1
2= Q0 g =2 = T oy

2b

Y2 = 2 Ans.

X +y +2gx+2fy+c = 0
2x% + 2yy, + 2g + 2fy,
2(y+ Dy = —2x-2¢g
-2(xtg)
T2y )

Xtg
yl__y+f

|
<

d d
(Y+D g xFe -+ (y+h
(y +1)°
. HD-(x+g) .y
2 (y + 1’
g0 (O
oo (y + 1)

y2 = -

82
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(y +O° +(x+g)°

83

lJ

_ y+f
7 (y+ )’
YAy X+ g+ 2gx
S (y+ 1’
e+ fig - xP+y? +2gx +2fy+c=0 |
- - 3
72 (y+1) x? +y% +2gx + 2y = - ¢
c_P_ o2
y, = W% Ans.

Q.4:  Findy,if

(i) y = sin 3x (i) y = cos’x (iii) y = fn(x"-9)

Solution:
(i) y = sin 3x
y1 = cos 3x.3
y1 = 3 cos 3x
y2 = 3 (-sin 3x).3
y» = —9sin 3x

y3i= —9cos3x.3
y3 = — 27 cos 3X
ys = — 27 (-sin 3x) (3)

|y4 = 81 sin 3){‘ Ans,

(i) y = I3 S (1) (L.B 2008)
cos3x = cos (2x + x)
cos 3x = COS 2X COS X — sin 2X sin X
cos 3x = (20052){ — 1) cosx — 2sinxX cosx . sinx
cos 3x = 2c08’x — cos X — 2 ¢os X sin’x
cos 3x = 2¢08 X — €0s X — 2 ¢os X (1- coszx)
cos 3x = 2¢0s°X — oS X — 2 ¢os X + 2¢c0s X
cos 3x = 4 cos’x — 3 cos x
4 cos’x = cos 3x + 3 cos x
cos’x = % (cos 3x + 3 cos X)

. From equation (1)



(iii)
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1
4 (cos 3x + 3 cos x)

y =
1 _ .
y| = 1[—51n3x.3+3(—smx)]
1
vy = Z[—Ssin?yx—?,sinx]
1
y2 = 3[—3c053x.3—3c05x]
1
y2 = 1[—90053};—3(:05};]
1
v = 4—[—9(—sin3x).3 —3 (—sin x) |
1
y3 = 3[275in3x+3sinx]
Va4 = E[27c053x.3+3cosx]
1
V4 = 1[81(4cos3x—3cosx)+3cosx]
1
ya = 4 [324 cos'X — 243 x + 3cos X |
1
V4 = 1[324 cos’x — 240 COS X |
4 3
V4 = 1[81005){—60(:05){]
|y.4 = —60cosx + 81 cos3x\ Ans.
y = n(x*-9)
y = /m(x+3)(x-3)
y = m(x+3)+/m((x-3)
B 1 N 1
T x+3) T (x-3)
yi= (x+3) '+ (x=3)"
y2= ~(x+3)7-(x-3)"
ys = 20x+3)° +2(x-3)°
ya = —6(x+3)F—6(x—3)"

84



Punjab | 12th Maths | Ch # 2 85

-6 6
T x 3T (x=-3)
_ 1 L |
ya = _6[ (x +3)* +(x—3)4u ARs.
Q.5: If x = sinB, y = sinm0, Show that (1 — x%) y2 — Xy; + mzy =0
(G.B 2006)
Solution:
= sin O , Yy = sinmb

= sin 'x

= sinm (sin”' x)

1

X
0
y = sinmb
y

Ty = msin ' x

1 m
Ty s
1 -x" y; = my/l -y

Squaring on both sides

(1-x)y? = m'(l-y)
(1-x%).2y1 ot yi* . (- 2x) = m’ (- 2yy1)
2y [(1-%%).y2 —xyi] = —2miyy
-2 mzﬂ
(1 - Xz)_ Y2 — Xy = 2y1 1
(1-x%).y, —xy; = —m’y
I (1-— XQ)YQ — Xy + mzy = O\ Hence proved.
d’y dy
Q.6: Ify = e"sinx, show that a ~Zax t2y= 0 (L.B2009)
Solution:
y = ¢e'sinx
Diff. w.r.t. °x’
d d d
ai = ¢ 4y (sinX) +sin (e")
d
a}% = e*cosx +sinxe

= €' (cos x +sinx)
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Diff. again w.r.t. ‘x’
d

]

d
= e"a(costrsin X) +(cos x +sinx) 4 (e")

oL
P

4 2

e* (— sin x + cos x) + (cos x + sin x) ¢

d™x
d2
H% = ¢" (—sin X + cos X + cos X + sin x)
re
X - 2e" cos x
Taking
& d
Ix 2 HE +2y = 2¢" cos x —2¢" (cos x + sin x) + 2¢” sinx
= 2¢" cos x —2e" cos x — 2¢" sin x + 2¢” sinx
d’ d
Ezz -2 EE +2y = 0 Hence proved.
2 2
Q.7:  If y=e" sin bx, show that d—zE —2a d_zg +@+b)y =0
d’x d’x
Solution:
y = ¢" sinbx
Diff. w.r.t. °x’
QX — ax i M M i ax
ix ~ ° dx (smbx)+smbxdx (e™)
d .
EE = ¢™cosbx.b+sinbx.e™. a
g}_{ ax :
ix ¢ (b cos bx + a sin bx)

Diff. again w.r.t. ‘x’

42
dji = ¢" (~bsinbx.b+acosbx.b)+(bcosbx+asinbx)e™. a

d’ -

E% = ¢™ (= b® sin bx + ab cos bx + ab cos bx + a’sin bx)
&

EZE = ™ (— b’ sin bx + 2ab cos bx + a’sin bx)

Taking

dy  dy

d
Px g T (a + b’y = ™ (- b’ sin bx + 2ab cos bx + a’ sin bx) — 2ae™
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(b cos bx + a sin bx) + (a” + b%) ¢ sin bx
d d ‘ . ‘
Ez}X{ —2a aﬁ +(a’+bY)y = —e™ sinbx + 2¢™ abcosbx + ¢™* a’sinbx — 2abe™

3 ax - 2 ax - 2 ax -
cosbx —2a” e** sin bx + a“e™ sinbx + b“e™ sinbx

d d
E% —2a aﬁ +(@*+b%)y = 0|Hence proved.

Q.8: Ify=(cos 'x)’,provethat(1-x)y,—xy;—-2 =0 (G.B2007)
Solution:
y = (COS_] x)2
-1
= 2(cos” ' x).
Y1 (COS X) m
1-x"y; = —2(cos ' x)
Squaring on both sides
X vy" = cos X v y=(cos x
|- 2 y 22 4 I \2 y 1.\2
(1-x)y’ = 4y
(1-x").2y1y2 +y” . (-2x) = 4y,
2y [(1=x) ya—xy1] = 4y
2 _
(1-x9y2—xy1 = 59
(1 —xz) Vo —Xy; = 2
(11— xz) Yy — Xy|—2 = 0\ Hence proved.
2
9: If y=a cos ({nx) + b sin (/nx) Prove that x 3 +x + =
9: Ify ¢ in (¢ 2%} g.;: vy =0
Solution:
y = acos (/nx)+ b sin (/nx)
dy _ - 1 1
ix — — asin (/nx) . X+b cos (/nx) . X
dy 1 . .
ix O [ —a sin (/nx) + b cos (/nx) |
d’ 1 1 _ 1
Ezz v - [—ac‘:os((?m;).x —bsm(fnx).x]

+ [( —a sin (/nx) + b cos (/nx)] (_;zl']
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1

= & [ —acos (/nx) — b sin (¢nx) — 2 [ a sin (/nx) + b cos (¢nx)]

R, &
>

= 2 [—acos (/nx) - b sin (/nx) + a sin (/nx) — b cos (/nx)]

oo
4

, & d , 1 4 ,
x‘a%+xa§ +y = X 2 [— a cos (/nx) — b sin (/nx) + a sin (/nx)

1
—b cos (/nx)] + x. < [~ asin (/nx) + b cos (/nx)] + a cos (/nx) + b sin (/nx)

—a cos (fnx) — b sin (/nx) + a sin (/nx) — b cos (/nx) — a sin (/nx)

+b cos (/nx) + a cos (/nx) + b sin (/n x)

dy d
X’ Px X HE +y =0 Hence proved.
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EXERCISE 2.8

Q.1  Apply the Maclauzrin sgeries4 expansion to prove that:
@ d+x=x-3+ "?_’f;+ .............. (L.B 2005)
2 X4 xfp
ii cosx = 1—-—+ —-—+ ...
@ 2 s
: 3
_ X, X X
(i) \1+x= l+2+ 8_16+ ..............
. x’  x
(iv) € = l+x+ —+ —+.ieinnen. (L.B 20011)
2 I3
2 3
v) e = 1+2x+ o S
2 I3
Solution:
2 3 4
. _ By X
(i) £n(1+x) =x-5Ft3-4*t-
Let
f(x) = /n(l+x)
f(O) = /Mm({1+0) =/l =0

89



Punjab | 12th Maths | Ch # 2 90

1 1
1 [ [ _
fx) = 7% fi0) = 755 =!
f(x) = (1+x)"
fix) =-(1+x)" f10) = —(1+0)°= —1
fx) = 2(1+x)° f10) = 20+0)° = 2
fVx) = —6(1+x)" Y0) = —6(1+0)" = -6
The Maclaurin series expansion is
2 3 4
flx) = fO)+xf' (0)+— f"(0)+—f'“ (0)+—f“’ 0)+.........
2 3 4
= 0+X(1)+ (- 1)+ (2)+ 4 (=06)+ ...
X2 X3 X4
m(l+x) = X=H5 3 =gt Hence proved.
4 6
(i) cosx = 1 - KEJFE-E +
Let f(x) = COSs X
f0) = cos0 =1
flix) = —sin x f'(0) = —sin0 = 0
f”(x) = —Cos X f“(ﬂ) = —cos0 = —1
f'x) = sin x f10) = sin0 = 0
Vx) = CoSs X fY0) = cos0 =1
'(x) = —sin x f'(0) = —sin0 = 0
lx) = —Cos X 50) = —cos0 = —1
The Maclaurin scrics cxpansion 1s
x* x’ v x° VI
f(x) = f(0) + x £' (0) + — f”(O) + 10+ =tV 0)+ = £V (0)+ — £V (0) +..
2 3 H |5 16
Xl xR X4 XS XG
= 1+x(0)+ — D+ —0)+ —(DH+ —O)+ — 1)+
x(0) Q() E() H() E(} Ié()
X2 X4 XG
cosx = |- —+—-——+ ... Hence proved.
2[4 |6
1+ = 1 +E J(—z+ x—ﬁ +
(i) /1+x = 2 — g T T e

Let f(x) = 1 +x

www.u\;stad360.com :

-~
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floy = ~1+0
= A1 - ]
1 Tl 1 L ]
t’(x)=£(x+l) f(0) = §(1+0)- =5
a = S I |
x) = 5 (1+x)?2 flo) = 4 (1+02 =
3 = 3 =3 3
flx)= 5 (1+x)? ) = S a+02 =g
The Maclaurin series expanzsion is .
fx) = f0)+xtH0)+5; £1(0) + 37 £ (0) F o
. (1)+x_2(—_1]+x_3(§)+
= x| 3 A 6 g )T i,
X X X
J1+x = 1+__§+E+“"“"““' Hence proved.
x* X
iv e’ = 14+X+ — 4+ —F v
Let f(x) = ¢*
f(0) e’ =1
ffx) = ¢ ) = ¢ 1
flx) = & o)y =& =1
f'(x) = ¢ ') = ¢ 1
The Maclaurin series expansion is
2 3
fx) = f0)+x£0)+=— ")+ = f(0)+
(x) (0) (0) 2 (0) 3 (0)
XE X3
= I+x(D)+—(DH+ — (1) + ..
(1) 2 (1) 3 (1)
2 xs
e” = l+x+ — +—+ ... Hence proved.
3
2 3
v) e = 1+2x+ 4i+8i+ .........
2 3
Let
fix)y = ™
foy = &9 = & = 1
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f(x) = 2~ f0) =220 =2" =2
flx) = 4e* f10) = 4e"” = 4" =4
' (x) = 8™ f10) = 8 = 8" =8
The Maclaurin series expansion is
2 3
(x) = f0)+xf0)+ = ")+ = f11(0) + oo
(x) (0) (0) 2 (0) 3 (0)
” x2 A x>
et = 14+xQ+t =B+ = (&)t e
(2) 2 (4) B (3)
2 3
e = 1+ 2x + %Jr%Jr ......... Hence proved.
Q.2: Show that
2 3
cos (X + h)=cos x— h sin x - ) cos x + 3 sin X + ...... and evaluate cos 61°.
Solution:
Let f(x+h) = cos(x+h)
then
f(x) = oS X
fi(x) = —sinXx
f"(x) = —CcosX
f'x) = sinx
The Taylor series expansion is
2 3
fix+h) = f(x)+hfi(x)+ thH(x)-I— th‘” (X) F oo,
cos(x + h)= cosx + h(-sinx) + h—z(—cosx) + h—Bsinx +
2 3 S F e
2 h3
cos(x + h)= cosx —hsinx — —cosx + —sinx +.........
|2 3
Put  x  =60° , h=1° = Teorad = 0.01745 rad

cos (60°+1°) = cos 60°—(0.01745) sin 60°

0.01745) 0.01745)°
— ;Zl cos 60° + % sin 60° + ........
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cos 61°= 0.5—-0.0151 — 0.000076 + 0.00000076 + ..............
cos 61° = 0.4848 Ans

Q.3: Show that

I 2 [ 3
(‘n2)” ., , (4n2) e+

M = 21+ (@m2)h+ h> + “—"h'+ ...
{1+ (¢n2) 2 3 }
Solution:
Let
fx+hy = 2°7F
then
flx) = 2°
fi(x) = (/n2)2"
fix) = (#n2)*2*
flx)= (#n2)’ 2*
The Taylor series expansion is
2 3
fix+h) =  f(x)+hfi(x)+ hE (%) + hE (%) oo
2" = 2x +h(/n2) 2" + h_ (4n2)>.2" + h—3(€n2)3 24 .
T W 3 ((n2 2
. | fn2)’ (fn2)*
2N = 2y {1+ (f2)h + h? + h'+ . )
x { 1 +(/n2) 2 3 }

Hence proved.
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EXERCISE 2.9

Q.1: Determine the intervals in which f is increasing or decreasing for the domain
mentioned in each case.

(i) f(x) = sinx ; Xe (-m,m)
Gi)y  f(x) = cosx : xe (—gg) (L.B 2005)
Gii) fx) = 4-x° : xe (-2,2)
(iv) fx) = x*+3x+2 xe (-4,1)
Solution:
f(x) = sinx ; Xxe (—mm)
f'(x) = cosx
Put
f' (x)= 0
== cosx= 0
— X = —=% n
22

So the sub-intervals are

=5). (5 5)

oA
|
—

- T
For(2 ,2)

' _ : - T

f'(x)= cosx>0 1n[ 7 Zj
—n N
2 2

So f(x) 1s increasing in ( ,

For (%, n)
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f' ()= cosx< 0 in(5, 7

So  f(x)is decreasing in [72—[, TE]

(i) f(x) = cosx ; xe [%,%)
f'(x) = —sinx
Put
f'(x) = 0
sinx = 0
x =0

So the sub-intervals are(% , 0) , (0, %)
— T
For( 2 0)
. . (—m
f'(x) = —-sinx >0 m(T,O)

.. T
So f'is increasing in ( , 0 )

2
T
For((}, 2)

f'"(x) = —sinx<0 in[O,%j
So fis decreasing in (0 , % J
(1) f(x) = 4-x xe (-2,2) (L.B 2008)
f'"(x) = —2x
Put
f'(x) =0
- 2x =0
X =0
So the sub-intervals are (— 2, 0) and (0, 2)
For (- 2, 0)

f'(x)= -2x>0 in (-2,0)
So f(x) isincreasing in (—2,0)
For (0, 2)

f'(x)= =2x<0 in (0,2)

95
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So  f(x) is decreasing in (0, 2)

(iv) f(x) = X’+3x+2 ;xe (~4,1) (L.B2007) (G.B 2008)

f'(x) = 2x+3

Put f'(x)= 0
2x+3 = 0

2x = —3

_ =3

X T2

-3 -3
So the sub-intervals are(—zl , 7) , (7 , l)
For(—4 , ‘2—3)
- . _3
f'(x)= 2x+3<0 in [_4,7)
. i ) -3
So f (x) is decreasing in [_4 , —)
For(_z—3 , ])
. (=3
f"(){): 2x +3>=0 1n (T , 1)

-3
So f (x) is increasing in (7 ] 1)

Q.2: Find the extreme values of the following functions defined as

i fx) =1-x (ii) fx) = x’—x-2
(iii) f(x) = 5x’=6x+2 (iv) f(x) = 3x°

(v) f(x) = 3x —4x+5 (vi) f(x) = 2x°—-2x"—36x+3

(vii) f(x) = x'—4x’ (viii) fx) = x-2x-1)
(ix) f(x) = 5+3x—-x (L.B2011)
Solution:
(i) fx) = 1-x
f'(x) = —3x*
£ (x) = —6x
For stationary points
Put f'(x) = 0
_3x% = 0

96
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x> = 0
X = 0
The second derivative does not help in determining the extreme values.
Before x =0 , f'(x) < 0
After x =0 , f'(x) < 0
S x = 0 has a point of inflection.
Put
X = 0 in
f(x) = 1-x°
f0) = 1-(0)° =1
s Point of inflection is (0, 1)
) f(x) = x*-x-2
f'(x) = 2x-1
f"(x) = 2
For stationery points
Put f(x) =0
2x-1 =10
2x =1
_ 1
T2

1
Put x = 7 in f" (x), we get

(1Y _
. .. 1
f has relative minima at x = )

1
Put x=5in

f(x) = xX*—x-2
1 R
f(z) - [2 —2 72
11
=422
128 -9 R
= 4 = 4 11S.
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f(x)
£ (x)
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= 5x°—6x +2
= 10x—6

£ (x) = 10

For stationary
Put

" (x)

10x—-6

10

X

Put

x:

points

x:

|

inf" (x), we get

£ (%) = 10>0

. .. 3
f has relative minima atx = g

Put X

Ans

ivy f(x)

= 3x°

(L.B 2009 (s)) (L.B 2009)
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fr(x) = 6x
f"(x) = 6
For stationary points
Put f'(x) = 0
6x = 0
X = 0
Put X = 0inf" (x), we get
f"(0) = 6>0
S f has relative minima at x =0
Put x =0 in
f(x) = 3x°
f(0) =  3(0)
1f(0) = 0| Ans
v)
f(x) = 3x°—4x +5
f' (x) = 6x — 4
f'" (x) = 6
For stationary points
Put f'(x) = 0
6x —4 = 0
6x = 4
4
X 6
2
3
2 .
Put x = 3 in " (x), we get
r(2) <650
: .. 2
f has relative minima at x = 3
2 .
Put X =3 In
f(x) = 3x"—4x+5

(G.B 2008)

99
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f(3)-3(3)-+(3)
3 )= 315 )-4l5 )+s
4 8
SRR
4 8
=3737%3
4-8+15
B 3
2 11
f(g) = ?Ans

(vi)

fix) = 2x’—2x>-36x+3

fi‘

(x)= 6x°—4x — 36

f"(x)= 12x—4
For Stationary Points

Put

Here

f'x) = 0
6x° —4x —36 = 0
23x*-2x—-18) = 0
3X°-2x—-18 = 0
~ —b= \/b” - 4ac
X N 2a
a =3 b =-2 c. =g—A8
2
L D NED - 40)C18)
2(3)
2.+ 4/4+216
X = 6
2 £14/220
‘e 6
2 + a/4x 55
X =
6
2+ 2455
7 6
_2(1=4/55)
x = 6

(G.B 2005)
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1 £+/55
S
1 ++/55
Put X = 3 inf" (x), we get
L[1HASS) 1 +4/55
f[ 3 )_12( 3 )—4
= 4(1+~/55)-4
= 4+4[55 —4
= 4+[55 >0
- " 1 ++/55
f has relative minima at x = 3
1 ++/55

fix) = 2x°—2x*—36x +3

101

| ++/55 I ++/55 1 ++/55 1 ++/55
f( 3 ):2( 3 T‘Z( 3 )2‘36[ 3 )”

_ [1+554/55+3/55+3(55)]

_ > _
2 (166 + 58 + 24/

_ 2(166 + 58 55)_2(56 55)—12—12\@%

27 9
332 + 116 /55 112 +4+[55
_ 1 \55 %_12\@_9
332+ 1164/55 — 3(112 + 41/55) — 324155 — 243
- 27

t(m@J = % (— 247 -220+/55)

3

89 — 208/55 — 336 — 12+/55
27

1—
Put x = 355

L (1-4/55) (1455
e N e

= 4(1-~/55)-4 = 4-4-[55-4

inf" (x) ,weget

[ +55+24/55
2[ 5 \Fj—lz(lﬂjﬁ)ﬂ
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1 —

f has relative maxima at X =

1 —~/55
Put X = 3 in

f(x) = 2x°—2x*—36x +3

3 2
1 —~/55 1 —~/55 1 —~/55
:2( 3 )_2( 3 )‘36[ 3 )”

35
3

27

2[1—55+/55—3~/55+3 (55)] 2(1+55—2\]E)
27 - 9

2(166 — 58 /55) _2[56—53[55)_12+12\/§+3

27

332 — 116 /55 — 3(112 — 4/55) + 3241/55 — 243

332 -1164/55 _112_94\/% + 12455 -9

27

1 /55 1
f( 3 ) =§(—247+220\]§)

wii) f(x) = x'-4x
f'(x) = 4x-8x
f"(x) = 12x"—8
For stationary points
Put
f'x) =0
4 -8 = 0
4x(x*-2) = 0
x(x*=2) =0
Either
x =0 o x-2 =0
x> =2
X = £4/2

Put x = 0 m " (x), we get
£ (0) = 12(0°-8 = —8<0
f has relative maxima at x =0

89 + 208 /55 — 336 + 12+/55
27

102
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Put x = 0 in
f(x) = x'—4x°
£(0) = (0)'-4(0)’
£ = 0
Put
X = \ﬁ inf'" (x), w get
£ (2)= 12(/2)* -8
= 12(2)-8
= 24-38
= 16>0
f has relative minima at x = \/5
Put x = \/:2 in
f(x) = x'—4x°
f62) = @2)'-40/2)
= 4-4(2)
= 4-8
[(B) - 4
Put
X = —\E in " (x), we get
£ (=2) = 12(+2)-8
= 12(2)-8
= 24 -8
= 16>0
f(x) has relative minima at x = — \E
Put X = —\/E in
f(x) = x*—4x?
f(-2)= \2)' -4=2)
= 4-4(2)
= 4-8
f(=2) = -4

103
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fx) = x-27(x-1)

f(x) = (xX*+4-4x)(x-1)
f(x) = x> +4x —4x" X" — 4+ 4x
f(x) = xX’—5x>+8x—4

f'(x) = 3x°— 10x + 8

f"(x)= 6x— 10

For stationary points

Put

Either

Put

Put

Put

f'(x)= 0
3> - 10x+8 = 0

3l —6x—4x+8=0
3Xx(x-2)-4x-2)= 0
x=2)(3x—-4) =0

x—-2=0 or 3x-4 =
Xx = 2 3x =

x:

Wik = O

X = 2inf" (x), we get
£ (2) = 6(2) - 10
= 12-10
=2>0
f has relative minima at x = 2
X =2 in
f(x) = x-2(x-1)
f2) = 2-2°2-1)
f(2) = (0’ (1)
[f@2) = 0

X=

fH (

Lo |

in f'" (x), we get

J=o(5)-0

= 8-10 = -2<0

wWs
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f has relative maxima at x =§
4 .
Put X =3 m
f(x) = (x=2)°(x-1)
4 4 V(4
f(3)-(3-2) (5-1)
- (59(5)
3 3
- ()
3 3
4\(1
-(5)65)
4 4
(3) = %
(ix)
f(x) = 5+3x—x%x°
f'(x) = 3-3x°
f"(x)= —6x
For stationery points
Put f'(x)= 0
3-3x =0
-3 = -3
e ==
xX =1
X = *1
Put X = 1 mf" (x), we get
f"(1) =-6() = -6<0
S f has relative maxima at x = 1
Put x =1 in
f(x) = 5+3x—x
f(1) = 5+3()-(1)°
= 5+3-1
f(1) =7
Put x = —1 inf"(x), we get

105
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f"(=1)= -6(-1)= 6>0

f has relative minima at x = — 1
Put X = -1 in
fx) = 5+3x-x
fCD = S+3CD-(¢1)
= 5-3+1
fech = 3
Q.3: Find the maximum and minimum values of the function defined by the
following equation occuring in the interval [0, 27].
f(x) = sinx+cosx
Solution:
f(x) = sinx+cosx
f(x) = cosx—sinx
f'(x) = —sinx —cos X

For stationary points
Put f'(x)= 0

COS X —SInXx = 0
coOsX = sinx

sin X

cosx !

tanx = 1

Since tangent is positive the in 1* and 3" quadrant with reference angle 4

_ T N
X =2 , X =mnty
_an
X T 4
T .
Put X = me’(x),weget

)_ . T n
= —51n4 — COS4

fﬂ'(

|2
Il
G
|
" -

|
—
|

www.u\;stad360.com :



Punjab | 12th Maths | Ch # 2 107

) . T
f has relative maximaat x = 4

T .
Put x—4m

f(x) = sin X +cos x

f[E) _ T, T
4 _SII]4 C'DS4

L
IRVEARYE
1

1+

Put X = 54—ﬂ: inf" (x), we get
f”(S_n) = —s.ins—ﬂ—c{::ss—‘Jt
4 4 4
_ (=) (=1
- ()~ ()
L
A2 A2
|
2
2
: . Sm
f has relative minima at x = e
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5
Put x = e n
f(x) = sinx+cosx
f(s_n]_ S

(F)- -

/nx

Q.4:  Show thaty

_x has maximum value at x =¢

Solution:

/nx
Yoo x
QX X. —/nx .1
dx X

1 — /nx
Q}I = — 73
dx X

2 1

d_zz . X" — (1 = /nx).2x
i (Xz)z
dj}g —X—2x + 2x Inx
dx* ~ X
d_2% —3Xx + 2x fnx
dx* x*

For stationary points

108
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Put %}%= 0
1 —/nx
A
l—/fnx = 0
I = /'nx
fmx = f/ne
X = € o fne = 1

: d’
Put X = ¢ in _zz,we get

d"x
dy  —3e+2e
dx ¢
_—e
S
_ — 1 < 0
T e’
fnx
Shows y = < has maximum valueat x = e.
1
Q.5: Show that y = x* has a minimum value at x = o (L.B 2006)
Solution:
y=x"

Taking ‘/n’ on both sides

(ny = (nx"
/ny = X /nx
|
_‘QX Zx.l+€nx.1
y “dx X
dy
dx = y[ 1+ /nx]
d
o = X (1+mx)
d’ . d | d
o = X () (1 nx) o ()
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&’ 1
&% _ Xx_g+(1+€nx).xx(l+£nx}
2
1
%3; = X [;+(1+an)z]

For stationary points

Put gxz =0
x*(1+/nx)= 0
l+/mx =0 , x*#0
fne+/nx = 0
mx = —/Ine
mx = fne '

X:

X:

| o)

Put X = , we get

+(l + fné)z ‘]

|

o
b2
=
o= oo

o
>
o |—

——

[e+(l+fne_')2]

]
@ |-

(=W
12

[e+(1-/ne)]

-y

o |—

5
Il

TN | — o~ |~

[e+(1-1)]

1
)e}()

. 1
Shows y = x* has a minimum value at x o

2
I

0 |— S s N —
a | —

o
Il
@

w4



Punjab | 12th Maths | Ch # 2 111

EXERCISE 2.10

Q.1: Find two positive integers whose sum is 30 and their product will be

maximum.
Solution:
Let 1% positive integer = x
2" positive integer = 30— x
According to the condition
Product = P = x(30-x)
P = 30x-x’
% = 30-2x
2
L
For stationary points
Put
dP
i -
30-2x = 0
30 = 2x
X = % =15
Put x = 15 inig we get
dx”°
2
g} = —-2<0
o Product is maximum at x = 15
1* positive integer = x = 15
2" positive integer = 30— x
= 30-15
= 15 Ans.
Q.2: Divide 20 into two parts so that the sum of their squares will be minimum.
Solution:
Let

¥ part = x

www.u\;stad360.com :



2" part

Sum of square
S
S
ds
dx

d’S

ax’

For stationary points

Put
dS
dx
4x — 40
4x

Put x = 10

—
dx”
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= 20—x

=S = xX+20-x)
= x*+400 + x* — 40x

= 2x*—40x + 400

= 4x—-40

_ d’s
in d—xz,weget

4>0

Sum of squares is minimum at x = 10

1* part
2" part

x = 10
20 —x

= 20-10

10 Ans.
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Q.3:  Find two positive integers whose sum is 12 and the product of one with the
square of the other will be maximum.

Solution:
Let

1* positive integer = X
2" positive integer = 12 —x
According to the condition

Product =
P
P

P

= x (12 -x)

= x (144 + x* — 24x)

144x + x° — 24%*

(L.B 2009)
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dpP
dx
d’P
e 6x — 48
X

= 144x + 3x*> — 48x

For stationary points
dpP

Put dx 0

144 + 3x* —48x =
3(x” — 16x + 48)

x? — 16x + 48
X*—12x —4x +48 =
X(x—12)—4(x-12)
(x — 12)(x — 4) = ()

N =@ <© © o

Either
x—12 =20 or x—4=20
x = 12 X =4
Put

. d°P
12 in 5.7, wegt

e
Il

(=
[
=0

= 6(12)—-48

= 72-48
= 24>0

%

This is not possible because product will be maximum.

d’p
Put X =4 in dx2 » We get

&
“J'-u
I

6(4) — 48

= 24 - 48
= —-24<0
Product is maximum at x = 4
1¥ positive integer = x = 4
2" positive integer = 12— x
= 12-4 = 8§ Ans.
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Q.4: The perimeter of a triangle is 16 centimeters. If one side of length 6¢cm,
what are length of the other sides for maximum area of the triangle?

Solution:
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Length of 1* side of triangle = 6 cm
Let
Length of 2" side of triangle = x cm
Length of 3 side of triangle = 16 — (6 + x)
= 16-6-x
= (10 —x) cm
6+x+10-x
5 = 2
S = % = 8 cm
Area = A = /S(S—a)(S—b)S-c)
A = /88— 6)(8—x)(8—10+x)
A = 3B -x)(x-2)
A = ~J16(8x — 16 — x* + 2x)
A= 4--x>+10-16
%% = 4.%.(—x2+10x——16le(—2x-%10)

dA  2(=2x+10)
dx \]— x>+ 10x — 6
For stationary points

Put
dA
dx 0
2(=2x+10) 0
\J-x*+10x - 16
4(-x+5) =0
—-x+5 =0
—X = =35
X 5

dA
Before x=5,dx>0

dA

dx

After X =5,

Areais maximumat x = 5
1 side of triangle = 6 cm
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2" side of triangle
3" side of triangle
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Il
o

10 —x

= Scm
= Scm Ans.

Q.5: Find the dimensions of a rectangle of largest area having perimeter 120

centimetres.
Solution:
Let
Length of rectangle
Width of rectangle
Perimeter
2(x+y)

XTy

Xty

y
Area =

Put

Put x = 30 1
d’A

~7 =

dx

X cm
y cm
120 cm
120
120

60

= 60—-x

= x(60 —x)

Area 1s maximum at x

Put

60x — x°

60 — 2x

= 30

X = 30cm ineq. (1)
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y = 60-30 = 30 cm
Length of rectangle = x = 30 cm
Width of rectangle = y = 30cm
Dimensions of rectangle are 30 cm, 30 cm

Q.6:  Find the lengths of the sides of a variable rectangle having area 36 cm
when its perimeter is minimum.

Solution:
Let

2

Length of rectangle = x cm
Width of rectangle = ycm
Area = A = 36cm’

xy = 36
36
y = ; ”...”....---(1)
Perimeter = P = 2(x+y)
P = 2(}{ + E]
X
dP 36
dx 2(1 - ;f)

d’p 72
x> = 2(0 N F]
144
- X

For stationary points

Put % =0
36
2(1 —;2’)2 0
36
-z =0
x* — 36
S =0
X’—36 = 0
x* = 36
X = 6
Put x = 6 In Q we get
dx”’



Put
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¢P 144 144
dx> ~ (6 ~ 216
Perimeter 1s minimum at x = 6 cm
X = 6cm ineq. (1)

36
Yy = = 6 cm

>0

Length of rectangle = x = 6 cm
Width of rectangle 6 cm Ans.
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Q.7: A box with a square base and open top is to have a volume of 4 cubic dm.
Find the dimensions of the box which will require the least material.

Solution:

Let Length of box = x
Width of box = x
Height of box = y

Volume = 4 cubic dm
XX XXy = 4
Xy =4
4
Yy =32 e (1)
Surface area of box = S = x2+xy+xy+xy+xy
= X" +4xy
4
L2
= X +4x(;z]
S = )c;erE
X
dSs 5 16
dx X7
d’s 5,32
o T T

For stationery points
dS

Put dx = 0
16
ZX—;I =0
2x°— 16
— 2 T 0
2x°—16 = 0
2% = 16
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x =8
X = 2

_d’s
Put x = 2 1in A > We get

= 2+4
= 12>0
Surface area is minimum at x = 2
Put x = 2 n

119

_4 44
YT T @ T4
Lengthofbox = x = 2dm
Width of box = X = 2dm
Height of box =y = ldm Ans.
Q.8: Find the dimensions of a rectangular garden having perimeter 80 metres if
its area is to be maximum.
Solution:
Let Length of rectangular garden = X m
Width of rectangular garden = y m
Perimeter = 80 m
80
2(x+y) = 5
y = 40 —x ... (1)
Areca = A = Xy
A = X (40 —x)
A 40x — x°
dA
d’A
dxz = — 2
For stationary points
dA
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40 — 2x = 0
-2x = —40
— 40
X = 5, = 20
d’A
Put x = 20 ind—xf, we get
d’A
2 = —2<0
X
o Areais maximumat x = 20
Put x = 20 ineq. (1)
y = 40—x
y = 40-20 = 20

Length of rectangular garden = x = 20m
Width of rectangular garden = y = 20m
So the dimensions of the rectangular garden are 20 m, 20 m.

Q.9:  An open tank of square base of side x and vertical sides is to be constructed
to contain of given quantity of water. Find the depth in terms of x if the
expense of lining the inside of the tank with will be least.

Solution:
y
X
X
Let
Length of tank = X
Width of tank = X
Height of tank = y
Let ‘q’ be the quantity of water in the tank.
Volume = vV = q
XXXXy = q
y = ;qz ............ (1)
Total surfacearea = S =  x*+xy+xy+xy+xy
S = X+ 4xy

www.u\;stad360.com :



S
ds
dx

d’s
dax?
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= x2+4x[%)
X

= Xl—’_%

= 2){—%

8
= 2x+;§1

For stationary points

dsS

Put dx 0
4
2x-3 =0
2x° — 4
S s )
X
2x° —4q= 0
2x° = 4q
4q
3 _
X7 2
x> = 2q
1
x = (2q)3
1
Put X = (29)3 In
d’s 8
o T2t i
(29 TP
_ 5. %
= 2+2q
= 2+4
= 6>0

Surface area is minimum at x = (2q)3

1
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Now

Ans

b3 | 4

Depth = y =

Q.10:  Find the dimensions of the rectangle of maximum area which fits, inside the
semi-circle of radius 8 cm as shown in the figure.

Solution:
D c
)
hd
¥
£ > B
«— Be—>
Let
Length of rectangle = 2xX cm
Width of rectangle = y cm
From right angle A EBC
® = Xy
y = 64-%
y = \/64—){2 .. (1)
Area = A = (2x) (v)

A= 2x/64—x



Diff. w.r.t. ‘x’

dA 1 -1
= 2[x.5 (64-x))2 —2x +4/64 x|

dA
dx
dA

dx

da
dx

2

2

2

[—x*+ 64 —x"]

64 — x
64—2){2]

Jot—x

For stationary points

Put dx 0
2(64—2){2) ~ o
£\ 64 — x°
64-2x> =0
64 = 2x°
64
2 '
T2
x> =32
x = 1/32
X = 4\]5
Before x = 4\/5 .
After x = 4\5 .
Area 1s maximum at
Put  x = 4./2 ineq. (1)
y = 64— (42

dA

\/6

4-32
2 = 4

\[32

2
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[ —x 1
W= -+ “\/64—){2”

dA

dx
dA

dx

X:

> 0

<0

42
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Length of rectangle = x = 4\/5 cm
Width of rectangle = y = 4/2 cm
So the dimensions of rectangle are 4\5 cm, 4\/5 cm
Q.11:  Find the point on the curve y = x” — 1 that is closest to the point (3, — 1).
Solution:
y = x*— 1
Let P (x, y) be the point on the curve and A (3, — 1) be the given point.
Now  Distance = [ = [PA|
[o= -3+ @+ 1)
[ =X +9-6x+(x—1+1)
[ = /x"+9—6x+x"
/

= X" +x - 6x+9

dx =E(x4+x2—6x+9)2(4x3+2x—6)
22X +x-3)
22/xP+xT—6x+9
d¢ 2x° +x -3

dx \[x4+x2—6x+9

For stationary points

ds
Put x 0
2x° +x -3 0
X+ xT—6x+9
2x*+x-3 =0
By using synthetic division
2 0 1 -3
1 2 2 3
2 2 3 ‘ 0
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x = 1 and depressed equation is 2x*> + 2x + 3= 0

B —b++/b> — 4ac

X = 2a
a = 2, b = 2, c =3
—24+4/(2)° - 4(2)3)

o 2(2)
 =2+44-24
X 4
_ —2+4/-20
x 4
Neglecting because it has imaginary roots.
d/
Before x =1 . x = 0
X
d/
After x = 1 \ x 0
X
Distance is minimum at x = 1
Put x = 1 in
y = x"— 1
y = (1yY-1 =1-1=0
Pointis P(x,y) = P(1,0) Ans.

Q.12: Find the point on the curvey = x* + 1 that is closest to the point (18, 1).
Solution:

y = x*+1

Let P (x, y) be the point on the curve and A (18, 1) be the given point.

Now
Distance = [ = IPA]
I = Al - 187 +(y—1)
[ = A[X+324-36x+(x"+1-1)
I = A/x+324-36x+x’
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I =  Ax*+x"—36x+324

ds 1 -1

o = 3 (X -36x+324)2 . (dx’ +2x-36)
- 2 (2x° +x - 18)

dx 2/x" + x” — 36x + 324

g B 2% +x — 18

dx x4 x* - 36x + 324

For stationary points

Put
ds
x 0
2x" +x 18 ~
Jxt+x* - 36x + 324
2x*+x-18 = 0
By using synthetic division
2 0 1 - 18
2 4 8 8
2 4 9 0
x = 2 and depressed equation is 2x*+4x+9 = 0
— b +/b” — 4ac

2a

—4 1[4’ = 4(2)(9)

T 2(2)
—4+£~/16 -T2
x —_—
4



Before

After

Put
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 —4++/-56

X = 4
Neglecting because 1t has imaginary roots.

d/
XZZ,a <0

ds/
XZZ,E >0

Distance 1s minimum at x = 2

X = 2 in

v = x"+1

y = 2P+1 =4+41=5

Pointis P(x,y) = P(2,5) Ans.
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