Class XII Chapter 6 — Application of Derivatives Maths

1. Using differentials, find the approximate value of each of the following up to 3 places

of decimal

(i) ‘\"Iﬁ(ii) J49.5 (iii) ﬂ

(0.009)3 (.999 )10 i) (15)s

(iv) (v) (
ity (200 iy (235)° 1y (82)°
(401): iy (00037)z o (2657)

1 3

(xiii) [E'§I.5]|~J (xiv) (3.968):
Answer

(x)

1
(xvy 3215)°

(i) ‘\"rﬁ

Consider =~ Vx . Let x = 25 and Ax = 0.3.

Then,

Ay =x+ A —x =253 -25 =253 -5

= E =Ay+5

Now, dy is approximately equal to Ay and is given by,
1

W.f‘u: "ol (0.3) [as;-‘ = \,T-|

¢
cﬁ-‘—L%

)

- _(03)=0.03

2425

Hence, the approximate value of'“"zs‘j' is 0.03 + 5 = 5.03.

(iiy ¥49.5

Consider? = Vx . Let x = 49 and Ax = 0.5.
Then,
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Ay =Jx+Ax —Jx =495 - 19 = 195 -7
=495 =T+ Ay

Now, dy is approximately equal to Ay and is given by,

:{;-_[%] Ax _%Ll,x{ﬂ.s] [asy— v‘rq
|
N_( ——{05) 0.035

Hence, the approximate value of V49.5 is 7+ 0.035 = 7.035.

Z‘H.Letx=1andAx=—O.4.

Consider¥
Then,
:\.".'Jl'-i-.ﬁ.‘{'—'u'l'._:\"uﬂﬁ_l

= J0.6 =1+ Ay

Now, dy is approximately equal to Ay and is given by,
( dy ]
dv = — |Ax=——(Ax [as ; «.-'x}
? |k-‘~fx] 24x (&%) !

%{—{m}

Hence, the approximate value of V0.6 is1l+(-0.2)=1-0.2=0.8.

(ivy (0:009)

Consider? =% . Let x = 0.008 and Ax = 0.001.
Then,
1 |
Ay =[x+.ﬂx} ~(x } =(0. {:09 ~(0.008)5 =(0.009): -0.2
|
= (0.009): =0.2+ Ay

Now, dy is approximately equal to Ay and is given by,
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R I |
,;ﬁ: = d—l Ax = I . [,.-*u‘] as v = x?
'\'(!r.rjl 3{.3:]; L
= (0.001)=22"_ 4008
3=0.,04 0.12

L0093
Hence, the approximate value of{D 00 } is 0.2 + 0.008 = 0.208.

999

I
. .1,' = {I'r]ll]
Consider . Let x =1 and Ax = —0.001.
Then,

1 1

1
Ay :{.r+&x]lh —{x)lf-' :{0_999}“' -1
[
—>{[}.'}'}'}}'ﬂ =1+ Ay
Now, dy is approximately equal to Ay and is given by,
] |
aﬁ-—:[f‘i_Jm: L () {as_v:{.r]'“}
iy 10(x)1

_ %{-r}.nm] —~0.0001

1
L Lv s R
Hence, the approximate value of{u } is1+ (—0.0001) = 0.9999.
1
i
(vi) “5}

-4
Y7 Letx = 16 and Ax = —1.

Consider? =
Then,

1 ! [ [

Ay =(x+ Ax)t —x* =(15): —(16)¢ = (15)¢ -2
— (15)+ =2+ Ay

Now, dy is approximately equal to Ay and is given by,

Page 64 of 138



Class XII Chapter 6 — Application of Derivatives

Maths

P R |
Clli']": L?r_l Axr = ] ; {-*u] asy = xt
N () |
1 -1 -1

A(-1)=—
4(16)

—=-0.03125
4x8 32

i
Hence, the approximate value of“j} is 2 + (—0.03125) = 1.96875.

(viiy (260

|
Consider” (x)} .Let x = 27 and Ax = —1.
Then,

1 1

Ay =(x+ Ax)s — (x): =(26): —(27): =(26): -3

|
=(26): =3+ Ay
Now, dy is approximately equal to Ay and is given by,
.:\ [ |
a’m=[£J ¢ = ! ; [i‘u] as_v={x}=-‘
dx 3(x): _
— L _(-1)=2L=0.0370
3(27) 27

A E
Hence, the approximate value of{'ﬁ) is 3 + (—0.0370) = 2.9629.

|
(wiity (253)°

1
Consider” ['r}d . Let x = 256 and Ax = —1.
Then,
Ay =(r+m:]-l= —{.r]-]* :(255}-: _(zjﬁ)-'u :(255)1 —4
= (255) =4+ Ay

Now, dy is approximately equal to Ay and is given by,
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PRI [ [
ul () asy = x*
'\d'j‘ )'I 4[1-]_1 L

—(-1) _4] ~0.0039

|
2 4
Hence, the approximate value ofli'ji]I is4 + (—0.0039) = 3.9961.
1
(xy (82)°
|

X

P 4
Consider? =% . Let x = 81 and Ax = 1.

Then,
Ay = (x+ Ax)t - (x)t = (82)¢ — (81)¢ = (82) -3
= {E’E]4I =Ay+3

Now, dy is approximately equal to Ay and is given by,

£ [ 1
dv = & Ax = ! -(Ax) asy=ux*
N () L
Loy=—1. =L —0000
a(gnye 403 108

4
Hence, the approximate value of[w} is 3 + 0.009 = 3.0009.

o (401)2

Consider? =% . Let x = 400 and Ax = 1.
Then,

Q}J:J1'+&T—\G:v'm—\,l'4{]ﬂ :\@_20
= 401 =20+ Ay

Now, dy is approximately equal to Ay and is given by,
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dy | .
dy=| “ |Ar=——(Ax asy = x?
s [dx] = [m r}

1 1
= 1)=—=10.025
Exiﬂ{) 40

Hence, the approximate value of"*‘lq‘m is 20 + 0.025 = 20.025.

iy (0-0037):

Consider? =%, Let x = 0.0036 and Ax = 0.0001.
Then,

1 1 | 1 |
Ay =(x+Ax)2 —(x)2 =(0.0037)2 —(0.0036)2 =(0.0037)2 - 0.06

1
= (0.0037)2 = 0.06+ Ay

Now, dy is approximately equal to Ay and is given by,
(dy 1 [ :

iy = L Ax = =(Ax) asy=ux?
'\\C?{x} EWJII.T

1
= 0.0001
Ext].[lﬁ( }

_ 00001 _ 0.00083
0.12

(0.0037):

Thus, the approximate value of is 0.06 + 0.00083 = 0.06083.

iy (2657)°

Consider? =% . Let x = 27 and Ax = —0.43.
Then,

]

Ay = (x4 Ax): - x* =(26.57)F —(27)F =(26.57): 3

|
= (26.57) =3+4Ap

Now, dy is approximately equal to Ay and is given by,
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7o ' !
uﬁ.‘: i Ax = : ; [.-'*U.] ;_15:..‘:_'(3
BT 3 ()
1
— ﬂ_ 1
_ 0 5015

26,570
Hence, the approximate value of{ 6.5 } is 3 + (—0.015) = 2.984.

i
iy B15)°

|
Consider” =*" Let x = 81 and Ax = 0.5.
Then,

Ay = (o + Ax)i —(x)t = (81.5)F ~(81)1 =(81.5)¢ -3
:u[!il.:‘m}I4 =3+Ay

Now, dy is approximately equal to Ay and is given by,

£ v\ [ !
) ] —(Ax) asy=ux*

'\dx)'l 4[_1:].1 L

L (0.5)=22_0.0046

W[u' 108

1

Hence, the approximate value of{m'ﬁ}q is 3 + 0.0046 = 3.0046.
3

(xiv) {3,%3}3

1
Consider” =*"_ Let x = 4 and Ax = — 0.032.
Then,
3 3 1

Ay =(x+Ax)? —x* = (3.968): — (4): = (3.968)> 8

= (3.968)2 =8+ Ay
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Now, dy is approximately equal to Ay and is given by,

1

LI 7 I
dy = ;ri m—:%{x}r (Ax) asy=x*
Lax) L
_z 'r}{ D{T‘"]
_2[“ 032
= —(1.096

3

3.9
Hence, the approximate value of[ 63}

oy (3215)5

|
Consider? =%, Let x = 32 and Ax = 0.15.
Then,

1 1 | | 1
Ay = (x+Ax)s —x° = (32.15)5 - (32)s =(32.15)s -2

:>[32.I5]* =2+ Ay
Now, dy is approximately equal to Ay and is given by,
¢y [ I
dy = ﬂ Ax = ] ( Ax) asy=x’
Ly ) 5{1}5 L
1
= 0.15
:x(z}‘{ )

= 0.1 =0.00187

80

32.15)s
Hence, the approximate value of[ 2.1 } is 2 + 0.00187 = 2.00187.

Find the approximate value of f (2.01), where f (x) = 4x* + 5x + 2

Answer

Let x = 2 and Ax = 0.01. Then, we have:

f(2.01) = f(x + Ax) = 4(x + Ax)* + 5(x + Ax) + 2
Now, Ay = f(x + Ax) — f(x)

"is 8 + (—0.096) = 7.904.
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O f(x + Ax) = f(x) + Ay

. F(x)+ 1 (x)- Ax (as dx = Ax)
= f(2.01) = (45" +5x+2) + (8x+5) Ax
=[4(2) +5(2)+2]+[8(2)+5](0.01) [asx=2 Ax=001]
=(16410+2)+(16+5)(0.01)
=28+(21)(0.01)
=28+0.21
=2821

Hence, the approximate value of f (2.01) is 28.21.

Find the approximate value of f (5.001), where f (x) = x> — 7x* + 15.
Answer

Let x = 5 and Ax = 0.001. Then, we have:
F(5.001) = fx+Ax)=(x+Ax) =7 (x+Ax) +15

Now, Ay = f(x+Ax)—- f(x)

j'{x +Ax)= fl[r] + Ay

= fx)+ f(x)-Ax (as dx = Ax)
= [(5.001) = (&' =77 +15)+(3x" —14x) Ax
=[(s)"-7(5)" +15]+[3(5)" ~14(5) ] (0.001) [x=5,Ax=0.001]
=(125-175+15)+(75-70)(0.001)
=-35+(5)(0.001)
= —35+0.005
=—34.995

Hence, the approximate value of f (5.001) is —34.995.

Find the approximate change in the volume V of a cube of side x metres caused by

increasing side by 1%.
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Answer
The volume of a cube (V) of side x is given by V = x°.
PRLAN
)
= [ﬁ.rj].-*\r
= (3" )(0.01x) [as 1% of x is 0.01x]
=0.03x"

Hence, the approximate change in the volume of the cube is 0.03x> m>.

Find the approximate change in the surface area of a cube of side x metres caused by
decreasing the side by 1%
Answer

The surface area of a cube (S) of side x is given by S = 6x°.

ds _(dS
=(12x) Ax
=(12x)(0.01x) [as 1% of x is 0.01x]
=0.12x"

Hence, the approximate change in the surface area of the cube is 0.12x> m?.

If the radius of a sphere is measured as 7 m with an error of 0.02m, then find the
approximate error in calculating its volume.

Answer

Let r be the radius of the sphere and Ar be the error in measuring the radius.
Then,

r=7mandAr=0.02m

Now, the volume V of the sphere is given by,
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.
V=—mr

3
dV

Jo—— =4t
»

ndV =| ﬂ]m
\ dr
:{_411:'3]1*.:'
=4n(7)°(0.02) m* =3.92x m’

Hence, the approximate error in calculating the volume is 3.92 n m?>.

If the radius of a sphere is measured as 9 m with an error of 0.03 m, then find the
approximate error in calculating in surface area.
Answer
Let r be the radius of the sphere and Ar be the error in measuring the radius.
Then,
r=9mandAr=0.03m
Now, the surface area of the sphere (S) is given by,
S =4nr?
ds

S — =Ry
v

[(dS)
dr )
= (8mr)Ar
=81(9)(0.03) m”
2.16m m*

Hence, the approximate error in calculating the surface area is 2.16n m?.

L dS Ar

If f (x) = 3x*> + 15x + 5, then the approximate value of f (3.02) is
A. 47.66 B. 57.66 C. 67.66 D. 77.66

Answer
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Let x = 3 and Ax = 0.02. Then, we have:
£(3.02) = f(x+Ax)=3(x+Ax)" +15(x+ Ax) +5
Now, Av= f(x+Ax)- f(x)
= f(x+Ax)= f(x)+Av
= f(x)+ f(x)Ax (As dx = Ax)
= [(3.02) = (3" +15x+5) +(6x+15) Ax
=[3(3)" +15(3)+5 | +[6(3)+15](0.02) [Asx=3, Ax=002]
=(27+45+5)+(18+15)(0.02)
= 77+(33)(0.02)
=77+0.66
=77.66
Hence, the approximate value of f(3.02) is 77.66.

The correct answer is D.

The approximate change in the volume of a cube of side x metres caused by increasing
the side by 3% is
A. 0.06 x> m®> B. 0.6 x> m®> C. 0.09 x> m®> D. 0.9 x*> m?
Answer
The volume of a cube (V) of side x is given by V = x°.
(2]
= (3x7 ) Ax
=(3x7)(0.03x) [As 3% of x is 0.03x]
=0.09x" m’

Hence, the approximate change in the volume of the cube is 0.09x> m>.

SodV

The correct answer is C.
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