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NCERT Class 12 Maths

Solutions
Chapter - 6

Application of Derivatives

Exercise 6.4

Note. 1. Symbol for approximate value is ~.
2. Ax, a small increment (change) in the value of x, (positive or
negative) is ~ dx.
3. Similarly, Ay ~ dy.
1. Using differentials, find the approximate value of each of
the following up to 3 places of decimal.
(i) 25.3 (ii) 495 Gin /0.6
(iv) (0.009)'3 (v) (0. 999)1’10 (vi) (15)
(vii) (26)3 (viii) (255)14 (ix) (82)1/4
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(x) (401)2 (xi) (0.0037)"2 (xii) (26.57)3
(xiii) (81.5)4 (xiv) (3.968)%?2 (xv) (32.15)'5,

Sol. (1) To find approximate value of v25.3.

Let y = NEEG) by looking at square root of 25.3
dy 1 e 1 dx ..
2 D12 = dy = ..(@)
dx 2 2x N
Changing x to x + Ax and y to y + Ay in (0),
y+Ay=x+Ax = /253 = \25+0.3 (i)

(25.3 has been written as 25 + 0.3 because we know the
square root of 25 as = 5)

Comparing ./x + Ax with /25+ 0.3, we have

x =25 and Ax = 0.3 ...(Iv)
From eqn. (iit), v25.3 =y + Ay ~y + dy ~ Jx o+ ﬂ
2/x
(From (i) and (i7))
Jx Ax 0.3 - ]
~ x+2\/; ~ 25+—*2\/% (From (iv))
0.3 0.3
~5+ — =5+ — =5+ 0.03
Yo Tt 10 D77
v25.3 ~ 5.08.
(@) To find approximate value of /49.5
Let y=x (@)
dy 1 dx .
£ S T, Y ..(1n)
dx Wx & NG
Changing x to x + Ax and y to y + Ay in (7),
y+Ay= Jx+Ar = 495 = \[49+0.5 ... (i)
Comparing +/x + Ax with /49 + 0.5,
x =49 and Ax = 0.5 ...(Iv)
From eqn. (iii), V495 =y + Ay ~y + dy
dx
~ + —= (From (i) and (ii))
x ox
dx Ax
0.5 .
49.5 ~ + [By (v)]
J49 J49 N/ y (v
=7+ 05 =7+ 05 =7 + 0.0357 = 7.0357
2(7) 14

(ii1) To find approximate value of /0.6
Let y=x D)



% = % = dy= % .(@0)
Changing x to x + Ax and y to y + Ay in (i),
y+dy = Jo+tax = V0.6 = J0.60
J0.64 - 0.04 (i) (. 0.64 — 0.60 = 0.04)
Comparing m with m ,

we have x = 0.64 and Ax = — 0.04 ...(lv)
From eqn. (iii), V0.6 =y + Ay ~y + dy

x dx (F (@) and (if))
~ * olx rom (i) and (ii

Ax 0.04
~ X + —— ~ l 3 4 —
Wx 0.6 2.0.64

0.04 0.04 4 10
7J0.6 ~ 0.8 — =08- — =08- — x —
2(0.8) 1.6 100 8 16

=0.8 - 1 = 0.8 -=0.025 = 0.775.
40

(iv) To find approximate value of (0.009)"3

1
Let y = '3 ..(i) by looking at power (index) 3 of 0.009.
LAy 1 g 1 dx Ax s
@ T3 T T YT gan e @
Changing x to x + Ax and y to y + Ay in (i),
y + Ay = (x + A0)V3 = (0.009)"% = (0.008 + 0.001)Y3  ..(ii)

0.009 has been written as 0.008 + 0.001 because we know
that the cube root of 0.008 i.e., (0.008)" = 0.2

Comparing (x + Ax)"3 with (0.008 + 0.001)"3, we have
x = 0.008 and Ax = 0.001 ...(iv)

From eqn. (iii), (0.009)Y® =y + Ay
3 dx 1/3 Ax

~y+dy=aB 4 — ~ P ——
3x2/3 3(x1/3)2
. 3y (0.001)
(From (l) and (ll)) ~ (0008)1/3 + W
(0.009)"® ~ 0.2 + 0’0012 -0+ 200
3(0.2) 3(0.04)
=02+ % [(0.008)¥3 = ((0.2)%3 = 0.2]

~ 0.2 + 0.0083 = 0.2083.



(v)

(v1)

(vii)

To find approximate value of (0.999)V1°

Let y = V10 (@)
dy I om0 1
dx = 10% T 10,910
dx Ax ..
= dy = 10710y 7 10(x10)9 (@)
Changing x to x + Ax and y to y + Ay in (i),
y+ Ay = (x + A)Y10 = (0.999)V1° = (1 — 0.001)1° )
Comparing x = 1 and Ax = — 0.001 ...(lv)
From eqn. (iii), (0.999)Y10 =y + Ay ~ y + dy
Ax
1/10 :
~ X + W [FI‘OIH (l)
and (71)]
- (V10 _ 0.001 1 0.001
10(11/10)9 10
=1 - 0.0001 = 0.9999.
To find approximate value of (15)Y4
Let y =" (D)
dy 1 gy 1 g 1
de ~ 47 T4t T en
dx Ax ..
dy = AT T 4y (i)
Changing x to x + Ax and y to ¥y + Ay in (i),
v+ Ay = (x + A)Y4 = (15)Y4 = (16 — DV (i)
Comparing, x = 16 and Ax = — 1 ...(Iv)
From eqn. (iii), (15)" =y + Ay ~y + dy
Ax
/ . .o
= 4 o (From (i) and (ii))
1 .
~ (16t - —— (From (iv))
4((16)1/4)3
-9 1 - ( (16)1/4 — (24)1/4 — 2)
4x2
a5~ g - = o 84l 63 g6e7s
32 32 32
To find approximate value of (26)"
Let y =« (1)
dy _ 1 95_ 1
dx 3 3x?/3
Ax
dy = & i)

3,2/3 - 3(x/3)2

Changing x to x + Ax and y to y + Ay in (i),
y+ Ay = (x + Ao)B = (26) = (27 — DV Gid)

Comparing, x = 27 and Ax = — 1 ...(Iv)



From (iii), (26)"® =y + Ay ~y + dy

Ax
sy 3 [From (iii) and (ii)]
1
SO (2§ L A — [From (iii)]
3((27)1/3)2
(26)1/3 ~3— 1 > [ (27)1/3 — (33)1/3 — 3]
33)
1 _
3.~ _81-1 80 9690
27 27 27
(viii) To find approximate value of (255)"4
Let y=x (D)
dy _ lx—3/4 _ 1
dx 4 4x3/4
dx Ax ..
dy = 1% T 4y (1)
Changing x to x + Ax and y to y + Ay in (@),

y + Ay = (x + Ao)Y4 = (255)V% = (256 — V4 (7))
Comparing, x = 256 and Ax = — 1 ...(Iv)
From (iii), (255)"* = y + Ay

Ax
1/4 . ..
~x’* ¥ W (From () and (7))
- (256)1/4 e 1 1

A LI S N
4((256)1/4)° 4(4)°

[ (256)1/4 - (44)1/4 = 4]
1 1024 -1 1023

- —= = ~ 3.9961.
256 256 256
(ix) To find approximate value of (82)V4
Let y = x4 (@)
dy 1 gu_ 1
dx 4 4534
dx Ax ..
ST TR e 0
Changing x to x + Ax and y to y + Ay in (i),
y+ Ay = + AV = (82) = (81 + DV ..(iid)
Comparing, x = 81 and Ax = 1 ...(Iv)
From (iii), 8D =y + Ay ~y + dy
Ax
/ . .
~ x4 PR [From (i) and (i7)]
- (81)1/4 + 1 1

=3+
48DV 4(3)°
g4 L _3824+1 325 4,590
108 108 108

(x) To find approximate value of (401)"? = /401




(az)

(xiz)

Let y=x"2= Jx (D)

dy Y
dx = 2x = 2Jx
Ax ..
K dy = 2\/— 2\/— (1)
Changing x to x + Ax and y to y + Ay in (i),
y+ Ay = (Jx+Ax = V401 = /400 +1 ..(TiD)
Comparing, x = 400 and Ax =1 ...(Iv)
From (iii), 401 =y + Ay ~y +dy
N [From (i) and (i1)]
2J/x
1 1 800 +1 801
+ —= =204+ — = = ~ 20.025.
400 2400 40 40 40
To find approximate value of (0.0037)"2 = ./0.0037
Let y = \/; (D)
dy 1 dx Ax

& 1 dy = = O
& 2ox . DT ofx T ox (@)

Changing x to x + Ax and y to y + Ay in (7),

y + Ay = Jx+Ax = J0.0037 = ,/0.0036+0.0001 ...(Gid)
(.- 0.0037 - 0. 0036 = 0.0001)
Comparing with x + Ax, x = 0.0036 and Ax = 0.0001 ...(lv)
From (i), 0.0037 =y + Ay ~y +dy
= Jx o+ % (From (i) and (i)
0.0001
~ + -
v0.0036 5 15,0036
= 4 D000 [(0.06)* = 0.0036]
2(0.06)
~ 0.06 + 0.0001 ~ 0.06 + 0.000833 ~ 0.060833.
To find approximate value of (26.57)V3
Let y =B (D)
dy _ lx—2/3 - 1
dx 3 3.x%/3
dx Ax ..
= dy = 320 3 .(@D)

Changing x to x + Ax and y to y + Ay in (7),
y+ Ay = (x + Ax)V3 = (26.57)13

= (27 — 0.43)¥3 .Gi) [ 27 — 26.57 = 0.43]
Comparing with x + Ax, x = 27 and Ax = — 0.43 ...(Iv)



(xiii)

(xiv)

From (iii), (26575 =y + Ay ~ V3 + &%

3(x1/3)2
(From (i) and (i1))
0.43 0.43
- (27)1/3 - .3
3(27)M3)? 3(3)
0.43
~ 83— ~ 3 —-0.0159 ~ 2.9841.
3 27 3 - 0.0159 98
To find approximate value of (81.5)"4
Let y = x4 (D)
dy _1 ~3/4 _ 1
&4 T
dy = % Ax i)

4(x3/4) -~ 4(x1/4)3

Changing x to x + Ax and y to y + Ay in (i),

y+ Ay = (x + Ax)¥* = (81.5)Y4 = (81 + 0.5 (@)
Comparing with x + Ax we have x = 81
and Ax = 0.5 ...(iv)
From (iii), (81.5)Y4 =y + Ay ~y + dy
~ x4 Tﬁ%)g (From (i) and (ii))
~ (8D)V* ¢ #0'?/ 5 ~ 3+ 0'53
48DV 4(3)
L34 X5 g, 0.00462 ~ 3.00462.
108

To find approximate value of (3.968)%2

Let y = x3/2 — x2/2 +12 _ xl + 12

=axl 2 = x\/; (D)

3
On looking at power (index) 3 of 3.968

dy _ 3 1 . _3 e 3 y
a_ix . dy_§x dx~§\/;Ax ..(@0)
Changing x to x + Ax and y to y + Ay in (i),
y+Ay = (x + A0)%2 = (3.968)%2 = (4 — 0.032)%2 (7))
Comparing with x + Ax, we have x = 4 and

Ax = — 0.032 - (@v)
From (iii), (3.968)*2 =y + Ay ~ y + dy

~x~x + g& Ax (From (i) and (7))

~ 44 + g J4 (= 0.032) [By (iv)]



~ 42) - 2(2)(0.032) ~ 8 — 3(0.032)

~ 8 —0.096 ~ 7.904.
(xv) To find approximate value of (32.15)"

Let y =" ..(0)
dy 1 —4/5 1 . dx Ax ..
P VA dy = 5235 " o) -+ (i)

Changing x to x + Ax and y to y + Ay in (i),

y+ Ay = (x + A0)Y? = (32.15)Y5 = (32 + 0.15)"° .(idd)

Comparing with x + Ax, we have x = 32 and Ax = 0.15
...(Ilv)
From (iii), (32.15)Y° =y + Ay ~ y + dy

5 ﬁ (From (i) and (ii))
0.15 0.15
~ (32 1/5 ~ 92+ . 321/5= 25 1/5=2
(32)" + 5325 5(2)4( (32) (2 )
~2+ %15 54 0.001875 ~ 2.001875.

2. Find the approximate value of f(2.01) where
fx) = 4x® + 5x + 2.

Sol. Let y = f(x) = 46 + bx + 2 (D)
% =f"(x) =8 + 5
dy = (8x + 5)dx ~ (8x + 5)Ax .(@D)
Chang‘mg x tox + Ax and y toy + Ay in (7),
y+ Ay = flx + Ax) =£(2.01) = f(2 + 0.01) ...(ii0)
Comparing f(x + Ax) with (2 + 0.01), we have
x =2 and Ax = 0.01 ...(lv)
From (iii), f(2.01) =y + Ay ~y + dy
~ (42 + 5x + 2) + (8x + 5) Ax (From (i) and (i7))

Putting x = 2 and Ax = 0.01 from (iv),
~ (4(4) + 5(2) + 2) + (8(2) + 5) (0.01)
~ 28 + 21(0.01) ~ 28 + 0.21 ~ 28.21.
3. Find the approximate value of f(5.001) where
f) = 2% - 7x% + 15.

Sol. Let y=fx) =x>-72%+ 15 (D)
dy = f'(x) = 3a% — 14x
dx
dy = (3x? — 14x)dx ~ (3x% — 14x) Ax ..(@0)
Changmg xtox + Ax and y to y + Ay in (i),
y+ Ay = flx + Ax) = £(5.001) = £(5 + 0.001) ...(ii0)

Comparing f(x + Ax) with f(5 + 0.001), we have
x =5 and Ax = 0.001 ...(Iv)



Sol.

Sol.

From (iii), f(5.001) =y + Ay ~y + dy

~ (2% — 7% + 15) + (3% — 14w)Ax (From (i) and (ii))
Putting x = 5 and Ax = 0.001 from (iv), we have

~ (125 — 175 + 15) + (75 — 70) (0.001)

~ — 35 + 5(0.001) ~ — 35 + 0.005

~ — 34.995.
Find the approximate change in the volume of a cube of
side x metres caused by increasing the side by 1%.
We know that volume of a cube of side x metres is given by

V=« (D)
dv ..
ol 32 L)
Given: Increase in side = 1% of 1
: in side = = ——
0 X 100 X

(Positive sign is being taken because it is given that side of cube

is increasing)

ie., Av= X . i)
100

We know that approximate change in volume V. of cube

av
AV ~ dV = 7dx

d
av o[ % ..
~ EM ~ 3x 100 | From (ii) and (ii7)
3
&%
~ 100

~ 0.03x® m3.
Find the approximate change in the surface area of a cube
of side x metres caused by decreasing the side by 1%.
We know that surface area of a cube of side x is given by S = 6x>

ds
— =12
dx *
Decrease in side = — 1% of x = — 0.0lx  [Negative sign is being

taken because it is given that side of the cube is decreasing]
= Ax = — 0.01x
Approximate change in S = Approximate value of AS
ds
=dS = ( dxj dx
= (12x) (- 0.01x) [ dx = Ax]
= — 0.12x% m?
Hence, the approximate change in surface is — 0.12x> m2, i.e., the
surface decreases by approximately 0.12x? m?.
If the radius of a sphere is measured as 7 m with an error
of 0.02 m, then find the approximate error in calculating its
volume.



Sol.

Sol.

Sol.

Let r be the radius of the sphere and Ar be the error in
measuring the radius.
Then r = 7 m and Ar = 0.02 m.

4
Volume of a sphere of radius r is given by V = —nr?

3
dv 4
— = —m3r?
dr 31.E "
Approximate error in calculating the volume

= Approximate value of AV
av
=dV = (7j dr = (§n3r2) dr

dr
= 4n(7)? (0.02) [ dr ~ Ar]
= 3.92n m?® = 3.92 x 27—2 m?
=12.32 m®

Hence, the approximate error in calculating volume is 12.32 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 its
surface area.
Let x m be the radius of the sphere.

S, surface area of sphere = 4mx>

@ = 4m(2x) = 8mx
dx
dS = 8nx dx ~ 8mx Ax )
Given: x = 9 m and error Ax = 0.03 m L)

Putting x = 9 and Ax = 0.03 from (i7) in (7),
Error AS in surface area of sphere
~ dS = 81(9)(0.3) = 72(0.03)n = 2.16n m?.
(Note. Error can be positive or negative)
If f(x) = 3x% + 152 + 5, then the approximate value of

f(3.02) is
(A) 47.66 (B) 57.66 (C) 67.66 (D) 77.66.
Let y=fx)=32+15x+ 5 (D)
9 _ rx) = 6x + 15
dx
dy = (6x + 15)dx ~ (6x + 15)Ax .(@D)
Changing x to x + Ax and y to y + Ay in (0),
y+ Ay =flx + Ax) = f(3.02) = f(3 + 0.02) ...(iiD)
Comparing f(x + Ax) with f(3 + 0.02), we have
x =3 and Ax = 0.02 ...(Iv)

From (iii), f(3.02) =y + Ay ~y + dy
~ (8% + 15x + 5) + (6x + 15)Ax (From (i) and (i7))
~ (3(9) + 15(3) + 5) + (6(3) + 15) (0.02)
= (72 + 5) + (33)(0.02)



9.

Sol.

~ 77 + 0.66 ~ 77.66
Option (D) is the correct answer.
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 »* m®.

We know that volume of a cube of side x metres is given by
V = a3 (@)
av
— = 3x? (74
T X (@)
. L 3
Given: Increase in side of cube = 3% = 100 %

(Positive sign is being taken because it is given that side of cube
is increasing)

ie., A= X ...(Gid)
100

We know that approximate change in volume of cube

=AV ~ dV = ﬂdx
dx

3x
- 2 . e
Ix Ax ~ 3x (4100) [“From () and (iii)

9
2 .3 kw3
100x 0.09x° m°.

Option (C) is the correct answer.





