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Differentials Errors and Approximation Ex 14.1 Q1

Letx=£, X+M=§
2 14
:hx:%—x

14
Ay = §_£
14 2
¥ o= siny

=0 22 _ 7«
14 Z

A =10

Sao, there is no changein v,
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Lety =10, ¥ +Ax =9.8

Aw =9.8-x
=9.8-10

Ay = -0.2

= %,;XE [volume of sphere]
d—y = 4gr?
by
{dl] = 4x (10Y

Ml xati
[dl] = 4007 cm®

Ml xati

Ay = [d—y] = A
a )y 1o

= 4007 = [-0.2]

Ay = -80x cm”

So, approxim ate diecocase in volume is 807 cm?,
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Letx = 10, x + A = 10+ —— 10
100

X+ Ay =10+ 0%

= Ax =104+ 0.k - 10
Av o= 0k
y = ar?
d—y = 2rr
ri's
{‘j—}"J _ 27(10)
Al eotn
[di] = 20x cm
LT
S0,

= (EDHJ ® (D.kj
Ay = 2k gom?

area of the plate increases by 2kr cm?,
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Let lengthiL) = »

X
X+Ay =X+ —

100

A = 0.0
[ 0y,

14 = 6x°

a'_y= 12x% Cm
S0,

Ay = [d—y]xm{

ax

= (12x)(0.0Lx)
Ay = 0.12x% cm?

= 6(0.02) %%

= 2% of Ax*

Percentage errorin area is 2%,
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Let » be theradius of sphere,
Av o= 0.1% of »
A o= 0,001

Mo,
Let v = volume of sphere

SRS
3

= d4rx® % 0.001x
- % ox®(0.003)
3
0.3

100 Y
Ay =0.3% of y

So, percentage error in volume of error = 0,3%,

Differentials Errors and Approximation Ex 14.1 Q6

Given, Av = - é%

=-0.5%
Avw = -0.005

Taking log on both the sides,
Ing{pv1'4)=lugk
logp +1.4logv = logk

Differentiate it with respect ta v,
1 .
__'El.l.u: |
pdv v
gp 1.4

av v’

_[ae
ap = [G‘VJEW

- - 1% (-0.008)
W
_1.4p(0.005)
W

apin % = 22 100
b

_Lap(o.008)

b
0.7%

So, percentage error inp=0.7%,
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Let & be the height of the cone, and « be the semivertide angle,

Here vertgide angle « is fixed,
Ah = k% ofh
5
100
ah = [D.0k) A

(i) A=arir+!)
= JT{.”'Z +r.")

= ﬂ{r2)+r-u'h2 +re [Sir-”:EJ inacone 2= kK2 _H_z]

r=htana [from figure]

A=x [hz tan®a + h t.zar'|.:c..|l."‘.'2 +he tant a ]
= z[hz tan® e + h tane, jh° {1+ tan® o:):|

= z[hz tan® e +h tane thEu:.:c]

S| sin e sin o
= rh —+ -
OS5 m COS“ @

p thiﬂﬂr:I:Sir'ltx+1:]
= Ir _—

EI:ISza:

Differentiating with respect to & as « is fized,

Sine [sine + 1
Ij_l.q: Eﬂh#
ah Cos* o
S0,
hA = d—ﬂxﬁh
ah
e 2ok [0.0kA) sine [sine +1)
cos? e
2ah[0.0kR) sine [sine +1
44 in % of 4 = 2701 JE“( @+1) 100
COsS o A
2 akh® wsin |ISir'||:c + 1:] cos2 o
= =
cos® o shZsing (sinem +1)

= 2k %

So, percentage increase in area = 2&9%.



volume of cone

—
m
—
-
1]

1
Zarh
3

Lo (htana)?h
3

Vo= il tan? ah®
3

Differentiating it with respect to & treating « as constant,

3—;= rtana A2

Av = d—v Ab
at
= thar'lzochleilzl.lzlkh:]
Av = 0.0ksh® tan® «

Av %100
W
0.0k sh¥ tan® & x 100

Percentage increase in v =

T tan?a wh®
3

= 3k

So, percentage increase in volume = 3% 9%,
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Let errar in radiu5|{rj =x% of r
Ay = 0.0x5F
Let v = wolume of sphere

W= im’S
3

Differentiating it with respect ta r,

Z:—: = 4ar?
S0,
A = [ﬂ] w A
ar

= (4ﬂr2}[D.ijr

Av = 0.0% x dmr”

. Aw 100
Percentage of error in volume = ————

(0.0x) 4r® x100

e
3

= Ix%

Percentage of error in volume = 3 [percentage of error in radius).



Differentials Errors and Approximation Ex 14.1 Q9(i)

Let ¥ =25, ¥ + hw = 25,02
Ay =25 02-25

b= 0,02
Let y=\.’;

av _ 1

E =t

[ 0w,
ad
(&) s
S yozs
- 1 (n.02)
10
Ay =0.002
25,02 = v + Ay
=425 +0.002
=5 +0.002

25.02 = 5.002
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Let x =0.008, ¥+ Ax = 0,009
Ax =0.009-0.008

Ax =0.001
1
Let Y=y 3
dy 1
ax 2
e
&) 1
S =
P/ x-0008 3(0,008)3
1
3{0.04)
100
12
=0.8333
So,
Ay = [di] x X
A J 0,008
= (0.8333)(0.001)
Ay = 0.008333

1
(0.009)3 = y + 4y

1
= |IX:|§ +0.002333

1
= (n.uua)a +0.008333

=052 +0.008333

1
(0.009)3 = 0.208333
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Let x =0,008, ¥+ Ax = 0,007
Ax =0.007-0.008

ax =-0.001
1
Let W=
u:"_y_ 1
- z
g (%3
[d_Y] 1
=
W x-n08 3(0.008)3
_ 100
T
[d—y] =8.333
¢ . _o.008
Ay = [Z.i] w
S ¢ a0,008

= (8.333)(-0.001)
Ay = -0.008333

1
(0.007)3 = y + &y

!
x3-0.0083233

1
(0.008)3 - 0.008333

0.2-0.008333

i
(0.007)3 = 0.191667
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Let X =400, ¥ +Ax =401
Aw = 401- 400

hw =1
Let y=\|")?

ay __1

dy 2aw

I
oy 1
[E]x-tﬂjﬂ ~ 2400
1
a0

[G"_}f] =0.025
@ _ann
=Tu

Ay = [G’_}#] w N
X )y aann

(D.DEEj(lj
0.025
J401 = ¥ + Ay

= .45 +0.025

L4400 +0.025

20+ 0.025

4401 = 20,025
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Let X =16, ¥ + Ay =15

hw =15 -16
hw = -1
1
Let y=x7‘
Q' 1
ax 28
dud

BEE]
- 0.03125

M o,

by = [d—y] = A
dx leie

= (0.03128)(-1)
Ay =-0.03125
1
(15]71 =W+ A

1
= (x)3-0.03125

1
- (18)3 -0.03125

=2-0.03125

1
(154 = 1.96875
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Let ¥ =286, ¥ +hw =255
Aw =285 -2E56
A = -1

Let Y=

&)

T -——3

Wr-2ss  4(256)3
1

" 256
- 0.00391

M o,

o b's
- (0.00391)(-1)
Ay =-0.00291

by = [G"_}f] = A
x =255

1
(25514 = y + 4y
1
(%)% +[-0.00391)
1
(256)4 -0.00391

4-0.00391

1
(255)4 = 3.99609
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Let X =2, x +Ax=2.002
hw = 2,002 -2
Aw = 0,002

Let W= —

[N
#|2
e
:-.;

t
= omra

Mo,

Ay = [d—y] WK
=2

(-0.25)(0.002)
-0.0005

LYy

Mo,
1

——= = ¥+ AY
(2.002)°

L +(-0.0008)

X
1 0.0005
4
0.

25 -0.000%5

1

—— _=0.2485
(2.002)
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Let N=4, ¥ +hy =404

Aw = 4.04- 4
A =004
Let v o=logy
ay _ 1
ax X
d_y =l
dwl._. 4
=025
M 0w,

Ay = [d—y] AN
e )

= [0.25)(0.04)
Ay = 0.01

log, 4.04 = v + Ay
= logx +(0.01]
=log, 4+0.01

. . I o]
= I:“5'|:|21+EI.EI1 Since, log, b = 0%
0.4343 log. =

1.38637+0.01

log, 4.04=1.39637
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Let =10, x + Ay =10.02
Ax =10.02-10

M =002
Let W= I|:u;|E
oy _ 1
X
[_&"J ik
e 10
_5”
e
[ iy,

= [d—y] w
A )10

= (0.1)(0.02)
Ay =0.002

log, [10.02) = ¥ + 4y

= log, x +0.002
log, 10+ 0,002
2,3026 +0.002

log, (ID.DEJ = 2.3046
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Let =10 x +hv =101
Ax =10.1-10
Ax =0.1

Let ¥ = logyg &

_ log, x
- log, 10

G‘_y = ;
an xlog, 10

/4 S S
dwl._yn 10log, 10

dy
& [G'le-m A
_ 1
~ 10(log, 10)
0.01
(log, 10]
logyq{10.1) = ¥ + Ay

=01

Ay =

0.01

=lo Nt —
dio log, 10

=logyp 10+ 0.01lagyp e

= 1+(0.01)(0.4343)

logy, (10.1) = 1.004343

log-=
log, b

Since, log, b =

Since, log, b =
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|

1
log, 2

|



Let ¥ =060°% ¥ +hw =017
hw = B1° - 60°

A = 1°= 2 = 0.01745
1e°

Let W = COSX

BY o sinux
dx
y . L
[d—] =—5|r‘|{6|:| )
=_£
2
= -0.866

ﬁy [z:i lr 1ng § (M:]

= (-0.866)(0.01745)
= -0.01511

=T
COSG61% = ¥ + Ay
= oos60°-0.01511
1 001511
2
0

5 -0.01511

cos61®f = 0.48480
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Let N =25 x+hiv =251
hxw =251-25

Ax =01
1
Let = ——
TR
dy 2
dx 2
2’,(2
(&)
s =" 2
O Jm25 2 (252
_ 1
250
= -0.004
Mo,
ay
Al = [—] w [ A
ax )y as I: J
= (-0.004) (0.1)
- _0.0004
1
=)y +h
51
- L +(-0.0004)
e
1
= ——_-[0.0004
25
-1 _n.ooo4
5
= 0.2-0.0004
! 01996
4o 1
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Let X=£,X+M=§
2 14
oo 227
14 2
AN = giny

Let Vo= siny

I
(]
s

oA
|
NN
|
Ia| =
M

1]
[

So,
. [2z2
S| — | =% +4
[22]- v ey

=sinx +0

]
()
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Let X =

1]

|
[
[
ao
-\_\_J
]

Let V¥ = COSX

ay

Ay = |22 Ax

4 {WL-:K( )

]

= (-0.866)(-0.0873)
= 0.0756

cos 11 =¥+ Ay
36

= cos.x + (0.0756)

cusg +0.0756

1 +0.07 55
2

0.5+ 0.0756

CDSE =0.7546
a6
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Let XN =36, ¥+ Ay = 37
hw = 37 - 36
=1

Let y=«f;
d

0.0833

7)o 0

s
= (0.0833)(1)
=0.0833

by

3T = w4 Ay
= 4x +0.0833
=36 +0.0833

W37 = 6.0833
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Let x =081 x4+ iy =80
Av = B0 - 81
=-1

1
Let o= x4
d

1
103
=0.00925

= (0.00926) (-1}
- -0.00926

(BDJ%

¥+ by

-

x%-0.00926

1
(21)9 - 0.00926
3-0.00926

1
(80J4 = 2.99074
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Let X =27, ¥ +hy =29
Ay =29 -27

1
Let o= 53
d

[
]
]
I
-l
=
=

ay
by = [—] = | oy
A ) 7 |: )
= (D.DE?D‘I-HE)
Ay =0.07408

1
(28)3F = y + 4y
!
=x34+0,07408

1
= (27)3+0.07408

=3+ 0.07403

1
(293 = 3.07408
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Let ¥ =064, ¥ + Ay = 06
Ax =06 - 64
=2

1
Let wo=x3
d

48
0.020833

ay
Ay = | — il
y (dXJx-Euﬂt XI: X:I

(0.020833)(2)
0.041666

1
(BE6)F = ¥ + Ay

4
X3 +0.041666

1
(64)3 +0.04 1666

4+ 0.041666

1
[66}5 = 4.041666
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Let N =258 x4+ hv =720

Let }f:'\f;

L
={0.1)(1)
=0.1

q,l"2_=y+ﬁy
=5 +0.01
= E+0.1
26 =51
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Let X =049, ¥ +hy =0.487
hw =0.48-0.49
=-0.01

Let y=~f;
d

ay
by = [—] = [
@ . _n.a9 li j

= (0.71428)(-0.01)
4y = -0.007 1428

437 = W4 AW
=a0.49 - 0,00714Z28
=0.7-0071428

048 =0.6928572
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Let N =081 x+hx =82
Aw =82-81
=1

Let

o =
]
X
£l

108
0.009259

Ay = [j_i]x_m « (4]

= (0.008259)(1)
= 0.009259

1
(82)3 = y + 4y
1
=x%+0,009259

1
- (B1)7 +0.009259

1
(BE)E = 3.,009259
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Let N=—, = —
a1 a1
ﬁx:E_E
21 g81
1
=k

1
Let yo=xd
d

3
=31 4E4
a1
27

BEE]
- 0.84375

_ gy
Ay = [EL_E )
21

(0.84375) [%]

0.01041

ful =

17
= -y+a
(5] -y

1
= E ! +0.01041
21

=0.6666+0.01041

1

3
E =0.67707
a1
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Let N =32, x +ihx =33
Aw =33 -32

Let Vo= x5
d

1]
[
[
—
]
iy

i (S'_i]x-az (&)

= (0.0125) (1)
Ay =0.0125

1
(33)5 = ¥ + Ay
1
= x5 +0.0125

1
= (32)5 + 00125

1
(3395 = 2.0125
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Let X =236, ¥ +hxy = 30.6

hw = 36.6 - 36
= 0.6
Let y=\|'r;
dy_ 1
de  2ufx

= (0.0833) (0.6)
- 0.049398

36,6 = ¥ + Ay
=% +0.04993
= /20 +0.04998

36,6 = 6.04993
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Let N =27, x+ix =25

fw =25 27
= -2
1
Let Vo= X3
dy 1
dx  Z
ax3
&)

e B z
¥xe2t 3(27)3
L
27

= 0,037
dy
Ay = [—] w [h ]
X )y oze
- (0.037)(-2)
- -0.074
1
(28)3 = v + Ay
1
=¥+ [-0.074)
1
= (2?]§—D.D?4
=3-0.074

1
(25)3 = 2.926
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Let v =F|[><)=~,|"E, =49 and ¥ + Ax = 49,5
Then Ax = (0.5
For ¥ = 49 we have

y =49 -7

Hence,

A S =y + Ay = T 4+ 2_18 =7 +0.0357 = 7.0357
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Define a function v = x32

Forx=4, v =8

X+ Ay = 3958 = Ay = 3958 4= 0,032
dy 3 2

dx " 2"

=dy = {gx”szx

= ﬂy|x-4 = {B}M
=ty _, = 3x(-0.032) = -0.096

(3.968)%*
- 7.904

=y + Ay =8-0.09
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Lety = f{x)=x% x=2andx + Ax = 1,999

Then Ax = - 0.001
For = = 2 we have

y = (2)7=32

dy = Ax = -0.001
y ="

dy 4
=t =5
dx 8

dvy ~ 4
- [ainL B 5[2) - &0
d

C gy = 2¥
- dy_dxdx

= dy = 80(-0.001) = -0.080

= fy = -0.080
Hence,

(1.999)7 = y + Ay = 32- 0,080 = 31.920

Differentials Errors and Approximation Ex 14.1 Q9(xxix)
Lety = f(x) = 4%, x =009 and x + ax = 0,082

Then Ax = -0.002
For x = 0.09 we have

y =f0.09 = 0.3

d¥ = A = -0.008

1 1

1

Hence,

NOOEZ2 =y + Ay =0.3- 5 _ 0.3- 00133 = 0.2867

&00
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Letx=2and Ax=10.01. Then, we have:
MO =Ax+Ax) =4x+ AP +5(x + Ax) + 2
Now, Ay =flx + Ax) — Ax)

~flx + Ax) =flx) + Ay

_S(x)+ f(x)- Ax (as dr = Ax)
= [(2.01) = (4x" +5x+2) +(8x+5) Ax
=402 +5(2)+2]+[8(2)+5](0.01) [asx=2, Av=001]
=(16+10+2)+(16+5)(0.01)
=28+(21)(0.01)
=28+021
=282I

Hence, the approximate value of /(2.01)1s 28.21.
Differentials Errors and Approximation Ex 14.1 Q11
Letx=35and Ax=0.001. Then, we have:

£(5.001) = f{x+Ax)=(x+Ar) =7(x+Ax) +15
Now, Ay = f{x+Ax)~ f(x)
S f(x+Ax)= fx)+ Ay

= f{x)+ f(x)-Ax (as dx = Ax)
= f(5.001) = (x' 72" £15)+(35" — 14x) Ax

=[(sY =7(s) +15}+[3(5)" - 14(3) |(0.001) [x=5.A¢=0.001]
=(125-175+15)+(75-70)(0.001)

=-35+(5)(0.001)

=-35+0.003

=-34.995

Hence, the approximate value of f(3.001) is —34.995.
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Let X =1000, ¥ + A% = 1005
Ax = 1005 - 1000
=5

Let v =logyyx

d_}r=lugex --Ing=|Dg&b
dx log, 10 7 log, 2
G‘_y= ;
dx  wlog, 10
ay =I|:|g1,:,e .+log, b = 1
)y qgon 1000 ? lag, 2

_ 0.4343

14000

(0.0004343)

ay
Ay = {—] =[x
@} 1000 II )

(0.0004343)(5)
0.0021715

l0g;,1005 = ¥ + Ay
= log,~+0.002171%
= log,; 1000 + 00021715

= log,, 10° + 0.00217 15
= 3log,, 10 +0.0021715

log,, 1005 = 3,.00217 15
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Let » be the radius of the sphere and A be the error in measuring the radius.
Then,

»=9%m and Ar=0.03m

Now, the surface area of the sphere (5} is given by,

S=4m?
ﬂ = 8mr
ey
I,I' ] \.I
-ds = B ar
Ldr )
= 8ar | Ar

=8&n(9)(0.03) m”

2.16nm’

Hence, the approximate error in calculating the surface area is 2.16m m2.



Differentials Errors and Approximation Ex 14.1 Q14
The surface area of a cube (S) of side x is given by § = 6x’.

ds (dS
B (B
=(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? m2.

Differentials Errors and Approximation Ex 14.1 Q15

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

Now, the volume V of the sphere is given bv,

V= 4 '
3
d—V =4’
dr

’d
v = (.‘i‘_]m
dr

=(41tr3)Ar

- fln(?)2 (0.02) m"=3.92am’

Hence, the approximate error in calculating the volume is 3.92 am’.
Differentials Errors and Approximation Ex 14.1 Q16

The volume of a cube (V) of side x 15 given by V=23,

sdlV = ( s ]At
dx

= (3.\" )A\'
=(3x7)(0.01x) [as 1% of x is 0.01x]
=0.03x"

Hence, the approximate change in the volume of the cube 15 0.03x me.





