Solutions 15(b)

|Complete solutions to Exercise 15(b)

1 . .
1. We have = Ebcf where I 1s a function of » and d.

AL and 2o 3pg2
ob 12 od 12

We need to find Al. By (15.8)
ol ol

Al = —Ab+—Ad
ob od

:i[d%b +3bd’Ad |

12

We are given b=5, d=0.8, Ab=0.05 and Ad=0.008. Substituting these
gives

Al z%[(O.SS <0.05) + (3x5x0.8? x0.008) | = 0.00853

The approximate error in | is 0.00853m"
4

2. Given G = RO
R, O and L. We have

36~ So R+ 5 Jao+ [ 32 o
JR o0 oL

3 4 4
2RO R B pn- RHAL *)
L L L2
The percentage changes can be represented by
AR=-0.005R, A@=0.0260 and AL=0.015L
Substituting these into (*) gives

3 4 4
—0.005R)+—(0.026)—- 0.015L
4R°0 IT_ RL2

we need to find AG. Note that G 1s a function of

AG =~

_R iy
- ——| {4x(-0.005)} +0.02-0.015| (factorizing)
=G[-0.015]

The approximate percentage change in G is a reduction of 1.5%.
3. Q is function of A and /4. By (15.8)

AQ ~ aQ LASVNGOIN

o”h
We can rewrite Q as

Q=(0.7/2g ) AVh =(0.7,/2g ) An**

constant

R 07\/7\/7and Q 1(07\/7) AhY2 = (

*)

7\/_)

of of
15.8 Az~ ——AX+—A
(15.8) ox oy



Solutions 15(b)

Substituting these into (*) gives

AQ ~ 0.7@{\/HAA+iAh}

2Jh
= 0.742x9.81|+/1.75(0.2x107°) + ﬂ(—o.%)
iﬁbst_iuring | 2x \/1.75
e given values
=2.34x10™"

The discharge rate, Q, is increased by approximately (2.34x10‘4)m3/ S,
4. We need to find Af. Also f is a function of L and C. By (15.8)

INEUANIRANY, *)
oL oC
The percentage change can be represented by
AL = 22051 = _0,015L, AC =-22C =—0.005C
100 100
Putting these into (¥) gives
of of
Af ~ —0.015L)+—(-0.005C t
2 (-0015L)+ 2L (-0.005C) (1
1 1
— - L—1/20—1/2
27zNJLC 27
ﬂ _i 1 |_*3/2C71/2 - _ 1 __ 1
oL 22z 4z¥°CY? 4zLLY*CY?
ot _ 1
oL 4zLJLC
Similarly
ot 1
47CA/LC
Substituti ﬁf L ﬁ ; int 1
ubstituting é’L 4”L\/— 47CJLC into (1) gives
1
Af ~ ———————(-0.015L)—————(—0.005C
4r IL\/ ( )- 47C~/LC ( )
1 (O 015 0. OOS)
27r\/ LC 2
1
= f(0.01 remember =f
( ) ( 27\ LC j

Af ~0.01f
The approximate percentage change in f is 1%.

5. L is a function of C, p, V and A thatis L=f(C, p, V, A). We have

AL~ 25 A+ 25 pp+ Zh Ay + CE An )
oc Tt AA
The given percentages can be written as
AC =40.01C, Ap=+0.005p, AV ==+0.006V and AA=+0.001A
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L AL oL oL
N find —, —, — and —
eed to find i N A
2
I_=C,0VA
2
JL _pVEA  JL_CViA oL _2CpvA 4 L _CpV*
oC 2 & 2 N 2 SA 2

Substituting all these into () and taking the positive change for largest

error gives

PV2A CV?A CpV?
2

(0.001A)

(0.006V )+

AL ~ (0.005p)+

(0.01C)+ ZC’ZOVA

_ pV*AC 2pV*AC pVAC
2

2
_ AAC [0.01+0.005+(2x0.006) +0.001]

[
factorizing
=1(0.028) =0.028L
The largest percentage error in L is 2.8%.

AV2AC

(0.006) + (0.001)

(0.01)+ (0.005)+

d4
6. By transposing formula we have 7 = 12: oL Hence 7 is a function of
p,d, Q and L
A~ P Ap+ PT Ad + T AQ+ T AL )

ap ad 2Q oL
The percentage errors can be written as

Ap = iﬂ p=+0.011p, AQ = iEQ = +0.005Q,

AL = +£L +0.003L and Ad = +—d +0.001d
100 100

4

prd

128QL
on  md*
Sp 128QL
on _4pnd®
Ad  128QL
on  pnd*
AQ  128Q°L
on  pnd*
AL 128QL°

Partially differentiating n= we have

Ol O
Substituting all these into An = O,Z Ap+ gz Ad + é’g AQ + L AL gives
4pnd®

zd* prd? prd?
+0.011 +0.001d ) - +0.005Q ) - +0.003L
128QL( p)+128QL( ) 128Q2L( Q) 128QL2( )

An =
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For maximum error we let the first 2 terms on the right hand side be

positive and last 2 terms be negative so that we have
_0.011pzd ! N 0.004 prd* N 0.005pzd* N 0.003pzd*

1280QL 1280QL 128QL 128QL

4
= P70 16,011+ 0.004 +0.005 + 0.003]
128QL

=17[0.023]
A?] ~ 0.02377
The maximum percentage error is 2.3%.

7. T is a function of P and V. Applying (15.9) to T =R gives

a1 =T g+ Ty (*)
N

Hence (*) becomes



