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Example 32,A wittmotor vondu 26,94 watin, The absolute error In the measurement is - 0,11
watt, Detogmine the true valuo of powor,

Solutiont Moeanured value, Ay = 20,094 wit ity
Absolute orvor, HA » ~011 walt

n\.. "
I'ruo viduo, A = Meansured value - nhuoluto orror

A BA =200 < (- 0,11) = 25,45 watls Ans,

Example 3 3¢The moasured valuo of a enpacitor iy 208.3 IFy whoreas Its true value Is 201,4 pF,
Determn@ the relative error,

|B.1 Univ. of Technology Oriana Electronien Meanurementa and Mcanuring Instruments, 2007|
Solution: Measured valuo, A, = 206,49 x 109 |

True value, A = 201,14 x 109

Absolute error, ¢, = Am ~ A =206.3% 1079 - 2014 % 109=3.9x 100 F
3.9%x10°0 T

e —— R S or : l[ ns.

A 2014 %1070 b

Example 3.4, The expected value of the voltnge across a resistor is 80 V. However, the measurement
gives a ypdgde of 79 V. Calculate;

by

, (
Relative orror, ¢, =

(i) absolute error (ii) % error (iii) relative accuracy (iv) % of accuracy.

[M.D. Univ, Electrical Measurement and Measuring Instruments, December-2010)

Solution: Measured value of voltage, A, =179V

Expected value of voltage, A = 80V
(i) Absolute error, g,

Ay=A=79-80=-1V Ans.

(ii) % error ﬁmx'-’lxmo B 798‘080 «100 =~1.25% Ans.

-0

A
(iv) % of accuracy = 100 x relative accuracy = 100 x 09875 = 98.75% Ans.

Example 3.5. A resistor of value 4.7 kQ is read as 4.656 kQ in a measurement. Calculate (i) absolute
error, (%or and (iii) accuracy.

=1~ 1 0.9875 Ans.
80

(iif) Relative accuracy = 1 -

[UP.S.C. LE.S. Electronics and Telecommunication Engineering-I, 2009)
Solution: Measured value of voltage, A, =4.65kQ

True value of resistor, A = 4,7 kQ
(1) Absolute error,e, = A, —A=4.656-4.7=-0.05kQor-50Q Ans.

A -A 4.65-4.7
(i) % error "'A x =

100 = ———4—7—— x100 =-1.064% Ans.

(iii) Accuracy = 100 - |% error| % = 100 — 1.064 = 98.936% Ans.

Example 8.6. Define limiting errors.

A0- eter has a guaranteed accuracy of 1.5 per cent of full-scale reading. The current
measur the instrument is 2.5 A. Calculate the limiting values of current and the percentage
limiting error.

[U.P. Technical Univ. Elec. Measurements and Measuring Instruments 2005-06)
Solution: The magnitude of limiting error of the instrument,

1.5
SA=¢g XxA= — x10=0,
. - 0.15 A
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i ] lative error at this current ig
. ed is 2.5 A. The re
t being measure

_5a_ 015 _g06
A 25 :
i imits o

-ement is between the lim1
g 1+0.06) = 2.5t 0.15) A

Aand 2.65A Ans.

The magnitude of curren

the current under mea
A=A,Q0% g)= 2.5 (
ent are 2.35

Hence,

imiti X easurem
So limiting values of current under m

.15 v
Limiting error = i%g- x 100 = +6% Ans.

000 Whas a errort 1% of full-scale de_flecti on.yp
f the reading? Suppose the error is SPeciﬁeq‘

ge of the readings? )
s and Measuring Instruments, 2005,

Example 3.7. A wattmeter having a range of 1,
true power is 100 W, what would be range o

percentage of true value, what would be the ran
[U.P. Technical Univ. Electrical Measurement

Solution: The magnitude of limiting error of the instrument,
8P =g, x P=0.01x1,000= 100W

The magnitude of power being measured is 100 W
Range of the readings = P + 8P = (100 + 10) W i.e. 90 to 110 watts Ans.
When the error is specified as a percentage of true value
P =0.01x100=1W
and Range of the readings = (100 + 1) W i.e. 99 to 101 W Ans.

From the above example it is noteworthy that meters are guaranteed for better accuraciesj,
full-scale reading but when the meters are used for lower readings the limiting error increag;
(say 1.5% to 6% in case of Example 3.6). If the quantity (current or voltage or any other one) ung
measurement is further reduced, the limiting error will further increase because the magnitude
the limiting error is a fixed quantity based on the full-scale deflection of the meter. The abqy,
examples also show the importance of taking measurements as close to full scale as possible,

Measurements or computations, combining guarantee errors, are usually made. Such;
computation is illustrated in the following examples.

Example 3.8. In a Wheatstone bridge three decade resistance boxes are used which are guarantee{
for £ 0.2%. An unknown resistor of R ohms is measured with this bridge. Determine the limitso
resistor R imposed by the decade boxes.

Solution: Under balanced condition of Wheatstone bridge, unknown resistance R can be determined it

terms of the resistances of three decade boxes, i.e.R= ks

3
decade boxes and each is
¢ guaranteed to t 0.2%. In worst case, the two te i
(t)o Gtol}e full limit of 0.2% and the denominator may be b ot D8t
-Oso.
So the guarantee error is obtai i i
the guarant ained by taking the direct sum

algebraic signs giving the worst possible combination. o

So limiting error=2(0.2 + 0.2 + 0.2) =+0.6% Ans.

.HereR,, R, and R, are the resistances of the

0 te erator may both be +
—ve to the full limit of 0.2% giving a resultant errord

all the possible errors, adopting the

Example 3.9. The current i ;
relationship, P=IR, calculp;zstl}?eg l?hx_'o.ugh a res.lstor of 100 £ 0.2Q is 2.00 £ 0.01 A. Using th
e n;utm_g error in the computed value of power dissipation-
~G. Technical Uniy. Bhopal Electronic Instrumentation, Nov./Dec.-200!
Solution: Percentage limiting errop ¢, — 0.2
esistance =+ —— -
l 100 X100=%0.2%
Percentage limiting erpo; ¢, 0.01
cur =4 ——=
rene =4 5 X100=+0.5%
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ERRORS IN MEASUREMENT AND THEIR ANALYSIS "'59’
———-_‘-‘-—- '

to assume that the individual errors connected may all be of such a sense as to affect the result in
the same direction.

Provided thu.t the errors are small, their effect on the final result is readily obtained from the
simple rules outli ed below;

\ ederymination _gf May SY‘S"‘?W\ abc Evroy !~
iy8&um of Two or Mt_)re Qt-zantities. Let the final result y be the sum of measured quantities,
u, v, and 2, each of which is subjected to possible systematic error + u, + v, + 5z.

Then the nominal result is
Y=utv+z
The relative increment of the function is given by

dy _d(u+v+z) = @+@+dz
y Y y ¥y
Expressing the result in terms of relative increment of the component quantities
dy _udu v dv z dz
—_— = —— ..
y y u y v y z

Since the errors in the component quantities are represented by *+du, +8v and +8z then
corresponding limiting error 8y in ¥1s given by

)
1=i(£.§3+2.@+3.5_2) .(3.6)
Yy y v y v y =z

The above expression shows that the resultant systematic error is equal to the sum of the

products formed by multiplying the individual systematic errors by the ratio of each term to the
function.

Since no approximation has been made in working out this particular result, it is true for all
values of the errors and is not restricted to the case of small errors,

\Wifference of Two Quantities.

Lety=u-v
dy _du_d
Y y Y

Expressing the result in terms of relative increments of component quantities

y y u y v
Ifthe errors in u and v are +8u and +8v respectively, the signs may be interpreted to give the
Wworst possible discrepancy i.e., when the error in u is +8u and the error in vis —dv and vice versa,
then the corresponding relative limiting error 8 y in y is given by

5 = [E'ELEEE] e
Yy Yy u y v
i This expression is the same as obtained in first case. It may, however, be mentioned that in
la;{z ase when uand v are almost equal in magnitude then the relative error in y would be very
e,
@P roduct of Two or More Quantities.
M I_AQt y =uvz
log, y = log, u+ log, v +10g',z
spect toy, we get
du 1 dv 1z
d

1 ¢
2

dy v dy 'y

Differentiating with re

11
y u
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ELomicar Measureaivrs asp Mg ASLE
~ N ety
dy du  dv - y
or 4. =28, 28 + m FEagons ot MEASUREMENT AND Tt Awaore "
Al u v - N T
Representi )
'S n i -
by gtheerrorsinu, v, and ras +8u, +8v and +52 i R L =
- respectively, the error§y in - : or B 2= e m-
) yinyis g ¢ “ ¢
L $Mw.l. Lo - mNW - Relative limsting errorof yis
y u v ES ¢ Sa
3 _03 & .hWQw.J,‘.:.u,.d 1l
- ¥ ﬁ = v \
=130 2 24 u¥F,

" Baplain the limiting errov o terms of true value Two smpnaitors €,
is the limiting ervor of the FEeslTANE €A Pae

connected in parailel, wha
Pechnsoal Enie Kivotmonse

itanen UT
e i

From the abov i rro
¢ k: € expression we conclud
s nclu e that the relative limiti rod
rms is equal to the sum of the relative errors of the ter el S o
ms. o Exaspld
C,=120215pF

@Oco:.n:. of Two Quantities.
s

We have e > 1302 2 I uF

Prestrampntegtoom wnd sy rverenia

Lety= L3

] _c Solution:
. og, ¥ =log, u~log, v £ 12000 Lo N
Differentiatin . ¢ e | 120 LO N
with res
g pect to y, we have When the two capacitons are connects 1in parallel, the resultant caps Aness a8
1 1 du 1 d o tee(l3023 o) 6§ By w T LA aF
= v you e :.—_.t:v:;_..~,.. (250 2 5.0 aF
Therefore, the hmiting erroe s £ 3 9 ik Ans

Relative limuting ervoc is
0

or & — du_ v
- | i : : : Z e = cr N0l or t LY Ans
presenting the errors in z and : .
vastdua i i 2
b nd +5v respectively, the relative error inyis gives Example u.\_.v. he Himiting errore for a four dial resistance box are:
Units : £0.2%
8y du _ Sv 5 3
& _ L ou_ s ons ;201
- 5 == ¥ c Hundreds : t0.053%
e maximum possible err i i e valun s et at 4328
.. Relative limiting error mnowmunoﬁ..nm Ewrm: Sulu is +ve and Sv/v is —ve or vice versa. Ifthe resistance value ls set at 4,325 Q, caleulate the lmiting error fis this salae
m <m= - . - . .
.mu\ 81 y the expression (P8 C LES Kievtownsi Engsawnriag i 2007
Sy _ du  Sv :
P - 4 ﬁ” + |..|ﬂ (39 Solution: Errorin thousands = ¢ .”_”““‘. 1,000 = t 80
ower
% of a Factor Errorin bundreds = ¢+ L <200 =+ 0. 156Q
Lety=u" 1 e
where n may be +ve or —ve, integral or fractional Fremens = _m:,.w e
. . . NONL\ =nlog,u Errorin units = 02 .61
Differentiating with respect to y, we get = o
) H;..ul.mm Totaletror = £ (DR + 0I5+ 002+ 001) = £ S0
3 2 0 Limiting error = » 098 2100 = &0 022ra
&.v\ - 1325 = A0 O2208™  Aea
or— =n— Ex
ample 3.1 i
; : g wo resistors having the foll i
| o | Cal I\. ¢ following ratings: R, = 290 =
Hence the relative limiting error of y is s _ TR
(i) the magnitude i
..M.N e .ml: Aw;o, (ii) the limiting qn—.ﬂﬂﬂ”ﬂﬂ“..@“ﬂ”hﬂﬂn.c_...
. B (iii) the limiting error in ohms when the ..‘.MA—-MC.I o SR S A
- - 5 s 4 1
/‘hw QQS‘Q@nN@ﬁQQN@& [/.N. Technelogical Univ. Hyderubad Electrom:c :.rpuﬂi‘ Are coanacied in pazaiiel
VS Negsaremanls g Y .
‘/\ Lety =u"v" Solution: (i) M T e
L = o =i Magnitude of error in reststor R, AR, = » 10 . z
g,y = n log, m log,v _ _ 00 TR A
Magnitude of error in resistor B, SR, = » s o ‘
] 3 RS0 = 2250 Ana

Differentiating with respect to y we get
) :m.

I ————
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(i) When the two resistors are connected in series
Equivalent resistance,

R, =R, +R, =200 + 500 = 700 Q
Limiting error, 8R = SR, +3R,=+200%25Q= +45Q Ans.
(i7) When the two resistors are connected in parallel
Equivalent resistance,

Rp = wu xx.“ = 200 x 500 - 1,000 Q
R, +R, 200+500 7
X
Rp==
Let Rp Y

Then X =R, x R, = 200 x 500 = 100,000
Y =R, +R, =200+ 500 =700

ErrorinX = WM,_+.M~WN =110+5=+15%
1 2

200 500 45
—_ = Ly + —= LH —x1 ———— = —0
YoOX YR TY R, T Fgeri0tygxs =

So percentage error (maximum possible) in equivalent parallel resistance
=ErrorinX + Errorin Y

+16%+ 354, _ , 150,

-N J-N 0

150 1,000

= x 20 = 4 30,6122 Ans.
700 7 ns

mungu_@rnmm resistors have the following ratings:

N- =200Q 5%, mu =100 Q + 5%, R;=50Q4+5%
gnitude of resultant resistance and limiting errors in Percentage and ohms,

Ve resistances are connected in (a) series and (b) parailel.

[U.P. Technical Univ. Electrical and Electro

(a) When the resistances are connected in series
Equivalent resistance,

R, =R, +Ry+ Ry =200+ 100+50=350Q Ans.
Relative limiting error of ser

Limiting error in ohms

I

Determine the ma
ifthe abo

nics Measurements and Instruments, 2013-14)
Solution:

ies resistances in percentage
ub&bhw..mwbh.@.u Awg
R. R, 'R R, R, Ry

ivalent resistance in ohms

se

Relative limiting error of series equ

=4350 x 2_ -
100 +175Q Ans,
(b) When the resistan,

CES are connecte
The equivalent resis|

d in para]le]
tance is

given by the expression
1 1 1 1

— =1 RyRy +R R, +R R
+ +—=_2""3 1%v3 1449
I/’/l
R, R R, R, RR,R,
R = wuff

: = 200 %100 x 50
3+RR, *R|R, Hooxmo+mcoxmo+wccx~oo =28.57Q

ExaoRs MY A ISR TR

Nt ane Traee Aoy

LetR, =
then X =R 1 4 56 B0 E 200 s )5 000
rdY=R R+ R,R ¢ R R =y ¢y, 45 o e tinie 10450 f0

: - -

SR, .w*nu »«.z.nu

R, R, = 200 x 100 x 50 = [0.00.0043

= —+ * (3¢ 3 +5)= g 18%
Errorin X R, R, R,

....M.ml_-.m.—mu.u = 2(3+ 5 = 10%
Erroriny, = TR,
Crrorin ¥, = e T +(5+5) = 10%
Erroriny, K, R,
n iny Hm.&rw.ywm_l M:Uvuvun:ﬂ,;
Brorlon ® R, 'R,

. 20, 000 & A .
3 8 Yy OY - i vk
O Y, OY AEY 1 - e A——— L Y e
N EABC AR Bs BN \,«A;ﬂ,.u x 100 Lg.,.c:: 15, 00
Y Y1 Y2 ]

= 2 10%
i tble squivalent parallel resistance
mum possible) in equiva
. Percentage error (maxi
=15+ 10=£256% Anw
Error (maximum possible in equivalent parallel resiatance in ohme)
rro 55
256

= 71425 Q  Anas,
100

The ltrmewter rrading
_gaiﬁon is measured by the voltmeter-ammeter :...ﬂrnxr..v« f“ mA scale, Both
.m!—“.mﬂ V on .:_o ..u..uo< scale and the ammeter reading is h:u.ﬁu :_.._..:.....q.-n::n Calculate (2) the
is Hn..mn.w are guaranteed to be accurate within 1 per ....:—”H.m_._nﬂ.—__ -scn o v.n,ﬁ.ﬁz:?i&.

me limits within whic e res Toohraoal L'naa
et palen it -.n-a_uﬂD——MM MWW.-.”\_Q\&.;.:‘::.\ Instrumentation, Precember Doy (G B Torfiracal In

= 28.57 x

1210
rasunAg Inacramenia, D12 L0
Electrical Measurements and Mewarag (nacrame

v = ~.Wml_|\l‘ = 42T Ass
Solution: (a) Indicated value of resistance, R = T
1 S8y =+ 23y
BV = s 2- x Q) T
The magnitude of limiting error of the voltmeter, 8V =¢, V= = T
- 19 »
The magnitude of voltage under measurement, V = 1234V
2.5 SR —
Tos TR n = - = 100 = 2 JOIAI%N
The percentage limiting error at this voltuge = * 1734
1 =
HY - =+ B30 =t 3mA
The magnitude of limiting error of the ammeter, 51 v

= 2833 mA
The magnitude of current under measurement, [ = 283 3 m.

S5mA 100 =« 1 TEATH

The percentage limiting error at this current = ¢

IN35mA\

(b) Relative limiting error in resistance measurement, .
SR =il — [ = 100
) = &
ﬂ..» LR ILl S 1 w =2d TROG  Ans.

= §(2.0259 + 1.7
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o

I

Letv =r(Q+S)=ru= 200X (2,000 + 2,000) = 0.8 x 108

S M L05+075=41.25%
r u

Percentage errorinv

Let x = QS = 2,000 x 2,000 = 4 x 10°
Percentage errorinx = % + W =+1.0+05=+1.5%
Lety=r(Q+S)+QS=v+x=0.8x 105+ 4 x 10%= 4.8 x 10°
Percentage erroriny = N.mlc.vm.mla =+ Exrww+!n x10° x 1.5 |=+1.4580,
y v oy x 4.8x10° 4.8 x10° X

Percentage error in inductance
5C 8S
L, = d+.mm+ﬂ+.wk. =+£1.0+0.4+0.5+ 1.458=+3.358% Ans.

% " STATISTICAL ANALYSIS

No measurement is made with 100 per cent accuracy and, therefore, there is always some error,
which varies from one determination to another, and gets introduced in the value of the n:m:::..
under measurement. It is a function of statistics to separate, as far as possible, the truth fron
error w.v% narrowing and defining the region of doubt. But statistical study is mainly concerned with
precision of measurement and so it cannot remove systematic errors from set of data. So systematic
errors should be small as compared with residual or random errors.

To make statistical methods and interpretations meaningful, a large number of measurement;
is usually required.

Sometimes simple approach is required for describing and summarizing the results of the
measurements. Some of these methods are described below.

./Sﬁx..‘:aia:.n Mean. The most probable value of a measured variable is the arithmetic mean
of the number of readings taken. Theoretically the best approximate value will be obtained when
number of observations of the quantity under measurement is infinite but in practice, only a finite
number of observations can be made. The arithmetic mean is given by the following .muﬁwmmE.S

_ N tX+x3+..x, Ty

x =

n n ..(3.12

fc_.um.—-m Eq u.m m~.~z.~gmﬁ~n mean mﬁnm X, X . e (=] i Q‘
' » Xo» Xg, ... X AP ﬂr i
nmﬂ&._=mm ﬂmrmd. 1" =23 n Nummﬂnﬂmm ﬁmmnmn mﬁﬁm nis nvm H:.—EFQN

/\t&\ Deviation from the Mean. The deviation of a reading is the amount by which it differs

from the mean. If we have a set of readj 1
B theme dingsx;, x,, x; .. with mean ¥, the deviations of the individual

Deviati ., ~
m<..mﬁ.~o= ofx) =d, = x-F

Deviation of x, =d,

Deviation from the m

(319

=x,-x

ean may ha
¥ have a +ve or - ve valye but the algebraic sum of all the

n 31

B

« i Meast REMENT AxD Thio ANaryun
m-rnl.w.uwlw:\.\\l\u\\lll
intion gives an indication of the precision of the instrum
» shows that matrume

2o crts used I0 ...:45:..” Am:.

Sureme iati nte uscd for
asurements. Low average deviation between reading

meas

surements are highly precise. a
o per of data s the square

m
§m~a-laﬁ& Deviation. The standard deviation of an infinite num
root of the sum of all the individual deviations squared, divided by the number of readings
d? +d?edi e d? [saf .
iati S il B a o J5E (3.15)
Standard deviation, 0 = \ = e

as root mean square detviation, and i the most important

s deviation is also known :
et flectively means

factor in the statistical analysis of measurement data. Reduction in this quantity
a s S A
improvementin measurement. . o

In practice. the possible number of observations is finite
20. the standard deviation is denoted by s but if it isfess than 20 the symbal s 15 4

same. The standard deviation of a finite number of observations is gven as

When the number of readings exceeds
sed to denote the

di vd?ed]v..d} rd? - A3.16)

i n-1 (n;

ssion for essentinlly the same quantity is the variance or meurs square deviation,

Another expre: illy , . ¢
which is same as the standard deviation except that the square root is not extracted,

So, variance, V = Mean square deviation = o°
for use in many computations because vanance< ane additive.
1o units as the variable,
sseed 1 terms of

31D

Variance is a convenient quantity
The standard deviation, however, has the advantage of being of the sam

making easy to compare magnitudes. Nowadays most scientific results are expre

standard deviation.

\¥Standard Deviation of Mean. w ;
the mean of various sets of data can be analyzed by statistical means. This may be accom

by taking standard deviation of the mean given as

hen we have a multiple sample data. it is evident that

plished

= Iy
Qa. = qu A,wn =)

u&F Standard Deviation of Standard Deviation. Fora multiple sample data, the standand
deviation of the standard deviation is given as

) = s _g,
o~ Jon 2

~A3.1D

%OIngqu_md_Om OF EXPERIMENTAL DATA

During measurement of any quantity, scattered data is obtained and this vanation can be controlled
by taking all care in all manipulations and by holding conditions as steady as possible during the
period of measurement. But even with maximum care an unaveidable uncertainty remains. So no
measurement can be carried out with absolute definiteness and as the measurements are made
closer to limits, presence of smaller disturbances becomes more evident.

All known errors from data such as known svstematic effects, cahbration etc., should be
removed first, before applying statistical methods as they are based on laws of chance, and not on
consistent factors. Statistical analysis allows us to determine the best value poszible from the
given data and set the limits of uncertainty inherent in the scatter of the data.
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ND MEsuring [NSTRLML\
iy,
The distribution of data in a set of readings

TABLE 3.1 Tabulation of CurrentReQding‘
may be presented in several ways, one of which

Current Reading N m
is a block diagram or histogram. Table 3.1 in Amperes
shows a set of 60 current readings, that were L,
taken at small intervals and recorded to the 9.97 !
nearest of hundredth of an ampere. The 9.98 3
nominal value of measured current ig 10.00 A. 9.99 13
In Tig. 3.2, a histogram for Table 3.11s 10.00 23
shown, in which the number of readings are ’ ;-
plotted against each observed current reading. 10.01 1a
From the figure it is obvious that the largest 10.02
number of readings (23) occurs at the central 10.03 .
value of 10.00 A while the other readings are : e
placed more or Jess symmetrically on either side Total 60
of central value. [f more readings are taken at
smaller increments of 0.005 A intervals (200 readings), then the distribution of observations wj|
remain Approximately symmetrical about the central value and the sha
approximately the

same as before. With

more and more data take
Increments, the contour of the histogram wi

by the dashed line. The bell sk

the curve, the more definite]
reading is the

The
effects,

Y an observer may
central valye or mean value,
normal, op Gaussi

"
3
S
&
1
h
| ] - = 8
¢ 8 7 °
8 % )
£ 7
g% 2
o4 ?
3 z
7
2 2
| ?ﬁ
2 - VE ERRORg + VE ERRORS
| | r o 20 30 "
‘ —_—— DEVIATION
; Fig, :
l g _— B:3.3 Curye For Norma] gy, of Error
‘LAW OF ERROR
When Measuremy nt of i
. aAsurement of ,, Quantity is capps
In numbey, Randon effec denchic oo the determinqy;
‘ . ts ¢ e rm] I imi
1S not true fop. , small ge S cance] each Other Completely, ; na‘tlons_ are alwayg finite and limited
sample j nfi'ccss‘qm;( i}?r Measuremeny Hence ; Y0 an infinjt, Set of measurements butit
: arily the ’ @ limite
fmeasurem teg?“ of the | rgey nd Mited gat of measurementS. mean of
may
ally Precisigp j e th

e Standard devi
€ stang evi
Creaseg With he «; ard

. the Et‘l] Q » a larﬂﬂr Camnla n»e I]t
i Dl."n'nn-..._ - € 9rm.
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o — o M QAL BENENT ANTS Tuipst Adwas val
PR - e et ettt o 11 ot
v is gave s———
The value of & 1s given as Y Ex
P
|I1|~ K s sdds that the observatun liwe betwosn £ o Lavts a2
- ~{3.21 — The odds
N e “ Odids
s im0, BT
Odds ¢ !
or Odeds = 216 1

If we substitute h = me... in Eq. (3.20),
wsome petont bue atandasd demratinn @

oNe
been wsed in experiment 1l work

e aw/iaw.r.mdqﬂuﬂ?hw
e im staticteal work and s prelorred

we have
1 L < O «
i »..—.Iu.: mere Q:..-..ﬂﬂ:.ﬂa

NZ
o\ 2%

11 MEASUREMENT DATA SPECIFICATION
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This form of equation is particularly {
useful. as 0 is the quantity we ordinarily know _ 3 Y . Asta. the P
i . B . g N v 3 Lia, e fVate
and are interested 10, @ is & quantity of the i | King statistical analvsis of multvzampie data b The dewiatns M
g S : o | : Atfer ma ressed ae deviations aboul @ meas waar LS "
same units as the observed quantity and its e @) -o] m specified The results are exprossed as
mean. This makes it easy to visualize the 1o ,p.Aq?..f,.s_ as follows: | The ertor o viie ik i3 b
dispersion in comparison with the mean. seandard Deviation. The result i exprossed ad € D U — —
e & P hich means that 6= 2N (o about two thirdsi. f all the swatlage
O Fig. 2.4 Comparison of Two Frequency Distributiss u—.ruahwl deviation whic w_ ,: e e oddaare 2.1510 1 Thus thers i appmmimstehs & tws t e
varvea With Differm ¢ . S e teof £ @i o are = X
3 il I ST O T arhich e bs ~44_1~_d~—w..~.“,_ﬁ_n7”.. L new ohservation will be within these Lt !
o r poss1O1 b o 44 . nmnnis (st 0P Bt
4 de ili fT fop . chance to¥ . The result v ..,1:.1&....,_ pr i trorx 106 15 1s s 10a6E .
The area under the Gaussian probability curve shown in Fig. 3.3 within certain limits represents 2. Probable Ervor. The ms L odda are 1 to 1. There 1 an eves chanms & Ve g ane
the number of cases among the observations within those deviation limits, expressed as a fraction of X the readinggs Jie within these limits aod !
ol the total cases. The area between the limits - oo o+ w represents the entire number of observations observution will be within these limits g In this case, probabalny am
and taken as unity. 1.4 20 Limits. The result ja pxprosaed aa ¥ b 20 :.w:, _,_. ..ﬂ. e fpn
oL - - y e Jamiate ain > o
The arva under the curve between — o and TABLE 3.2 approximately 95 per cent of all the readinis fall s:::.: = bility 1o thas ox
+ 0 limits represents the number of e 1.+ 30 Limits. The result i» expressod s © ¥ Jer. The prubabihily ._.. ~
e o= : LT g 4. 4 . - » practe Y e
obserations that differ from the mean by no “ Deviation (1) * Fraction of Total Area Included w means that 99 72% of all the rendings f: | within thi e :::._.. _n.~ .“. s
more than the standard deviation. This arca ﬁ 0.67450 ‘ 0.50 ‘ included in these limits The odds of nny obaervation falling wothin £ Howawer, the
. . S i p LGTA! f).f o ta B P
can be determined by integration in series, and L = - le 3.22/The expected value of current through a resistor is 28 mud e atagy €vror
5 24 J oy Lis) parvents
for normally dispersed data, following the _ 1.0000e * 0.6828 _ MW”M.:JM: .- yields n current value of 1% mA. Caleulate () .:_a:dzv_.ﬁ erre ““Zw.qo.z eyt of 1
. St : . ¥ : .y il S
Gaussian distribution, the value is found to be ‘ 2.0000a 5 0.9516 L M.......J relative accuracy (iv) pereentage aceuracy (v) procision for BEVTE
c“mm. s0 68 per cent of the cases for the normally — measurements are: 117 m\
dispersed data lie between the limits of 4 o. [ 0000 | 0.9972 | 16, 19,20, 17, 21, 18, 13, 16, [RanC s Engowarmel 20U
B i 2% N R s (AL o oty M B S NRERNE »
Corresponding values of other deviations, % 1.960 \ 0.9500 g UPAC. 63 Elorirenice EAT
expressed in terms of 0, are given in Table 3.2. Solution:  Expected valus of curvent, A = 20 mA §
” :..mc_, wnwn\uw._m...m large number cﬁgmunzc? having nominal value of 10 uF are measured and Measured value of current. A, @ 18 md ,
e mean valuz is found to be 10.00 uF with a standard deviation of 0.02 pF, then we know that on A ~An18-20% -2m\ An
an average 658% of all the ¢ itors have v < s L () Absolute error, £, = Ay, =4
; e s of all the capacitors have values lying between limits of £ 0.02 uF of the mean. ”
: pm:u 1s then mE._S‘EBEm_w.. a two to one chance that any capacitor, selected from the lot at 3P —— Ap A 10g » =R = s
Mm_wam.a.mu_wrwﬂq_._rs these limits. If larger odds are required, then deviation may be extended t0 i A
At o._Eh,.. ..:wa..» 0.0% F. According to Table 3.3, this now includes 95% of all the cases, giving 2! _ 2 209 Ans
sa g 2 & . g s = § - o - s-e W S
and any capaaitor selected at random lies withinz 0.04 uF of the mean value of 10.00 oF- (ii) Relative uceuraey = 1= 70| 1759
If ordinates are erected at deviati £+ r=0.6745 . s e &+ 10 & S0% Ane
h o dations of £ 7= 0.6745 @, as shown in Fig. 3.3, half the area under - Relative acrupscy & P30« &30
the curve is enclosed between these limits Tt i i ' is (iv) Percentage acouracy = Rulative ace
’ - se limits. The quantity ris called the probable error (PE)- This
value is probable, as shown_ in the sense that there is an even chance ! o orion will () Arithmetic mean of the set of 10 [enslirements, ,
have a random errur no greater than + r ‘ ance that any one observatic ) 16 +19 + 20 ¢ 17 + 21 e el ool ], gq
The probability of o T e s ,
' » N . . X - 10 N
that a particular ﬂﬂmﬂznﬁa”a g:rv.. %ased i teompafioddewhichisthe number o..&E:QM
ur whe , A oy : ; - 10T
as follows: rwhen the error limit is specified. The odds can be determine Pag -1, 14 T ey Ans.
Precision for 6th measurement = LR I oart

Probability of oceurrence =
Odds + 1
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MMbEv_N“m\w«Arm ?:cimzmgﬁo:e measurements
the predtsidn of fourth measurement,

1 _ IR >l>—.< SIS
REMENT AND 1 HL
N MEASU
ERRORS

le 3.25. The following 10 observations were recorded when measuring a voltage:
e 3.20.
Measurement No. ' Exexr 3 3 4 5 6 7 8 s B
. P . 4 41.8
Quantity H : 12 41.8 42 421 | 119 | 425 42 11.9
41.7 .
2 : - - 5 . f eading. .
(U.P. Technical Uniy, Electrical Measyre trumeny Find (i) mean (ii) standard deviation (iii) probable ..J.o_ﬂ.%\.MMw Mh,z. Elec. Engincering-I, 2003]
. . . ents, 2gpe .S.C.
Solution: Arithmetic mean of the set of 10 measurements i

Solution: (i) Arithmetic mean,

Xg + X
X= H~+km+».u+ﬂ.»+xm+km+.ﬂq X +Xp HXgH Xy F X H X H X7+ Xg + X9 + Xy

+k.m +Xg +X19

HO m = 10 - . 19.7
| 7+42+41.8+42+42.1+41.9+425+42+41.9+41.8 = A19.7 =41.97 Ans.
- 8+SmLS+Sioo:ofwmicmiof%ISEJSH = 8= 40 .
. 10 10 . Deviations from the mean
recision for fourth measurement d, =41.7—41.97=-0.27
(N -
=1 [zE L er-tony o dy=42 —4197=+003
. o1y ] =!-0. 5 =0.95945 Ans. dy =41.8—41.97=-0.17
d. =42 —41.97=+0.03
Example 3 4. A circuit was tuned for resonance by ei i , !

ight different students, and the values d; =42.1-41.97=+ 0.13
reson frequency in kHz were recorded as 532, 548, 943, 535,546, 531, 543 and 536. Calculate (i d. =419 —41.97=-0.07
A ;

the arithmetic mean (ii) deviations from mean (iii) the average deviation (iv) the standarg d.=42.5-41.97=+0.53
= 42.

— _ =+0.03
[Rajasthan Technical Uniy, &m =42 41.97

Electronic Measurements and Instrumentation, 2006-20;

= - A -N
UPS.C. IES. Electrical Engineering.I, 2013 dg =41.9 - awww N M.N
i ) Ari i =418-41.97=-0. iation is d from
Solution: (i) Arithmetic mean, dpp=41 o L ) deviation is calculated fr
A (i) Since the number of reading is 10, which is less than 20, the standard dev
5 4 5 =4 5
F = 532 + 548 + 543 + mumm 546 + 531 + 543 + 536 = a.,w: =539.25kHz Ans, the equation
(it) Deviations from mean, . zd?
n-1
dy = 532-539.25 = - 7.25 kHz Standard deviation,
= . 2, 2, 2
8353020 e R R R Y Y R RV R}
3 =543 - 25 =+3. z s= -
3 10-1
d, =535-539.25 = - 4.25 kHz : i - T 1 (2053 + (0.03F + (00N 2 (0170
dg =546 -539.25 = + 6,75 kHz[ A" = ,\?o.wsn +(+0.03)® +(<0.17)* + (+0.03)° + (+0.13) w (-0.07)* + (+0.5
dg =531 -539.25 = - 8.95 kHz
d; = 543-539.25 = + 3.75 kHz = \o.»ma =0.221 Ans.
dy =536 - 539.25 = - 3.25 kHz

- _ = 221 =0.119 Ans.
(iti) Probable error of one reading, r = 0.6745 x s =0.6745 X 0.221 =0

) 2 ing a voltage:
(iif) Average deviation, Example 3.26. The following 10 observations were recorded when measuring

_ 9.1,41.9,42.0,41.9, 42.5, 41.8.
D= 219l _ 7.26+8.75+3.75 + 4.25 + 6.75 + 8.25 + 3.75 + 3.95 24600 _oooiun Am 417,42.0,41.8,42.0,42.1, 419, he probable error of one reading, (iv) the
T Tn 8 8 . Find: (i) the mean, (ii) the standard deviation, (iii) the p
@) mc::r.:_ variation probable error of mean and (v) range.
! ' Solution: T
i Ch 20 () Ari i X =41.97 V Ans. / eady worked out in Example 3.25
0= [Ed” because number of readings is 8, which is less than (1) Arithmetic Bmws. x Y As already wo
Rl (ii) Standard deviation, s = 0.221 V Ans. —
[ ] - 5% 0.221=0.149 V Ans.
2 2 2 2 . k (&i?) Probable error of one reading, r = 0.6745 s = 0.6745 X
L+ (18.79)° + G794 (4257 + (:6.75)" 1 (8.2 1 (13,75 +(-325) | e P L 09 oy A
8-1 (iv) Probable error of mean, r, = —L— = To-1
= w.m»rzn m fn-1 10-1 )
(v) <ﬂ195na. Ve Ans. (v) Range = 42.5 - 41.7= 0.8 V Ans.
Y S650)2= 12,772 (kH2)?  An, _
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