Statistical analysis of error in measurement

When we measure any physical quantity our measurements are effected
by a multi factors, must be used statistic method in analyze an error.
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1. Arithmetic mean : The sum of a set of numbers divided by the
total number of pieces of data.
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Where:
Xn = nth reading taken.
n = total number of readings.

2. Deviation: The difference each piece of test data and the
arithmetic mean.

bl Jas giall 5 HLaaY) Ul e Al JS (3l 1a)_asY)

3. The average deviation: is an indication of the precision of the
instrument used in measurement or the sum of the absolute values
of the deviation divided by the number of readings.
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Where:
/d1 /+/d2 /+/d3 /+...+/dn / = absolute value of deviations.

4. The standard deviation: is the square root of the sum of all the
individual deviations squared, divided by the number of readings.
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For small readings (n<30) the denominator is (n—1) .
(N-1)a8d 55 (n<30) 3 sl il all

Example: From the following data (X1 = 49.7, X2 =50.1, X3 =50.2,
X4 =49.6, X5 =49.7),

calculate:

a) Arithmetic mean,

b) Deviation of each value,

c) Algebraic sum of the deviations

d) Calculate the average deviation,




e) Calculate the standard deviation.

- X +X X, XX
s B AL e S 49.7+50.l+50.2+49.6+49.7: 2493 — 4086

! ) )

b) d,=X,~X =497 - 49.86=-0.16, d,= 50.1 ~49.86 = 0.24, ;= 50.2 ~ 49.86 = 0.34,
d,=49.6-49.86 =- 0.26, d = 49.7-49.86 = - 0.16.
o) dyy=-0.16+024+034-026-0.16=0

total ~—

GG 016+024+034+026+006
n = : - 03
2 2 2 2 2

6) §= Jd1+d2+d3+d4+d5 - [22-\0073=072

n-1

Limiting Error

Most manufacturers of measuring instrument state that an instrument
IS accurate within a certain percentage of a full-scale reading.

For example, the manufacturer of a certain voltmeter may specify the
instrument to be accurate within £ 2% with full-scale deflection.

O Ama Ay e At Gana 4880 55 o JSH (bl 5 jeal daiiadl)l IS A alies
By S0 rae g (el dziiaal) AS AN 2aad a8 (JUW) Juw e ALK se) gl
il JalS ol jaih xa 7Y £ 250 83 e




Example: A 300V voltmeter is specified to be accurate within £ 2 at full-
scale, Calculate the limiting error when the instrument is used to
measure a 120V source. The magnitude of the limiting error is:

Limiting error = accuracy x full-scale = 0.02 x 300 = 6V

Limiting error

Limiting error % =

x 100 % = —— x 100% = 5V
120

Reading

HW./1

600V voltmeter is specified to be accurate within £ 2% at full scale.
Calculate the limiting error when the instrument is used to measure a
voltage of 250V.

Example: A 0 to 150V voltmeter has accuracy of 1% of full-scale
reading. The theoretical (true) expected value we want to measure it is
83V.

Determine the practical (measured) value and the percentage of error.

Sol.:
Tolerance = accuracy X Viqp = 1% X 150 = 1.5V
Measured value = true £ tolerance = 83 £ 1.5 = 84.5V Or 81.5V

The percentage of error is:

/83 -81.5/

x100% = 1.81%

i d 83 -84.5
/true - measure /x]00%= / /xlOO"/o= 1.81% Or =

true 83 83
or =LETT] 100 =2/ x100% = 1.81%

true 83 _
If we want to measured anther readings on the same range and determine the error. Suggest
we take true 60V and 30V.

/£ Tolerance/ /£1.5/ [£1.5/

Error = we—x 100% = x100% = 2.5% , Error = x100% = 5%
true 60 30

Errors =

Or Err




Example: To measured unknown resistor by ammeter and voltmeter
method. A voltmeter of sensitivity 1000 Q/V, connect in parallel with
the resistor reads 100V on its 150V scale (range), while the series
ammeter read SmA.

Calculate the apparent value of the resistor, actual value, and the error.

100V
—O—

Rx

d"A"A" f

-

/TA) 5mA

Sol.: vo100
|- The apparent value of the resistor is: Ry, = wem = e = 20K
[ SmA

2- The actual of the resistor by taking the resistance of voltmeter in
consider 1s:
R, = 1000 51507 = 150K0
o Rap_xR

act.

b= QX103 050

Ry—R,, 150-20
' actual — apparent 23.05-20

3- The percent error 1s: Error = X100% = === x100% = 13.22%
actual 23.05

R




Moving Coil Instruments

There are two types of moving coil instruments namely, permanent
magnet moving coil type which can only be used for direct current,
voltage measurements and the dynamometer type which can be used on
either direct or alternating current, voltage measurements.
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Permanent Magnet Moving Coil Mechanism (PMMC): In PMMC
meter or (D'Arsonval) meter or galvanometer all are the same
instrument, a coil of fine wire is suspended in a magnetic field produced
by permanent magnet. According to the fundamental law of
electromagnetic force, the coil will rotate in the magnetic field when it
carries an electric current by electromagnetic (EM) torque effect.
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Mathematical Representation of PMMC Mechanism:

Assume there are (N) turns of wire and the coil is (L) in long by (W) in
wide. The force (F) acting perpendicular to both the direction of the
current flow and the direction of magnetic field is given by:
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F=N.B.Il.L
Where:-

N: turns of wire on the coil, I: current in the movable coil B: flux
density in the air gap, L: vertical length of the coil Electromagnetic
torque is equal to the multiplication of force with distance to the point of
suspension:

T11 = NBIL in one side of cylinder, TI2 = NBIL in the other side of
cylinder The total torque for the two cylinder sides: Tl = 2[NBIL ]=
NBILW = NBILA where A: effective coil area

1- D.c Ammeter: An Ammeter is always connected in series with a
circuit branch and measures the current flowing in it. an ideal
ammeter would be capable of performing the measurement without
changing or distributing the current in the branch but real
ammeters would possess some internal resistance.
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Extension of Ammeter Range: Since the coil winding in PMMC
meter is small and light, they can carry only small currents (uA-
1mA). Measurement of large current requires a shunt external resistor

to connect with the meter movement, so only a fraction of the total
current will passes through the meter.
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Example: If PMMC meter have internal resistance of (10Q ) and full
scale range of ImA. Assume we wish to increase the meter range to 1A.

Sol. So we must connect shunt resistance with the PMMC meter of
Rsh=0.01001Q

. IR 3
g S — L1010 _ 4 410010
= ] —1x1073




