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Chapter 3 

Analysis of experimental Data 

Errors will creep into all experiments regardless of the care which is exerted. 

Some of these errors are of a random nature, and some will be due to gross blunders on the part 
of the experimenter.  

If such bad points fall outside the range of normal expected random deviations, they may discard 
on the basis of some consistent statistical data analysis. 

Consistent: The elimination of data points must be consistent and should not be dependent on 
what ought to be. 

Causes and types of experimental errors 

The data may be single sample or multisample. 

Ex. For single sample 

If one measures pressure with a pressure gage and a single instrument is the only one used for 
the entire set of observations, then some of the error that is present in the measurement will be 
sampled only once no matter how many time the reading is repeated. 

Ex. For multi sample 

If more than one pressure gage is used for the same total set of observations, then we might say 
that a multi sample experiment has been performed. The number of observations will then 
determine the success of this multi sample experiment in accordance with accepted statistical 
principles.  

Experimental uncertainty: The possible value the error may have. 

Experimental errors: The real errors in experimental data are those factors that are always not 
clear to some extent and carry some amount of uncertainty. 

Types of Errors 

1. Errors gross blunders in apparatus or instrument construction which may invalidate the 
data. Careful experimenter will be able to eliminate most of these errors. 

2. Certain fixed errors which will cause repeated readings to be in error by roughly the same 
amount but for some unknown reason ( systematic errors, or bias errors ). 

3. Random errors: usually follow a certain statistical distribution, but not always. In many 
instances it is very difficult to distinguish between fixed errors and random errors. 

The experimentalist may sometimes use theoretical methods to estimate the magnitude of a fixed 
error. 
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Ex. Consider the measurement of the temperature of a  hot gas stream flowing in a duct with a 
mercury in glass thermometer. 

he heat may be conducted from the stem of the thermometer, out of the body and into the 
surroundings. Heat transfer from the gas to the stem of the thermometer, and consequently the 
temperature of the stem must be lower than that of the hot gas. Therefore the temperature we 
read on the thermometer is not the true temperature of the gas and it will not make any difference 
how many readings are taken we shall always have an error resulting from the heat transfer 
condition of the stem of the thermometer. This is fixed error, and its magnitude may be estimated 
with theoretical calculations based on known thermal properties of the gas and the glass 
thermometer.  

Error analysis on a commonsense basis. 

The uncertainity of final results is due to the instrument accuracy and competence of the people 
using the instruments. This may  be done by common sense analysis of the data which may take 
many forms. 

1. One rule of thumb that could be used is that the error in the result is equal to the 
maximum error in any parameter used to calculate the result. 

2. Another common sense analysis would combine all the errors in the most detrimental 
way in order to determine the maximum error in the final result. 

Ex. Calculation of electric power 

   P=I E 

Where I and E are measured as 

  E = 100 V  ± 2V 

  I = 10 A  ± 0.2 A 

The normal value of power is  

  P= 100 x 10 = 1000 W 

The worst possible in variations in the voltage and current are, 

Pmax =( 100 + 2 ) x (10 + 0.2 ) = 1040.4 W   ( uncertainty = 1040.4−1000
1000

=0.0404 ) 

Pmin = ( 100 – 2 ) x ( 10 – 0.2 ) = 960.4 W 

The uncertainty in the power is +4.04%, -3.96 % 

Uncertainty Analysis 

A more precise method of estimating uncertainty in experimental results has been presented by 
Kline and Mc Clintock. The method is based on a careful specification of the uncertainties in the 
various primary experimental measurements.  
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Ex. A certain pressure reading might be expressed 

        P = 100 kPa ± 1 kPa 

   or P = 100 kPa ± 1 kPa ( 20 to 1 ) 

In other words, the experimenter is willing to bet with 20 to 1 odds that the pressure 
measurement is within  ± 1 kPa. 

Suppose a set of measurements is made and the uncertainty in each measurement may be 
expressed wiyh the same odds. 

  R = R ( x1, x2, x3, ,………. xn ) 

Where R is a given function of the independent variables x1, ….xn . 

Let wR : the uncertainty in the result 

       w1 , w2 …. wn : the uncertanities in the independent variables. 

If the uncertainties in the independent variables are all given wiyh the same odds. Then 
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Uncertainties for product Functions 

𝑅 = 𝑥1𝑎1𝑥2𝑎2 … … … . . 𝑥𝑛𝑎𝑛   take the partial differentiations 
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Ex. P = I E 

    I = 10 ± 0.2 A 

    E = 100 ± 2 V 
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= 2.83% 

Uncertainty for Additive Functions 

R = R (a1x1, a2x2, a3x3, ,………. Anxn )  =   ∑𝑎𝑖 𝑥𝑖 
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Then the uncertainty in the result 
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Note eqn 1 and eqn 2 may be used in combination when the result function involves both product 
and additive terms. 

Ex. The resistance of a copper wire is given by 

 𝑅 =  𝑅𝑜[1+∝ (𝑇 − 20)] 

Where   Ro = 6 Ω ±0.3% is the resistance at 20 oC 

              α = 0.004  oC-1 

              T = 30  ± 1  temperature of wire 

Calculate the resistance of the wire and its uncertainty. 

𝑅 =  6[1 + 0.004(30 − 20)]= 6. 24 Ω  normal resistance 

𝜕𝑅
𝜕𝑅𝑜

 =  1+∝ (𝑇 − 20) = 1+0.004 ( 30-20) = 1.04 Ω 

𝜕𝑅
𝜕𝛼

 =  𝑅𝑜(𝑇 − 20) = 6 ( 30 – 20 ) = 60 Ω 

𝜕𝑅
𝜕𝑇

 =  𝑅𝑜 ∝ = 6 (0.004 )= 0.024 Ω 

WRo = 6 * 0.003 = 0.018 Ω 

Wα = 0.004 * 0.01 = 4 x 10-5 oC-1 

WT = 1 oC 

𝑊𝑅 = [(1.04𝑥0.018)2 + (60𝑥0.00004)2 + (0.024𝑥1)2]1/2 = 0.0305 Ω 

          or   0.0305 Ω / 6.24 Ω = 0.49% 
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