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Introduction  

 Measurement is concerned with scientific methods for collecting, organizing, 

summarizing, presenting and analyzing data, as well as drawing valid conclusions and making 

reasonable decisions on the bases of such analysis. 

Discrete and continuous variables 

 A variable is a symbol, such as X, Y, H,  , B, which can assume any of a prescribed set of 

values.  

A variable which can theoretically assume any value between two given value is called a 

continuous variable otherwise it is called a discrete variable.   

Graphs 

 A graph is a pictorial presentation of the relationship between variables; many types of 

graphs are employed in statistics, depending on the nature of the data.  

Frequency distribution 

 Numerical data, including scientific measurements as well as industrial and social 

statistics are often presented graphically to aid their appreciation. 

 Raw data 

Raw data are collected data which have not been organized numerically. An example is the set 

of masses of 100 male students obtained from an alphabetical listing of university records. 

 Arrays  

 An array is an arrangement of raw data in ascending or descending order of magnitude.  

The difference between the largest and smallest numbers is called the range of the data. 

 

 

 Frequency distribution 
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When summarizing large masses of raw data it is often useful to distribute the data into 

classes or categories and to determine the number of individuals belonging to each 

class, called the class frequency. 

A tabular arrangement of data by classes together with the corresponding classes 

frequencies is called frequency distribution or frequency table. 

 General rules for forming frequency distribution 

1- Determine the largest and smallest numbers in the raw data and thus fined the range. 

2- Divided the range into convenient number of class intervals having the same size. 

3- Determine the number of observations falling into each class interval. 

 

 Histograms and Frequency Polygon     

1- A histogram or frequency histogram consists of a set of a rectangles having: 

a) Bases on a horizontal axis with centers at the class marks and lengths equal to the class 

interval size. 

b) Area proportional to class frequencies. 

If the class intervals all have equal size, the height of the rectangles are proportional to 

the class frequencies, and it is then customary to take the height numerically equal to 

the class frequencies. 

2- A frequency polygon is a line graph of class frequency plotted against class mark. It   

can be obtained by connecting midpoint of the tops of the rectangles in the 

histogram. 

 

 The size or width of a class interval 

The size or width of the class interval is the difference between the lower 

and upper class boundaries and is also referred to as the class width or class 

size. 
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 The Class Mark 

The class mark is the midpoint of the class interval and is obtained by adding the lower 

and upper class limits and dividing by two. 

Relative frequency distribution: 

The relative frequency of a class is the frequency of the class divided by the total 

frequency of all classes and is generally expressed as a percentage. 

If frequencies in the above frequency table are replaced by corresponding relative 

frequencies, the resulting table is called a relative frequency distribution.  

Types of frequency carves 

 Frequency carves arising in practice take on certain characteristic shapes: 

A) Symmetric or bell shaped frequency curves. 

B) A symmetrical or skewed frequency curves. 

C) J shaped or reverse J shaped curves. 

D) A U shaped frequency curves. 

E) A bimodal frequency curves. 

F) A multimodal frequency curves. 

 

The Mean, median, Mode   

The Average: 

An Average is a value which is typical or representative of a set of data. 

Several types of averages can be defined, the most common being the arithmetic mean 

or briefly mean, median , mode, etc.  

The arithmetic mean: 



Measurement  Chapter One 

4 
 

 The arithmetic mean or the mean of a set of N numbers (X1, X2, X3,……,XN) is denoted by 

X¯ ( read X bar) and is defined as: 

𝑋 =
𝑋1 + 𝑋2 + 𝑋3……… . . +𝑋𝑁

𝑁
=

 𝑋

𝑁
 

The median: 

 The median of the set of numbers arranged in order of magnitude (i.e. in array) is the 

meddle value or the arithmetic mean of two Meddle values. 

If there is an even number of items there are two meddle values. And if there is an odd 

number of items there is only one meddle values. 

The mode 

 The mode of sets of numbers is that value which occurs with the greatest frequency, i.e. 

it is the most common value. 

Empirical Relation between mean, median and mode  

 For unimodel( unimodel having one mode only), we have the empirical  relation:  

                                           Mean – mode = 3 (mean – median) 
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Chapter Two 

Interpretation of result 

Measures of dispersion 

 A very important characteristic of a set of data is the dispersion or scatter of the data 

about some value as the mean.  

1-The Range:  

 The range of the frequency distribution if defined as the difference between the least 

and the greatest values of the variable. This is a very sample measure of dispersion and has of 

courselimitation because of its simplicity. 

2- The mean deviation:   

The mean deviation of a set of N number (X1, X2, X3,……,XN) is defined by:  

                    Mean Deviation=  M.D.=  

Where  : is the arithmetic mean of the number and  

:is the absolute value of the deviation of X  from . 

(the absolute value is the number without the associated sign and is indicated by two vertical 

line around the number).   

3- The Standard deviation: 

The most important measurement of dispersion is the standard deviation, usually denoted by 

S, it is defined in terms of the square of the deviation from the mean as follows: 

If d1, d2, d3, ….,dN are the deviation of the data (X1, X2, X3,……,XN), then  

S =  

Or          S=[ (d2
1, d2

2, d3
2, …., dN

2)/ N]1/2 
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Thus S is the root mean square  of the deviation from the mean or it is some times called the 

root mean square deviation. 

The Variance : 

The Varianceof a set of data is defined as the square of the standard deviation and is thus 

given by  S2 . 

Empirical Relation betweenMeasures of Dispersion : 

In the normal distribution we find that the Empirical Relation between the mean deviation and 

standard deviation is  

Mean Deviation = 4/3 (Standard Deviation). 

Best estimate of precision: 

From N measurement we first calculate the mean , and then find the deviation of 

each measurement , finally find the mean square deviation so 

The width of frequency distribution (2 n
2) is defined as: 

2 n
2=nσn

2 /(n-1) 

And the best estimate of σ is the best estimate of  Precision of apparatus: 

S = [(x1-xn)
2
 + (x1-xn)

2
+ ….+(x1-xn)

2
 / (n-1)]

1/2
 

Absolute  and Relative Dispersion : 

The actual variation  ordispersion as determined from the Standard deviation or other measure 

of dispersion is called the absolute dispersion.  

Relative  dispersion  = Absolute dispersion / Average. 

If the absolute dispersion is the Standard deviation  S  and the average is the mean, so the 

relative dispersion is called the coefficient of variation  or coefficient of  dispersion : 

V = S/ . 
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Standardized Variable: 

The variable   Z = (X - ) / S 

Which measures the deviation from the mean in unit of the standard deviation is called a 

standarized  variable and is a dimensionless quantity. 
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Chapter Three 

Curve Fitting and the method of Least Square  

Introduction  

Very often in practice a relation is found to exist between two or more variable . It is frequently 

desirable to express this relationship in mathematical form by determine an equation connecting 

the variables. 

Curve Fitting: 

To aid in determining an equation connecting variable, a first step is the collection of data 

showing corresponding values of the variables under  consideration. 

Let X & Y representing the hight and weight of adult males. 

Then plot the point (X1,Y1), ( X2, Y2),  …, (XN, YN),on a rectangular co- ordinate system. The 

resulting set of point is sometimes called a scatter diagram.  

From the scatter diagram it is often possible to visualize a smooth curve approximating the data. 

Such a curve is called an approximating curve. 

The general problem of finding equations of approximating curves which fit given sets of data 

is called curve fitting. 

Straight Line 

The simplest type of approximating curve is a straight line, whose equation can be written as: 

Y = ao + a1 X 

Given any two points (X1, Y1), and (X2, Y2), on the line ,the constant ao  and  a1 can be 

determine . 

When the equation is written in the form above , the constant a1 is the slope (m) . the constant 

ao , which is the value of Y when X=0, is called the Y intercept. 

Method of Least Square: 

To avoid individual judgment in constructing lines , Parabolas or other approximating 

curves to fit set of data, it is necessary to agree on a definition of a best fitting line. 
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The least square line approximating the set of points (X1, Y1), and (X2, Y2),…., has the 

equation       Y = ao + a1 X 

Where the constant ao and a1 can be found from the formula  

ao= 
 𝑌  𝑋2−  𝑋  𝑋𝑌

𝑁  𝑋2− ( 𝑋)
2  

  

a1= 
𝑁 𝑋𝑌−  𝑋   𝑌

𝑁  𝑋2− ( 𝑋)
2  

there is two type of relationship between variable linear relationship and Nonlinear 

relationship. The Nonlinear relationship can some times be reduce to linear relationship 

by appropriate transformation of variable . 

The regression: 

To estimate the value of a variable Y corresponding to a given value of a variable X. 

This can be done by estimating the value of Y from the least square curve ,the resulting 

curve is called a regression curve of Y on X. 

y =  
 𝑥𝑦

 𝑥2 𝑥 

If we estimate the value of X from the value of Y we use the regression curve of X on Y. 

x =  
 𝑥𝑦

 𝑦2 𝑦 

The Correlation : 

Now we consider the closely related problem of correlation or the degree of relation 

between variable, which seek to determine how well a linear or other equation describe 

the relation between variable. 

If Y tends to increase as X increase , so the correlation is called positive or direct  

correlation, and if Y decrease as X increase, the correlation is called negative or inverse 

correlation.  
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If all points to lie near some curve, the correlation is called non- linear equation. 

If there is no relationship between the variables we say that there is no correlation 

between them. 

If a linear relation between two variable , so the correlation coefficient is: 

r = 
 𝑥𝑦

  𝑥2  𝑦2
 

wherex= X - ‾X   &y = Y - ‾Y  , this formula show the symmetry between X and Y. 

In perfect correlation the coefficient of correlation equal to zero. 
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Chapter Foure 

Errors of Observation  

Introduction  

All measurements in physics and in science generally are inaccurate in some degree, so that 

what is sometimes called the accurate value or the actual value of physical quantity, such as the 

length , a time interval or a temperature. 

Of course the aim of every experiment is necessarily to make the error in his measurement as 

small as possible,. The difference between the observed value of any physical quantity and the 

accurate value is called the error of observation. Such error follow no simple law and in general 

arise from many causes, such as some lack of precision or uniformity of the instrument or 

instrument used or from the variability of the observer, or from some small changes in other 

physical factors which control the measurement. The errors usually grouped as accidental and 

systematic, although it is sometimes difficult to distinguish between them and many errors. 

Errors and Fractional Errors:   

If a quantity xo unit is measured and record as x units we shall call (x-xo)the error  in  xo  , and 

denote it usually by ( e ). It might be positive or negative but we shall assume throughout that 

its numerical value is small compared with that of  xo , we can write: 

    x= xo+ e= xo (1+ f) 

wheref =  e / xo   and is known as the fractional error in xo . 

Error in Product : 

If a quantity Q is expressed as the product of (ab) where (a) and (b) are measured quantity have  

fractional errors f1 and  f2  respectively, we have : 

 Q= a/b 

Q = aobo( 1+  f1 +  f2 ) 

Error  in  a quotient : 

If a quantity Q is expressed as the quotient  a/b where again  (a) and ( b) have  fractional errors 

f1 andf2respectively, we have : 

Q= a/b 
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Q = ao/bo( 1+  f1-f2 )  

 

Error in a sum or difference  

If If a quantity Q is expressed as the sum of two quantity  a and b, having errors e1 and e2 we 

have     

Q = a + b  

    = ao + bo + e1 + e2 

e=  e1+ e2 

f = 
𝑒1 + 𝑒2

ao + bo
  = 

ao 𝑓1 + bo𝑓2

ao + bo
 

where  f1 and f2 are the fractional errors in a and b respectively. 

If e1and e2 are known ,eand  f can be calculated. 

The fractional error  f depends on the values of ao and boas well as on f1 and f2and varies 

between wide limits. 
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Chapter Five 

Elementary Probability Theory 

Classical Definition of Probability : 

Suppose an event E can happen in (h) ways out of a total of  n possible equally ways. Then the 
probability of occurrence of the event ( called its success) is denoted by: 

P = Pr {E} = h/n 

The probability of non- occurrence of the event called its failure is denoted by: 

    q = (n-h) /n = (n/n) –(h/n) = 1- p 

thus  p + q = 1   ,  q = 1- P 

The probability of an event is a number between (0) and (1), if the event cannot occur, its 
probability is (0) , if it must occur , its probability is (1). 

Combination: 

the combination of n different objects taken (r) at a time is selection of (r) out of the n 
objects with no attention given to the order of arrangement. The number of combination 
of  n  objects taken  r  at a time is denoted by   nCr , C(n,r) , Cn,r , and is given by  

nCr=
 ! !(   )! 

There are two types of probability distribution : 

1-discret probability distribution . 

a) binomial distribution . 

b) poisons distribution  

2-continuous probability distribution . 

  a) Gaussian  distribution. 
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Binomail  distribution: 

This distribution has a wide range of practical applications ranging from sampling 
inspection to the failure of rocket engine. This kind of distribution deal with discret 
random variable X, which can take values , x1, x2, x3, …, xN , with probability  p1, p2, 
…,pN, where  

p1+ p2+  …+pN = 1 , and Pi≥ 0, for all i, then this defines a discrete probability 
distribution for X.  

If P is the probability that an event will happen in any signal trial (called the probability 
of a success) and (q = 1-p)   is the probability that it will fail to happened in any single 
trial ( called the probability of a failure) then the probability that the event will hand 
nType equation here.appen exactly X times in (n) trial is given by  

P(x) = nCxpx q(n-x)  =   ! !(   )!px q(n-x)
 

Where x= 0, 1, 2, ..,n! = n(n-1) (n-2)…1,      0!= 1 

The simple case of probability  when n=2 

1) 2-trial 

If two trial are made , the sample space consist of the four points SS, SF, FS, FF. 

a) Probability(2 successes) = P(SS)= P(S) P(S)= P2 

b) Probability (1 successes) = P(SF) + P(FS) =P(1-p) + (1-P) P 

                                         = 2P(1- P) 

c) Probability (0 successes) =P(FF) 

     = (1- P2) 

2) n trials 

Every possible ordering of (r) success and (n-r) failure will have the same probability , 

Px (1-P)n-x  . thus we have  

P (exactly x successes) = nC xpx q(n-x)   
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Properties of the binomial distribution  

1) the mean = µ= np 

2) The variance σ2 = npq 

3) Standard deviation= σ =      . 

Poisson distribution 

The discrete probability distribution   ( ) =        ! X= (0, 1, 2, …) 

Where  e= 2.718… and λ is a given constant, is called the Poisson distribution. 

The properties of Poisson distribution  

1- Mean = λ. 

2- variance = λ. 

3- Standard deviation = (λ) ½ . 

The normal (Gaussian) distribution : 

One of the most important examples of a continuous probability distribution is the normal 
or Gaussian distribution defined by the equation : 

 =  1 √2   (    )      

Where µ = mean, σ= standard deviation. 

The properties of normal distribution  

1- mean= µ. 

2- variance = σ2. 
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3- standard deviation = σ. 

 

 

  

 

 


