T1
Measurement results
1. Basic concepts
Measured quantity - a property of a phenomenon, body or substance that can be distinguished qualitatively and quantitatively determined.

Quantity value 
- quantity expression in the form of a number and a corresponding unit of 
Unit of measure 
- conventionally assumed value of the unit.

Measurement
- a set of operations aimed at determining the quantity value; it based on comparison of the measured value with the model of this quantity and the designation of the quantitative relationship between them. Measurements are made using measuring tools, i.e. measuring instruments and standards.
Standard
- a measuring tool that reproduces a unit of measure quantity; it can also express other values. 

Measurement result 
- quantity value obtained during the measurement; the reading of the device's indication is called the reading result.

Accuracy
 - assesment of measurement accuracy can be calculated in the way based on the concept of standard uncertainty.
Direct measurement - the result obtained directly from the readings of the measuring instrument.
Indirect measurement - measurement result obtained from measurements of other quantities, related to the formal relationship with the measured quantity
2. Method of presenting the measurement result
Reliable measurement results are presented with sufficient accuracy with a range of uncertainty owing to the use of the measurement method, used instruments or measuring properties of an object.
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where:  X – the symbol of measured quantity, x  – quantity value,  

U(X) - uncertainty, presented with an absolute value,  

                 [X] - unit of the measured quantity; 
                    p – confidence level.          
The measurement result also gives its relative uncertainty, usually expressed as a percentage:
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Measurement result determines the range of values [x - U(X)] ... [x +U(X)], inside which there is probably a real value. Uncertainty calculations are based on typical values of confidence levels p: 0,68; 0,95; 0,99; 0,997.
For most measurements performed with moderate accuracy, the confidence level of 0.95 is most often assumed. 

        Examples: U = (2,3608 (0,0012)V,  Ur(U)=0,051% ,   p=0.99


            R = (7,60 ( 0,07)(,  Ur(R)= 0,9% ,   p=0,95

The most commonly used multiples and submultiples of units shown in the following array.
	Multiplier
	Prefix
	Mark
	Example

	1012

109
106
103
10-3
10-6
10-9
10-12
	tera

giga

mega

kilo

mili

mikro

nano

piko
	T

G

M

k

m

(
n

p
	21,6T(
120G(
1,25 MW

400 kV

854 mA

3,650 (H

10,4 nF

0,74 pA


3.  Approximate numbers - significant digits
In order to simplify the number determined in significant digits. In the decimal notation of a number, significant digits are all of its digits, omitting the initial zeros. 

Examples:  102,700 has 6 significant digits, 

0,0123 has 3 significant digits,
 1000,5 has 5 significant digits.
Number 14000, with 4 significant digits we can write   1,400 104.

Number 1000, with 2 significant digits we can write   1,0 103.

Value 1500 W, with 3 significant digits we can write   1,50 kW.

Value 750 A, with 2 significant digits we can write   0,75 kA.

4.  Principles of simplifying (rounding) numbers
By reducing the number of significant digits in a number or value, the result is approximated. The number of omitted significant digits is determined by the desired approximation accuracy, which results from the adopted criteria. There are strict rules for simplifying numbers and values.
	Rule I

If the first of the rejected numbers is less than 5, the rounded number remains unchanged.



Example: Number 1263,5 simplified to 3 significant digits give the result 1,26 103.

                  One significant ditit gives


1,2635 103 , result 1 103.

	Rule II

If the first of the rejected numbers is greater than 5, then the last digit of the simplified number is increased by 1.



Example: Number 0,7635 write with one significant digit.

                                   Round result:  0,8
	Rule III

If the first of the rejected numbers equals 5, and non-zero digits between the digits, we increase the last digit of the rounded number by 1.


            Example: Value 12653,8 (H  write with 3 significant digits.

                              Round result: 12,7 mH

	Rule IV

If the first of the rejected numbers equals 5, and all subsequent digits are zeros, then the last digit of the approximate number:
· remains unchanged when it is even,

· is increased by 1 when it is odd.



Examples: Value 126500 V  present with 3 significant digits.

                       Result: 126 kV

                  Value 0,785500 W  present with 3 significant digits.

                       Result: 786 mW

5. Rules for rounding measurement results
Development of the measurement final result should be started to simplify the measurement uncertainty, and then - do the same with the reading value of the measurement. 
	Rule V

Uncertainty is represented by a number with 2 significant digits.
If the resolution of the measurement does not allow it,
it is necessary to present uncertainty with a number with 1 significant digit.



The measurement resolution is expressed in units of the measured quantity and determines the smallest change in the measured value to which the instrument reacts. In measurements it is an important quantity because it results in the so-called resolution error, affecting the accuracy of measurements.

For analogue instruments (with indicator) the measurement resolution depends on its accuracy class and is related to the accuracy of the reading. For class of laboratory instruments (0.2 and 0.5), the measurement resolution corresponds to the value of 0.1 or 0.2 of the elementary scale. For technical classes, i.e. 1 and larger, the measurement resolution usually corresponds to the value of 1/2 elementary scale.
For digital instruments the measurement resolution depends on the last digit.  

Example1: analogue voltmeter, range Un =10V, (max=100i and resolution  (o( = 0.2i, has measurement resolution:
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Example2: Reading from digital ohmmeter: R=0,983( and resolution is 1m(.

Example3: Simplify given uncertainties to 2 significant digits:
U(I) = 0,1203 A=0,12 A
U(U) = 126,8 mV = 130 mV=0,13 V

U(R) = 67,5( = 68(
         U(C) = 138 mF = 0,14 F 
Attention: Relative values of uncertainty are usually presented in two significant figures.
Example 4: Ur(I) = 1,365% = 1,4%

                  Ur(U) = 0,34500% = 0,34%

                  Ur(R) = 0,0135% = 0,014% 

The final writing of the measured result is subject to the following rules:
	Rule VI

The last significant digit of the measured value
should appear on the decimal position
the last digit of significant uncertainty.


Examples: Write measurement results 
-  R = 1263,85( = 1,26385k(,   U(R) = 63,3( = 0,0633k( = 0,063k(,

           finally:  R = (1,264 ( 0,063)k(
               -  U = 76,3581 V ;  U(U) = 0,07305 V = 0,073 V,
                             finally:  U = (76,358 ( 0,073) V
               -  l = 5326,5 m =5,3265 km ; U(l) = 72,63 m = 0,073 m,   .

         finally:  l = (5,326 ( 0,073) km.
              -  U= 18243 V =18,243 kV.   U(U) = 374,2 V = 0,3742 kV = 0,37 kV, 

          finally:  U = (18,24 ( 0,37) kV.
	Rule VII

Uncertainty presented by 1 significant digit
should have a value greater than before rounding
(we're talking about rounding upwards).

Exception: Uncertainty should be rounded down if its value does not decrease by more than 10%.


Example: Voltage reading: U=126V. calculated uncertainty: U(U) =1,65V. Finally we have U=(126 ( 2)V

  R = 1,22 k(  ;  U(R) = 65,2( = 0,0652k( = 0,07k(,


                    finally:  R = (1,22 ( 0,07)k(.
-  t = 125,7 ms ; U(t) = 0,141 ms = 0,2 ms (condition „10%”),

      finally: t = (125,7 ( 0,2) ms
Rounding error can be calculated from formula:
 δp=[(0,1ms – 0,141ms) / 0,141ms]·100% =29% 
#
Do it at home:
-  l =10755,2 m 
      U(l) =125,3 m              l=(10,76(0,13) km   Ur(l)=1,2%
-  I = 1,08657 A
      U(I) =1,852 mA           I=    

      Ur(I)=

-  U =129,9V
      U(U) =955 mV            U=

      Ur(U)=

-  B = 0,03267500 T  U(B) = 0,00001050 T  B=

      Ur(B)=

-  R = 125,556(
      U(R) = 0,34165(         R=

      Ur(R)=               

-  C = 1925,8 (F 
      U(C) =0,02165 nF        C=

      Ur(C)=

-  L = 7355 (H
      U(L) = 1,4058 (H        L=

      Ur(L)=

-  P = 10,065 m          U(P) = 0,1950 mW      P=

      Ur(P)=               

-  U = 152 V
      U(U) = 1,1090 V          U=

      Ur(U)=

Opracował: D.D.
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