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4. UNITS OF ELECTROMAGNETIC QUANTITIES

______________________________________________________________________________________________________________________________________________________________________


4.  UNITS  OF  ELECTROMAGNETIC  QUANTITIES 


1. The measurement of electromagnetic quantities supposes operating with appropriately defined units, which have to supplement in a natural way the set of previously defined measuring units used in mechanics and thermodynamics. The reasonable use of units supposes that these constitute a coherent system of units, which means that consideration is given to the relationships between units in accordance with the relationships between the measured quantities. This way, the units of most electromagnetic quantities can be defined in function of previously defined units, thus reducing the number of so called fundamental units, whose etalon has to be defined on an experimental basis. It can be shown that a single fundamental unit is sufficient to be added to fundamental mechanical and thermal units (m , Kg , s , SYMBOL 176 \f "Symbol"K)  in view to define subsequently the units of all electro-magnetic quantities. 


The fundamental electromagnetic unit established by the International System of units (IS) is the unit of intensity of the electric conduction current – the ampere. This unit is defined on the basis of Ampere's (electrodynamic) force, acting between two filamentary straight parallel conductors of infinite length, carrying electric conduction currents (fig. 4.1). Such conductors attract each other when the currents flow in the same direction, and repel each other when the currents flow in opposite directions, with an electrodynamic force given by 
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 Fig. 4.1. 

acting on any segment of length  l  of the conductors, where  µ  and  d  are the permeability of the medium and the distance between the filamentary conductors, and  i1  and  i2  the currents carried by them.


An Ampere is the intensity of an electric conduction current which, when carried by each of two filamentary straight parallel conductors of infinite length, placed in free space at 1 meter distance, determines an electrodynamic force of the value 


F/l = 2SYMBOL 215 \f "Symbol"10–7 Newton/meter 

per unit length of each conductor, 


SYMBOL 225 \f "Symbol"iSYMBOL 241 \f "Symbol" = 1 A  .  


2. Starting from this fundamental electromagnetic unit, new units are defined for all other electromagnetic quantities within a coherent system, by making use of the relationships between these quantities.


From equation  i = a + G uC  it follows that the impressed current  a  has the same unit as  i ,  SYMBOL 225 \f "Symbol"aSYMBOL 241 \f "Symbol" = 1 A  . 


From equation  
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  it follows that the unit of the convection current  iC  is the same as that of  i , SYMBOL 225 \f "Symbol"iCSYMBOL 241 \f "Symbol" = 1 A  . 


From equations  
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  and  
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 , it follows the units of current densities  
[image: image6.wmf]S

J

  

  

J

r

r

and

  as  SYMBOL 225 \f "Symbol"JSYMBOL 241 \f "Symbol" = 1A/m2  and  SYMBOL 225 \f "Symbol"JSSYMBOL 241 \f "Symbol" = 1A/m , respectively. 


From the definition  
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  it follows that the unit of impressed current density  
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  is  SYMBOL 225 \f "Symbol"JiSYMBOL 241 \f "Symbol" = 1A/m2 . 


From the definition  
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  it follows that the unit of convection current density  
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  is  SYMBOL 225 \f "Symbol"JCSYMBOL 241 \f "Symbol" = 1A/m2 . 


From equation  
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  it follows that the magnetic voltage  um  has the same unit as  i ,  SYMBOL 225 \f "Symbol"umSYMBOL 241 \f "Symbol" = 1 A  . 


From the definition  
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  it follows that the unit of magnetic field strength  
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  is  SYMBOL 225 \f "Symbol"HSYMBOL 241 \f "Symbol" = 1 A/m  . 


From equation  
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  it follows that the magnetisation  
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  has the same unit as  
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 ,  SYMBOL 225 \f "Symbol"MSYMBOL 241 \f "Symbol" = 1 A/m  . 


From the definition  
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  it follows that the unit of magnetic moment  
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  is  SYMBOL 225 \f "Symbol"mSYMBOL 241 \f "Symbol" = 1 ASYMBOL 215 \f "Symbol"m2  . 


From equation  
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  it follows that the unit of electric charge  q  is  SYMBOL 225 \f "Symbol"qSYMBOL 241 \f "Symbol" = 1ASYMBOL 215 \f "Symbol"1s = 1 C , called  Coulomb . 


From definitions  
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 , it follows the units of charge densities  (V , (S , (L  as  SYMBOL 225 \f "Symbol"SYMBOL 114 \f "Symbol"VSYMBOL 241 \f "Symbol" = 1 C/m3 , SYMBOL 225 \f "Symbol"SYMBOL 114 \f "Symbol"SSYMBOL 241 \f "Symbol" = 1 C/m2 , SYMBOL 225 \f "Symbol"SYMBOL 114 \f "Symbol"LSYMBOL 241 \f "Symbol" = 1 C/m , respectively. 


From equation  
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  it follows that the electric flux  (   has the same unit as   q ,  SYMBOL 225 \f "Symbol"(SYMBOL 241 \f "Symbol" = 1 C  . 


From the definition  
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  it follows the unit of electric displacement  
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  as  SYMBOL 225 \f "Symbol"DSYMBOL 241 \f "Symbol" = 1 C/m2  . 


From equation  
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  it follows that the electric polarisation  
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  has the same unit as  
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 ,  SYMBOL 225 \f "Symbol"PSYMBOL 241 \f "Symbol" = 1 C/m2  . 


From the definition  
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  follows the unit of the electric moment  
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  as  SYMBOL 225 \f "Symbol"pSYMBOL 241 \f "Symbol" = 1 CSYMBOL 215 \f "Symbol"m  . 


From equation  P = uC i  it follows that the unit of electric voltage  u  is  SYMBOL 225 \f "Symbol"uSYMBOL 241 \f "Symbol" = 1W/1A = 1 V , called  Volt . 


From equation  uC + e = R i  it follows that the impressed electric voltage  ei  has the same unit as  u ,  SYMBOL 225 \f "Symbol"eiSYMBOL 241 \f "Symbol" = 1 V  . 


From the definition  
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  it follows that the unit of electric field strength  
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  is  SYMBOL 225 \f "Symbol"ESYMBOL 241 \f "Symbol" = 1 V/m  . 


From the definition  
[image: image31.wmf]ò

×

=

r

r

r

d

e

i

i

E

  it follows that the unit of the impressed electric field strength  
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  is  SYMBOL 225 \f "Symbol"EiSYMBOL 241 \f "Symbol" = 1 V/m  . 


From the relationship between the electric voltage and the electric potential, when the later can be defined,  
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 , it follows that the potential  V  has the same unit as  u ,  SYMBOL 225 \f "Symbol"VSYMBOL 241 \f "Symbol" = 1 V  . 


From the definition  
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  it follows that the electromotive force  e(  has the same unit as  u ,  SYMBOL 225 \f "Symbol"eSYMBOL 241 \f "Symbol" = 1 V  . 


From equation  
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  it follows that the unit of magnetic flux (  is  SYMBOL 225 \f "Symbol"(SYMBOL 241 \f "Symbol" = 1VSYMBOL 215 \f "Symbol"1s = 1 Wb , called  Weber . 


From the definition  
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  it follows the unit of magnetic flux density  
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  as  SYMBOL 225 \f "Symbol"BSYMBOL 241 \f "Symbol" = 1Wb/1m2 = 1 T , called Tesla . 


From equation  uC + e = R i  it follows that the unit of electric resistance  R  is  SYMBOL 225 \f "Symbol"RSYMBOL 241 \f "Symbol" = 1V/1A = 1 SYMBOL 87 \f "Symbol" , called  Ohm . 


From equation   
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   it follows that the unit of electric resisitivity  (   is   SYMBOL 225 \f "Symbol"SYMBOL 114 \f "Symbol"SYMBOL 241 \f "Symbol"  =  1 SYMBOL 87 \f "Symbol"

SYMBOL 215 \f "Symbol"m  . 


From equation  i = a + G uC  it follows that the unit of electric conductance  G  is  SYMBOL 225 \f "Symbol"GSYMBOL 241 \f "Symbol" = 1A/1V = 1 S , called  Siemens  (or, sometimes,  mho). 


From equation   
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   it follows the unit of electric conductivity   (    as   SYMBOL 225 \f "Symbol"SYMBOL 115 \f "Symbol"SYMBOL 241 \f "Symbol"  =  1 S/m  . 


From equation  
[image: image40.wmf]P

E

D

r

r

r

+

=

0

e

  it follows that the unit of permittivity is given by  
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 , where a new unit was introduced as   
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 , called  Farad . 


From equation  
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  it follows that the unit of permeability is given by  
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 , where a new unit was introduced as  
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  , called  Henry . 


Other units for electromagnetic quantities can be introduced according with the definition of such quantities, as it will be seen in chapters  6  and  7  (as, for instance, are the units of electric capacitance or inductance, already used above). 
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