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• Calculating the magnetic field due to a current 

• Force between two parallel currents 

• Ampere’s law 

• Magnetic fields of a solenoid and toroids 

 

What we will learn 



Magnetic Fields Due to Currents 



Calculating the magnetic field due to a 

current 

The magnitude of the field dB produced at point 

P at distance r by a current length element i ds 

turns out to be 

 

 

where q is the angle between the directions of 

and , a unit vector that points from ds toward P. 

Symbol m0 is a constant, called the permeability 

constant, whose value is 

 

 

Therefore, in vector form 



Calculating the magnetic field due to a 

current 

In a straight wire In an circular arc of a wire 

The magnitude of the 
magnetic field at a 

perpendicular distance R 
from a long (infinite) 

straight wire carrying a 
current i is given by 



Calculating the magnetic field due to a 

current 





Calculating the magnetic field due to a 

current 





Force between two parallel currents 



Force between two parallel currents 



Ampere’s Law 

Curl your right hand around the Amperian loop, with the 

fingers pointing in the direction of  integration. A current 

through the loop in the general direction of  your 

outstretched thumb is assigned a plus sign, and a current 

generally in the opposite direction is assigned a minus sign. 
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Ampere’s Law 

Ampere’s Law, Magnetic Field Outside a 
Long Straight Wire Carrying Current: 



Solenoid 

Each turn produces circular 

magnetic field lines near itself. 

Near the solenoid’s axis, the field 

lines combine into a net magnetic 

field that is directed along the axis. 

The closely spaced field lines there 

indicate a strong magnetic field. 

Outside the solenoid the field lines 

are widely spaced; the field there 

is very weak. 



Toroids 

where i is the current in the toroid windings (and is 

positive for those windings enclosed by the Amperian 

loop) and N is the total number of turns. This gives 



Solenoid  



Solenoid 
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