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OVERVIEW 

•  COMPARE E-FIELD TO B-FIELD PROPERTIES 
–  FIELDS, FIELD LINES, DIPOLES 

•  COMPUTE B-FIELDS DUE TO CURRENTS 
•  BIOT-SAVART, LONG WIRES, CURRENT LOOPS, 

SOLENOIDS 
•  AMPERE’s LAW – EQUIVALENCE TO GAUSS’s LAW 

•  MAGNETIC FORCES ON MOVING CHARGES  
•  MAGNETIC PROPERTIES OF MATTER - MRI 



LAST TIME 

BIOT-SAVART LAW 

Direction by RHS rule 
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Field due to a long wire 
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Biot-Savart:  Circular Arc-> Circle  
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B field of a current loop 



B field of a current loop 







Remember 
from 

Electrostatics  
  

€ 

UE = −
 p ⋅
 
E 

UM = −
 
µ ⋅
 
B ?

τE =
 p ×
 
E 

τB =
 
µ ×
 
B ?



Magnetic Dipole - Example 33.5 
Compute on axis B for z>>R 

Bk perpendicular to Δsk and r.  
The ρ-component of of Bk is 
cancelled by the ρ component of Bj. 
Same for all anti-diametric 
segments. We are thus left by only a 
z-component. Need to compute only 
(Bk)z=Bk cosφ. 

Magnetic Dipole moment 



MAGNETIC DIPOLE 



LOOP – FLAT MAGNET 
EQUIVALENCE 

A FLAT PERMANENT PERMANENT MAGNET AND A CURRENT LOOP 
(ELECTROMAGNET) GENERATE THE SAME MAGNETIC FIELD  

 THE FIELD OF A DIPOLE 



EARTH’s FIELD – LOOP OR NOT ? 



Ampere’s Law 





GAUSS’s LAW 





LINE INEGRALS – AMPERE’s 
LAW 
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A for each 
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Test 
Ampere’s  

law 









AMPERE’s LAW 











OVERALL FIELD 





SOLENOIDS 

What is a solenoid – A device that creates a uniform 
magnetic field inside and zero outside (in both cases 
almost uniform and almost zero) 
Who needs it . Electronic devices, MRI machines, 
Fusion machines etc 



How to make a solenoid 





B FIELD INSIDE A SOLENOID 

n is turns per unit length (e.g. per meter) 


