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GRAVITATIONAL – ELECTRIC FIELDS 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ELECTRIC FIELD LINES 

  

€ 

 
E • d

 
A = qin

εo
∫∫Gauss’s law 

DIPOLE 



ELECTRIC DIPOLES 



TORQUE – CROSS VECTOR PRODUCT 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SCALAR AND VECTOR PRODUCT 

Scalar product of two vectors 
A and B -> C=AB cosα
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B 

VECTOR PRODUCT C=AxB 



Cross product – Right hand rule 
Amplitude 



MAGNETISM - EXPERIMENTS 
MAGNETIC PROBE  COMPASS  IS A PERMANENT MAGNET   

Definition of N and S poles  N attracts S of 
needle.  

Long range force. 
Acts only on 

magnetic materials. 
Iron, Ni, Co FORCES 





Earth’s Magnetic Field 

What creates the earth’s magnetic field ? 
Field reversal – last one 





What Else Creates a Magnetic Field 
Oersted -1819 -> Effect of an electric in a compass current in a compass  
electric current creates a magnetic field 



So what is a magnetic field ? 

Nothing more than a way to visualize and calculate long range forces 
on objects in the vicinity of currents or permanent magnets. 

Magnetic Field Properties:  
•  B field created at all points in space surrounding a current or a magnet 
•  The B field at each point is a vector (magnitude + direction) 
•  B field exerts forces on magnetic poles. Force on N pole parallel to B.   
Force on S pole anti-parallel to B 



Magnetic Field Lines. Why ? What ? 

•  Nothing more than another convenient way to visualize magnetic forces 
•  Imaginary lines with the following properties: 

•  The magnetic field is tangent to the lines  
•  The field lines are closer together when the amplitude is larger 



MAGNETIC FIELD DUE TO A CHARGE 

Biot –Savart law 

Direction by RH rule 

Only moving charges 
create B 

Units of B: Tesla 
1 Tesla=1 T=1 N/Am 

µο=4π x 10‐7 Tm/A






Magnetic Field due to a Current Element 

Biot – Savart Law 

How do we get this law ? 



MAGNETIC FIELD DUE TO A CURRENT 

Convention 

  

€ 

ΔQ v = ΔQΔ
 s 
Δt

=
ΔQ
Δt

Δ
 s = IΔ s 

  

€ 

 
B Δs(
 r ) =

µo

4π
IΔ s × ˆ r 

r2 Biot-Savart 



B Field of a long wire 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Take z1-∞ and z2+∞ to find  
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Show that the above formula is valid as long as ρ<<l where l is the length of the wire 





B FIELD DUE TO LONG WIRE 





B field of a current loop 



B field of a current loop 



Magnetic Dipole 

Compute on axis B for z>>R 
For z=0 and on axis the fields 
produced by k and j are equal 
and add so that we get 
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Adding all segments results in replacing 
Δθ by π so that we get 
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B(ρ = 0,z = 0) = (µo /2π )(I /R)
At a distance z≠0 each element creates a z and ρ component. The ρ components of 
two anti-diametrical arcs are antiprallel and cancel out leaving only the z-component 
that add.  This modifies the previous result to 
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Magnetic Dipole 
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 


