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Magnetic Forces (1) 

Hall effect: 

← Hall field 

Magnetic force: 
)N(BuF ×= qm
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uaJ NqJy == 0

BuF ×=→ qsteadynet , 0=

BuE ×−=→ h → Hall effect 
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dBudxEV
d

hh 000
==→ ∫ ← Hall voltage 

eq −=←

NqBJE zyx /1/ =→ ← Hall coefficient 

For an n-type semiconductor: 

What if for a p-type semiconductor? 

D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 

→ Vh will be reversed. 

→ To determine  N 

hqE+
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Magnetic Forces (2) 

Magnetic force on the differential length element dl: 
BuF ×= dlNqSd m

Newton’s third law 
of action and reaction 

)N(BlF ×=→ Idd m
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Cm dI BlF

For two circuits carrying current I1 and I2: 
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→ Ampère’s law of force 

→ dl along the direction of I 

“Biot-Savart law” 
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Magnetic Forces (3) 
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For two circuits carrying current I1 and I2: 
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Newton’s third law 
of action and reaction 
verified! 

0)( =∇×∇← V
Recall: 

Recall: “back-cab” rule 
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Example 6-21 

For two parallel current-carrying wires: 
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12 aB −=→ ← Ampère’s circuital law 
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→ Attraction for currents in the same direction 
→ Repulsion for currents in opposite directions D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 
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Magnetic Forces and Torques 

Magnetic flux density: 

Forces on the loop: 

//BBB += ⊥

raFB ∝→
⊥

→ Radial symmetry 

)(
//,1 upwardd zaF B −∝→

)(
//,2 downwardd zaF B +∝→

→ Rotational motion 
→ Torque 

Torque on the loop: 
φsin)(2 bdFd xaT =

φφ sin)sin(2 // bIdlBxa=
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D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 

)( ⊥⊥ = BzaB

→ No net contribution 
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Forces and Torques - Stored Magnetic Energy (1)  

System of circuits with constant flux linkage: 

Work done by the source 

ms dWdWdW +=

Mechanical work 
done by the system 

Increase in the stored 
magnetic energy 

Principle of virtual displacement: 

Virtual displacement dl with no changes in flux linkages 

→ No emf → No energy from to the source to the system 

ms dWdWdW +=→

lF ddW ⋅= Φ

)N(mW−∇=→ ΦF

Magnetic forces: 

Magnetic torques: 
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Forces and Torques - Stored Magnetic Energy (2)  

System of circuits with constant currents: 

Virtual displacement dl with constant currents 

dtVIdW k
k

ks ∑=→

→ Emf induced → Energy from the source to the system 

)N(mI W∇=→ F

Magnetic forces: 

Magnetic torques: 
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→ Flux linkage changed 
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Force and Torque in Terms of Mutual Inductance 

For two circuits with currents I1 and I2: 
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Magnetic force between two circuits: 

Magnetic torque between two circuits: 
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Example 6-23 

System of circuits with constant currents: 

System of circuits with constant flux linkage: 

gapairmm WddW )(=→
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D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 

Magnetic flux 

Sy
NI

c 0/2 µ+
=

R

Magnetic flux 

Magnetic flux linkgage 

)N(
0

2

Sy µ
Φ

−= a



11 

Example 6-24 

Force between two coaxial circular coils: 
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D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. θµ
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D. K. Cheng, Field and Wave Electromagnetics, 2nd ed., Addison-Wesley, 1989. 
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