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2020 – 2021 MEEC  PART 1 
Biot - Savart LAW : 
Consider arbitrarily shaped wire 
carrying a current I. Let 𝑑𝑙 be a 
length segment along the wire. 
The field dB at a distance r from 
the length segment is 

𝑑𝐵 =  
𝜇௢

4𝜋
 
𝐼 𝑑𝑙 𝑠𝑖𝑛𝜃

𝑟ଶ
 

where θ is the angle between 𝑑𝑙ഥ  
and 𝑟̅. In vector form , 

𝑑𝐵തതതത =  
𝜇௢

4𝜋
 
𝐼 𝑑𝑙ഥ  𝑋 𝑟̅

𝑟ଷ
 

Direction of 𝑑𝐵തതതത is given by the cross product of 𝑑𝑙ഥ  𝑋 𝑟̅ 

Magnetic field due to a current carrying straight infinite (long) wire 
We need to find the magnetic field 𝐵ത  at a point P 
which is at a perpendicular distance of R from the 
wire. Let us consider a small current element 𝐼 𝑑𝑙ഥ  at a 
distance r from P 

𝑑𝐵 =  
ఓ೚

ସగ
 
ூ ௗ௟ ௦௜௡ఏ

௥మ
  

and t  he direction as given by 𝑑𝑙ഥ  𝑋 𝑟̅ is into the paper. 
Assuming symmetry of the upper half and lower half 

𝐵 = 2 ∫ 𝑑𝐵
ஶ

଴
 = 2 

ఓ೚

ସగ
 ∫

ூ ௗ௟ ௦௜௡ఏ

௥మ

ஶ

଴
  

BUT 𝑟 = √𝑙ଶ + 𝑅ଶ   and sin(180 − 𝜃) = 𝑠𝑖𝑛𝜃 =  
ோ

௥
=

ோ

ඥ௟మାோమ
 

Thus, 𝐵 =
ఓ೚ூ

ଶగ
 ∫

 ௗ௟ 

௟మାோమ
.

ோ

√௟మାோమ

ஶ

଴
=  

ఓ೚ூோ

ଶగ
∫

 ௗ௟ 

(௟మାோమ)
య
మ

ஶ

଴
 

𝐵 =
𝜇𝑜𝐼𝑅

2𝜋
 

1

𝑅2
=  

𝝁𝒐𝑰

𝟐𝝅𝑹
 

NOTE: If you want to consider for only one half then 𝐵 =
𝜇𝑜𝐼

4𝜋𝑅
 

Thus the field is inversely proportional to the distance from the wire 

Magnetic field due to a current carrying Circular arc of a wire 
Consider a circular arc AB, carrying a current I and 
subtends an angle θ at the center of the circle O, of which 
this arc is a part. Let r be the radius. By Biot-Savart law 

𝑑𝐵 =  
ఓ೚

ସగ
 
ூ 𝑑𝑙 ௦௜௡ఏ

௥మ
=   

ఓ೚
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ூ ௗ௟ ௦௜௡ଽ଴

௥మ
=  

ఓ೚

ସగ
 
ூ ௗ௟

௥మ
 

The direction is into the plane of the paper at O. Total 
field at O is 

𝐵 =  න 𝑑𝐵 =
𝜇𝑜

4𝜋
 න

𝐼 𝑑𝑙

𝑟2

𝐵

𝐴
=

𝜇𝑜

4𝜋
 න

𝐼 𝑟𝑑𝜃

𝑟2

𝜃

0
==

𝝁𝒐

𝟒𝝅
 
𝑰𝜽
𝒓

 

Where θ is in radians 

NOTE: For a full circle 𝐵 =
𝜇𝑜

4𝜋
 
𝐼2𝜋

𝑟
=

𝜇𝑜𝐼

2𝑟
  

Axial Magnetic field due to a current carrying Circular loop 
Consider a circular loop in the xy plane, of radius R 
and center O, carrying a current I. We need to 
calculate the magnetic field at point P which is z away 
from the center and along the z-axis. Let us consider 
an element 𝑑𝑙ഥ  on the loop and P is 𝑟̅ away from 𝑑𝑙ഥ . 
𝑟ଶ = 𝑅ଶ + 𝑧ଶ  

𝑑𝐵 =  
𝜇௢

4𝜋
 
𝐼 𝑑𝑙 𝑠𝑖𝑛𝜃

𝑟ଶ
 

But θ=90, angle between 𝑑𝑙ഥ  𝑎𝑛𝑑 𝑟̅ 

𝑇ℎ𝑢𝑠, 𝑑𝐵 =  
𝜇௢

4𝜋
 
𝐼 𝑑𝑙 

𝑟ଶ
=

𝜇௢

4𝜋
 

𝐼 𝑑𝑙 

𝑅ଶ + 𝑧ଶ
 

𝑑𝐵തതതത is perpendicular to 𝑑𝑙ഥ  𝑎𝑛𝑑 𝑟̅. Resolving dB into its 
components 𝑑𝐵௭ = 𝑑𝐵 𝑐𝑜𝑠𝜃 and 𝑑𝐵⟂ along z-axis 
and perpendicular to z-axis respectively. For all such elements on the ring 
the sum of all 𝑑𝐵⟂ will cancel out. Hence only z components remain 

 

Thus, 𝐵 = 𝐵௭ = ∫ 𝑑𝐵௓ =
ఓ೚

ସగ
𝐼 ∫

ௗ௟ .௖௢௦ఏ

௓మାோమ  
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𝑅

𝑟
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𝑅
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𝑇ℎ𝑢𝑠, 𝐵௭ =
𝜇𝑜
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NOTE:  

If z=0 (at the center point O), 𝐵 =
𝜇𝑜𝐼

2𝑅
 𝑎𝑛𝑑 

𝜇𝑜𝑁𝐼

2𝑅
 if there are N turns  

For a very large distance z >> R, 𝐵௭ =
𝜇𝑜
2

𝐼𝑅
2

𝑧3 =
𝜇𝑜
2𝜋

𝐼𝐴

𝑧3 =
𝜇𝑜
2𝜋

𝑚

𝑧3  
where A=πR2 and m=magnetic moment = IA 
In vector form 𝑚ഥ = 𝐼𝐴̅ 𝑎𝑛𝑑 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝐴̅ 𝑖𝑠 𝑝𝑒𝑟𝑝𝑒𝑛𝑑𝑖𝑐𝑢𝑙𝑎𝑟 𝑡𝑜 𝐴 

𝐵௭
തതത =

ఓ೚

ଶగ

௠ഥ

௭య, Both 𝐵௓
തതത and 𝑚ഥ  are perpendicular to the plane of the loop 

Force on Two long current carrying parallel wires : 
Consider two long parallel straight conductors with currents I1 and I2 
flowing through them as shown. The magnetic field 
due to wire 1 on 2 will be  

B1= 
ఓ೚ூభ

ଶగௗ
 

Force by Lorentz law will be 

𝐹ଶଵ = 𝐵ଵ𝐼ଶ න 𝑑𝑙 

For L length of wire 𝐹ଶଵ = 𝐵ଵ𝐼ଶ𝐿 

Force per unit length of wire2 = 𝐵𝐼ଶ =  
𝝁𝒐𝑰𝟏𝑰𝟐

𝟐𝝅𝒅
 

Similarly Force per unit length on wire 1 will be =  
𝝁𝒐𝑰𝟏𝑰𝟐

𝟐𝝅𝒅
 

Both these forces will be attractive in nature.  
If the currents were in opposite direction then the magnitude of the 
forces will be the same but they would be repulsive in nature. 

Electric and Magnetic Force 
Electric Force Fe = qE where E is the electric field 
Magnetic force Fm=qBv sinθ where v is the velocity of the charge q in a 
magnetic field B and θ is the angle between 𝑣̅ and 𝐵ത.  
In vector form, 𝐹௠

തതതത = 𝑞 𝑣̅𝑋𝐵ത  
Thus for magnetic force to exist, the charge must be in motion in a 
magnetic field. The direction of this force is given by Flemings Lefthand 
rule and is perpendicular to both 𝑣̅ 𝑎𝑛𝑑 𝐵ത. Since the magnetic force is 
perpendicular to displacement, hence it does no work. Thus, magnetic 
force can change the direction of the particle but not its speed.  

NOTE: Unit of B is Tesla (T) .   1 T = 104 gauss 
 
EXTRA: 

𝐹௠ = 𝑞𝑣𝐵𝑠𝑖𝑛𝜃 =  𝐼𝑡 𝑣 𝐵𝑠𝑖𝑛𝜃 = 𝐼 
𝐿

𝑣
 𝑣 𝐵𝑠𝑖𝑛𝜃 = 𝐵𝐼𝐿 𝑠𝑖𝑛𝜃 

𝐹௠ = 𝐵𝐼𝐿 𝑖𝑓 𝜃 = 90௢, 𝑎𝑛𝑔𝑙𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑣̅ 𝑎𝑛𝑑 𝐵ത 


