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Example 5.10

𝑑𝐵 𝒓 =
𝜇0
4𝜋

 𝐼 ×  𝓇

𝓇2
𝑑𝑙′ =

𝜇0
4𝜋

 𝐼 ×  𝓇

𝓇3
𝑑𝑙′

According to Biot-Savart law, the field at r 
due to current element at r’ is

We may as well  put r in xz plane (fig.5.39)

So its Cartesian coordinates are  𝑟 = (𝑥, 0, 𝑧)

While the source coordinates are

𝑟′ = (𝑠′𝑐𝑜𝑠∅′, 𝑠′𝑠𝑖𝑛∅′, 𝑧′)  𝑟 = (𝑥, 0, 𝑧)
𝐼𝑠

∅

y

x

𝐼
𝐼𝑧



 𝓇 = (𝑥 − 𝑠′𝑐𝑜𝑠∅′, −𝑠′𝑠𝑖𝑛∅′, 𝑧 − 𝑧′)

Since the current has no ∅ component.  𝐼 = 𝐼𝑠  𝑠 + 𝐼𝑧  𝑧
or in cartisian coordinates

 𝐼 = (𝐼𝑠𝑐𝑜𝑠∅
′, 𝐼𝑠𝑠𝑖𝑛∅

′, 𝐼𝑧)
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 𝐼 ×  𝓇 =
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But there is a symmetrically situated current element at  𝑟′′,with the same s′,
the same 𝓇, the same 𝑑𝑙′, the same 𝐼𝑠, the same 𝐼𝑧, but the negative ∅′
(Fig. 5.39) Because 𝑠𝑖𝑛∅′changes sign, the  𝑥 and  𝑧 contributions from  𝑟′

and  𝑟′′ cancel, leaving Only a  𝑦 term.
Thus the field at  𝑟 is in the  𝑦 direction, and in general the field points in the 
 ∅ direction.

Now field inside the toroid is circumferential. So applying the Ampere’s  Law

 𝐵. 𝑑𝑙=𝜇0𝐼𝑒𝑛𝑐

𝐵2𝜋𝑠 = 𝜇0𝐼𝑒𝑛𝑐
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Problem 5.14

By the right hand rule, the field points in the − 𝑦 direction for z>0, and
in the + 𝑦 direction for Z<0

At z=0, B=0. Use the amperian loop shown: 

 𝐵. 𝑑𝑙 = 𝐵𝑙 = 𝜇0𝐼𝑒𝑛𝑐 = 𝜇0𝑙𝑧𝐽

𝐵 = −𝜇0𝐽𝑧  𝑦 For (−𝑎 < 𝑧 < 𝑎)

Inside the Slabe



Problem 5.14

Outside the Slab

For z > 𝑎
𝐼𝑒𝑛𝑐 = 𝜇0𝑙𝑎𝐽

 𝐵. 𝑑𝑙 = 𝐵𝑙 = 𝜇0𝐼𝑒𝑛𝑐 = 𝜇0𝑙𝑎𝐽


