ECE3300 CURL of a Vector Field

Circulation of a vector field
Circulation = ﬂﬁ e Jl =scalar

EXAMPLES
Uniform Field = Circulation =0
B Field around a Current-carrying wire # 0

Conversion from this to CURL.:
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Circulation = iﬁE I
C
Vector perpendicular to surface = [ﬁiﬁcﬁ . &Z]

Take max: [Ziﬁcﬁ . 072]
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Take limir = lim —MCB . az]
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curlB = VxB =
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curl B = circulation of B per unit area.
Defined at a POINT

VxB = NOT a cross product (physical interpretation different because V not a physical
“vector”)
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Other coordinate systems: See back cover.



Vector Identities:

Vx(A+ B)=VxA+VxB
Ve (VxA) =0
Vx(VV)=0 for scalarV

Stoke’s Theorem:

J(vxB)sds=§Bedl

N

Irrotational Field = Conservative Field

if VxB=0
EXAMPLE of STOKE’s THEOREM

Laplacian Operator:

Gradient =VV = x +_07v +_8V
radient = =x—+y—+z—
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Laplacian of scalar =V°V =V e(VV) = 7 + > + P
Laplacian of vector = V2E = ;VZEX +§V2Ey +ZV2EZ

Vector Identity:

V2E =V(VeE)—Vx(VxE)



Biot-Savart Law
Observation: Current-carrying wires deflected compass needle

Recall from electrostatics dE = R’ dq / (4ne R*?)
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The magnetostatic equivalent is dH = (I/4w) (dIx R )/ R?
When integrated:
=L [dIxR
4z R
Units (A/m)

EXAMPLE - square loop of current



