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The net electric flux ® i through any closed surface is equal to the net charge @);,, inside divided
by the permittivity constant eg:

7{5 : dg: 47Tinn == an i.e. CIDE == an
€0 €0

with €p = 8.854 x 107 12C2N~"Im—2

The closed surface can be real or fictitious. It is called “Gaussian surface”.
The symbol ¢ denotes an integral over a closed surface in this context.

e (Gauss’s law is a general relation between
electric charge and electric field.

e In electrostatics: Gauss’s law is equivalent
to Coulomb’s law.

e Gauss’s law is one of four Maxwell’s
equations that govern cause and effect in
electricity and magnetism.
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The net magnetic flux ¢ g through any closed surface is equal to zero:

%é-dﬁ’zo.

There are no magnetic charges. Magnetic field lines always close in themselves. No matter how
the (closed) Gaussian surface is chosen, the net magnetic flux through it always vanishes.

The figures below illustrate Gauss'’s laws for the electric and magnetic fields in the context of an
electric dipole (left) and a magnetic dipole (right).
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The circulation integral of the magnetic field B around any closed curve (loop) C' is equal to the
net electric current I~ flowing through the loop:

%é Ldl = pwolc, with pg = 4m X 10_7Tm/A
The symbol ¢ denotes an integral over a closed curve in this context.

Note: Only the component of B tangential to the loop contributes to the integral.
The positive current direction through the loop is determined by the right-hand rule.
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The line integrals ¢ B - d5 along the three Amperian loops are as indicated.

e Find the direction (), &) and the magnitude of the currents I, I, Is.
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An electric current I flows through the wire in the direction indicated.

e Determine for each of the five Amperian loops whether the line integral ¢ B -d3is positive,
negative, or zero.
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e Number of turns per unit length: n = N/L
e Current circulating in ring of width dz’: nldx’

o . . po(nidz’) R?
Magnetic field on axis of ring: dB, =
° g 9 [(z — 2/)2 + R2]3/2

e Magnetic field on axis of solenoid:

B o_ ponl 2/a22 dx’ _ pond T — T T — T2
x 9 . [(CB o 513’)2 + R2]3/2 2 \/(LU _ 331)2 1 R2 \/(33 _ 332)2 + R2

Mol \
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Apply Ampere’s law, %B’ W= wolc, to the rectangular Amperian loop shown.

e Magnetic field inside: strong, uniform, directed along axis.

e Magnetic field outside: negligibly weak.

e Number of turns per unit length: n.

e Total current through Amperian loop: I = nla (I is the currentin the wire).
e Ampeére’s law applied to rectangular loop: Ba = ugnla.

e Magnetic field inside: B = uonl.
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Apply Ampere’s law, %B’ Ldl = wolc, to the circular Amperian loop shown.

e Magnetic field inside: directed tangentially with magnitude depending on R only.
e Magnetic field outside: negligibly weak.

e Number of turns: N.
e Total current through Amperian loop: I = NI (I is the current in the wire).

e Ampere’s law applied to circular loop: B(27rR) = puoN 1.

e NI
e Magnetic field inside: B = FOZZ
2TR
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Consider a long, straight wire of radius R.
The current I is distributed uniformly over the cross section.

Apply Ampere’s law, 7{[3' . df = polc, to the circular loop of radius r < R.

e The symmetry dictates that the magnetic field B is directed tangentially
with magnitude B depending on R only.

e Line integral: ]{E .dl = B(27r).

: . 1 2
e Fraction of current inside loop: oI :
I mR2

polc  polr

e Magnetic field at radiusr < R: B = = :
27T 21 R

e B increases linearly with r from zero at the center.

pol

e Magnetic field at the perimeter: B = :
2TR




Consider a long, straight wire of radius R with current 1.

Apply Ampere’s law, 7{[3' . df = polc, to the circular loop of radius r > R.

e The symmetry dictates that the magnetic field B is directed tangentially
with magnitude B depending on R only.

e Currentinside loop: Io = 1.
e Ampere’s law applied: B(27r) = uol.

L : 1
e Magnetic field atradiusr > R: B = HoZ.
27r B
B
-
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Consider a long coaxial cable, consisting of two cylindrical conductors separated by an insulator
as shown in a cross-sectional view.

There is a current I flowing out of the plane in the inner conductor and a current of equal
magnitude I flowing into the plane in the outer conductor.

Calculate the magnetic field B as a function of the radial coordinate r.
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The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and 5mm. Equal
currents flow through both conductors: I;,; = Izt = 0.03A ® (out). Find direction (T, |) and
magnitude (B1, B3, Bs, B7) of the magnetic field at the four radii indicated (e).

ext

3mm 7mm r
@
1mm 5mm
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The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and 5mm. Equal
currents flow through both conductors: I;,; = Izt = 0.03A ® (out). Find direction (T, |) and
magnitude (B1, B3, Bs, B7) of the magnetic field at the four radii indicated (e).

ext

3mm 7mm r
@
1mm 5mm

Solution:

2n(1lmm)B; = po(0.03A) = By =6uT 1
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The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and 5mm. Equal
currents flow through both conductors: I;,; = Izt = 0.03A ® (out). Find direction (T, |) and
magnitude (B1, B3, Bs, B7) of the magnetic field at the four radii indicated (e).

ext

3mm 7mm r
@
1mm 5mm

Solution:

2n(1lmm)B; = po(0.03A) = By =6uT 1
27 (3mm)B1 = po(0.03A) = By =2uT 1
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The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and 5mm. Equal
currents flow through both conductors: I;,; = Izt = 0.03A ® (out). Find direction (T, |) and
magnitude (B1, B3, Bs, B7) of the magnetic field at the four radii indicated (e).

ext

3mm 7mm r
@
1mm 5mm

Solution:

2n(1lmm)B; = po(0.03A) = By =6uT 1
27 (3mm)B; = pp(0.03A) = By =2uT 1
2 (bmm)B1 = pp(0.06A) = B; =2.4uT 1
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The coaxial cable shown in cross section has surfaces at radii 1mm, 3mm, and 5mm. Equal
currents flow through both conductors: I;,; = Izt = 0.03A ® (out). Find direction (T, |) and
magnitude (B1, B3, Bs, B7) of the magnetic field at the four radii indicated (e).

Solution:

2m(1lmm)B1 = uop(0.03A
27 (3mm)B; = pup(0.03A
27 (bmm)B1 = o (0.06A
27 (Tmm)B; = o (0.06A

)
)
)
)

ext

3mm 7mm
° r
1mm 5mm

= By =6uT 17
= B =2uT 1
= By =24uT
= B =1.71uT 7
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(a) Consider a solid wire of radius R = 3mm.
Find magnitude I and direction (in/out) that produces a magnetic field B = 7T at radius

r = 8mm.
(b) Consider a hollow cable with inner radius R;,; = 3mm and outer radius Rez+ = 5mm.

A current I,,: = 0.9A is directed out of the plane.
Find direction (up/down) and magnitude B2, Bg of the magnetic field at radius r2 = 2mm and

re = 6mm, respectively.
) (b)

Iout

o
S o
3

8mm Omm 2mvm
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(a) Consider a solid wire of radius R = 3mm.

Find magnitude I and direction (in/out) that produces a magnetic field B = 7T at radius

r = 8mm.

(b) Consider a hollow cable with inner radius R;,; = 3mm and outer radius Rez+ = 5mm.

A current I,,: = 0.9A is directed out of the plane.

Find direction (up/down) and magnitude B2, Bg of the magnetic field at radius r2 = 2mm and
re = 6mm, respectively.

(@ (b)

Solution:

Iout

pol

@) TuT = 27 (8mm)

= I =0.28A (out).

o
S o
3

8mm Omm 2mvm
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(a) Consider a solid wire of radius R = 3mm.

Find magnitude I and direction (in/out) that produces a magnetic field B = 7T at radius

r = 8mm.

(b) Consider a hollow cable with inner radius R;,; = 3mm and outer radius Rez+ = 5mm.

A current I,,: = 0.9A is directed out of the plane.

Find direction (up/down) and magnitude B2, Bg of the magnetic field at radius r2 = 2mm and
re = 6mm, respectively.

(@ (b)

Solution:

Iout

pol
27 (8mm)
_ Mo (0.9A)
27 (6mm)

(@) 7uT = = [ = 0.28A (out).

o
S o
3

8mm Omm 2mvm

(b) B2 =0, Beg = 30uT (up).
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The coaxial cable shown has surfaces at radii 1mm, 3mm, and 5mm. The magnetic field is the
same at radii 2mm and 6mm, namely B = 7uT in the direction shown.

(a) Find magnitude (in Sl units) and direction (in/out) of the current I;,+ flowing through the inner
conductor.

(b) Find magnitude (in Sl units) and direction (in/out) of the current I« flowing through the outer
conductor.

1,

emm
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The coaxial cable shown has surfaces at radii 1mm, 3mm, and 5mm. The magnetic field is the
same at radii 2mm and 6mm, namely B = 7uT in the direction shown.

(a) Find magnitude (in Sl units) and direction (in/out) of the current I;,+ flowing through the inner

conductor.
(b) Find magnitude (in Sl units) and direction (in/out) of the current I« flowing through the outer
conductor.
Bl
r
6mm
Solution:

(@) (7pT)(2m)(0.002m) = poling = Iint = 0.07TA (out)
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The coaxial cable shown has surfaces at radii 1mm, 3mm, and 5mm. The magnetic field is the
same at radii 2mm and 6mm, namely B = 7uT in the direction shown.

(a) Find magnitude (in Sl units) and direction (in/out) of the current I;,+ flowing through the inner

conductor.
(b) Find magnitude (in Sl units) and direction (in/out) of the current I« flowing through the outer
conductor.
Bl
r
6mm
Solution:

(@) (7pT)(2m)(0.002m) = poling = Iint = 0.07TA (out)

(b) (7,LLT)(27T) (0006m) = 1o (Iint + Iext) = ILint + lext = 0.21A (OUt)
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