Electromagnetics 1

Homework Solutions #10

(Due date: 2011/05/25)

The full score is 50 points.

1)  Uniformly magnetized sphere.
1la) (5 points) Problem P.6—-26(a) of the textbook.

Answer:

J,=VxM=0

J = (G, c0S0—d,sinO)M xa, =a,M,sin 6

1b) (5 points) Problem P.6-26(b) of the textbook.

Answer:

Apply Eq.(6-38) to a loop of radius bsin@ carrying a current J, bd6:

H 2
dB:C_iZ ﬂO(Jmszbéf))g/bZSIn 9) :C_iz /uOMO S”‘]ge
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1c) (10 points) Follow Problem P.6-26 of the textbook, plot the magnitude of on-axis

13(0,0, 2) , Where
B(0,0,0)

magnetic flux density normalized to that at the spherical center

B =B(x,y,z) isshown in Cartesian coordinates.
Answer:
The z-component of magnetic flux density at position (0,0,z) due to an infinitesimal

ring of width »d6 at azimuthal angle & (the center of the ring is located at
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0,0,z ) is:

1 2
dB =g —tol/ubdO)(bSING) ]
2(z - 2)2 + (bsin 6)*f

=a

/uOJmsvb(b2 SIn2 9) 9
’ 2[(2 —bcosé)? + (bsin 6?)2]3/2 ,

where
z'=bcosé
The total magnetic flux density at (0,0,z) can be derived by integration of dB with

respect to 6 from 0 to «.

14 T T T T

magnetic flux density normalized to that at the spherical center (a.u.
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2) (15 points) Problem P.6—29(a-b) of the textbook.

Answer:

(2) The magnetic flux density B has increased from 0 to B, when ¢ increases

from 0 to t,.

_1 ty _1 7 _1 Ly dd\H _ By
VVl —EJ‘O f)ldf—EJ.O —Ul]dt—EJ.O —(—ﬂzj7dt—jo HdB

(b) In the hysteresis loop of p.259 of the text book, the magnetic field intensity function

of the curve PP} is H,(B), and that of the curve PP, is H,(B).

The work done per unit volume for a cycle of change, W, = %DBB’ H,dB+ J'B; szB}
f f
e 0 -B, -B, 0 B,
=3 [ jB/ H,dB + IB, HdB+| " HdB+ Lg, H,dB + Le;. H,dB+ |, HZdB}
1 (s 0 -B, -B, 0 B,
=~ { IB, H,dB+ IB, HydB+|[ "' HdB+ Lg/ H,dB + LB; H,dB+ szB}

- %{ [ Hap+[" szB} +[ HaB+[ H,dB+ [ [ HaB+[" szg}}
! ! o By

=A,, Area of the hysteresis loop
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3a) (5 points) Find the typical magnitude B,,, of the earth’s magnetic flux density B (in

Tesla).
Answer:

Itis ~ 31 uT at equator; ~ 58 uT at 50° latitude.

3b) (5 points) Consider a hollow solenoid (Fig. 11-2 of the lecture notes) made by copper
wire of radius @ =1 mm. The solenoid has 5 turns per centimeter, and a circular
cross-section of radius 5 =2 cm. What is the current needed to flow along the wire to
generate a magnetic field as strong as the earth’s?

Answer:

31x107°T = NI = 47 x107" x500x I, I =50(mA),

where 14, =47 x107"(H/m) and N =500 (turns/m)

3c) (5 points) Follow Problem 3b, what is the corresponding ohmic power consumption?

Answer:

The conductivity for copper is 1.68><10_8(Q-m) at20 C.

A is the cross section area, which equals to 10,

[ is the wire length per meter, which equalsto 207 .

Because the resistance is defined as: R = pz ,

R=1.68x10"x 227 _0336Q.
1077

The power consumptions is P =I1°R=0.84 mW .
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