ELECTROMAGNETICS THEORY

BEKP3553

1-2006/2007
Tutorial 4: (Assignment 2; 5-8 students in a group; Due 2nd October 2006)
Magnetostatics
A. Magnetic Force and Torques
1) The rectangular loop shown below consists of 20 closely wrapped turns and is hinged along the z-axis. The plane of the loop makes an angular of 300 with the y-axis, and the current in the windings is 0.5A. What is the magnitude of the torque exerted on the loop in the presence of a uniform field
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? When viewed from above, is the expected direction of the rotation clockwise or counterclockwise?
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2) In a cylindrical coordinate system, a 2m long straight wire carrying a current of 5A in the positive z-direction is located at r = 4cm, 
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a) If 
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 , what is the magnetic force acting on the wire?

b) How much work is required to rotate the wire once about the z-axis in the negative 
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-direction (while maintaining r = 4cm)?

c) At what angle 
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 is the force maximum?

3) A 20 turns rectangular coil with side 
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 is placed in the y-z plane as shown below.

a) If the coil, which carries a current I = 10A, is in the presence of a magnetic flux density 
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. Determine the torque acting on the coil.
b) At what angle 
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 is the torque zero?
c) At what angle 
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 is the torque maximum? Determine its value.
[image: image13.png]20-tarn coil




 
B. Biot-Savart Law

4) An 8 cm
[image: image14.wmf]´

12cm rectangular loop of wire is situated in the x-y plane with the center of the loop at the origin and its long sides parallel to the x-axis. The loop has a current of 25A flowing clockwise (when reviewed from above). Determine the magnetic field at the center of the loop.
5) Two infinitely long, parallel wires are carrying 6A currents in opposite direction. Determine the magnetic flux density at point P shown below.
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6) Two parallel, circular loops carrying a current of 20 A each are arranged as shown below. The first loop is situated in the x-y plane with its center at the origin, and the second loop’s center is at z = 2 m. If the two loops have the same radius a = 3 m, determine the magnetic field at 

a) z  = 0 
b) z  = 1 m.

c) z  = 2 m.
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C. Forces between currents
7) The long, straight conductor shown below lies in the plane of the rectangular loop at a distance d = 0.1 m. The loop has dimensions a = 0.2 m and b = 0.5 m, and the currents are I1 = 10A and I2 = 15A. Determine the net magnetic force acting on the loop. 
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8) A square loop placed as shown below has a 2m sides and carries a current I1 = 5A. If a straight, long conductor carrying a current   I2 = 10A is introduced and placed just above the midpoints of the two loop’s sides, determine the net force acting on the loop.    
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D. Magnetic Potential
9) In a given region of space, the vector magnetic potential is given by 
[image: image19.wmf])
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a) Determine magnetic flux density (B)
b) Calculate the magnetic flux passing through a square loop with 0.25m long edges if the loop     is in the x-y plane, its center is at the origin, and its edges are parallel to the x- and y- axes. (Useful formula: 
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c) Calculate 
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10) A thin current element extending between z = -L/2 and z = L/2 carries a current I along positive z-axis through a circular cross-section of radius a.

a) Find A at a point P located very far from the origin (assume R is so much larger than L that point P may be considered to be at approximately the same distance from every point along the current element).
b) Determine the corresponding
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E. Magnetic Boundary Conditions
11) The x-y plane separates two magnetic media with magnetic permeability 
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 and 
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as shown below. If there is no surface current at the interface and the magnetic field in medium 1 is 
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Find:

a) H2
b) 
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c) Evaluate H2, 
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 for H1x = 3 A/m , H1y = 0, H1z = 4 A/m, 
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12) Given that a current sheet with surface current density 
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 exists y = 0, the interface between two magnetic media, and H1 = 
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 in medium 1 (y>0), determine H2 in medium 2 (y<0). 
13) The plane boundary defined by z = 0 separates air from a block of iron. If 
[image: image33.wmf]z

y

x

B

ˆ

8

ˆ

6

ˆ

4

1

+

-

=

v

in air
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F. Inductance
14) Obtain an expression for the self inductance per unit length for the parallel wire transmission line of figure below in terms of a, d and 
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, where a is the radius of the wires, d is the axis to axis distance between the wires, and  
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 is the permeability of the medium in which they reside.
[image: image40.png]Radius a

(b) Coaxial transmission line

Figure 4-27
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