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Engineering Electromagnetics 1


 Final Examination

Fall 2002









October 30, 2002

12:30 – 2:30 PM    

Student’s Name: 









DIRECTIONS: Answer all questions. Report all work for credit. List all assumptions. This exam is OPEN BOOK & NOTES. Print your name on all pages. Remember to specify UNITS for all answers. Use proper NOTATION.

Part I: Knowledge (5 questions; 5 points each)

1. Write down any two of the Maxwell’s equations and provide a physical interpretation for them.

2. Suppose no charged particles existed in the universe. Write down the four Maxwell’s equations in this case.

3. Write down the Lorentz Force Law, explaining each of the terms. Based on the law, how would a charged particle move inside (a) an electrostatic field, and (b) a magnetostatic field.

4. Suppose a uniform electric field exists in the room in which you are taking this exam such that the field lines are horizontal and at right angles to one wall. As you walk towards the wall from which the lines of force emerge into the room, are you walking toward

(a) Points of higher potential?

(b) Points of lower potential?

(c) Points of the same potential (along an equipotential line)?

5. Which of the following is not a source of magnetostatic fields?

(a) A dc current in a wire.

(b) A permanent magnet.

(c) An accelerated charge.

(d) An electric field linearly changing with time.

Part II: Analysis (10 points)

6. Figure 6 shows a portion of an electrostatic paint sprayer mechanism consisting of the spray nozzle and an electrostatic focusing chamber. Paint particles are charged to Q coulombs and are sprayed from the nozzle. The particles are focused in a chamber set up with a potential variation given by

V = x2+y2-z
(a) If the nozzle is located at (0, 0, 0.5) m, what is the direction in which the paint particles will initially travel?

(b) What will be the particle direction at location (1, 1, 2)?

[image: image1.wmf]
Figure 6: Electrostatic paint sprayer mechanism.

Part III: Design (25 points)

7. [image: image2.wmf]You’ve just graduated with a BS from Rowan’s ECE program and have accepted a job at Agilent’s Biomedical Instrumentation Division. As part of your first project assignment, you are required to design the front-end amplifier of an Electrocardiogram (ECG) monitoring system. The system consists of a set of electrodes that are attached to the patient’s body at various locations – biopotentials at these locations are monitored by feeding the signal from each electrode into amplifier stages for subsequent signal processing and display. The entire system is shown in Figure 7(a).

Figure 7(a): ECG monitoring system.

For maximum power transfer, it is critical that the total impedance observed at the electrode lead is matched to the input impedance of the amplifier stage. So, your first task is to design an buffer or impedance matching network for coupling the electrode to the amplifier. This situation is illustrated in Figure 7(a).

In order to determine the total impedance at the electrode lead, you must model the electrode-skin interface. The electrode is attached to the skin surface using a gel. The skin itself consists of the epidermal layer and beneath it the dermal and subcutaneous layers. This arrangement is illustrated in Figure 7(b).

Implement your impedance matching network design by performing calculations in the following steps:

(a) Model the electrode as a parallel resistor-capacitor combination. Calculate the equivalent resistance and capacitance of the electrode layer. Assume that the electrode contact cross-sectional area is 1 cm2.

(b) Model the gel as a pure resistance. Calculate the equivalent resistance of the gel layer.

(c) Model the epidermis as a parallel resistor-capacitor combination. Calculate the equivalent resistance and capacitance at the epidermal layer.

(d) Ignore the impedance presented in the dermal and subcutaneous layers (this is negligible). Calculate the net impedance present at the electrode lead at a frequency of 1 kHz.

(e) Compute the impedance required at the input of the buffer stage for maximum power transfer.

[image: image3.bmp]
Figure 7(b): The electrode-skin interface.

Some useful material properties required for calculations:

· Conductivity of electrode = 6.3E+07 S/m; Relative permitivity of electrode = 2.25

· Conductivity of gel = 4E+07 S/m

· Conductivity of epidermis = 5.0E-08 S/m; Relative permitivity of epidermis = 1.2

Make other reasonable assumptions as necessary.
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