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Problem Set 4
1) Nilsson & Riedel, Problem 6.21, but change the 80 H inductor to a 2 H inductor.  (You may first want to work the problem as it was originally stated, and check your answer in the back of the book before you rework the problem with the change specified above.)

2) Nilsson & Riedel, Problem 6.26, but change the 5 μF capacitor with an initial voltage of 5 V to a 10 μF capacitor with an initial voltage of  0 V. Also find the initial charge on this equivalent capacitor.  (You may first want to work the problem as it was originally stated, and check your answer in the back of the book before you rework the problem with the change specified above.)

3) Nilsson & Reidel, Problem 9.18, but double the value of the inductor, double the values of each of the two resistors, and halve the value of the capacitor.  Use phasor analysis and the CURRENT DIVIDER formula to solve this problem.  Besides finding the inductor voltage vo(t), also find the steady state expression for the current flowing into the (+) terminal of the inductor, i0(t).  (You may first want to work the problem as it was originally stated, and check your answer in the back of the book before you rework the problem with the change specified above.)


4) An electrical engineering student decides to make a “hot dog cooker” by hammering two nails (spaced 6” apart) in a wooden board and connecting a standard 60 Hz electrical power cord to the two nails.  (DO NOT try this at home, since there is a significant electrical shock hazard!)   The student measures the resistance of a hot dog that is impaled upon the two nails to be 1 kΩ.  

a) What time-average power is dissipated in the hot dog, if the power cord is plugged directly into a 60 Hz, 120 V, rms ac household electrical power socket?  (Hint: Recall that the rms value of a periodic voltage waveform is defined as the equivalent dc voltage that would produce the same time-average heating effect when the voltage is connected across a resistor.)
b) The student decides to make the hot dog cook more slowly by adding a capacitor in series with the hot dog. Use the voltage divider equation to find the capacitor value that must be added in series with the hot dog in order to reduce the time-average power dissipated in the hot dog to a value that is ½ the original value found in Part (4a).

c) Use the voltage divider equation to calculate the peak voltage (not the rms voltage!) that the capacitor of Part (4b) must be capable of withstanding.  (Note: when you buy a capacitor, you must specify both its capacitance and also its peak voltage rating.)

d) If the capacitor in series with the hot dog is chosen to be 2.0 μF, instead of the value calculated in Part (4b), find expressions for the steady-state (time-domain) sinusoidal voltage across the hot dog, vhotdog(t), the current through the hot dog, ihotdog(t), and the voltage across the capacitor vC(t). (Remember that the peak sinusoidal voltage is its rms value multiplied by the square root of 2.) From these vhotdog(t), ihotdog(t), and vC(t) expressions, find expressions for the instantaneous power absorbed in both the hot dog, photdog(t), and the capacitor, pC(t).  Finally, from photdog(t) and pC(t), calculate the time-average power dissipated in both the hot dog, Photdog_avg and in the capacitor, PC_avg.  Would you expect the capacitor get warm in this circuit?  Explain your answer. Also explain why it is more “energy efficient” to use a series capacitor to reduce the hot dog power dissipation instead of a series resistor?
e) Now consider the circuit of Part (4d) with no hot dog impaled on the nails.  If the student accidentally touches one nail with the right hand and the other nail with the left hand, effectively becoming a “human hot dog”, find the rms magnitude of the ac current that flows through the student’s body.  Then determine the “physiological reaction” of the student using Table 2.1 of Nilsson & Riedel (assume that the current values quoted in Table 2.1 are rms values).  Note: The resistance of the human body is mainly concentrated at the metal/skin interface, since the outer layer of your skin, the epidermis, consists of dead, dry, and non-conductive skin cells.  Once inside the saline-filled tissues of the human body, electrical current encounters relatively little resistance.  Assume, for the purposes of this problem, that the resistance of the metal/skin interface between the nail and the right hand is 15 kΩ, the internal resistance of the saline-filled human body (from hand to hand) is 1 kΩ, and the resistance between the left-hand and the other nail is 15 kΩ.  


5) In the RLC circuit shown below, the sinusoidal voltage source is given by 
                             vs(t) = 100cos(2π175t) Volts.  
Let us represent this source in the sinusoidal steady state by the phasor VS = 100 V.  
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a) Use the VOLTAGE DIVIDER formula to solve for the phasor voltages across the three passive components, VR, VC, and VL.  Express each of these phasors in both Cartesian and in polar form.

b) Show that KVL is indeed satisfied in the phasor domain: VS = VR + VC + VL.
c) Show that KVL is NOT satisfied by the peak values of the sinusoidal voltages across the source, resistor, capacitor and inductor, as would be measured using a digital voltmeter in the laboratory.  In other words, show that |VS| (the magnitude of the phasor voltage sourceVS) is not equal to the sum of the magnitudes of the three passive component voltages, |VR| + |VC| + |VL|.   Recall that you made a similar observation in Laboratory Project #2.

d) When a voltage is divided between two or more series-connected resistors, it is easily shown that the voltage appearing across any one of these resistors can never be greater than the source voltage, since all voltages in a purely resistive circuit are “in-phase.”  Explain why, in the series-connected RLC circuit considered in this problem, it is possible for the peak sinusoidal steady-state voltage measured across the L and the C elements to be greater than that of the source.  Hint: first explain why the inductor and capacitor voltage sinusoids will always be 180 degrees out of phase with each other in any series-connected RLC circuit.

This problem set is due by 9 AM on Tuesday, January 11, 2005
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