ELEC 105
Fundamentals of Electrical Engineering
Spring 2010
Homework Assignment #7 – due in class Monday, Apr. 12, 2010
(revised 4/6/10; due date extended)

Problems 3.25, 3.68, 4.5, and 4.16 in the textbook, plus the following additional problems:

1. How many time constants does it take for a capacitor to discharge to 1% of its initial voltage?

2. [This problem is adapted from one in the textbook.]  Suppose that we are designing a cardiac pacemaker circuit.  The circuit is required to deliver pulses of 1-ms duration to the heart, which can be modeled as a 500- resistance.  The peak amplitude of the pulses is required to be 6 V.  However, the battery delivers only 1.5 V.  Therefore, as shown below, we decide to charge four equal-value capacitors in parallel with the 1.5-V battery and then switch the capacitors in series with the heart during the 1-ms pulse.  That is, when it is time to deliver a pulse to the heart, all of the switches in the figure below move to the upper position simultaneously.  After 1 ms has passed, the switches move back to the lower position simultaneously.  Assuming that switches are always in the lower position long enough for each capacitor to charge to 1.5 V, what is the minimum required value of each capacitor so that the output pulse amplitude remains between 5.9 V and 6.0 V throughout its 1-ms duration?  Just to reiterate, C1 = C2 = C3 = C4.
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3. The switch in the circuit shown below closes at t = 1 s.  Assuming that the circuit reaches equilibrium before the switch closes, find the voltage vC across the capacitor just before the switch closes (i.e., at time t = 1− s) and at time t = 2 s.
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(continued on next page)

4. The capacitor Cin and resistor Rin in the circuit below form an equivalent circuit that models the input of a digital logic gate.  The input is driven by a source whose open-circuit (Thévenin equivalent) voltage is a square wave that alternates between 0 V and 10 V at a frequency of 100 MHz.  That is, the period of the waveform is 10 ns, which means that vs is at 0 V for 5 ns and at 10 V for 5 ns each cycle.  The output (Thévenin equivalent) resistance Rout of the source is 250 .  The source is first applied to the logic gate at t = 0, and prior to that time the voltage across the input capacitance is zero.  Find the voltage across the capacitor at times t = 5 ns, 10 ns, 15 ns, and 20 ns.
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Special instructions, notes, and hints:

You may make reasonable assumptions and approximations in order to compensate for missing information, if any.  Include the details of your solutions to all problems.  You will not receive credit if you do not show your work.
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