
 

Phys 380, Spring 2014                               Problem Set #4                          Due Thu, Feb 13 

 

Remember all of the rules from the first homework.  Redraw schematics within your solution 

(neatly, and big enough to be clear), solve algebraically before substituting numbers, and identify 

each principle or idea you’re invoking as you solve each problem.  And write clearly! 

 

 

1. For an AC signal, power consumption by an element will fluctuate depending on the 

instantaneous value of the product of the potential drop across the element and the current 

through it, P(t) = ΔV(t) I(t).   

a) Show that the mean power dissipated by a circuit element is given by VrmsIrmscos(φ), where φ 

is the phase difference between the potential difference and the current. 

b) Calculate the average power dissipated by an ideal resistor in an AC circuit. 

c) Calculate the average power dissipated by an ideal capacitor in an AC circuit. 

 

 

2. Analyze the behavior of the bandpass filter circuit below and sketch the approximate gain vs. 

frequency curve for it.  In your analysis, think of the circuit as independent, sequential RC filters, 

calculating the frequency response of each filter stage and then deducing how the overall 

response is affected by hooking the filters together sequentially. 

 

 
 

3. Analyze the RC high pass filter circuit shown below, using the complex impedance of a 

capacitor, ZC = (i2πfC)-1, to handle the phase information as demonstrated in class.  Specifically, 

derive expressions for the magnitude and phase of the complex voltage gain AV = Vout/Vin in 

terms of R, C, and f.  (Hint: once you have done the algebra to find the complex expression for 

the gain, plot it on the complex plane and use trigonometry to solve for its magnitude |AV| and 

angle φ.) 

 
 

4. High and low pass filters can be constructed from inductor-resistor pairs as well as from 

capacitor-resistor pairs.  Using the inductive reactance (magnitude of impedance ZL for an 

inductor), XL = 2πfL, where f is the frequency of the input voltage signal and L is the inductance 

of the inductor, deduce the limiting behavior of inductors for f → 0 and f → ∞.  Then, use that 

limiting behavior to identify which of the filters below is a high pass and which is a low pass 



 

filter and explain qualitatively how each filter works.  Verify your conclusions by modeling each 

circuit in MultiSim; provide output from MultiSim supporting your conclusions. 

 

 
 

5. In MultiSim, wire up a low pass filter circuit as shown below, using R=1 kΩ and C=0.1μF, 

with a function generator as input (ideal function generator, amplitude=10 V).   

 
Examine the effect of this filter on an input square wave as you change the frequency from well 

below to well above the breakpoint frequency fbp for this filter (check from at least 1/5 fbp to at 

least 5 fbp).  Use an oscilloscope tool in MultiSim to show the input and output waveforms in 

each regime (i.e. well below and well above fbp) and document both results. For which frequency 

regime does the output look like a graph of the integral of the input square wave signal with 

respect to time?  Explain what you expect the integral of the input square wave to look like, 

using ideas from calculus (no need to explain voltage levels quantitatively). Then, write an 

analysis of the circuit’s behavior in terms of Vin and Vout under the effect of an input square wave 

voltage with frequency much greater than the breakpoint frequency of the filter, using the 

complex impedance ZC.  Your analysis should show mathematically how Vout is related to the 

integral of Vin. 

 

 


