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This slide illustrates the equations for a pole and its associated response.  
Later we will provide a real world circuit example for a pole.  Looking at the 
equations, you can see that the first equation represents a pole as a complex 
number.  Complex numbers have a real and imaginary part.  For practical 
circuits the complex function is converted to a magnitude and phase.  The 
second equation shows the magnitude and the third equation shows the 
phase.  As discussed earlier 20*log base 10 of the linear gain yields the gain in 
decibels.   
 
The graphs show the magnitude in dB as well as the phase in degrees.  This 
type of plot is called a Bode plot.  Notice that both the horizontal axis and 
vertical axis are logarithmic.  Let’s look at some key points on the bode plot.  
First, the pole frequency as denoted by fP.  For frequencies below fP the gain is 
constant and is denoted GDC.  In other words, the gain at dc or zero frequency 
would be GDC.  In this example GDC = 100dB.  Also notice that the gain at fP is 
attenuated by 3db, or is 0.707 times the dc gain.  Finally, for frequencies 
greater than fP, the magnitude plot rolls off at a rate of -20dB/decade. 
 
Now let’s consider the graph of phase shift vs. frequency.  The phase shift at 
the pole frequency is -45 degrees.  Phase begins to change one decade 
before the pole and stops changing one decade after the pole.  In this region &
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This slide illustrates the equations for a zero and its associated response.  
Looking at the equations, you can see that the first equation represents a zero 
as a complex number.  Complex numbers have a real and imaginary part.  For 
practical circuits the complex function is converted to a magnitude and phase.  
The second equation shows the magnitude and the third equation shows the 
phase.  Taking 20 Log10 of the magnitude function gives the magnitude in dB. 
 
The equations were used to generate the bode plot and phase plot.  Let’s look 
at some key points on the bode plot.  First, the zero frequency is denoted fZ.  
For frequencies below fZ the gain is constant and is denoted GDC.  In this 
example GDC = 0dB.  Also notice that the gain at fZ is at +3db, or is 1.414 
times the dc gain.  Finally, for frequencies greater than fZ, the magnitude plot 
increases at a rate of +20dB/decade. 
 
Now let’s consider the graph of phase shift vs. frequency.  The phase shift at 
the zero frequency is +45 degrees.  Phase begins to change one decade 
before the zero and stops changing one decade after the zero.  In this region 
the slope is +45 degrees per decade.  Considering frequencies that are lower 
than one decade below the zero, the phase shift is 0 degrees.  For frequencies 
greater than one decade beyond the zero the phase shift is +90 degrees.   
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Quiz:  Bandwidth 1 
1.  Select the best description for a pole. 
a.! The root of the numerator causes the gain to decrease by 20 dB/decade   
b.! The root of the denominator causes the gain to increase by 20 dB/decade 
c.! The root of the numerator causes the gain to increase by 20 dB/decade 
d.! The root of the denominator causes the gain to decrease by 20 dB/decade  
  
2. Select the best description for a zero. 
a.! The root of the numerator causes the gain to decrease by 20 dB/decade 
b.! The root of the denominator causes the gain to increase by 20 dB/decade 
c.! The root of the numerator causes the gain to increase b 20 dB/decade 
d.! The root of the denominator causes the gain to decrease by 20 dB/decade  
  
3. How is the gain curve affected at the pole frequency? 
a.! The gain is attenuated by -20dB 
b.! The gain is attenuated by -3dB 
c.! The gain is increased by +20dB 
d.! The gain is increased by +3dB 



4. How is the gain curve affected at the zero frequency? 
a.! The gain is attenuated by -20dB 
b.! The gain is attenuated by -3dB 
c.! The gain is increased by +20dB 
d.! The gain is increased by +3dB 
  
5. How is the phase curve affected at the zero frequency? 
a.! The phase is at 0 deg 
b.! The phase is at -90 deg 
c.! The phase is at +45 deg 
d.! The phase is at -45 deg 
   
6. How is the phase curve affected at the pole frequency? 
a.! The phase is at 0 deg 
b.! The phase is at -90 deg 
c.! The phase is at +45 deg 
d.! The phase is at -45 deg 

Quiz:  Bandwidth 1 



7. What is the rate of change of the phase curve at frequencies near a 
pole? 
a.! The phase is at +45 deg/decade 
b.! The phase is at -45 deg/decade 
c.! The phase is at +90 deg/decade 
d.! The phase is at -90 deg/decade 
  
8. What is the rate of change of the phase curve at frequencies near a 
zero? 
a.! The phase is at +45 deg/decade 
b.! The phase is at -45 deg/decade 
c.! The phase is at +90 deg/decade 
d.! The phase is at -90 deg/decade 
   
9. What is the maximum phase shift introduced by a pole? 
a.! +90 deg 
b.! +180 deg 
c.! -90 deg 
d.! -180 deg 
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10. What is the maximum phase shift introduced by a zero? 
a.! +90 deg 
b.! +180 deg 
c.! -90 deg 
d.! -180 deg 
  
11. What is the behavior of a capacitor at low frequencies? 
a.! Open 
b.! Short 
c.! Variable impedance  
  
12. What is the behavior of a capacitor at high frequencies? 
a.! Open 
b.! Short 
c.! Variable impedance  

Quiz:  Bandwidth 1 



13. What effect does a phase shift have on a sinusoidal waveform? 
a.! It causes distortion 
b.! It reduces the amplitude 
c.! It increases the amplitude 
d.! It introduces a time delay 

Quiz:  Bandwidth 1 
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Quiz:  Bandwidth 1 
1.  Select the best description for a pole. 
a.! The root of the numerator causes the gain to decrease by 20 dB/decade   
b.! The root of the denominator causes the gain to increase by 20 dB/decade 
c.! The root of the numerator causes the gain to increase by 20 dB/decade 
d.! The root of the denominator causes the gain to decrease by 20 dB/decade  
  
2. Select the best description for a zero. 
a.! The root of the numerator causes the gain to decrease by 20 dB/decade 
b.! The root of the denominator causes the gain to increase by 20 dB/decade 
c.! The root of the numerator causes the gain to increase b 20 dB/decade 
d.! The root of the denominator causes the gain to decrease by 20 dB/decade  
  
3. How is the gain curve affected at the pole frequency? 
a.! The gain is attenuated by -20dB 
b.! The gain is attenuated by -3dB 
c.! The gain is increased by +20dB 
d.! The gain is increased by +3dB 



4. How is the gain curve affected at the zero frequency? 
a.! The gain is attenuated by -20dB 
b.! The gain is attenuated by -3dB 
c.! The gain is increased by +20dB 
d.! The gain is increased by +3dB 
  
5. How is the phase curve affected at the zero frequency? 
a.! The phase is at 0 deg 
b.! The phase is at -90 deg 
c.! The phase is at +45 deg 
d.! The phase is at -45 deg 
   
6. How is the phase curve affected at the pole frequency? 
a.! The phase is at 0 deg 
b.! The phase is at -90 deg 
c.! The phase is at +45 deg 
d.! The phase is at -45 deg 
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7. What is the rate of change of the phase curve at frequencies near a 
pole? 
a.! The phase is at +45 deg/decade 
b.! The phase is at -45 deg/decade 
c.! The phase is at +90 deg/decade 
d.! The phase is at -90 deg/decade 
  
8. What is the rate of change of the phase curve at frequencies near a 
zero? 
a.! The phase is at +45 deg/decade 
b.! The phase is at -45 deg/decade 
c.! The phase is at +90 deg/decade 
d.! The phase is at -90 deg/decade 
   
9. What is the maximum phase shift introduced by a pole? 
a.! +90 deg 
b.! +180 deg 
c.! -90 deg 
d.! -180 deg 
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10. What is the maximum phase shift introduced by a zero? 
a.! +90 deg 
b.! +180 deg 
c.! -90 deg 
d.! -180 deg 
  
11. What is the behavior of a capacitor at low frequencies? 
a.! Open 
b.! Short 
c.! Variable impedance  
  
12. What is the behavior of a capacitor at high frequencies? 
a.! Open 
b.! Short 
c.! Variable impedance  

Quiz:  Bandwidth 1 



13. What effect does a phase shift have on a sinusoidal waveform? 
a.! It causes distortion 
b.! It reduces the amplitude 
c.! It increases the amplitude 
d.! It introduces a time delay 

Quiz:  Bandwidth 1 
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1.  Graph the gain and phase for the following circuit by hand (i.e. no 
simulation tools). 
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2.  Graph the gain and phase for the following circuit by hand (i.e. no 
simulation tools). 
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3.  Graph the gain and phase for the following circuit by hand (i.e. no 
simulation tools). 
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4.  Simulate the circuit below.  Calculate the poles in this circuit 
considering that  R1 and C1 are not significantly loaded by R2 and C2.  
Check the agreement between simulation and calculation. 

R1 1.59k

C
1 

10
0n

R2 159k

C
2 

10
0n

+

VG1

Vout
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1.  Graph the gain and phase for the following circuit by hand (i.e. no 
simulation tools). 
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2.  Graph the gain and phase for the following circuit by hand (i.e. no 
simulation tools). 



9 

3.  Graph the gain and phase for the following circuit by hand (i.e. no 
simulation tools). 
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4.  Simulate the circuit below.  Calculate the poles in this circuit 
considering that  R1 and C1 are not significantly loaded by R2 and C2.  
Check the agreement between simulation and calculation. 
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