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AE_Lecture4_PartD3_Time Domain Response of Low Pass Filter.

Summary
AE_Lecture4_PartD3 deals with the time domain response of RC Low Pass Filter.




 
      Analog Electronics_Lecture4_PartD2
    
 Experimental Methods of measuring 
 
      the Frequency Band-Width of an Amplifier.
    
 	Study of R-C Low Pass Filter.
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      Figure 9. The circuit diagram of a R-C Low Pass Filter.
    
 In Figure 9, the square wave response as well as the step response of R-C Low Pass Filter is shown.
 The Step Response of LPF = vc(t) = charging of the capacitor = [1- Exp(-t/τ)];
 The final voltage across the capacitor is 1V since unit step voltage u(t) is the input.
 10% of 1V = 0.1= [1- Exp(-t1/τ)];   A
 90% of 1V = 0.9 = [1- Exp(-t 2/τ)];   B
 From Eq(A) and (B) we get:
 t2 - t1 = tr = 2.2τ = 2.2/ωh
   
 Therefore    t
      r
      ×f
      h
       = 0.35
   
 Figure 2. 
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 Figure 10. Square Wave Response(also known as Time Domain Response) of R-C LPF.
 By inspection we find that 
 when prf << fH then we have faithful reproduction of the square wave;
 when prf ~ fH then we have rise time and fall time effect at the leading and lagging edges respectively;
 when prf >> fH then we get the average value of the square wave. In this case we get about 1V.
 Hence at frequencies much higher than the cutoff frequency of LPF, the filter behaves like an integrator. The positive flat top becomes a positive sloped ramp and negative flat top becomes a negative sloped ramp.
 Above 30 Hz our RETINA acts as an integrator.
 
      4.1  The Frequency Response of a Low Pass R-C Filter
    
 Figure 3. 
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 Figure 11. Magnitude of the transfer function-Frequency Response of a LPF.
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 Figure 7. 
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 Equation (1) has a zero at infinity and a pole at 
 Figure 8. 
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      . Hence it has -20dB asymptote at 
 Figure 9. 
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 . This gives 100% transmission below 
 Figure 10. 
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 and suppression of frequencies higher than 
 Figure 11. 
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 at the rate of 20dB per decade as we move up the frequency scale .
 The Time-Domain Response at high frequencies and Frequency Response of a LPF are related to each other through the relation: 
 Figure 12. 
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 Figure 13. 
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 Figure 12. The estimation of the overall rise time as observed in the Oscilloscope. The overall rise time will be influenced by the rise time of the oscilloscope as well as that of the source.
 
      
 Figure 14. 
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 Figure 13. Definition of the rise time.
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Figure 9. Square wave response and step response of
RC-Low Pass Filter.
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Figure 11. Bode plot of the steady state sinusoidal frequency response
magnitude. Note that skirt is -204B/decade. Since it has one cut-off or
one corner frequency it is called First-order system. First order system
will have a skirt of -20dB per decade. Nth order system will have N
corner frequencies and -20NdB/decade skirt.
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Figure 12. In a typical measurement set up the final rise time
measured is the sun total effect of the rise times inherently
present in different subsystems such as signal source and
Oscilloscope. While rying to measure the rise time of an
Amplifier, the rise times effect of the signal source and
oscilloscope will have to be isolated to obtain the true rise
time of the amplifier.
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Figure 10. Square wave response of LPF at different
Pif. Note that at very high pif, LPF behaves like an
integrator. Square wave is lost. Only the DC
component is retained.
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Figure 13. We define rise time as time taken by the
leading edge to rise from 10% of Vo to 90% of Vo.
Similarly fall time is defined.
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