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 BAND PASS FILTERS

A Practical Exercise       
            

     Name:________________



I. Background Information
1. The circuit we will investigate in this exercise is the series RLC circuit shown in Figure 1.  You may remember from previous discussions that this configuration has the property that certain frequencies will pass through to the resistor and other frequencies will be stopped by the capacitor and inductor combination.  The frequencies that pass through are said to be in the pass-band of the filter.










Figure 1.

The circuit passes a resonant frequency, fr, which is at the center of the pass-band, and is given by the formula:








where, L is the value of the inductor [Henries]








  C is the value of the capacitor [Farads]

The pass-band of the filter extends from a lower cutoff frequency, fLO, to an upper cutoff frequency, fHI.  These frequencies are also called the half-power frequencies. The difference between the half-power frequencies, fHI – fLO, gives the bandwidth, BW, of the filter:



BW = fHI – fLO
Another characteristic of this filter is the quality factor, Q, of the circuit.  For the series RLC circuit shown in Figure 1, Q is given by:



Q = 
XL   =  2 ( fr L

                        RLOAD      RLOAD       where, XL = inductive reactance = (L = 2(frL

The relationship between Q and BW is given by:



BW =  fr
                          Q   

You can calculate the half-power frequencies using the relationships:



fLO = fr – BW   and    fHI = fr + BW
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2. The nominal component values for this exercise are:


C = .001 (F
L = 47 mH

RLOAD = 1 k(
Using these nominal values, calculate the resonant frequency, fr, the half-power frequencies fLO and fHI, the Q, and the Bandwidth, and enter them into the chart below.

	fr [kHz]
	fLO [kHz]
	fHI [kHz]
	BW [kHz]
	Q

	
	
	
	
	


II. Calculations Using Real Component Values.

1. In the calculations above, we used the nominal values of the components.  In addition to having a design tolerance of ( 5% or ( 10%, the values of many components will change as they age, so we should get better correspondence between predicted results and practical results if we use the actual, or measured, values of the components.  Therefore, we will first measure the values of the components, using the DMM to measure resistance, and the Sencore Meter to measure the inductor and capacitor.  Also, since real inductors are made from real wire, there is a resistive component in the inductor which cannot be ignored, so we have to measure the resistance of the inductor as well.

RLOAD = ________ (

C = ________ (F

L = ________mH

Rinductor = ________ (
Enter these values onto the circuit diagram in Figure 2.

2. One more thing we have to consider is the fact that the signal source we use has an output impedance of 50 ohms.  Thus, the ideal circuit shown in Figure 1 must now be replaced by the practical circuit shown in Figure 2, which takes into account the resistance of the inductor and the 50 ( output impedance of the signal source.















Figure 2.


Of particular importance is to note that the voltage amplitude value you read on the display of the Function Generator, VDISPLAY , is not the same as the value of VS, the voltage at the terminals.  A small but significant voltage is developed across the 50 ohm output impedance of the Function Generator, making VS a little smaller than VDISPLAY.


3. Using the measured values of the components that you found in Step 1 of this section, calculate the resonant frequency, fr, the half-power frequencies fLO and fHI, the Q, and the Bandwidth, and enter them into the chart below.  

You must use the total resistance of this series circuit (50( + Rinductor + RLOAD) when substituting for “R” in the formula for Q.
fr =     1        = ________ ___ kHz

     

       

Q = 
XL = 2 ( fr L  = ____ ___

                          R         R    

BW =  fr = ____________ ___ kHz

                           Q  

 

fLO = fr – BW   = ___________ kHz
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fHI = fr + BW   = ___________ kHz

      2
	fr [kHz]
	fLO [kHz]
	fHI [kHz]
	BW [kHz]
	Q

	
	
	
	
	


III. Measurements
1. Construct the circuit of Figure 3 on your quad board.  Make the connections to the oscilloscope for Channel 1 and Channel 2, and connect DMM #1 to measure the source voltage, VS, and DMM #2 to measure VOUT.






Chan. 1


Chan. 2









Figure 3.

2. Set the frequency to 20 kHz and adjust the output amplitude of the Function Generator until DMM #1 shows an amplitude of 1 Vrms.

3. Adjust the frequency of the Function Generator until a maximum voltage is observed on DMM #2.  This indicates the resonant frequency, fr. Record this frequency as “FREQ @ fr” in Table 1 below.

4. Again adjust the amplitude of the Function Generator to get 1 Vrms on DMM #1.

5. Record the voltage reading on DMM #2 as “VOUT @ fr” in Table 1 below.

6. Divide the value of VOUT found in Step 5 by (2 (or multiply by 0.707). This will be the value of the voltage at the half-power points, fLO and fHI.

  


VOUT / (2 = Vhalf-power  = __________

7. Adjust the frequency downward until the voltage value found in Step 6 is read on DMM #2.  The frequency at which this occurs is fLO.  Enter this frequency and the voltage reading (VOUT) into the column marked “@ fLO” in Table 1.

8. Adjust the frequency upward until the voltage value found in Step 6 is read on DMM #2.  The frequency at which this occurs is fHI. Enter this frequency and the voltage reading (VOUT) into the column marked “@ fHI” in Table 1.

9. Subtract: fHI – fLO to get the bandwidth, BW. Enter this into Table 1.

10. Calculate the Q using:   Q = fr / BW.  Enter this into Table 1.

11. Compute VOUT/VS and VOUT/VS in dB and enter these values into Table 1.



[VOUT /VS]dB  = 20 log (VOUT/VS)


	@fr
	@fLO
	@fHI

	FREQ
	
	FREQ
	
	FREQ
	

	VOUT
	
	VOUT
	
	VOUT
	

	VS
	
	VS
	
	VS
	

	|VO/VS|
	
	|VO/VS|
	
	|VO/VS|
	

	|VO/VS| in dB
	
	|VO/VS| in dB
	
	|VO/VS| in dB
	



BW = __________

Q = __________

Note: VO = VOUT
Table 1.

12. Set the Function Generator to the resonant frequency value you found, fr, and make sure DMM #1 still reads 1 Vrms.

13. Adjust the frequency of the Function Generator to the values shown in 

Table 2 and record the values of VOUT.

	FREQ
	10 kHz
	14 kHz
	18 kHz
	fLO
	fr
	fHI
	30 kHz
	34 kHz
	38 kHz

	VOUT
	
	
	
	
	
	
	
	
	

	VOUT/VS
	
	
	
	
	
	
	
	
	

	[VOUT/VS]dB
	
	
	
	
	
	
	
	
	








Table 2.

14. Calculate the ratios VOUT/VS and [VOUT/VS]dB and enter these values into 

Table 2.

15. Plot VOUT/VS vs. frequency in Graph 1.

16. Plot [VOUT/VS]dB vs. frequency in Graph 2.
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Graph 1.
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Graph 2.
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Nominal values are the values marked on the component.
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