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INTRODUCTION

Reactive components are components which can store energy unlike resistor which dissipates energy in the form of heat . But when both the reactive components and resistor is connected together in a circuit , they form a network which is often called filters depending on the way the reactive components and resistor is connected . A C-R circuit is a high pass filter while a L-R circuit is a low pass filter . A circuit with C and L connected in series with the resistor is called a band pass filter while a circuit with C and L connected in parallel and both of them in series with resistor is called a band stop filter . Resonance is a phenomenon when both the V out and V in are varying with the same frequency called the resonant frequency and are in phase .  

The objective of these report is to :

1. Correlate the behaviour of the filters and observe the changes of the filters when a high frequency is used and vice-versa to that of the theory .

2. It is also to determine the resonant frequency of the series resonance and parallel resonance.

Graphs of V out / V in and phase difference against frequency  is drawn to show the graphical variation of the filters and to compare it with the theory .

From the graph ,its also proven that at resonance the phase difference is zero or in phase although there may be some fluctuation due to errors .  

In this technical report , you will see the graph of each circuit and the results deduced by the graph . Then the theoretical values is calculated and compared with the experimental values and further discussion about the behaviour of that circuit . 

RESULTS

3.2 TRANSFER FUNCTION OF A C-R CIRCUIT

Results

From the graph , at the instant when Vo/Vi =0.707 , the frequency  f /Hz would be 6879Hz.

From the graph , when º = 45º , the frequency f/Hz would be 7279Hz.

Average frequency from the graph would be 7079 Hz. 

Calculating from the nominal values of  C=15nF , R=1.5k

      Frequency = 7074 Hz

From the Philips bridge , C= 15.12nF , R = 1.482 k

Frequency = 7103Hz

Discussion

Behaviour of C-R circuits

From the graph , we know that at low frequency , the ratio of  Vo / Vi is small and vice versa .

Also at low frequency phase difference is maximum and at high frequency phase difference is minimum.

This is a demonstration of a high-pass filter , that is at higher frequency more currents can pass through the capacitor and resistor . Since , 



Z = R – j / C  (for a C-R circuit , where Z is the impedance, R ,resistor and C ,capacitor)

We can see that at higher frequency , the impedance of the capacitor decreases and vice versa ,therefore Vo increases at high frequency and vice versa . 

But           



Vo/Vi=j(CR/1+j(CR  

And we can conclude that when ( is big , Vo/Vi also increases but the maximum is  = 1 .

3.3 Transfer Function of a L-R circuits

Results

From the graph , when Vo/Vi = 0.707 , frequency = 7943 Hz

From the graph , when phase difference = 45º , frequency = 22387 Hz

Theoretically the frequency when Vo/Vi=0.707 and phase difference=45º must be the same . Due to inaccuracy , the frequency is different and so we have to take the average value .

Average frequency from the graph = 15165Hz

Using values for L=1.01 mH and R=99.2ohm from the Philips Bridge , 

frequency = 15632 Hz 

Estimate value of L using the amplitude plot =  1.04mH

Discussion

At low frequency , the L-R circuit will have more current flowing through to the resistor ie Vo is bigger , while at high frequency very little current can flow through to the resistor therefore Vo is very small .

This demonstrate the low-pass filter of the L-R circuit . 

Looking from the point of the impedance , we can see that impedance z = R + jwL . So when the frequency increases , w increases , so impedance of the inductor  increases . Therefore we can see that at high frequency , Vo decreases  and vice-versa.

Also , 



Vo/Vi = R / (R + j(L) 

From the equation we can conclude that Vo/Vi is small when ( is big ie frequency is big . 

3.4 Series Resonance

Results

From the graph of Vo/Vi against f/kHz  

when Vo/Vi  is maximum , frequency, f / kHz is  23.5KHz. 

From the graph of phase difference against f / kHz , its shown that at that frequency where Vo/Vi is maximum, there is 0º of phase difference  ( or no phase difference ) .

Using Philips bridge , C = 46.52 nF , L =1.01 mH 

          f  = 1/ 2(LC)

             =23219Hz    (measured value)

The value of f  variate from the measured value due to some human error during operation of the oscilloscope and during rounding off of the value shown in the oscilloscope .

Discussion 

Since C-R circuit is a high pass filter and L-R circuit is a low pass filter , we can imagine the L-C-R circuit (connected in series) as a band pass filter .At a certain frequency known as the resonance , the maximum current moves through the inductor, capacitor and resistor . Also at that point (resonance) the phase difference between Voutput and Vinput is 0 º (there is no phase difference).

This is because the impedance in the series resonance , 

From the equation we can conclude that the impedance is maximum at a certain frequency called the resonance frequency .This is the frequency when the imaginary part of the impedance is zero . Also we can see that at this frequency ,there is no phase difference . 

Therefore ,we can see from the graph that at low frequencies , the ratio of the amplitude of its transfer function is low but it keeps on increasing as the frequency increases until at the point called resonance. After that point , as the frequency increases the ratio of the amplitude Vo/Vi, decreases .  For the phase difference , at low frequencies the phase difference is positive and decreasing until the resonance frequency where the phase difference is zero and then, as the frequency increases after the resonant point, the phase difference becomes more negative .

CONCLUSION

From the theory of impedance , we are able to solve many problems of a circuit which have capacitor and inductance . The properties of the C-R and L-R circuit enable us to obtain a certain frequency called the resonant frequency . This is a very useful properties of the C-R and L-R circuit because a certain frequency (resonant frequency) can be filtered out using the combination of both the L-R and C-R circuit .

Also at the end of this experiment I learn that this theory is a core design for digital telecommunications like tuned amplifier . 

3.5 Parallel Resonance

Results

From the graph , when Vo/Vi is minimum , frequency is 23.5 kHz .

Theoretical value of f (frequency) is 23.2 kHz  when Vo/Vi is zero.

The fluctuation may be due to errors during rounding off  of the values taken from the oscilloscope .

Discussion 

Since L and C is connected in parallel to each other and in series with the resistor , we call this kind of circuit as a band-stop filter . Its obvious from the graph that at a frequency called the resonant frequency  the ratio of the output and input amplitude is zero or roughly zero . This shows that no current is flowing at that resonant frequency . This is mainly due to the C-R circuit which is a high pass filter ie current can only pass through the capacitor in a high frequency  and L-R circuit which is a low pass filter ie current can only pass through the inductor in a low frequency . So when this two circuit is connected there will be a point where no current will go through the circuit which is known as the resonant frequency .

