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So, in the last lecture we are discussing about the band pass filter and there are two types of 
band pass filters. One is narrow band band pass filter and wide band band pass filter depends 
upon the quality factor. Today, we will discuss the transfer function of narrow band band pass 
filter. First, I will derive the generalized transfer function, later we will substitute the 
impedances or the admittances with the corresponding the resistance and capacitances. So, this 
is the generalized circuit diagram of a band pass filter which will be having narrow band. So, 
this can be obtained by taking the two feedback paths. 
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There is one feedback path here and one more feedback path from here. So, operational 
amplifier circuit with two feedback paths is going to behave like narrow band band pass filter.  
This is 𝑣௜, this is 𝑣௢, you call this one as 𝑌ଵ, 𝑌ଶ, 𝑌ଷ, 𝑌ସ, 𝑌ହ. First, I will derive the generalized 
transfer function in terms of 𝑌ଵ to 𝑌ହ. Later, we will substitute this 𝑌ଵ to 𝑌ହ with the 
corresponding resistors or capacitors.  

So, in order to derive the expression for 
௩೚

௩೔
, I will consider two nodes this is node A, this is node 

B. So, because of this ideal op amp characteristics 𝑣஻ will be 0 volts, this is virtual ground. So, 



if I apply the KCL at node A. So, you see the current which is entering here, if I call this one 
as 𝐼ଵ, this is 𝐼ଶ is leaving, 𝐼ଷ is leaving, 𝐼ସ is also leaving. 

So, what will be this? 𝐼ଵ = 𝐼ଶ + 𝐼ଷ + 𝐼ସ. What is 𝐼ଵ in terms of admittance? This 𝑣௜ is the voltage 
here and the voltage here if you call as (𝑣௜ − 𝑣஺)𝑌ଵ is this 𝐼ଵ. Now, this admittance you have 
to multiply, if it is resistance you have to divide by resistance is equal to 𝐼ଶ, this voltage is 𝑣஺, 
the other voltage is 0. So, (𝑣஺ − 0) 𝑌ସ and here this is (𝑣஺ − 𝑣஻), but 𝑣஻ is 0. So, (𝑣஺ − 0)𝑌ଶ 
and this is 𝑣஺ and this is 𝑣௢. So, this 𝐼ସ is (𝑣஺ − 𝑣௢) admittance is 𝑌ଷ. If you take all 𝑣௜ terms to 
one side and 𝑣஺ and 𝑣௢ terms to other side, we will get this one as this is equal to. So, only one 
𝑣௢ term is there remaining all 𝑣஺ times. So, 𝑣஺ this is 𝑌ସ, 𝑌ଶ, 𝑌ଷ. So, (𝑌ଶ + 𝑌ଷ + 𝑌ସ)𝑣஺ − 𝑣௢𝑌ଷ. 

This will be from this side 𝑣௜𝑌ଵ − 𝑣஺𝑌ଵ. Now, we will take this 𝑣஺ to other side and 𝑣௢ to left 
hand side. We will get 𝑣௜𝑌ଵ minus becomes plus 𝑣௢𝑌ଷ, this minus becomes plus this is 𝑣஺ and 
𝑌ଵ. So, if I take 𝑣஺ as common this will be (𝑌ଵ + 𝑌ଶ + 𝑌ଷ + 𝑌ସ)𝑣஺. This is equation (𝑖). But in 

order to derive the transfer function we need 
௩೚

௩೔
. So, I have to express now this 𝑣஺ in terms of 

𝑣௢. For that I will consider the KCL at node B.  

So, this 𝐼ଷ is entering into node B and here the current is 0. So, the same 𝐼ଷ will flows through 
𝑌ହ also. So, 𝐼ଷ in terms of 𝑣஺ 𝑣஻ is (𝑣஺ − 𝑣஻) is 0. So, 𝑣஺𝑌ଶ is equal to this is 𝑣஻ is 0, (0 − 𝑣௢)𝑌ହ 

implies what is 𝑣஺? −
௒ఱ

௒మ
𝑣௢. Now, we will substitute (𝑖𝑖) in (𝑖).  So, that 𝑣஺ can be expressed 

in terms of 𝑣௢, we can derive the transfer function. (𝑖𝑖) in (𝑖) implies 𝑣௜𝑌ଵ + 𝑣௢𝑌ଷ =  −
௒ఱ

௒మ
(𝑌ଵ +

𝑌ଶ + 𝑌ଷ + 𝑌ସ)𝑣௢. 

If we take 𝑣௢ terms to one side. So, this will become if I take to other side this will be minus 
sign implies 𝑣௜ into 𝑌ଶ if I take to the other side 𝑌ଵ𝑌ଶ plus 𝑣௢𝑌ଶ𝑌ଷ is equal to left hand side is 
−𝑌ହ(𝑌ଵ + 𝑌ଶ + 𝑌ଷ + 𝑌ସ)𝑣௢ or 𝑣௜𝑌ଵ𝑌ଶ is equal to minus of this is 𝑌ଶ𝑌ଷ and these are 𝑌ଵ𝑌ହ plus 
𝑌ଶ𝑌ହ 𝑌ଷ𝑌ହ plus 𝑌ସ𝑌ହ this whole thing into 𝑣௢.  

Therefore, what is the transfer function? 
௩೚

௩೔
 is equal to 𝑌ଵ minus this minus and I will take to 

other side 
ି௒భ௒మ

௒మ௒యା௒భ௒ఱା௒మ௒ఱା௒య௒ఱା௒ర௒ఱ
. This is generalized expression for the op-amp circuit with 

two feedbacks.  

Now, if I want to realize this using resistance and capacitances the circuit will be like this. This 

is 𝑣௢ this is 𝑣௜ this is R R C R C. So, what is now 𝑌ଵ? This is 𝑌ଵ you call as 𝑅ଵ this is 
ଵ

ோభ
 which 

is you can call as 𝐺ଵ and this is 𝑌ଶ in place of 𝑌ଶ what is there? We have 𝐶ଶ you can call. So,  
𝑌ଶ = 𝑠𝐶ଶ because this is admittance and 𝑌ଷ what is 𝑌ଷ? 𝑌ଷ this one is also capacitance. So, this 
is equal to s if I call this as 𝐶ଷ s𝐶ଷ and 𝑌ସ is nothing, but this and this is 𝑌ହ. So, you call this one 

as 𝑅ସ 𝑅ହ. So, 𝑌ସ is 
ଵ

ோర
 which is 𝐺ସ this is 

ଵ

ோఱ
 which is 𝐺ହ. 

If I substitute these values in this transfer function 
௩೚

௩೔
 this is equal to 

ି௒భ௒మ

௒మ௒యା௒భ௒ఱା௒మ௒ఱା௒య௒ఱା௒ర௒ఱ
 

So, if you substitute these values what happen? 𝑌ଵ𝑌ଶ 𝑌ଵ𝑌ଶ becomes 𝑠𝐶ଶ𝐺ଵ −𝑠𝐶ଶ𝐺ଵ divided by 
𝑌ଶ𝑌ଷ 𝑠𝐶ଶ 𝑠𝐶ଷ 𝑠ଶ𝐶ଶ𝐶ଷ plus 𝑌ଵ𝑌ହ 𝑌ଵ𝑌ହ is 𝐺ଵ𝐺ହ 𝑌ଶ𝑌ହ 𝑠𝐶ଶ𝐺ହ 𝑌ଷ𝑌ହ 𝑠𝐶ଷ𝐺ହ 𝑌ସ𝑌ହ 𝐺ସ𝐺ହ. Now, I will 
write this in the form of a transfer function of a parallel RLC circuit. So, I will discuss what is 
that parallel RLC circuit. That transfer function will be in the form of −𝐺ଵ by this will be 𝑠 and 
ଵ

௦
. 
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So, in order to get this transfer function in the form of the transfer function of parallel RLC 
circuit I will take 𝑠𝐶ଶ common. So, if I take 𝑠𝐶ଶ common in the numerator we will get −𝐺ଵ 
divided by we divide each and every term in the denominator by 𝑠𝐶ଶ. So, this one 𝑠 and one 
𝐶ଶ will get cancelled what is left here? 𝑠 times 𝐶ଷ. This is nothing but 𝑠ଶ𝐶ଶ𝐶ଷ we are going to 
divide with 𝑠𝐶ଶ. So, 𝐶ଶ 𝐶ଶ get cancelled one 𝑠 get cancelled 𝑠𝐶ଷ plus what is the coefficient of 
𝑠 here in these two terms we have 𝑠. 

So, if I take 𝑠 as common here and of course, 𝐺ହ also common. So, 𝑠(𝐶ଶ + 𝐶ଷ)𝐺ହ this if I divide 
with 𝑠𝐶ଶ, 𝑠 𝑠 get cancelled we will get simply (𝐶ଶ + 𝐶ଷ)𝐺ହ divided by 𝐶ଶ. So, this term is over 
these two terms are over. Now, there are two terms which are left this one this one. So, that is 
G5 is common and (𝐺ଵ + 𝐺ସ) this you have to divide with 𝑠𝐶ଶ. 

So, we will get this plus 𝐺ହ(𝐺ଵ + 𝐺ସ) by 𝑠𝐶ଶ. This is the expression for 
௩೚

௩೔
. Let us call this as 

equation (𝑖𝑖𝑖). I will come to this expression later after discussing the parallel RLCcircuit. So, 
I will compare these two circuits and accordingly we will derive the expressions for the center 
frequency, Q factor and bandwidth. These are the three important parameters of a band pass 
filter. 

This is a parallel RLC circuit you might have studied this in your circuit theory course. So, you 
call this one as 𝐺ᇱ𝑣௜ is the current source and we have capacitance C and resistance in parallel 

circuit is 𝐺 which is reciprocal of resistance 𝐺 =
ଵ

ோ
 then we have inductor L and you are taking 

the output across this. So, what is the relation between this input current 𝐺ᇱ𝑣௜ output voltage 

𝑣௢ and this admittance. So, what is this overall admittance 𝑌? is equal to 𝑠𝐶 + 𝐺 +
ଵ

௦௅
. So, we 

know that 𝑉 = 𝑍𝐼 in terms of impedance, but what is I? is equal to 
௏

௓
, 

ଵ

௓
 is nothing, but 𝑉𝑌. 
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So, the current is equal to voltage into admittance. Here this current is opposite direction. So, 
I will take minus of this one. So, this current I will take here as −𝐺ᇱ𝑣௜ this is the current. What 

is 𝑉? 𝑣௢ this is equal to𝑣௢. What is Y? is this(𝑠𝐶 + 𝐺 +
ଵ

௦௅
). This is the I mean relation of this 

parallel RLC circuit. So, from here what is 
௩೚

௩೔
? 

ିீᇲ

௦஼ାீା
భ

ೞಽ

. This we call equation (𝑖𝑣). Now the 

transfer function of band pass filter is in a similar manner to that of parallel RLC circuit. So, 
by comparing these two. So, I will rewrite this expression of band pass filter here. 

This is 
ିீభ

௦஼యାቀ
಴మశ಴య

಴మ
ቁீఱା

ಸఱ(ಸభశಸర)

ೞ಴మ

. So, we compare these two now. By comparing this 𝐺′ is equal 

to 𝐺 numerator and the factor of 𝑠 is 𝐶 here 𝐶ଷ here. So, 𝐶 is equal to 𝐶ଷ and 𝐺 will be 
(௖మା஼య)

஼మ
𝐺ହ 

and 
ଵ

௦
 is this one 

ଵ

௅
 is 

ீఱ(ீభାீర)

஼మ
 implies what is 𝐿? 

஼మ

ீఱ(ீభାீర)
. So, by comparing these are the 

relation between parallel RLC circuit and the narrow band band pass filter. 

Now there are some important parameters of this parallel RLC circuit. This parallel RLC circuit 
resonates under some conditions. So, if I plot this current through this parallel RLC circuit this 
will be resonates something like this. So, this occurs at some frequency say 𝑓௢ this is unity and 
at 0.707 if the frequencies are 𝑓௟ and 𝑓௛. 

This is higher cutoff frequency, lower cutoff frequency, this is central frequency and this is 
bandwidth. This is the resonance characteristics of parallel RLC circuit. Now in band pass filter 
also we require similar type of the characteristics that is why we are comparing these two. First 
I will derive the expressions for this 𝑓௢ bandwidth and quality factor which is defined 

as 
௙೚

௕௔௡ௗ௪௜ௗ௧௛
. If I call this as 𝑄௢. So, I will derive the first these three important parameters one 

is the resonant frequency or this is corresponding to central frequency in case of band pass 
filter and then quality factor and then bandwidth. 



 
First, I will derive the expressions for this parallel RLC circuit. Now by using this substitution 
I will find out the corresponding parameters for the narrow band pass filter. So, at resonance 
what happens is the circuit becomes resistive. This circuit becomes resistive at resonance. So, 
when does the circuit becomes resistive network? the imaginary term has to be become 0. 

So, the general expression for the impedance Z is given by 𝑅 + 𝑗𝜔𝐿 +
ଵ

௝ఠ஼
 or this is equal to R 

plus 𝑗 times if I take this 𝑗 to the numerator this becomes minus 𝜔𝐿 minus 
ଵ

ఠ஼
. So, in order to 

behave this as a resistance the imaginary part has to be 0. So, at resonance what happens 𝜔𝐿 is 

equal to 
ଵ

ఠ஼
. If I call this resonant frequency as 𝜔௢ then this is 𝜔௢ where 𝜔௢ is the resonant 

frequency. So, what is the expression for the resonant frequency? 𝜔௢
ଶ =

ଵ

௅஼
 or 𝜔௢ = ට

ଵ

௅஼
. This 

is the resonant frequency of parallel RLC circuit.  

Now, what is the resonant frequency? The resonant frequency in case of parallel RLC circuit 
is similar to the central frequency of band pass filter. Therefore, the central frequency of band 
pass filter call as band pass filter is given by this LC is parameters of this parallel RLC circuit. 
Whereas, what are the parameters of the band pass filter? These 𝑅ଵ, 𝐶ଶ, 𝐶ଷ, 𝑅ସ, 𝑅ହ. So, how to 
express this central frequency in terms of these parameters? Resonant frequency you can 
express in terms of these parameters. 
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So, in order to get this central frequency in terms of R’s and C’s.  So, I will use this notation.  

So, what is L and what is C here? This is L and C. L is 
஼మ

ீఱ(ீభାீర)
 and C is 𝐶ଷ. So, L is 

஼మ

ீఱ(ீభାீర)
. 

This is 1 by square root of 
஼మ

ீఱ(ீభାீర)
 and C is 𝐶ଷ. So, this is equal to now ට

ீఱ(ீభାீర)

஼మ஼య
 . So, 



𝐺ଵ 𝐺ଶ 𝐺ଵ is nothing, but 
ଵ

ோభ
. Similarly, 𝐺ସ  

ଵ

ோర
 , 𝐺ହ 

ଵ

ோఱ
. So, if I substitute this, we will get this 

expression in terms of R’s and C’s. This R’s and C’s you have expressed with the central 
frequency of this band pass filter. This is the one important parameter. Then I will discuss about 
the quality factor. First, I will discuss about the parallel RLC circuit. Then I will substitute the 
corresponding values in the parallel RLC circuit expression to get the quality factor of band 
pass filter. 
 
So, for parallel RLC circuit, how do you define the quality factor? 𝑄௢ can be defined as 
𝜔௢𝑅𝐶. This is one of the standard expression which you might have used in your circuit theory. 
Otherwise also you can remember that the quality factor of parallel RLC circuit is 𝜔௢ times 
RC. Okay. Now, what will be this for the band pass filter? 𝜔௢, what is R and what is C? This 
you can also express as because R is not there, G is there. 
 

So, 
஼

ீ
, 

ଵ

ோ
 is G. So, this is 𝜔௢, 𝐶 becomes 𝐶ଷ and what is 𝐺? 𝐶 is 𝐶ଷ. G is 

(௖మା஼య)

஼మ
𝐺ହ. This is your 

G. So, if I substitute this, what will be quality factor? 
ఠ೚௖మ஼య

(஼మା஼య)ீఱ
. This is the quality factor of 

band pass filter. This is the central frequency of band pass filter.  Then the third parameter is 
bandwidth or parallel RLC circuit, what is bandwidth and what is corresponding to band pass 
filter? So, relation between the Q factor and bandwidth is this is central frequency divided by 

bandwidth implies what is bandwidth 
௙೚

ொ೚
. That what is 𝑓 and 𝜔 is 2𝜋𝑓௢  implies what is 𝑓௢?

ఠ೚

ଶగ
. 

This is equal to 
ఠ೚

ଶగொ೚
 . What is 𝑄௢? is this If I substitute this one implies bandwidth of parallel 

RLC circuit is 
ఠ೚

ଶగ
 and 𝑄௢ is 

ఠ೚஼

ீ
. So, 𝜔௢ 𝜔௢ will get cancelled. This will get 

ீ

ଶగ஼
. Now what is 

corresponding to band pass filter bandwidth? 
ீ

ଶగ஼
 but what is G? G is this, C is 𝐶ଷ ,

(௖మା஼య)

஼మ
𝐺ହ 

this is G divided by 2𝜋 into C becomes 𝐶ଷ. So, implies bandwidth is equal to 
(௖మା஼య)

ଶగ஼మ஼య
𝐺ହ. So, 

here the three important parameters of a band pass filter whose response which we have 
discussed in the last lecture that will be something like this. This is exactly similar to that of 
parallel RLC circuit. 
 
This is your center of frequency. This is unity. This is 𝑓௟. This is 𝑓௛ and bandwidth is 𝑓௛ − 𝑓௟. 
This is 0.707. So, the expression for this 𝑓௢ or 𝜔௢2𝜋𝑓௢ is this and bandwidth is this and the 
quality factor which is given by 𝑓௢ by bandwidth is this. For the sake of simplicity if I assume 
that this 𝐶ଷ = 𝐶ଶ then what happens to these three expressions? For a special case of 𝐶ଶ = 𝐶ଷ =

𝐶 what is 𝜔௢? 𝐶ଶ = 𝐶ଷ means𝐶ଶ. So, simply this is square root of 𝐺ହ(𝐺ଵ + 𝐺ସ) divided by 
𝐶ଶ becomes C outside the root and what happens to quality factor? 𝜔௢ C becomes 𝐶ଶ divided 

by 𝐶ଶ + 𝐶ଷ becomes2𝐶𝐺ହ. So, this is equal to one C, one C get cancelled, 
ఠ೚஼

ଶீఱ
 and what is 

bandwidth? This is 
ଶ஼ீఱ

ଶగ஼మ
. This becomes 𝐶 to 𝐶ଶ. This is 2𝐶. This is 2𝐶, 2𝐶 get cancelled.  You 

will get 
ீఱ

గ஼
. So, these are the important expression that you have to use to design the narrow 

band band pass filter.  
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And the generalized expression for this narrow band pass filter is 𝐻(𝑠) will be in the form of 

−𝐴௢, 𝐴௢ is the open loop gain which is1 +
ோಷ

ோభ
 , ቀ

ఠ೚

ொ
ቁ 𝑠 divided by 𝑠ଶ + ቀ

ఠ೚

ொ
ቁ 𝑠 + 𝜔௢

ଶ. This is 

generalized expression for transfer function of narrow band band pass filter where the damping 

factor zeta is 
ଵ

ொ
. So, if you want to express this in terms of the damping factor minus 𝐴௢ 𝜔௢ zeta 

𝑠 divided by 𝑠ଶ plus 𝜔௢ zeta 𝑠 plus 𝜔௢
ଶ. This is about this narrow band band pass filter.  
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Similarly, we can derive wide band band pass filter. This Q is less than 10. For narrow band Q 
is greater than 10. So, the design of wide band band pass filter is relatively easy when compared 
with the narrow band band pass filter. A wide band band pass filter can be obtained by 
cascading a low pass filter with high pass filter. So, what is the transfer function of ideal low 
pass filter? And what is the transfer function of ideal high pass filter? If I take this as high pass 
filter, this as low pass filter. High pass means it passes the high frequencies. So, up to some 
frequency 0 gain and a particular frequency onwards unity gain. 

Low pass means it passes up to only some low frequencies. Then high frequencies will be 
rejected. Now, if I choose this value as 𝑓௛ is the cutoff frequency of low pass filter, 𝑓௟ is the 
cutoff frequency of high pass filter and we will take 𝑓௛ > 𝑓௟ . We know that if I cascade two 
systems, the resultant transfer function is product of those two transfer functions. So, if I 
cascade this low pass and high pass, what is the resultant frequency response? You simply have 
to multiply this, this by this. So, if I multiply this from 0 to 𝑓௟, this is 0, this is 1. So, 0 into 1 
becomes 0. What will be overall response? From 0 up to 𝑓௟, this is 0, this is 1, 0 into 1 becomes 
0. From 𝑓௟ to 𝑓௛, this is also 1, 𝑓௟  to 𝑓௛ is somewhere here, this is also 1, this is also 1. So, 𝑓௟ to 
𝑓௛ will be having unity. From fh to infinity, this is 0, whereas this is 1 up to infinity, 1 into 0 
becomes 0. 

So, this is the characteristics of a band pass filter. But this technique is valid only for the wide 
band band pass filters okay. So, in order to obtain the wide band band pass filter, what you 
have to do is you have to cascade a high pass filter with low pass filter such that the cutoff 
frequency of low pass filter is greater than cutoff frequency of high pass filter. This is the cutoff 
frequency of low pass filter, this is cutoff frequency of high pass filter. So, in order to obtain 
the transfer function of first order band pass filter with wide band characteristics. So, we will 
take two first order low pass filter, one first order low pass filter and one first order high pass 
filter. 
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So, what is the transfer function of the first order high pass filter which we have derived in the 
earlier lectures also. So, this will be something like this is resistance, this will be of course, 
multiplied with 𝐴௢. So, if I take the complete circuit this one, this is the circuit diagram of first 
order high pass filter. And what was the transfer function here whatever the voltage if I call as 

𝑣ଵ, 𝑣௢ is equal to 𝑣ଵ(1 +
ோಷ

ோభ
) which we will call as 𝐴௢, we call as this as 𝐴௢ଵ this is for high 

pass filter. So, what is 𝑣ଵ in terms of 𝑣௜ is equal to 𝑣௜
ோ

ோା
భ

ೞ಴

, this is equal to 𝑣௜
௦ோ஼

ଵା௦ோ஼
. If I call 

these values as 𝑅ଵ 𝐶ଵ because I am going to cascade with low pass filter for that I will call as 
𝑠𝐶ଶ and 𝑅ଶ. So, this will be 𝑅ଵ 𝑅ଵ 𝐶ଵ therefore, what is 𝑣௢ is equal to 𝐴௢ଵ into 𝑠𝑅ଵ𝐶ଵ divided 

by 1 + 𝑠𝑅ଵ𝐶ଵ into 𝑣௢. So, 
௩೚

௩೔
 is 𝐴௢ଵ

௦ோభ஼భ

ଵା௦ோభ஼భ
. And we are defining let the cutoff frequency of 

high pass filter which will be lower value 
ଵ

ଶగோభ஼భ
. Then what happens to this 

௩೚

௩೔
 as a function of 

𝑗𝜔 is equal to 𝐻(𝑠) this is equal to 𝐴௢ଵ
௦ோభ஼భ

ଵା௦ோభ஼భ
 . 

 

This is the transfer function and frequency response is 𝑗𝜔 is equal to 𝐴௢ଵ
௝ఠோభ஼భ

ଵା௝ఠோభ஼భ
 . From here 

what is 𝜔௟?  2𝜋𝑓௟ is equal to 
ଵ

ோభ஼భ
 or implies 𝑅ଵ𝐶ଵ is equal to 

ଵ

ଶగ௙೗
 we got this as 

ଵ

ఠ೗
. So, this 

𝑅ଵ𝐶ଵ is equal to 
ଵ

ఠ೗
 divided by 1 + 𝑗 ቀ

ఠ

ఠ೗
ቁ. So, what is the magnitude of 𝐻(𝑗𝜔)? is equal to 

஺೚భ൬
ഘ

ഘ೗
൰

ඨଵା൬
ഘ

ഘ೗
൰

మ
 or 2𝜋 2𝜋 get cancelled 𝜔 is 2𝜋𝑓, 𝜔௟ is 2𝜋𝑓௟.  

So, what is 
ఠ

ఠ೗
 ? is 

௙

௙೗
. So, this implies magnitude of 𝐻(𝑗𝜔) or 𝑗𝑓 we can call as now we are 

expressing in terms of the 𝑓. So, this is the expression for the low pass filter. We can call this 

one as LP otherwise where 𝐴௢ଵ is 1+
ோಷ

ோభ
 and 𝑓௟ is 

ଵ

ଶగோభ஼భ
 . This is about the high pass filter.  
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And similarly, if you take the low pass filter this actually I am repeating this I have already 
discussed in the earlier lectures. We have the continuity I am just repeating this. This is 𝑣௢ we 
will call this as 𝑅ி

ᇱ  and this is 𝑅ଵ
ᇱ  because for high pass filter we called as 𝑅ଵ. For low pass filter 

you have to take voltage across capacitor. So, this is 𝑣ଵ. So, 𝑣௢ = 𝑣ଵ ቂ1 +
ோಷ

ᇲ

ோభ
ᇲ ቃ this you call as 

𝐴௢ଶ𝑣ଵ where 𝐴௢ଶ is ቂ1 +
ோಷ

ᇲ

ோభ
ᇲ ቃ. 

And what is 𝑣ଵ? is equal to 𝑣௜

భ

ೞ಴

ோା
భ

ೞ಴

. So, 𝑠𝐶 𝑠𝐶 will get cancelled is equal to 
௩೔

ଵା௦ோ஼
 . This is 𝑣ଵ. 

So, what is 𝑣ை? 𝐴௢ଶ times 𝑣௜ 𝐴௢ଶ𝑣௜ which is 𝑣௜ by. So, what is the transfer function H I will 
call as HP sorry LP. And what is frequency response and you call this one as 2 2 because 1 1 
we called as the RC section parameter values of high pass filter. 
 
So, we will call this as 2’s.1 + 𝑗𝜔𝑅ଶ𝐶ଶ. Now we will define the cutoff frequency of low pass 

filter which is 𝑓௛ is 
ଵ

ோమ஼మ
. Therefore, what is 𝐻(𝑗𝑓)? I call as this 𝑓 is equal to 𝐴௢ଶ divided by 

1 + 𝑗2𝜋𝑓 and 𝑅ଶ 𝐶ଶ will be 
ଵ

ଶగ௙೓
 and this 𝑅ଶ 𝐶ଶ is. So, this 2𝜋 2𝜋 will get cancelled will get 

஺೚మ

ଵା௝(
೑

೑೓
)
 or magnitude of low pass 𝑗𝑓 is equal to 

஺೚మ

ඨଵା௝൬
೑

೑೓
൰

మ
.   
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Now, what will be the circuit diagram of wide band band pass filter? First order by cascading 
two first order systems. So, we will get this wide band band pass filter. So, which is first high 
pass filter? This is the high pass filter 𝑅ଵ, 𝑅ி  this we called as 𝑅ଵ 𝐶ଵ this is input. This will be 
now given as input for first order low pass filter. This is the overall final output of band pass 
filter. We are calling this one as 𝑅ଵ

ᇱ  𝑅ி
ᇱ  and this we are going to connect to RC section 𝑅 here 

𝐶 here this we are calling as 𝑅ଶ 𝐶ଶ. 



 
So, this is high pass filter and this is low pass filter. So, what is the transfer function of this one 

which we have derived is this. This is high pass filter 
஺೚భ൬

೑

೑೗
൰

ඨଵା൬
೑

೑೗
൰

మ
 where 𝐴௢ଵ is 1+

ோಷ

ோభ
 this 𝑅ி  this 

𝑅ଵ and 𝑓௟ is this 𝑅ଵ 𝐶ଵ  
ଵ

ଶగோభ஼భ
 . Whereas, for low pass filter which we have derived here 

஺೚మ

ඨଵା൬
೑

೑೓
൰

మ
 

where 𝐴௢ଶ is also 1 by 𝑅ி , but here this is 
ோಷ

ᇲ

ோభ
ᇲ  and 𝑓௛ is 

ଵ

ଶగோమ஼మ
. So, this is going to decide the 

higher cutoff frequency of wide band pass filter. This is going to decide the lower cutoff 
frequency of wide band pass filter. Now, this will be wide band pass filter response. This is 
wide, this is center frequency, this is 1, this is 0.07, this 𝑓௟ is going to be decide by these values 
and this 𝑓௛ is going to decide by 𝑅ଶ and 𝐶ଶ. So, then what will be overall transfer function? 
Transfer function of band pass filter means simply you have to cascade these two. 
 

So, overall is 
௩೚

௩೔
. If I call this intermediate output as 𝑣௢ଵ, then this will be 

௩೚భ

௩೔
 and this will be 

௩೚

௩೚భ
. So, to get 

௩೚

௩೔
, this 𝑣௢ଵ 𝑣௢ଵ will get cancelled if I multiply these two. This is equal to 

𝐴௢ଵ𝐴௢ଶ
௙

௙೗
 divided by square root of ൤1 + ቀ

௙

௙೗
ቁ

ଶ

൨ into square root of or you can multiply here 

inside this here itself ൤1 + ቀ
௙

௙೓
ቁ

ଶ
൨. This is how you can design the wide band band pass filter.  
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I will take one example. Design a band pass filter with a pass band gain of 4, lower cutoff 
frequency of 400 Hertz and higher cutoff frequency of 2 kiloHertz and also determine the 



quality factor also. So, overall gain is 4. So, in this we have 𝐴௢ଵ some gain, 𝐴௢ଶ some gain. It 
is up to you can distribute equally or 1 and 4, it is up to you, but here I want to distribute this 
gain equally. 
 
Two gain here in the low pass filter gain of 2, high pass filter with the gain of 2. So, 𝐴௢ଵ is 

𝐴௢ଵ𝐴௢ଶ should be 4. Let 𝐴௢ଵ is equal to 2 which is equal to 1 +
ோಷ

ோభ
 implies 𝑅ி = 1, 

ோಷ

ோభ
 is equal 

to 1 implies 𝑅ி  is equal to 𝑅ଵ, we call this as 10 kilo Ohms and 𝐴௢ଶ is also 2, this is equal to 

1 +
ோಷ

ᇲ

ோభ
ᇲ  implies again 𝑅ி

ᇱ  is equal to 𝑅ଵ
ᇱ  this also if we choose 10 kilo Ohms. So, all the four 

values will be having same resistance 10 kilo Ohms each. Now lower cutoff frequency is going 

to be decide by 
௙೗

ோభ஼భ
, 

ଵ

ଶగோభ஼భ
  equal to 400 Hertz is given 

ଵ

ଶగோభ஼భ
. 

 

So, implies 𝑅ଵ𝐶ଵ is equal to 
ଵ

଼଴଴గ
 . As I have told in the last lecture also we have to choose some 

value of 𝐶ଵ say 0.01 or 0.01 micro Farads, then we can find out the 𝑅ଵ value from here. 
 

𝑅ଵ is equal to 
ଵ

଼଴଴గ஼భ
 that is equal to 

ଵ

଼଴଴గ×଴.଴ଵ×ଵ଴షల.  So, we will get some value. Similarly, 𝑓௛ 

is given as 2000 2 kilo Hertz 
ଵ

ଶగோమ஼మ
 implies 𝑅ଶ𝐶ଶ is 4000𝜋. 

 
Let 𝑅ଶ𝐶ଶ is equal to 0.01 or 0.001 it is up to you. You can choose any available value for this 

𝐶ଵ and 𝐶ଶ, then you can compute 𝑅ଶ 
ଵ

ସ଴଴଴గ×଴.଴ଵ×ଵ଴షల. So, whatever the value you will get you 

fix these values here for 𝑅ଵ 𝐶ଵ 𝑅ଶ 𝐶ଶ 𝑅ଵ 𝑅𝐹 𝑅ଵ
ᇱ  𝑅ி

ᇱ  you will get the design of band pass filter. 
So, this is about this band pass filters. 
 
So, we have two types of the band pass filters wide band band pass filter narrow band band 
pass filter. For narrow band band pass filter you have to take two feedback paths and here also 
you can design in a similar manner. By properly choosing these R's and C's here we can design 
this filter with any cutoff frequencies whereas in case of wide band pass filter you have to 
cascade two first order sections, two filters one is low pass filter and other is high pass filter.  
In this example we have taken one first order low pass filter and one first order high pass filter.  
Similarly, you can cascade one second order high pass filter, one second order low pass filter 
to get the higher order band pass filters. So, next type of the filter is band reject filter that we 
will discuss in the next lecture. Thank you. 


