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Wien Bridge, Colpitt's and Hartley Oscillators 

 

So, in the last lecture I have discussed about the RC phase shift oscillator and we have derived 
the expression for the frequency of oscillations and the condition for the gain to sustain the 
oscillations. So, today we will discuss another audio frequency oscillator called as a Wein 
Bridge oscillator. This is also another type of RC oscillator where the feedback circuit consists 
of R and C elements. So, the circuit diagram of this Wein Bridge oscillator is. So, this is 
basically a inverting amplifier unlike the RC phase shift oscillator where the amplifier is non-
inverting amplifier. So, this is non-inverting amplifier unlike the RC phase shift oscillator 
where the amplifier is inverting amplifier. 
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This is output, this is 𝑅ி , this is 𝑅ଵ. Basically, the signal here will be amplified with the gain 

of 1 +
ோಷ

ோభ
. The gain 𝐴 will be 1 +

ோಷ

ோభ
. So, this will provide 0 degree phase shift because there 

is no minus sign. 

So, the feedback network if I assume that this output voltage here is 𝑣௙. So, this feedback factor 

\beta is given by the input here is 𝑣௢ with respect to ground, 𝛽 is 
௩೑

௩೚
. So, I am going to derive 

the expression for this one. So, this also should provide 0 degrees phase shift. So, that overall 
phase angle will be 0 degrees and magnitude you have to make as unity. This is the condition 



for the sustained oscillations. Now, here there is one RC section in series, another RC section 
in parallel here. So, we have to nullify the phase angle provided by this RC section by this 
parallel RC section so that the overall resultant phase angle will be 0. So, why the name Wein 
Bridge? So, if you want to write the equivalent circuit of this, this is equivalent to a bridge type 
of circuit. Here the output is taken, here we will take four arms of the bridge, this is 𝑅ଵ, this is 
𝑅ி , this is series RC circuit, this is parallel RC circuit and this point will be grounded. Here the 
output 𝑣௢ is taken. So, these two circuits are same this and this. We can see that at the positive 
terminal. So, one edge will goes to series RC, another edge will goes to parallel RC, this is 
parallel RC and from this output of the op-amp we will take the output 𝑣௢ and the other end of 
this output will goes to 𝑅ி , this is 𝑅ி  whereas the negative terminal will goes to 𝑅ଵ. So, these 
two are same. 

So, in order to get 0 phase shift in the feedback path, you have to balance the bridge. In the 
sense this 𝑅ଵ will provide 0 phase shift, 𝑅ி  also provide 0 phase shift. If this provides phase 
shift of 5, then this parallel RC section has to provide the phase shift of minus 5 so that these 
two will be get cancelled, then the bridge is said to be balanced that is why the name Wein 
Bridge Oscillator. So, you can take either of the circuit to derive the expression for the 

frequency of oscillations. So, what is the gain of this amplifier 𝐴 is equal to 1 +
ோಷ

ோభ
 and what is 

𝛽? 
௩೑

௩೚
. So, from this circuitry what is 𝑣௙ in terms of 𝑣௢? 𝑣௙ is equal to 𝑣௢ into R in parallel with 

ଵ

௦஼
 is this impedance divided by. So, this impedance will be total impedance, this will be 𝑅 +

ଵ

௦஼
+ 𝑅||

ଵ

௦஼
. This is series combination, this is parallel combination. We are taking the output 

voltage across the parallel combination so that vo into parallel combination impedance divided 
by the total impedance, series combination impedance plus parallel combination impedance. 

So, what is 𝑅 in parallel with 
ଵ

௦஼
 is equal to 

ோ 
భ

ೞ಴

ோା
భ

ೞ಴

 . So, this is equal to 𝑠𝐶, 𝑠𝐶 will get cancelled 

and then 𝑠𝑅𝐶 in the numerator 1 + 𝑠𝑅𝐶.  
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So, if I substitute this here what will be 𝑣௙? 𝑣௙ is equal to 𝑣௢ into the parallel combination of 𝑅 

with 
ଵ

௦஼
 is 

௦ோ஼

ଵା௦ோ஼
 . This is 

௦ோ஼

ଵା௦ோ஼
 divided by 𝑅 +

ଵ

௦஼
 series combination plus parallel combination 

is 
௦ோ஼

ଵା௦ோ஼
 . Again, here this will becomes 𝑠𝑅𝐶 whole divided by 𝑠𝐶, this can be simplified as 

ଵା௦

௦஼
. Now, again here the LCM is 𝑠𝐶(1 + 𝑠𝑅𝐶). 

So, this will be equal to 𝑣௢(
௦ோ஼

ଵା௦ோ஼
) is the numerator, the numerator will be. So, this will be 

reverse s, 𝑠𝐶(1 + 𝑠𝑅𝐶) will be in the numerator, denominator will be (1 + 𝑠𝑅𝐶)ଶ + 𝑠ଶ𝑅𝐶ଶ. 
So, if you further simplify. So, this (1 + 𝑠𝑅𝐶), (1 + 𝑠𝑅𝐶) will get cancelled and the numerator 
will be 𝑣௙ is equal to 𝑣௢𝑠ଶ𝑅𝐶ଶ divided by 𝑠ଶ𝑅ଶ𝐶ଶ + 2𝑠𝑅𝐶 + 1 which is (𝑠𝑅𝐶 + 1)ଶ + 𝑠ଶ𝑅𝐶ଶ, 

okay is it correct. So, 𝑣௢(
௦ோ஼

ଵା௦ோ஼
) is the numerator, denominator will be 

௦஼(ଵା௦ோ஼) 

(ଵା௦ோ஼)మା௦మோ஼మ
. 

So, therefore, 𝛽 =
௩೑

௩೚
, this is equal to 

௦మோ஼మ 

௦మோ஼మାଶ௦ோ஼ାଵା௦మோ஼మ. So, in order to find out the frequency 

of oscillations 𝑠 should be 𝑗𝜔. So, if I substitute 𝑠 = 𝑗𝜔 here, 𝛽 becomes 𝑠ଶ becomes (𝑗𝜔)ଶ 

which is equal to −𝜔ଶ, 
ିఠమோ஼మ 

ିఠమோ஼మାଶ௝ఠோ஼ାଵିఠమோ஼మ. Now, this 𝑅 parallel with 
ଵ

௦஼
 will be 𝑅 in 

parallel with 
ଵ

௦஼
 will be 

ோ 
భ

ೞ಴

ோା
భ

ೞ಴

. So, which is equal to 𝑠𝐶 will get cancel. So, we will get 
ோ

ଵା௦஼ோ
. So, 

if I substitute this value here and here and if you simplify this expression for 𝑣௙.  
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So, what will be this 𝑣௙ now? 𝑣௙ is equal to 
ோ

ଵା௦ோ஼
 , 

ೃ

భశೞೃ಴

ோା
భ

ೞ಴
ା

ೃ

భశೞೃ಴

 . So, if I take again LCM as 

(1 + 𝑠𝑅𝐶)𝑠𝐶 what will be this? This is equal to 𝑣௢(
ோ

ଵା௦ோ஼
) divided by here the denominator is 

𝑠𝐶(1 + 𝑠𝑅𝐶) is LCM. So, this will be 𝑅 into 𝑅 by 1. 



So, we will get both the terms 𝑠𝐶(1 + 𝑠𝑅𝐶) plus 1 here 𝑠𝐶 is there. So, it will get 1 + 𝑠𝑅𝐶 

1(1 + 𝑠𝑅𝐶) plus R, (1 + 𝑠𝑅𝐶) is there. So, we will get 𝑠𝐶. So, this will be 𝑣௢(
ோ

ଵା௦ோ஼
) and if 

we take this into numerator this will goes to numerator this will become the denominator. So, 
𝑠𝐶(1 + 𝑠𝑅𝐶) divided by. 

So, what is the denominator? this is 𝑠𝑅𝐶 into 1 is 𝑠𝑅𝐶 plus 𝑠𝑅𝐶 into 𝑠𝑅𝐶 is 𝑠ଶ𝑅ଶ𝐶ଶ + 1 +

𝑠𝑅𝐶 + 𝑠𝑅𝐶.So, this (1 + 𝑠𝑅𝐶) (1 + 𝑠𝑅𝐶) will get cancelled this is equal to 𝑣௢ 𝑠𝑅𝐶 divided 

by total 3𝑠𝑅𝐶 𝑠ଶ𝑅ଶ𝐶ଶ + 3𝑠𝑅𝐶 + 1. So, implies what is 𝛽? 
௩೑

௩೚
 this is equal to 

௦ோ஼

௦మோమ஼మାଷ௦ோ஼
. 

This is expression for the 𝛽. Now, in order to derive the expression for the frequency of 
oscillations. So, we have to make the imaginary part of 𝛽 equal to 0 similar to the analysis that 
we have done in RC phase shift oscillator. 

So, in order to obtain this real and imaginary part we will replace 𝑠 with 𝑗𝜔. So, what happens 
to 𝑠ଶ? 𝑗ଶ𝜔ଶ which is just simply −𝜔ଶ. So, if I substitute this here. So, what will be 𝛽? 

௝ఠோ஼

ିఠమோమ஼మାଷ௝ఠோ஼ାଵ
 . So, this 𝑗 if I take to the denominator becomes −𝑗. 

So, this is equal to 𝜔𝑅𝐶 divided by −𝑗{−𝜔ଶ𝑅ଶ𝐶ଶ + 3𝑗𝜔𝑅𝐶 + 1}. Or this is equal to 𝜔𝑅𝐶 
divided by this −𝑗 into minus becomes +𝑗 𝑗𝜔ଶ𝑅ଶ𝐶ଶ and this −𝑗 into +𝑗 becomes −𝑗ଶ which 
is equal to +1  +3𝜔𝑅𝐶 plus this becomes −𝑗. So, what is the imaginary part? and what is the 
real part? 𝜔𝑅𝐶 divided by real part is 3𝜔𝑅𝐶 plus imaginary part is 𝑗 if I take as common 
(𝜔ଶ𝑅ଶ𝐶ଶ − 1). For sustained oscillations what is the condition? 𝐴 is real. So, 𝛽 also should be 
real implies imaginary part is 0 means 𝜔ଶ𝑅ଶ𝐶ଶ = 1 implies what is the frequency of 

oscillations? 𝜔௢
ଶ =

ଵ

ோమ஼మ .  
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Or 𝜔௢ =
ଵ

ோ஼
 or 𝑓௢ =

ଵ

ଶగோ஼
 . This is the expression for the frequency of oscillations of Wein 

Bridge oscillator. So, at this frequency of oscillations what will be the value of 𝛽? 𝛽 is this. So, 



this becomes 0 and this 𝜔𝑅𝐶 becomes 1 from this 𝜔𝑅𝐶 is 1. So, if I substitute that so, this 𝜔𝑅𝐶 
is 1. So, what happens to 𝛽 this is 1 this is 1 and this is 0. 

So, 
ଵ

ଷ
×1 is 

ଵ

ଷ
. So, implies 𝛽 =

ଵ

ଷ
, but we know that for sustained oscillation |𝐴𝛽| ≥ 1 implies 

|𝐴| should be ≥ 3. So, what is 𝐴? is equal to 1 +
ோಷ

ோభ
 should be ≥ 3 implies 

ோಷ

ோభ
 should be ≥ 2  

3 − 1 is 3 minus this 1 implies 𝑅ி ≥ 2𝑅ଵ. So, these are the two design expressions to design 
the Wein Bridge oscillator. This is second type of RC oscillator. So, these RC oscillators are 
suitable for audio frequency applications. So, for radio frequency applications we have to go 
for the LC oscillators.  
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There are two types of LC oscillators similar to the RC oscillator one is called Colpitts oscillator 
and the second one is called Hartley oscillator. So, before going for this Colpitts and Hartley 
oscillator first I will derive the expression for the generalized LC oscillator. Then I will 
substitute the values of this impedances in case of a Colpitts oscillator in case of Hartley 
oscillator okay. First, I will take the generalized LC oscillator. So, the circuit diagram of a 
generalized LC oscillator is this is also type of inverting amplifier. So, the feedback path here 
will be consisting of three impedances. Later I will replace these impedances with L and C 
elements so that we can derive the Colpitts oscillator. So, here the output vo is taken and this 
is 𝑣௙ a part of this output will be fed back to the input and this we will call as 𝑍ଵ, 𝑍ଶ, 𝑍ଷ this is 
𝑅ଵ, 𝑅ி . 

So, the gain of this amplifier is 𝑅ி is equal to −
ோಷ

ோభ
 into of course, this voltage okay. This is 

nothing, but 𝑣௙. So, in order to derive the expression for the frequency of oscillations first I 
will draw the equivalent circuit. So, in the earlier lectures we have discussed the internal 
circuitry of the operational amplifier okay. So, that is nothing, but here we will be having input 



resistance, then there will be a output resistance, there will be a voltage source this will be 
grounded which is minus plus. 

If I call this as terminal 1, terminal 2 this is 𝑅௜, this is 𝑅௢, 𝐴௩ is the say voltage gain into 𝑣ଵଶ 
this is the output voltage. Now, here if I assume that the operational amplifier is ideal 𝑅௜ will 
be infinite. And in the equivalent circuit for the sake of simplicity I will just not show this 𝑅ଵ 
and 𝑅ி . So, what will be the equivalent circuit of this operational amplifier we are going to 
replace with this equivalent circuit with 𝑅௜ is equal to infinite means this will acts as a open 
circuit this will acts as a open circuit here. So, the equivalent circuit will be now if I call this 
as a terminal 1 and this as terminal 2, this as terminal 3. 

So, terminal 1 this is connected to the ground, this is connected to this point, then there will be 
no connection between this terminal 1 and this point except for that here this ground. So, there 
will be a voltage source with ground, this will be your terminal 2, this terminal 2, this is minus 
plus, this is 𝐴௩ times 𝑣ଵଶ and this is output resistance, this output resistance 𝑅௢ and this will be 
connected to this point, this is terminal point 3. So, where this is connected to 𝑍ଷ, 𝑍ଵ and then 
𝑍ଶ. So, this overall this one will be grounded and here of course, we will take the output. 

This is 𝑍ଶ, 𝑍ଵ, 𝑍ଷ this is 𝑅௢, this is terminal 1 and this point will be connected to here, see here 
this one will be connected to here, so a central point between 𝑍ଵ and 𝑍ଷ. So, this is the 
equivalent circuit okay. Now, this will be your 𝑣௙ with respect to the ground, this will be 𝑣௢. 

So, 𝛽 is nothing but 
௩೑

௩೚
. So, what is 𝑣௙ in terms of 𝑣௢? 𝑣௢ into this is 𝑣௢ between this point and 

this point, there is a voltage divider. 

So, we are taking 𝑣௙ across 𝑍ଵ. So, 
௓భ

୞భା୞య 
 implies 

௩೑

௩೚
 is equal to 𝛽, this is equal to 

௓భ

୞భା୞య 
, this is 

one expression. Then what about this output voltage 𝑣௢? So, the overall gain will be here, this 

is 𝑣௢ and this is 𝑣ଵଶ. So, overall gain 𝐴௩ is given by 
௩೚

௩భమ
. So, in terms of 𝑣ଵଶ what is 𝑣௢ first of 

all? So, this 𝑣௢ in terms of this 𝑣ଵଶ. So, you can see that this voltage Av into 𝑣ଵଶ is the total 
voltage between this point to ground, this ground also of course. 

And there is a resistance here and there will be parallel combination of this and we are taking 
this output across this parallel combination. So, let this parallel combination as 𝑍௅ , 𝑍௅ is equal 
to 𝑍ଶ || (𝑍ଵ + 𝑍ଷ), this entire circuitry this you are calling as 𝑍௅. Then what will be equivalent 
circuit?   

So, here this is voltage source minus plus this is grounded, this is 𝐴௩ into 𝑣ଵଶ, 𝐴௩ into 𝑣ଵଶ and 
this is 𝑅௢. Now, this will be total 𝑍௅, this is also grounded, this 𝑍௅ is this, this is 𝑅௢ and here 
we are taking output 𝑣௢. So, what is 𝑣௢ is equal to this is minus sign because plus is grounded. 
So, this is of opposite polarity minus 𝐴௩ into 𝑣ଵଶ and we are taking the output across 𝑍௅ means 

௓ಽ

ୖ೚ା୞ై 
.  

So, this is if I substitute this 𝑍௅ also here, A becomes this A if I call this overall gain as 𝐴, this 

is 𝑣௢ is the output voltage 𝑣ଵଶ is the input voltage. So, 
௩೚

௩భమ
 from here 

௩೚

௩భమ
 will be your 𝐴 that is 

equal to −𝐴௩ times this 
௩೚

௩భమ
 is equal to −𝐴௩

௓ಽ

ୖ೚ା୞ై 
. Here 𝑍௅ is 𝑍ଶ || (𝑍ଵ + 𝑍ଷ), this is equal to 

௓మ(௓భା௓య)

௓భା௓మା௓య
. If I substitute this here implies what is 𝐴? −𝐴௩ times this is 𝑍ଶ, 𝑍௅ is 𝑍ଶ, 𝑍ଶ(𝑍ଵ + 𝑍ଷ) 



divided by 𝑍ଵ + 𝑍ଶ + 𝑍ଷ is the numerator is 𝑍௅ whole divided by 𝑅௢ plus again 𝑍௅ is same 
thing 𝑍ଶ(𝑍ଵ + 𝑍ଷ) divided by 𝑍ଵ + 𝑍ଶ + 𝑍ଷ. 
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So, if I take 𝑍ଵ + 𝑍ଶ + 𝑍ଷ as LCM in the denominator, so that will cancel with this one. So, 

you will get this as 
ି஺ೡ௓మ(௓భା௓య)

ோ೚(௓భା௓మା௓య)ା௓మ(௓భା௓య)
 . This is your 𝐴 expression and 𝛽 we have derived as 

௓భ

୞భା୞య 
. So, 𝐴𝛽 is equal to 1 for oscillation the condition is. So, implies 𝐴 is 

ି஺ೡ௓మ(௓భା௓య)

ோ೚(௓భା௓మା௓య)ା௓మ(௓భା௓య)
 into 𝛽 is 

௓భ

୞భା୞య 
 this should be equal to 1. 

So, this get cancelled. So, you will get 𝐴𝛽 is equal to now 
ି஺ೡ௓భ௓మ

ோ೚(௓భା௓మା௓య)ା௓మ(௓భା௓య)
. Here 

𝑍ଵ, 𝑍ଶ, 𝑍ଷ are the impedances okay. So, this is of the form of 𝑍 = 𝑗𝜔௅ or 
ଵ

୨னେ 
 . So, what I will 

do is I will call this 𝑍ଵ as 𝑗𝑋ଵ, 𝑍ଶ as 𝑗𝑋ଶ, 𝑍ଷ as 𝑗𝑋ଷ where 𝑋 can be 𝜔𝐿 or 
ିଵ

னେ 
 because 𝑗 we have 

taken the numerator this will equal 
ି௝

னେ 
. So, 𝑗 if I take as common it will be 1 by −1 by 𝜔𝐶. So, 

the 𝑋 we are going to substitute later either 𝜔𝐿 or 
ିଵ

னେ 
 depends upon the type of impedance that 

we are going to obtain.  

Now, by substituting these values here what is 𝐴𝛽? Therefore, 𝐴𝛽 is equal to −𝐴௩ times 𝑍ଵ𝑍ଶ 
means (𝑗𝑋ଵ) (𝑗𝑋ଶ) divided by 𝑅௢ into 𝑋ଵ + 𝑋ଶ + 𝑋ଷ means 𝑗 if I take as common and this will 
be 𝑋ଵ + 𝑋ଶ + 𝑋ଷ plus we have 𝑍ଶ(𝑍ଵ + 𝑍ଷ). 𝑍ଶ is 𝑗𝑋ଶ, (𝑍ଵ + 𝑍ଷ) is 𝑗 also common here. So, 
this becomes 𝑗ଶ 𝑋ଵ + 𝑋ଷ. So, this 𝑗ଶ is −1 and this 𝑗 into 𝑗 is also −1. 

So, this minus minus becomes plus. So, this will be now 𝐴௩𝑋ଵ𝑋ଶ divided by what is the real 
part and what is imaginary part −𝑋ଶ(𝑋ଵ + 𝑋ଷ) is real part +𝑗𝑅௢(𝑋ଵ + 𝑋ଶ + 𝑋ଷ) is imaginary 
part. But for the oscillations 𝐴𝛽 should be real implies imaginary part is 0. This is 0 means 
(𝑋ଵ + 𝑋ଶ + 𝑋ଷ) = 0. This is the condition for the oscillations.  
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If 𝑋ଵ + 𝑋ଶ + 𝑋ଷ is 0 what happens to 𝐴𝛽? This term becomes 0 and what is 𝑋ଵ + 𝑋ଷ from this 
𝑋ଵ + 𝑋ଷ will be −𝑋ଶ. 

So, if I substitute this −𝑋ଶ minus minus becomes plus. So, 𝐴𝛽 is equal to 𝐴௩𝑋ଵ𝑋ଶ divided by 

𝑋ଶ, −𝑋ଶ into −𝑋ଶ becomes +𝑋ଶ. This 𝑋ଶ 𝑋ଶ will get cancelled will get this is equal to 𝐴௩
௑భ

ଡ଼మ 
. 

Then |𝐴𝛽| ≥ 1 implies 𝐴௩ into |𝐴௩
௑భ

ଡ଼మ 
| should be greater than or equal to 1 implies 

௑భ

ଡ଼మ 
 should 

be greater than or equal to 1. 

These are the conditions for the oscillations. Now, we will substitute here this 𝑍ଵ, 𝑍ଶ, 𝑍ଷ with 
either impedances or capacitances. Thereby, we will get this Colpitts and Hartley oscillator 
okay.  

So, Colpitts oscillator first. Colpitts oscillator can be obtained by a replacing 𝑋ଵ, 𝑋ଶ with 
capacitor and 𝑋ଷ is inductor. So, the corresponding circuitry will be this. Here the output is 
taken, this is grounded. Here in the feedback path, you have two capacitances and this point is 
grounded and there will be a inductance. This is the feedback network 𝐿 𝐶 𝐶 𝑅ଵ, 𝑅ி . So, 𝑋ଵ will 

be 
ିଵ

னେ 
. If I call this as 𝐶ଵ and 𝐶ଶ for example, this 𝑋ଵ is 

ିଵ

னେభ 
, 𝑋ଶ is 

ିଵ

னେమ 
 and 𝑋ଷ is 𝜔𝐿. 

If I substitute this, what is the condition for the oscillations? 𝑋ଵ + 𝑋ଶ + 𝑋ଷ should be 0 implies 
ିଵ

னେభ 
+

ିଵ

னେమ 
+ 𝜔𝐿 = 0. So, what is 𝜔𝐿? 

ଵ

னେభ 
+

ଵ

னେమ 
. This 𝜔 you can take as common if you take 

to the other side implies 𝜔ଶ𝐿 =
ଵ

େభ 
+

ଵ

େమ 
.  

 



This is equal to 
େభାେమ

େభେమ
 or 𝜔ଶ is equal to 

ଵ

୐ 
 times 

େభାେమ

௅େభେమ
 or what is 𝜔? ට

େభାେమ

௅େభେమ
 . This we call as 

frequency of oscillations implies 𝑓௢ is equal to 
ଵ

ଶగ
 square root of 

ଵ

ଶగ
ට

େభାେమ

௅େభେమ
 . 

If I define the equivalent capacitance as let 𝐶்  total capacitance is 
େభେమ

େభାେమ
. So, then this 𝑓௢ 

becomes 
ଵ

ଶగඥ௅஼೅
. So, this becomes this becomes 

ଵ

஼೅
. So, here 𝐶்  is this. 
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This is the expression for the frequency of oscillations. Now, what will be the condition on the 

gain? So, here |𝐴௩| should be greater than or equal to 
௑మ

ଡ଼భ
. So, here this expression should be 

|𝐴௩| should be greater than or equal to 
௑మ

ଡ଼భ
. What is 𝑋ଶ? What is 𝑋ଵ? 𝑋ଶ is this 𝑋ଵ is this. So, 

should be greater than or equal to 
(

షభ

ಡిమ 
)

(
షభ

ಡిభ 
)
 . 

So, minus minus get cancelled omega get cancelled. So, |𝐴௩| should be greater than or equal 

to 
஼భ

େమ
 this is another condition. So, subjected to this condition the frequency of oscillations is 

ଵ

ଶగඥ௅஼೅
. So, this is the frequency of oscillations of Colpitts oscillator.  

And the other type of LC oscillator is called Hartley oscillator. Here this is reverse 𝑋ଵ, 𝑋ଶ is 
inductors and 𝑋ଷ is capacitance. This is the circuit diagram of Hartley oscillator. This we call 

as 𝐿ଵ, 𝐿ଶ, 𝐶.  So, what is 𝑋ଵ is 𝜔𝐿ଵ, 𝑋ଶ is 𝜔𝐿ଶ, 𝑋ଷ is 
ିଵ

னେ
. And the condition for the oscillations 

which we have derived is 𝑋ଵ + 𝑋ଶ + 𝑋ଷ should be 0 implies 𝜔𝐿ଵ + 𝜔𝐿ଶ −
ଵ

னେ
 should be 0 or 

𝜔(𝐿ଵ + 𝐿ଶ) =
ଵ

னେ
 or 𝜔ଶ =

ଵ

େ(୐భା୐మ)
 .   



So, therefore, frequency of oscillations 𝜔௢ is given by ට
ଵ

஼(௅భା௅మ)
  or 𝑓௢ =

ଵ

ଶగඥ(௅భା௅మ)஼
. 
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Let 𝐿் = 𝐿ଵ + 𝐿ଶ. If I assume that there is no mutual inductance between 𝐿ଵ and 𝐿ଶ or if I 
assume that mutual inductance also there 𝐿் = 𝐿ଵ + 𝐿ଶ + 2𝑀, 𝑀 is mutual inductance. Then 

what will be frequency of oscillations? is 
ଵ

ଶగඥ௅೅஼
. Here 𝐿் depends upon the mutual inductance 

𝐿ଵ + 𝐿ଶ or 𝐿ଵ + 𝐿ଶ + 2𝑀. This is the total inductance of two inductors connected in series with 

mutual inductance of F. And what is the another condition ቚ𝐴௩
௑భ

ଡ଼మ
ቚ should be ≥ 1 or |𝐴௩| should 

be  ≥
௑మ

ଡ଼భ
. 

This is greater than or equal to 𝑋ଶ is 𝜔𝐿ଵ, 𝑋ଵ is 𝜔𝐿ଵ, 𝑋ଶ is 𝜔𝐿ଶ, 
ன୐మ

ன୐భ
, 𝜔 𝜔 get cancelled. So, 

|𝐴௩| should be greater than or equal to 
୐మ

୐భ
. So, with this condition we will get the frequency of 

oscillations as 
ଵ

ଶగ
 the resultant inductance times the capacitance. So, here the two types of LC 

oscillators. So, normally this will be used to design RF frequencies of the order of mega Hertz. 

So, this is all about these sinusoidal oscillators which can generate the sinusoidal signal whose 
frequency is this. We can generate the rectangular waveform triangular waveform also that we 
will discuss in the next lecture. Thank you. 

 


