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Series RCL Circuit

Consider the RCL circuits as shown in figure 3.9. Each has a low-frequency and high-frequency
approximation. Considering the band-reject filter (figure 3.6d) we obtain for the transfer function
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Figure 3.9: LCR filters: a) low-pass, b) high-pass, c) band-pass and d) band-reject.
() 4 jul
H = R 1j(GuC)+ juL (351)
_ 1 -3l
T (1= 2L} + juitC (352}
The approximations are:
w—0 H-oH;=1 and (3.53)
w—ac; HoHg=1 (3.54)

We notice a zero in the transfer function at wy = 1/4/Z€ . In the low-medium frequency range

1
w < wa; H—aHr.szuTwncw", (3.55)

for high-medium frequencies
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Solving for the corner frequencies we have

1=1[jufC] = w=1/(RC}, (8.57)
1=|jwlf/] = wy=M/L and (3.58)
wh = WVLIC = Jayas. (3.59)

Example: Sketch |H(jw}| for the LCR circuit shown in figure 3.10 for the two conditions
R=08yL/C and R=2yL{C . In each case, determine the values of H|at w=0, ac, and w,., and

label these points on the sketches.

A
O T O
/1
c L
R
O + O

Figure 3.10: LCR circuit with two components across the output.

The transfer function is

R+ jul

For wsmall

H{ju) ﬁ:jmw (361)

H{juw}] = wiC. (3.62)
Forlarge w: H(jw)}=1.
For the corner frequency: 1 =weRC — we=1}(7CY .
For It=0.5vm =iv%,
Hy = $VIC 0= Fz.

. R4+-25/L)C R+ 458
H(jue} = = - - (363}
R+25 L;'C—J'IQV'L}’C R+4jR-jR
_ 1447 (14453(1-37) 1345
T 1+ 148 ® (364}

/1394.19 _ (170 _
— =\ =130 (3.65}

H(juwe}|

For r=2/LiC,

Hygy =20 LC wer = ;;ﬁ
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R+ 2.|IL j
R+ j{2fL4C - 2§fLiC  2+3/2-2]
447 (44714435}  13+165
T 4-3j 1649 25 (367)
Bl = =g = Yoo = 0525 (365)

Figure 3.11 is a sketch of the transfer functions.
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Figure 3.11: Sketch of the transfer functions for the above circuit.
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Example:

1. Write an expression for the transfer function of the circuit shown in figure 3.12.
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Figure 3.12: Circuit with components in parallel at the output.
oy _ (MGuCRGuwi}  jui
Zer = jaC)+ jwl — 1- wACL (3.69)
I !
G} = 74 S T 1 jRj(wi}(1 - JSCL) (370}

- . (371)
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2. What phase shift is introduced by this filter at very small and very large frequencies?
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For large wH(jw} % 5 = 7

1
Hpigh = —=uw g dm8 du= —g.
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For small wH(jw) » =juk
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L ar
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. On alog-log scale, sketch |H(jw}| and the phase shift as a function of w .

For the corner frequency wgfiC'= - wa= Z= -

H(juic} = Lio=10.

slope=+11glope=—1
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Figure 3.13: Transfer function and phase shift for the above circuit.
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