CHAPTER 31 SERIES RESONANCE AND Q-FACTOR

Exercise 133, Page 520

1.  A coil having an inductance of 50 mH and resistance 8.0 Ω is connected in series with a 25 μF 
    capacitor across a 100 V a.c. supply. Determine (a) the resonant frequency of the circuit, and (b) 
    the current flowing at resonance.


(a) Resonant frequency,  

                                                              = 142.4 Hz


(b) Current at resonance, I =  = 12.5A


2.  The current at resonance in a series R-L-C circuit is 0.12 mA. The circuit has an inductance of 
     0.05 H and the supply voltage is 24 mV at a frequency of 40 kHz. Determine (a) the circuit 
     resistance, and (b) the circuit capacitance.


(a) At resonance, resistance, R =  = 200 Ω



(b) At resonance,      i.e.   


     from which,                 capacitance, C =  

                                                                                       = 316.6 pF











3.  A coil of inductance 2.0 mH and resistance 4.0  is connected in series with a 0.3 F capacitor. 
    The circuit is connected to a 5.0 V, variable frequency supply. Calculate (a) the frequency at 
    which resonance occurs, (b) the voltage across the capacitance at resonance, and (c) the voltage 
    across the coil at resonance.
   [image: AF4921E6]


4.  A series R-L-C circuit having an inductance of 0.40 H has an instantaneous voltage, 
     v = 60 sin(4000t - /6) volts and an instantaneous current, i = 2.0 sin 4000t amperes. Determine 
     (a) the values of the circuit resistance and capacitance, and (b) the frequency at which the circuit 
     will be resonant.
  [image: 6DC521F0]

5.  A variable capacitor C is connected in series with a coil having inductance L. The circuit 

    possesses stray capacitance  which is assumed to be constant and effectively in parallel with 
    the variable capacitor C. When the capacitor is set to 2.0 nF the resonant frequency of the circuit 
    is 86.85 kHz, and when the capacitor is set to 1.0 nF the resonant frequency is 120 kHz. 

    Determine the values of (a) the stray circuit capacitance , and (b) the coil inductance L.

 [image: 6EF85931] [image: 4BEF0D7E]
[image: DCCB7995]

  








Exercise 134, Page 525

1.  A series R-L-C circuit comprises a 5 F capacitor, a 4  resistor and a variable inductance L. 
    The supply voltage is 100 V at a frequency of 159.1 Hz. The inductance is adjusted until the 
    p.d. across the 4  resistance is a maximum. Determine for this condition (a) the value of 
    inductance, (b) the p.d. across each component, and (c) the Q-factor of the circuit.

If the p.d. across the resistance is a maximum then the circuit is at resonance.



(a) At resonance,            i.e.    

     from which,  inductance, L =  = 0.20 H   or   200 mH

(b) Current at resonance,  A

     P.d. across resistance,  = 100 V


     P.d. across inductance,  


                                                                                =  = 50090 V

     P.d. across capacitance,  

                                                                                   =  = 500-90 V


 (c) Q-factor =  = 50      (or use Q = )


2.  A series L-R-C circuit has a supply input of 5 volts. Given that inductance, L = 5 mH, resistance, 
    R = 75  and capacitance, C = 0.2 F, determine (a) the resonant frequency, (b) the value of 
    voltage across the capacitor at the resonant frequency, (c) the frequency at which the p.d. across 
    the capacitance is a maximum, and (d) the value of the maximum voltage across the capacitor.

(a) Resonant frequency,  = 5033 Hz

(b) At resonance, current, I =  = 66.667 mA

     Voltage across capacitor, = 10.54 V


     (or  Q =   and  = 10.54 V)
 (c) The frequency at which the p.d. across the capacitance is a maximum,

                f =  = 4741 Hz


(d) Maximum value of ,     = 10.85 V

3.  A capacitor having a Q-factor of 250 is connected in series with a coil which has a Q-factor of 

    80. Calculate the overall Q-factor of the circuit.



Overall Q-factor,  = 60.61


4.  An R-L-C series circuit has a maximum current of 2 mA flowing in it when the frequency of the 
    0.1 V supply is 4 kHz. The Q-factor of the circuit under these conditions is 90. Determine (a) the 
    voltage across the capacitor, and (b) the values of the circuit resistance, inductance and 
    capacitance.

[image: 5964916C]

       [image: CF986A7D]
[image: 4E70D9D4]

5.  Calculate the inductance of a coil which must be connected in series with a 4000 pF capacitor to 

    give a resonant frequency of 200 kHz. If the coil has a resistance of 12 Ω, determine the circuit 

    Q-factor.




At resonance,            i.e.    

from which,  inductance, L =  
                                                                  = 0.1583 mH   or  158.3 μH

Q-factor =  = 16.58


Exercise 135, Page 530

1.  A coil of resistance 10.05  and inductance 400 mH is connected in series with a 0.396 F 
    capacitor. Determine (a) the resonant frequency, (b) the resonant Q-factor, (c) the bandwidth and  
    (d) the lower and upper half-power frequencies.

[image: AEE1D019]


2.  An R-L-C series circuit has a resonant frequency of 2 kHz and a Q-factor at resonance of 40. If 
     the impedance of the circuit at resonance is 30 Ω determine the values of (a) the inductance, and 
     (b) the capacitance. Find also (c) the bandwidth, (d) the lower and upper – 3 db frequencies, and 
     (e) the impedance at the – 3 dB frequencies.



(a) Q-factor =      hence,   40 =     since R = Z at resonance


      from which,                inductance, L =  = 95.5 mH



(b) Q-factor =      hence,   40 =  

      from which,                    capacitance, C =  = 66.3 nF


(c) Bandwidth,  = 50 Hz

(d) For a Q-factor of 40 it may be assumed that the lower and upper half-power frequencies are 
      symmetrically displaced about the resonant frequency.

      Lower – 3dB frequency = 2000 -  = 1975 Hz

      Upper – 3dB frequency = 2000 +  = 2025 Hz

(e) At the half-power frequencies, I = 0.707   

     hence impedance, Z = 

     Thus, the impedance at the – 3dB frequencies, Z =  = 42.43 Ω


3.  A filter in the form of a series L-C-R circuit is designed to operate at a resonant frequency of 
    20 kHz and incorporates a 20 mH inductor and 30  resistance. Determine the bandwidth of the 
    filter.


Q-factor =  = 83.776



Since Q =   then bandwidth,  =  = 238.7 Hz


4.  A circuit consists of a coil of inductance 200 μH and resistance 8.0 Ω in series with a lossless 

    500 pF capacitor. Determine (a) the resonant Q-factor, and (b) the bandwidth of the circuit,



(a) Q-factor =  = 79.06

(b) Resonant frequency,  = 503.292 kHz



Since Q =   then bandwidth,  =  = 6366 Hz   or   6.366 kHz

5.  A coil of inductance 200 H and resistance 50.27  and a variable capacitor are connected in 
    series to a 5 mV supply of frequency 2 MHz. Determine (a) the value of capacitance to tune the 
    circuit to resonance, (b) the supply current at resonance, (c) the p.d. across the capacitance at 
    resonance, (d) the bandwidth, and (e) the half-power frequencies.
            [image: 184D6278]

6.  A supply voltage of 3 V is applied to a series R-L-C circuit whose resistance is 12 , inductance 
    is 7.5 mH and capacitance is 0.5 F. Determine (a) the current flowing at resonance, (b) the 
    current flowing at a frequency 2.5% below the resonant frequency and (c) the impedance of the 
    circuit when the frequency is 1% lower than the resonant frequency.


(a) At resonance,  = 12 


     Current at resonance,  = 0.250 A

(b) If the frequency is 2.5% below the resonant frequency, then  = 0.025



          where   Q =  = 10.206


      Hence,   


      i.e. current at a frequency 2.5% below resonance, I =  = 0.22327.04 A


(c)    from which, impedance of the circuit when the frequency is 1% lower than 

      the resonant frequency, Z = 

                                                                             = 12(1 - j0.2041) = 12

                                                                             = 12.25-11.54 
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(a) At resonance,
X L™ Xc,
1e.

2nfl =

2nfC
from which
1 _ 1
QrfY¥L (2n2 x 10%)*(200 x 1079
= 3.166 x 10'* F or 31.66pF

capacitance, C =

(b) At resonance,

Vo 5x 1073 ]
current, / = — = —— =9046 x 107° A or 9946 yA
R 50.27
(c) P.d. across capacitor,
I 99.46 x 107
Ve=IX, = -

2fC 27(2 x 10°)(31.66 x 10~ 12)
=0250V or 250mV
w,L  2m(2 x 10°)(200 x 107°)

(d Q= = 50.0
R 50.27
Also,

0= Jr .
bandwidth

from which,

2 x 10°
bandwidth = é _Z
‘ 9] 50.0

=40000Hz or 40kHz
(e) Since O > 10,

40 000
upper half-power frequency = 2 x 10° + ——
=202 x 10° Hz = 2.02 MHz
and
40000
lower half-power frequency = 2 x 10° — ——

= 1.98 x 10° Hz = 1.98 MHz




image59.wmf
r

ZR

=


oleObject55.bin

image4.wmf
LC

XX

=


image60.wmf
r

r

V30

I

Z120

Ð°

==

Ð°


oleObject56.bin

image61.wmf
r

I1

I1j2Q

=

-d


oleObject57.bin

image62.wmf
3

6

1L17.510

RC120.510

-

-

´

=

´


oleObject58.bin

image63.wmf
(

)

(

)

I111

0.2501j20.02510.2061j0.51031.122727.04

===

Ð°--Ð-°


oleObject59.bin

image64.wmf
0.250

1.122727.04

Ð°

Ð-°


oleObject60.bin

oleObject4.bin

image65.wmf
r

Z

1j2Q

Z

=-d


oleObject61.bin

image66.wmf
(

)

(

)

(

)

r

Z1j2Q121j20.0110.206

-d=-

éù

ëû


oleObject62.bin

image67.wmf
(

)

1.020611.54

Ð-°


oleObject63.bin

image5.wmf
1

2fL

2fC

p=

p


oleObject5.bin

image6.wmf
(

)

(

)

(

)

22

3

11

2fL

240100.05

=

p

p´´


oleObject6.bin

image7.png
{a) Resonant frequency,
A

1 1
2 (IO 22 J[(2.0 x 1073)(03 x 1079)]
=6497THz or 650kH:z

(b) Voltage across capacitor at resonance,

I
c =14 2rfC
At resonance,
V 30
=—=-—=125A
R 40
Hence
i 1.25

=102.1V

Ve=—x= -
2rfC  2r(6497H0.3 x 1075

{c) Voltage across coil at resonance,
Yoo = 1Zcon, = I(R + jX)
= (1.25X4.0 + j2=(6497X2.0 x 1073%)
= {1.25)(4.0 + /81.64)

= (1.25)(81.74 /. 87.20°)
ie.
;’fC{}IL = 1022V
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(a) Rms voltage,
V= (0.707 x 60) —- -z = (0.707 x 60)/, —30°V

and rms current.
I=(0707 x2.0)L0°A

Hence impedance,
V- (0.707 x 60) L —30°

Z == =307 —30° = (26 — j15)Q
I (0.707 x 2.0)L0°

Thus
resistance, R=26Q and X.— X, =15Q
Inductive reactance,
X; = oL = (4000)(0.4) = 1600 (2,

hence

X-=1615Q
1e.

~ 1
1615 =
wC
from which,
1 -
capacitance, C = — = 1548 x 107" or 154.8nF
(4000X1615)

(b) Resonant frequency
1 1

fo= s = —5— = 639.6 Hz
2n/(LC)  2m/[(0.40)(154.8 x 107%)]
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(a) At resonance, frequency,

)= 27 J(LC)




image11.png
The total capacitance of C in parallel with C, is given by (C + (). At

86.85 kHz, C = 2.0 nF, hence
1

86.85 x 10° = :
20/ [(L)2.0 + C)107°]

assuming C; is in nF. At 120 kHz, C = 1.0 nF, hence

1

120x 10°= — —
27 [(LYLO + CJ1077]
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Dividing equation (2) by equation {1) gives:

1

120 x 10° 2 /[(LY1.0 + CHI07°]  J(L)N2.0 + €CY1077]

86.85 x 10° 1 VIO + 1077
2n/I(LY2.0 + CJ1077]

Henece

< 120 \>  (I)20+ CY10™° 20+ C,
86‘85) L0+ C)10° 10+ C,
1E.

20 + C,

1.0 + C,

1.909 =

and
190910+ C) =20+ C

1.909 + 1.909C, = 2.0 + C,
1.909C, — C. = 2.0 — 1.909
0.909C, = 0.091

and

~ 0.091
C.= ——=0100nF or 100pF
0.909

¥

b) Substituting C, = 0.100 nF in equation (1) gives:

1
86.85 x 10 =
2}3;(@(2.100)19“ 3
le.
T(LY2.100)1077] = :
v LEAS T 21(86.85 x 10%)
I 2
L(2.100)107% = ( )
27(86.85 x 10%)
and

s 1 3
(23{86.85 x 1{}3})
2.100 x 10~°

inductance, L = = 1.60 mH
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(a) g= —; hence voltage across capacitor, Vo=@V =(90)0.1) =9V

(b} Maximum current occurs at resonance. At resonance,

current ] = —
hence
v _ 0.1
resistance, £ = — =500
I 2 x 1073
o, L

0 =

R
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from which,
OR  (90)(30)

inductance, L = =0.179 H
, 23:(4800)
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(a) Resonant frequency,

ot : —— = 400 Hz
2n J(LC) 27 /(400 x 1073)(0.396 x 107%)]

i L 1 1073
R C 10.05 y \0.396 x 10

(c) =

1.e.

When @ > 10, f, and f, are symmetrically placed about the resonant
frequency, £,
Hence,

4
lower half-power frequency, f; = 400 — 5= 398 Hz

and

4
upper half-power frequency, £, = 400 + 5 = 402 Hz
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