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FREQUENCY RATIO i 10 = RESONANCE l 

Fig . 1 .  These curves can be used to predict resonant c ircuit  
performance from one-fifth to Five times reson a n t  freq uency . 

Ext<>nsion of tl l l i rersal re.�01 1 w i re Cl/ rt'('.� fJerm its [JrPdil'tion 
o / per/ or11u11ic<> al / rP</llPll ri<>s H'<•ll off the act 11al r<>.w>1w11ce. 

TH E  un i,·ersal res01 1 ;1nce curves given in most circu i t  
theory books are ra ther d ifficu lt to read when deal­
ing \\·ith higl i-"Q" circ1 1 i ts or w i l l 1 frequencies wel l  

o f f  resonan ce.  Prcsentc•d h ere i s  a lar n i l v of extended reso-
1 Jance cunes t lwt accura te ly pred ict  the .perfor 1 1 1a 1 1ce of anv 
series RLC resona1 1 t  circuit or a1 1y l 1 i gh-"Q " paral lel-reso-
1 1ant ci rcu i t  for freq ue1 1cil's ra 1 1ging lrom 0 1 1c-fif1 h to five 
t imes the resonan t freq u ency . 

The basic c1 1 rvcs, which arl' co 1 1s l ructed for \ " <tr io 1 1 s  values 
of "Q" ,  are shown abovl'. Althougl 1 no actwtl frequ c nC 1' i s  
i ndicated for  horizonta l  scale,  /,, ( scale center ) is  the 
cen<er freq 1 1e1 1cv selec t ed . 

Tlie curves may be used l o  predil'I t l ic harnionic re­
ject ion of a s imple "011e-pole" filter, as well as to indicate 
the selectivi t y  t l 1 at a t 1 1 1 1ed circuit ca n provi<le. Tl 1e curves 
wil l  also show whether a s imple tuned tr< 1p wi l l  sohe a 
giv<•n reject ion OJ' fi l t er problen 1 ,  or whe t her a more com ­
p lex filter struct 1 1 re is ca l l ed for. 

Tl 1<' rejectio l J  of a series RLC circu i t  a t  any freq 1 1t• 1 J C\' 
is gi ve1 1  by t l 1e f orm u la : i1 1sertio11 loss = 2.0log, . .  { l + i(J 
[ ( ,,,' - l ) /,,, ] } i f  t he loacl resistance and a ngul a r resonant  
frcque1 1cv a re norma li zed to  U 1 1 i l y . The same rela tion a lso 

l 1 olds t rue for  those par;1 l le l -res01 1ant  circuits l i a\ ' i ng a "Q" 
l ha t  exceeds 10 .  

The cxt< · nded reso 1 1 a 1 1t·e cmves are si 1 n p k  a plot  o l ·  th is  
equat ion for ,·, 1 rious v;dues of frcq 1 1e 1 1c y . i 1 1 sert io 1 1  loss, and 
"<J". a1 1 <l t l 1ev appea r i n  fig. 1 .  The frequency i s shown 
on l l ie horizo n t a l  �cale an<l is given i. 1 1  l enns of t he ratin 
uf  the freq 1 1encv in qucsl io 1 J  to the reso1 1 an l  RLC fre­
q ue1 1cv. Insertion loss is p lot ted vertica l lv  and  is given both 
i 1 1  deci bel s ( on t l 1 e  left ) and i 1 1  outpu t / inp1 1 t vol t age 
ratios ( 01 1 l l 1e r i .d1 t ) . Various values o f  "Q" appear ;1s 
curve paramet ers. The "Q" specified is the loaded circu i t  
"Q" t hat i 1 1clncles both t he load resistance a n d  any circ 1 1 i t  
losses associa t ed l'il her with the  particular  inductor or ca­
pac i tor b<· i 1 1g used. Tlie bandwid th of e;1 ch "Q" CL: rve ::s 
a lso give1 J ,  expressed i 1 1  terms of the freqnency differen ce 
het\\·een t l ie -3 d B  poi1 1 t s  as n fract ion of t l 1e center f re­
quency. For h i gh-"Q" circuits, the  bandwidth is very nea rl v 
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centered a l io 1 1 l  the resonant  freqnenc;y of the tuned circuit. 

U,: i 1 1i; t l ie Cu rves 
So1 1w examples 9f act u a l 1 1 se will demonstrate the va lt1e 

o l  these curves . 
Ern111pll' 1 .  V»lrnt is t he minint111 1 1  "Q" requ i red to gunr­

an tec a 40-dB rejection of the second l 1armon ic of a 1 00-
kHz signaP What wi l l  the fi lter batl(l\\ · iu t h  be? 

E 1 1 tering the freq u ency axis <ll 2/., and t he loss axis 
( left oue ) at - - H J  dB,  note that a "Q" of approximately 
(j( )  i s  requ i red . T l i e  ha11clwidth wil l  equal l/"Q", or 0 .0 1 67, 
which, wl 1e11 rnu l l iplied by the 1 00-k l l z resonant fre­
q 11enc1" wi l l  be Ui7 kHz, half  01 1  each side of 1 00 kHz. 
The - :J d l l points will t hen he very close t o  �J9 . 2  and 
l 00.8 kHz. Any sig1 1als  not bet wet• 1 1  these two fr<'que11cies 
wi l l  be reject ed b v  <i l least 3 d B .  To realize th i s  particular 
fil ler, 1 %  C'ompo1 1e1 1 ts \\' i l l  be reqt1 ired , u n less a tuning pro­
visio 1 1  is made. 

E.rn mple 2.  What rejection will  a 2-MHz, "Q" = 20 
para l lel-tt1ned circu i t  give lo 1 . 0, 2.0, 3 .0, a1 1d H i . O  M Hz'? 

J . ! l  \1 I l z  i s  1 .0/2.0 or 0 . 5  times the resona n t  freque1 1cv.  
En tering the curves al  O.Sf,, and "Q" = 20 p rod 1 1ces 20 
dB re ject ion . S i n ce 2.0 .\11 1 lz i s  the resonant freq1 1ency, t l 1 e  
reject i on wi l l  b e>  zero at this frequt·1 1 cv . .  3 . 0  .\lt l l z  is  <I fre­
quency ratio of .'3 . 0/2.0 o r  1. .5/0, for "'' hic l t  we read a n  i n­
SNl ion loss of 2-1 d B, or a ,·o l ta gc ratio of approximately 
( 1 . 063 

16 t- l H /. gives a nonnal ized freque 1 1cy ol 8/,, whic l 1  is  
be>vond the ra 1 1ge of  the cu rves , ! Ju t  \\'e can note that a l l  
t l 1e curves are smooth l v  fa l l i ng a t  6 d I3  per octave J ar 
freq 1 1encies \\·e l l  abo,·e, or well below, reso1 1 ance . The loss 
at 8/,, will be 6 dB more than the loss at 4/,,, or :37 + 6 
= -1:3 d I\ of i 1 1serl io1 1 loss. 

Actual values of i nductance a 1 1 d  capacitance requ ired in 
a �enes fi l ter arl' obta ined b y  specifying tlw load resistance 
a1� c l  then us ing the formulas  L = RQ/6 .2.Sf and C = 

0 . 02.5.3/f L. The u n loaded "Q" of t he i nd uctor that is em­
ploved must l ie s ig1 1 i fica 1 1 t l y  l t igher than the loaded ci rc·ui t  
V". � 
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