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Often tedmical articles in the OXpress mention a rerameter I<nown
as ~.; selda. is there arrj nathematical description of what this quantity
is - the DXer reading the article usually does get the idea that 0 has
sanethinq to do with selectivity, be it of a receiver, a looP antenna,
or of a preselector / tuner used <xl randan length wires. 0 is also
mentialed with re<;Ji!.[(!sto coils: a coil with higher 0 allows greater
selectivity and gain when used in a tuned circuit than does a coil with
low Q. "Q spoiling. is also mentioned, chiefly with regards to tuned
circuits snployed in (basing systems. '!bis may conf""e sane - (why.
after all, should we want to spoil o.? .. doesn't that reduce gain &
selectivity?) Hopefully, when you finish this article and get a chance
to run the BASICprogram contained therein, SCI1Ieof these questions
will be answered.

tbat is Q, ar<JWaY?

'!be letter Q, derived fraIl Quality Factor, is applied to a rerameter
which describes the efficiency of a tuned U; (ind1ctor / carecitor) tank
circuit, an assent>lage of several such circuits (as in a filter), or a
single inductive element to be used in a tuned circuit. Capacitors use
a similar loss-describing parameter (D, Dissipati<xl Factor) but, as
caracitors are generally several orders of III&qnitudeless lossy than
incbctors in tank circuits used at frequencies below 30 MHz, their loss
contributions woo't be dealt with in this article.

Q of a single inductor

0 of a single inductor is calculated by 0 . IF * L) / IR * 159.15495),
where F is in kHz, L is in ndcrchenries (uII), and R is in ohms.
Calversely, effective resistance of an inductor may be calculated by
R " (F * L) / (Q * 159.15495). A J. W. Miller' 9250-224 (220 uK m:>lded
inductor), with a listed Q of 55 at 7911kHzwould therefore have an
effective series resistance of about 20 ohms. Coils used for loop
antemae generally have a considerably hiljler 0 than the snaIl m:>lded
incbctors used in tuner bandswitches.

Q of a rerallel-tuned U; circuit

'!be need for the tank 0 parameter arises fran the fact that cc:mponents
used in tuned circuits are not plrely reactive (inWctive or capacitive) -
resistance (both series, parallel) may be present. FUrtherm:>re, loads
iDtx>sedUpln the tuned circuit may also possess resistive iJrt:>edance
characteristics. '!be greater the aJOOUntof loss caused by resistance,
the lower the 0 of the tank in question willbe; tuning sharpless will
decrease.

Resonance in an U; tuned circuit occurs at F . (159154.95) I \j(I1C)
where F is in kHz, L is in ndcrchendes (uII), and C is in picofarads (pF).
A parallel-tuned U; circuit, such as a loop antenna tuned with a variable
capacitor, if CXXtq)[ised of perfect ~, should have infinite gain
at the me frequency to which it is tuned and zero signal present at all
other frequencies.

Of course, no such loop exists. Gain which is finite and tardlidth
which is not infinitesil18l1y small describe real-life conditions. I'Iany
factors contribute to resistive losses, but the two najor contributors
(at frequencies below 30 ffiz) are effective series resistance of the
inductive element and effective parallel resistance of the load. /IOte
the use of the word "effective..
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(program listing) (DEe PDP-ll BF>.~IC-I'LUS-2 V2.2.-I6~)

Effective series rnistance of the coil in question is derived frail
actual DCresistance of the winding and fran core losses - the latter part
of this effective resistance may be somewhat frequency-dependent. but.
for the plrposes of this introductory article. we'll consider it to be
constant CNet the frequency range of interest. Effective series resistance
of a coil can be calculated if the coil () at a frequency near that of
operation is specified (as in the case of the previously-""ntioned
220 oR Miller miniature molded inductor).

Effective parallel load resistance is the actual load resistance in
the case of a high-inpedance load such as a rer amp. input directly fed
fran the "tank high" and "tank low" (e. g. ground) points or a nultiplied-
up value of the load's resistance if the load is loosely-coupled to the
tank ~ meansof a tap on the tank coil. a link coil near the tank coil,
a small-value coupling capacitor. or a large-value coupling inductor.

'Ibe program and sample outputs which follow should help the loop,
twer, and !baser designer to sinulate many twed circuits without the
need to build them first and without the need to make hours of exhaustive
measurements.

1 om G(lB) ,FXUfJ)
2 S'IM~-" ****************************************************************"
5 1'=3.l4l5927\1<-180/p
6 1:=(2' .5)/2\EL-P-..ARBl\J';lm.Eit.QAel
7 PRINT"PKnRN\TI'1t.E- RLCX).B2S"WRINT"ParallelR-L-C 'JUnk1onalyser"\JIRINT
8 FL=fJ\FR-fJ
9 INFUT"IlllTAcumJT FILE 'l'I'1t.E",S$\OPf)!S$ FORcumJT N3 FILE 11\
Ie PRINT11,S'D\R$\PRINTI1WRItJT 11," 'Ibis is file: ",SS\PRINT 11
14 INFUT"(min. - 25) shwt R, ohms",Rl
15 IF Rl<25 '11IfNPRINT"Illegal value"\GO 'ID 14
18 INFUT"(max. - 5AO)ser ies R of inductor, otJns",R2
19 IF R2>560'1110-1PRINT"Illegal value"\GO 'ID 18
20 ItIFlJT"(min. - .1 / max. = 59RB8)L, uH",L
21 IF L>5900800 L<.l '11IfNPRINT"Illegal value"\t:O 'ID 20
22 J\N5WER-o\INRJT"Resonant freq. inkHz'if"known (else enter 8)",i\NSI'IER
23 IF N-1S'.m!<>8'11Im00253301( ( (ANSI'WlOBO)"2) *L)\1:;0'ID 25
24 INRJT"(min. - 10 1 max. - lAA8) C, pr",C
25 IF C<1800 0180R TII1NffiIN"'...Illegal value"'GQ 'ID 22
26 FCJ\I-I 'ID 3
27 IF I-I '111f1! <>C-5
28 IF 1-2 '11Im OoC+l8\RDI CJUGmJIL C + 5
29 IF 1-3 '11Im (>c-5 \IU:JI OOIGmJIL C
32 IA=L*1E-6\ CA- C*lE-12
33 FR=1/((2AA0*P)*((IA*CA)'.5))
35 IF I-I '11If}I xrn-fR
36 IF 1=2 '111f1!JtE'l;oofR
37 lIDO' I
38 PRINT 11," shwt R - ",Rl," oms / coil R - ",R2," otns*
39 PRINT 11," L - ",L," uR 1 C - ",C," PP"
4A PRINT 11," Resonant Frequency - ",fR," kHz"
41 F=FR\GOOUB9A0\R=Al
42 F=XFL\GOOUB601!\XBL=B .
44 F=xrn\GOOUB 601!\XBII-B
59 re=0\S=0
lA0 FCJ\ Nol 'ID 10
105 IF SII=0 '11Im F=FR*U-(((10-N)'2)/181.25))
llB IF 58=2 '111f1!F=fR*«(((N-l)A2)/28.25)+1)
128 00iUII 600\ RD1 MII'l'R
160 G(PI-A/R\FX (N)-F
178 IF N=1 I\ND58=2 TII1N 300
180 IF S<>8 'l'Rm 210
IRSFO$= " ."""."
199 PRINT 11
192 PRINT n,"
200 PRINT 11,"
218 5=1
258 PRINT 11\ USIro FO$,F,A,II/R,CE,B
300 NEXt' N
381 58=S8+l
302 IF 58=1 '11IDI 00SU8 70~5B+l
383 IF 58=2 '11Im 188

384 IF SB003'l'Rm 00SU8 808\1:;0 'ID 1000
588 RDI »»> Parallel 1npedance S!I!RCJITINE
510 US=(Ul*U2)-(Vl*V2)
528 VS=(V1*U2)+(V2*U1I
538 W=Ul+U2\W :l+V2
540 DDo(W"'2\+ (W'2)
558 IF 1»00 'l'Rm DDolE-9
568 03-( (US*UU)+(VS*w) )IDE
570 V3-«(VS*UU)-(US*W)IDE
588 RE'IURN
608 Rf1I »»>
618 \f=F*2B00*P
615 Ul-Rl\V1=8
628 1J2-o.8881\V2-l/(W*CA)
625 cxs:m 588

""."." 1.1" "",.. "".1""

Q is a selectivitY measurement which is defined as the ratio of
the resonant frequency of a twed circuit to the 3 dB bana.idth of that
circuit. 'Ibe RLCI}(BASIC)program takes as operator input the effective
shunt (parallel) resistance contributed ~ the load. the effective series
resistance of the coil, the value of the inductor (in uH), and either
the frequency or the value of the capacitor. Output generated includes
a swept-frequency table giving the magnitude of ~nce in otvns (to
which signal voltage is proportional), ratio of oanplex to resistive
inpedance, required tuning capacitance at each frequency given, and
ti>ase shift fran the zer<H3egree reference !base at resonance. Other
outplt informatim includes 3 dB bana.idth, !base shift caused ~ a
5 pF shift in twing capacitance fran resonance (an important parameter
for tX>asingmit design), resonant frequency shift caused ~ a 5 PP
shift fran resonance, and, of course, the Q for the circuit whose
characteristics were inpui;ted.

Output is in a write-t<H3iskfile format, the program II'8Ybe
modified for direct transferral to paper. 'Ibree sample .output files
are reproduced after the program listing. In each case, a very-hicjrl)
inductance (such as would be used on a loop antenna) of 220 uH is used.
'!he first file uses a 3301<load i~ce. such as me would have at
the input of a rer "front end card": the twing is very sharp and !base
angle changes very rapidly with arrj shift in the twing capacitance.
'!he first file dena1strates a desirable situatim for a loop antenna
or wire twer whose output is connected directly to a receiver or to
a broadband amplifier ahead of a receiveq conversely, this case is
undesirable for a twer used in a fbasing systen because the change
in !base angle per mit change in capacitance is so great that adjustment
required to produce a null is exceedingly touctrj and narrCM-!:>anded-
nulling attempts are virtually useless. Q1 the other hand, the only
detriment to such hi91 f! in a standalone active-loop is the possibilitY
of the rer amp. going into oscillation. Reducing the gate-tcMJround
resistor to about l08K usually provides just enouct>Q-spoiling to stop
undesired regeneratim without wreaking havoc with gain &selectivitY.
'Ibe second and third files demaJstrate (at 600 kHz and 1288 kHz
respectively) the characteristics of the tank circuit of the first
outrut file when loaded by a l5K Q-spoiling resistor. l5K has' been
established as a value which works well in !basing al'Plications: it
allo./s enough Q-spoiling to make null achievanent manageable and null
banaiidth sufficient without reducing signal level excessively and
without reducing !base-shift-per-capacitance-shift to a point that
not enough shift for nulls can be produced with modest variations
in twing capacitance.

F, kHz ~II\G.Z, otIns rw.; Z/R CE,PP PllN3E, DEn""

««<

Hath SCBIOITINE ««<
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-3 dB High Side Point StJRJaJTINE ««<

638 Ul:{J)\Vl=V3
635 l!?=n?\V?=\'1*LA
638 OO>IJB5A9
648 IF u3=A '!H!}1 u3=.ooel\ IID,I PIIDIE1>.YJ'DIVIDE-BY-Zrno ERFIJR
659 A=«tJ)-2) + (V3"2» ".5\ lID! IW:;NI'lUJ)EOF n!PfDAllCE
618 B= (A'lN(V)/tO)) *K\ REMIWISE AN>LE IN OO:;REES
675 CFr-2533B/«(F/I0AOj"2)*L)\8EM EOUIV. RESaTATm:; C IN PF
6 9B REIURN
1110 REM »»> -3 dB I.cM Side Point SURlnmli£
119 FOR r~l 'IO '9
115 IF G(1) >EH '!HElJ GL=1\GO 10 797 ELSE (:L=A
111 IF G(M)>EL l\ND G(Ii) <EI! '!HEN FL=f'X(11)\GO 10 795
1:!'! IF G(II)<E ANDG(M+l»F: '!HEN Fl=f'X (fI)\F2=f'X (M+l)\GO 10 138
125 NEXTH
1311 f'=(Fl+F2) 12
149 OO>IJB68e
150 IF A/R>EH nlE1J F2aF\GO 10 139
16A IF A/R<EL '!Hm Fl=F\GO 10 139
11e FL=F
195 BL=B
191 RF:IURN
89P REM »»>
818 FOR 11=1'IO 9
815 IF G(l9) >EH '!HEN GH=1\GO 'ID 897 EL..<;EGR=9
811 IF G(H»EL Al'IDG(IH<EH '!Hm m-f'X(H)\GO 'ro 895
828 IF G(H»E I\NDG(M+l)<E '!H~I Fl-f'X(H)\r2=f'X(M+l)\GO 10 838
8251=M
838 F=(Fl+F2)/2
849 OO>IJB68B
850 IF A/R>EH '!HEN Fl=F\GO 10 830
868 IF A/R<EL '!H~I F2=F\GO 10 838
810 mar
895 BR=8
891~
gee lID! »»> Peakfind SUBJaJTINF.
910 OO>IJB600
928 AI=A
93(1 F=F-.Ol\G<BJB 60B\REM 'reST fOR INOU:ASINGIlliG. Z @DEOU:ASINGF
94e IF A<Al '!HEN 998\REM ID SHIFT IN PFAK
945 AI-A
950 F=F-le\GC&JB 600\RE!4 18 kHz In1N~AIUI INffiEMfN1'
955 IF A>AI 'ffifl'1 AI=A\GO 10 950
960 f'=F+.8el\G(EUB 69[1\REM '1UIE IN' 00 91I1rIOO
965 IF A>AI '!HENAI=A\GO 10 960
99(1 RE'IURN
999 REM * ****** POCGIWIaJTPUT !nKLUSICtI ****-***
10[10 Bt'FFtt-FL\PRINT tl
1802 TXT$=" Average Phase Shift (+1- 5 pi' frau resonance) = "
lA(13 PRINT tl,'1'XT$, (XBIrXBH)/2, " deg"
lA04 '1'XT$=" Avg.Res.Frt'Xj. Shift (+/- 5 pi' frau resonance) = "
1905 PRINT tl,TXT$, (XF1'-.XFL)/2," kHz"
1806 PRINT tl
1881 IF GIrl CI1.Gl!=1 '!Hf}I 1989

1098 PRnrr fl," 3 dB BandoIidth - ",Bt/," kHz"
1809 IF GL=l 'ltIEN 1(111

1019 PRIm' tl," I.cM Side -3 dB point - ",FL," kHz"," Phase = ",BLI" deg"
1011 IF GR=l '!HEN lAB

1012 PRIm' tl," High Side -3 dB point a ",ml" kHz"," Phase = "IBH," deg"
1813 IF GL=l OR GlI=l '!HEN 1028
1914 FRnrr 11," Tank Circuit Q = "Im/Bt'/
1929 S=O\PRINT l1\PRnrr 11,5'D\RS\a.csE tl\
1025 FRIN'I\INRJT" (l=YES) !mE CALaJIATICtTS"IS
1939 IF 5=1 THat FRIN'1'\PRINl'\PRnrr\GO 10 7
1959 END

««<

Average Phase Shift (+1- 5 pF frau resonance) -
Avg.Res.Freq. Shift (+1- 5 pF frau resonance) -

76.6183 deg
4.6908 kHz

««<

3 cI3 BandoIidth -
I.cMSide -3 dB point -

High Side -3 dB point -
Tank Ciralit 0. -

2.23169 kHz
598.889 kHz Phase - 44.9352 deg

601.121 kHz Phase - -45.9722 deg
268.856

** * ** * ** * * * -** ** * *** * * ***** ** * - * *** - **- **** ** ******** **** ***

*********************-*******************-***********--*-

'!his is file: B62281SK.'1'XT

shunt R - 15880 ohns I coil R - 1 ohms
L - 220 uH Ie- 319.823 pF
Resonant Frequency - 688.903 kHz

(end of program listing I outp.lt files follOo1)

*****************************************************-**-***-

'!his is file: 11622(133BK.'1'XT

shWtt R - 339988 '*- I coil R - 1 ohmsL- 22[1 uH/C- 319.823 pF
Resonant Frequency - 608.883 kHz

F,kHz llliG.Z, ohns MAGZ/R CE,pI' PHASE, DB;

128.90 172.79 8.881 7995.5 89.618
22[1.74 352.99 0.082 2362.9 89.722
389.63 583.35 0.003 1208.9 89.716
386.67 914.13 0.0e4 77.1 89.658
451.85 1442.92 9.e86 563.9 89.538
585.19 2398.93 0.011 451.1 89.3112
546.67 4447.34 8.(128 385.3 88.781
576.3(1 19214.10 0.046 346.1 81.281
594.88 41858.88 8.184 326.2 79.321
608.89 223886.89 1. OB8 319.8 -8.925
629.63 8593.14 8.039 299.4 -81.857
118.52 2281 .99 8.019 223.8 -89.419
866.67 1102.18 8.805 153.3 -89.764

1814.88 613.41 8.003 99.8 ' -89.866
1349.75 464.11 0.092 64.9 -89.912
1666.68 343.84 8.8B2 41.4 -89.931
2051.86 265.21 8.0Bl 21.3 -89.952
2496.31 211.57 8.e81 18.5 -89.962
3008.82 172.19 8.881 12.8 -89.969

F, kHz IlliG. Z,ohms IW:; Z!R CE,pF PHASf:,00:;

120.09 112.71 0.012 7995.5 88.9811
220.74 352.71 9.924 2362.9 88.435
309.63 582.84 8.949 1299.9 81.591
386.67 912.28 8.862 119.1 86.338
451.85 1435.82 9.098 563.9 84.295
595.19 2361.16 0.161 451.1 89.638
546.61 4255.63 9.29B 385.3 73.1173
516.39 8418.11 9.513 346.1 54.934
594.98 13844.60 8.943 326.2 19.351
699.119 14679.88 1.909 319.8 -8.002
629.63 7423.91 8.596 290.4 -59.686
118.52 2261.13 0.154 223.9 -81.197
866.67 1899.61 9.815 153.3 -85.752

1914.118 672.79 9.046 99.8 -81.412
1340.75 463.88 0.932 64.11 -88.2211
1666.68 342.95 0.923 41.4 -88.686
2051.86 265.16 9.018 21.3 -88.985
2496.31 211.55 9.914 18.5 -89.191
3099.92 172.78 11.812 12.8 -89.339



1CoCo-Y
~ This is file AlnOON.DAT

-
Amidon Toroidal Core Data
-------------------------

IIIDMILY--OIl
IIUDICA... -

'd-O,,;',." :-,.,

FT-1l4-72 u-2888 AL - 1278 mB / 1888T
(use for 118 -588 kHz inductors) ,

Turns

Average Plu!se Shift (+1- 5 pF fran resonance) .
Avg.Pes.Freq. Shift H/- 5 pF fran resonance) . 15.4684 deg

4.6908 kllz

3 dI l\anCWidth -
L<wSide -3 dB point.

nigh Side -) dB point -
. Tank Circuit Q -

L (uB)

11888
4788
2288
1888
478
228

33.8992 kHz

583.314 kHz Phase. 44.9282 deg
617 .213 kHz Phase. -45.968 deg
17 .6996

****..*******..*..**..****..**...*****..**..*..*.*.*.**.**.*....

*..** *...**.****~,,**..*..**.."~**.H" . .'"-~,,,,*,,*,,*.,,****
*****************************************************

$1.65

':':his is file: 12229l51t.TJa'

$1.71

89
61
41
28
19
13

shunt p.. 15900. oIrnsIcoil R - 1 ohms
L. 229 unI C. 79.9558pF
Resonant Frequency - 1200.01 kHz

T-1I6-l u-21 AL - 325 uB / lilT
(use for 475 .. 1188 kHz inductors)

TurnsL (uB)

471
229
189

47

L (uB)

188
47
22
18

128
82
55
38

*****u******u********u u ****** u** *** u***********

T-186-2 u-lI AL - 135 uB / lilT
(use for1111 .. 3581 kHz inductors)

$1.65

Turns

86
59
48
27

* * ** * * **** ** * ** * * * * * * * * * * *** * * * ** ** ** * * * * ** ** *** ** ***

29.3848 deg
37.613 kHz

T-59-6 u-8 AL - 48 uB / ll8T
(use for 3888 - 7518 kHz inductors)

TurnsAverage Fhase Shift (+1- 5 pF fran resonance) -
Avg.Res.Freq. Shift(+1- 5 pF franresonance)-

L (uB)

22
18
4.7
2.2

3 ell Bandotidth -
L<wSide -3 ell point -

High Side -3 ell point -
Tank Circuit Q -

133.418 kHz
1135.18 kHz Phase - 44.9662deg
1268.6 kHz Phase. -45.0271 deg
8.99434

$8.61

74
58
34
23

..~:<:.

*-***** **** *.- ****** *.*. *.* ** ..*-- ***.. ** * *.- * ** * ***.*** *.*

********************.*.******************************

$1.91

C'~'VI'- Mopet-

FT-82-77 u-U99 AL- 1168mB I 1I81T
(use for 181 - 2589kHz transformera)

*****************************************************

FT-82-4) u-858 AL - 557 mB ! lI88T
(use for 2888 - 7588 kHz transformers)

z:;n=ECnVE
!;DAb R
~,~..,' - j

$1.98

L c

****.****.*******************************************

Inductsnceswere calculatedby the following prograas

5 PRINT"COIL.82S"
11 PRINT\INPDT"(I-IRON,2-FERRITE) CORE MATERIAL",CORE
28 IF CORE<>l AND CORE<>2 THEN 18

38 PRINT\INPDT"AL",AL
48 PRINT\INPDT"INDDCTANCE,DB",L\PRINT
58 IF CORE-I THEN PRINT"IRON CORE"\T-181*((L!AL)-.5)\GOTO 188
61 IF CORE-2 THEN PRINT "FERRITE CORE"\T-1881*((Lf(188I*AL»-.5)

181 PRINT "AL - ",AL;" * L - ",L'" DB * . TeRNS - ",'I'

III O-I\PRINT\INPDT"(SAMECORE, NEN L) (I-YES)RDN AGAIN",O
121 IF 0-1 THEN 41
281 END

2~
2)

F. kHz IVIG.Z, ohms II1GZ/R CE.pF PHASE. DEe

24A.09 345.46 0.023 1998.9 88.509
441.48 784.95 0.847 590.7 87.198
619.26 1163.96 9.878 308.2 85.462
773.34 1814.51 9.122 192.5 82.969
903.71 21132.97 8.190 141.0 79.008

1910.38 4566.82 0.306 112.8 72.134
1993.34 7638.92 0.512 96.3 59.162
1152.69 12873.48 9.809 86.7 35.938
1188.16 14684.98 0.984 81.6 18.121
1289.91 14918.78 1.009 89.9 -0.1)91
1259.27 11273.00 9.756 72.6 -48.952
1437.05 4375.59 9.293 55.8 -72.973
1733.34 2181.83 9.146 38.3 -81.614
2148.16 1341.53 0.090 25.9 -84.860
2681.59 926.44 9.962 16.0 -86.455
3333.35 685.35 9.046 19.4 -87 .379
4103.73 530.08 8.936 6.8 -87 .974
4992.62 422.97 0.928 4.6 -88.384
6000.94 345.48 0.923 3.2 -88.689


