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FOREWORD 

T HE Manual of Radio Frequency Measurements is writ

ten principally around the types JOo-A and 160-A Q

Meters. T he same general measurement technique described 

in the Manual is also applicable to the type 7°-A. Spe ial pre
cautions associated with measurements at very high frequen
cies are .contained in the operating instl'uctions for the type 

17o-A Q-Meter. 

Attention is called to the fact that the frequency ranges, 
tuning' capacitance ranges an4 Q Voltmeter calibrations, and 

also the accuracy and frequency li~itations, of the three in
struments are different. Also [hat the ranges of values of com

ponents that can be measured with the type 17o-A Q-Meter 
are quite different from the values measurable with the types 
loo-A and 160-A Q-Meters . 

Occasional reference is made in the text to the "Q Range 
Meter," also to the "250 and 500 lines" on this meter. These 

references apply to the Q Range Meter in the type loo-A 
Q-Meter. In the types 16o-A and 17o-A Q-Meters the "Q 
Range Meter" has been replaced by the " Multiply Q By" 

Meter and the equivalent settings for this meter are the "x 1 

and X2" Ii,nes, respectively. 
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purchased. 
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Manufacturer with charges prepaid. After repairs have been completed 
the instrument will be returned all charges prepaid by the Manufacturer. 

BOONTON RADIO CORPORATION 
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U.S. A. 
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book. It will be greatly appreciated if any errors that have inadvertently been 
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PART ONE 

SIGNIFICANCE OF THE FACTOR Q 

The symbol Q is commonly u ed to designate the 
rat io of r eactance to )'e~ i. tance [a coil (Q = 
21TfLj R ), of a condenser (Q = Ij21TfCR) , or other 
arcuit elements having two acce:sible terminal . 
Th is [actor i o( importance in ci re it de. ign sine 
iL consli tut s a "figure of lerit" {or the reactive ele
m em in question . 

Tn circu it design the first lhings arrivecl a usually 
a re the .valu es of the reactors, which are generall y 
determined by frequency cons ic\eraLions, such as 
tuning range, cut-off fr quencies and so forth. The 
engineer i .. lhen cOllfromed ith Ihe pra lical prob
lem of realizjng heir values of reaClanc phy ·icaJly. 
In tlte s()llIli()n of Ihis probl em one of the mol jill

portal1l consid erations is the amount of los.\, r re
sistance, that call be toleraled, or more ac urately, 
(0 balance the t:O~ 1 ~[ reducing the resi lance a ai nst 
the improvement in cir u i perfo rman e which i· 
brought about thereby. , in e Q by definition ex
presses [he ratio of a ivcn reaClan e lO it · resistance 
il can be advamageolls l) empl yecl for the pur 0 e 
of CJuan litati ely comparing various reactors. In a 
simple re~onant cir ui~ with series impress d voltage, 
the ratio between [he vo ltage a r . . til o il 01' con
denser [0 the impre " ed voltage (" voilage tep-up") 
i ' direc tly. proport ional to Q. In the case of more 
complicated circuits th performance also depends 
u pon Q but na turall y n t in such a simple fashion. 
In genera l it can be ~t ated that lhe higher Ihe Q'5 of 
the reactive element~ the beller will be lhe perform
ance of the ci rcuiL An xample of the applicat ion 

f this principle in a compli ated ircui l i.' found in 
the ca e of a fille r, where il i' known tha I high Q's 
in the reaClOr improve the II ansmi ~ion in the pass 
band and sharpen lhe cu t-off_ 

T hese rema rks on the sign ifica nce of Q in circuit 
design may be illustrated by a lew si mple ex.amples. 

Consider first [he case of a imple resonant ircu it 
compl is ing in series an in( ucto r o f indunance Land 
I' si ' t n.e R r •• and a conden 'er of capacitance C and 
resi~lance Re. If a vOllage E be int roduced into the 

','cnit the \"qllage across the induclor, or ondcnser, 
at resona nce will be (very closely): 

E _ EwL 
L- Rc + RL (1) 

1 

Den ti ng lhe Q 's of the coil and condenser by (b., 
(wL/ R ) and QI" (I /wCR(,) repectively, (I) may be 
wlillen : 

(2) 

]n well designed radio circuils the losses in the 
condenser will be negligible compared with the losses 
in the coil so that Qc will be m ueh greater than (b.. 
In thi ' case (2) be omes 

(3) 

or in other words lhe voltage step-up is d irec tly pro
porti nal to the Q of rhe c il. 

I n circui t combinations which a re more compli
cated Iban the simple example o nside red above Q 
is al () of significance , but nat rally nor so d irectly. 
Con:ider. for example, two 'coupled cirCllits, the first 
c )mprising inductance Lt. capaciLance C" and re
sistance R t in e 'ies; the second comprising L 2, C2, 

and R :! in ~eries . If a voltage E be introduced into cir
cuit 1, with bo th circuits in resonance. the voltage 
arms' [be coil (01' condenser) in the second circuit for 
opti mum coupli ng will be: 

(4) 

(5) 

where Q:: replesenb the Q of circu il 2. Tn this case 
we see that so fa r a. .. circu it ~ il> concerned the step-u p 
varies as WL2/ y'R:: instead of as wL:./R~ = Q:! anel Q 
cloes not di lecu) determ ine the r~tJlt. Howe er, the 
same va rial ions of the factors 0 , Land R h i h 
would increase Q would undo,Jbtedly increase the 
step-up also, even lit u h this ;s nOl (li reet l), propor
ti nal to Q. 
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Consider a third case of pract ical interest, an 
inductor and condenser in parallel as a coupl ing 
element in a tube of the screen-grid type. W ' th SUdl 

tubes the plate resistance is ge erally so high com
pared with the anti-resonant impedance of the cou
pling circuit that the gain is approximately propor
tional to the_ coupling dement impedance_ In the 
case considered this impedance will be, at anti-reso
nance, a pure resistance of the value 

(6) 

Here again the overall gain 'Will not be directly pr -
portional to Q but to the pro(\Ul l of Q and wL ; how
ever, if the value of induClance be fixed by other 
considerations the gain will be proportional to Q. 

We see that although the overall nansmission is 
not always directly proportional to Q , Q always 
enters as a positive factor; in no case does the trans
mission depend inversely on Q. We can sum up this 
discussion by saying that Q is a measure .of the 
"merit" of the reactive element and that in general 
the higher the Q's of the reactive elements the better 
will be the performance of the circuit. 

Other quantities, closely related to Q, whi~h have 
been proposed or used to represent the-merit of reac
tive elements may be noted here: as fo llows: 

DISSIPATION FACT OR-POWER RATIO 
-7]' (Sometimes denoted by d.) 

This is defined as the ratio of resistance to react
ance .of an impedance, i.e., 

R R - I 
7] = -X = -L = RCdC = ....: . . Cd Q (7) 

While convenient for mathematical work it is less 
desi l able than Q descriptively because it becomes 
smaller as the reacror gets better, 

POWER FACTOR. 

Power factor is the ratio of resistance to impedance 
and is e ual to the cosine of the phase angle 0, i.e., 

R . 
Power factor = cos fJ = (8) 

y R2 + X2 

The re iprocal of this quantity approaches Q as Q 
increases. W hen Q is greater than 10 tbe-power factor-
1S practically equal LO the reciprocal f Q. the differ
ence being less than I per cen t. Thus, for impedan es 
having a Q over 10, the following relation is correct 
to belter lhan 1 %, i_e ., 

I 
Powe . fac or = cos () = Q (9) 

PHASE ANGLE-O. 

T he phase angle of an impedance is the phase 
angle between the current through the impedance 
and the voltage across the impedanc _ It i the angle, 
in radians or degrees, whose cotangent is qual to 
R/X, i.e., 

. R R I 
cot (J = X = CdL = RCdC = Q (10) 

PHASE- DIFFERENCE-w. _ 

his i the complement of the phase angle (J and is 
the angle whose tangent is equal to R/ X, i .e_, 

R R I 
lan", = X = CdL = RC&JC - Q (11) 

THEORY OF THE METHOD OF MEASUREMENT 
The theory of the method of measurement em

ployed in the Type 160-A Q-Meter may be expJaincd 
with the aid of a schematic diagram of the funda
menw 'circuit of the instrument. 

---.-I 
c$ 

I 
L-_--.-__ --I ___ 1 _ 

Fig. 1 

The oscillator furnishes a current, m aSlIred by 
means of the ammeter, which Rows th rough the spe
cial resistor R'. This resistance R ' (0.04 ohm) wiJl 
usually be small compare(1 with the other resistan ces 
in the circuit and can be neglected, or, if the circuit 
resistance is especially low, corrected for. A known 
voltage E is thus introduced into the ser ies ircuit 
comprising the variable condenser C an I the induc-

2 

rive reactor under measurement, connected across 
the te rminals An. The condenser C i contained in 
the instrument and its effective resi lance is neg
ligible. 

By way or ill", (rat ion weshall consider the meas
urement of the Q of a oil ha 'ing inductance L, re
sistance R. aI)d rl iSl ibutetl capa i[ance Cu, as ~hown 
onnecled to the terminals AB. 



== 

INSTR UCTI ONS AN D MAN UAL OF RADIO FREQ UENCY MEASUR EMEN TS 

In general, any two-terminal inductive reactor 
which might be connected across All can be repre
sented by an effective series inductance L. and an 
effective series resistance R e. At resonance th~ con
denser reactance will balance the ffective series 
reactance between A an B and the curren t will be 
(neglecting R '): 

E 
1=

Re 
(12) 

The voltage Ee across the condenser C is measured 
by means of a voltmeter having negligible power 
consumption. T hen: 

Ec Q . E ,= e = cuCR 
e 

( 13) 

At resonance I/cuC = cuLe, hence: 

Ec _ Q _ cuL. 
Y- e- R 

'I 

(14) 

This is defined as the effective Q of the coil or 
other impedance connected to AB. 

The method of measurement thus yields the "ef
fective Q". This differs somewhat from the true Q, 
which is dermed by: 

Q = cuL 
R 

(15) 

A detailed analysis shows that in the case of a coil, 
the d ifference Letween the true Q and effective Q 
depends on the distributed capacitance of the coil, 
and may be expressed very closely by: ,. 

(16) 

except for frequencies very near the natural fre
quency of the coil. Thus, the effective Q approaches 
true Q as the ratio of tuning capacitance to disc 
tributed capacitance increases. 

From the practical viewpoint this difference IS of 
little importance since in the design of tuned circuits 
the minimum capacitance used to tune a coil is usu
ally 10 to 20 times the distributed capacitance of the 
coi l so that the maximum difference between effec
tive and true Q will be 5 to 10 per cen t when meas
ured with the minimum tuning capacitance. 

In special cases when coils having a high distrib
"!ted capacitance are measured with low tuning ca
pacitances and it is desired to know Q with high 
accuracy. the above equation (16) may be used to 
obtain true Q. 

UNITS USED IN FORMULAS 

In all formulas on the followi ng pages, un less otherwise stated. the un its employed are: 

L = Inductance in microhenries. 
C Capacitance in micro-microfarads. 
f = Frequency in kilocycles per second. 
R Resistance in ohms. 
X = Reactance in ohms. 
Z = Impedance in ohms. 

T he subscripts used refer to the following values. unless otherwise stated: 

Cd = 
fo = 
L} = 
CI• Ql = 
C2• Q2 = 

~ = 

Distributed capacitance of a coil. 
Resonant frequency of an impedance. 
Inductance of the coil used in the Q circuit. 
Capacitance and Q of the Q circuit alone (with coil only connected to the Q circuiL). 
Capacitance and Q of the Q circuit with the test component connected to the 

Q circuit. 
Q of the test component. 

C., L., R •. X. = Effective series values of the test component. 
C!>, Lp, Rp. Xp = Effective parallel values of the test component. 

3 
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GENERAL METHODS OF MEASUREMENT 

1·A. COIL MEASUREMENTS. 

The Q circui t of the Q-Meter consis[lJ essentially 
of" a cali bra ted variable condenser to which an. ex
ternal coi l may be connected to Conn a simple reso
nant circuit. T he inductance of the external coil i 
substantially the entire inductance of the Q circuit. 
A calibrated voltage is inserted in series in this ir-' 
cuit and a voltmeter connected across the condenser 
measures the Q of the ci rcuit. 

There are two general methods of making meas
urements with the Q-Meter. One method whiCh is 
applicable to measuring coils consis of connecting 
the unknown coil to the Q circuit, thus making the 
coil the inductive element of a: simple resonant ir
cuit wllich at resonance indica((~s, directly. values of 
tuning capacitance and circuit Q. From these values 
and the frequency of measurement. the effective Q. 
inductance. resistance. etc. : of the coil may be deter
mined. Because of its simpl icity this method is used 
for most coil measurements. The theory of this meth
od has been discussed on page 2 and the procedure 
for measuring oils is 'described in more d tail in 
section S, ~e 9. ' 

t 
z 

R., = Effective series resistance_ 
X. = Effective series reactance. 
1.. = Effective series inductaDce. 
C. = Effecti e series capacitance. 

F ig.2A 

The values of the resistance. reactance. induct
ance and capacitance for the series arrangemenL may 
be expressed as'effective series values and repr sented 
by R,., X •• L. and C •. The corresponding values Cor 
,the parallel arrangement may be expressed as effec
tive parallel values and r presented by Rp. Xp' Lp 
and Cpo 

4 

l·B. MEASUREMENT OF ANY 
IMPEDANCE. 

A second method of measurement which is applic
able to an y two-terminal impedance (within the lim
its of measur ments of the Q-Meter) consists of first. 
providing a simple re onant circuit by nnecting a 
oilto tbe Q circuit of theQ-Meter and resonating 

the circuit, and second, connecting the unknown im
pedance to the resonant circuit, ei ther in series or in 
parallel, and re-resonating the circuit. T wo values 
of circuit tuning capacitance and two Q readings are 
thus obtained. From these values and the frequency 
of measurement 01;ltained from the Q-Meter. m y 
be calculated effective values f Q, r~sistance. react
ance, inductance or capacitance of the unknowQ. 
impedance. . 

Any Lwo-terminal impedance, Z. may be considered 
as consisting of two elemen t . one an effective resist
ance and the other an effect ive reactance which may 
be inductive or capacitive. These elemeOls may be 
thought of as con'neeted either in series as repre
sented in Fig. 2A or in parallel as represented 'in 
Fig.2B. 

1 
z 

1 
Rp = Effective parallel resistance. 
XI> = Effective parallel reactance. 
L = Effective parallel inductance. 
Cp = Effecti parallel aJ1.lci~nce. 

Fig. 2B 

The. Q of the impedance has the same value 
whether the impedance is considered as a series OT 

parallel arrangement. The effective series values of 
the resistance and reactance elemeJits. however. may 
be quite different (rom their effective parallel values. 
T he general relations bet.ween these quantities are 

. shown in the following formulas (17) to (21): 
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x. 6.28 X 10-3 r L. 1.59 X lOR 

f R. C. 
= R. R. 

R = R I' ( 18a) 
" 1 + Qx~ 

X . = X I, 
Q~!! 

(19 ) 
1 + Q./ 

L. = L I' 
Qx~ 

(20a) 
I + Qx~ 

C =C l , 
J + Qx2 

(2Ia) 
Q.,.~ 

I t is apparent from the <!.uove I'clation .~ tha t when 

the Q of an impedance is grealer than JO, X ., L. anu 

C. are eqllal. t XI" LII and CI" res pectively, with an 

e rrol' of less than one pel' cent. but the values of R. 
amI RI' are quite diffcrenl. T his corresponds to the 

case of coils and conclen 'ers commonl y used in reso

nant cirw its whkh gencrally havc Q'~ considerably 

greater than 10 and in this case the c\ifference be

tween the effec ti\'e ser ies a nd parallel values of react

ance, irHlu ctancc or ca pacitance is negligible while 

lhe d i IIcrence. bet ween I he elleeti vc series and paralic I 

res istance i: l-arge. 

It is also apparen t that when lhe Q of the imped

ance i " less.than 0.1 as ma)'. occur "in resistors, R. and 

RI• wi ll be eq ual, with an e rror of less than one per 

cent, whHe the cliff rence between the effective series 

and pal'all ,'a lU(~s of the reactive element will be 

large. 

The Q and the effeCli\'e series and parallel values 

of resi stance, reactance, induc tance or capacitance 

of a t o·tenninal im'pcdance, as defined above. may 

be meaSUl"e I with the Q-Meter by connecting the un

known impedance, Z, ei ther in series in the Q circui t 

'PIB CONNECTION PAIlALLEL CONNECTION 

L 

c 

Fig. 2C Fi •. 2D 

5 

(17) 

RI'= R. (1 + Qx2
) (1 8b) 

X I'= X. 
1+ Qxll 

(1gb) Q.,.2 

1;, = L. 
I + Q.. 2 

(20b) Q.x:! 

CII = C. 
Qx2 

(21 b) 
1 + Qz2 

of the Q ·Meter as represented in Fig, 2.C or in p~ral

lei with ute Q cil' u it as in Fig. 2D. Land C in these 

figures represent the inductance and resonant capaci

tance of the Q circuit and E represents the voltage 

imerted in series with the Q cirUlit in the Q -Meter. 

The series connection is generally useful for measur

ing low impedances and the parallel connection for 

measuripg high impedances. 

'When an unknown impedance is measured with 

the Q-Meter. the effective series values of resistance, 

reactance, tc., of the impedance are most simply 

<Ietel'!n ined (rom the series connection to the Q ci r

cuit (Fig. 2C) wher as the effective parallel values 

are most simply determined from the parallel con

nection (Fig. 2D). For this reason the formulas fOi' 

calcula ting the ffective resistance. reactance, etc., 

gi en below have be n arranged 10 give effective 

series values when the unknown impedance is meas

ured in ,series in the Q circ it and to give effective 

parallel values when the impedance is measured in 

paral lel with the Q circuit. 

The procedure in measu ring an unknown imped

ance is as follows: The Q circuit is firs t resonated to 

the frequency of measurement, f, calling the values 

of resonant capacitance and the Q of the Q circuit, 

e l and Ql , respectively. T he unknown im pedance is 

then connected .to the Q circuit, either in series or 

parallel, and Lhe Q ircu it re-resonated to the same 

frequency of measurement, f, calling the new reso

nan t capacitance, and circu it Q. C2 and Q2' respec

tively. These values may be us d di rectly in the fol

lowi ng formulas to calculate effective series or paral

lel values of resistance, reactance, inductance or 

capacitance, and the Q of the unknowri impedance. 

http:values.of
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GENERAL FORMULAS FOR ANY IMPEDANCE 

SERIES CONNECTION TO Q CIR CUIT 
(Fig.2C) 

PARALLEL CONNECTION TO Q CIRCUIT 
(Fig.2D) 

C 1 C2 
C. = (CrC

I
) 

When C I is: 
Greater than C2• 'X. is inductive (+). 
Less than C;l. X. is capacitive (-). 

(22a) 

(23a) 

(24a) 

(25a) 

(26a) 

R _ 1.59 X lOS Q I Q2 
I' - f CI(QI-Q2) 

X _ 1.59 X 1011 
I' - f (CZ-C1 ) 

When C1 is: 
Greater than C2• XI' IS capacitive (-). 
Less than C2• Xl' is inductive (+). 

In the formulas for Q. the quantities (CcCz)and (C2-C1) are always considered positive. 

The following symbols used in the above formulas refer to the Q·Meter readings: 

C p QI = Capacitance and Q readings ofQ circuit alone. 

(22b) 

(23b) 

(24b) 

(25b) 

(26b) 

C~. Q~ = Capacitance and Q readings of Q circuit with unknown impedimce. Z, connected either in series 
or in parallel with the circuit. 

£ = Frequency of measurement. 

The following symbols refer to values of the unknown impedance. Z: 

Qx = Q of the unknown impedance. 
R. = Effective series resistance. 
X. = Effective series reactance. 
L. = Effective series inductance. 
C. = Effective series capacitance. 

The units used are: 

Rp = Effective parallel resistance. 
XI' = Effective parallel reactance. 
Lp = Effective parallel inductance. 
CII = Effective parallel capacitance. 

R = Resistance in ohms. 
X = Reactance in ohms. 
L = Tnductance in microhenries. 
C == Capacitance in micro·microfarads. 
£ = Frequency in kilocycles per second. 

It is apparent that when an impedance is con· 
nected. for example. in parallel with the Q circuit. 
the values obtained from the preceding formulas 
(2;{b) to (26b) are effective .parall<;:l values. If equiva· 
lent series values are desired. for example effective 
series resistancl". it may be obtained by first calculat· 
iog Qx by means of formula (22b) and the effective 
parallel resistance. RIP from formula (23b). then sub· 

6 

stituting Qx and RI' in formula (18a). page 5. to ob
tain the effective series resistance R •. 

In a similar manner effective parallel values may 
be calculated from measured series values by calcu· 
lating first the series values of R •• X •• L. or C. and 
the Q of the impedance. Qx. from formulas (22a) 
to (26a) arid making the necessary su bsti tu tions in 
formulas (18b) to (21b) to obtain parallel values. 
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I-C. SIMPLIFIED FORMULAS F OR 
HIGH Q IMPEDANC ES. 

In some cases the calculation of desired quantities 
may be simplified . When the Q of the im pedance 
being measured is greater than 10 as wiIJ be the case 
in many components. LJle d ifference between the 
effective series and parallel values of r actance. in-

ductance or capaci tance may be neglected and the 
"alues obtained {rom the preceding formulas (24) 
to (26) may be considered to be the effective re
actance. inductance or capacitance of the imped
ance withou t r'~gard to whether they are series or 
parallel values. The values of R. and Rp in this case 
will be quite different as shown in the following 
group of formulas: 

FORMULAS FOR IMPEDANCES HAVING A Q GREATER THAN 10 

SERIES CONNECTION TO Q-METER PARALLEL CONNECTION TO Q-METER 
( ig. 2C) (Fig.2D) 

Q.x = (CI-C!!) QJ(b 
CIQCC::~ 

(22a) Q" = (CZ-CI) QIQ!! 
• CI (QI-QZ) 

(22b) 

It. = 1.59 X 108 (~~ Ql- Q2) R " = 1.59 X lOll QIQ!! (23b) 
(23a) 

f C1 Ql<b 
rCI (QI-~) 

.. 
R - 1.59 X 108 (C I-C2)2 Q I<b 

11 - f CIC2 (CIQI-~Q!:l) . (27a) 
R = 1.59 X 1011 C1 (QI-Q~) 

• f (C:!-CI)2 QIQ2 
(27b) 

X - X _ ) .59 X 108 (CI-C!!) 
• - J P - f C1Cz 

(28a) X - X _ 1.59 X 108 

• - P - £ (Cz-CI) 
(28b) 

L = L = 2.53 X 1010 (CcCz) 2.53 X 1010 
(29b) 

• . P £2 CIC!! (29a) L. = Lp = f2 (C:!-CI) 

__ CIC!! 
C. - C" - (C

2
- C

1
) (30a) C. = Cp = CI-C:l (30b) 

In die above formulas the same units, symbols and conditions stated on page I) apply except that formu
las (27) to (30) are accurate only for impedanc s having a Q greater than 10. Formulas (22) and (23) are accu
rate for any impedance. 

7 
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GENERAL PRECAUTIONS 

2·A. Q CIRCUIT COILS. 
Measurements of components other than coils, 

such as condensers, resistor·, e C. , require a coil in 
the Q circuit of the Q-Meter for resonating to the 
frequ ency of mea uremcn t. The main requiremem s 
for this c il are (I) that its inductance is of such 
a value lhat it will resonate to the desired frequency 
or measurement with the lOlal luning capacilan e 
desired (the SU[J1 of the capacitance used in lhe Q 
tu ing ondensers .and the capacitance of the com
ponent being measure ). and (2) that its Q 's high 
enough to permit ac.curate measurements. Generally 
a Q in the region o£ 200 to 250 wiU be most suitable. 
For some measurements. such as Q or power (actor 
of low loss condensers or insulating materials, a coil 
having a higher Q (400 t 500) is desirable. 

The coil should preferably be shielded to avoid 
coupling to the test component and to prevent an y 
nearby objects from changing .the Q circuit adjust
ment during measurement. Lar e unshielded oil 
are particularly ubject to such chang s because of 
the extent of their field and 'hould not be used 
ordinarily for accurate meas remem work. The coil 
shield should be grounded to the low poten tial coil 
terminal. 

If meas ment are to be made over a wide range 
of frequencies, a number of such coils are requjred 
each of which may be used f or a single or a narrow 
band of frequencies. 

The T ype l03-A lnductors are suitable {or thi .. 
purpose, having been designed to pi g into the coil 
terminals of T ypes lOOA and 160A Met s t facili 
tate rapid changing of inductance to orrespond to 
the measu rement fTequency. Th y are ompletely 
shielded coils having a Q in [he region of 200 0 er the 
normal range of operation (when resonated with 
tuning capacitances be tween 40 and 4oo fLp.f). 

2-8. PRECAUTIONS. 
I n all measurements, unless otherwise stated, the 

Q circuit is to be adjusted to resonance as indicated 
by a maximum defle [ion of the Q voltmeter. The 
dia l readings and Q reaJings at resonance are the 
va lues to be used in the formulas in aicu'iating 
quanti ties not directl y indicated. Unless otherwise 
stated the vern ier conden er should be set at zero 
or its capacitance should be added to the main con
denser dial reading. 

All ordinary precautions observed in making 
radjo frequency measurements, such a placing the 
component being measured so that any fi Id sur
rounding it is not appreciably affeCted by nearby 
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cond ctors or by capacitance to the; body of the 
opera tor •. maintaining low resistance connections, 
etc, should be observed. 

Leads between the Q-Meler and the component 
being measured should be heavy and as short as 
possible when making measurements a t high fre
quencie. 

Owing t the method of insertion of the voltage 
in t.he Q cirr.uit lh low potential coil term inal is 
not 3l ground potential. Care should be taken that 
componen ts connected to the coil te.rminals are not 
grounded either LO the Q-Meter cabi net or to ground 
since this wiU prevent correct 0 ention of the Q 
circuit. Components or circuits having a ground 
connection or large capacitance to ground can not 
be measured when connected to the coil terminals 
of the Q-Meter. Such components may in some ases 
be connected in parallel with the Q jrcuit (to the 
condenser terminals) for measurement. 

When measuring components other than coils, the 
del rmination of Q, resistance or power factor gen
erally depends on the component in question having 
losses great enough to produce a measurable change 
in the Q of the Q circuit. That i , the Q of the com
ponent mu t be comparable to the Q of the Q cir
cuit. It is apparent tha t a condenser having a very 
high Q. (or example, may lower the Q of the Q 
ci rcuit by only a v ry small amount when it is c n
nected ac oss lhe circuh and if lh is change in Q is 
too small to measure, the Q OT resistance of the test 
condenser can not be measured. 

In measuremelllS such a Q or resistance of COD-

den ers in which th accuracy depends on the accu
acy of.the total tuning capacitance, lhe capaci tance 
etween any leads should be taken into account by 

tisconnecting the condenser at its term~7lals and 
measuring the effect oE the leads by nor ing the 
change in the re onant capacitance f the main tun
ing conden er wh n the lea are connected and d is
conncClcd. This also applies to any fixtures used 
in testing. Their capacitances should be determined 
aDd added to the readings of l e main tuning con
denser. This i panic lari y important in detenn.lO
ing the d islri U[ d capacitance of a coil, wh ich may 
be quite low. In general, testing fixLUres should be 
made oC low-loss insula ling maleri Is. 

Q voltmeter readings of less than about 100 are 
limited in accuracy by the meler cal ibration. Meters 
are generally rated in accuracy as a percentage of full 
scale 0 it. is apparent that the accura y of a reading 
expressed as a percentage of the reading decreases 
as the r adi ng decreases. 
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COILS 

3-A. GEN ERAL. 

W hen a coil is measured with the Q-Meter its 
ind uctance is the entire indu cta n e of the Q ci rcu it 

xC pt for the residual induClance of the circuit. 
T he tuning capaci tance al resonance is indicated 
d irectly by the luning condenser dial, and the Q of 
the circuit is indicated d irectly by the Q vohmeter. 
This Q indication is th Q oC lhe ent ire resonan t 
circuit, but this is equal to the Q of {he coil when 
the inductance and losses of the rest of the circuit 
are negligible compared to those in the coil. 

W hen the coil being measured is unshielded, it 
should be mounted at sufficient distance from the 
metall ic top of the Q-Meter so that the effect of this 
on the resistance or inductance of the coil is negli
gible. However. the leads should not be longer than 
necessary to secure this result. 

When measuring shielded coils the shield should 
be grounded to the low potential coil terminal. In 
no case should the shield be grounded to both the 
low potemial coil terminal and' condenser terminal 
since the series voltage in the Q circuit is inserted 
between these two terminals. 

In measurements req uiring two coils in 'the Q cir
cuit care should be taken to avoid coupling between 
the coils. O ne of the coils, at least, should be shielded. 

3-B. MEASURE MENT OF Q. 

T he Q ofa coil may be measured as follows : Con
nect the coil to the coil ten linals of he Q-Meter, 
set the oscillator to the desired frequency and the 
osci llator output to the 250 or 500 line on the Q 
range meter and resonate the Q circuit by means 
of the Q tun ing condenser. The Q voltmeter read
ing a t resonance indicates directly the Q of the coil. 

! he Q tuning condenser dial indicates the total 
luning capacitance of the Q circuit, except that 
added by the coil and its leads. 

Q. as measured above. is the effective Q of the 
coil and differs from tn,e Q which is defi ned as 
wLjR. by an amount which depends on the distrib
uted capacitance of the coi l (see page 3). For most 
coils measured with the Q-Meter this difference is 
negligible since the mininllll I tu ni ng capacitance is 
generally 10 to 20 times the distributed capacitance 
and the maximum difference between true Q and 
effective Q will generally be 5 to 10 pel' cent. 

When coils having a high distributed capacitance 
are resonated with low tuning capacitances and it is 
desired to know true Q with greater accuracy than 

the above measurement provides, true Q may be 
obtained as follows: '\Ieasure effective Q as describ.~t 
above and cal l this Qo. Call the Q lUning condenser 
dial realling C,. l\Iieasure the distributed capacitance. 
C of the coil by one of the methods described be-,I' 
low in sections 3-F or 3-G. True Q is then: 

Q = Q. (C, ~l C" ) (31 ) 

3-e. RESISTANCE. 

The effective series resistance of a coil may be 
determined by first measuring its effective Q as de
scribed above, recording the values of frequency, f. 
Q cond nser tu ning capacitance. C1, and the Q of 
the coil, Ql' The resistance. R •• of the coil is then: 

R. - 1.59 X 108 

- fC,QI (32) 

The resistance, R •• obtained is the apparent resist
ance, or effective series resistance.of the coil . For most 
coils th is value will be practically the same as the 
true resistance when measured as described. 

The true resistance. R. of a coil differs from the 
apparent resistance because of the distribu ted capaci
tance of the coil. and for frequencies not too dose to 
the resonant frequency of the coil the relation be· 
tween true resistance. R. and apparent resistance. R •• 
is given by: 

(33) 

in which C1 is the tuning capacitance used when 
measuring the resistam:e (or Q) and C II is the distrib
uted capacitance of .the coil. 

When a coil is measured with relatively low tuning 
capacitances and its distributed capacitance is suf
ficiently high so that there is an appreciable differ
ence between true resistance and apparent resistance. 
the true resistance may be determined as follows: 
Measure the apparent resistance, R •• as described 
above. Measure the distributed capacitance of the 
coil, e,l' by one of the methods described below in 
secti ns 3-F and 3-G, and calculate the true resist· 
ance. R. u 'ing the above formula (33). 

_3-D. INDUCTANCE. 

The inductance of coils having values from a 
few tenths of a microhenry to a few tenths of a 
henry may be measured with an accuracy of about 
3 percent between SOkc and SOme with the type 

http:resistance.of
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160-A Q-Meter. T he low frequency inducta l1l.c 
measurement range of this instrument may be 
extended from SOkc down to the region of Ikc by 
means of an external oscillator (see page 21 ). 
The range of ind uctancc measurements possible 
with the type lOO-A is less and with the type 170-A 
much less. The L-C-F chart on page 34 will be 
found helpful in determining the range of induct
ance values which may be resonated with each 
instrument. 
, The inductance of a coil may be measured as 

. follows: Connect the coil to the coil terminals of 
the Q-Meter, set the Q-tuning capacitor to about 
400 mrnf, and resonate the Q -circuit by adjusting 
the oscillator fr .quency. Record the freq uency, f, 
and the tuning capacitor reading, C1 . The induct
ance, LB, is: 

L. 2.53 X 1010 

f2 C1 
(34 ) 

If the Q-tuning capacitor is set to exactly 400 
mmf, this formula may be simplified to: 

L. = 63.2 X 106 
(35) 

This measurement gives the apparent or effec
tive series inductance. Ls, of the coil . For most coils 
measured as de cribed above this will differ from 
the true inductance, L, by an amount which is less 
than the accuracy of measurement. Th difference 
between the effective inductance and the true 
inductance increases as the Q tuning capacitor read
ing at resonance decreases. 

The Q tuning capacitor dial on the 160-A 
Q-Meter has been provided with a decade induct
ance scale which is desil?:l1ed to read directly in 
terms of effective inductance when the proper 
measurement frequency is selected. Sin e the Q 
capacitor has a capacitance range of omewhat 
more than 10 : 1, it is evident that inductance 
values extending over a 10 : 1 range can be reso
nated at any single frequency. The L-C dial cali
bration is based on thjs principle. 

An inductance freq uency plate is attached to the 
Q-Meter front panel which shows the proper fre~ 
q uency to which the RF oscillator should be set in 
order to obtain the· inductance measurement range 
desired. Anyone of six consecuti e inductance tun
mg ranges In, y be selected, permitt ing overall 
inductance measurements from 0 .1 microhenry to 
! 00 millihenries to be made. 
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Jt should be noted that this type of measurement 
determines effective inductance, and is, therefore, 
subje "t to the limitation mentioned abo e, namely 
th t the difference between the effective indu tance 
and the true inductance increases as the Q tunillg 
capacitor reading is decreased. 

True inductance is less than apparent or effec
tive in uctance by an amount which depends on 
the distributed capacitance of the coil. Good small 
coils generally have a distributed capacitance in the 
region of 1-6 mmf and for these coils the maximum 
difference between true ind ucta nce and apparent 
inductance will be about 1.5 perc nt when meas
ured in ace rdance with equations 34 and 35. 
When the inductance scale on the L-C dial is em
pioj·ed, a maximum differen e of about 20% may 
be ob'e ed at the low capaci ance end of the dial, 
diminish ing to about 1.5 % at 400 mmf. 

The tr ue inductance of coils having a high d is
t ributed capacitan e or high capacitance bct\ cen 
leads m ay be determined by measuring the apparent 
induct nce, L., a described above, and measuring 
the di tributed capacitance, Cd, of th e. coil by one 
of the methods des ribed below in sections 3-F or 
1-G. l'.Iue inductance, L. is then : 

(3G) 

C1 is the tuning capacitance used when measuring 
the apparent inductance. Thi formula applies [or 

frequencies not too near the resonant frequency of 
. the coil. 

3-E. SMALL INDUCTANCE IN SERIES 
WITH LARGE INDUCTANCE. 

A smaU inductance may be measured by connect
ing it iu series with a coil havi ng an inductance 
about the ·amc 01· larger than the inductance to be 
measured. The accuracy of tbis measuremen. be
COOlei less as the ratio of large 0 small inductance 
ina-eases. Small inductances less than 0.01 micro
henry have been measured at high frequenc ies in this 
way allhough the accuracy of measurement of such 
smaJl vaJues is not very great. . 

To determine the inductance of a small inductor: 
Connect a suitable coil (see section 2-A, page 8) to 

the coil terminals of the Q-Meter. set the oscillator 
frequency to a value that will permit resonaLing tI e 
Q circuit with the Q tuning condenser set at about 
400 JJ./:-r and resonate the Q circuit. Call the tuning 
~apac1tance C 1 and the fre'luency r. Connect !he 
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sma ll inductor in series wi th the coil. taking care that 
no coupl ing exists between the coil antI the small 
inductor, and re-resonale the Q circuit. calling the 
new tuning ca pacitance C2 • T he effect ive series 111-

du ctance. L., o£ the small inductor is: 

(25a) 

Other val ues such as Q. resistance. etc. , o f the small 
ind ucto r m ay be ca lculated from the formulas (22a) 
to (24a), page 6; which give the ellectivc serie~ alues 
of an impedance measured in ser ies i n the Q circuit, 

3·F . DISTRIBUTBD CAPACITANCE. 

A simple method of measuring the distributed 
capaci tance of a coil which is fairly accurate for h igh 
d istributed capacitances but is inaccurate for capaci
tance~ below abou t 10 /Lp.f is as follows: Connect the 
coil to th e coil terminals o f the Q-Meter. Se t tJle Q 
circuit capacitance to about 50 J-LJ-Lf. calling this 
capacitance C t , and resonate the Q circuit by ad j ust
iog the oscillator frequency to exact resonance. Set 
the osci lla tor to a new frequency exactly one-half 
o£ the first reson ant frequency. R etune he Q circuit 
by means o f the Q tun ing condenser and <:all the 

. new condel ~e r I cad ing C2 • The distribu ted capaci
tan e. Cd' i then : 

c~ - 4C , 
Cd = 3 (37) 

T h is p roted ure ma y be repeated with differe'H 
valliell of C, ami the va lue;' of Cd a eraged to obtain 
somewh at grea ter ac urac ),. The best accuracy to be 
expected with this method is 01 [he order o t plus or 
m inus 2 f'p.f. 

3-G. RESONANT FREQUENCY AND 
DISTRIBUTED CAPAC ITANC E. 

A more accura re me thod of determinirig the dis
t r ibutetl capacilalH.e of a co il when the capacitance 
is less than abou t 20 to 1jO J-L/Lf. involves measuring 
the resonant fretju ency of the coil. 

T he resonant frequency of a coil may be deler
mined wi th the Q-Meter by an indirect method 
wh ich has the advamage o f being qu ite accurate and 
is a pp li able 1 al most any ype o f coi l. shielded or 
unsh ie ld ed, wit hi n the range o f the Q -Meter. This 
me thod de pends on the rac t thal a t the resonant fre
quency of a coil. the im pedaI1(;e across its terminal 
is effeCli vely a non-reacti ve resistance, and con~ is t 
5'.£ maki!1g a number o f setti ngs o f the Q-]\[cter fre
q uency and resonating the Q circu it a t each fre~ 
q uency with the tcst oil fi rs t' d isconnected and then 
con nected a ross the Q ircuit , u m il ~ f, ~eqll ellC y is 
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found at w,hi<:h the onnection of the test coil causes 
no change in the Q circuit tWling . T he followi ng 
p roced ure Is recommended to aid in loca ti ng the 
resonant frequency of a coil : 

I. Connect the test coi l to the roil termj nals of the 
Q -Meter, set the Q tuning condenser to about 400 
p.p.f. and resonate the Q circuit by adjusting the os
ci llator frequency . Call the frequency £1 and tu ning 
capacitance C I . 

n: Replace the test coi l with a shielded coil hav
ing an inductance about 1/ 2 of that o f the te·t coil. 
or a coi l that wiJi resonate in the Q ci rcui t to a fre
quency about lO limes the val LIe of fl' Set the 
Q-Meter to a frequency o f abou t 10 t ime ' f, and 
re~onate II e Q ci, CUil to th is new freq uency. (This 
factor of 10 is based on th e d istri buted capacitance 
o f the coil being in the region o f 4 JJ-J-Lf. whi ch is 
common for sma ll wils . H ioher dtstributed capaCI 
tances wiIl.Jower the resonan t frequency o f the coil 
and a smaller facto r than 10 will. obtain .) 

Ill. Connen the (est coil across' the Q circu it (to 
the condenser termina ls), taking care lO avo id COll

pling between the lWO coils. and re-resonate the Q 
circui t by means of the Q luning condenser Or ver
nier condenser. obselving whet hr' r I he ('Il/}{(citll nce 

has 10 be increased or decreased from its p revio ll s 
alue to restore resonance. 
If the capacitance has to be INCR EASED , IN

CREASE the oscillator freq uency by an appreciable , . 
amount ( 10 to 20 per cem). 1£ the capacitance has 
10 be DECREASED, DECREASE the osci lla to r Cre
quen y. 

IV. D isconne t the tes t coil and resonate the Q 
circu it to the new frequency by means o f the Q 
lUning conclemer. Repeat the above p roced ure II I , 
changing the osci llator freque ncy by smaller incre
ments as i t approaches the resonant freq uency of 
the test coil , umil the · frequency reaches a value at 
which the Q cir uit capac itance is unchanged when 
the test coi l is onnCel d or discon nected. 

T he oscillator freq uency is then the resonant fre
quency o f ,he l est coi l. Ca ll th is fr equency fo-

The d istributed ·apacitance. C". o f the coi l may 
be calculated from the values o( { I and C 1 obtained 
in paragraph I above. and Lhe re onan t frequency. 
fn • of the coil , usi ng the rollowing formula : 

(38) 

1 he accuracy o f (h is ( i\l r ibmec\ r apac il3 nce meas
urement de pends O!\ the indu 'lante of lhe co il being 
tht: sa me a l thl: two II1e3 Ure lllCJl t Ir ·(jl1 elldc'i. This is 
rea~onab l y accu rare for (om monl y lIsed (oils. a l· 
though it may not hold for toils ha,·ing iron cores. 
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SMALL CONDENSERS 

4-A. GENERAL. 

Mcasurcments of m e capacitance amI Q (or power 
factor) of small conclen.'>C rs can be made wi h the 
Q-Meter if the capacitance of the test condenser i. 
within the 6. C range o( the Q lUning condenser o f 
the Q-Metcr. The accuracy with which :mdl measure
ments can be made is <Jepen lent on the capacitance. 
inductance and Q of the le~1 condenser. the ire
quency of measlIrcm nt and the technique em
ployed . In general, the a curacy of capa Ilance meas
urements is within ±2% a nd the accuracy f Q meas
urements is within ±IO%. Under certain conditions 
greater accuracies can be obtajned. In the higher 
frequency region (above 30-40 Mc with the lype 
lfiO-A and above 5-10 Mc with the type IOO.·A Q
Meter) the accuracy of lhe Q and C measurement 
will decrease. 

Above a few megacycles the inductance and resist
ance of leads connect ing the condenser posts of the 
Q-Meter and the te_ t condenser proper be orne in
creasingly' important and accordingl y should be 
made of short, wide, conducting strip. • 

If the capaci tance of me conde n er is small, i.e ., 
a few /LfJ.f, the capacita ce of the leads may become 
comparable to that of the (est condenser, and may 
require correction. 

The internal inductance of condensers (and their 
leads) becomes more and more important with in
creasing frequency. This is indicated by, an in rease 
in the apparent capacitance of the condenser_ Refer
ring to the chari on page 34, it will be not d that a 
1,000 fJ./Lf condenser wi ll resonate at 50 Mc with an 
inductance of .01 /Lhy, a 100 po/Lf condenser will reso
nate at 160 Mc wi th .01 fJ.hy, etc. The increase in 
apparent capadtance of the condenser will be evi
dent at frequencies cons iderably below the resonant 
frequency. 

The accuracy of measuring the Q of a componen t 
such as a condenser when it is connected in parallel 
with the Q circuit is also related to its effect on the 
Q of the Q circuit . A con ide ration of the equations 
from which the Q or resistance of the component is 
calculated indicates tha t the accuracy o f this meas
urement wi ll increase as rhe 6. Q (i .t .. QI-Q2) in
creases. H owever, since the accuracy f the Q volt
meter calibration is a u nct ion of fu ll stile reading. 
it is obvious that very low Q~ read ings m ~y be inac
curately indicated and that a n optimum opera ting 
region will exist which is de termi ned by the val ues 
involved. From a pract ical viewpoint, it wi ll be 
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found tha t most condense. can be measw-e<.l with 
greater accuracy when Lhey are closely coupled to the 
measuring circuit, i.e., when their capacitance ~s a 
large p CI' emage of the tOlal circuit capacitance. 
Condenser - with very poor dielectric are the excep
lion and.lhe measuring technique must be modified 
t fil the conditions. With such condensers, ule Cl! 
setting oUhe Q condenser should be ina-eased until 
Lhe <b value can be accurately read. 

MEASURING TECHNIQUE : 

Experience has shown that, in general, the most 
ac urale method of deLermi'ning the capacitance, the 
Q, the series and the parallel resistance of a con
denser is as follows: 

1. Connect the test condenser to the Q·Meter, 
obserVing the precautions previously men
tioned. 

2. Set the Q tuning condenser to some conveni
ent· low capacitance value, e.g., ~O p.p.f. 
Record this a C;l' 

3. Select a coil which will resonale with the ca
pacitance of the test condenser plus the 
capacitance setling of he Q tuning COn
denser to the desired frequency of meas
urement . 

4. Adjust the oscillator frequency to resonate 
the Q circuit. Fine adjustment may be 
made wi th the vernier Q condenser, chang
ing this by perhaps a few tenths of a micro
microfarad. 

5. Record the circuit Q reading as Q,. 
6. Remove the lest condenser. 
7. Retune the Q circuit, nOljng 'the circuit Q at 

resonance. Record the Q condenser setting 
as C 1 and the circuit Q reading as (b. An 
average curve drawn through a number of 
measurements, especially if fairly closely 
spaced over a frequency range will further 
increas the accuracy of this measurement. 

4-B. CAPACITANCE. 

T he apacitance of the lest conden er is: 

ell = C1-C:! (26b) 

T he value of C p thus obtained is the effeclive par
allel capacitance of the test condenser. The differ
ence ~etwee~ .this value and effective seri,\s capaci
lance IS negligIble for condensers having a Q greater 
than about 10,whi h will be lhe case for mo t small 
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condensers used in radio circuits. When the Q of ;t 

condenser or an impedance is 10 or less, the dfeclive 
series capacitance ma y bc dtlcrril incd as llescribed in 
seclion I -B, page 4. . 

It is important, e 'pecially wilen measming very 
small capaci tances. thal tJ1 C measurement excludes 
the capacitance of leads lO the leSl wntlenser. Th is 
may r adil y be accompli~ he<l by conne ling suitable 
leads to the Q -Meter before making the inilial reso
nance setting of we Q ci rcuil and connecting the 
test condenser at (he end of the leads. taking' ca re 
not to change the position of the lead ' during thc 
measurement. 

One very useful fea lure of the above method IS 
that it provides a r lative indication of losses i'n the 
test condenser simultaneously with lite ca pacitance 
measurement, as indicated by the llrop in Q o f lhe 
Q circuit when th e leSl condens'er is connected , 

For capacilance measurements o( greater accuracy 
than this method provides, the following method 
should be used . 

4-C . ACCURATE CAPACITANCE 
MEASUREMENTS USING 
EXTERNAL CONDENSER. 

By the use of a calibra ted standard condenser (such 
as a precision condenser) in conjunClion wi th th e 
Q·Meter, the capacitance of small condensers may 
be measured with a h igh degree of accuracy which is 
l imit d generally onl y by the accuracy of cal ibration 
of the standard ondenser since the accuracy of se t
ting the onclenser is generally greater than lhe accu· 
racy o f calibration. 

To measure capacitances using an external con
denser. this condenser should be connected to the 
condenser tenninals of the Q-Meler, and the same 
general procedure described above in sect ion 4-B 
should be followed except that all capaci tance set· 
tings and observations shoul<\ be made with the ex· 
ternal condenser instead of 'the Q tuning condenser. 
T he following additional precautions should be 
observed : 

The length of leads required (0 onnen a large 
j:ondenser lO the Q·Meter, togelhel' with the in ternal 
inductance of such a ondenser, limit the maxim'um 
frequency of accurate measurement to the region 
of 500 kilocycl s. I is advisable to set lhe freq uency 
of measurement in the neighborhood of 200 kilo
cycles to permit using leads lip to about a fOOl in 
length. This freq uency requil'es a coil for use in the 
Q circuit having an inductance in the region of I 
or 2 millihenries (see section 2-A). 
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Alllealb used shoul(l be fa idy rigid and well sup· 
ported w avoid acciden tal cha ngc~ in circuit capaci
tance, eSjle iall y when mcasur ing sma..lJ'capacitances. 
C nn ections lO the tcst cmulenser ~hou ld bc madc 
at the condenser le l ll1ina is to excl ude lead capaci
tances (rom the measuremen t. The test condenser 
should be connected directl y to the standard con
denser. 

4.D. POWER FACTOR AND Q . 

The power facto r, Q. and resistance of small ron· 
demh s having Q 's r less than about 2000 to 6000 
(power factors grea t r than a bout 0.015 lO 0.05 per 

celll) can be measured with the Q-ro.Ieter. 
The maximum Q tha t can be measured de pends 

on lhe capacitance o f the test condenser and the Q 
of We Q ci rcuit. The measuremcnt of Q requires 
measuring the drop in Q o f the Q circuit when the 
condenser is onnected across the circuit. This 
decrease in Q becomcs smaller as the Q of the test 
condenser becomes large compared to the Q of the 
Q circuit, and also as the capacitance of the test con
denser becomes smaller. It is apparent, therefore, 
that when the Q of the test conde nscr is high enough 
it will not produce a mca urable difference in the 
Q of lhe Q circu it and therefore its Q or resistance 
can not be measured . 

In general. the Q .of colll monly used mica or other 
solid dielectric condensers, air dielectric condensers 
wilh poor insu la tion , ClC., may be measured. How· 
evel'. good air dielectric condensers usually have a Q 
tao high to be measu red . 

The gen eral precautions described in sections 4-:\ 
and 4-B should be ob~erved in measuring power 
factor or Q_ The Q of the tesl condenser, Q,., is 

(39) 

The power fac tor of the test condenser in per cent 
(for values less than a bou t 10%) is: 

100 
Power FactOI' = Q,. 

4·E. RESISTANCE. 

T he resistance of a small condenser having a Q 
of less tha n aboul 2000 to 6000 may be dctermined 
by fo llowing the procedllJ'c descri bed in the preced
in /-{ seuion 4-D, obta in ing the valucs of Q circuit 
tu ning cal aci tance a nd Q . C1 and Q" without the 
test condenser connected, a nd C:.! and Q:.! with the 
t e~ l conclen 'er connected, and the fre<Juc"ncy of meas· 
Ulemenl , f. 
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The ffective parallel resistance. Rp> of the teat 
condenser is: . 

R - 1.59 X I()!lQ)~ . (2gb) 
. . " - fCI(QI-~) 

This fomJula is accurate for condensers or imped
ances having any Q. 

T he effective series resistance. R •• for condensas 
having· a Q of more than about 10 i! : 

., R. = 1.59 X I~ C1 (Ql~) (27b) 
f (Cl-~)2 Ql ~ 

.The eHective se ies or parallel resistance of con
densers or impedances having a Q of; 10 or less may 
be determined by the method described in section I • 
page 4. · 

If the effective series capacitance, c.. and the Q, 
Qz, of the test condenser ·are known the effective 
series resistance. R I • is: 

1.59 X lOS 
R. = Qz fC. 

(41) 

INSULATING MATERIALS 

S-A. GENERAL. 

The fundamental propenie oE interest in on
nection with insulating materials are the dielectric 
constan t £ and the losses as expressed by Q or power 
factor. T hese quan ti ties may be determined for most 
insulating materials by making a condenser u t of a 
sample of the ma terial and measuring this condenser 
as described in· the p re eding section 4. 

T h in shee ts of insulating material are most can· 
venient for this purpose and may be provided with, 
tin {oil onducti ng surfac s by applying a thin film 
of vaseline (or ·imiJar material hav ing low losses) 
to the sample of insulating mate'rial and pressing and 
rubbing the tin · foil into close contaCl with the am· 
pie. exclud ing all air pocket . Connections .to the tin 
foi l surfaces may be mad by means of two copper 
or brass strips or heavy wire a ttached to the Q-Meter 
condenser terminals, and shaped so mat they make 

. contact with the t in foi l when the prepared sample 
is I,>l ~ced between. these onnecting leads. The con
tact surfac should be kept clean. 

Mercury ele trodes may be used by means of the 
conventio.nal method of floating the sample on the ' 

. surface of mercury contained in a uitable dish. 
, placing a metal ring (or [(:ctangle on top of the ·sam

pIe and fill ing· inside the ring with mercury. Suit
able leads should be .provided for connecting the 
mercury electrodes to the Q-Meter. 

O il or other 8uids require a cell or container with 
suitable electrodes . between which the fluid to be 
mea,,\ft"ed may be placed. 

In any case, in order to ~educe edge. effects, the 
area of the active dielectric between the electrodes 
should be large · compared to the th.ickness of the 
dielectric., The. sample conderuer should be dimen" 
sioned 50 that its capacitance does not exceed the 
~ C available in the Q tuning condenser. 
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SoB. DIELECTRIC CONSTANT. 

To determine the dielectric constant, £. oE a sample 
of insulating material : Prepare i as described above, 
and measure its capacitance according to the metho 
.given in section 4-B, page l2. and call this value C. 
Measure the area of the active dielectr iC contained 
between the electrodes, calling this alue S, and 
measure the average thickness of the actlve dielec
tric. calling this value t. When C is in m icro-micro
farads and Sand t are in inches. the dielectric -con· 
stant is: 

£= 
4.45 C t 

S 
(42) 

When S and t are measured in cen time ers, the 
dielectric constant is: 

£= 
IU Ct 

S 

s·c. POWER FACTO~AND Q . 

(4!J) 

To determine the power factor or Q of :a sample 
of in ulating material, tbe sample should be pre
pared as described above. and then .measured as a 
small condenser as described in section 4-D. page 1 g . 
For convenience the formulas are repeated here: 

1£ C) and Q~ are the capacitance and Q of the Q 
ircuil at .resonance with the sample not connected. 

and C2 and Q:: are the capacitance and Q of the 
circu it with the samp) connected. then the Q of ale 
insulating material is: 

(g9) 

The power factor in per cent . for values less than· 
about 10%) is: 

Power Factor = ~OO = 100 C 1 (Qt~) (40) 
~ (C1-C2) <b ~ 



INSTRUCTIONS AND MANUAL OF RADIO FREQUENCY MEASUR EME NT 

LARGE CONDENSERS 

6-A. GENERAL. 

A l.arge condenser may be measured by connecting 
it in series with a coil and connecting this combina
tion to the coil tel minals of the Q-Meter with the 
test condense connected lO th low potel1l,ial side 
of the coil. 

lor this measurement a coil is requ ired having 
an inductance which will resonate to the de 'ired lest 
hequenc with the Q tuning condensel' set to a high 
capacitance value, so tha connecting and discon
ne ting the lest condenser will produce a measu r
able change in the C and Q oC the measuring ircuil. 

A resistor having a resistan of not over 10 meg
ohms is als required which must be c mnected 
a 'oss the test condenser when it i in the Q ir u it 
() provide a' d.c. path fOI the grid bia of the vacuum 

tube voltmeter. 

lL is important when measuring large ondensers 
to observe the precau ion of including as litue in
ductance as possible in the onclenser leads during 
the measu remen ts, as the internal inductance of the 
condenser will usually be small a nd even an inch or 
two of lead may cause a sel ious error. \Vhen measur
ing the circu it without the conde cr, it i gen rall y 
desirable to leavc the conden er in the circuit and 
short it ut at ule onde.n er terminals with a heavy 
copper jumper without chan ing the position of an y 
leads, Th is will red uce errors caused by lead induc· 
tance lO a min imum. 

6-B. CAPACITANCE AND 
INDUCTANCE. 

The effecti ve capacitance of condensers up t 
a bout 0.1 or .2 ILf may be lea ured by resonating 
the Q irc it by means of the Q ! ning co de ser, 
first wi thou the test ontle ser ( r with the te t on
denser short d ut), then with the test condenser in 
series wilh U\e low potential side of the coil. Sma ll 
changes in tuning apa itance may be read on the 
vern ier condenser ( ial. The IWO readings of tun ing 
capacitante of the Q c.il uit should be recorded . 

Let C I I' present 'the lun ing capacitance sett ing 
withou t the lest conden er, and C~ the tuning ca
paci lance with the Ie I condenser connected in SCI ies 
Wil the coil. 'Then the effective r ies capacit nce, 
C. , f the tCSt conden~er is : 

c. = 
C I C~ 

(C~-Cl) 
(26a) 
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If C1 is larger than C.: the effective l'eaCLance of the 
t st . ontlenser is inductive and its effective ser ies 
inductance, 1..., is 

1... = 2.5:1 X 10·O(C,-C;l (25a) 
PCI C:: 

or if u\e effective induc.ta ce, L •. of ule <;oil used in 
rhe Q circuit is . kn()wll, the effective series induct
nee, 1..., of the te·t ondenser is: 

L - L (CI-C~) 
• - 1 C2 

(44) 

At the resonan t frequency of the condenser C l = 
C~ and the condenser i effecti vely a non-reactive 
resislance. The effe t ive resistance · may be deter
mined as described below. 

6·C. RESISTANC E, POWE R FACTOR 
AND Q. 

T he effective resis ta nce, power factor and Q of a 
limited range of large <':o lldensers may be measured 
with the -Met I' by co necting the condensers in 
series 'in the Q circuit when such con iellsers have 
losses great enollg to lower the Q of the Q circuit 
appl eciab' y, or example, the Q £ a test condenser 
It ving a capacitan c of about 400 ILI-'-f may be meas
ured whe the Q of the te I condenser is less than 
about 2000, If the test c ndenser capacitance is about 
4000I-'-I-'-f. its Q may be measured when it is not over 
about 300, and for lalgcI' condensers the maximum 
Q thal can be III aM I I is cOlores nd ingly lower. 

The Q of the test condenser, Q.., is: 

(22a) 

The power factor of the test 0 denser in per cent 
for values less than abou 10 per cent is the re<.:i pl'Ocal . 
o f Q . li mes 100, or: 

The effect ive eries lei 'tance, R., of the test COIl

denser is: 

R. (23a) 
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6-D. IMPEDANCE. 

To determine the impedance of a large condenser, 
first measure its effective series resistance, R., as 
described in the preceding section (j-C. Then calcu
late the effective series reactance, X ... of the test con
(ienser from the values of CI , C;l: and f obta ined in 
the resistance measurement. as fo il ws: 

(24a) 

or if the reactance of the condenser is inductive use 
CI-C.l in place of C.!-CI. If the effective series capaci
tance, c., or inductance:L" of the test condenser has 
already been determined. its reactance may he calcu
lated by means of one of the foHowi ng formulas: 

X = 1.59 X 10d 

• f C. 
(46) 

X, = 6_2~ X 10-3 f L,. (47) 

The impedance. ZE' of the test condenser rna y then 
be calculated from the values of resistance, R" and 
reactance. X., just determined as follows: 

ZE = V R.3 +- X.2 (4S) 

6-E. 'BYPASS OONDENSERS. 

Bypass condensers hav ing capacitances not too 
high may be measured accord ing to tbe prcc d ing 
sections 6-A to 6-D. In many cases, however, it may 
be unnecessary to measure the constants of a- con
denser. When a bypass condenser is used in series in 
a. tuned circui t, the effect of its resistance on the Q 
of the circu it and its reactance on the whi ng of the 
circuit may be observed d irectly by connecting an 
eq i ·alent circuit to the Q-Meter with the bypass 
condenser in series with the coil, and observing the 
change in circdlt Q and Luning capacitance when the 
bypass condenser i · shorted out. The bypas~ con
denser shou ld be shunted by a resistance of not over 
10 megohms for th is test. 

The difference in Q tuning condenser setti'1gs in
dicates he relative reactance of the test condenser 
and whether its reactance is capacitive or inductive. 
(See section 6B). The change in circuit Q shows 

directly the lossing effect of the bypass condenser on 
the circuit. 

The same general precautions for measuring large 
condensers described in the preceding sections 6-A 
and 6-B should be observe~1. 
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RESISTORS 

7·A. GENERAL. 

The effective resistance of resistors that arc (0111-

'parable LO eith I' the series or the allli-rc:onant rellist
ance of a tuned ci rcu it rcsollatctlw th . frequenc y of 
measuremem, may be measured it! t IC Q-Mt:tel' at 
freque d es up to about 30-10 megacycles by conne t
ing the resist rs in scric ' or parallel with the Q ci r
cuit of the Q·Mcter. In general two rangcs of re~ iM 

ance can be measured ; a range 01' I,ow values ' colll
parable to the series resistance of the LUned tircuit 
and a range of high values comparable to the ami
resonant resistance of thc circui t. Both ranges de
,crease in value with inueasing ft:equency, 

For example, at 1000 kc a resonam circuit having 
a Q of·about 200 and C of about 100 p.p.f. has a series 
resistance of about 8 ohms, and an anti-reson~nt re
sistance of about 300,000 ohms, Using . this circuit, 
resistors connected in series with the tuned circui t 
having values from abou t ] to 30 ohms, and resistors 
connected in parallel with the circuit having values 
(rom about '] 00,000 ohms to 3 megohms may be 
measured. 

At 10 megacycles a similar ci rcuit would have 1/10 
these values of resi tance and the corresponding 
ranges of resistaD es that may be mea ured are abou t 
0.1 to 3 ohms and ] 0,000 to 300,000 ohms, 

W ithin these limitations the effective resistance of 
resistors may be determined as follows: 

7·B. LOW RESISTANCE IN SERIES 
WITH Q C IRCUIT. ' 

Connect to the coil te m inals of the Q-M ter a 
suitable coil having an inductance hat wiIJ resonate 
to the desired freq uency of measureme t with a co n
vellient tuning capacitance (see section 2A, page 8). 
Set the oscillator frequency to the desired value and 
the oscillator outpu t to the 250 line on the Q range 
meter, and resonate the Q circuit by means of the Q 
tuning condenser. Call the condenser setting C1 and 

-the circuit Q, indicated on u~e Q oltmeter. Qt. ~l 
the oscillator frequency, f. 

Connect the resistor to be measurec:l in series with 
the coil in the Q ci l'cuit at the low potential coil ter
minal, and re-resonate the Q circuit, calling the new 
Q reading <¢ and the condenser reading ~. 

The effective series resistance,' R., of the resistor is: 

R. = 
1.59 X 10" (g. QI-(b) 

EC I QI ~ (23a) 
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If C1 is greater Ulan C:t thc effective 'reactance of 
the l' ~istor is inductive and its effective series in
ductance. L.. is: 

L. :;:;: 2.53 ~:!J.~lloi~\-C2) (25a) 

of if th inducta'nce, L\ . of the cuil us <1 in ule Q cir
cui t is Known. the effectiv s ries indun ance of the 
rcsislOr may be calculatec:l from : 

(49) 

If C~ is grcater than C I the effect ive reactance of 
the resi,stor i" capaciti\'c and itS effccth'e series capaci, 
tance, c,., is: 

(26a) 

When the ffecli e reactance of a resistor is apaci. 
tive. it may often be more accurate to represent the 
resistor as a shunt or parallel combinat ion of resist· 
ance and capacitance. If the effective parallel values 
of resistance and capacitance are desired. the Q of 
the re. is tor, <b: may be calculated from: 

<b = (C;-C2) Q\ ~ 
C1 QI-Ct ~ 

, (22a) 

and the effec_tive series resis ance and capacitance 
calculated from foi'mulas (23a) and (26a) above. and 
these values usee} in formulas (1 8b) and (21 b). pagc 
5, to determine the effective parallel resistance. R II, 

and capaci tance, CII' The general relations between 
series and parallel values are discussed in section I, 
page 4. 

1.C. lUGH RESISTANCE IN PARALLEL 
WITH Q CIRCUIT. 

The same general procedure described in the pre
ceding seciion 7-B should be followed when measur
ing resistors ha ing a resistance value high enoll~h 
to connect across the Q circuit. except that the re
sistor being measured should be conn ned to the 
condenser terminals of the Q-Mcter instead ()f in 
series with the coil. 

If Q , and C \ are the Q and ondenser readings at 
resonance without the rc~ istor. and Q: and C2 the 
reading with the resistor connected across the Q cir
cuit. the effective parallel resistance; R p, of the re
sist r is: 

(23b) 
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If the n:altance of the re~istor is capacit ive, C , w ill 
I>c larger thall C:: and the c::tfeui\'e parallel capa(i
ta nce, C", of the resistor is : 

C l , = C,-C:l (261.» 

H C:: is larger than C, the reactance is induClive 
and the etfccli\"e parallel inductall(c. L,,, ili a ) be ( al
clI late(1 h OI1l : 

(251)) 

'VItCII the d fcc i\"e rcactanc ' o f a re istor is in 
tluui\"c it is somcti llles more con\'cn iclll to rcp,cscn t 
the res istor as a cries COlli inat im of ind uc ta ncc and 
resistancc. in whidl (a~e the 'a lllcs of c llc(!i\'c series 
rcsistance a nd ind ll u ance may bc dc~in:d imtcad o f 
the pa ra llcl \' a lll c~ obtai n~d fr III for mulas (23b), 
(25b). ami (26b) abo ve. 

If "al lies of effec t ive seri s resistance, induc ta nce 
o r capacitance arc d ~ircd. the corre~p()n<ling par
allel " al ues Illay be measured as de 'C1ibed a bove and 
the Q of thc resistor, QI ' may be calculatell from : 

(22b) 

aIHI the 'alues thus o bta ined III be used in form
ulas (18a) to (21 a). page 5, to determ inc the effective 
series \"al ues desired, 

7·D. ANT I·R ESONANT RESISTANCE 
OF A TUNED CIRCUIT. 

This q . n t ity, someti me. called the "d )- namic re· 
sistancc" is the resb tance of a reso nant LC circu it 
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as meastll ed at the lCl lHina ls f lhe coil (or 00-

dense r). it i)o or illlcrc. t when sllch a ci rcuit is use(l 
a: a cUlI lli ll )4 clCIlIClIl in a vaclIulll I. II.> amplifier 
ha \'ing a high p la te resi ~tan (:c, since the ga in is pro
port ion " 1 10 I hc' an li-resonant resis tance. H lhe Q of a 
( i r(, 11 i t i)o lllH toO small , its ami-re. onam resistance, 

R.I. is: 

R., = 6.28 X 10-3 ILQ 
1.59 X 1011 Q 

fC 
(50) 

in whidl f is the resonan t freq ency an 1 L, C, and Q 
are the eir uit in IU Cla nce, capacitan e, and Q at 
re ·ona ncc. 

The antj ·resonam re~iSla nce of a lu ned ircu it may 
be III .a~lI re(\ with the Q-M tel' by treating the cir
CU il as high J'e~ istance and measur ing its resistance 
in a manne r similar to that describcd for resistors 

the prec lli ng sect ion 7-C. In this case, however, 
a ft r re 'ol1ating rhe Q circui t o f the Q -Meler wi d lOllt 
the circuit under test connected, and record ing the 

values of Q circu it capaci ta nce and Q as C. and Q I' 
the cjrcuiL under test should be connected to the con
den. r term inals of the Q-Mete r and lhe Q circuit 
re-resonatc<i" by resonating fhe circuit under test to 
Ih e frequency of measu rement, f, as ind icated by a 
maximum d Oecl io of lhe Q voltme ter. T he new Q 
voltl]leter readirig may be called Q2' T he ant i-reson
an t resistance, R II, of the lest ci rcuit is then: 

(51 ) 
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PART TWO 

OPERATI NG INSTRUCTIO'NS 

FOR JHE TYPE 100·A Q.METE. 

The type loo-A Q-Meter is 'no longer being manufactured and has been replaced 
by the type 16o-A Q-Meter. However, as many of the type loo-A Q-Meten are 
still in use, operating instructions are herein presented. 

The detailed instructions for the installation, operation and maintenance of the 
type 16o-A Q-Meter which are contained in the succeeding pages applJ to the 
type loo-A Q-Meter with the following exceptions .. 

1. Power Supply Voltage. The proper "line voltage and &equency 
is indicated on the nameplate on the top of the cabinet. 

2. The 0 N -0 FF switch is on the lower left side of the front panel. 

3. Adjustmen for Line Voltage. T he HI-LO switch is in the rear . 
of the caBinet. 

4· Adjusting the Oscillator Output Voltage. T his should be set to 
either the 250 or 500 line on the Q'Range Meter, and the cor· 
responding scale read on 'the Q Voltmeter. 

5. Adjusting the Q Voltm~ter. The zero adjust knob is directly be· 
low the Vernier Condenser Dial. 

6. Replacement tubes. The same tubes are used except the rectifier, 
which is a type 80. For access, remove rear panel. 

7· Thermocouple Unit. In the event of :ailure a replacement TC 
unit can be procured from BRC. This is identified as type 107-A 
replacement TC unit. The type and serial number of the Q. 
Meter must be stated when ordering a replacement T C unit. 

The circujt diagram of the type 10 -A Q-Meter is hown on the following 
page. 

19 
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SCHEMATIC CIRCUIT DIAGRAM OF TYPE l00-A Q-METER 
/5& 

4S I 41 13 

Fig. 3 

CIRCUIT CONSTANTS AND DESCRIPTION OF PARTS 

Fixed resistor 
Fixed resistor 
Fixed resistor 
Fixed resistor 
Fixed resistor 
Fixed resistor 
Potentiom~ter 
Potentiometer 
Fixed. resistor 
Fixed. resistor 
Fixed resistor 
Fixed resistor 
Fixed. resistor 
Osc. Tuning Condenser 
Osc. T uning Condenser 
Fixed condenser 
Fixed. condenser 
Fixed condenser 
Q " Tuning Condenser 

1,000 ohms. 
200 ohms. 

40,000 ohms. 
3,000 ohm . 

750 ohms. 
70 ohms. 

8,000 ohms. 
200 ohms. 

10,000 ohms. 
25,000 ohms. 

100 "megohms. 
.04 ohms. 

50.000 ohms. 
(smaJl). 
(large). 

. 0001 JJ.f. 

.003 ,."f. 

. 005 ,."f. 
(Main). 

(Vernier). Q Tuning Condenser 
Terminals for test coils. 
T enninals for test condensers. 

23 Power filter condenser, 8 uf. 

25 Oscillator plate coil. seven 
24 OScillator grid coil. } 

26 Oscillator coupling coil. ranges 
27 Power -filter choke. 
28 Power transformer. 
29 Line voltage switch. 
SO Line "ON"- HOFF" switch. 
31 Panel Lamp (Mazda 41, 2.5 o lts). 
32 "Oscillator range switch contact ·. " 
33 Oscillator nmge switch (see note). 
34 Oscilla tor output voltmeter. 
35 Osc.illator output thermocouple. 
36 R . F. filter for osc. voltmeter. 
37 Q voltmeter. 
38 Oscillator tube (type 102-A) . 
39 Q oltmeter lube (ty~ I05A) 
40 Rectifier tube (lype 80) . 
4) Fixed resistor 1,000 ohms. 
42 Fixed resistor 0.3 ohms. 
4lJ T hermocouple calibrating resistor. 

NO TE: On some oscillator ranges the connections sh own in dash lines are made. 
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OPERATING INSTRUCTIONS 

FOR THE TYPE 160·A Q·METER 

DESCRIPTION 

T he pr incipa l unil. o f I li~ i \ tn llllcnt are (I) an 

R.. F. osci ll ator, (2) a llIe' .'>UI ing circuit. (:3) mean ' 

for (Oupli ng th e oSl'illa tol' to the measuring circuit . 

and (4) a pow r ~upply , 

The R. F. ()~ illawr is <:OnLinllou.,l y variable be

tween 50 KC and 75 Me and ~uppjic~ a cal ibraled 

v()lt age to the measuling irCli l. l.t\(~ coupling u it 

consi ·ts of a ~hie l ded tramllli sion line term ina tin, 

in a lhe rmocouple am .04 ohm non·iltduct ive re ~ i~· 

t lr. The the rmocouple llIea~urcs the clI n n t wh ich 

pass s through the .()4 ohm resi ·tor and i t ~ associated 

me ter j . calibra ted a~ a multi p lier of the circuit Q 
ind icat d by the Q voltmeter. The measlII'ing ilcu 'l 

consist. of the main and "ct niel Q tuning conden:cr' 

and a T Voltmeter. Vhen a coil is conneneclto the 

external coil tcrminah ami resonance establhhed 

be tween the oscillator and the mea~u ring circuit (he 

Q vol~meler (in conjunct ion with the "Mu lti ly Q 

By" lleter) indicate~ the Q of the ircuit. 

SH IELDED CABLE AND JACK. 

A shielde I cable (and jack) i supplied to permit 

operation between 1 KC and 50 KC with an c .'ternal 

oscillator. The output of the e. ternal ()~cil1atol must 

be variabl and capable of supplying a maximum 

current of 0.5 amperes into an impedance of appro. -

imately 1 ohm. hen an eXle rnal oscillator i em

ployed. it is necessary to d i 'c nneCl the illt rnal os

cillator of [he Q-Meter. This i accompl ished by roo 

ta ti ng the oscillatol' range sw itch (Item 5. page 2:3). 

[0 a position interm Ii t be tween any of the fre

quency range senings. Under these conditions the 

·Meter may be used for Q mcaureme ls. i.e., the 

Voltmeter reads circuit Q d ir cll y wit n the "Mul

ipl )' Q By" Meter reads xl. 
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CA UTION: 

The current from the e"ternal o~ci\lalo), pa.~ses 

th rough a thermocou ple system within the Q-Metcr. 

the output of whith i' indi ate 1 on the "Multiply 

Q By" J etcI'. and cal e mus t be taken that this c r

rent does not xce cl 'a alue o( 0.5 amperes which 

corre~ponds t an indkation of xl 'on lhe "Multiply 

Q By" Mete '. 

he shielded cable sh()uld be di~connccted when 

t Ie Q .Meter is lIsed for Q mca.\u."emcO[ ' above 

50 KC, i.e .. Wilh Ul the extern al osci lla tor. 

T he hiclded a ble (or an unshielded cable) may 

be IIsed for ob tain i g lhe internal Clsullator output 

voltage for general lahoratol y WOI k. The jack into 

wh ich Ihe shielded cable is pluggcd is connected 

within the Q ·Mctcr s shown in the Thematic draw· 

ing on page 2i. It III No. 48. The oscillator ou put 

oltage at th ja<.k is approx imatel y 0.5 "olt, rna 'i

mum. (Th is EM F i· produced by the cu neO[ of 0.5 

amperes through the re~i s[anc. of the healer of the 

thermocouple which is approximately I ohm.) Thi' 

voltage ma be r ad on the Q voltme ter by conncct

ing lhe conductor within the shielded cable to the 

"HI" coil or condenser terminal. Thi$ \ 'o/tage is sub· 

stantially constant with frequcnc . and inversely pro

portional to the indication of the " Mult iply Q By" 

Merer up to the (r ttuency rgion of I Me. Above I 

Me th is voltage rises above 0.5 volts (for x I on the 

"Multipl y Q By" Meter) clue to re~onant condi t ions' 

of the tran~mi' 'ioll line and the shielded a ble. In 

certain Crequem:y regio . above 10 Me this voltage 

will \'ary between wide limits unless the free nel of 

the shielded cable is t rminated with a suitable im

pedance. 
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I NSlALLA liON 

GROUND CONNECTION. 
A ground connection should be made to th bind· 

ing post on the rear of the cabinet for rOlection of 
the Q o luneter. 

POWER SUPPLY. 
! he power supply u tilizes a dual· oltage trans· 

former providi ng operation on ei ther liS or 2~0 
volts, 50·60 cycles. 

IMPORTANT: . 
Switch N o . 30, page 23, must 

be se t in t. he pos~tion "orres/mnditlg to lilt: volt~ 
age to be used. A lock is prov ided on tI/ is switch 
/0 p revent accidental ch(mges in settiNg.' (.) 

ON-OFF SWITCH. 
When the O N·O FF 'switch (No. 22 page 23) IS 

(0) Type 16n·A Q·MNers of ea rly manufacture a re no! pro· 
vided with th is d lla l-volla);f s\\'itch. ' 

turned ON. the panel Il'mp just above the switch 
should light and the oscillator OUlput voltmeter 
should indicate some output. AboUl a minute is re
quired for Lhe Q voltmeter lUbe LO heat up; thus a 
shon delay OClUl" before the Q voltmeter oper::' les 
corre tly. 

PRECAUTION: 
Before tu rn ing the Q-Mete'f 

ON, set tire oSl'ilinto/' output con lml l(1w b (No. 
1, page 2)) to mill' /lOsilioll to avoid a possible 
overload of the theI'71Iowtt /Jle. 

HI-LO SWITCH. 
This switch is located on the underside of the 

cabinet and should be set to the HI position for 
power line voltages slightl y above normal, and to the 
LO position for voltages below normal . Normal v It· 
age i either 110 or 220 volls , depending upon the 
setting of switch No. 30 page 23. 

OPERATION 

T he ilh .. stralions on page 23 will be helpful in 
iden ti fyi ng the various par ts referre to in this and 
other sections. The figu res in parenthese' in the 
foIlowing description refeHo the corresponding pan 
on page 23. 

CONTROLS. 

here are four main controls, the oscillatOr range 
switch (S); the osci llator freq uency con trol (3); !.he 
oscillator output voltage conrrol (I); and the Q 
circuit tuning condensers, main (6) and vemie (10). 

Q CIRCUIT TERMINALS. 

Two terminals for coi ls (7) and two terminals for 
external conden 'ers (8) are provided. The high po
tential and low potential terminals are ind ica ted on 
the .nameplate on the tOE oCthe Q·M ter. 

Caution: T he knurled tops of condenser termi
n.als (8) should be finger tight when no external 
connections are m ade. 

SETTING · THE OSCILLATOR 
F REQUENCY. 

The desired frequency fo r a particular measure· 
ment may . be obtained by selecting the range in 
which this frequency lies, by rotaLing the scillator 
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range switch (S) to his position and sett ing the os
ci llator tuning condenser (3) LO th e desil ed fre· 
quency. 

The oscillator range switch dial (S) is engraved in 
eight freq ency ranges, as follows: 

50- 150 kilocycles 
IS0- 450 " 
450-I SOO 
1.5- . '1.5 megacycles 

4.5- 12.0 megacycles 
12.0- 2S.0 .. 
2 .0- 50.0 
50.0- 7S.,0 

The osci llator frequency d ial (3) ontains the cal i·' 
bra Led scales corr sponding to these same frequen cy 
ranges. The first three frequ.ency ranges, wh ich are 
calibrated in kilocycles, are engraved on the top half 
of this dial. The next four ranges, which are cali· 
brated in megacycles. are engraved on the lower half 
of this dial. The eighth range. 50-75 me, is engraved 
in RED on the toll half of the dial. 

ADJUST ING THE OSCILLATOR 
OUTPUT VOLTAGE. 

The oscillator output voltage is indicated by th 
" Multiply Q By" meter, W hen the osci lla tor output 
is adjusted so that th is meter reads xl the Q voltmeter 
scale is to be read directly. For circui t Q 's exceeding 
Q = 250 the cillatol' output should be adj uSled so 
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ILLUSTRATING THE IMPORTANT FEATURES IN THE OPERATION AND 

CONSTRUCTION OF THE TYPE 160-A Q-METER 
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Fig. 4 

DESCRIPTION OF PARTS 
I · Oscillator O Ul pu t Control. 
2 Osc. Out. Vi\! . (J lu ll. Q By , feter). 
3 Oscillator FrelJllen y D ial. 
4 Oscilla tor Freqllency Ind icator. 
5 Osci llator R ange Switch. 
ti Q T un ing Condenser D ia l. 
7 Coi l Tenni.lals. 
8 Cond m er T erminals 
9 Q Voltmeter 

10 Vernier T ning C ndenser D ial. 
II Vernier Tuning Condenser 
r2 Q Tuning Condenser. 
13 Q Voltmeter Tube. 
14 Thermocoll ple Unit. 
15 scillatol Range Swi tch Assembly. 
16 Oscillator T uning Condenser. 
17 OSClllator Tllbe. 

18 Thcrm ou ple Cali bra ting R esistor. 
19 Oscilla tor O utpllt Cable. 
20 VTVM Zero Adjust. 
21 R ect i fi er r u be. 
22 0 '-OFF Swi tch . 
23 P ilot L ight. 
24 He-LO Switch. 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Power U ni t Namepl:lte. 
T hermocouple Filter. 
Jack. 
Panel Secm·jng Screw~. 
Osc ill ator O utput Con trol. Vernier. 
Dua l·Voltage Switch (115-230 \·olts). 
VTVM Cali bration Comrol. 
Frequency Reference Plate . 
Fuse I rolder. 
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thac the "Mulliply Q By" meter indicates a faclor 

higher than xl, e.g .. xU or x1.2. etc. T he Q volt

meter scale is then to be multiplied by this factor. 

For greatest accuracy the " Multiply Q By" meter 

should read as dose LO unity (i.e .• xl ) as is possible. 

T he adj ustment is made by means of the main con

£rol knob (I) and vernier control knob (29). 

NOTE : In this method of indicating oscilla

tor output voltage. the maximum oscillator ou t

put voltage to be employed exists when the 

"Muhiply .Q By" mete r reads, xl. For higher 

mult iplying {actOl's the oscillator OlltpUl volt

age i reduced. e.g., when the " Multiply Q By" 

meter is adjusted [0 .. ead x2 the oscillator out

put voltage ha been recluced [0 one half. 

CAUTION: Care should be taken when 

changing the oscillator frequency to watch the 

oscillator outpu t voltmeter and avoid overload

ing. This is a thermal meter system a.nd exces

sive oscilla t r 0 tpu t may result in' damage to 

tJle thermocouple. 

ADJUSTING THE Q VOLTMETER. 

The Q voltmeter (9) is adjusted to zero by means 

of the small knob eli r ct ly below and to the left of 

the meter (see fig. 4). 

For this adjustment a D.C. path between the two 

coil ten inals must be provided. ei ther by short ing 

the terminals wi'th a jumper or conneCling a coil lO 

them. The Q circuit must be detuned from the os

ci llator frequency by rotat ing the Q tuning con

denser through an appreciable range and observing 

thal no change occurs in the Q voltmeter reading. 

The Q voltmeter should then be se t to zero. 

T his adj ustment should be made after the tubes 

have warmed up for about a minute and will then 

remain fairl y constant. It is advisable. especially 

when accurate measurements wit h low Q circuits are 

being made. to check the zero se tting of the meter 

occasionally by detun ing the Q CiTCUit. 

T he Q voltm eter should ne er be set ro zero with 

the coil terminals open. since the re is ordinarily an 

appreciable deflection of the meter due to the small 

grid current in the voltmeter tube wilh the coil 

terminals open . This defiection has no bearing on 

the accuracy of the meter as normally used to mea

sure Q with a coil connected across tbe coil terminals. 

PRECAUTION : U nder 'certain circum

stances extraneous voh.age: may be picked up by 

lhe exposed q>il. from fields extemal to the-Q· 

Meter. To de'termine if lhis is the case the os

cillator should be definitely de tu ned (rom the 

circuit under measurement. T he Q voltmeter 

should then read zero. 

MEASUREMENT PROCEDURE - COILS. 

A coil to b~ m .asured should be conneClcd to the 

coil terminals (7)-page 23- provided on the Q
Meter, the oscillator frequency t to tJle desired 

frequency. and lhe coil resonated by means of the Q 
tuning condenser dial (6) . Resonance is indicated 

by maximum deflection of the Q voltmeter (9). The 

Q voltmeter reading at resonance times the "Multi

ply Q Bf' factor ~ndicates directly the Q of the meas

uring circuit. This is substantiall y the Q o( Lile coil. 

except at the higher frequencies. 
Since most coils in common use have a Q less than 

250. it is advisable initially to set the oscillator out

put meter to the x:l position. If the Q of the test coil 

exceeds 250 the osci ll ator outpu t vollage sho Id be 

reduced. sO that the ' 'Multiply Q By" factor is in

creased. 
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T he engineer will be able to estimate roughly the 

frequency at which a coil will resonate wiLil a given 

tuning capacitance. Occasionally this may be difficult 

to estimate. part ic larly in the case of universal and 

multiple-section windings. in which case it becomes 

necessary to search for mis resOnance. The si mplest 

method of doing th is i · to set the capacitance of the 

Q tuning conden e to about 100 or 200 p.p.[ then to 

step the oscillator range-switch. sweeping each range 

with the oscillator condenser UnLi l resonance is in

(licated. 

The oscillaror output voltage is (a irly uniform 

over the ent ire frequency range. except on the 50-75 

mc range. Having obtained resonance. the oscillator 

outpu should be adjusted as above described. 

The tuning capacitance required to resona e the 

coil may be read directly on the Q tuning condenser 

d ial (6) in mi ro-microfarads. This capaci tance is the 

tOlal circuit" capacitance o[ the measuring (;i rcui r in 
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the Q-Meter. in 1 ding the voltmet r tube and term

inal • but with nothing conne ted to the terminals. 

T his calibration obtain with lh vernier con

den r set a t zero. With the vernier at some other 

posit ion ute total luning capacitance i the sum of 

the readings of the main ondenser dial and the 
vernier diaL 

W en leads or fixtures having appreciable capaci

tance are connected to the Q-Meter terminals and it 

is ne essary to know the tuning capacitance accur

ately. the capacitance of Ulese should be measured 

and added to the capacimnce indicated on the dia1s-

MEASUREMENT PROCEDURE
OTHER COMPONENTS. 

T o measure mponenls other than oils such as 

condensers. resistors. chokes. and insulating ma

teria ls. it is neceSsary to provide a coil which will 

resonate to the frequency desi re wit in ule range 

of uning apacitance of. the Q-Mcter (30 . to 450 

p.p.f') plus any additional capacilance of the com· 

poncnts. T his coil should be onnectcd l tJle coil 

erminal of the Q-Meter and measurement of Q 
made as describ d above. 

The meaSUl ement of such componen requi res 

two observations. one ' with the component discon

nected and one with the component onnected either 

in paraUel with the Q circuit (to th conde er 

terminal (8)-page 2~) or in series with the Cir

cui t. A series conne tion sh uld be made in ule coil 

circuit ( etween the coil and Q-Meter temlinals) 

and provision made to maintain a continuous D.C. 

pa th through the coil and cries component (by a 

resis tor of not over 5 megohms shunting the com
ponent). if necessary. 

Q. t:a pacitance and fr quency may he recorded 

for each observation which provi<Les the ne es ry 

factors to calculate Llle quantity de il·ed. 

A more detailed description of th various meas

urements that may be made wi th the Q-Meter is 
given in Part l. 

or many purposes comparison belween imila r 

components i - as useful as measUI ing a specific fac

tor, in which ase it j s unnecessary to m ke an y cal

cula tions. The decrease in Q and cha nge i tuning 

capacitanc when Llle component h connected pro-
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vide a rapid and accurate method of comparing a 

lest compone t to a andard .: 

ACCURACY. 

Q. The a curac.y of the direct reading Q meas.

urement js generally within 5% over the entire 

range of the Q-Meter e. cept a t the higher fre

quencies (above about 30 mq;a~cles) where the 

accuracy may be somewhat less. I.q. some cases at 

lower frequencies (with coils having a high dis

tributed capacitance) the accuracy may be less. (See 

pages 2 to 3.) 

Ca!;acilarICe. The calibration of the Q tuning 

conden er is held to within plus or minus I p.iJ-f from 

30 to 100 p.p.f and plus or minus 1% abov 100 

Jl-p.f. The dial calibration indicates ule total circuit 

capacitance with the vernier set at zero. and with 

noth ing connected to the Q-Meler t rminals. The 

vernier condenser is accurate to 0.1 iJ-p.f. 

Frequency. Accurate to about .J %. The average 

accurac is generally berter than 1% . espe ially near 

the low £requcncy end of each range. 

COUPLING RESISTANCE. 

In th is ins trument the oscillator out put vohage 

is injected in the Q measuring circu it by means of 

a oupl ing resistance. T h is res il.tance uni~ is non

inductive and is of a very low order o f resistance (0.04 

ohm). In most cases this valu of re 'istance is negligi

ble. but th series re!>isrance of resonant LC circuits 

may become very lo~ at the higher frc<luencies. and 

the oupling rc~istance may then bec me an appre

ciable portion of the total circui t resistance and in· 

trrnluce an enOL 

Th is is unimportant in c n iclerable design . work 

where the mai object ive is to improve an isting 

coil or design the bes t componen or circuit for a 

specifi purJlo1>e. in which case the absolu te Q is gen

erally not wanted bu t a comparison belw en val io\! 

components is highly desi rable. 

INTERNAL INDUCTANCE. 

The internal induCla n e of the Q measuring cir

cuit has been reduced to a low value by using short 

connections between the output binding posts and 

the Q luni ng condenser. This inductance is less than 

.015 p.hy at the bindi ng posts. 
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MAINTENANCE 

PARTS REQUIRING REPLACEMENT. 

The only par t in the instrument that should re
quire replacement are the dial lamp and the tubes 
consisting of: 

Type I05-A for use in the vacuum tube voltmet r . 

Type 102-A tube for use in the osciUat r (tested 
type 45). 

Type 5W4 recti fier tube. 

1 Mazda 41, 2.5 volt Panel Indicator Lamp. 

The type l05-A tube is a specially selected and 
cal ibrated type 2A6 tube of commercial make. The 
type 102-A tu ' e is a tandard ype 45 tube, les ed for 
h igh, frequency operation . Replacement tubes of 
these two types should be procured from Boonton 
Radio Corporation , Boonton, New Jersey, for best 
perfo rmance in the Q-Meter. 

DEFECTIVE .TUBES. 

Normally the tube~ used in the Q-Meter have a 
long useful life, ahhough occasionally a defective 
tube may be encountered and must be re laced. 

A defective type 102-A tube will usua lly be in
dicated if it is impossible to obtain fu ll oscillator 
output voltage when the "Hl-LO" voltage atljust
merit switch has been properly sel. (See page 22.) 
It is also advisable to check the type 5W4 rect ifier 
tube. 

T he type 105,-A lube (va uum tube voltmeter) is 
a commercial 2A6 tube that has been carefully se
lected to meet the following tequ irement~: (a) high 
input A.C. resistance (10 megohms minimum a t 1,000 
kcs); (b) low grid current (0.05 microamperes) at 
normal opera ting voltages ; ( ) uniform pLa te cUITent 
under normal operat ing voltages. 

The acuum tube voltm ter tube shou ld be re
placed if the Q vol tmeter goes off scale when botb 
high potential Q circu it terminals are disconnected 
from external circuits. (This condition does not in
dicate that the cali bration of the Q voltmeter is in 
error bu t is due merely to grid current.) T h e calibra
tion of the tube may be checked by measuring a 
standard coil of known Q. 

The cali bra ion of the Q voltmeter may be 
checked against a standard 60 cycle A.C. voltmeter 
by applying known voltages ranging from about 0.5 
volt to .5.0 volts at the ondenser terminals of the 
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Q -Meter. Referring to the schematic circuit diagram 
(see page 27), the cathode-ground bypass condenser 
(18) must be lemporarily increased to 8 ILf for the 
60-cycJe calibration. ' 

REPLACEMENT OF TUBES. 

The tubes and dial lamp are accessible when the 
front panel is removed from the l'ear cabinet, and 
the vent lid is remove from the top section of the 
front panel (see Pg. 23). 

PRECAUTION : The instrument should be 
disconnected from the power line before the 
panel is removed LO avoid the possibili ty of con
tact with [he 250 "B" voltage or power line 
terminals withi n the in 'trument. 

The lower . illustration on page 23 shows the Q 
voltm tel' tube (13), [he osci llator tube (17), and 
the rectifier tube (21 ) in position . (NOT E: The 
shielding box cover over me oscilla lOr range switch 
and coil assembly (15) has been removed in this 
il lu tration .) 

The Q voltmeter and reCli fie r tubes are read ily 
accessi ble. TLe oscillator tube may be removed after 
the vent lid on the cabinet lOp is remo'·ed. 

All parts of the instrum nt are mounted on the 
front panel which may be removed from the rear 
cabinet after the securing screws on the sides and 
top have been removed (see Pg. 23). 

ALIGNMENT OF DIALS. 

1£ the dial. or the indicators have' bee II removed 
they may be correctly rep laced in the . fo llowi ng 
manner: 

Oscillator. Turn the oscilla tor tuning condenser 
to the ful l maximum c,!pacitance (low fre(lliency) 
po~ition , turn the dial un til the zero line Oil the dial 
~c Ie coin ides wi th the vertical line of tlle top in
dica tor, ~eCtlre the di ar to the shaft by means of the 
set screws and then adjust the top indicator more 
carefully (0 e ·act coincidence., The d ial should be 
so yosi tioned on the. shaft of the condenser as to be 
close to the indica tor to avoid parallax bUl should 
not scrape. The lower indica tOr should then be care
full y adj usted (0 exact coincidence wi th the line ck 

lhe 100 scale position of the dial. 

J\lflinQ Tuning Conclemer. The procedure out
lined above should be foll wed and the condenser 
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SCHEMATIC CIRCUIT DIAGRAM OF TYPE 160-A Q-METER 

OSC'LLATOR UNIT POWER-V TV"" UNI T 
(---------- ----------- --- - ---- -- \ ..-- --------- - -- ----------------, 

( '1 
I 
I 
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CIRCUIT CONSTANTS AND DESCRIPTION OF PARTS 

Fixed resistor 
2 Fixed resistor 
3 Fixed resistor 
4 Fixed rt:si~tor 

fi 

7 
8 
9 

Fixed rcsistor 
Fixed rcsistor 
Potentiomctcr 
Potenliol1lCtcr 
Fixed resistor 

10 Fixed resistor (I (/~) 
II Fi xed rcsistor 
12 12a (onc unil) Fixed res. 
13 Fixed resistor 
14 Osc. Tuning Condcnser 
15 Osc. Tuning Condenscr 
16 Fixed Condenser 
17 Fixed Condenser 
H! Fi xed Condellser 
19 Q Tuni ng Condenscr 
20 Q Tu ning Condenser 

Terminals for te~t oi ls. 21 

1,000 ohms. 
200 ohms. 

40,000 ohms. 
2,500 ohms. 

750 ol!m~. 
200 ohJlls. 

8,000 oh ms. 
200 ohms. 

25,000 ohms. 
24,000 oh llls. 

100 Illegol! ms . 
. 04 ohms. 

50,000 oh ms. 
(small). 
(large). 

.0001 , /.I.f. 

.003 /.I.f. 

.005 /.I.f. 
(Main). 

(Vernier). 

22 Terminals for test condensers. 
23 Power filter condenser, 
24 Oscillator grid coil. 
25 
26 

Oscillator plate coil. 
Oscillator wupling' wil. 

27 Power filter choke. 
28 Power transfon ner. 
29 " H I-LO·'switch. 
30 Line "ON"-"OFF" switch. 
31 Panel Lamp (Mazda 41, 2.5 volts). 
32 Oscilla tor range switch contacts. , 
3;l Oscillator ra nge switch (see note). 
34 Os illator output voltmeter. 
35 0 c: illaLOr OUlpUl thermocouple. 
36 R . F. filter for osc. voltmeter. 
37 Q Voltmeter. 
38 Oscillator tube (type 102·A). 
39 Q voltmeter lube (type ]05A) 
40 Rectifier tube (type 5W4). 
41 Fi . d resistor 1,000 ohms. 
42 Fixed resistor O.:l ohms. 
43 Thermocou ple calibrating resistor. 
44 Fixed fesisLOr 100 ohms. 
45 Fixed condenser 0.1 /.I.f. 
46 Shielded Cable. 
47 Shielded Cable. 
48 Jack. 
49 Potentiometer 3,000 ohms. 
50 Potenti ometer 1,000 ohms. 
51 D ua l-Voltage Switch (115-230 volts). 

n. SOTE: 01/ some oscillator I'{/lIgf'S the (()Ilneclions shown in dash lines are .made. 

b. NOTE: The /}()Tver-line j)ltlg utilizes two T)' pe 3AG-l I/2-amp. ftlses. 
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turned to the maximum capaci ance position 0 wat 
the line which is beyond the capacitance calibration 
i5 coincidem with the line on the indicator. 

o cillnlor R ange Switch . This is keyed to the 
shaft in such a way that the on y error po:;sible is a 
180 egr e error and lhis may be read ily avoided. 

POWER UNIT VOLTAGES. 

R ferr ing LO the schemalic circuit diagram, page 
27. the following voltages hould obtain at the power 
unit. 

With a line voltage of) 15 volts, 60 cycles and line 
switch 'et on "HI " the 'A.C. voltage for the heate s 
should be 2.5 VOILS. The "B" voltage across Lhe fihe 
condemer (2:3) lthou ltl be 260 olts. 

THERMOCOUPLE . 

If the thennocou ple should be lamaged or bume I 
out it is highly advisable (0 return the Q-M ter to 

Boomon Radio Corporation, Boonton, New Jersey, 
(or replacement of the thermocouple' unit to insure 
high st accuracy o f calibration. If this should be im~ 

po ible, replac.ement Lhermocouple units will be 
supplied, calibrated to match any one Q-Meler. it 
is necessary to state Ihe, type number and serial num
ber of the Q-Meter in orderillg a re placement thermo
couple unit. 

METERS. 

If a "Multiply Q By'.' meter should be damaged or 
defective it should be returned toge ther with Ibe 
small calibrating resis tor c.onnected ' to one side f 
the meter (see 18, page 23) for repair. 

The serial number of the Q-Meter m ust always be 
stateclwhen returning any meters f r I' pair, 0 

ordering repla~emenLS. 

IF THE Q-METER SHOULD BECO ME D E
F ECT IV E I N OPERATI ON DUE TO ANY 
CAUSE OTHER THAN TUBE FAILURE, IT IS 
ADVISABLE TO RETU RN IT T O BOONTON 
RADIO CORPORATION, BOONTO , NEW 
JERSEY, FOR COMPLETE INSPECTION AND 
REPAIR. 

SPECIFICA liONS 

OSCILLATOR FREQUENC Y RANG E : 
Continuously variable (rum 50 kilocyc.Je: to 75 meg
acycles in eight , ~el f conuun d, ranges. (In conjunc
tion with an external 0 dilator the frequency range 
of the type 160-A Q-Mele may be ex tended .from 
50 kilocy lcs to I kilocycle for oil measurements.) 

OSCILLATOR FREQUENCY ACCURACY : 
Generally bener lhan ± I %, except Ihe 50· 75 mega
cyd e range which is approximately ± g% . 

RA NGE OF Q MEASUREMENTS: The Q 
voltmcter i ~ calibrated direClly in Q, 20-250. The 
" Mult ipl y Q B)'" met r, which measures the oscilla
tor "ollage inje<.!ed in the Q measuring circuit, i~ 

talihl'alct! in lenth~ from x I w x2, and abo at x2.5. 
The reading f the Q voltmeter scale is to be multi
plied by the sClling of the "Multipl y Q By" meter. 
Hcnce, the IOtal range of circuit Q mea.~uremel1ls is 
from 20·/il:!:i. Tie Q's of wmlcnscl'!i , dicJe<trics, lC , 
which ilia ), he a .. high as 5.000. are mea.~ured by plac
ing these in parallel with the measuring circu it. 

ACCURACY O F Q MEASU REMENTS: 
'he an:tl racy of the di rc<.l reading mea;urement of 

ci rcuit Q (for Q voltmeter. readings b tween Q = 50 
and Q = 250) i ' approximately 5% for all fre-
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quencies up to [he region of 30 megacycles. and de
creases with increasing frequency. Correction may 
be made for the elTor above 30 megacycles as it is 
principally a frequency effe t. The accuracy oC the 
meas rement of ,condensers, dieieClrics, etc., is gen
erally better wan 10% for Q·s bet veen 20 ami .000, 
up to about 30 megacycles. 

CAPACITANC E CALIBRATION RANGE : 
Main LUning condenser 30·450 /L/Lf, calibrated in I 
/L/Lf livisio s {rom 30 to 100 /L/Lt'. a cI in 5 /Lp.f d ivi
sions from 100 to 450 /L/Lf. Verier condenser, plus 
3 /Lp.f, zero, minus 3 /L/Lt calibrated in 0.1 /Lp.C divi· 
sion . 

ACCURACY OF CAPAC ITA N C E CALI. 
BRATION : Main LUnj ng condenser. generally bet
ter than 1 % or I /L/L£' wh ichever is the gt'eater. Ver
nier, tuning condenser ± O.J /L/Lf. The internal in
ductance of the tuning condellser at the binding 
posts is approximately .015 /Lhy. 

VOLTMETER : Tile Q voltmeter is also cali
brall::d in volts. A specially calibrated tube, type 
BRC IOI -A or IOI-B lube, is used. Replacements 
may be made withou t recalibration. 
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P OWE R SU~PLY : self-contained dual- oltage 
transformer with change-over switch provides pera
ti.on on eitp'er 105-120 volts, 50-60. cydes, or 210-240 
volts, 50-60 cycles_ Power consumption 50 watts. 

T U BES: The Q-Meter is supplied complete with 
tubes ·which are (a) ne type 45 LUbe, (b) one lype 

BRC IOI -A or 101-B LUbe. ( ) one type 5W4 tube. 
and (d) one Mazda 41, 2.5 volt, panel lamp. 

DIMENSIONS: H eight 12.5", length 20" , depth 
8.5". 

INSTRUCTION BOOK : Manual Cr. L meas· 
ur ~lDenls accompanies instrument. 

OPERATING INSTRUCTIONS FOR TYPE 170-A Q-METER 

In the 1170·A. as in types l00·A and 1,60-A, a cali· 
brated T. J voltage derived from a self- ontained os
cillator· is introduced into a series resonant ircu:t. 
the Q circuit. The calibrated oscillator voltage i 
coupled to the Q Measuring Circuit by a very small 
mutual inductance, thus eliminating the coupling 
resistor which is used in the lower-frequency Q
Meters, an important feature in view of the very 
small series resistance of tuned circuit in the upper 
frequency region_ The oscillator outpu t voltage is 
measlKcd by means of a VT Voltmeter, which is cali
brated as a multiplier of the Q voltmeter in ication. 

T he Q circu it tu ning condenser and its terminal 
posts have been made small to reduce the inter aJ in
ductance and minimum capaci tance. The conden 'er 
char cteristic is linear ovel Lhe major portion of its 

range; the d ial is 'cailbrat a III mlcro-mlcrolarads. In 
place of the vernier condenser used in types IOO-A 
and J60-A Q-Meters. a worm drive i provided to give 
greater ease of tuning and to spread Oul the sca le. 
T he micrometer dial on the worm shaft is di icled 
in 100 equal div isions, permi tt ing change of circuit 
capacitance of the order of .01 JLJLf to be determined 
through interpolation. This feature permi ts the de
termination of circuit Q by the measu rement of the 
width of the resonance curve (reactance variation 
method) and thus provides a means for checking the 
direct ind ication of the ircuit Q as given by the Q 
voltmeter. 

All calibration are direct reading. thus retaining 
the advantages of peed and ease of operation which 
have prov d so valuable through experience with 
this simplified method of Q measurement. 

INSTALLATION AND OPERATION 

POWER SUPPLY :T he power supply utilizes a 
dual-voltage transfonner providing operation on 
either I) 5 or 2!SO volts, 50-60 cycles. 

IMPORTANT: 
Stuilt.:h N o. 31, pa, e 32, must 

be set in the posi/ion corresponding to Ihe volt
age 10 be IIsed _ A lod i prouid-e.d on this switch 
to pr vellt acciden tal rha ngeJ" in set ting.(- ) 

ON-OFF SWITCH: Th is switch is located on the 
lower left hand side on the front of the Cabinet. A 
pilot light is also provided. 

GROUND CONNEC TION: To protect the Q 
circuit VTVM a ground conne tion should be made 
to the ground bindi ng post located on the left side 
of the inst rument_ 

C ONTROLS: There are four main controls, name
ly the oscillator frequency range witch. the oscillator 
frequency dial, the osci llluor utput voltage (Q cir
cui t injection voltage) control. and the Q ci rcuit tun
ing condenser. e Fig. 6, 

( ~ ) Tr~ 170-_A Q-. fe ers r earl y manuracture are 110t pro
VldM Wit h t hiS dual-voltage switch. 
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Q CmCUIT TERMINALS: These are located · 
on the right hlmd end of the top of the cabinet. The 
terminals for oils and condensers are indica te on 
the nameplate located on Lhe top of the cabinet. 

OSCILLATOR FREQUENC Y RANGE:The 
settings of the osci II a tOT freque.!lcy range swi tch and 
the osciUator frequency dial (both direct reading) 
determine the oscillator frequency. 

OSCILLATOR OUTPUT VOLTAGE CON. 
TROL: This is located on the loweright hand por· 
tion of the fron t panel. The oscillator output is ind i
cated on the "MuJtiply-Q By" meter. 

ZERO ADJUSTMENT · OF VT VOLTME· 
TERS: There are two VT Volune ers in the in tru
ment, located on the left hand ide of Lhe panel. T he 
Q Voltmeter is located on top; the "MUltiply Q By" 
Voltmeter below, Both voltmeters should be checked 
for zero seuing. The zero setting of the "Multiply Q 
By" Voltmeter may be made by reducing the oscil
lator oU,tput voltage to zero (~urn control knob, item 

http:volta.ge
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No. 9, Fig. 6, fu ll left) and adjusting the small knob 
marked "X" located between w e' two meters un il 
the " M ultiply Q By" meter reads zew . The zero set-. 
ting of the Q Voltmeter may be made by short ing the 
coil terminals of the Q Measuring Circu it and ad
justing the sma ll knob marked "Q" until the Q Volt
meter reads zero. 

CAUTION: Do not change factory adjust
ments shown in Fig. 6, items 22 and 24. 

MEASUREMENT PROCEDURE: In general, 
the same measurement procedure as used with the 
type 160-A Q-ryfetel' is employed. The direc~ indica
ti n of Q is to lJe m ulti plied by the indicat ion of the 
" Mu ltiply Q By" meter. The frequency of the oscil
lawr and the mning capacitance values are direc.tly 
indicated on their dials . Measurement of L, C, Q, 
and R, at these h igh frequencies is more difficult than 
at lower frequencies. Some of the precautions to be 
observed are listed below. 

PRECAUTIONS 

1. Sh ort Leads. Attention is especially called to the 
importance of using extremely short and wide (low 
inductance and low resistance) leads v.:hen connect
ing coils, condensers or other impedances to the ter
minals of the type 170-A Q-Meter for measurement 
at these h igh frequencies. As an example, a typical 
small molded mica condenser of 25 ,.,.,.,.f nominal 
capacitance wh n connected to the condenser ter
minals with short ordinary wire leads showed a 
marked increase in e ffectj ve capaci tance at 200 mes 
due to the inductance of the condenser and it.s leads. 
R eplacing the wire leads with copper ri bbon reduced 
the lead ind uctance and the apparent capacitance. 
2. Coupling of unshielded coil to adjacent 1·e Onal1t 

structures. At high frequencies a surprising n umber 
of objects such as sections of ele lric light and power 
lines, power cords, coils, etc., may become resonant. 
If such objects arc adjacent to an u nshielded coil 
wh ich is being measured in the Q-Meter they may 
affect the ind icated Q of We coil (and its apparen t 
inductance) in the fi'equency region of this reso
nance. This condition is indicated by a. "kink" in an 
otherwise smooth curve of Q versus frequency. 
Undcr some conditions the indicated Q may be af
fected by the hands of the operator when placed 
close to or in con lact with the instrument case, even 
though this is glOunded in the convent ional manner. 
Occasionally greater stability can be obtai ned by 
eliminating the ground connection . Engineers, 
versed in VHF" technique , re acqu a inted with such 
phenomena. A stable cond .1 ion can usually be ob
tained by re-arrangement of power li ne cables, 
removal of instrument from region of resonant 
structures, etc. In general. this conditi on is not pres
ent with .'!hielded inductors. 

). Stability. The type 170-,.\ Q·Meter has a seWcon
tained "B" voltage regulator, however, an external 
line voltage l:egulator is I'ecommended if (he power 
line voltage is subject to fluctua tion. T he type 162-A 
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Cons tant Volrage Transformer is su itable for this 
pu rpose. 

A small amount of reaction on the oscillator out
pu t voltage when the Q measuring circuit is reso
natcd to it is to be expected. T his is usually of little 
imponance in the direct measurement of the Q of 
a coil. However, in tbe measurement of the Q of a 
condenser it may be of importance since such meas
urements frequ en tly involve the detennination of 
small ~ Q values. Under these conditions the oscil
lator-output should be readjusted to read xl (or 
o ther multiple) when the measuring circuit is reso
n ted to the osci llator. 

In the type 170-1\ Q-Meter the oscilla tor output 
voltage is measured by a diode VTVM. Th is is the 
"Multiply Q B y" meter on [he front panel. The level 
of the osci ll alQr output voltage will vary a out 3-1 
over the tOlal frequency range of th inst rument. As 
a result of the variat ion of outpu t voltage level, the 
"Multiply Q By" ' me ter may frequently be driven 
o ff scale. While it is l e~ irable to avoid this, yet as 
thi s is a VTVM and not a thermocouple there is 
li ttle danger of damaging the system. After the ini
tial warm-u p period the zero setting should be 
checked, therea fter it will be quite stable. 

The Q VTVM is a small triode (type 955). This 
tllbe has been chosen as the Q VT VM tube in view 
of its low inpu t capacitance and circuit loading. 
Onl y selected tu bes are suitable for use in this ap
plication. The Q VTV f is less stable than the diode 
VTVM and its zero setting is quite sensitive to power 
line voltage Hu c..LU ations. This zero setting should be 
freq uently checked to insure best operation. 
4. Terminal Posts and Contact Resistance. These 
posts have been designed to reduce the capacitance 
and internal inductance of the Q Measuring Circuit 
to a m inimum. Since the series resistance of coils 
used at high frequencies is usually less than one ohm, 
it is necessary that good contact be made between 
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the terminals of the coil under measurement and the 
terminal po ts of Lhe Q-Meter. Also since th induct
ance of such coils is u uaUy well u nder one micro
henry it is apparent that the terminals of the coils 

to be measured must fit the terminals of the Q-Meter 
with sufficient accuracy to pennit their removal ami 
subsequent replacement without appreciably chang
ing their effective inductance. 

MAINTENANCE 

T U BES: Access to all tubes and the pilot light may 
be had by removing the panel from the cabinet and 
also removing the oscillator -hield box. Refer to 
Fig. 6. 

CAUTION : 
T o remove Lhe Q VTVM tu be (hem 30) the Q 
tuning condenser should be rotated until the 
plates are {uUy meshed. T he Q VTVM tube and 
the oscillator output VTVM tube may be re
moved by pulling lhem directly out of Lhe ir 
sockets. 

Specially selected replacement VTVM lubes 
(Items 16 and 80) and oscillator lubes (h em 27) 
ma y be procured from Boonton Radio Corpo,ra
lion. Clean contac ting surfaces on the tubes and 
sockets is imperative. The regulatoT and recti
fier tu~s and panel lamp are commercial types. 
In (he event f unsatisfactory performance of 
this inst ru ment not curable by replacement of 
tubes. it , hould be relurned to the factor y for 
repair. 

REPLACE MENT OF Q.VOLTM E T ER 
TRIODE, ITEM 30, B.R.C. REPLACEMENT 
TYPE Q·VM·955 

Should · it become necessary to replace this tube, 
the following adjustments must be made to obtain 
proper operation with the new tube: 

(1) After removing panel and replacing tube 30, 
allow 2 minutes for warm-up_ . 
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(2) Short-drcuit the Q-(;~mdenser terminals. Item 
7 above. 

(3) Set the Q-voltmeter :tero set knob (Item 14 
above) at about the midpoint of i ts range. 

(4) With a screwdriver adjus t the coarse zero set 
control. llem 22 above, to make Q-voltmeter. 
Item I, read zew . 

(5) Remove short-circuit [rom Q-condenser ter
minals and apply exactly 2.5 volts r . f. between 
the e terminals. Adjust the Q-vohmeter -cali
brating comrol, Item 24 above, to make Q
voltmeter read 2.5 volts (Q=250). R e-check 
zero by removing voltage and re-check. cali
bration. 

IMPORTANT : 
T he bypassing of the Q-voltmeter is not sufficient 

to permit calibration by the use of an audio or power 
fr equency. A rad io frequency of ten . megacydes or 
more must be used, together with a vol tmeter ~r sig
nal generator whose accuracy at this fr.equency is 
known. Short leads are imperative. The 170-A can 
ir elf be us d to supply the cal ibrating voltage at its 
lowest frequency of 30 megacycles, iI a voltmeter 
known to be correct a~ 30 mcs is connected across the 
Q measuring circui t which is resonated to this fre
quency. 

Q.CONDENSER WORM DRIVE : Should this 
become stiff through gumming o[ the lubricant lhe 
worm should be cleaned with a doth or a pipe 
cleaner. 
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SPECIFICA nONS 

OSCILLATOR FREQUENCY: 30 MC LO 200 
MC- Calibration accuracy plus or minus 1 %. 

RANGE OF Q MEASUREMENTS: The Q 
Voilmeter is calibrated directly in Q. from 80 to 30 . 
The "Multiply Q By" Meter is calibrated from x! to 
x4, he."c . the total range oj circuit Q measuremems 
is from 80 to 1200. 

ACCURACY OF Q MEASUREMENTS: 
T he accllracy of the (lirecl reading measurement of 
circui t Q (for Q Vohmelcr readings between Q 100 
and Q 300) is approximalely plu or min u 10% up 
to 100 Mc and decreases with increasing frequency. 

29-~"1i: 
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CAPACITANC E CALIBRATION OF Q 
CONDENSER : Range 11·60 p,p.£ alibrated in 
uni t p,p,f divisions. Accuracy: I % or 0.5 p,p,f. which· 
'ever is greater. Mic}" meter etial divided in 100 
division .• 

POWER SUPPLY: A self-contained dual-voltage 
ran fanner with hange·over switch provides opera

tion on eilher 110-120 valLS. 50-60 cycles. or 220-240 
volLS, 0-60 cycles. Power onsumpLion 50 wa tts. 

DIMENSIONS: H eight lO W', Length 17", Depth 
8o/.t". 

WEIGHT: 21 Ibs. 
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Fig. 6 

DESCRIPTION OF PARTS OF TI:tE TYPE 17~A Q-METER 

I. Q Voltmeter 
2. 0 cilIa tor Frequency Dial 
3. Instrument nameplate 
4. Q Tuning Condenser Main Dial 
5. Q Tuning Conde ser Vernier Dial 
6. Coil Terminals 
7. Condenser T erminals 
8. Pilot Light 
9. 0 cillator Output Control 

10. Oscillator Range Switch 
11. "M ultiply'Q By" Meter 
12. O N-OFF Switch 
13. Zero A,djustment "X" Meter 
14: Zer Adjust Voltmeter 
15. Q Conde ser Unit 
16. 05C. Out. VTVM Tube' (diode) l)'pe OS-VM-9.'J5 

• Th~ ",. rni,.r tfifll is C/il. ided i",o J()() I!;visi ol/S 10 pf'Tmi/ I he 
rl~/t'Tllli"lIli()// of SII/,,/I rapaci /all ,. WIllies /hTOflgh ill/npo/a . 
liull. It is lint ell /ibm/rtf ill duimll/ l)11rls of mirm!aralls . 

17. In jection Voltage Control 
18. Power Unit Regulator Tube, Type VR-IO -3 
19. Power Uni t Regulator Tube, Type VR-105-30 
20. Rectifier T ube, Type 5W4 
21. Power Supply Unit 
22. Z 1'0 ad ' ust limit c n rol 
23. Powe Unit nameplate 
24. Q Voltmeter calibra tion control 
25. Oscillator U.ni t (with shield removed) 
26. T hreaded post for oscillator shield securing screw 
27. Oscillator lU be, Type 9002 
28. Pilot Light. Ma2da 47-6V 
29. Q Condenser drive worm 
30. Q V ltmerer lube (triode) Type Q.VM·95 
31. Dual·VolLage Switch (115-230 vol ). 
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I. 
2. 
3. 
4_ 
5. 
6. 
7. 
S. 
9. 

10. 
II. 
12. 
13. 
14. 
IS. 
16. 
17. 
IS. 
19. 
20. 

SCHEMATIC CIRCUlT DIAGRAM OF TYPE 17~A Q-METER 
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POWER UNIT --' 
Fig. 7 

CIRCUIT CONSTANTS AND DESCRIPTION OF PARTS 

RESISTORS CONDENSERS TUBES 

24000 n Y2 w I. 20 p.p.f zero temp_ I. Type 9002· 
1000 n Y2 w 2. 240 JLJLf mica 2. Type OS-VM-955.· 

1000 n Y2 w 5. 240 #p..f mica 3. Type Q-VM -955·' 

1000 n Y2 w 6. 240 JLp.f mica 4. Type VR-I05-30 

3 meg. 1/3 w 7. !) I 0 p-p-f III ica S. Type VR-IOS-30 

7S00 n Pot 3 w S. 510 p-p-f mica 6. TypeS W4 

200 n Pot 3 w 9. 240 p-p-f mica 7. Mazda 47-(6V) 

1000 n Pot 3 w 10. Q Tuning, Air 
20000 n Dual Pot S w 11. 4~f } 

INDUCTORS 

200 n Pot 3 w 12. 4 JoLf. Electrolytic I. Ose. Grid 

ISOOO n Y2 w 13. 4 JLf. 2. Ose. Coupling 

24000 n Y2 w 14. Ose. Tuning, Air 3. Ose. Plate 

24000 n Y2 w 4. Pwr. Choke 

40000 n l O w 
C". Test Condenser S. Pwr. Tram£. 

1200 n Y2 w 
2S000 nlO w Lx. Test Coil 

3S00 n20 w SWITCHES 

O.S n 2w I. ON-OFF ·Selected and Calibrated, Replacements 
20000 n Pot 3 w 2_ Dual-Voltage procurable from Boonton Radio Corp. 

SI nl/3 w (t) (I I S-230 vol ts) (t) Not lIsed on (iO-120 Mc I-angc. 

NOTE: The power-line pl1lg 1IIilius two Ty/)t~ JAG-/Y2-flTIl/J. !lISe.\'. 
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INDUCTANCE-CAPACITANCE - FREQUENCY CHART. 
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