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A Versatile Instrument - THE Q METER 
What Can Be Done With a Q Meter - Besides Measure Q ... 

Lawrence Cook became associated w i th  BRC 
i n  1935, shortly after the company's founding. 
He started as an Elect r ica l  Inspector at the 
t ime the original Q Meter was being produced. 
Since then his act iv i t ies  have followed close- 
l y  the development of subsequent Q Meter 
Models. Mr. Cook was graduated from B l i s s  
Elect r ica l  School i n  Washington D.C. and w s  
employed by Sparks-Withington Co. prior t o  
BRC. He is an associate member of I.R.E. 
and a member of the Radio C lub  of America. 

INTRODUCTION 
A Q Meter contains in one instrument 

a frequency-calibrated RF  oscillator, 
a system for R F  voltage injection and 
measurement, a vacuum tube volt- 
meter, a calibrated variable capacitor, 
and four terminals for the connection 
of components to be measured. All of 
these elements (but two terminals) are 
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employedinmeasuring the Q of a coil, 
the normal connections being shown in 
Figure 1. But these elements, in part 
or in combination, may be employed 
in the performance of various other 
functions. It is the purpose of this 
article to describe some of these ap- 
plications of the versatile Q Meter. 

CAPACITANCE MEASUREMENT 

For capacitance measurements con- 
venient use can be readily made of the 
calibrated variable capacitor just 
mentioned. Let us assume that a coil 
is connected to the COIL posts and re- 
sonated to the oscillator frequency 
(see Figure 2). Note the reading of the 
calibrated variable capacitor dial Cc, 
calling this C1. If anunknown capacitor 
C, is now connected to the Q Meter CAP 
terminals ( * )$  itwill be placed in par- 
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allel with the variable capacitor Next, 
if the Q Meter is re-resonated by ad- 
justment of the variable capacitor to a 
lower value, calling the reading C2, 
the quantity C1 - C2 represents the 
effective value of the unknown capac- 
itor C,, 

The above measurement is prefer- 
ably made at a low frequency, e,g. 1 
mc. , thus avoiding lead inductance ef- 
fects. However, by employing a higher 
frequency, e,g. 50 mc. or 100 mc., 
the rise in effective capacitance of the 
unknown as a result of lead inductance 
may be readily observed. Fractional- 
inch variations in lead length will  be 
found to have a pronounced effect on the 
measured quantity C 1  .- C2. 

The parallel type of measurement 
just described can be extended in ca- 
pacitance range as  follows: first  mea- 
sure a capacitor by the method de- 
scribed, calling the measured capaci- 
tance Cas  Then, to measure a 
(*)These terminals are designated CAP on Q 
Meters T y p e  190-A and 260-A and COND an 
160-A and 170-A. 

brated inject ion voltage derived from RF os- 
c i l la tor ,  C, --Calibrated variable capacitor, 
VTVM -- Vacuum - tube - voltmeter measuring 
voltage across Cc, Terminals for connection 
of components to  be measured are indicated as 
Hi. Lo, GND. and LW- c o i l  beina measured. 
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INTRODUCTION

A Q Meter contains In one Instrument
a frequency-calibrated RF oscillator,
a system for RF voltage Injection and
measurement, a vacuum tube volt
meter. a calibrated variable capacitor,
and four terminals for the connection
of components to be measured. All of
these elements (but two termInals) are
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employed in measuring the Q of a coil,
the normal connections being shown in
Figure 1. But these elements, in part
or In combination, may be employed
In the performance of various other
functions. It is the purpose of this
article to describe some of these ap
plications of the versatile Q Meter.

CAPACITANCE MEASUREMENT

For caoacitance measurements con
venient use can be readily made of the
calibrated variable capacitor just
mentioned. Let us assume that a coil
is connected to the COIL posts and re
sonated to the oscillator frequency
(see Figure 2). Note the reading of the
calibrated variable capacitor dial Cc ,
calling this Ct. Ifan unknown capacitor
Cx is now connected to the Q Meter CAP
terminals (el, Itwtll be placed in par-

allel with the variable capacitor. Next,
if the Q Meter is re-resonated by ad
justment of the variable capacitor to a
lower value, calling the reading C2 ,
the quantity C, - C2 represents the
effective value of the unknown capac·
Itor Cx'

The above measurement Is prefer
ably made at a low frequency, e.g. 1
me. , thus avoiding lead inductance ef
fects. However, by employing a higher
frequency, e.g. 50 me. or 100 mc.,
the rise in effective capacitance of the
unknown as a result of lead inductance
may be readily observed. Fractional
inch variations in le(\d lenlcth will be
found to have a pronounced effect on the
measured quantity Cl .. C2.

Tbe parallel type of measurement
just described can be extended in ca
pacitance range as follows: first mea
sure a capacitor by the method de
scribed, calling the measured capaci
tance Ca. Then, to measure a
(.)These te,minals at. JesignateJ CAP"" Q
Meteu Ty~ 190_A ..nJ 260-A anJ CONO On
JoSO_A and 170_A.

Fig... ,. Q Mete, Simp!m.J Oiag,am. e··C..Ii.
Mal.d ;njedian va/lag. Jetiv.J I...m RF as·
el/lalClt, Cc··Calib,at.d va,;able cap"citor.
VTVM •• V..euum _ rube _ vo/rmete, measu,;ng
voltage ae,ass Ceo Te.min.. /s lot eann.etian
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Hi"L .., CND• ..nJ Lit" coil being measured.
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T H E  BRC NOTEBOOK IS published 
'four times a year by the Boonton Radio 
Corporation. I t  is nzazled free of  charge 
to  scientists, engineers,,and other inter- 
ested persons in the communications 
diid electronics fields. The contents may 
be reprinted only with written permu- 
sion from the editor. Your comments 
and suggestions are welcome and 
should be addressed to: Edttor, T H E  
BRC NOTEBOOK, Boonton Rddio 
Corporation, Boonton, N .  I .  

second but larger capacitor Cx: use 
the previous method but connect Ca 
in parallel with the Q Meter C A P  
terminals (*) when determining C1;  
then disconnect Ca, connect Cx, and 
readjust the calibrated variable capa- 
citor to determine C2. 

Then Cx = C1 - C, + C a .  

Alternatively, a series type of mea- 
surement may be employed to extend 
the range upward by approximately 
1 O : l  ( see Figure 3 ). The unknown 
capacitor is connected in ser ies  with 

Figure 2 .  Capacitance Measurement, Parollel  
Method. Lw--  workcoil (such as Type 703-A 
or 590-A), C, -- unknown capacitor (or dielec- 
tric sample) to be measured. 

HI HI 

Figure 3. Capacitance Measurement, Series 
Method. 

the measuring circuit between the 
low potential side of the coil and the 
Q Meter LO terminal; the circuit is 
resonated, preferably at a high read- 
ing on the calibrated variable capa- 
citor: this reading being called C,. 
The unknown capacitor is then re-  
moved from the circuit, or prefer- 

ably left in position but short-cir- 
cuited to minimize changes in cir-  
cuit inductance, the variable capa - 
citor is readjusted for resonance, 
the reading being called C1. The 
effective value of the unknown capa- 
citor is then 

c1 c, 
c x  = - 

c2- c1 
M E A S U R E M E N T  OF DIELECTRICS 
Dielectric samples (insulating ma- 

terial samples) for electrical measur- 
ment purposes are  usually in sheet 
form and of 1/16 inch to  1/4 inch in 
thickness, If, to the sample surfaces, 
are attached metal foil electrodes. a 
capacitor is formed whose electrical 
properties depend largely upon the 
sample material, 

The metal foilelectrodes are usually 
of lead or aluminum, of 0,00075 inch 
to 0,0015 inch thickness, and are  at- 
tached to the sample surfaces by means 
of a thin film of vaseline (petroleum) 
jelly), The foil area is usually ad- 
justed to provide a sample capacitance 
of 20 t o  8Oppf depending upon the Q or 
power factor of the material to be mea- 
sured and the type of Q Meter to be 
used, Sample discs of 2 inch diameter 
with foils extending to the sample edges 
are frequently used. 

A parallel measurement is  used on 
the Q Meter(see Figure 2). An induc- 
tor is connected to the Q Meter COIL 
terminals and resonated at the mea- 
surement frequency, The Q and tuning 
capacitance, Q and C1,  a re  read, 
The sample foils are  then connected 
tothe Q Meter CAP terminals (ai): the 
tuning capacitor Cc is readjusted for 
resonance, the Q and tuning capaci- 
tance, Q2 and C2,are read. 

Neglecting edge and stray effects 
the following formulas apply. 

The Q of the sample is 
(C1  - C2) Q1 Q2 

Qx 
c1 !&I - Q ~ )  

BOONTON RADIO CORPORATION 

The power factor of the sample (for 
values less than 10%) is 

100 100 C 1  (Q1- Q2) 

Qx (CI - CZ) Q1Q2 
P.F. (%) =-= 

The dielectric constant of the sample 
is 

c1 .- c2 4.45 (C1 - C2) t - - 
Ca A c =  

where Ca = Calculated capacitance 
( micro-micro-farads ) 
of equivalent capacitor 

with dielectric replaced 
by air, 

ness in inches. 
t = Dielectric material thick- 

.--. 
A = Dielectric active area 

between electrodes in 
square inches, 

C 1  and C2 are  in micro-mi- 
cro-farads. 

At frequencies above 1 0  mc the mea- 
surement method just described is 
sometimes unsatisfactwy because of 
th? effects of lead inductance, foilqe- 
sistance, etc, For such conditions a 
somewhat different measuring tech- 
nique isused with a specially designed 
sample holder which provides a con- 
stant circuit inductance for the flsample 
in" and "sample out" readings. This 
holder also permits: for certain mea- 
surements, elimination of the foil e- 
lectrodes and their associated resist-  
ance, The General Radio Company 
Dielectric Sample Holder Type 1690-A 
is suitable for this work. Fabrication 
drawings of a mounting plate for at- 
taching this Dielectric Sample Holder 
to Q Meters Types 160-A, 170-A, 
190-A and 260-A are  available from 
Boonton Radio Corporation. 

Oils and other fluids require a cell 
or container with suitable electrodes 
betweenwhichthe fluid to be measured 
may be placed. 

I N D U C T A N C E  
The calibrated oscillator frequency 

and calibrated variable capacitance 
scales of the Q Meter provide a con- 
venient means of determining coil in- 
ductance. For this purpose the un- 
known coil i s  connected to the Q Meter 
COIL terminals and resonated as for 
reading Q (see Figure 1). The frequen- 
cy, f ,  and tuning capacitance, C1,  are  
read and inserted in the following for- 
mula for inductance. 

1 
Ls = - 

a2 c1 

where L is in henries 
w is 2n times the frequency in cycles 
C is in farads 
01' t 

2.53 104 

f 2  c1 
Ls = 

where L is in microhenries 
f is in megacyles 
C is in micro-micro-farads 

In either instance the inductance value 
obtained is the effective inductance of 
the coil including the effect of distri- 
buted capacit,. wce.  
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1

with dielectric replaced
by air.

t'" Dielectric material thick·
ness In inches.

where L is in mlcrohenries
f is in megacyles
C Is ia mIcro-micra-farads

In either instance the inductance value
obtained is the effective Inductance of
the coil including the effect of distri
buted capacit:mce.

A = Dielectric active area
between electrodes In
square inches,

Cl and C2 are in micro-ml
cro-farads.

At frequencies above 10mc the mea
surement method just described Is
sometimes unsallsfactvry becnus(' of
th'! effects of lead inductance, fall re
sistsnce, etc. For such conditions a
somewhat different measuring tech
nique is uscd with a spccinUy designed
sample holder which provides a con
stant circuit Inductance for the "sample
In" and "sample out" readings. This
holder also p€'rmits, for certain mea
surements, elimination of the fall e
lectrodes lind their assoclntcd resist
ancC', The General Radio Company
Dielectric Sample Holder Type 1690-A
Is suitable' for this work, Fabrication
drawings of a mounting plate for at
taching this Dielectric Sample Holder
10 Q Meters Types 160-A, 170-A,
190-A and 260-A arc available {rom
Boonton Radio Corporatlon.

Oils and other flUids require a cell
or container with suitable electrodes
between which tbe fluid to be measured
may be placed.

2.53Xl04
oc.

INDUCTANCE
The calibrated oscillator frequency

and calibrated variable capacitance
scales of the Q Meter provide a con
venient means of dctermining call In
ductance. For this purpose the un
known coil is connccted to the Q Meter
COIL krminals and resonated as for
reading Q (see Figure 1). The frequen
cy, r, and tuning capacitance, C1, arE'
read and Inserted in the foUowing for
mula for Inductance.

where L is In henries
w is 2:r times the frequency in cycles
C is in farads

abLy left in position but short-cir
cuited to minimize changes in ctr
cuit inductance, the variable capa
cllor is readjusted for resonance,
the reading being called C1, The
effective value of the unknown capa
citor is then

Cl C2
Cx = ---

C:- Cl

MEASUREMENT OF DIELECTRICS
Dielectric samples (insulating ma

terial samples\ for cle'ctrical measur
ment purposes are usually in shcet
form and of 1/16 inch to 1/4 inch in
thickness, If, to the sample surfaces,
arC' attached metal foil electrodes. a
capacitor is formed whose elC'ctrlcal
properties depend largely upon the
sample material.

The metal fall electrodes are usually
of lead or aluminum, of 0.00075 inch
100.001.5 Inch thickness, and are at
tached to the sample surfaces by means
of a tbln fUm of vaseline (pelroleum)
jelly). The foil arca is usually ad
justt'd to provide a sample capacitance
of 20 to ao,.,,.,f depending upon the Q or
power factor of the material to be mea
surC'd and the type of Q Meter to be
used, SampledLscs of 2 inch diameter
with foils extendingto the sample edges
are frequently used.

A paraliet measu,·ement Is used on
the Q Meter(see Figure 2). An Induc
tor is connected to the Q Meter COIL
terminals and resonated at the mea
surement frequency, The Q and tuning
capacitance, Qj and Cl' are read.
The sample fot s are then connected
tothe Q Metel· CAP terminals (e), the
tuning cupacltor Cc Is readjusted for
resonance, the Q and tuning capaci
tance, Q2 and C2 ,are read.

Neglecting edge and stray effects
the following formulas apply.

The Q of the sample Is

(C 1 - C 2) Ql Q2
Qx =

where Ca = Calculated capacitance
( micro-micra-farads)
of equivalent capacitor

The power factor of the sample (for
values less than 10%) Is

100 100 C1 (QI-Q2'
P.F. (%).-.

Qx (Cl - C2) QIQ2

The dielectric constant oUbe sample
I,

Fig,,,e 2. Copod'once Measu.e",enl, Po.ollel
Melhod. L.w •• wo.~coil (such as Type l03·A
0. S90·A), C~·· unknown copoc/to. (." die/e,,·
tt'" somple) '0 be ",eoIJut.d.

, Tfllji BRC NOTEBOOK if pubtiJhed
fou, tm/ts a yea, by the BOOI/IOIl Mio
Corporatioll. It ir mailed free 01 rharge
to Hie,,'ists, eIIgilleerr,,Iwd Olher inltr·
illlt'd perrons 111 the rommullicatiollr
a"d electronirJ fieldJ. The con/ents may
be ,eprimed only with writ/en permi}.
sion Irom Ihe editor. YQNr cOTllmemr
and mggestions are welrome and
Jho1i/d be aJdrl!Jud to: Edilor, TrW
BRC NOTEBOOK, Booll/on Radio
Corpo,alioll, BOOlllolI, N. f.

Figure 3. CoptJc/tance Meosu,e.".,nt, Se,ies
Method,

the measuring circuit between the
low potential side of the coU and the
Q Meter LO terminal; the circuit is
resonated, preferably ata htgb read
Ing on the caHbrated variable capa
citor, this reading being called C2,
The unknown capacitor Is then re
moved {rom the circuit, or prefer-

second but lurger cupacitor ex, use
the previous method but connect ea
in parallel with the Q Meter CAP
termlnals (e) when determining Cl;
then disconnect Ca, connect Cx, and
readjust thc calibrated variable capa
citor to detcrmine C l .

Al ternatlvely, a series type of mea
surement may be employed to extcnd
thc range upward by approximately
10: 1 ( sec Figurc 3 ). The unknown
cnpacltor is connected In series with
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T H E  N O T E B O O K  

All Q Meters Type 260-A and 160- 
A of late manufacture, include a cal- 
ibrated inductance scale on the cal- 
ibrated variable capacitor dial. ( An 
LC Dial Kit Type 560-A is available 
for adding this feature to early Q Me- 
ters  Type 160-A). A chartprovidedon 
the Q Meter front panel permitsuse of 
any one of six inductance ranges by se- 
lection of the proper oscillator frequen- 
cy. The inductance scale then reads di- 
rectly in terms of effective inductance. 

If the distributed capacitance of the 
inductor is known, the true inductance 
can be readily determined. With the 
variable capacitor dial adjusted to the 
effective inductance value, note the 
corresponding reading on the capaci- 
tance scale in micro-micro-farads 
immediately above. Add the distri- 
buted capacitance to this reading; ad- 
just the dial to indicate the sum just 
obtained. Although the measuring cir-  
cuit is now detuned from resonance, 
the true inductance of the coil may be 
read on the inductance scale immedi- 
ately below. 

DISTRIBUTED CAPACITANCE 
All coils have distributed capaci- 

tance and a measurement of this quan- 
tity is often required. The measure- 
ment may be made on the Q Meter by 
the following method: 

Connect the coil to be measured to 
the QMeter COIL terminals(Figure 1). 
Resonate the Q Meter, calling the os- 
cillator frequency dial reading f l  and 
the calibrated variable capacitor dial 
reading C1 (C1 should be preferably 
in the lower part of the scale). 

Readjust the oscillator to a consid- 
erably lower frequency f2 ,  equal to 
fi/n. Restore resonance by readjust- 
ing the variable capacitor, calling the 
new reading C2. The distributed ca- 
pacitance is then 

i/ 

C, - n2 c1 
n2 - 1 

c d  = 

If fa is made exactly equal to f1/2, 
then 

c 2  - 4  c1 
c d  

3 
An average of several measurements 

employing different values of C1 and 
C2 w i l l  improve the accuracy of the 
results 

SELF-RESONA NCE 
The self-resonant frequency of an 

inductor , i. e. the resonant frequency 
withnothing connected externally to the 
inductor terminals, can be readily de- 
termined with the Q Meter. Looking 

b into the terminals of the inductor, re- 

actance conditions vs frequency wil l  be 
seen as in Table 1, columns 2 and 3. 
The Q Meter distinguishes readily be- 
tween conditions a ,  b, c ,  thus provid- 
ing an accurate determination of the 
self-resonant frequency, as  will  be ex- 
plained in detail with the aid of column 
4. 

In making the measurement the first 
step is the determination of leads re-  
quired to connect the unknown inductor 
to the Q Meter CAP terminals (1). 
These leads are  then permanently con- 
nected to the CAP terminals and the 
inductor is disconnected. This pro- 
cedure minimizes the effects of lead 
capacitance on the self-resonant fre- 
quency, 

Next, the Q Meter is resonated with 
a work or accessory coil (preferably 
shielded, such as the Types 103-A or 
590-A) connected to the Q Meter COIL 
terminals (see Figure 4). The fre- 
quency chosen should be in the region 

t 
I 
Figure 4 .  lnductor or Choke Measurement, 

Para l le l  Method. 

of the estimated self-resonant frequen- 
cy of the inductor to be tested. Now 
connect the unknown inductor LX to the 
CAP terminal leads previously estab- 
lished, Re-resonate the Q meter by 
means of the capacitance dial Cc, not- 
ing the direction of movement of this 
dial as referred to the original setting. 

Unless the unknown inductor is found 
to be non-reactive at the measurement 

cedure is now to be repeated at a some- 
what  higher or lower frequency as de- 
termined by reference to Table l ,  col- 
umns 2 and 4. Successive frequency 
adjustments will  eventually achieve 
the desired condition where the capac- 
itance dial reading .for resonance is 
unchanged as a result of connecting 
the unknown inductor to the Q Meter 
CAP terminal feads, The unknown 
inductor is then non-reactive and self- 
resonant at the frequency indicated by 
the oscillator dial. 

CHOKE COILS 
A choke coil, to provide proper iso- 

lation characteristics, must exhibit 
a high impedance throughout its op- 
erating frequency range. Failure to 
meet this requirement may result in 
low operating efficiency, frequency 
e r ro r  in calibrated circuits, etc. 

The Q Meter provides an ideal means 
for the measurement of choke coil char- 
acteristics. A work coil, preferably 
shielded, is connected to the Q Meter 
COIL terminals (Figure 4). Leads of 
short length may be used, if  required, 
to connect the unknown choke coil to 
the Q Meter; these leads are  now to 
be attached to the Q Meter CAP ter- 
minals (1) but the choke coil is to be 
disconnected. The work coil is reso- 
nated at the frequency of measurement, 
called f the Q reading being called Q1, 
and the calibrated variable capacitor 
reading being called C i a  Temporarily 
remove the Q Meter CAP terminal 
leads, if used, and note the increase 
required in the calibrated variable 
capacitor reading for resonance; call 
the increase C L ~  re-connect the leads. 
Next the unknown choke coil Lx is con- 
nected to the Q Meter CAP terminals 
leads and the calibrated variable ca- 
pacitor is readjusted for resonance. 
Call the Q reading Q2 and the capacitor 
reading C2. 

The above procedure should be re- 
equency first  chosen, the test pro- peated at other frequencies within thl 

(1) 

Con- 
dition 

TABLE 1 

INDU C TOR SE L F-RESONA NC E DATA 

(2) (3) (4) 
Q Meter 

Inductor Capacitance 
Reactance Dial Test 

Reading If Frequency Is Will Be 

a Below self-resonance Inductive Increases 

b At self-resonance Non-reactive No change 

C Above self-resonance Capacitive Decreases 
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All Q Meters Type 260-A and 160
A of late manufacture. include a cal
ibrated inductance scale on the cal
tbrawd variable cnpacitor dial. (.An
LC Dial Klt Type 560-A is available
for addIn!!: Ihls feature to early Q Me
ters Type 160-A). A chart provided on
the Q Metcr front panel permits use of
anyone of six inductance ranges by se
lection of Ihe proper oscUiator frequen
cy. The loouclancc scale then reads di
rectly In terms of effective inductance.

If thc distributed capacitance of the
inductor is known. the true inductance
can be readily delermined. With the
variable capacitor dial adjusted to the
effective inductance value, note the
correspondIng reading on the capacl
tunce scale in mlcro-micro-farads
immedtately above. Add the distri
buted capacitance to this reading; ad
just the dial to indicate the sum just
obtaIned. Although the measuring cir
cuit is now detuned from resonance,
the true inductance of the coil may be
read on the inductance scale immedI
ately below.

DISTRIBUTED CAPACITANCE

All colis have distribu!t>d cnpnci
tance and a measurement of this quan
tity is often required. Tne mellsurt>
ment may be made on the Q Meter by
the following method:

Connect the coil to be- measured to
the QMeter COIL terminalS(Figure 1).
Resonate the Q Meter, calling the os
cillator frequency dial readiog fl and
the calibrated variable capacitor dial
reading Cl (Cl should be preferably
in the lower part of the scalc).

Readjust the oscillator to a consid
erably lower frequency f2• equal to
fl/n. Restort> resonance by readjust
iog the variable capacItor. calling the
new reading C2' The distributed ca
pacitancc is then

Cz-nlCl

n2 - 1

actance conditions vs frequency will be
seen as in Table 1, columns 2 and 3.
The Q Meter disttnguishes readily be
tween condittons a, h, c. thus provid
Ing an accurate determination of the
self-resonant frequency, as will be ex
plained tn detail with the aid of column
4.

In making the measurement the first
step is the determination of leads re
quired to connect the unknown inductor
to the Q Meter CAP terminals (1).
These leads are then permanently con
nected to the CAP terminals and the
inductor is disconnected. Thts pro
cedure tllinimizes the effects of lead
capacitance on the self-resonant fre
quency.

Next. the Q Meter is resonated with
a work or accessory coil (preferably
shielded, such as the Types 103-A or
590-A) connected to the Q Meter COIL
terminals (see Figure 4). The fre
quency chosen should be in the region

Figure 4. Induet<>' Or C~oke Me"suremenl.

P"'olle' Mel~od.

of the estimated self-resonant frequen
cy of the Inductor to be tested. Now
connect the unknown Inductor Lx tothe
CAP t('rmlnal leads previously estab
lished. Re-resonate the Q meter by
means of the capacltanc(' dial Cc , not
ing the direction of movement of this
dial as referred tothe original setting.

Unless the unknown Inductor is found
to be non-reactive at the measurement
frequency first chosen, the test pro-

cedure is now to be repeated ata some
what higher or lower frequency as de
termined by reft>rence to Table 1, col
umns 2 and 4. Successive frequency
adjustmcnts will eventually achieve
the desired colHiiUon wherc the capac
itance dial reading for resonance Is
unchanged as a resUlt of connecting
the unknown inductor to the Q Meter
CAP terminal leads. The unknown
inductor Is then non-reactive and self
resonanl at the frequency Indicnted by
the oscillator dial.

CHOKE COILS
A choke coil, to provide proper iso

lation characterlstips, must exhibit
a high Impedance throughout its op
erating frequency range. Failure to
mcet this rt>quiremenl may result in
low operating efftciency. frequency
error In calibrated circuits. etc.

The Q Meter provides an ideal means
for the measurement of choke coil char
acteristics. A work coil. preferably
shielded, is connected to the Q Meter
COIL tcrminals (Figure 4). Leads of
short length may be used, if required,
10 conncct the unknown choke coil to
the Q Meter; these leads arc now to
be attached to lhe Q Meter CAP ter
minals (1) but the choke coil is to be
disconnected. The work coil ts reso
Ilated at the frequency of measurement,
called f, the Q reading being called Ql.
and the calibraled variable capacitor
reading being called Cl. Temporarily
remove the Q Meter CAP terminal
ieads. if used, and nolt> the increase
required in the calibrated variable
capacitor reading for resonance; call
the Increase CLI re-connectthe leads.
Next the unknown choke coil Lx is con
nected to the Q Meter CAP terminals
leads and the calibrated variable ca
pacitor Is readjusted for resonance.
Call the Q reading Q2 and tbe capacitor
reading C2.

The above procedure should be re
peated at other frequencIes within the

If f2 is made exactly equal to fl!2,
then

,
An average of several measurements

employing different values of Cl and
C2 wHi improve the accuracy of the
results.

SELF·RESONANCE

The self-resonant frequency of an
inductor, t. e. the resonant frequency
with nothIng connected externally to the
inductor termtnals. can be readily de
termined with the Q Meter. Looking

"--'" into the terminals of the inductor, re-

TABLE 1

INDUCTOR SELF-RESONANCE DATA

(1 ) (2) (3) (4)

Q Meter
Inductor Capacitance

Con- Reactance Dial Test
ditton U Frequency Is Will Be Reading

, Below self-resonance Inductive Increases

b At self-resonancc Non-reactive No change

, Above self-resonance Capacttive Decreases
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operating range of the choke coil (CL 
may be assumed to be constaqt and 
need not be re-checked when the fre- 
quency is changed); 

The effective parallel resistance! 
Rp, and effective parallel reactance, 
Xpr of the choke a re  

QI Q z  
Rp = 

w(C1 + CL) (Q1 - Qz) 
and 

1 

w ( C z - C l )  
x p =  

where Rp, Xp are  in ohms 
w = 2 nf (cycles) 
C is in farads. 

1 . 5 9 ~ 1 0 ~  x Q1 Qz 
O r ,  Rp = 

f (Ci+CL] ki- Q2) 

1,59 105 

f(C2 - C1) 
and Xp = 

where Rp, X p  are in ohms 
f is in megacycles 
C is in micro-micro-farads . 

NOTE: The sign of the quantity 
(Ca-Cl) indicates the type of effec- 
tive reactance, A positive quantity 
indicates inductive reactance. A 
negative quantity indicates capaci- 
tive reactance, 

MUTUAL INDUCTANCE 
A N D  

CRITICAL COUPLING 

(a) The mutual inductance and coef- 
ficient of coupling of RF coils may 
be measured on the Q Meter at high 
frequencies by the familiar method 
often employed at low frequencies 
with audio frequency bridges. 

This method is used for large 
coupling coefficients, i. e. 0.5 or 
greater. Fmr measurements are  
made (on the Q Meter COIL termi- 
nals) at or near the operating fre- 
quency and preferably at one fre- 
quency. 

Measure L1 and L2 separately. 
Then measure La ( mutual aiding ) 
with L1 and L2 connected series 
aiding, and Lb (mutual bucking) with 
L1 and La conhected series bucking 
(Figure 5). 

The mutual inductance then is 
La - Lb 

4 

La - Lb 

M---. 

The coefficient of coupling is 
M 

= - .  u =  

4% - v z  

BOONTON RADIO CORPORATION 

L (MUTUAL) MUTUAL 
a AIDING Lb(BUCKIYt) 

Figure 5 .  Mutual lnductance ConneLJtutis, 
LI L2-- first and second coupled coi ls ,  re- 
spectively. 

If the measurements are made 
at one frequency 

4 
where C = Q Meter tuningcapacitance 

necessary for resonance 
with mutual aiding con- 
nection, mutual bucking 
connection, and single in- 
ductors respectively. 

(b) With RF coils most commonly 
used the critical coefficient of cou- 
pling (i. e, I the condition where the 
resistance that the secondary cir- 
cuit at resonance couples into the 
primary circuit is equal to the re- 
sistance of the primary circuit) oc- 
curs at a low value of coupling co- 
efficient. Design-wise, the criti- 
cal coupling condition is important 
because it yields the maximum value 
of secondary current and it may be 
readily determined as follows. 

Connect one of the two coils to 
the Q Meter COIL terminals with 
the second coil open-circuited (see 
Figure 6) and adjust the Q Meter for 
resonance, Read Q1. Now complete 
the secondary circuit and, by means 
of its trimmer: resonate it to the 
same frequency as indicated by a 
minimum Q reading, Q2. 

If Q2/ Q1 equals 0.5 the coils 
are  critically coupled ; if greater 
than 0,5 the coupling is less than 

CT 63 
COUPLED 

COILS LO 7 GN D 
Figure 6.  Crit ical  Coupling. Ct-Secondary 

coil  Trimmer. 

coupling is greater than critical. 
These results wil l  be with re-  

spect to the coils only. If it is de- 
sired to include the effects of tube 
and circuit loading, resistors dup- 
licating these loading effects should 
be added to the coils before making 
the measurements. 

G A I N  OF COUPLED COILS 
The Q Meter is essentially a gain 

measuringdevice, L e . ,  Q is measured 
by determining the ratio of two volt- 
ages. This instrument is thus readily 
adaptable to the gain measurement of 
coupled coils within its range. 

For example, a transformer used to 
couple a low-impedance loop antenna 
to a receiver input may be measured. 
Referring to Figure 7, the transformer 
primary circuit including the loop (a 
coil may be used to simulate the loop) 
is connected to the Q Meter GND and 
LO terminals. The transformer sec- 
ondary is connected to the Q Meter 
GND and HI terminals. The Q Meter 
injectionvoltage thus excites the trans- 
former primary circuit and the trans- 
former secondary voltage is fed to the 
Q voltmeter. Adjustment of the cali- 
brated variable capacitor Cc for re-  
sonance wil l  now yield a "Q reading'' 
which is numerically equivalent to. the 
transformer circuit gain. The Q scale 
reads gain directly when the "Multiply 
Q By" meter is set to x l ,  

By completion of the proper connec- 
tions the above method can obviously 
be extended to include stage gain mea- 
surements. 

t 

S U MM A R Y 
We have described some of the "ex- 

tra-curricu1ar"uses to which a Q Meter 
may be put. No attempt was made to 
write an exhaustive article and we are 
sure that our many customers have 
devised other ways of utilizing this 
versatile instrument. 

that, 
when an RF  measurement problem is 
at hand, the Q Meter may do the job. 

May we draw this conclusion: 
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Figure 7. Tronsformer Go;n Measurement.

SUMMARY
We have described some of the "ex

tra-curricular" uses to which a Q Meter
may be put. No attcmpt was made to
write an exhaustive article and we arc
sure that our many customers have
devised other wnys of utilizing this
versatile instrumcnt.

May we draw this conclusion: that,
when an RF measurement problem Is
at hand, the Q Meter may do the job,

coupling is greater than critical.
These results will be with re

spect to the coils only. If it Is de
sired to Include the effects of tube
and circuit loading, resIstors dup
llcating these loading effects should
be addC'd to the coils before making
the measurements.

GAiN OF COUPLED COILS

The Q Meter Is essentLally a gain
measurlngdevice, Le .• Q Is measured
by determining the ratio of two volt
ages. ThLs instrument is thus readily
adaptable to Ihe gain measurement of
coupled coils within its range,

For example, a transformer used to
couple a low-Impedance loop antenna
to a receiver Input may be measured.
Referring to Figure 7, the transformer
primary cirCUit Lncluding the loop (a
coil may be used to simulate the loop)
is connected. to th(' Q Meter GND and
LO terminals. The transformer sec
ondary is connected to the Q Meter
GND and HI terminals. The Q Meter
Injection voltage thus excites the trans
Cormer primary circuit and the trans
fOI·mer secondary voltage Is fed to the
Q voltmeter. Adjustment of th(' cali
brated variable capacitor Cc for re
sonance will now yIeld a "Q reading"
which is numerically equIvalent to. the
transformer clrcui! gain. The Q scale
reads gain directly when the "Multiply
Q By" meter Is set to xl.

By completion of thE' proper connec
tions the above method can obviously
be extended to include stage gain mea
surements,

Figure 5, Mutual Incluctonce Connections,
LI L2·· lirS! oncl uconcl couplee/ coils, rot·
spec,;.".lr·

If the measurements are made
at one frequency

(...L_--'-) ~
,"=Ca Cb ....., CIC I

K : "---=----'
4

where C '" Q Meter tuning capacitance
neCE'SS(ll'y for resonance
with mutual aiding con
nection, mutual bucking
connection, and single in
ductors respectively.

(b) With RF coils most commonly
used the critical coefficient of cou
pling (I. e., the condition where the
resistance that the secondary cIr
cuit at resonance couples into the
prtmary circuit Is equal to the re
sistance of the primary circuit) oc
curs at a low value of coupling co
efficient. Design-wise, the criti
cal coupHng condition Is important
because It yields the maximum value
of secondary current and It may be
readUy determined as follows.

Connect one of the two coils to
the Q Meter COiL terminals with
the second coil open-circuited (see
Figure 6) and adjust the Q Meter for
resonance. Read Ql' Nowcomplete
the secondary circuit and, by means
of its trimmer, resonate It to the
same frequency as indicated by a
minimum Q readIng, Q2.

If QJ Ql equals 0.5 the coils
are critically coupled: If greater
than 0.5 the coupling is less than
critical, and If less than 0.5 the

Figure 6. Criticol Coupling. Ct·.S.cone/o'r
coil T,immer,

coupling is
M

4
The coefficIent of

La - Lb
K = =

4~ ~

operating range of the choke coil (CL
may be assumed to be consta'}t and
oeed not be re-checked when the fre
quency Is changed).

The effective parallel resistance,
Rp , and effectlve parallel reactance,'
Xp , of the choke are

Ql Q z

Rp = --------------W(CI + CLI (Ql - Q~

MUTUAL INDUCTANCE
AND

CRITICAL COUPLING

(a) The mutual Inductance and coef
ficient of coupling of RF coUs may
be measured on the Q Meter at high
frE'quencies by thE' famUlar method
often employed at low frC'quencles
with audIo frequency bridges.

This method Is used for large
coupling coefflclents, I. e. 0.5 or
greater. Four measuremC'nts are
made (on the Q MetC'r COIL termI
nals) at or near the operating fre
quency and preferably at one fre
quency.

Measure Ll and L2 separately.
Then measure La ( mutual aIdIng l
with L 1 and L 2 connC'cled series
aidIng, and Lb (mutual bucking) with
L1 and L2 connected series bucking
(Figure 5).

The mutual tnductance then Is
La - Lb

w(CI-Cl)

where Rp, Xp are in ohms
w .. 2 iii (cycles)
C is In farads,

1. 59xl05 x Ql Q,
Or, Rp '"

r lCI-CL) ~l- Q,)
L59xl05

and Xp =

""d

f(C 2 - CIl

where Rp ' xp are In ohms

f Is in megacycles
C Is in mlcro-mlcro-farads,

NOTE: The sign of the quantity
(C2-CI) Indicates the type of effec
tlve reactance. A positive quantity
indicates Inductive reactance, A
negative quantity Indicates capaci
tive reactance.
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THE NOTEBOOK 

BAD WEATHER FLYING 
EDSON W. BEATTY, Chief Pilot 
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1 

The Author standing beside the BRC Beechcraft Bonanza. The aircraft i s  fully equipped for in- 
strument flight and provides a valuable source o f  information relevant to  actual aircraft operation 
under all flight conditions. Inset upper le f t  is a typical Instrument Landing System Glide Slope 
field installation. The BRC Glide Slope Signal Generator Type 232-A (center) provides cali- 
brated RF signals and on all Glide Slope frequencies- thus providing manufac- 
turers and service organizations with an instrument capable o f  simulating any or all signals 
transmitted in  the Glide Slope Section o f  the Instrument Landing System. 

modulation 

Ever been delayed at  the airport by 
weather or arrive several hours be- 
hind schedule? Most of us have, but 
have you noticed recently these delays 
are  not occuring as  often? We here at 
BRC feel that with our test equipment 
we are helping to contribute a part to- 
wards reducing these occurances. 

Today, on board a modern high speed 
air transport, we give little thought of 
the problems brought about by the in- 
crease in speed, traffic density and 
type of weather now considered flyable. 
Just a s  an example, an aircraft trav- 
eling at 150 MPH with a course error  
of 5 O  will be approximately 4miles off 
course after 30 minutes time. How- 
ever, at 350 MPH withthe same course 
error  for 30 minutes, the aircraft 
would be over 8-1/2 miles off course. 
Now commercial flights are  being made 
daily with little more than part of the 
airport runway being visible. Experi- 

mental flights a r e  being made under 
visibility conditions where great diffi- 
culty in ground or taxiing handling is 
encountered. The writer had anex- 
perience recently when, rolling down 
the runway after landing in a heavy 
fog, the control tower called by radio 
from 1/4 mile away and requested 
"Have you landed yet ? '' 

These improvements in air naviga- 
tion and communications have all been 
brought about through electronic equip- 
ment. The primary aids now used are  
Omnirange for navigation, Instrument 
Landing System for blind landing and 
VHF Communications. 

THE VOR SYSTEM 
Omnirange, sometimes referred to 

as  VOR (Visual, Omni-directional 
Range), is a recent development in 
radio navigation aids. The Omnirange 
is designed, as  a re  other air navigation 

systems, to furnish directional guid- 
ance to an aircraft in space. It is the 
primary aid in point-to-point air navi- 
gation. The word Omni is derived from 
Latin "Omnis" meaning all. These 
stations a re  s o  named because they 
have an infinite number of courses, 
whereas, the facility they replace has 
only four courses. 

An Omnirange station might be de- 
scribed as  a very large wheel with 
360 spokes (theoretically an infinite 
number) with the station being the hub. 
Any one of the spokes might be chosen 
a s  a guide in space. This is accom- 
plished electronically by comparison 
of the phase difference between the 
audio modulation of two radiated radio 
frequency signals, the difference in 
phase varying with change in azimuth. 
The modulation on one of these signals 
is non-directional and has a constant 
phase throughout 360 degrees of azi- 
muth. This is called the reference 
phase. In order to separate the two 
signals for comparison in the receiver 
and converter, a lOKC FM subcarrier 
is used to carry the reference signal. 
The phase of other signal rotates at a 
speed of 1800 RPM andvaries in phase 
with azimuth. This is  called the vari- 
able phase and is produced by a motor 
driven goniometer feeding an RF  volt- 
age into four antennae (two at a time). 
A s  the goniometer revolves, the R F  
voltage fed into the antennae (180 de- 
grees apart) varies sinesoidally at the 
rate of 30 cps to  produce a rotating 
field. The systemis set up s o  at mag- 
netic north the reference and variable 
signals are  exactly in phase. 

Froma pilot's standpoint the opera- 
tion is quite simple. Other than re- 
ceiver, converter and antennae, there 
are four basic units in the aircraft. 
Although some manufacturers combine 
these units for simplicity, we shall 
discuss the primary type. 

The pilot's controls are illustrated 
in Figure 1 and consists of: 

1. Frequency Selector (conven- 
tional receiver control) 
2. Azimuth Selector 
3. Deviation Indicator (with signal 
strength indicating flag) 
4. Sense Indicator 

Further describing each unit: 
1. Frequency Selector: tunes re-  
ceiver to desired station frequency 
which is identified aurally with 
code (recorded voice also on some 
stations). 
2. Azimuth Selector (Course Se- 
lector): selects the desired azi- 
muth (or track) to control direc- 
tion in space. 
3. Deviation Indicator: indicates 
the difference between the selected 
azimuth and present position or ,  
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systems, to furnish directional guid
ance to an aircraft in space. it is the
primary aid in pOint-to-point air navi
gation. The word Omlli Is derived fronl
Latin "Omnls" meaning aiL These
stations are so n.1med because thcy
have an Infinite numbel" of courses,
whcreas, the facility they replace has
only four courses.

An Omnirange station might be de
scribed as a very tnr~e wheel with
360 spokes (theoretically an Infinite
number) wllh Ihe station heing the hub.
Anyone of the spokes might be chosen
as a guide {n space. This Is accom~

pUshed electronically by comparison
of the phase difference between the
audio modulalion of two radiated radio
frequency signals, the difference In
phase varying wllh change in a1'.imuth.
The modulation on one of these signals
Is non-directional and has a constant
phase throughout 360 degrees of a1'.i
muth. This is called the reference
phase. III order to separalll the two
signals for comparison in the receiver
and convcrtel", a JOKC FM subcarrier
is used to carry the reference signal.
The phase of other signal rotates at a
speed of 1800 RPM and varies in phase
with a1'.imuth. This Is called the val·f
able phase and is produced by a motor
driven goniometer feeding an RF volt
age into four antennae (two at a time).
As the jl;onlometez" I"evolves, the RF
voltage fed into the antennae (180 de
grees apart) varies sinesoidally at the
rate of 30 cps to pl·oouce a rotating
field" The system is set up so at mag
netic north the refel'cnce und vurlablc
signals are exuctly in phase.

Froma pilot's standpoint the op"'ra
tion Is quite> simple. Other Ihan re
ceiver, converte,· and antenn:lC, there
are four basic units in the aircraft.
Although some manufacturers combine
these units for simplicity, we shall
discuss the primary type.

The pilot's contl'ols are lllustrated
In Figure 1 and consists of,

L Frequency Selector (conven
tional recelv("r conil·ol)
2. Azimuth Selector
3. Deviation Indicator (with signal
strength indicating flag)
4. Sense Indicator

Further describing each unit:
1. Frequ("ncy Selector: tun("s rC'
celver to des il·("d station frequency
which [s Identified uurallv with
code (recorded voice also o~ soml:'
statlonsl.
2. Azimuth Selector (Course Se
lector): selects the desired azi
muth (or trackl to control direc
lion in space.
3. Deviation Indlcaton indicates
the difference between the sclcct{'d
(l,1'.lmuth and pl"esent positlon or,

mental nights are being made under
visibility conditions Whel"e great diffi
culty In ground or taxIIng handling is
encountered. The writer had an ex
perience recently when, rolllll~ down
the runway after landing In a heavy
fog, the control tower called by radio
from 1/4 mile away and requestt..>d
"Have you landed yet? "

Thcse fmprovements In air navlga
ilon and communications have aU been
brought about through electronic equip
ment. Tile prlmary aids now used al·e
Omnirangc for naviP;atlon, Instl·ument
Landing System for bUnd landing and
VHF Communications.

THE VOR SYSTEM
Omnirange, somelimes refe'Ted to

as VOR (Visual, Omni-direc!lonal
Range), Is a recent development In
radio navigation aids. The Omnlrange
Is designed, as are other air navigation

Ever been delayed at the airport by
weather or arrive several bours be
hind schedule? Most of us have, but
have you noticed recently these delays
are not oecuring sa often? We here at
BRC feel that with our test equipment
we are helping to conlribule a part to
wards reducing these occuranccs.

Today, on board a modern high speed
air transport, we give Htde thought of
the problems brought about by the In
crease tn speed, traffic density and
type of weather now considered flyable.
Just as an example, an aircraft trav
eHng at 150 MPH with a course error
of 50 will be approximately 4 miles off
course after 30 minutes timc. How·
ever, at 350 MPH with the same course
error for 30 minutes, the aircraft
would be over 8-1/2 mlles off course.
Now commercial nights arc being made
daily with Httle more than part of the
airport runway being visible. Experi-

T~.. Aulho, standing besido Ih.. BRC a....ehc,ofl Bonanza. Th.. ol,erofl is fully oqulpp..d {a' i,,·
strum..nl flight ond provides a voluoble sou,ee o{ informal Ion ro/ovont 10 oeluol oi,e,oft ope,orion
undo, all //;glo, condillons. In••1 upp.. , left I. a typical '''sl'u'''''''1 Landing Syst.m Glide Slope
/ield In$/ollollo". fI,e BRC Glide Slope Signol Gon..,oto, Type 2J2_A (c ..nler' provide. co/I.
&,ol..d RF signolo and modulation On all Glid. Slope {,equendu-" llou. p,ovlding "",nuloc
lure,s ond s.,viee o,gon,·.ollon.../II. 0" Inst'u"",n' "opohle 01 slmulo'ing any 0' 011 .ignol,
I,onsmlffed in ,I... Glid.. Slope Soclion of ,Io .. /n$/,u",",'" Landing Sy.lem.
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MARKER BEACON GLIDE SLOPE OMNl OR LOCALIZER 
INDICATOR LIGHT DEVIATION DEVIATION IN01 CATOR 

/(VERTICAL NEEDLE) IN DI C A T 0  R \ \ 

I 

\ FREQUENCY SELECTOR \ OMNl  OR LOCALIZER 
SWITCH 

AZIMUTH SELECTOR SENSE INDICATOR 

Figure 7.  The Pilot's VHF Radio Controls instal 
craft Bonanza. 

conversely, the azimuth from a 
station to the aircraft's position. 
Two or more stations maybe used 
to establish position. Also in- 
cluded is an alarmindicator which 
indicates when a usable signal i s  
being received. 
4. SenselIndicator (To-From Me- 
ter): determines the phase com- 
parison to establish the quadrant 
(i. e. north azimuth or south azi- 
muth). 

At the present time there are  392 
omni stations now in use throughout 
the United States. 

THE I L S  S Y S T E M  

We have discussed point-to-point 
air  navigation and although the omni- 
range may be used as a landing aid it 
is not the primary type. The Instru- 
ment Landing System (ILS) is the more 
effective type and considered the most 
practical from a cost and operational 
standpoint. Its purpose is to provide 
a predetermined, precise path to a 
landing runway without visual refer- 
ence to the ground. 

fled in the instrument panel of  the B R C  Beech- 

The systememploys three elements: 
1. Localizer 
2. Glide Slope 
3. Outer and Middle Marker 

1. Localizer: provides the direc- 
tional guidance to and down the 
landing runway. 
2. Glide Slope: provides the alti- 
tude guidance while approaching 
on the Localizer. 
3, Outer and Middle Markers: 
provide fixes or locations on Lo- 
calizer and Glide Slope. 

In order to describe the operation 
of ILS, we shall consider each ele- 
ment separately. 

The Localizer provides the direc- 
tional guidance by radiating a field 
pattern directly down the center line 
of the instrument runway. The car- 
r i e r  is modulated at two frequencies, 
90 and 150 cps, with each modulated 
carrier applied to a separate antenna 
system. They are  arranged so  that 
while on the approachend of the instru- 
ment runwayfacing the antenna, the 90 
cps signalpredominates on the left and 
the 150 cps on the right. With this ar-  
rangement, an equal signal ratio of 90 
to 150 cps is projected down the in- 

To explain each element: 

7 5 M C  108MC 112k c l l 8 M C  1 3 2 M C  M 4 M C  320.3 M C  3 3 5 M C  

+MARKER *LOCMIZER-*OA NI DIRECTIONAL+-COMMUNICATIONS -*MILITARY--,*NOT ASSIGNED TO ---GLIDE SLOPE- 
BEACON RANGE GROUND AIR AIRCRAFT 

I 
T O  T O  
AIR GROUND 

INTON RADIO CORPORATION 

strument runway and continuing off into 
the approach area. The equal signal 
zone is designed to be approximately 
5O wide, 

The Glide Slope provides altitude 
guidance while approaching on the lo- 
calizer. This is accomplished in much 
the same manner as the localizer with 
the exception of the direction of equal 
signal zone. The carrier is modulated 
at two frequencies, 90 and 150 cps with 
each modulated carrier supplied to a 
separate antenna system. These sys- 
tems a re  arranged so  an equal signal 
zone, or tone ratio, is 2-1/2' to 30 
fromparallel to the earths surface and 
is approximately lo wide. 

The ILS markers,  there are  two, 
called outer and middle, serve as radio 
fixes to check progress on Localizer 
and Glide Slope. Both are  vertically- 
radiated, low-power signals (always 
75MC) elliptical in shape and directed 
so the center is directly under the lo- 
calizer on-course signal. The Outer 
Marker is located between4 and 7 miles 
from runway threshold. The carrier 
is modulated at 400 cps and keyed to 
emit continuous dashes. The middle 
marker is located between 1250 ft. and 
3500 ft. from runway threshold. It s 
carrier is modulated at 1300 cps and 
keyed to emit alternate dots anddashes. 

The equipment aboard the aircraft 
(other than receivers and antenna) con- 
sists of the followings 

1, FrequencySelectors: (one each 
for Localizer and Glide Slope). 
2, Deviation Indicators: (two me- 
ter movements in same instrument 
eachwith signal strength indicator 
alarm) e 

3. Marker Beacon Indicator 
Lights: (fixed frequency re- 
ceiver)" 

From the pilot standpoint, the con- 

1. Frequency Selector for Local- 
izer (108-112MC): tunes the pro- 
per localizer which is identified 
aurally. Glide Slope (329.3 to 
335MC) is tuned with a separate 
control and may only be identi- 
fied by flag alarm opposite de- 
viation indicator. 
2. Deviation Indicators: provide 
guide for following Localizer and 
Glide Slope, the vertical indicator 
for Localizer and horizontal for 
Glide Slope. 

trols serve as follows: 

Figure 2 .  F.C.C. Frequency Assignments -- Aircraft Navigation and Communications. 
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Figur. 1. Th. Pi/or's VHF Rodio Conlrols ins rolled in ,h. inslrulMnl po...1 01 rile GRC Geed,.
croft Gononzo.

THE ILS SYSTEM

strument runway and continuing off into
the upproach area. The equal signal
zone is designed to be approximately
SO wtde.

The Glide Slope provides nltitud(>
guldnnce while approachtng on the 10
c:llizcr. This Is :lccomplisil(>d in much
the same manner as the localizer with
the exception of the directton of equal
signal zone. The carrier Is modulatE'<:!
at two frequencies, 90 and 150 cps with
each modulnted carrier supplied to a
separate antenna system. These sys
tems are arranged so an equal signal
zone, or tone ratio, is 2_1/20 to 30
from parallel to the earths surface and
is npproximately 10 wide.

The U.s markers, there are two,
called ouler and middle, serve as radio
fixes to check progress on LocaJizer
and Glide Slope. Both nre vertlcaUy
radiated, low-power signals (nlways
75MC) elliptical in shape and directed
so the center is directly under the lo
calizer on-course signal. The Outer
Marker is located between 4 and 7 mHes
from runway threshold. The carrie)'
is modulated at 400 cps and keyed to
emit contlnuous dashes. The middle
marker Is located between 1250 ft, and
3500 ft. from runway threshold. It s
carrier is modulated at 1300 cps nnd
keyed to emit alternate dots nnd dashes.

The equipment aboard the aircraft
(other than receivers and nnt(>nna) con
Sists of the following.

1. Frequency Selectorsl (one each
for Locnltzer and Glide Slope).
2. Deviation Indicators: (two me
ter movements In snme Instrument
each wIth signal strength Indicator
nlarm).
3. Marker Beacon IOOlcator
Lights: (fixed frequency re
ceiver),

From the pilot standpoint, tbe 0011-
trola scrve as follows:

I, Frequency Selector for LocaJ
izer (108-1l2MC): tUlles the pro
per localizer which is Identified
aurally. Glide Slope (329.3 10
335MC) is tune-d wltb a separate
control and may only be Identt
fied hy flng alnrm opposite de
viation Indicator.
2. Deviation IndlcntorSI provide
guide for following Localizer and
Glide Slope, the v(>rtlcal Indicator
for Loca!tzcl' and horizontal for
Gllde Slope.

FREQUENCY SELECTOR

OMNI OR LOCAUlEfl"
DEVIATION INDICATOR

ERTICAL NEEDLE)

SENSE INDICATOR

The system employs three elementsl
1. Localizer
2. Glide Slope
3. Outer and Middle Marker

To explain each element:
I. Locallzer: provides the direc
tional guidance to and down the
landing runway.
2. Gilde Slope: provld(>s the nltl
lude guidance while approachlug
ou the Locnlizer.
3. Outer and Middle MnrlU'rs:
provide fixes or locations on Lo
call<!:er and Glide Slope.

In order to describe the operntlon
of U.s, we shnll consider each ele
meut separately.

The Locali<!:er provides the dln'c
tlonal guidance by radinling a field
pf!tlern directly down the center line
of the instrument rUllwny. The car
der is modulated at two frequencies,
90 and 150 cps, with each modu.lated
currier applied to a separate antenna
system. They are arranged so thnt
while on the approach end ohile Instru
ment runway fnelng the antenna, the 90
cps signnl predominates on the left and
the 150 cps on the right. With this ar
rangement, un equ:l1 signal ratio of 90
to 150 cps is projected down the tn-

GLIDE SLOPE
DEVIATION
INOICATOR

AZIMUTH SELECTOR

We have discussed polnt-to-point
air navigation and although the omni
range may be used as a landing aid it
Is not the primary type. The Instru
ment Landing System (ILS) is the more
effective type and considered the most
practical from a cost and operational
standpoint. Us purpose Is 10 provide
a predetermined, precise path to a
landing runway without visual refer
ence 10 the ground.

conversely, the azimuth from a
station to the aircraft's position.
Two or more stations maybe used
to establish posHion. Also in
cLuded is an alarm indicator which
indicates when a usable signal Is
being received.
4. Sense Indicator (To-From Me
ter), determines the phase com
parison to establish the quadrant
(i. e. north azimuth or south ::u:l
muth).

At the present time there are 392
omnl stations now In use throughout
the United States.

MARKER BEACON
INDICATOR LIGHT

75MC '08MC 112MC H8MC 132MC 144MC 32<a.3MC 335MC

MAAl<" :1"""""':=:3W11 DIRECTIDNAI!I:' =COMMUNICATIONS= MIL.ITAR=:' NOT ASSIGNED TO!ll: GLIDE SLOP:'
BEACON RANGE GROUND AIR AIRCRAFT

'0 '0... GROUND

Figure 2. F.C.C. Frequency Assignments •• Ai,crolt Navigation and Communicolions.
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3. MarEer Beacon Lights: indi- 
cates by flashing signal which 
marker is beingpassed over, also, 
these signals may be identified 
aurally. 

At the present time there are  146 
ILS systems in operation in the United 
States not including military installa- 
tions e 

With the assignment of new frequen- 
cies followingWorld War I1 (See Figure 
2) there was tremendous need for a sta- 
ble Signal Generator between 88 and 
140MC. The BRC Signal Generator 
Type 202-B has been accepted and 
purchased by The Civil Aeronautics 
Authority and widely used throughout 
the industry. During the development 
of the Omnirange system. a phase 
shift was encountered in the Type 202-B 

CHECK YOUR 

There are  instances not covered by 
the Q Standard Type 513-A in which 
the Q Meter user may question the 
Q values indicated by his instrument 
and,lacking a quick cross-check,be- 
lieves he must content himself with 
questionable information. This is not 
necessarily so,  since in many cases 
the "Delta C method is both conven- 
ient and reassuring. Convenient in 
that the check can be conducted rel- 
atively quickly and at any frequency 
within the Q accuracy specification 
of the instrument; reassuring when 
it substantiates the Q Meter. 

The check is based upon the 
equation: 

C (1) 
AC 

the derivation of which is too lengthy 
to include here? The quantities in- 
volved in the equation are  from the 
following Q Meter equivalent circuit 
including the external inductor and its 
associated voltage-capacitance curve: 

Cr = capacitance to resonate the 
circuit . 

V r  = voltage across the Q Meter 
capacitor at resonance. 

Figure 7 .  Equivalent Circuit of  Q Meter. u 

which was not desirable. In 1948, a BIBLIOGRAPHY 
completely new Signal Generator I the 
Type 211-A was announced, eliminat- 
ing this problem. Due to increasing 
demand for a crystal controlled stable 
Glide Slope Generator, the Type 232-A 
was placed on the market in 1953. 
All these units are approved by The 
Civil Aeronautics Authority a s  part 
of the necessary equipment to obtain 
a CAA licensed Radio Repair Station. 

Already the CAA is making additions 
to the Omnirange and ILS systems by 
equipping them with DME (Distance 
Measuring Equipment); at present on- 
ly in high traffic density areas. This 
together with Radar Monitoring of air  
traffic, bring closer the day of no- 
weather delays. 

Hurley, H .C . ,  Anderson, S.R., and 
Keary, H. F. , "The Civil Aeronautics 
Administration VHF Omnirange". 
Proceedings of I. R. E. , Volume 39. 
December, 1951, pp. 1506-1520. 
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U. S.Department of Commerce. A& 
w a y s  Training Series, Bulletin No. 3 
Washington: Government Printing 
Office, 

U. S. Department of Commerce, A>- 
ways Operation Training Series, Bul- 
letin No. l ,  Washington: Government 
printing Office, 
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Q READINGS By the Delta C Method 
JAMES E. WACHTER, Projec t  Eng ineer  

I 

I 

I 

C r  J 
A C  A C  

V i  = voltage across the Q Meter 
capacitor at a point other than 
resonance . 

AC = capacitance between two points 
of equal voltage (Vi ) ,  one on 
either side of resonance. 

Qc = circuit Q = wL/R where R 
includes all losses in the coil 
and the Q Meter circuit. 

It is worthwhile to note here that 
since the Q- voltmeters of all BRC 
Q Meters are  linear with respect to 
voltage and Q, equivalent values of 
indicated Q may be substituted in the 
ratio Vr/V1. Equation 1 contains an 
approximationwhich is negligible when 
Q is greater than 100. 

An easy level at which to make the 
AC measurement is at the half volt- 
age or half Q points ( Vr/V1 = 2.0) , 
in which case the preceding equation 
becomes 

C r  
Qc = 3.4641 - (2) 

AC 

Another frequently used level is at 
the 0 .707  voltage or Q points where: 

2 Cr 
Qc = 

4C 
An outline of the procedure using 

equation (2) and applicable to all Q 
Meters manufactured by Boonton 
Radio Corporation is: 

1 .  Set the Q Meter oscillator to 
the desired frequency. 

2. Adjust the XQ control for unity. 
3, Connect a shielded inductor re- 

quiring a capacitance setting 
near the maximum available 
reading for a Q Reading near 
full scale. 

4. If Q Meters Type 160-A or 260- 
A a re  being checked, set the 
vernier scale to zero. 

5. Resonate the circuit with the 
internal resonating capacitor. 
a. Record the resonating capa- 

citance indicated on the Q 
capacitor dial a s  Cr. 

b. Record the Q at resonance 
as indicated on the Q volt- 
meter as  & r e  

6. With the internal resonating ca- 
pacitor (vernier capacitor on Q 
Meters Type 160-A and 260 - A  ) 
detune the circuit on either side 
of resonance to the point where 
the Q indicated by the Q volt - 
meter is equal to Q,./2. Record 
the capacity between these two 
points a s  AC. 

7. To avoid e r ro r s  due to mech- 
anical and electrical backlash 
all settings of the Q condenser 
should be approached with the 
same direction of rotation. To 
minimize e r ro r s  in reading 
all settings and readings should 

(3) - .  

Figure 2. Capacitance Curve of  the Q Meter 
Circuit. 

I 
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3. MarKer Beacon Lights: Indi
cates by flashing aignal which
marker is being passed over, also,
these slgp.als may be identified
aurally.

At the present tlme there are 146
ILS systems In operation In the United
States not including military Installa
tions.

With the assignment of new frequen
cies following World War II (See Figure
2) there was tremendous need for a sta
ble Signal Generator between 88 and
HOMe. The BRe Signal Generator
Type 202-B has been accepted and
purchased by The Civil Aeronautics
Authority and widely used throughout
the Industry. During the development
of the Omnirange system. a phase
shift was encountered In the Type 202-B

which was not desirable. In 1948, a
completely new Signal Generator, the
Type 211-A was announced, eliminat
ing this problem. Due to Increasing
demand for a crystal controlled stable
Glide Slope Generator, the Type 232-A
was placed on the market in 1953.
All these units are approved by The
Clvll Aeronautics Authority as part
of the llecessary equipment to obtain
a CAA llcensed Radio Repair Station.

Already the CAA is making additions
to the Omnirange and lLS systems by
equipping them with DME (Distance
Measuring Equipment)j at present on
ly in high trafflc density areas. This
together with Radar Monitoring of air
traffic, bring closer the day of no
weather delays.
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CHECK YOUR Q READINGS By the Delta C Method
JAMES E. WACHTER. P'oi~cl E~ti~u,

(1)
Figure 2. Capaciran<:e Cu,v" of rl." Q M",...

C;'<:uil.

(3)

'C
An outline of the procedure using

equation (2) and applicable to all Q
Me!ers manufactured by Boonton
Radio Corporation Is:

l. Set the Q Meter oscillator to
the desired frequency.

2. Adjust the XQ control for unity.
3. Connect a shielded inductor re

quiring a capacitance s("ttlng
near the maximum available
reading for a Q Reading near
full scale.

4. If Q Meters Type lGO-A or 260
A are being checked, set the
vernier scale to zero.

5. Resonate tnc Circuit with the
Internal resonating capacitor.
a. Record the resonating capa

citance indicated on the Q
capacitor dial as Cr'

b. Record the Q at resonance
as indicated on the Q volt
meter as Qr'

6. With the internal resonating ca
pacllor (vernier capacitor on Q
Meters Type 160-A and 260-A)
delune the circuit on either side
of resonance to the point where
the Q Indicated by the Q volt 
meter Is equal to 0 ../2. Record
the capacity between these two
points as 6.C.

7. To avoid errors due to mech
anical and electrical backlash
all settings of the Q condenser
should be approached with the
same direction of rotallon. To
minimize errors In reading
all settings and readings should

Another frequently used level Is at
the 0.707 voltage or Q points where:

2 C,

(2)
6C

Qc '= 3.4641

VI '" voltage across the Q Meter
capacltorata point other than
resonance.
capacitance between two points
of equal voltage (VI), one on
either side of resonance.
circuit Q = wL/R where R
includes aU losses In the coil
and the Q Meter circuit.

It is worthwhile to note here that
since the Q - voltmeters of all BRC
Q Meters are linear with reSjrect to
voltage and Q,equlvalen' values of
indicated Q may be substituted In the
ratio Vr /Vl. Equation 1 contains an
approximation which Is negligible when
Q Is greater thun 100.

An casy level at which to make the
6.C measurement Is at the haLf volt
age or hulfQ points (Vr /V1 = 2.0),
in which case the preceding equation
becomes

Fi'lu,e I. Equivalenl Circuil "f Q Mere,.

There are Instances not covered by
the Q Standard Type 513-A In which
the Q Meter user may question the
Q values Indicated by his instrument
and,laeklng a qUick crOSII-eheck,be
licves he must content himself with
questionable Information. This Is not
necessarily so, since in many cases
the" Delta C " method is both conven
ient and reassuring. Convenient in
that the check can be conducted rel
atively quickly and at any frequency
within the Q accuracy specification
of the instrument; reassuring when
It substantiates the Q Meter.

The check ill hased upon the

~:u:u~g~vtvr) 2 -1

6.C VI
the derivation of which is too lengthy
to Include here.'" The quantilies in
volved In the equation are from the
following Q Meter equivalent Circuit
including the external Inductor and its
associated voltage-capacitance curve:

Cr capacitance to resonate the
circuit.

VI' '" voltage across the Q Meter
capacitor at resonance.
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be made several times and then 
averaged. 

8. Insert the values of Cr and AC 
in equation (2) and calculate Qc. 

Now, if  the value of QC calculated 
in step 8 agrees with the value of 
Qr recorded in step 5. b. within i 15 
percent all is well  and good and the 
Q Meter can be assumed to be p e r -  
forming satisfactorily. 

The method of Q Meter checking 
discussed here does not take into ac- 
count variations in Q indication re- 
sulting from changes in loading ac- 
cross the measuring terminals ( see 
'' Q Meter Comparison I t ,  Notebook 2, 
Summer 1954.) Difficulties ( if indi- 
cated ) lie elsewhere, For methods 
of isolating the problem see the 
Maintenance Section of the applicable 
Instruction Book. 

* Hartshorn, L.,  and Ward, W.H.,  
Institute of Electrical Enfineers, - 
( London, 1936 ), equation 6. - pp. 79, 
597, 609. 

EDITOR'S NOTE .... 
THE Q CLUB OF BRC 

A BRC Employee had a bright idea 
back in 1942. The idea was  born of 
the Shop and Office collection prob- 
lem-- a problem that probably is 
common to any firm employing three 
or more persons. The idea provided 

a club for the purpose of remember- 
ing fellow workers on special occas- 
ions and to assist in arranging pic- 
nics etc. Club dues would supply 
the needed funds and individual em- 
ployees would no longer face the Shop 
and Office collections. The Company's 
best known instrument was the 
Q Meter and the new organization 
was befittingly named the Q Club of 
BRC 

Today the Q Club is a thriving 
organization sponsoring activities in 
which the great majority participate 
and enjoy and remembering fellow 
members of the BRC Family on spec- 
ial occasions, But we a re  still both- 
ered by collections. The Q Club has 
gone a long way in controlling the 
problem but never has been fully 
able to meet the goal set in the ori- 
ginal idea. 

Some of the Club's inability to 
eradicate collections can be traced 
to an aspect of the Club's existence 
which was  not fully apparent to the 
founders. This important aspect is 
the Club's healthy influence on em- 
ployee relations. When a new em- 
ployee starts work at BRC, he or 
she is soon greeted by a Q Club. 
Representative--there is a represent- 
ative for each ten employees. The 
Representative explains the Club's 
history, purpose and informs the new 
employee that he or she will  be eli- 

gible for membership after the pro- 
bation period. Fellow workers are  
introduced and the new employee soon 
has a feeling of friendship and be- 
longing to a group. In short, em- 
ployee relations a re  off to a good 
start  and where friendly relations 
flourish, the ideas and desires for 
collections also flourish. The Q Club 
treasury always falls a little short 
of the good will  it has created and 
fostered. 

The good will emanating from the 
Q Club activities reflects itself in 
the BRC operations. Few people take 
more pains and pride in their work 
than members of the BRC Family. 
They are understanding of company 
production and engineering problems. 
On the other hand, supervisors are  
more understanding of the individual's 
problems. 

Yes, Shop and Office collections 
have greatly benefited Boonton Radio 
Corporation-- they brought about the 
Q CLUB OF BRCl 

, .--. 
,- 

BRC'is proud of several other em- 
ployee organizations. The BRC Men's 
Bowling League is ABC sanctioned 
and its weekly "Bowling Nights reg- 
ularly draw 35% of all male employ- 
ees. The BRC Camera Club was re- 
cently organized and is very popular 
The photos on pages 5 and 6 w e r e  
taken by our Camera Club President. 

ALBUQUERQUE, N e w  mexico 

NEELY ENTERPRISES 

107 Woshington Street, S.E. 
Telephone: 5-5586 

ATLANTA, Georgia 

BlVlNS 8 CALDWELL 

267 East Paces Ferry Road, N.E. 

Telephone: Cherokee 7522 

BOONTON, N e w  Jersey 

BOONTON RADIO CORPORATION 

Intervale Rood 
Telephone: Boonton 8-3200 

CHICAGO, Il l inois 

ALFRED CROSSLEY 8 ASSOCIATES 

4501 N. Rovenswood Avenue 
Telephone: Uptown 8-1  141 

DALLAS, Texas 

EARL LIPSCOMB ASSOCIATES 

P. 0. Box 8042 
Telephone: Elmhurst 5345 

DAYTON, Ohio 
ALFRED CROSSLEY 8 ASSOCIATES 
53 Park Avenue 

Telephone: Oxmoor, 3594 

E N G I N E E R I N G  R E P R E S E N T A T I V E S  

HIGH POINT, North Carolina NEW HAVEN, Connecticut 

BlVlNS 8 CACDWELL ROBERT A. WATERS, INC. 

Security Bonk Building 
Telephone: High Point 3672 Teleph'one: Fulton 7-6760 

1 I50 Whalley Avenue 

HOUSTON, Texas PHOENIX, Arizona 
EARL LIPSCOMB ASSOCIATES NEELY ENTERPRISES 

P. 0. Box 6573 641 East Missouri Avenue 

Telephone: Linden 9303 Telephone: CRestwood 4-5431 

KENMORE, N e w  Yark PITTSBURGH, Pennsylvania 

E. A. OSSMANN 8 ASSOC., INC. H. E. RANSFORD COMPANY 
60 Pullman Avenue Grant Building 

Telephone: Riverside 6613 Telephone: Grant 1-1880 

LOS ANGELES, Colifornia ROCHESTER, N e w  York 

NEELY ENTERPRISES E. A. OSSMANN 8 ASSOC., INC. 
7422 Melrose Avenue 

Telephone: Webrter 3-9201 
3 Juniper Street 

Telep,hone: Culver 7640 

SACRAMENTO, California 
NEELY ENTERPRISES 

1317 15th Street 
Telephone: Gilbert 2-8901 

BOONTON RADIO CORPORATION 
BOONTON. NEW JERSEY 

SAN DIEGO, Califarnia 
NEELY ENTERPRISES 

1029 Rosecrans Street 

Telephone: Academy 3-8106 

SAN FRANCISCO, California 

NEELY ENTERPRISES 

2830 Geory Boulevord 
Telephone: Walnut 1-2361 

SARATOGA SPRINGS, N e w  York 

E. A. OSSMANN 8 ASSOC., INC. 
65 Webster Street 

Telephone: Schenectady 6-5428 

ST. ,PAUL. Minnesota 
ALFRED CROSSLEY 8 ASSOCIATES 

2388 University Avenue 

Telephone: Prior 4955 

SYRACUSE. N e w  York 

E. A. OSSMANN 8 ASSOC., INC. 

308 Merritt Avenue 

Telephone: Syracuse 9-3825 

WALTHAM, Massachusetts 
ROBERT A. WATERS, INC. 

4 Gordon Street 
Telephone: Wallhorn 5-6900 

Pr in ted  in U.S.A. 

8 

BOONTON RADIO CORPORATION THE NOTEBOOK

be made several times and then
averaged.

8. Insert the values of Cr and LloC
In equation (2) and calculate Qc.

Now, If the value of Qc calculated
in step 8 agrees with the value of
Qr recorded In step 5. b, within ± 15
percent aU Is well and good and the
Q Meter can be assumed to be per
forming sntisfaetorlly.

The method of Q Meter checking
discussed here does not take Into ac
count vnriations in Q Indication re
sulting from changes In loading ac·
cross the measuring terminals (sec
"Q Meter Comparison ", Notebook 2,
Summel' 1954.) Difficulties (if indi
cated ) lie elsewhere. For methods
of isolating the problem see tbe
Maintenance Section of the applicable
Instruction Book.

,. Hartshorn, L., and Ward, W. H.,
Institute of Electrical Engineers,
( London, 1936), equation 6. - pp, 79,
597, 609.

EDITOR'S NOTE ....

THE Q CLUB OF BRC

A BRC Employee had a bright Idea
back In 1942. The idea was born of
the Shop and Office collection prob
Icm-- a problem that prohably is
common to any firm employing three
or more persons. The Idea provided

a club for the purpose of remember
ing fellow workers on special occas
ions and to assist in arranging pic
nics etc.. Club dues would supply
the needed funds and Individual em
ployees would no longer face the Shop
and Office collections. The Company's
best known instrument was the
Q Meter and the new organization
was befittingly named the Q Club of
BRC.

Today the Q Club is a thriving
organization sponsoring acUvities in
which the great majority participate
and enjoy and remembering fellow
members of the BRC Family on spec
ial occasions. But we are still both
ered by collections. The Q Club has
gone a long way in controlling the
problem but never has been fully
able to meet the goal set in the ori
ginal idea.

Some of the Club's inability to
eradicate coUectlons can be traced
to an aspect of the Club's eXistence
which was not fully apparent to the
founders. This important aspect Is
the Club's healthy influence on em
ployee relations. When a new em
ployee starts work at BRC, he or
she Is soon greeted by a Q Club.
Representative--there is a repres~nt

atlve for each ten employees. The
Representative explains the Club's
history, purpose and Informs the new
employee that he or she will be eli-

gible for membership after the pro
bation period. FeUow workers arc
introduced and the new employee soon
has a feeling of friendship and be
longing to a group. In short, em
ployee relations are off to a good
start and where frIendly relaUons
flourish, tbe Ideas and desires for
coUectlons also flourish. The Q Club
treasuI'y always falls a little short
of the good will it has created and
fostered.

The good will emanating from the
Q Club actlvities reflects itself In
the BRC operations. Few people take
more pains and pride in their work
than members of the BRC Family.
They are understanding of company
production and engineering problems.
On the other hand, superVisors are
more understanding of the individual's
problems.

Yes, Shop and Office collections
have greatly benefited Boonton Radio
Corporation-- they brought about the
Q CLUB OF BRC!

BRC is proud of several other em
ployee organizations. The BnC Men's
Bowling League is ABC sanctioned
and its weekly "Bowling Nights" reg
ularly draw 35% of aU male employ
ees. The BRC Camera Club was re
cently organized and is very popular
The photos on pages 5 and 6 were
taken by our Camera Club President.
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lelep"one, C.I,e. 76.0

SAN OrEGO, Coll'o<olo

NEELY ENTUPllSES

1029 Ro.e"on, 5'.ee'

Telephone, Acod."1 J-8'06

SAN IRANC/SCO. Carl'o,nlo
NULT ENTERPRISES

2130 Geo'1 Iloule.o.d

hlephone, Wolnu' 1·2361

SARATOGA SPRrNGS. Ne ... 1o.k

E, A, OSSMANN & ASsOC., INC.

65 Web,•., Sloe.'

r.lepoon", 5'hene"od~ 6.5.28

n, .PAU1, MI.n..o'o

AlFIED CRO\SllY I A\\OCIATU

2J18 1,I.;.e"I'1 A',n"e
Telephone, P......955

DAllAS, 1•••,

{ARl LIPSCOM8 ASSOC'AHS

P. O. 80. 1042
Tole,,~on., Elmh.,,, 5J.5

DAHON, Ohio
AllIED CIOSSllY I ASSOCIAUS

5J Po•• A.e...
Telephoo., 0,.."", 359.

SACRAMENTO, Como.nio

NEHY ENlUPRISES

1317 15," S"ee'

r.l.phone, G;'be" 1·1901

BOONTON RADIO CORPORATION
BOONTON, NEW JERSEY

8

HRACUH. New 1o.k

f. A. O\SMANN I ASSOt., INC.

JOe M... it' A'enue

Tel.phon", 51''''"'e 9-3125

WAllHAM, Mon.thu,e'"

IOIEIT A. WAHR\. INC .

• G... doo 5',...
hlepho.e, Woi,hom 5·6900 ...-


