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CHAPTER |. INTRODUCTION
|—THE MANUAL'S PURPOSE

The Supreme Instruments Corporation s fully cognizant of the growing
" infarest displayed by servicemen, engineers, amateurs and experimenters in
technical esplanations of the internal and external functions, circuits and
design procedura of fube and radio test indtruments. Wa, theraefore, offer
this manual as probably the most complete discussion of these matters

go far svailable to the technical fraternity.

You have a justifiable right to a full explanation by the manufecturer
of all instruments which you anticipate purchasing. Mo effert has bean
sparad to bring you a complete sales .:n'u:lF| technical description of modem
fuba and radio testers as exemplified by Suprene’s new 1937 test instrurment
ling, Any further information you may desire can be cbtained by addressing
SUPREME IMNSTRUMENTS CORPORATION, Gresnwood i5a a8 P —AF-
tantion, Service Department. i

Certain test aquipment is absolutely necessary to tha proper function-
ing of & modern service shop and such equipment should include nine vital
general aftributes as follows:

[1] Freedom-from early obsalescence.
2] Simplicity of design.
1) Ease, flexibility and speed of operation.
4| Compactness without undue crowding.
&) Professional appearanca [customer aye appeal].
'. b} Ruggedness to withstand normal usage.
7) Accuracy within acceptable tolerances,
B| Lowest cost without sacrifice of quality.
{9; Test eqguipment manufactured by a reliable and ferward lasking
COnCErm.

Point for point throwghout this discussion, Supreme instruments are
proven to be the very embodiment of these requirements which has resulbed
in Supreme instruments becoming the servicaman's "Ma. | preference and

g their ready acclamation as “Supreme-by-Comparison .

1—A FEW FUNMDAMEMTALS

In radio service, or maintainance work, the technician iz interested in
saveral groups of measurements. The first group involves the fall of potential
across any circuit, being measured in volts, or in smaller or larger graduates
such as milli-walts or kilowalts, the lazt baing very rarely used in ?ruuml day
actual service work. The second group depend wpon the rate of flow of cur
rent through any given circuit, being measured in amperes or its equivalent
larger or smaller graduates, such as microamperes, milliamperas, atc, The
product of the fall of potential acrass the circuit and its flow of current re-
sult in the ameunt of power dissipated by the circuit which is measured in

" watts, cartain other factors being taken into consideration in A. C. measure-
ments. Other electrical maasurements such as capacity, decibels, tube qual-
ity, atc. have circuits iarly adapted to their use. Inssmuch as we
have re methed whereby we can, through human senses, measure these
quantities, it is necessary to fall beck on external physical bodies actuated by
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mechanical or electrical forces to do our measuring for us. Thus we have the
slecirical meter which responds to the effect of e ectricity upon a given cir-

cuit. A meter may be calibrated in standard units of voltage, current, power,
otc.

The whole basis of elactricity and its off spring radio is governed by a
vary simple formula, Ohm's Law, familisr in name to all, but actually com-
mitted fo memory |or of any practical worth) to an all foo small group.

Ohm's Law states that the product of the current in amperss flowing
1'|'r|'4:|-l..l-gh a circuit and the resistance of that circult in ohms is mgual to its fall
of petential measued in wvolts. In other words, if & circuit 10 ehrme
resistance and & current of 5 amperes flows through the circuit, an slachre
maoficn force of 50 volts is present across the circuit. Conversely, and b
substitution, & circuit having across it, a 50 volt potential and a resistance
5 ohms, will allow & current flew of 10 amperes. I+ is suggested that pride
be placed to side, a pencil and paper dusted off, and a few problems in
Ohm's law I:-:*-lwd out before proceeding with the balance of this discus-
sion inasmuch as much of its '.-af:n- will be lost unless the reader is fully
familiar with the following three simple Ohm's law equations :

E=|R

| =

=|m m|m

E=Volts [Petential] |'= Ampares (Current) R= Ohms [Resistance)

There is no substitute for actually working out the problems as presented

in this discussion inasmuch as the reader would have to be a mathematical
wizard to be able to compute the rasults mentally,



CHAPTER Il. THE METER

3—THE GALYANOMETER

Most measuring devices in service work at present employ the magnetic
effect of the current in combination with a permanent magnet but we will
only discuss the moving coil or D" Arsonval type of “magnetic effect” instru-
ment without delving into the “moveable-iran” type wed in A. C. measure-
rrenis.

The basic phenomena upon which all magnetic devices operate is that
& current of electrons flowing through a circuit set up & magneto motive
force, or field around the circuit, such M. M. F. being proportional to the
rate of the circuit's electron flow messured in amperes.
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1|‘.|i5 |'nlr '.'-!I!l -I"l.lih'ﬂ‘l'ﬂd i ] | qnd i. A ﬂﬂmpnﬁ is wi‘l‘hin
a coil of wire which is so l:m:atazu:r-:a'r the plane of its turns Fis in & north

and south direction. The coil of wire is connected in series with a source of
D. C. supply and a switch which is thrown open in Figure |. Inasmuch as
there is no current flowing through the coil, the compass needle will take
up & p-e,‘u.]!'in:m p.nr.:l-l to the axis of the eail.

In Fgure 2, wa depress the switch and a current flows through the coil,
causing & magneto motive force to be set up around the coil. With the
coil plane poinfing north and south, the magnetic lines passing through the
coil will tend to swing the compass needle from its north-south position in-
asmuch as these lines of force are at right angles to the compass neadla.

varying the amount of current through the coil, thereby varying the
ﬂ'r&n:'{h qirri-hg magnetic field set up a3 a :';ﬂ:uH' af its {Iw,h;’; algrﬁhly.
by incrassing or decreasing the number of turns in the coil, the needls may
be caused to deflect o proportionate amount of degrees from a position
parallal to the sarth's magnetic field, up to a 90 degree declination. If an
nﬂﬂml‘ing currgnt were th“m:i ‘l'hruugh the ::l;r“. it would tend to set up &
magnetic field in one direction and then when the polarity of the current

8
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flow was reversed, st up o magnetic field in the opposite direction; the two
forces tending to buck each other and unless the compass needle were to
hawve no weight and its pivofs were to have no friction whatscever, would
result in the needle remaining stationary or v]l:lrﬂh'rbg sightly about its
north-scuth posifion. Therefora, this type of measuring instrumant cannot be
used for alfarnating coerrent measurements unless the alternating current
is first rectified as explained later.
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Salvanometer type instruments such as the above are the oldest and
simplest methods of measuring the flow of electricity but due to their many
disadvantages resulted in the ssarch for & more satisfactory commercial
modal. This form of galvanometer due fo its construchion must of necessity
be used only in a level position and must alse be placed so that the coil plane
is in & north-south direction. Due to the long air path i is not sensitive encugh
for measurements of small currents and i3 easily effected by stray external
magentic fields which might be set up locally. If no “"damping” is employed,
the neadle will swing back and forth through the “at rest” position and will
thereby be relatively sow in use. Due to its dependence upon the earth’s
terrestrial magnetism it is also effected by any change due to “sun spobs”
and magretic shorms, s consfruckion is rathar hl..l“:'r. and it is mot wvary
adaptable to portability.

4—THE D'ARSONYAL TYPE METER

As a result of D" Arsonval's experiment, we have what is known today as
the ['Arsonval galvanometer, In this instrument, the earth's magnetic field
is replaced by a permanent horseshoe magnet which is placed in a station-
ary position and the coil made moveable.
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Fig. 3

By referring to Figure 3. we see a small
coill suspended between the poles of &
permanent horseshoe magnet, the turns of
the coil being in a parsllel plane to the
magnet’'s magnetic field, If the coil i con
nected in series with & source of D, C. supply,
a current will flow through the coil, setting up
lines of force around the coil which will be at
tight angles te the lines of force of the
parmanent magnet's poles. This will resulf in
the coil revolving about its axis (x-x)] until
the direction of the permanent magnet’s
finld is porallel with that of the magnetic
field produced by the maving coil, [Figure 4.]

It will be naoted that the narth pole of
the coil is nearest to the south pole of the
permanent magnet and vice versa, This is due
to the natural magnetic attraction of dis-
similar poles and harkens back to the elemeant-

ary laws of magnetism which state that like poles repel and unlike poles

aftract.

The actusl polar direction of the eleciro-magnetic field produced in
. the coil is governed by the direction of the windings of the turnz of wire

i D L
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Fig. 4
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on the coil. This may easily be ascertaired
by imagining the coil as being grasped in
the righ{' hand with the Fingan pointing in
tha directicn in which the current 'F||;n.u5 intao
the coil, the thumb pointing always teo
the narth pole of the electro-magnet, Re-
mambar, current flow s fram positive to
negative although electron flow is in the
opposite direction. In this instance, currant
flow iz used.

It will readily be ssen that the direc-
tion of rotation of the coil about ifs axis
may be revarsed by reversing the polarity
of the applied direct current and, there-
fore, measuring devices of this type must
be connected with respect fo the polarifty
of the circuit under tast,

As explained with the simple galvana.
mater, an alternating current passing
threugh the coil would set up an altemating

magnetic field around the coil resulfing in & practical concellation of any
coll movement ar at least o reduction to a condition of vibration of the

needle pointer.




5—THE MODERN D'ARSOMYAL METER

Fig. 5
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Tha actual design.of the permanent magnet "A" and the core 8"
is such that only sufficient clearance is left in which to revolve the-coil. “This
results in & concentration of the magnato-motive lines of force &t the propar
location.

The coil "'c"* swings upon pivot bearings “d” and "d| " and is attached
permanently to the indicating needle “e”. The coil "C" is opposed from
turning by the small spiral springs “5"" and "5]" which are connected at the
inner end of their spirals o the moving coil shaft and at their cuter end to
the staticnary bearing.

The spiral windings are in opposifion to sach other so that when the
needle painter travels acrcss the scale as a result of current flowing through
the moving coil, and the resulting magneto-motive force is set up thereby,
one spring eoils whila the other uncoils. The fension of the top spring “5"
can be varied by means of a moveable arm o that the “at rest” positior of
the indicating needla may be adjusted to a position directly above the
zera position of the meter scale.

To reduce friction, the moveable coil of this type instrument is wound
with very fine wire so as to reduce the weight of the moving pert and not
interfere with the accuracy of the indication. THe mowing cail shaft revolves
i the upper and lower pivets which are actually small jewels and the whale
mechanism is built as finely as a watch.

Te countarbalanes the indicating needle so that it will propery come
to rest at the same position on the scale |zero) no matter at what angle the
meter is resting, small pieces of wire are wound on the two ends af the
cross piece and on the rear and of the indicating needle, These are shown
in Fgura & as F, & and H.

It must be realized by now that the construction, and when necassary.
the rapair of such instruments must be extrermely precise if accurate meas-
srements are exnected, As in every other piece of mechanical squipment.
compromises must be made in its design and construction which by no means
bear any relation to, or reflaction upan, ifs aquality.

For instanca, there has always been a question as fo the exsct "damp-
ing" mecessary for various types of meters and the most legical answer would
be that this should be governed by the wse to which the meter iz placed.
In seme circuits, such as recording systems, where & meter is used to indicats
the risa and fall of the audio volume cut on the record, it is necessary to
use & metar with a very small amount of damping so that the needle will more
truly respond to audio peaks. In other instances, a meter must be used with
relatively high damping, but for average sarvice work there sheuld ba some
valua of damping in between maximim and minimum. This should be fast
enough to not appear sluggish but cantain sufficient demping to aveid "peg-
ging’’ the needle against sither end stop, By pegaing the mefar wa mean the
viglent striking against aither meter end stop of the needle when aither
indicating a full scale meassrament or raturning to its “at rast” position. The
result of over pegging is usuaily damage to the needls or movement and can
alsa be causad by applying too great a voltage across the meter terminals
or stated in anather way, allowing toa much current to flow through the
mater coil, but bending of the needla may easily result from too [itle
damping.




Heavy damping ol the irstrument can be obbtained winding tha
moveakle coil upon a thin non-magnetic metallic frarme such as aluminum
and in this case, at the instant the coil moves, addy currents are in
in the frame in a direction such as ta buck the coil's movement.

The air-gap in this type instrument must nat only be extramely power:
ful but also radially unifarm otherwise equal scala division will not result.

As suplained previcusly, to keep tha fotal weight of the maving body
at & minirmum, and its magneto-motive force with any given current at a
magimam. it 15 usual to use extremely small wire and & greater numbar of
“ampere-furns | in winding such a coil. The actual chmic resistance af the
wirg-comprising the roving coil and its short leads ta the meter terminals
consfitute its ‘mater infernal resistance’’. This resistance will vary as much
as 5% between individual meters of the same type and must be compen:
sated by adding saries resistance externally to a pre-datermined value as
explained later,

The amaunt of current required to flow through o coil so as to deflect the
meter needle completely or “'across te full scole™ is called its “meter sensitivity
and is measured usually in miliamperes or microamperes. This may alio be
stated as 5o many shms per volt: i. ., a |-milliampers mater has a sensitivity of
| 000 ohms per wolt as it requires, with a pofential acress the meter circuit
of lwolt, a total of 1,000 ohms internal and esternal meter resistance to
produce a full scale deflection of 1-milliampare, tharafars, an indication of &
| walt p-n'rerlr:.aL A Tomil. metar would l:!-ﬂ|‘;|' quIJiI'EI a total resistance of 500
shrrs in the same cireuit and would thereby be relatively less sansitive inas-
much as it would require twice the current for full scale deflection. The
higher the “ohmsper-velt' rating of a meter, the higher the sansitivity
thereof and in some service instruments a 200-microampers meter is used
with & sensitivity of 5,000 shms-per-volt.

Inasmuch as the construction of such a measuring instrument must be so
orecise, it is hardly possible te successfully build a meter in the servica shop
or home laboratory as its construction must of necessity otill be a specialized
commercial sciance just the tame as that of fine watch making, otherwise,
although results may be obtained, they will ba far from the dagree of ac-
curacy necessary for laboratary or service werk.

#

t—ACCURACY OF METER MEASUREMENT

The degree of accuracy of a measuring instrument is probably its most im-
portant characteristic and usually is in direct praportion fo the cost of the unit.
Meters may bo purchased for from less than a dollar up te several hundred
doflars and the variation in sccuracy will be just about as grest. For all
crdinary SEFviCe PuUrposes, i & mater has an overall accuracy tolerance of 2%
of full scale value, such a device will be whally satisfactory for service work.
Commercial radio sats ars constructad with potential and current allowances
of within an accuracy of 10%, or more, so. if we allow 2%, of full scale value
far the metar wa shall have an instrument which will prove eminently satis-
factory for service use. OF course, whera laboratory precision is not anly
desired but absolutely necessary, it is imperative that the purchaser buy a
much mare expensive type mater, The !I:'Hl:ifiﬂ'i 'd'ﬂ?"ﬂ& of ACCUraCy shauld

" be maintained over a period of years which necessitates good quality mater-
ial for tha ronstrection of the permanent magnet in the instrument,

10



Some types of laboratory instruments are tq'.n'p-pﬂ-d with a scale under
which is placed a mirrared surface which is viewad aither through a slot cud
i the meter scale ar the mirrar is allowed to project above or below the

' actual meter scals. Dus to the fact that the needle does not achually touch
the surface of the meter scabe, observational errors may. be infroduced
through what is known as “paralex’, or viewing the indication from a paoint
at which the mater needle does not interiect an imginﬂrﬁr line drawn |l
twaen the eye and the scale, such a line being at & %0 dagrea angle from the
plana af the meter scale. T'u:rrFl;rr'. ® gu-:rd rule te [ﬂ"l:nr in rﬁddiﬁg s flar
indications is to always place yourself directly in front of tha meter |if it &
in a varfical pﬁi‘l‘iqnh ar diracﬂ? owar the meter if the meter i |':|r-|ng flat.

Due to the intarnal construction of magnetic type meters, the meters are
ﬁi;h,h:"!f' miost sccurate betwesn nni:-ha.li ter feur-fifths scale deflaction and
the meter arror increases as the furthar to the left the reading on the scale
is taken. Because of the initial starting torque necessary, bearing resisfance,
and alsa due to the fact that in the "at rest’ position the meter moving coil
is almast out of the permanent magnet field, the errar sometimes runs rather
high on the first one-fifth of the scale. This is one of the reasons for instru-
ment manufacturars designing their test equipment so that a multiplicity of
ranges are available. Sufficient ranges should be provided so that no ac.
curate measuremants naed be taken within this first one-fifth pertion of the

-‘ meter scale.

Anothar cause for m-n‘ler inaceuracy is the condition wharein the meter
needle it nat exactly "zers adjusted”. All commercial fype maters are pro-
vided with an adjustment screw which, as esplained previoudly, varies the
tension on ane of the springs, allowing the meter needle’'s "at rest’” position
ta be varied over several scale divisions o that i may be &l.-ﬂrl:‘l'l'y centared
ovar the zero position on the meter scale. Always be cargful that delicate
test instruments are not subject to rough handling or over-loaded as such jars
are likely to demagnefize the permanent magnet to a certain estent and
result in incorrect readings. Any piece of mechanism with such precise maov-
ing parts and jewel bearings must be given a reasonable amount of cereful
handling, otherwise injury to the parts may result in incorrect or irregular
readings.

Thare are many additional features which should be mentioned in con.
naction with the commeecial type meters as utilized by the Supreme Inshru-
nents Corporation in their 1937 line of instruments.

. T—SUPREME INSTRUMENTS FAM SHAPED METER

Figure 7 illustrates the Suprems Fan Shaped meter used in the 1937
standard models (400 series).

This meter is designed for universal application in radio testing equip-
mant whera cnly one scale window is necessary. The scales are mare than
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26%, longer than the
usual round typa meter
scales, and are scienti-
fically proportioned
and divided for Basy
readability of the inter-
mediate as well as the
mwmbered  deflaction
points, so that frac.
tional walue: can be
read as quickly and as
pasily as even wvalues.
The current maasuring
and potential measur-
ing ranges are evenly
il oy divided to cnrmspnnd
T with the I'-ﬁa.}r char-
: acteristics @ the
F";' d O Arscaval mowament,

This is true for both D. C. and A, C. voltage measurements. The actual meter
movernent may ba a 10-mil., 1-mil., or less valee depending upon the circuit
and use to which the meter and associated parts are to be placed. The scale.
of course, would depend upon these conditions also and we r'nighr point aut
that a 1-mil. movement meter used for analysis purposes and a |-mil. move-
ment uied 41 & fulbe test meter are emrﬂ':,' the sarme in internal construction
oty ._1il'"{--i:'|g in their indicating scales. 'We will see later how one meter can
pe used for both functions. In the case of the meter illustrated in Figure 7, the
scales are designed for current measuring ranges of 0-5 and 0-125 milliam-
peres: for A, C, and [, C. potential measuring ranges of 0.5, 0125, 0-500 and
0-1250 wolts: for chmmeter ranges of 0-2,000 and 0.200,000 ahms with a 4.5
volt battery. If desired, an external 45-volt D. C. source may be used in con-
necticn with the meter for a higher range of 0-2 megohms, or a 450 D. C
Fu:.u-r:h.-.l used with the meter for a Hgl‘mr ramge ol 0-20 n--g-g-;:.hn'.s. This, of
Couri, depeﬂds_ upzn the circuit wied and full information an these circuits
will also be given.

The upper are of the matar is used for an chmmeter swcale and, although
chmmeter ranges are not linear in characteristic. this scale s draided sa that
BASIET r.:.ﬂ._'lan |||'Ir 1% F.r.;hvw_h_—r] than with tha dsual ahmmeler scala. Lﬂ-rgg ‘IIE_I
ures are wsed for tharghmmetar range as well as for all other ranges of the
meter, once more assuring an easy readability unusual far meters in radio test-
ng equipment, This feature is especially appreciated by those professional
radiomen wha Rave oocasion bo use fhair festars in i;us‘i'n-mer:-' harmss in Whifh
raddios are not always located whara |iqnhr'.|:_| canditicong ara gl}ild. The large
figures along the scale of this meter are alse helpful to thase radiomen who
sometimes want 10 place their testers on the back of their work benches, out
of tha.way, and still be able to read the meter deflaction.

With a mater of this type. accuracy tolerance is placed at a maximum
of77% . based on full scale walues, so that the maximum pessible calibration
grror cannot exceed more than one division on any range of the meter for
amy measurement. |ts handsome bakelite case and 267 longer scale combine
beauty, ruggedness and accuracy in a unit which is built for wear and tear
but conttructed as finely as a Swiss watch.

i3
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2—DESIGN OF METER INDICATING MEEDLES

Far sariar types of meters, heavy “spade” pointers or neadles were used;
and thesa were advantageous in that they were heavy and wers not easily
bant when the maters in which they ware used were overloaded or the needle
was “sammed"” or "pegged”. Alse, the "spade” pointer is more easily fol-
lowed under the poor lighting conditions which are faund in some locations.
In later metar types, the use of the “knife adge” pointers were employed on
the basis that such pointers enabled closer reading. However, “knife sdge”
needle pointers are more difficult to follow in bad light than ''spade” paint-
grs. They are less rugged and, therefors, are more sasily bent when “slam-
med” or "pegged’. The pointer on the Fan Shaped Supremas meter com-
bines the advantagas and eliminates the disadvantages of the two earlier
typas of poinbar. The new FII:H-MH has a heavy I:!-ﬂd!.n' lika the ald "spﬁdb"
pointer. This assures visibility in poor light and provides a safety factor
against its being easily bent. That part of the pointer which rests over the
scales is flat in “knife adge” style to enable accurabe readings. This meber
style is gradually being adopted by sevaral meter manufacturars, bacauss
of the obvieus advantages over eld style pointers, and is only another ad-
vantage in designing & meter for specitic radio tester requiremants.

3—METERS AS USED IM TEST INSTRUMENTS

Those servicemen who have used test instruments for a numbor of years
will recognize the swing toward instruments which employ one, or of the ouf-
side two, meters for making all functicnal measuremeats. During radio's
“babyhood” a test instrument was not complete without a multiphcity aof
meters, sach one being used for but ane function. However, with the ad-
vent of the multi-gang switch and elso the method of testing which uses pin
plugs and jacks, [sometimas nicknamed “shoe strings”] but better known as
the “'Supreme Free Reference Point System of Analysis”, fest instrument
design boilad down e some system aof switching one or, at the mest, two
metars to perform all types of messsrements including voltage, current,
resistance and capacity measuring functions. Inasmuch as these mesasuring
devices are all basically current measurers, it 5 anly necessary to add auf-
ficient resistance in series with or across the mater, and in the case of resis-
tance and capacity measuremants supply the Eircuit with proper potentials,
te perform all the necessary functions with but one meter.

|0—THE MEW SUPREME QUADRIMETER

In keeping with Suprema’s pladge to the serviceman to always incorpor-
ate the newsst and best of laboratory tested parts and circuits in their new
models as introduced. Supreme takes great pleasure in offering the new and
exclusive Supreme Quadrimeter with its Bi-Indicating Sword painted nesdie
and Dual Viewing Windows. In Supreme models for which an A. C. supply
is necessary, these dusl upper and lower wiewing windows arg indirectly illumi-
nated by means of small light bulbs.

Figure B pictures the new guadrimeter whick has an oversll size of
§.1/4" x T-1/4" with full 3-3/4" long, evenly spaced, and clearly marked
scales. The deuble ended indicator is centrally balanced, being powered by

g
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a high torque meter movement which is heavily
dampad and utilizes a large hi-permeability mag-
net with welded pole fips. The quadrimeter is
available in two mevements. Most of the 5Su-
preme |937 instruments use the I-mil. mave.
ment, while the circuit reguiremants of saveral
cthar models necessifate a 200-micrcampere
micnae mant.

As can readily be appreciated, the dual
viewing windows allow the combining of a num-
bar of ranges and functions on double scales so
that only one or two maters need new be used
far all tube and radia testing circuits. On in-
struments whose foemar medals wied but cne

Fig. 8 meter, the double scaled quadrimeter wsed on

thiz year's models allows stll greater resdable

meter window space, resulting in clearer and larger indicating points and &

Hiqher deqr&a of raadinq ALCUraLYy. The front cower af the meter is of

beautifully moulded bakelite and is sasily removeable for replacement of view-
ing window ifuminating bulbs,

There is no doubt that this new Supreme Quadrimeter will become gwen
more popular than the Supreme Fan Shaped mefer with technicians who
desire the vEary latest and bast in st instruments,

I l—EXTERMHAL METER SERIES RESISTOR

We have praviously explained that the internal resistance of this type
meter varigs ocver a considerable range, even between individual wnifs, and
for simplification in quanl‘il":,' production of tost instruments, it iz sdvisable
to use a resistor conneched exfernally in saries with the meter, the combina-
han resistance of the asternal resistor and the internal armafure resistance
of the meter to total some pre-determined round figure, This may be illu-
strated in Figura 9 in which the average internal resictance [R ) of a |-mil,
Suprama Fan
Shaped meber s
.g.ppn:m'nurahr 115
ohmi, and tha
combination of

-I"E:u;' this resistance and
"*v“v"'..-'*u""u an external rasistor
+ —-— aof npprm:mniehf

1845 ahms [Rg)
would give a 300
ahm fotal meter
"EI_"F resicfanca af Rh’
Byaccurately
winding and cali-

brating the series

W external resistor to
each individual

"'"E-:H s -, meler, a standard

total Ry value may

Fig_ 9 be uted da caleu-

late. the wvarious
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circuits which are to be connected ta the meter for different measuring func-
tions. The Supreme Quadrimeter in the I-mil. type has an internal resistance of
approsimately 80 to 100 chms. An "Ry" value of approximately 210 ohms is
wsed with this meter movament to allow a constant “Ri" of 300 ohms. regard-
lass of individual internal armature resistance variations. The Supreme Quad-
rimater in the 200 microampera type has an averags "Rm " of 1450 chms,
an averags "Rg" of 200 chms and, therefore, a constant "Ry of 1650 chms.
It will ba noted that tha 200 micrcampers movement has a conside
larger internal armature resistance due to the greafer number of armature
turns and the finer wire usad. 200 microampers movements could be de-
veloped with lower armature resistance, but they would have a lower forque
unless extremaly sxpensive magnet material were used to supply the lacki
linés of force. The resulting meter would be no better for the circuits invulvzg
and, tharefore, would add to the price of the meter unnecessarily. The
lowest permissible torque level would be 095 to .1 MM.G. The |-mil.
QDuadrimeter has a .31 MM.G. torque and the 200 microampera meter &
280 MM.S. torque. The accuracy of the meter is plus or minus %
of full scale angular deflaction,

CHAPTER lll. SET TESTER CIRCUITS
12—DESIGN OF D. C. VOLTAGE CIRCUITS

As shown in the foregoing. whether the meter movement is-used %o
measure fall of potentisl [voltage) or current, the movement actually is always
measuring current, When used as a voltmater, it is connected in series with
an external high value resistance of a pre-computed value and when
a3 an ammater or milliammeter it is connected in parallel with a pre-comp
ralatively low walue resistor,

When & metar has o full scale value of 1.0 miliampere, the required
series resistonce necessary to make the meter read a |-volt potential at full
scale deflection is 1,000 ohms. This is the "ohms-per-volt” designation as
given previeusly and is always equal to the total resistance of the internal
meter armature resistance and the external series resistor, or Ry, divided by
the required maximum voltage for full scale deflection, Stated a1 a formula:

R"r
R, =
E1‘

As tha resistance par volt value of the mefer is equal te the total extarnal
and internal meter circuit rasistance divided by the masimum veltage for ful
seale daflection value, to compute the total external and internal resistance
value for any voltage range, it is only necewary to mulfiply the “chms-per-
velt” valua of the meter timas the maximum voltege fer +F'|.|1TEDD|-I deflection
required.

Thiz formuls is as follows:

P‘t'RF"" . E+

. In other words, as a 1-mil. meter has an ‘chms-per-volt” valee of 1.000
if a totel deflection scale value of 7 volts is required, it is only necessary to
multiply 1,000 times 7 equalling 7.000 or the necessary number of ohms in-
ternal and external resistance for a 1-mil. meter to be used as a T-volt full
scale voltmeter. As the internal armature resistance of the mefer is approxi-
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mately 90 ahms and, therafore, the external resistor necessary te being it up
to a common 300 ohm value s approximately 210 chms, the additicnal re-
sistance necessary to be wed in the 7-volt volimeter circuit would be 6700
ohims.

b A typical multirange voltmeter circuit (as used in most of this year's radic ""5!
testers) utilizing a |-miliampere meter is illustrated in Figure 10. As can be
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1 28 co0Ca
| & =ZocA Q) IS\
i LA P
i 0 ) SO
| .2/ MES g
il 0) FSO v
| a..:sﬁ:ﬁg
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ﬂ?b#ﬁ.g
@ IEOO <
al
o) corT .
Fig. 10 O

seen by the diagram, the 35-wolf range, inasmuch as the meter ha: an
“ohms-per-volt” value of 1,000 would require a total of 35000 ochms, this
baing made up of the intarnal resistance of the meter (90 chms approximate.
ly]. the external compensating resistor [210 ohms npprmimafﬂl-rlj. the &700
ohm resistor for the T-walt range and the ZB.000 ohm additional resistor fo
make up a total resistance of 35,000 chms. The [40.volt range would require
140,000 ohms and, inasmuch as we already have a fotal serias resisfance of
35,000 ahms it i ﬂnh' FECELLa Ty ta mdd a 0,105 mugnlu‘n resistor o make up
the correct value. The balance of the ranges are calibrated in exactly the
SAMME MARRET.

In the Model 590 Multimeter and Model 595 P. A. and Radio Analyzer,
a matar having a 200 microampers movement is used which, according to
the above formula has an “ohms-per-volt” value of 5,000 |n Figure 11, we
see the Model 590 valtmeter circuit, The total internal resistance of the
meter plus an external calibration resistor in this case is equal to 1650 chms,
and as the first range of & volts necessitates a 5 » 5,000 ohem resistor (25,000 'a'j
ohms| the actual resister s 23,350 chms which, tegether with the internal
snd external mefar resisfance result in the correct value. Tha 25 valt range
requires a total resistance velve ef 125000 chms and, therefore, a 0-1
megohm resistor is added to the previous 25000 chms. The balance of the
-:n"har rAnges arg r.nmpuhad in 'Hm- sAME MAnner,

16



2FF50

AN — A
o/ MEG. §
= ION 0) &5 v
o8 MTES.
Q) S35 v
G225 MES
0) 250 v
[P rTEG
0) SO0 v
F 75 MEG.
0) /2SO
G. .25 HEE§
0) 2500w

Eaii (0 corrr

13—DESIGN OF DIRECT CURRENT MEASURING RANGES

When using a mater to actually measure the current passing through
any circuit, it must be borne in mind that the total current p-:minghihrnugh
the circuit to be measurad must also pass through the meter or be bypassed
arcund the meter through the use of a "shunt' resistor. This is analogous
to a one-way highway which is just broad encugh for seven cars abreast.
If the road now must pass over a river, and it is still to carry the same seven
ears abraast, it is posible to sither build cne bridge wide encugh for the
seven cars or one bridge one cer in width, and ancther bridge six cars in
width. If a circuit to be measured is corrying a current of 7 milliamperas.
we may use a 7 miliampere meter or a |-milliampere meter and a shunt
resistor which will bypass the balance of the & milliamperes of current. In
radio sarvicing work, it is not possible to standardize on any one meter
movemant which will take the total current to be measured, and also give
an indication of the smallest amount of current to be measured, without us-
ing some combination of shunt resistors.

ln the |-milliampere meter circuit designed for current measurements
and usad with most of the 1937 Supreme line, the total shunt resistor has a
value of 50 ohms and is tapped for lower shunt resistor values aecerding fo
the varicus higher current ranges desired, as shown in Figure |2, In this
case, i a total current of 7 millamperes must pass through the meter circuit
and caly |-milliampere maximum may flow through the meter, a resistor
which is exactly one-sicth the total external and internal meter resistance
must be used to bypass or “shunt” the other & milliamperes of current. As
the total meter resistance is 300 chms, | /6 of 300 ohms would ba 50 ohms.

Anather method of determining the total shunt resistance is through tha
usa of Kirschoff's low which states thot the sum of the currents in any circuit
i mqual to the tatal current passing into and out of that circuit. Inasmuch
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as the current entering and leaving the currant maasuring circuit is the tama,

any resister o resistance value placed across these two points will have the
same potential placed across it as is across the current measuring circuit.

The meter, with its resistance built up to & value of 300 chms, requires a
potential of 0.3 volt 300 millivolts) to cause a full scale current of 1.0 milli-
ampere to pass through the meter. This is determined by applying Ohm's I.H,I
law which states that the woltage scros: a circuit is equal to its resistance
times the current flowing through the circuit [E=IR]. As a current of 001
ampere is necessary fo causs a full scale deflection of the meter, and the

total internal and externsl meter resistance is 300 ohme, the product of this
would be 0.3 volt ar 300 millivelts,

Inasrmuch as the same potential would be ﬂIT"‘d across any shunt re
sistor connected in parallel across the meter, and as the current necessary
fo be bypassed is 005 amperes, the necessary resistance con be computed
onoeE more uiing Ohm's law, b-':,r d'i'.'idinlg the current ||:II}& umpera5.|h inta tha
voltage impreswed across the eircuit or 0.3 wolts, the product of this baing
50 ohms. The formula in this case being: , _E

For the current measuring ranges abowve the 7.0 rrri"'mmp-&ru range, the
50 ohms shunt resistor is tapped at several smaller resistor walues, thereby
'Furrning what is known a5 a ' rinl:_; fi{pe" shunt, the #otbal "rinlg" resistancs
value being 350 shma. The sactional resistamce values of the 50 ohm shund
rasistor are calculated by multiplying the total “ring” resistance (350 chms)
by the full scale current of the meter (D01 umpunﬂ. dividing the result by
each range value, in turn, from the common ferminal, and substracting the
Sum -e;uF '|'|1. Fhrn-e:.qdlng '\h:‘l,.lﬂ! 'Frnrn nm:h n&wl"l :Ia'ram'u'nad '-'n!llu-b. Stl. h'r q
multiplying 350 ahms (the “rng’” resistance] by 001 ampere [the full scale
maeter current] we have a volue of 0.35 into which each range value is divid.
ed, in burn, for determining the required shunt wvalues. Taking the shunt
value for the highest range [1400 M. A.] as our first problem, we divide 1.4
ampares wnbo (.35 [our fotal ring | '.'ﬂ|uu:| and find that a value of 0,25
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ohm is correct for this resistor, The 700 M, A. range shunt walus of 0.25
ahms results from di\'iding a7 BT el inta sur batbal Iring “IR" waloe of 0.35,
or 0.5 chms, but, since we already have a value of 0.25 ahms for our pravious
range, subtracting this value from 0.5 chms results in a value of 0.25 chms
for tha second section of the shunt alss. For the 350 M. A. range, 0.35
ampares 5 divided inte 0.35 [our ring "IR" wvalue), resulting in 1.0 ohms, but
inasmuch as we already have 0.25 ohms for our first range and 0.25 ahrms
for our second range, their sum, 0.5 ohms, subtracted from 1.0 ohms gives
a value of 0.5 chms for the third section of the ring. The caleulations for the
balance of tha Fanges is a'l.uu;H':,r the same and for the 140 M. A. range s ag
follows: 0.14 ampere divided inte 0.35 squals 2.5 chms, fram which is sub-
tracted 0.25 ehrms (first ranga], 0.25 chms [second rﬂnqgj and 0.5 ohms
{third ranga), laaving 1.5 ohms as value for fourth section. For the 35 M. A.
range, divide 0.035 ampere inta 0,35 which equals 10 chms, less the accemu-
lated 2.5 ahms e 7.5 chme for value of fitth section. Ear tha T 4. A, range,
divide 0007 ampare into 0.35 or 50 chms less 10 ohms pravious sectional
resistance or 40 chms value of sisth saction.

The accuracy of our previous calculations may be checked by again ap-
plying Ohm's law, As an example, the shunt value of 0.25 ohms for the
1400 M, A, range it in parallel with the remaining 349.75 ohms of the “ring”
eireuit which, r:.rian multiplied by the meter current of 0.001 ampere, pro-
duces a potential drop of 0.34975 volts. With 0.001 ampere going through
the meter, the remaining 1.399 amperes will go through the 0.25 ohm shunt,
producing & potential drop of 0.34975 volts, Since the potential drap across
both parallel paths is identical by Ohm's law, it is concluded that the calcula-
tions are correct. The other ranges may be “checked'' by the application of
Chhm's law in & similar manner,
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Fig. 13

In Fil:']ure 13, we sea the came g-nur:ﬂ cireuit, but & differant set of
walues ac computed for the Model 590 Multimeter and Modael 595 P. A
Tester. These two models use a 200 micrcampere meter and the value for




the full scale current 'Ihmi.lgh the meter shauld be 0002 ampere with a total
internal and extarnal meter resistance of 1650 chms. The balance of the
values can be worked out a5 previousdy described and could be used by
the reader as & problem to solve so that he might assure himself of a com-
plete undarstanding of “ring” circuit design. The correct values for the l;-ﬂ
various sections are shown in Figure 13, In the bodels 490 and 495 thera
is also included & 250 microampere range, and on the Model 495 & 125
ampera range. The circuit and wvalues for these twe ranges are shown in
. j
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Figures |4 and 15 respectively and were computed by wsing the same form-
ulas a5 above.



It might be added that, when handling current sbove about an ampera
or twe, large binding posts and heavy bus wire should be vied whanever nacas-
sary so that no appreciable resistance is added to the external circuit, All
connactions should be made before introducing the current through the
measuring circuits so that there is no arcing at the connecting terminals, as,
with high current values, heavy pitting of the terminals will result fram mak-
ing and breaking connactions "hot”,

Care should be taken when meacuring current values with the 250
microampara metar range. as any meter when uted on its most sensitive
llowest] range is mare vulnerable to unintentional overloads than when being
usad on the higher ranges.

The Euprllnl Model 510 Meter Kit and tha S-IJFH'EI-'I'I'E Model 540 Radio
Tester utilize somewhat less extended current measuring ranges. This circuit
is shown in Figure 14 and the reader will note that, althaugh the total "ring
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Fig. 16

resigtance mamains the same, o i MeC S Ly te recaloulate the individual
sechions.

14—DESIGM OF RESISTANCE MEASURING CIRCUITS

The resistance measuring circuits of the 1937 Supreme Instruments uses
the meter primarily as a voltmatar with the current passing through the meter
calibrated on an "OHMS" scale instead of a "VOLTS" er "MILS." scale.
In the multirange chmmeter circuits of these ingtruments shunts are used to
snable the different sensitivities required for sach range and to this axtent
the chmmeter circuit, resarmblas currant-measuring circuits in which shunts are
usually required.

In the dasign of chmmeter functians, it is necassary to fake into consid-
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eration ||] the current required by the meter for full scale deflection, (2
that & small amount of currant must be allowed for passage through a veri-
able "Taro Adiustment” rheostat to compensate for the natural depracia-
tion of a new lhuﬁnr-,-, (3) thet another small amount of current must be
allowsd for pasage through the fixed shunt for the highest resistance
mEasuring mnga.c'li-{ that thesa three current values, when added e,
constitute the load for the highest resistance measuring range pessible with
the available battery potential, and (5} that the current loads for the lower
ranges must be deci-multiples ef the current load for the highest range in
order that all ranges fall on the same “OHMS" scale.

Consider the circuit shown in Figure |7, This is a circuit diagram of the
ohrmmeter used in the Supreme Madsl 585. A close enalysis of the circuit
will thow that for the lowest, or 2,000-chm range. ;ha 33 ohm miifmrﬁis

- a shunt resistor while the

wefoa POCSS 297 ohm and the 2723 chm
; rasistors act as multipliers to

the metar with its 600, 4200
ochm shunting resistor mace
up of a fizad 600 ahm re-
sistor and & 3600 ohm rheo-
stat. For the 20,000 chm
range, the 33 chm and the
297 chm resistors (330
ohms total) act as a shunt
and tha 51 ohm and 2723
phm resistors function as
multipliers. For the 200-
O00-ohm ranga the 33 chm,
T 25 297 ohm and 2723 chm re-
' Fig. 17 sistors (3053 ohms total)

act as a shunt and the

D

AT ARREE R

3249 ohm resistor acts as a multiplier.

In this particular cireuit the current value for the highest range is 0.0012
amperes (0.001 ampere through the meter, 0.0001 ampere through the wari-
able "zero adjustment’’ shunt, and 0.0001 smpera through the fixed shunt
made up of the 33,297.2723 chm resistors]. For the next rangas the current
is 0.012 ampare tatal and for the lowest range the current is 0.120 amperes-
Tha current for the lowest range is about the load limit for & small 4.5 walt
battery to carry and still give economical sarvice. -

Using the values indicated in Figure |7, and assuming an average bat-
tary potential of 4.25 valts [halfway between a new battery value of 45
valts and a discard valus of 4.0 volts) we can determine, by different appli-
cations of Ohm's law, that the variable shunt rheostat should be et at a
position so that the total of the used pertion and the fixed 400 chm resistor
tatal 1400 chms when the rheostat is adjusted to “Zaro Ohrma” with the
lgwest range terminals shert circuited, On the basis of the circuit conditions
then prevailing, it may be of interest to the reader fo analyze the slaments
invalved to show that the affective internal resistance of +E:’na!wnr|: it 35
ohrs for the lewsst range and deci-multiples of 35 chms for the higher
ranges. The joint resistance of the |400 chms resistance in parallel with the
metar rosistance value of 300 ohms is 247 ohms. This value added to 2724
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chms and 97 ohms gives & total value of 3287 ohms, This value of 312867
ahmd rhd h&mnﬂd&:ﬁd in parallsl with the 33 ohm shunt for the lowest
range. The joint resistance of 3247 ohms in parallel with 31 ohms is 32.67
_ chms. This value of 32.67 chm: when added fo the internal battery resistance
‘“ of 2.33 ohms gives a total effective internal resistance value of 35 ohms for
tha 2,000 ohm range, For the 20,000 ochm range, the joint resistance value
of the meter and its shunt, 247 ohms, is added to 2723 chms giving a value
of 2970 ohms which is in parallel with a value of 330 ohms made up of the
two sections of 31 and 297 chms. The joint resistance of 2790 and 330 ches,
15 237 ohmi which when added ta the 51 ahm resishor and the battery re-
sistance gve a total effective joint resistance walue of 350 ohms for the
10,000 chm range. This vaive of 350 ohms is 10 times the sffective |oint
resistance for the 2,000 chm range. For the 200,000 ehm range, the jeint
meter and shunt value of 247 ohms is in parallel with 3083 ohms, made up
of the 33 ohm, 297 ohm and 2723 ohm sections. The joint resistance of 247
arnd 3053 chms is 229 ohms. The total of 229, 3269 and the infernal resist-
ance of {he hu‘l‘lﬂi"lr i 3500 shms far the internal resistance :.hF the 200,000
ohm range. This value of 3500 chms is 100 fimes the value of 35 chms for
the 2,000 ohm range.

The resistance measuring ranges beyond 200,000 chms are powered
from a miniature "power pack’. The internal resistance of the tube which
is wsed as a rectifier tube must be taken into account when determining ths
multiplier resistance values required for the higher ranges. Since the internal
rasistance walue of & wecuum fube is not a constant value, but waries with

'i varying loads, it cannot be expected that the higher ranges will be as ac-
curate as those powered with a battery. However, they are wall within
folerance.

Eaading the "OHME" scale from left to right, the pointer deflection in
percantage of full scale deflection far each division an the scale & defar-
mined by adding the value corresponding to each division to 35 and dividing
tha total l;:ry 38, For a:urnp|a, if wa wish to know the du‘l:h:u:ﬁ:;n p-e-rr:ﬂﬁ+-
age for the 100 ohm division of the scals, we add 100 ta 35 and divide the
total into 35 to find that the 100 ohem division is 25.9% of full scale
deflaction.

Figures IB and 19 show the ohmmeter circuits for other models which
hava been designad in a similar mannar,

Far v chmmater ranges such &g us:u:l an the 0-200 ahm range on tha
Models SBS the=shunt type of ohmmeter is used. This fype measures the
change in currpnt caused by plecing an unknown resistor across the “Low
Ohm™ terminals. Thess changes of current are calibrated on an "OHMS"
scala dil-Bi_'.H'f in chms. The nmmn"',l QpEn switch shawn % in-!;n:ll"'.'lcll'ﬂ‘l'ﬂd ta
protect the battery. Due o the high current required by this circuit, the
battery would soon réach ifs discard value unless some means were provided
to leave the battery disconnected ontil the ohmmeter is actually in use. This

. circuit is shown in Figurs 20.

15—A FEW A, C. FUNDAMENTALS

While in D. . potential or current measurements polarity must be
chrarvad, when making A. C. measuramants wa have ne such condition, dus to
the fact that the current and valtage are always in & shate of “flux” or change.
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Af one instant of time, ona side of the line may be positive with respect to
the other side, while only a moment laker, the condition will be reversed.

While it is not within the province of this manual to take up with any ‘
degres of depth A. C. fundamental theaory, cartain points must be fouched -
 upon before proceeding.
A sine-wave is shown in Figure 21. Thers are three mathods of measur-
ing A, C. potential values. |I] Peak. (2] Root Mean Square. (3) Average.
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Peak valuss are equal to the mazimuem plus or minus swing of the A, C.

supply  and  are
only  instantfaneous
voltages. R. M. 5.
i Reat Moan
quare] values are
considered as A
. potential and
current walues hav-
]ng thes sarme heal
ing effect as equal
D. C. patential
— - and current walues,
\_ = RS valuss ara
always approxi-
ﬂlg 1._?1} I of
: “values; i e
F'g‘ 21 values  ara
approximately | .4
timas R.M.5. values. Usual +'ﬂ:nm ol :.’rrnilghl A, C. meters indicate RS,
values, but D. C. meters used with some method of rectifying the AL C.
voltage, so as to be used across A, T, potentials, actually indicate average
values which are lower than R.b.5. valuas h"."' tha ratio of 1:1.11,

AL --.-'ll'l'-:'-l

;
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Yariation in A. C. Potential measurements from a linear scale is caused
l:-,,' the "current dgnsiﬂl" characteristic of instrument rectifiers, and this must
be taken inte consideration, as esplained later, so that the A, C. potential
maasuring scales will remain linear,

“Leading” or “lagging” currents or potentials in A, C. circuits are
accomplished by adding inductance or capacitance in saries with the circuits.
Therafore, besides the straight resistance of an A, C, circuif. we may have
“Inductive Reactance’” and "Capacitive Reactance”, and the thres walwas,
combined, constitute an A, C, circuit’s "lmp-ada-rl-l:a" and is I‘!I-FI"ﬁHﬂd h'p'
the equation:




z W? + pwri— 1?2
7T
where Z= Impedance, R = Resistance, ZTTfl = Inductive Reactance and |

= Capacitive reactance, ET”‘:‘

| 6—IMSTRUMENT RECTIFIER DESIGHN

A rectifier is defined as a device which offers a high resistance to the
flow of current in cne direction and a comparatively low resistance to the
flow of current in the opposite direction. Thus, if an altermating voltage is
applied to the terminals of a rectifier, current can flow through it in enly
one direction, so the current is & pulsating direct current. Hence we say
that altermating current has bean rectified to direct current. Sevaeral forms
of rectifiers have been developed but the most suitable one yet found for
use with & moving coil type meter is known as the copper-oxide dry-confact
rectifier, two types baing shown in Figure 22,
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In the copper axide rectifier sach element consists of a dise of copper
oxide held in contact with ane of copper, Lead washers are used betwesn
the brass terminal plates to produce uniferm pressure aver the entire sur-
face of the copper and copper caide disc. The peculiar property of such an
arrangement allows current to pass easily from the copper exide to the coppar
dise, but not in the reverse direction.

In the design of the Supreme 1937 instrumnents, it was desired ta have
the smoothast pessible D. C. cutput frem the rectifier unit. This was ac-
‘complished by using the arrangemant shown schematically in Figure 23.
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Figure 24 shows the mechanical arrangement of the parts of the rectifier.

Sinca the D. C. output of the rectifier is pulsating in charactaristic, the
meter will read averoge valuss. Thess average values are equivalent to
0. C. values. by the ratic af 1:1.11 o that tha paternal circuit must be so
arranged as to increase the currant flowing through the meter to values
equivalent to D. C. values or "R.M.5.7 A, C. values.

The “current density” characteristic of
instrument  rectifiers s another matter
which must be taken into cansidaraticn
when designing commercial testers. This
characteristic manifests itself in the form
of an increase in the rectifier resistance
with & dacrease in the electrical load. The
current density characteristics may be bet.

ter understocd by studying the tabulation
of current and resistor values through a
typical rectifiar as shown in Figure 25. The
sffect of this characteristic is reduced,
hawever, by the usual multiplier resistance
used in a voltmeter eircuit, |t may be
further compensated by introducing a ca-
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Fig. 25

opposite to that
tend to keep the ci

of load,

pacitive reactance within the circuit. The
proper capecitive reactence will introduce
an effect which is approximately sgual and

of the current density charactaristic and will, tharefare,
reuit's A, C. impedance approximately equal regardiess
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Another rectifi-
@r circuit uied in
the 1937 instru-
ment: 13 shown,
ichnarna’rical!f\{.; in
Figura 26. This ar-
rangement congists
af twa halfowawve
ractifiers ‘and two {
redistors  arranged !
in a full - waws

'I:ridu?u cireuit, Ap-
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- -
prouvimately the
same condifions I L 2
pra:v.u“ for this ar
rangement as for Fig. 26

the full-wave.bridge typa rectifier of the sbove paragraphs.

I7—DESIGN OF A. C. POTEMTIAL MEASURING CIRCUITS

A, C. potential measuring functions of Supreme’s 1937 line, differ
from the D. C. potential measuring functions in that (1] the meter is con-
nacted to the cutput terminals r-:& a fullwave instrument rectifier, (2] a
capaciter is substituted for the first multiplier resistor, and fha capacitor is
connecfed in series with the rectifier input cirevit, [3] each of the multiplier
resistors abowe the first range are bypassed with a calibration capacitor. A
typical A, C. potential measuring circuit is shown in Figura 27,
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Fig. 27
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As stated previowly, alternating current values, as measured by un-
compensated 0. C. meter—copper oxide rectifier circuits will not measure
RMS5. or "equivalent D. C." wvalues, but will measure “average” wvalues
which are approximately 10% lower than R.M.5. values. For example, an
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A. C. potential of 100 volts would measure, on such a circuit, about 90 valts.
This difficulty requires some means of correcting the sensitivity of the metér
betwaan A, C. and D. C. potential measuremants. |n the 1937 line of Supreme
Instruments, the correction is effected by means of a series capaciter and
paraliel capacitors. These capacitors are arranged as to their capacity so
that they have the effect of reducing the total impedance of the A, C.
pﬂ‘l‘ﬂn‘i‘iﬂl a'nuﬂ$uring circuits w'F'Fil:ignH}r to allow the correct amount of cur-
rent to pase through the meter and thereby indicate aguivalent D. C. po-
tential measurements, although the current, in every case, would be larger
for A, C. potential measurements. The radio of 1;1.11 between the "aver-
age” values shown by an uncalibrated circuit and the desired "R.M.5." values
will be modified by a factor which must include the electrical characteristics
af the individual rectifier wnits and of other circuit elements,

The affact of the "current density” characteristic of copper cxide recti-
fiers is reduced, as stated previously, by the usual multiplier resistors as used
in thewss circuits. For sxampls, & rectifior hau:ng the tabulated rasistance
valees s shown in Figure 25 when used with a multiplier resistor for the 7
volt range as shown in Figure 27, would require a total circuit resistance of
4363 ahms, this wvalus b”i"_? obtained by dividing 7,000 |7 volts at 1,000
ohms-parwvoli] by the form factor 12101, At half scale meter neadle deflec.
tion, the tatal resistance of the circuit would increase about 260 ohms, ac
indicated in the above mentioned table, sa that the increase in the total
resistance of the circuit is about 4% as contrasted with an increase of about
52% if the meter were used without a multiplier for measuring a current
value corresponding to half scale deflaction. The effect is still further re-

- duced when the range of the meter is extended to higher voltage ranges as

more multiplier resistance is added.

In the design of the A. C. petent’al circuit under discussion, it was
found advantageous to minimize the effect of the instrument rectifier's cur-
rant density characteristic by using a series I;I:Irljl;ifl.'}r IC) in Figura 27), as
a multipl'ar reactor for the low range, instead of utilizing & multiplier resistor.
This arrangement constitutes an impedance circuit wherain the potential
devalopad across the capacitive reactance is 90 degrass out of phasa with
the potential developed across the meter and rectifier resistance, so that the
impadance elements may be reprasented a right-angled triangle in which
the resistance of the circuit is represented by a short lag of the triangle
and the capacitive reactance by a long leq: the resulting impedance
is, of course, represented by the hypotenusa of the trianale. This condition
is graphically represented in Figure 2B in which the resistance of the mefer
plus the resistance of the rectifier unit at full seale deflection (I M, A)) is
shown as "R and has a value of BOO ohme. The capacitive reactance—
"He'—may be considered as having & value of 3490 ohms, which is the re-
actance of a 0.76 mid. capacitor at 80 cycles. The resulting impedance "Z"
is 15B0 ohms, a: determined by the solution of the impedance formula.

' - It will be obsarved from Figure 28 that slight variations in the length

that side of the friangle which represents the resistance will hawve com-
paratively lithhe effect on the length of the hypotenuse, whersas the varia-
tions of the rectifier resictance would be considerable if the slements of the
circuit impedance wers addifive; that is, capable of being represented by a
straight line instead of by a triangle such as that described. |t was shown
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Fig. 28

above that the incraase in the total resistance of a 7aclt circuit at half-scale
deflection, by reason of the current dénsity characteristic, when a &700 chm ‘
multiplier resistor is employed, amounted to about 4%, of the total resistance.
Howaver, whan substitufing the capacitor for the rasistor in this circuit, an
increase of 280 chms of the resstance leg of the triangle increases the
length of the hypotenuse (Z) anly 67 chms [instead of 260 chms] or less than
185, of the total resistance. In 1;15 way, by using & capaciter az & multiplier
reactor instead of using a multiplier resistanca, the low voltage AL C. ran
readings are made to conform wery closely to uniform scale distribution for
pr.pt‘l'l-t#""' all mu:;ur-lng mqul’rﬂﬂmi‘s,

The adjuﬂmn! of the T-walt ran is accomplished by adjusting the
capacitor | until the meter needls da?fm:f: ta § volts with a 5.volt applied
potential [5/Tths scale). This capacitor—C | —also serves to isolate the A, C.
from tha D. C. measuring functions of the tester 3o that the meter will not
register D, . values on the A, C. circuit and output measurements are there-
by enabled across the plate circuits of power tubes.

After having adjusted the 7-volt range for measuring A, C., potentials,
it is nexk nuﬁtuj to consider the means employed for adjusting the higher
ranges. As stated before it i necessary to pass more current through the
meter when measuring A. C. values than is required when measuring D. C.
valees. This is accomplished in the highar A, C. ranges by bypassing the
multipliar resistors which are required tor D. C. potential measuremants, ln':
view of the fact that ancther triangle is formed when a range semewhat
higher than the basic 7-volt range is considered, it may be found that the
higher range, indicated in Figure 27 as a 35-vclt range, may not require a




bypassing capaciter. A triangle which would represent the impedance of
the 35-wolt range would have a reactance leg represented by the capacity
C| as in the first triangle, but with a resistance leg increased from BOD to
28,B00 ohms. The resulting impeadance, represented by the hypotenuse of the
new triangle, may generally be found sutficient for the 3S-valt range. How-
ever, the ranges above the I5-wolt range require the use of small bypass
condensers, Their values average as shown in Figure 2% |for &0 cycle
measurements),

The means employad for obtaining a uniform scale distribution for A, C.
indications, a5 described abowe, are found to be accurate within 55 or
better of full-scale values which is generally accepted as being sufficient for
all practical A, Z. measuring purposes.

A normally-closed push button switch is connected acrass the A. C. in-
put terminals of the instrumant rectifier, as shown in Figura 27, so as to pro
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tact it sgainst cverload electrical surges from transformers, capacitors,
chokes, ste. |t is sapected that such surges will be dissipated through the
switch before the cperator has fime to ?ﬁnrasi the switch button. A fuse,
or cther protective device cannot be used because the surges are more or
less instantanecus and they can damage the rectifier before hesting o tuse
enough to open the circuit.

|B—DESHSN OF D. B. [Decibel] MEASURING CIRCUIT

When the vast system of telephones was still in ifs infancy, electrical
enginaars realized the need for a unit te describe the amount of attenua-
tion between the transmitter and the receiver, They used as a standard,
the amount of attenuation or “drop in voice level” of cne mile of l.+ﬂr|d.-l
ard talephone cable. This was termed "a transmission wnit” or "T. UL
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Later the name was changed to the "bel’ as a merk of honor to the in-
ventor of the telephone, Dr. Alexandar Graham Ball. “Within its limited
application, the bel praved quite satisfactory until the advent of the
“wireless age”, and at that time it was nacessary to decimate the bel ta
ane tenth of its original value and this new unit was colled the decibel.
or "ona tenth bel”.

The decibal does not represent any definite quantity of elsctricity,
such as the ampere, nor does it represant any definite elactro-motive force
such as the volt, It does not represent the power introduced into a circuit
or the power derived from the circuit. It doas, however, represant the ratie
of the power gain or loss in a circuit, All decibal measurements use as a
reference point “Zers” D. B, which it considered for all practical purpose
#o be the threshold of hearing. although thearetically this is incorrect. Zero
O. B. is considersd as being 006 watt [6 milliwatts) and ell D. B. meters
are calibrated to measure 2ere D. B. when & milliwatts are present in a
B00 ohm line at 1000 cycles.

The dacibal gain |or loss] of any piece of equipment is equal to ten
times the log te the base ten of the equipment's “walts output” divided
by the equipment's “watts input”. In other words, if we had an amplifier
which required a ocne watt input to deliver a 100 watt output, its decibel
gain could be calculated by multiplying 10 fimes the log to the base ten
of 100 divided by ene. For those nat familiar with logarithms, may we
give & practical scale which will suffica. Sterting at 006 watt as zero D B.
ﬂl;rr refarence l"‘"'" pll.r!- 6 D, B is ﬂuﬂl fo & watt [or 1D fimes the
original), and plus 20 D. B. is equal Yo & watts jer 100 times the criginal)
plus 30 D. B. is equal to .0 wafts [or 1,000 times the ariginall and plus 40
D. B. would be equal to 80.0 watts or 10,000 times the original. You wil
note that decibel messurements proceed “logarithmically’” rather than
“arithmetically”, in other words, arithmefical *progression would dictate
that if 00& watt equals zerc D. B, and 06 watt equal 10 D. B, plus 20
D. B. could only equal twice the value of plus 10 D. B. or 12 wait inshead
of & watt ar 10 fimes plus 10 D. B, Further, wa can see that while there
s & variation of only 5.4 watts between plus 20 and plus 30 D. B., there
is a variatien of 54 watts between plus 30 and plus 40 D. B.

Many devices such as microphones do not have an output equalling
006 watt and for these measurements, we use "minus” D. B's er, in other
words, some quanfity less than the reference level of zero D. B If zero
DO. B. is considered to be 006 watt, minus 10 D. B, will be 0006 watt and
minus 20 D. B. will be 00006 watt, atc, When we state that an amplifier
has an output of ples 40 D. B, we merely mean that ifs output baars a car-
tain ratia betwsen a &0 watt output and an accepted “Zero” level of 006
watt. Conversely, when wa say that a carben microphone has an output
of minus 20 D. B. we maeraly state that its output bears a certain ratfic

= r



betwaen 00006 watt and the accepted level of 006 watt

In practical application, the decibel is-used to [|] indicate the power
cutput of an elactrical device with respect o a zero lovel of 004 watts,
{2] indicate the input to ocutput the gain or loss ratio of an amplifier ar
associated equipment.

Let us take a practical application of the D. B. in public addrass werk.
We shall consider that we have at our disposal three pisces of equipment,
(1} a.carbon’ microphone having an cutput power of minus 20 D. B, (2} &
crystal micraphone having an output power of minus 70 D. B., (3} an ampli-
fier which requires an input power of zerc D, B |or 00& watt] to furnish
an output power of plus 40 D. B or 80 watts. If the amplifier requires ot
its input a zare D. B. level to function at its full 60 watt cutput, it coyld
readily be seen that neither of the two microphones would prove satisfac-
tory without an additional amplifying stage between the microphone and
the amplifier. The first microphone requires additicnal amplification of 20
0. B. whereas the second microphone requires a 70 D. B. gain.

Let us say that we purchased an additional two stage amplifier which
had a total gain of 80 D, B. with a per stage gain of 40 D. B. In this casa,
only one stage of this amplifier would be required far the carbon micro-
phong with & minus 20 D. B. cutput although, even ¥ we worked the carbon
microphene inta this one stage, it would overload the complete cireuit.
Therefore, a “losser” circuit or “resistance network” equalling about 20
D. B. should be introduced between the microphone and the preamplifier
stage or between the preamplifier stage and the main amgplifier stage
|besides the usuel additional “losser” circuit for velume cantral)

The EF}'ﬂ'ﬂ' micraphong with an cutput of minus 70 D, B. and a “losser"
circuit of 10 D B. will work nicely into tha two stages having a fekal gain

of B0 D, B., bringing the crystal microphone level up to zarc D. B. and fully
axciting the main amplifier,

Many theatre owners have scund equipment which requires about a
minus 20 to zere D. B. input inte the main amplifier to give sufficient power
cutput te fully excite the screen speakers. When using the now chselete
talking records, the pick-up usually worked directly intoc the main amplifier,
as & device of this type has about a zero D. B. output level. With the ad-
vent of sound-on-filrm, the phote electric cell with an approximataly minus
60 D. B. output, required a "head” amplifier. "peck’’ amplifier or "pre-
amplitier” o bring its level up to the necessary input level af the main am-
plifier for full power output. This is abie true if the theatre owner desires
ta use a crystal microphene for announcing purposas. |f the main amplifier
hes o required input of minus 20 0. B, and the erystal microphone.
only supplies o minus 80 D. B. autput, it is necessary fo incorporate between
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the microphone and the main amplifier a presmplifier heving a gain of at
least 40 D. B.

The above are a few illustrations of decibel meawrements and we
might alse mention in passing that decibel measurements are used when
computing audic fregquency amplifier frequency response curves

In the design of Decibel measuring circuits, we must keep the following
facts im mind (1) . B, mebers are essentially A, O, volimeters, measuring
tha A. C. voltage across a 500 ohm line in which & certain current is flow-
ing (the product of the voltage and current baing the Audio Watts ex-
pended in the circuit]. [2) f the wattage is known and the resisfance of the
lima is known, Yhe currant T—.u:.wing %hfu;:i.li.]h the eircuit can ba I::I?HﬂFlUl"&d h'p'
the formula I.-fl:_ {3) Finding the current flowing in the circuit, the po-
tential appearing acress the circuit may be found by employing the formula

E=IR. Figure 30 shows a D. B.

to voltage conversion chart. [4)

Fig. 30

- VIOL TS | PANEE| Working out a table of voltage
=E =T gy vnluu!.r}%r all major points on the
D. B. ranges, we can ascertain
= S E T the series multiplier resstances
(= o 2 n:é:ass.nry to E#-L::I!-'E' the _rhm:ldla ta
gl b indicate a pre-determined per-
- = centage deflection of full scale
et~ kg | = for each Decibel value, by using
] - = tha same calculalions as when
P designing straight A, . voltags

-
Lt —Tn - circuits, A chart giving the per-
5 b . Bea centage of full scale deflection
L Fd ] = #r for gach D, B, fram minut 10 to
P P P plus & D. B. iz given in Figure 31.
2 SETO I By reference to Figure 32 we
e — Pl ar pap the actual O, B. measuring
circuit. As the meter used has &
ATE | Mo - R ) M
Az | sEFO o ment, full scale deflection would
E— g # require | m. a. of current flow-
ing through the circuit, The plus
5 n ——— & 4 D. B. marking is 69.25% of ful
*Fe | rosTs E seale deflection so that &9.25%,
) g, TS = of | r: ﬁ- would hnwh’rn- flow
through the circuit at this point
— e (0006925 ampares]. However,
vyt = 7. o0 - this is Direct current which has
e | FedFo = been rectified by the copper

cuide rectifier and, ac dhown in
calculating the regular A, C. Po-
tantial Circuits, the resistance of
the copper oxida rectifier varies

with lzad. An average rectifier resistance chart for varying loads is shown

in, Figure 33.

Also remember that rectified Direct current will sfow “average™ rether



than "R.M.5." values and that the ratio between D. C. and A. C. is a5 1:1.11.
This is, of course, variable according fo
the form factor of each individual rectifi-

p—— er and alse varies between differant
o ECEN T AsE models of rectifiers. An average run of
O LA L SCALE] ran:’r-'{_iars used in Euprtrma! equiprent .
CES Y S TION sults in an averaga form factor of 1,212
Lr="-_ F WEVS T
SN - ?EN . Therefore, it is necessary to allow
1.212 mora alternating curent fo flow
—ﬁ"’_"',E-H—.L.L through the circuit tham would be the
= N, = case if wa ware dealing with Direct cur-
= S, S rent.
—-= i The calculations for the multiolier
- e = redistance of tha minus 10 o plus 6 D. B.
- ;-:EI-’-E ;ulnqe was made at plus 4 D. Br and s as
ollaws:
- o - Multiplied by Equals
= 2 T e D004925= Dasired Direct currant
- 23./% ’Ir:hn:-uth metear. n
= 212 =Farm tactor of rectifier.
Sy | o8 [DOEI93 100 = Necessary Altemating cur-
- e =F 3 rent through external cir-
-7 IS 7T cuit,
2T6=A. C. Paotential develope
v 7‘:; w550 anmssﬂﬁm ahm line &t plus
= N 4 D. B. [See Fig, 30].
JOOB393 1 = Alternating current throwgh
+ 3 S, D g g
"'g axtarnal circuit,
s &2 Z5 3288 = Total Rasistance of fist [, B,
- T S ranga.
e B FF Add

100 ahms = Metar resistanca.
&40 chms = Approsimate Ractifior rasist-
Fg. 31 ance [Ses Fig. 33).

F40 shms

3788 = Tatal circuit resistance,
Subtract 540 = Meter and Rectifiar resistance,
2348 = Multiplier for tirst range.

The plus 10 Decibel range may bé calculated in the tame mannsr, As
Plus 14 D. B. point should fall directly over the plus 4 D. B. point an the
meter scala, the desired currant fhrr:lugh the meater remain: the same, not
anly for plus 14 D. B., but for plus 24, plus 34 and plus 44 D. B.

3 The calculations for the multiplior resistance for the 0 to4- 16 D. B.
range taken at plus 14 D. B. is as follows:

0006925 = Desired Direct Currant through mater,

Multiplied by 1212 = Form factor of rectifiers.,
Equals DO0BIFII00 = Mecessary Alternafing curfbnt through exter
nal circuit.
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870 =A, C. Potential developed acress 500 ohm

line (Sea Fig. 30).
Divided by 00083931 = A, C. through axternal circuit.
Equals 0385 = Tatal Resistance for sscond D. B. Range.
b inus 3288 = Total Resistance of first [ B. Range.

7077 = Multiplier Resistance for second range.

The calculatians for the multiplier resistance for plus 10 to plus 26
0. B. range taken at plus 24 D. B. is a5 follows:

2750 = A_ . Potential developed across 500 oh lina

I5ee Fig. 30k
Divided by D0083%1 = A. C. through external circuit.
Equals 32764 = Total Resistance for third range.
Minus 10365 = Tatal Raesistance for second ranga.

22399 =~ Multiplier Rasistance for third range.
The balance of the ranges work out in exactly the same manner.

Imasmuch as the rectifier form factor changes sli-g'n’rl',l with waricus
laads, it is necessary to take this inte consideration when plotting infer-
madiate D. B. paints to sach side of the basic point cn each range. Oncs
this farm factor curve is foken the balance of the D. B. points may be
plotted or may be ascerfained experimentally. Fig 3| gives the actual
regults. T
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I9—DESIGM OF CAPACITY LEAKAGE CIRCUITS

The circuit utilized for festing electrostatic cappeitors for iﬁﬂkd?l is
shown in Figure 34. The required D. C. potential is supplied by & self-con-

16

L8

‘j



e

LOALD CE S/ TRANCE
sV ATA, N D AAAT
Y- SO0
0.9 525
o8 587
o.7 SFE O
o.E TS
(= ] 525
O.<X S50
o.3 TS
o.2 IS TS
o/ 2FZOO
OS5 FISCO
o = =)
Fig. 33

tained power supply. After the initial surge through the electrostatic ca-
pacitor under test, there will be no current through the neon lamp unless
thare is a leaky or short circuited condition within the capacitor across the
‘Hectrostatic Capaciter” pin jacks. |f the capacitor under test is short cir-
cuited or hat a Wy low 0. C. rasistancs are element of the rean Igmp
will glow continuously, indicating the passage of direct current through
tha capacilar. If the capacitor under test is not shoet circuited but has a
high resistance leakage, the leskage resistance will periodically dischargs
the accumulated charges of the capacitor C through the neon fube so that
the presence of such resistance [leakage] in the capacitor under test will
be indicated by intermittent flashes of the neon lamp.

Twe different types of circuits are used far electrolytic capacibar
leakage. The circuit shown in Figure 35 ic that used in the Suprems
Models 500 and 585. The condition of the electrolytic capacitor is indicated
on a "Good-Bad” scale on the meter, The required 0. C. potential is sup-
plied I:-:r' a self-confained minature “power pack”. The D. C. potential
# swpplied through a resistor R which limits the current to a safe value for
good capacitors and protects the meter against a shorfed capacitor,

The circuit shawn in Figure 34 is that used in Medsl 550, In this cir-
cuit capacitors are tested st their rated voltage and the leakage current
is read on the meter scale in milliamperes. This current valua is then divided
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by the rated capacity of the ca-

siscrwecrrs o~ pacitor in microfarads to give
(e O the leakage in termd of miliam-
peres par microfarad, The rec

ommended permissible |eakage

S for & capacitor tested under the
the meber i this circuit. A clos-

er. inspection will show that if

5 the range slala::i'nr of the milliam-
pera circuit is st at an ade-

conditions imposed in the eircuit
CLI:;".H range for the first fest of

(

To the casual observer there
appears fo be no protection for

Fig. 36

of Figurs 36 s one milliampers
per rated microfarad.
the electrolytic capacitor wnder
fast, the meter will not be slammed if the capacitor is short circuited.
A normally opan switch has been incorporated in the power supply to

keep the high D. C. potentials away from the "Electrelytic Capacitor Leak-
sge” pin jacks until the user is ready ko maoke the leakage fest.

20—DESIGN OF CAPACITY MEASURING CIRCUITS

In the capacity measuring funchions of the Suprame 1937 instruments,
the resistance value of the meter, shunts and multiphier resistance associated
with the reasuring circuit shown in Figure 37 consfitule one leg of an im-
pedance trisngle. The capacitive reactance of a capacitor of unknown
valua, connected inta tha circuit
for detarmining s walue, consti-
tutes the other of the im-
p-gd.:nl;q ‘l‘riul‘lqlﬁ. t s obwious
that the resistance value of the
meter, shunt and multipliers wil:
be a constant value for any par-
ticular range and that the wec-
tor's capacitive reactance is in
avery casa determined by the
capacifive value of the capacitor
insarfad into the circuit for the
purpose of determining its value
It is further true that the meter
current is rallufad d;}acﬂ'g.r to ﬂ:l

p hypotenuse len the imped-

Fig. 37 a:sa triangle E::I will nat E:uv

linear relation to the capacitive

values. For example, let us assume that we have an impedance triangle in
which the full scale meter current corresponds to a cepacitive value of 5.0
microfarads; if we remove the 5.0 microfarad eapacitor and replace it with
a 2.5 microfarad capacitor, the length of the reactive leg of the triangle will
be doubled, but the length of the hypotenuse of the impedance triangle will
not ba doubled, and, therefore, the meter current will not be reduced +a




gnae-half its former full scale value.

From the foregoing it is natural to ask how capacitive measurements are
made on an evenly divided scale. The answer lies in the variable resistive
value introduced by the full weve copper oxide rectifior amploved. The
shunts and multipliers were designed to be of such value as to allow the vari.
abla element of the rectifier to counterbalance the variable reactive elamant
of the ditffersnt -e;qpacifnﬂ. which may be messwred,

For the measurement of electrostatic |paper) capacitors a comparatively
high A. C. potential may be used. Low walues of A, C. voltage must be
used an the high value slectralytic capacitars to protect the alsctrolytic film

of such capacitors the actual potential used for electrolytics being about
9.5 valts,

21—RADIO TESTER SWITCHING CIRCUITS

Thare ara two general classifications of radio tester switching circuits.
[1} A system in which all meter ranges and other external test circuits termi-
nate at pin jacks, and where “jumpers’ or fest leads are wed to place these
saternal devices in series with any radio tube circuit or across any two cir-
euits. (2) A system in which two multi-gang, multi-paint switches are used
to connect any external fest circuit in series with any radio tuba circuit or
across any twao circuits, automatically, and without the e of “jumper” fest
leads. The "“jumper’’ type has savaral advantages and only ome possible dis-
n-:l'-.'ani'ﬂgz ower the swibch ‘I',rng. Tha "iumpar:“ ;',l::hu:m 5 VY flaxibla, not
easily subject to cbsolescence, compartively cheaper o build and absolutely
‘surg fire'" in use. This system is utilized in all Supreme 1937 radio testors
emploving & radio tester cable circuit with the exception of the Modal 595
P. A, tester in which is employed the multi-gang, multi-paint switch syskem
This second systern has as its bigau:ﬂ' qdvgni‘ngﬂ—ﬁpﬂﬂd of operation, al-
though many proponents of the “jumper” systern declare their ability to
make changes about as quickly., As it employs two mudfi-gang, multi-paint
gwitches, it is ralatively maore expensive but has a strong group of admirers
nevarthelass,
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The “jumper” system is illustrated in Figure 38, and the reader will note
that six sockets are connected so that all Me. | terminals are fied together,
all Ma., 2 terminals fied togethar, etc. They are conmeched throwgh nine
circuit-breaking switches to the radic tester cable. This cable terminates in
a "top.cap” lug and an analyzing plug with seven pins and one receptacle



contact for the eighth pin of an B-pin analyzing plug adapter. Thess circuit-
braaking swifches are rather unique in their simple construction, as actually,
pach switch includes two normally closed contacts in parallel. 1§ s, there-
fore, necssary to open beth sets of contacts in order to open the circuit
into which the switch is connected. The contacts are designed so that they
can be opened by the inserfion of an ordinary pin plug which makes contact
with the circuits. When both contacts are opened by a pair of pin plugs,
the circuit through the contacts is broken and any device, such as &
metar circuit or resistor, connected to the two pin plugs, is nu’rqmu'l'it;.:ﬂr
placed in series with the circuit.

The use of these switches enables a wery flexible arrangement, as any
device can be connected in series with any ane of the circuits, as explained
above, or across any two of the circuits, by means of pin plug terminated
teit |lmad conductars. Thess twin jack switches are numbered and leftered
to correspond with the RMA tube connector numbering system used in all
Supreme Radio Tester circuits and the top cap pin jeck. In this manner the
radio technician has a full knowledge at all times of the circuits with which
he is dealing.
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By raference te Figure 3%, we see the second system illustrated. The
same six tube sockets are connected fo the same fype analyrer plug and
cable, but, instead of being connected through twin jacks, are now connect-
ed through two nine point switches of unusual design, Each switch may be
considered as having two decks of contacts, the upper and lower contact
of each posifion h&'mg clesed in the normal position, "When the doubla leaf
switch, called the "Bias Selactor’” iz ratated, i opens the circuit betwesn
sach sat of upper and lower contacts as it passes between them, allawing
any device to be connected in series with the eircuit eennection acrass
the two switch leaves "A™ and "B". The same is true of the switch marked
"Current Selactor’’. When a fall of potential is desired across any two cir-
cuits, the "Bias Selector” &5 set to ona circuit, the "Current Selectar” to the
othar and the valtmeter circuit connected betwesn the two switches. In the
voltmeter position, points “A” and "B" are shorted together as are points
"C" and "D" 3o that no cable circuit is opened.
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CHAPTER IV. TUBE TESTER CIRCUITS
22—EARLY HISTORY OF TUBE TESTER DESIGN

Many “old timers" in the radic game remember how the eriginal vacu- § J

urn tubes sold for around 37.50 "per each” and were considered to be in

aod cperafing condition if they lighted |apparently, the more liqh‘i‘. the bet-
tar). The "Deluxe” tube tester of that pericd was the old familiar flash-
light bulb type. In this tester, a flashlight bulb was connected in series with
one leg of the filament of a vacuum tube socket, If the H-a!l.l'lliqh? bulb |il:_||'|1‘-
ed whan the tube was inserted, the vacuum tubs was O, K. if nof—a new
tube was scld, Mery simple, wasn't i#? The first "English-reading” tube
taster, a howling success, but wait—they began to hear sbout radic tubes
which lighted, but sl didn’t "ph:,-"!

Every professional radic man nowadays knows that the illumination of &
radic tube is only 'waste” power and that the primary object of a filamant
is to emit electrons ielf or to cause elschrons fo be emitted from a
"cathode”, that electron emissicn cannct be seen, and that the illuminating
pru-purl'iaq of & radio tube bear no relation o its electran cmi‘l‘linq uhi|i+'r.

And 1o, i was lsamed that a radio tube could |i?]|11' up as bright as

‘aver and still be ane of the "late lamented”’ type of tubes whase electrons

had flad this world to skip forevermore from filament to plate in some
"molecular” hesven. host tubes of that period had a thoriated filamant
construction and could temporarily be made operable again by “rejuve-
nataors’’. The Enwhdgu that & tube's true mert did not rest upan 1he
quantity of illumination, led to the devising of a more accurate tube
quality test,

23—THE GRID SHIFT TUBE TESTER

During the period pravious to the advent of A. C. powered radies and
thair attendant rectifiar type tubes, the majority of tube types were of the
three elamant variety—filament, control grid and plate. By spplying the
proper filament potential and postive potential for the plate, and the cor-
rect negative potential for the controlling grid and then '-rurﬁi;? the po-
tential applied to the grid by the wall known “grid shift"” mat , B varia-
tion in plate current could be chserved. This is roughly analogous to the
test for “mutual conductance” of & tuhs, but cannat be called & mutual
conductance fest unlews made with rated 0. C. Fﬂhl\"‘ilh appliul te the tube
under test, .

Fundamental tube theory teaches us that a very small change in negativa
contralling grid potential produces a relatively large tharlnin plate current.
Inasmuch as a" tubes of the same type are supposed fo as alike as pos-
sible, any variations between tubes of the same type indicate a variation
in their quality er abiiity to control a large plate current with a small grid
voltage. If a cerfain fube at one time has a certain variation of plate cur-
rent on & grid shift test and later on has but half that variation, it may be as-
sumed that the tube has lost some of its ability to amplify.

The testing of tubes by the “grid shift’ methad is only & makeshift qual-
ity test at best, and can only be used as a comperative test betwesn two
tubes af the same type (one known to be good| or between current rmad-
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ings of the same tube from time te time. Mo definite tube quality listings
can be given for a fester which does not incorporate internally its own
power supply, 85 wariations in any one or mers pofentials would
change the plate current readings and thareby chviste the postibility of using
any standard reading tube quality list. This type of test, however, finds its
field in portable P. A, Theatre or radia analyzers as in the first and second
case, incividual tube “histories” may be kept of the tube’s ability to amplify
and a new tube substituted upon noting a considerable falling off of thie
amplifying ability. In the third case, a radia technician can give preliminary
service to a radio set in the customer's house by chacking a naw sat of fubes
against the owner's set. arriving at an approsimate idea as to whether any of
the old tubes need replacing. Howewer, it must agsin be stressed—#his
zzﬂ aof test is only comparative and is not absolutely reliable at all times.
igure 40 shows a simple “grid shift" tube fest eireuit which may be ufilized

with our set testers. Tha filament and plate potantials for the example shown
|a three element tube) and its nominal "C'' bias sre all obtained from the
tube's socket in the

radia or amplifier in

which the quu e

> ally oparates. By not-

il {_ . ing the plate current

passing through the

kg ' i"'-"h milliameter undar
. A narmal conditicn

and then introducing

an added "C" bias

k
+ H ind’rha grid I:in:l:u'f
] tin t
= W&V 3 :J:Ing: :;n plfi'u -:u:
)
¥
N

rent as compared to
the change pouible
with a new tubs, an
approximate idea of

& tube's ability to
amplify is obtained.
This is a true "grid
shift"" test and cannot be called & “mutual conductance’ tast, unless rated
D. C. potentials are applied to & tube under test. This is not & mutual con-
ductance test because the D. C. potentials available from the particular radia
used, bear no relation to tube manufacturer's rated petentials and will alia
vary from radic set to radia sef.

Fig. 40

24—THE MUTUAL CONDUCTANCE TUBE TESTER

Mutual conductance |or "Grid-Plate Tramsconductance™] is the ratio of
the change in the plate current of a tube to the change in tha grid voltage
with all other voltages remaining constant. The mutual cenductance of a
tube iz &xpressad in micramhaos,

Any variation from rated D. C. supply potentials will produce cer-
respanding- variations in mutual conductance ratings. Tube manufacturer's
fables of tube characteristics may be checked to verify this statemant. An
OIA tube having a rated mutual conductance value of 725 micromhas whan
operated with a negative grid potential of 4.5 velts and 90 volts plate po-
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tential, has a mutual conductance of 800 micromhas when the grid potentiel
is raised te 9.0 volts and the plate potential to 135 velts.

I this case, two potentials were varied to effect the change in mutual
conductance, but sither could be changed sepa with & rasulting change
- mutual conductance. Therefore, in the design of a frue mutual conduct-
ance taster, provision must be made to have available every D. C. potential
necessary for avery element of eve tube on the market, with additional
patentials available for any future tube types. It can be readily sean that
such o tube taster, althoush probably very accurate in its final anabysis, would
require a number of adjustments o be riade befare a quality test of any tube
could be taken. The complicated circuit set-up and operating procedure
would result in & tester beyond the financial ability of but a very few and
would require about half an hour te test a set of tubes.

Tharefore, due fo the inherit drawbacks of the true mutual conductance
testar, tube tester design enginaers have had to make such compromises in
absolute accuracy as are necessary to affect an acceptable balance between
labaratory precision and practical utility.

At sbout thiz fime in radic’s progress, the tube manufacturers infro-
duced some 150 new types of tubes, and the simple grid shift tester began
to acquire numercus “special type” sockets and required wheels to pull it
nrn:pfﬂ_ Several ather types of tube testars were then introduced with vary:
ing degrees of success, among them being the "Oscillator-output meter”
typea.

25—THE OSCILLATOR-OUTPUT METER TUBE TESTER

This design consisted of an R. F. oscillater combined with an output
metar, 5o as to make comparative tests of tubes in operative radios. Little
t:me nesd be taken in explaining this method as its application requires an
operative radio and is erroneously based en the sssumption that all new
tubes are perfoct and that no new tubes are damaged in fransit. The gan-
aral ides is to connect the Signal Generstor to the input of the radic, the
output meter to the output terminals ef the radio, tune the Signal Senerator
to the radic’s receiving frequency and note the variations between a new
tube and tha present tube in each of the radio’s sockets. This mathod i a
vary rough check and is not one in which the customer can place much con-
fidence. The radic man interprets tha variations in reading according to
his eensciance as this test could nat employ an English reading “&OOD-7-
BAD" scale. This mathod is also very deceptive when applied to radics in
which A. ¥. C. circuits are involved, 1t results in “weird noises” being emit-
ted fram the loud-speaker, much to the disgust of the customer and, while
satisfactory in theory, does net measure up in practice.

26— THE DYNAMIC [Power Output) TUBE TESTER

Figqure 41 reprasents the fundamental circuit for measuring the output
power of a vacusm tube, and is shown in simplified form for ease of
axplanation.

When an alternating current [Eg.) is impressed on the grid of the tube
in the abowe diagram, there is developed in the plate circuit a similar alfar-
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nhiinE ‘currant which can be computed by the fermula ﬁ__E__'?_'_ ,whara

g = Alternating potential on grid.

R =Internal plate resistance of tube.
Ro = External load resistance in the plate circuit.
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(R+R,)

|I'I- ﬂ'r-ﬂaturing 'Hu:
output powar of
the tube in Fig.
41, there is first
applied an A, C,
potential across
the terminals Eg
as pravioushy men-
tioned, this causes
an alternafing cur-
rent to be super-
imposed upon the
steady plate cur-
rent supplied by
the battery Ep.
This A, C. is alimi-
nated from the
battary current,Ep,

by the condensar C, which bypasses the A. C. to the filament. In order
that ne D. C. shall flow in the metering circuit, it is necessary fo provide a
mathed of separating the A. C. from the D. C. which is accomplished by
the choke-coil, L and the condenser, C. Since the reactance of the chake, L.
is much jmhr than its D. C. resistance, the A. C. will flow around the

choka an

through the condenser C the, resistor Ro, and the meter: while

the D. C. is applied to the plate directly through the choke, L.
Under these conditions the output power of the tube is aqual fo I?Rﬂ-

and recches its masimum when R is equal to R.

A tube tester giving the "pewer cutput” of power type tubes might
be satisfactory, but power output fubes are but a small percentage of the
total tube types. A power autput tube tester assumas that the result wili
te be given in "watts”, although the average tube is used as a voltage
amplifier without regard to the power cutput of its plate. Therefars, any
fact 'gi'«"tl'l thi averaga Fn‘!‘at-s.!a-ge +u|:-|:| with relation to its powar handbing

ability s visless and a fallacy,

27—FUNDAMENTALS OF EMISSION TYPE TUBE TESTERS

As a result of the many disadvantages of all other types of tube testin
circuits, the emission type fester has and is the most satisfactory all amung
' tube tester circuit sa far developed for general service we. After all, about
all that can happen to a radio tube, aside from remote possibilities wweh as
lightning strokes, air leakage, etc., is the gradusl depreciate of the emit-
, ™ ting gualities of the Cathade element. Therefore, why not test tubes by
F measuring the emitting ability of the cathode? There is no reasonable doubd
but that with almast 100% of all radio tubes produced, a measurs of the
tube's cathode emitting ability is as satisfactory o tube quality measure as
the grid shift, the mutual conductance, the "power autput” or any other
type fube quality test, because a tube loses its ability te amplify [mutual
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conductanca] by reasen of lowered cathode emission incidantal to the
tube's prolonged service.

For the purpose of analyzing the factors invalved in the design of a tube
tester of this fype, it is convenient ta resalve tube characteristics into equi-
valent resistance values: because, under a given set of conditions. a particular
tube will act as a resistance except thet it will pass current in only one di-
rection. In ordar to better understand the resistive characteristics of tubes,
lot us refer to Figure 42 which ropre-
sants a type O1A tube with 8 pedsitive
oM potential applied to all of tha elamants,

M, axcept the cathode, connected to-

| q‘) gether so a4 to attract practically all of

the electrons emitted by the cathode.

|.\J_.|.M|-|--! Curva A represants potential and cur-

rent values of a new tube, while curve

B represents the same tube aftar it
has basn depreciated.

Mow ochseres that any ong af the
patential values taken horizontally from
Curve A and divided by the cor-
responding current value, taken wer-
tically from the same curve, will indi-
cate the resistance value of the tube
under the particular load conditions.

Fig. 42 It is seen that, with an applied po-
tantial of I8 wolts, the current load
on Curva A is 17.8 miliamperes, from which we derive, by Ohm's law, a
rasistance value of 10012 ohms. Similardy, with |8 wolts on Curve "B, the
cuwrrant load is 11.B miﬂi.:mp-r's, from which we derive & retiskancs valua of
525 ohms. We can determine the percerdage of depraciation at 18 wolfs
by subtracting | 1.8 milliamperes from |78 milliamperes, and dividing the
diffarence by 17.8 or by subtracting 1012 ohms from 1525 chms and divid-
ing the difference by 1525: in either case, the tube depreciation from Curve
"A" to Curve "B" is found to be about 347 at 1B valts. Accordingly, Curve
A" can ba said to ropresent the resistance of a normal fube and Curve
“B" can be said to represent the resistance walue of the tube after its
emission has depreciated,

A further considerstion of the factors presented in the last Far:rgr.:ph
loads us to conclude that our tube festing circuit should be capable of indi-
eating the load changes which are directly related to the changes in affactive




internal resistive values of tubes as they depreciate in emitting quality so
that, when the rated lcad of & normal tube is indicated in the 'SOOD"
wctor of o meter scale, such as that shown in Figure 43, the reduced load
resulting from depreciation of the same tube to o degres beyond satisfactory
s~ operation will be indicated in the "BAD" or “?" sector of the meter scale.

28—PREVIOUS TYPES OF EMISSION TESTERS

Since a potential value of 30 valts was accepted. ganarally, as a safis-
fectory value to be applied between the cathode and all other elemants of
all tubes to produce an approximate narmal load for sach tube, it would be
necessary, when using this fised potential value for all tubes to provide some
means for warying the indicating range of the meter to cover all normal
loads which may be expacted of the different types of radic tubes which the
taster will ba required to sccommodate.
The most simple circuit for accomplish-
ing such resulfs ix that indicated in
Figure 44, 5Since currant will pass
through the tube only in the direction
of the arrow in Figure 44, one side of
the secondary winding is indicated as
being nagative and the other side is
indicated as being positive, and it will
be obsarved that the indicating range
of the meter may be conbrolled aver
= = z a '-i-fide range of load values, damTimh:
TY NI T LT only by the basic semsitivity of ¢
DOOLOLLULIAA L marar -:!Irﬂd by the resistance vEua of the
theestat, R, It 2 mater having a full scale
load value of 10.0 miliamperes (0.010
ampere| with an internal resittance value

F‘ig. 44 of 10.0 ahms be used with a |00-ohm

shunting rhecstat. the indicating range

of the nieter would be controllabla for any erdinary icsd valus abeve 11,0
milliamperes. While the resultant measuring range weuld be insdequate
tor the requirements of a modern tube tester, the values indica wilt
serve the present purpose of discussing the design features of tube testers,

Referring again to Figure 44, lat's observe what might happen if a
short-circuited tube were placed in the test circuit. A shert-circuited tube
would have zerc resistance so that the only apprecisble resistance remain-
ing in the circuit would be that of the meter, across which the total circuit
potantial value of 30 volts would develop. The normal full scale potential
drop scross tha meter is 100 millivolts [0.1 voli], obtained by multiplying the
full scale current load of the meter by the resistance value of the meter.
Therefore, a 30.valt potential value developed. because of a short-circuited
tube. across a 0.1 velt meter would impose upon the meter a load which is
y I about 300 times that for which the meter is designad to normally register.

With such an everload. what would happen? It would be gunda‘,r- meter!
And if the mater were te say intact, then the transformer would soen pass
out of the picture. This confingency suggests, then, that some maeans must
be provided to protect the meter and transformer against shoet circuited
tubes. A fuse is a logical suggestion, but a bumed out fuse is an invitation
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ta some pecple to use a brass lug or & bridging wire when a new fuse is not
immediately available, so that the necassity for protecting the circuit with &
fuse thould be eliminated if such aimination be prachicable.

Cinca moters are generally designed to withstand loads which are 10
times narmal full scale loads. we may assume that the meter will safely with-
stand an applied potential of 1.0 wolt, which would produce a current load
of 100.0 milliamperes through the 10.0.mil. meter, regardless of the rasistive
volue of the rheostat shunted across tha mater. Tz?!- safe ovarload fimit
suggests that, instead of using a fuse to protect the meter, we ma introduce
enough limiting resistance’” inta the circuit to develop & potential dro af
29 valts in the case of & short-circuited fube, leaving the safe value 1.0
volts developed across the meter. A meter load of 100 milliamperas would
sroduce a potential drop of 1.0 velt across the meter, and the circuit load
would be limited fo this value by a total circuit resistance value of 300 chms,
obtained by applying Ohm's law and dividing 30 volts by 100 milliamperes
{0,100 ampers]. én:- the joint resistance of the matar and rheostat cannot
axcead |0 chms, thiz small value may be considered as negligible, and a
300-ghm resister used as in Figure 45,

The tube testing GLI‘WH reprasented by
e Figure 45 has the advantages of simpli-
X city and safety: it has been used, with
minor variations in several commercial
tube tester tubes. In fact, the basic
principles invalved were incorporated in
a so-called standard tube tester which
was considered by all tube and tube
tester manufacturars. OFf hand, the aver-
age technician and most unqinurs who
are not experenced in tube tester design
problems, cen see nothing wrong with
the circuit and constants of Figure 45 as
a tube tester of the emission type. ‘What
does the reader see wrong with it7 The
100-chm limiting or “load” resistor will
reduce the potential applied to a tube,
the amount of the reduction depending
t upan the l;l;rlr.'lutliu-ify of the tubse: but
that is not, in itsalf, objectionable: in fact, that may be desirable in some
cases, 5o, what's the objectionable featura?

‘We have alresady obsarved, in our discussion of Figure 42, that any
tube may be considered as having a definite resistance value under definite
lead conditions, so, let us analyze the fest of o tube in which the effective in-
tarnal resistamce may be &00 ohms and which is subjected to test in the
tester circuit represented by Figure 45. The ratic between the internal and
arternal resistance values is, obviously, 600:300 or 2:1. When the tube de-
preciafes to such an extent that it is just half as good as normal, its internal
rasistance will be about 1200 shms: the ratic befween the internal and ex-
ternal resistance values will then be 1200;300 or 4:1. The total resistance
of the circuit, including that of the normal fube. was originally 900 ohms:
after the tube resistance i doubled by depreciation, the total resstance
ef the cireuit, including that of the depreciated tube is 1500 ohms. It i

AV

L]



cbserved fhat, while the tube resistance ha: doubled by depreciation, the
total circuit resistance has not doubled, so that the meter current will net
be reduced in half; therefore, the meter reading will be deceptive, bacause
it will indicate the tube as ]:H!ing better than it |1\.ui|!'I is, If the same circuit
with a fized 300-chm resistance valus be used faor testing a tube which has o
normal internal resistance value of 100 ohms, the meter indication of a de.
praciated fube will be even more deceptive. 'With a 100-0hm fuba, the ratic
between the internal and external resistance values is 100:300 ar 1:3; when
tha tube resistance i doubled the rafio s 200:300 or 2:1. Marmally, the total
of the two resistance values is 400 ohms: but when the internal resistance
value of the tube is doubled by depreciation to a value of 200 chms, the
total circuit resistance is 500 ohms. or an increase of only 100 ohms in 400
ohms. If the meter reading before the fube is depreciated by 77 in the
center of the "GOOD" wetor of the meter scale of Figure 43, the mater
reading, atter the tube is depreciated, will be four-fifths of 77, or &1.4; or
still in the "GOOD" sector of the scale. although the tube is cnly abaut half
as good as it was and should register about 38.5. The aerror is different for
sach tube load, and is greatest when the tube resistance is less than the
external circuit resistance. So.now we ses what is wrong with the circuit of
Fgure 45,

It is abvious, trom the analysis of the circuit represented by Figure 45,
that the maximum degree of accuracy is obtainable whan tha axternal load
resistance is considerably less than the sffective internal tube resistance value
of every tube, and that the ratic between internal tube resistance values and
external circuit resistance values should be constant for all types of tubes; so,
let us analyze the next tube testing circuit, shown in Figure 44, which is

developed to incarporate thess desir.
able features.

In Figure 4&, & resistance wvalue of
4330 ohms is added to the | m. a. meter
armature resistance value of 113 ohms,
making & total resistance walue of 4333
ohmg, Since the teiter is calibrated fos
normal tube readings at the center of
the “SOO0" sector of tha meter scale
[shown in Figure 43_], which is 779 of
the full scale deflection, the currant losd
is 77%, of LD miliampere, or 770 mi-
crgamperes (000077 ampera). The cur-
rant |esd u' 000077 aAMmperg m|,||1'i|:||-|u|:|

tha total mater ciecuit resistance
value of 4333 abhms produces o po-
tential drop of 3.3 wolts across the
F]‘,g_ 4& |'|'I-&‘|'Erir'||; cireurf, ﬂ:gprdh:ﬁ of the sat-

ting requirad for the [000-chm petenti-

ometer to produce a 779 meter scale

reading. In other words, when the potentiometer sefting is adjusted to ac-
commodate the load conditions of any normal tube, with the maeter peinter
deflacted 779, af ifs FANCE, thie puhnliul dmp- across the meter s 3.3 walts,
leaving 30 wolts of the total potential value of 33.3 volts fo be applied
across the tube. Therefore. the ratio of the fube voltage to the meter voltage,




or of the internal tube resistance to the axternsl circuit resistance, is con-
stantly 30:3.3 or 9:1 for any tubae. regardless of the load.

Mow, let's sea what happens, in the circuit of Figure 46 when a short-
cireuited tube is encountersd. Since there can be no potential drop scross
a short circwit, the 33.3 wvolt applied potential must develop across the
metering circuit. With o resistance value of 4333 chms and a full scale
load value of 1.0 milllampere, the full scale potential of the metar is 4.3
volts. - Since the meter can safely withstand 10 firmes its normal load an in-
definite numbar of times, ity cverload potential limit is 43.3 velts, so that
an applied potential of 33.3 volts, caused by a short-circuited tube, would
be |0 volts under the safe overlcad limit of the meter.

Rgbufnin.g_ to our prﬁu-inui. il'l-llj'iiF of the teit af a fube which has a
normal internal resistance value of 100 shms, and which was tested with an
arrar of 80%, by the tester shown in Figure 45, let's see how the tube tester
circuit of Figure 46 will react to the same tube when it is depreciated fo
such an extent that its internal resistance is doubled, Keeping in mind that.
when the tester is calibrated for normal fubes, the ratia betwean fube and
circuit resistance it 9:1, wa can determine the joint resistance af the mebar
and potentiometer, as follows:

Qal = |00
Qy = |0
g=11.] chms

Tharefore, the total circuit resistance, when the tube is normal, is 1110 ohms;
and. whan the tuba resistance is depreciated so that its effective internal re-
sstance s doubled, the tatal circuit resistance is 2111 ohms. After deprecia-
tion, the meter reading will ba 52.6%, of the normal reading of 77, or 40.5
in the "BAD" sector of the meter scale shown in Figure 43. The tube is cor-
rectly classified as being “BAD", and the errer in the actusl meter reading
is negligible. With this arrangement of balanced ratio between intarnal tube
and external eireuit resistance valuas, the meter reading drops in proportion
to tube depreciation, so that “"BAD™ tubes which test "GOOD™ on the usual
fube testar types are correctly indicated as being “"BAD".

19—DESIGMNING THE 1937 SUPREME TUBE TESTER CIRCUIT
FOR THE DelUXE SERIES

With the announcement of the cold cathode frpu tubes, such as OZ3
and OZ4, which require 250 v. as a striking potential, ancther problem arese
in test design ‘We neaded a veriable ancde potential to apply to thase
and possibly other types of tubes net as yet anncunced.

You will remamber that with a fixed 30 volt potential, we requifed a
cartain amount of meter protection in caswe we attempt to test an accidentsl.
ly shorted tube. Inasmuch as we may apply more than ane value of cathode
potential, we must have a different meter multiplier for each patential ap-
glied. The meter multipliers should be ganged with the Cathode potential
taps on one mulfi-gang switch, so that. when wa apply a certain cathode
potential. the proper meter multiplier is abio included in the mater circuit.

Mg a result of this new design, our previous variable value of O to 100C
ohms for the meter shunt resistor must be expanded to some higher volue.



and a variable Load Resistor included in senes with the mam M’!-ﬁr'lq eircuil
to comply with the Radio Manufacturing Association’s suggestion as to Tube
Tasting loads,

The B. M. A. propose & standardization among tube tester manufachur-
ers upon 4 single tube tester type and design, and, while there is nothing
vt which may ba conttrued at huing definite, it is inmmﬁﬁg te note that
the Emission Tester was proposed as the basic tube tester type.

Among other proposals, the Radic Manufacturer's Association I‘w‘hil:h
number amang their members a majority of all manufacturers of radic ap-
paratus, including tubes| proposes that study be given the inclusion af thres
standard tube tester load resistances.

I. 5000 chms for diodes, exclusive of power rectifier tubes.
2. 1000 chms 'Fnr |:u:|1'|‘=r'|r 'I':,rp-e- tubas of limited amission.
3. 200 chms for ramaining types.

This may work out guite jﬂfii'Fnl:h:lril:". and the natural progression in
our tube tester design would be to include these thres fized values of resist-
ance as loads in saries with the tube testing circuit. But, let us suppose the
R. M. A_ finally decides that ona or more additional loads are necassary. or
even advisabla. Where then would be cur fube tester design?

Therafore, wa have included a Yarable Load resistance so that future
changes may not render the tube tester chsolete.

ot .
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Lat us look at Figure 47 which is the result of this progressive step in
tube tester design, The basic circuit seems quite familisr and is not, in basic
du!.i%n. unlike Figure 44, The Flament Volis Selector 15 shown at A" and

the Cathade Yolts Selactor is shown at "B "C" is the variable matar. multi-
pligr selector, "D the 4-gang potentiometer used as the wariable meter
shunt 11::”3-:] the "l::ll.mﬁl',l 5||||;+|;|r'c'r, 'E"”. the vurialﬁ-lu Load Selectar, ard
“F". bhe switch whi:.h i: ta bq,-.- |:||:-== o rﬂﬂd 1‘|'|El qual'-f:lr tast.

It will be roted that the majorify of the cathode potential taps (B)
afe standard voltages and vary from 10 wolts up to 300 volts, so that any
future required paotential may be instantly available, although the R. M. A
wggests that, at presant, the majority of tubes should be tasted at a 30 wolt
potantial. :



A stated previoudly, meters in general are able to withstand overoads,
which are |0 times normal full scale loads, so that we can safely assume that
g | m a. meter will withstand a 10 m. a. load, or stoted in ancther way,
& meter having an internal resistance of 100 chms and a sweasitivity of 1000
ohms per volt, will fully deflact when a 0.1 velt potential is applied across
it and can, therefore, withstand a 1.0 valt potantial. It follows. therefors,
that we should include sufficient series resistance to drop the applied cathode
pn-i'mﬁ-al, in case of a shorted tube, to & safe value of 1.0 volt across tha
magter.

We alss faund that the mazimum degree of accuracy is obtainable
when the total erternal load resistance is considerably less than the effective
internal tube resistance value of every tube, and that the ratic between
internal tube resistance values and external circuit resistance values should
be as constant as P-t:u.sil:lt- far all typas of tubes. Stated in terms of wolt:
age. a eircuit is most aceurate whan the patential across the external tube
circuit is the largest value possible with refereece to thet which is applied
across the internal meter circuit and when this #8ltage ratio remains as con-
stant as possible for all tubes. ;

Let us analyze Supreme’s newast tube tester circuit as included in the
Models 500, S05 and 585, to ascertain whether these theoretical points have
baen included.

Assuming that a shorted tube is being tested. and that the Filament
Volts Selectar [A) is in the proper pesition, the Cathode Volts Selector |87}
it in the 10 volt position, the Meter Multiplier Selector [T} in the 1185 ohms
position, the Meter Shunt (D] at 5000 shes and the Load Selector [E] at
raro ohms, if we were to press the Quality Test Button (F), & shorted tube
would throw the whole 10 volt potential across the mater and | 185 ochm meter
multigliar.

Assuming an approximate meter internal resistance of 114 chms, we
have a total meter circuit resistance across which the 10 velt potential is ap.
plied of |14 plus 1185, equalling 1299 ohms. The current flowing in the circuit
is found by dividing 10 valts by 1299 chms, or 0077 amperes. Therefore, the
woltage existing across the mater circuit is equal ta 0077 amperes, multiplied
by |14 shms or 8778 volts, well under the 1.0 volt maximum allowed over
load potential. As a check, the voltage existing across the rultiplier resistar
is equal to 0077 multiplied by its resistance. 1185 chms, or 9.1245, which iz
chose enough to check as correct.

Maw let us move the Cathode Volts Selectar to the 20 valt tap which
autornatically moves the meter mulfiplier selector to the nest tap as the
switches are ganged. We now have a total metar circuit series retistance
af |14 chms Fh||.|: 1185 ohms plu!. 1299 ohms, or 2598 chms, b Chﬂfkiﬂg
wa will find that the same current still flows on this circuit and the drop
across the meter is still 8778 volts, The balance of the meter multiplier ranges
ara calculated in the same manner.

Since the mew circuit is calibrated [as were the previous eircuits) for
normal tube readings at the center of the "Goed” sector of the meter wale
[Figure 43) which is 7790 of the full scale deflection. the meter current laad
would be 77% of | m, a.. or 770 microamperas [0.00077 ampere]. A current
load of 0.00077 smpere multiplied through the total meter circuit resistance
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value of 1299 chms (in the case of an applied potential of 10 volts) results
in & potential drop of 1.0 volt across the meterng circuit, regardless of the
setting required for the particular meter shunt potentiometer to produce a
774, meter scale reading. Thersfore, & 9 volt potential results which may be
applied across the tube and load selector (E|, and the rafic of the tube and
Load Selector voltage to the meter voltege |i. e., of the internal tube and
arternal “Load Selecter’’ resictance to the external circuit resistance) is con.
stantly 9 to |, It will ba found that this rafic holds true for all seftings whare
the metar is adjusted to i S full seale deflection, regardless of the Cathode
volts, matar multiplier selactor, load, or meter shunt selector settings. For the
20 valt Cathode F-nh:p'l'inl “‘Hing, the qu':nﬁﬂ nppliad across the mefer
it 2 valts, and for the 30 volt setfing it o 3 volts, afc.

The Load Selector, as explained previously, was included in the circuit
so that specific loads could be applied to each tube to cbviate the possibility
of damaging the tube by allowing it to draw excessive currents.

The actual settings for tube types are ascertained in our laboretary in
the following manner:

F;I‘il. the tube is inserted in the pmp&r soc ket :l'r'l‘qr .:diu;‘l'ing tha tubs
tester fo the line and adjusting the Filament Volts Selectar fo the proper
filament aah‘:nﬁnL Then, the "Test Circuit Selector” switch, combining the
Cathode Valts Selector and the meter multiplier contacts, is set to the proper
voltage. [30 volts for all fubes with the exception of the cold cathods types
and the “"Magic Eye" section of the tuning indicator tubes), and tha “Load
Selector” set to the proper resistive load. A wvalue of "Quality Selector”
|a meter shunt resistor] is now chosen so as to allow sufficient current to flow
bhmugl\ the rmeter which will resulf in & T?':_:.",; d-ﬂm;ﬂqn of the meter, These
satfings ara then tabulated for & number of tubes of each type and the
results everaged. Thousands of tubes are tested to compile these lists and
each tube is alio tested on three regular production line test instruments to
chack the uniformity of the results.

Let us now ascerfain how this works ouf in actusl practice. We shall
aiiurne that the tube iz i:uing testad with a Cathedes |':-|:|1'enl-|ﬂ| af 30 wealhs,
and, that its proper load s 1000 ohms. |nasmuch as the combined circuit
has bewn so designed a5 to allow only 1710 of the total potential drop scross
the metering circuit proper at 779 full scale deflection, /10 of the applied
voltage, or 27 wolts, is applied across the tube and extermal load resistor
undar thess condifions, H-',- reference tao ngr: 4B wa gas fha variout matar
shunt settings from O to 5000 chms, which will allow a constant 3 wolt po-
tential drop across the meter circuit at 779 deflection, regardless of the
amiount of current Hﬁwing 1'|'|r|;||.|q|'| tha main circwit.

The effective infernal resistance of the tube plus such external load as
might be added it alia given in Figure 28 against the current such a circuit
would pass. being connacted across a potential of 27 valts,

Lastly, Figure 28 lists the proper chmic meter shunt seffing to deflect
the meter 77% of full scale for each effective internal fube and external
load resistance value from 45 'chems to 20000 ohms, using & 30 valt fofal
epplied potential.

Let us assume that this tube which we are tasting has an internal resist
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METER SHUMT SETTINGS FOR EACH TUBE AND
LOAD RESISTAMCE
Tatal Tuba &nd Total Matar batar
Currant Lesd “R" Cireuit "R™ Shunt "R"
I3 FT a7 o6&
1.4 19284 2143 ATeF
1.5 18000 2000 4 0%
l.& | LTS |8TE ETE]
1.7 | GEEZ 1764 225
| & 18000 [T 2012
L9 14210 1579 2655
2.0 1 3800 | 500 2440
10 2000 1000 1345
40 GTED TR Lra]
Lo 5400 S0 09
&0 4500 500 UFE|
ro IR5T 475 4R
8.0 1175 e 418
.0 0 133 &4
100 2700 L] g
0 1350 150 | B
k)] S0 100 103
40.0 &75 K] 7
500 E40 [a] L3
&0 450 L] Bl
0.0 168 428 44
B0 338 IT5 L]
0.0 f[a] 313 13
(s ol i 0.0 i}
2000 138 158 3
1000 M 10 10
A0 &75 TE 1.9
S0 4.0 &0 &0
H00.0 45,0 L0 50
Fig. 48

ance of 13,500 chms when good, which would allow 2 m. a. to pass through
the total meter circuit. 1§ this resistance doubkles, the effective current
through the total circuit will be 27,000 ohms, effective internal tube resist-
ance plus 1500 total meter circuif resishance, or 28,500 chms divided into
30 volts, or 00105 mils. This total current flowing through beth the meter
shunt and the meter will produce a voltege drop across the fotal meter cir-
cuit of 1.575 volts. The current flowing in the meter circuit proper |meter
and meter multiplier) will be found by dividing this voltage of 1.575 valis
by the 3897 chm resistance of the meter circuit proper, resulting in a cur-
rent flowing in this circuit of 000404 mils.. resulting in a mefer needle de.
flection in the bad portion of the meter scale. The various valuss of resist.
anca have been o chosen as to result in & Bad Tube being checked as "'Bad”,
and 8 Good Tube as "Good™.
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30—DESKSN OF THE 1937 SUPREME TUBE TESTER CIRCUIT
FOR THE STANDARD SERIES.

The 400 Series tube testers wvary from the 500 series tube testers more
#~ in mechanical than electrical design. Their basic circuit is given in Figure 4%

T

: &

| Lmaelomanl ol =t ] S

Fig. 49

and it will be noted that, aside from certain changes in petentiometer values
and available potentials, the circuit is much the same. Machanically, the
Fan-Shape Meter is used in place of the quadrimater, throw togale switches
are used instead of shde toggles, and a bakelite panel is used in the place
of & metal pansel

31—DESIGNING THE TUBE LEAKAGE TEST CIRCUIT

Fiqure 50 is a simplified diagram of the “leakage’ circuit af tha 500
serigs, and it will be seen that the neon lamp is shunted by a resistor. the
purpose of which is to limit the sensitivity of the lamp in order that permis-
sible tube leakages over 100,000 chms will not be indicated. The circuit also
includes & capacitor in series with the lamp fo meke it responsive onby fo
lsakage potentials through the tube under test, and to prevent it responding

| ta rectified potentiale.

Under cperating conditions, with a tube in the socket |Figure 50), we
| have the “Filament Return Selechor’ switch set in the No. | paosition which
5 t"" is ana of the filament terminaks. and tumbler switch Mo, & et in the “UP"

" position—connecting the filament to the transformer as explained in Section
11. The other elements of the tube are connectad together by virtue of the
fact that all the other fumbler switches are in the "DOWN" or normal posi-
tion, and are eannected by the shorting bus to the necn lamp—which is, in
furn, connected through its blocking capacitar o the 110 valt tap of the
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transformer, Since the common of the transformar is connected to the upper
sherting bus of the tumbler switches. and since ona of the filament connec-
tions is made to that bus, it will be seen that a potential diffarence exists
between the filament and all other slemants. the neon lamp being in series
with that potential, and any short circuit or high resistance leskage between
the filamant and any element will couse both plates of the neon lamp to
glow, Similarly, if & short circuit or lsakage exists betweaen u& ather two or
more slements, it is cnly necessary to place the tumblar switch, correspond-
ing to sither of the elaments fm:;T'-'ld in the “UP" position and the glow of
the nean will reveal it.

For sxample, assuming that a short eishs between slements Mo. 2 and
Mo. § in Figure 50, the neon lamp will glow when Mao. 2 tumblar is "UP,
and again when No. 5 tumbler is up. but will not glew when both Mo. 2 and
No. 5 are in the same position—namely both "UP'—or both "DOWN'™.

In the Supreme 400 series, a similar switching circuit is used, but instead
of a 2 watt neon lamp, a | /10 watt neon lamp is used a3 shown in Figure 51,
The addifional Resistance (Ro) is used to drop the semsitivity of the smallar
nean lamp so that it will net register tuba Infaqm over 100,000 ohrms.

37— THE "FILAMENT RETURN SELECTOR SWITCH"—EARLY TYPE

For a number of years, the design of tube testing apparatuses presented
no serious problems insofar as the application of filament or heater potentials
was concerned. This was because the filament pins of all popular types of
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tubes, prior to the advent of the
naw octal fubes, were adjacent to
sach other, usually larger than the
other pins, and a: ‘quide”
pins, 3o that one of the filament
contacts of the tester sockets could
be connected directly to the “com-
_I mon’ terminal of the filament wind.
U ing of the tester transformer, and
the other filament contact of the
sockets could be connected directly
to tha mowvable conbact of a tap
= switch which enabled a selection of
= any required filament potential sup-
plied by the transformer through
the tap switch.

With the advent of the octal

v fube types, tube enginears have

abandoned the idea of having the

Fia. 5l fillament or heater pins adjacent

9- to sach other, and instead of ws-

_ ing the filament or heater pins as

“quide” pins, a large keyed bakelite locator pin is used in the center of the

tube base of octal tubes and the pins are numbered from the key ridge of

the bakelite guide pin. Looking at the base of an octal tube, with the guide

key uppermost, the pins are numbered consecutively in a clockwise direction
beginning with the first pin clockwise from the guide key.

For the better part of last season, the established practice was to use
the Me. | pin fo terminate the metal shield and the Me. 2 pin as one of the
filament or heater pins. The other filament cannection might then terminate
at any pin from No. 3 to No. 8 inclusive, or even terminate at the fop ce
position. This meant that, if a single B-hole socket was to be used in whic
to test all elements of all octal tubes, it would be necessary to select the
contact of the octal tube to which the “roving side” of the filament po-
tentials may be applied, in addition to selecting the filament or heater
potantial to be spplied; otherwise, & separate 3-hole socket or adapher would
have to be added for sach new pin combination,

The filament or heater circuits terminate at what are known as the pins
numberad 2 and 7 on the octal tubes which were incleded in the preliminary
announcemants of metal fubes. Eubmquenfl?. the metal tube type 524 was
announced with a ﬁlumm'!'l' circyit term terminsted by pins nu rad 2 and
8, oand a later type | &P7) was announced with a heater circuit terminated
by pins numbered 2 and 3, so that o tester socket in which the filamant ar
heater potentials are applied to the contacts numberad 2 and 7, ﬂnl}r. cannot,
be used for testing the later types in which the filament is terminated by
pind numbered 2 and 3 or 7 and §,

I£ the "Fillament Return Selector™ circuit as shown im Figure 52, ar s
equivalent, wera not used, three B.hole seckets would have been reguired
ta enable a test of all of the elements of this group of octal tubes, and the
tester would be partially obsolete in the event a metal tube were announced
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in which naither pin numbered
3, 7 or B were wied ms one of
the filament or heater pins
Herce, the advisability of using
a "FILAMENT RETURM 3E-
LECTOR" switch through which
the filamant ar heater current,
which was considerad as enter-
ing the number 2 pin of the
eetal tubes, can return through
the "top cap” terminal or
through any one of the number-
ed pins of such tubes. By using
this switch, no adapters are ra-
quired, and anly one 8-hole
Fg. 52 socket is needed for all present
or futurd octal tube fypes in
which the filament currents may return throwgh the top cap terminal or
+hrwg|-| any pin other than the Aumbear 2 pin iﬁrwgh which the filament or
heater currants may be considered as entering cctal tubes.

-

W

Fo oFfwep FRET Capoov P =

Subsequently, the type 5X4 and the type 574 were anncunced aon
which the Filament connections were made to the Mo, 7 and Mo, B pins
With remarkable foresight, Supreme Engineers had so arranged this previcus
circuit, that it was only necessary fo depress an extra tube test button on tha
panel tagether with the push button fo be depressed for the Quality Test
and these tubes can alic be tested on last year's modeks of tube testers.
This previcus tube fest circuit was so arranged that all elemants were perma-
nently conmected to the “plus’’ side of the "quality test” supply circuit,
through the top contacts of separsble push buttons for each element. By
depressing any ane or more push buttons, eonnaction was broken from
the “pls" side and connected to the minus side of the "Quality Test” sup-
ply through bottem contacts of these push buttons. Therafore, to tast 5X4
and 574 fube types, it was only necessary to set the "Flament Return Se-
lector'” switch to tha Me, T P-DiH'it,‘.rrt and d&pmu the rugl.ll!r cathads pu:h
bution and the Me. B push butten! Thus, these tube checkers are still able
te chack every hot cathede emitting type receiving tube on the markef
today, a remarkable proof of Suprema's ability te ward off that perennisl
buggaboc—obsolescence.

33—NEW FILAMENT RETURM SELECTOR CIRCUITS

Dus to the probability that future vacuum tubes will be developed with
their filament or heater connections ferminating at amy fwo pins on the tube
basa, it was considered advisable to provide in the design of this year's fube
testers some switching arrangemant whereby any two base pins may con-
nact to the filament supply potential without the necessity of actually holding
soveral buttons simultaneously in a depressed position, Such a unique switch-
ing arrangement is incorporated in the new Supreme tube testers. and it is
interesting to note the change from the momentary push buttan type switches
af previous models to the sliding toggle switch as used in the 1937 series
of Supreme testers.

Figurs 53 is a diagram of the filament switching circuit and it will be
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noted that the sockets connechions are all wired in parallal to the contacts
on ane side of the “Filament Refurn Selector” switch, all Mo, | pins connact
to the Mo, | contact, Mo. 2 pins to the No. 2 contact, etc., the contacts an
the ather side of the 'Filament Return Selector’” switch are connected to the
center arms of the turmbler switches—Mo, | to Mo, |, Ma. 2 ta Mo, 2, et
Orne side of all the tumbler switches are connected together and wired to
the comman of the transformer secondary. while the various taps on the
transformer are wired to the "Flament Volts Selector” switch, the comman
arm of this switch b-ting, in turn, wired to the common of the "Filament
Return Selectar” switch sa the side that carries the connections fo the
sockets.

A
L'

Figure 54 is a diagramic representation of the circuit with the connec-
Jions completed, by switching, for o tube with its filament tarminating in pins
Ma. | and Mo 7. It will be seen that the "Filamant Return Selector™ switch
has bean placed in the No. | position, connecting the Mo. | pin through the
“Filament Raturn Selector” common to the "Flament Volts Selector” com.
man which has been placed on one of the taps of the transformer, the con-
nection baing completed through the transfermar winding to the transtormer
comman, and thence to the common bus of the tumbler switches to switch
Ma. 7 'which has been placed in the "UP" position, allewing the current to
flow to the Mo. 7 pin of the socket through the Mo, 7 contacts of the “Fila-
ment Return Selectas” switch.

From Figura 54 it will be seen that amy two socket pins, or any one pin
and the Top Cap. may be used as filament terminals by meraly setting the
“Filament Return Selector” switch to the position that corresponds to one
of the pins, and moving to the "UP" pasifion the tumbler switch that cor-
responds to the other pin, and applying the proper filament potantial by
maans of the “Filamont Yaolts Selector” switch.
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34—CONCLUSION

In the foregoing chapters, we have attempted to give you a general
idea of the encrmous amount of time and effort necessary fo corractly
desigh only the electrical portion of a commercislly satisfactory tube or
radio tester. We have not mentioned the Mechanical Enginsar's part in
the solving of many perplesing problems dealing with size, weight, materials,
etc. We have not mentioned the keen artistic ability necessary to design o
testar panel and parts so arranged as to combine (I} Ease of operation, (2)
Beauty through a harmonious balance of the parts on the panel and 3] Phy-
sical balance of the parts under the panel for sase in carrying. We have not
mentioned the part played by the Purchasing Engineer who must purchass
parts according to rigid specifications and yet purchase them at a price
which will result in the biggest saving te the ultimate instrument user. Mor
have we menfioned the kesn-eyed inspectars who impartislly test every in-
coming part and refuse to pass such parts as do not “measure up” to in-
Hexible specifications—the Production Department which, with speed and
precision, builds each instrument so that it is a mass produckion unit fabri-
cataéd as if it were custom built—the Test Department where all finished
testers are given complete fests by not one—but twe and sometimes three
men, before packing—the Shipping Department—the Stock Keepers—tha
Executive personnel—the Service Department—your Parts Jobber who stocks
the finished instruments for your immediate call—the thousands of individual
efforts, which, combined in a finished instrument—result in one mighty effort
to give you the very best in quality for the very least in price.

This part of the story reed not be enlarged, for it is reflacted in avery
Supreme instrument which has ever been produced and has resulted in an
nr'gu&r-izu’ric-n trained and pledged to correctly serve your avery test instrurnent
nead.

When wou requirg the best in test m:;ui ment ask for SUPRERE M-
STRUMEMTS, for anly they are "Suprema by Comparisan’.
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