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The Supreme Radio Analyzer
Model 339-Deluxe

By SAMUEL C. MILBOURNE*

IT is the purpose of this technical discussion to outline the more essential requirements of a modern
radio analyzer as they are reflected in the new Supreme Model 339-D (Deluxe) Radio Analyzer. For modern

radio service practices, these requirements include:

(1) A sensitive d'Arsonval Supreme fan-shaped meter, with large, easily readable figures on 269,
longer scales.

(2) A rugged 4-gang, 5-position rotary switch for selectively connecting the meter to any one of
the following measuring circuits:

(a) D.C. Milliammeter—0/5/25/125/250/500/m.a., and 0/1.25 Ampere.

(b) D.C. Voltmeter—0/5/25/125/250/500/1250 Volts.

(c)] Ohmmeter—0,/2000/20,000/200,000 ohms and 0/2/20 megohms.

(d) A.C. Voltmeter—0/5/25/125/250/500/1250 Volts.

(e) Capacity Meter—0/0.05/0.25/1.25/2.5/5.0/12.5 Mfds., electrostatic (paper)

and electrolytic.

(3) The famous Supreme rectifier circuit for compensating the effects of variations of instrument
rectifiers, and enabling the measurement of A.C. potential and capacitive values on an evenly-
divided d'Arsonval scale; the circuit also includes a protective arangement against overloads
across the rectifier and meter caused by electrical surges from transformers, chokes, capacitors,

etc.

(4) The exclusive Supreme Free Reference Point System of Analysis, with unusual flexibility for the
accommodation of possible future developments, including new 8-pin tubes.

(5) On extension of all radio circuits to terminals on the analyzer panel for all regular tests, and for
innumerable special tests, such as "grid shift" tube tests, connection of phonograph pick-ups,

microphones, headphones, and other external devices.

The "straight-forward" testing procedure enabled by this tester has gained almost universal acceptance
amongst the radio servicing profession, because it enables the user to actually see the connections which are
being made above the tester panel, rather than leaving it to his imagination as is the case when such connec-
tions are made by the manipulation of confusing switches, which, like all mechanical devices, are likely to prove

troublesome in service.

WEAK POINTS OF EARLIER ANALYZER TYPES

Up until a comparatively short time ago, radio analyzers had many objectionable characteristics, the main
weaknesses being:
(1) Comparatively short service life before obsolescence, because of their not being easily adapt-
able to new tubes and circuits.
(2) Lack of simplicity of design and application, making their use confusing and awkward to the
users.

*Service Engineer, Supreme Instruments Corporation.



—AMMA- Q) s (3) Lack of compactness and profes-

900.A-Rim éon sional appearance.
© These objectionable characteristics have
12 been admirably overcome in this new ''Su-

©) 1 preme-by-Comparison” DelLuxe Analyzer which

.5 is now available at less than cost of the earlier
\<\/ 001 A ©) 2% types of analyzers.

B.Cc.METER 075 n

Q) seo APPLICATION
045.a
©) reso The Supreme Model 339-D Analyzer may
03 A be used either for the preliminary radio testing
5) vcma procedure in a customer's home for estimat-

ing purposes, or for the 'trouble-shooting”
practices in the professional radio service en-
gineer's laboratory to (1] find the trouble by
selective and elementary tests, (2) check the replacement parts used in the course of the repairs, and (3
check the overall performance of the radio after the repairs are completed and before returning the repaire

radio to the customer.

Y4
D.C.MA CIRCUIT (SCHEMATIC)

THE METER

Most electrical measuring devices are, basically, current-measuring devices, being either ammeters, mil-
liammeters or microammeters. In form of construction, such a meter consists of a permanent horseshoe magnet
between the two poles of which is suspended an armature to which is attached a pointer and a spring ar-
rangement to hold the pointer to its zero position when no current is being passed through the armature coil.
When a current is passing through the armature coil, it becomes an electro-magnet, with two poles of op-
posite polarity, and the re-action between the energized coil and the permanent magnet causes the coil to
rotate on its axis so as to facilitate the attraction of the unlike poles and the repulsion of the like poles of
the two magnets. The amount of the moyement is determined by the balance attained between the resiliency
of the spring mechanism and the strength'of the magnetic field set up by the current flowing through the coil,
and since the strength of the magnetic field set up around the coil is dye:termined by the amount of current
flowing through the coil, the movement can be calibrated in units of current; or in any other units, such as
volts, microfarads, ohms, etc., which have a definite relationship to units of current. Usually, a meter which is
calibrated for current measurements in terms of amperes, milliamperes, and microamperes, has a comparatively
low resistance and is connected in series with the circuit in which the current is to be measured; and a poten-
tial measuring meter or voltmeter is of comparatively high resistance and is connected across the circuit across
which a potential difference is to be measured.

The new, fan-shaped Supreme meter incorporated in the Model 339-D Analyzer is the first meter to be
designed expressly for use in radio testing equipment. Having 269, longer scales and large, clearly readable
figures, it offers better readability and more consistent accuracy. It has evenly-divided scales for all D.C.
measurements and, when combined with a special impedance circuit, the same evenly-divided scales are also
adaptable to all A.C. potential and capacitive measurements. The Supreme meter requires only 1.0 mil-

liampere of current for full scale deflection, so that it has a sensitivity of 1000 ohms per volt for all D.C. poten-
tial measurements. Its accuracy tolerance is 29, of full scale values, and observational errors are reduced to
a minimum by the use of a combination "spade'* and "knife edge'’ type pointer for maximum accuracy and
ruggedness. For current, potential and resistance measurements with this tester, the meter is "built up” to a
resistance value of 300 ohms by means of a multiplier resistor connected in series with the meter, and all
shunt and multiplier resistor values are calculated on the basis of a full scale current sensitivity of 1.0 mil-



4TOOA liampere and a resistance value of 300 ohms

— AWM @ SV for the meter. The actual armature resistance
20600 A of the meter is about |15 ohms, which is more
@ ey than the usual resistance value of a |-milliam-
pere meter; this higher resistance value is used
o MmEG. so as to enable more turns of wire on the arma-

©) nsv. ture to provide a greater movement torque.

SAZE MEG

<> © . CURRENT MEASUREMENTS
COOIA .4 mes The meter, when used for current measure-
O.C.METER ments in terms of milliamperes, is shunted in
@ =eav the manner indicated in Figure |. The total
S.TE HES, shunt value of 75-ohms is determined by the
{0) rzsov lowest current-measuring range of 5 milliam-

peres. The meter, with its resistance built up
@ common to a value of 300-ohms, requires a potential

of 0.3 volt (300 millivolts) to cause a full scale
©.C. VOLTMETER CIRCUIT(SCHEMATIC) current of 1.0 milliampere to pass through the
meter. The shunt resistor for the 5-milliampere
range, being in parallel with the meter, will

have the same 0.3-volt potential difference. Since 1.0 milliampere of the 5-milliampere range will pass
through the meter, the shunt resistor will pass the other 4.0 milliamperes and its value is determined by
dividing 4.0 milliamperes (0.004 ampere) into 300 millivolts {0.3 volts). This division establishes the value
of 75 ohms for the total shunt resistance value shown in Figure |. For the current-measuring ranges above
the 5.0 milliampere range, the 75-ohm shunt resistor is divided into smaller values, thereby forming what is
known as a ''ring type' shunt, the total "ring"” resistance value being 375 ohms. The resistance values of
the sections of the 75-ohm shunt resistors are determined by multiplying the total "ring" resistance by the
full scale current of the meter, dividing the result by each range value, in turn, from the common terminal,
and subtracting the sum of the preceding values from each newly-determined value. When the "ring"
value of 375 ohms is multiplied by the full scale sensitivity value of 0.001 ampere, we have a value of 0.375
into which each range value is divided, in tumn, for determining the required shunt values. For example, the
shunt value for the 1.250-ampere range is determined by dividing 1.250 into 0.375, givirg a value of 0.3 ohm
for that range. For the 500-milliampere range, 0.500 ampere s divided into 0.375, giving a value of 0.75
ohm for the 500-milliampere range: but, since we already have a value of 0.3 ohm for the preceding range,
it is necessary to subtract 0.3 ohm from 0.75 ohm, leaving a value of 0.45 ohm for the second section of the

shunt.

For the 250-milliampere range, 0.250 ampere is divided into 0.375, giving a value of |.5 ohms for the
250-milliampere range; but, since we already have a value of 0.75 ohm for the two preceding ranges, it is
necessary to subtract 0.75 ohm from 1.5 ohms, leaving & value of 0.75 ohm for the third section of the shunt.
The shunt sections for the other ranges are determined in a similar manner, and we can "check' the accu-
racy of our calculations by Ohm's Law. For example, the shunt value of 0.3 ohm for the 1.250-ampere (1250-
milliampere) range is in parallel with the remaining 374.7 ohms of the 'ring'' circuit which, when multiplied
by the meter current of 0.001 ampere, produces a ootential drop of 0.3747 volt. With 0.001 ampere going
through the meter, the remaining value of 1.249 amperes will be going through the 0.3 ohm shunt, producing
potential drop of 0.3 times 1.249 or 0.3747 volt. Since the potential drop across both parallel paths is
identical by Ohm's Law, it is concluded that the calculations are correct. The other ranges may be similarly

"checked" by Ohm's Law.

FiG. 2



x D.C. POTENTIAL
MEASUREMENTS

It is convenient to remember that "poten-
ool A ﬁ tials" in electrical discussions are Lsumewhat

o.C. METER * comparable to ''pressures’ in studies of hy-

c draulics,. When a milliammeter is used for

hd measurements of electrical potentials, enough

OTS MEG. 025 MEG 0,26 MEG Ol MEG 20,000n resistance must be connected in series with the

« AN NN milliammeter to limit the current to within the

full scale sensitivity value of the meter. The

| required resistance is 1000 ohms per volt for
1F1 '__i F1 l__'l_' a meter which has a full scale value of 1.0
ce s - c3 2

| milliampere. In the design of the analyzer

under discussion, the value of the multiplier
@ © © © @ @ @ resistor for the 5-volt range is established by

COM. 1250V 500V 280V, 125V 25V sv.  subtracting the meter resistance value of 300
AC. VOLTMETER CIRCUIT (SCHEMATIC)  ohms from the 1000-ohms-per-volt value of
Fle 3 5000 ohms, leaving a multiplier resistance

value of 4700 ohms. For the higher ranges,
the multiplier resistance values are calculated on the basis of 1000 chms per volt. The D.C. voltmeter circuits
are included in Figure 2.

RESISTANCE MEASUREMENTS

For resistance measurements, the meter is used primarily as a voltmeter, with the current passing through
the meter calibrated on an "Ohms'' scale instead of being calibrated on a "Volts" scale. In the multi-range
ohmmeter circuits of this tester, however, shunts are used to enable the different sensitivities required for each
range and, to this extent, the ohmmeter circuits resemble current-measuring circuits in which shunts are usually
required. It will be observed in Figure 4 that, for the lowest or 2000-ohm range, the 33-ohm resistor is a
shunt resistor, while the 297-ohm and the 2723-chm resistors act as multipliers to the meter with its 700/4300-
ohm shunting resistor made up of a fixed 700-ohm resistor and a variable 3600-ohm rheostat for accommo-
dating battery potential variations. For the 20,000 ohm range, the 33-ohm and the 297-chm resistors, total-
ing 330 ohms, act as a shunting resistor, with the 51-ohm and 2723-ohm resistors functioning as multipliers.
For the 200,000-ohm range, the 33-ohm, 297-ohm and 2723-ohm resistors act as a shunting resistor, and a
3269-ohm resistor acts as a multiplier resistor.

In the course of the design of the ohmmeter functions of this tester, it was necessary to take into con-
sideration the fact that (1) the meter requires a current value of 1.0 milliampere (0.001 ampere) for full scale
deflection, (2) a small amount of current must be allowed for passage through the variable “zero adjustment”
theostat to compensate for the natural depreciation of a new battery, (3) these two current values, when
added together, constitute the load for the highest resistance measuring range which can be enabled by the
available battery potential which, in this case, is 4.5 volts, (4) in order that all resistance measuring ranges fall
on the same "Ohms'' scale, with the same set of scale divisions, the next lower range must carry ten times
the current load of the highest resistance-measuring range, and (5) the lowest resistance measuring range must
carry a current load which is one hundred times that of the highest range. This means that, if one-fifth mil-
liampere should be passed through the variable meter shunt (zero adjustment rheostat) with a new battery, the
total load for the highest resistance-measuring range would be 0.0012 ampere, the total load for the next
lower range would be 0.012 ampere, and the total load for the lowest range would be 0.120 ampere, which is



about as much load as should be taken

b 2 ; from a small flashlight battery. These facts

§ n immediately suggest that the meter, with

(\, : " its variable shunt, should be shunted, in
K ¢ turn, with a "'ring"" shunt divided in a man-

D.oolA g o ner somewhat similar to that suggested
2ene ® herein for the current measuring functions
fJ: of the tester. However, since a fixed po-

¥ tential value, 4.5 volts in this case, is used

for all ranges, which is not necessarily the

36 case with the current-measuring functions

g of the meter in which the potential drop is

;! not the same for all ranges, it becomes

g necessary to so arrange the network of the

< " ohmmeter circuits that the effective internal

; reﬁsistance of Eafzih range be re{latedhta Jﬁm

9 ©. 314 MEG. effective internal resistance of each other

= MW—O) 2@ MESG  1ange by the same ratio as that which exists

between the current loads of the different

ranges. In other words, if the effective in-
FIG. 4 ternal resistance of the lowest resistance-
| measuring range be 35 ohms, then the ef-

fective internal resistance of the next higher
range must be ten times as high, or 350 ohms, and that of the highest range enabled by the battery must be
one hundred times that of the lowest range, or 3500 ohms, so that all three ranges will follow the same scale
distribution. Actually, the value of 35 ohms, and the decimal multiples thereof, were found most suitable, so
that the center-scale calibration of the "Ohms' range of the meter represents a value of 35 ohms, or a mul-
tiple thereof when one of the higher measuring ranges is used. This may be better understood by remember-
ing that if a 0/120 milliammeter which has an internal resistance value of 35 ohms be shunted with a 35-chm
resistor, the meter pointer will deflect from the full-scale position to the center scale position.

Taking the values indicated in Figure 4, and assuming an average battery potential of 4.25 volts, which is
half-way between the new value of 4.5 volts and a discardable value of 4.0 volts, we can determine, by differ-
ent applications of Ohm's Law, that the variable shunt rheostat should be set at a position so that the used por-
tion of the rheostat combined with the 700-ochm fixed resistance value totals 1400 ohms when the rheostat is
adjusted for "zero ohms'' with the lowest range terminals short-circuited. On the basis of the circuit conditions
then prevailing, it may be of interest to the reader to analyze the elements involved to show that the effective
internal resistance of the network is 35 ohms for the lowest measuring range, and decimal multiples thereof for
the higher ranges. The joint resistance of 1400 ohms in parallel with the meter resistance value of 300 ohms
is 247 ohms. This value of 247 chms added to 2723 ohms and 297 ohms gives a total value of 3267 ohms. This
value of 3267 ohms for the lowest resistance-measuring range may be considered as being in parallel
with the shunt value of 33 ohms for the lowest range. The joint resistance of 3267 ohms in parallel with 33
ohms is 32.67 ohms which, when added to an internal battery resistance value of 2.33 ohms gives a total in-
ternal resistance value of 35 ohms for the lowest resistance-measuring range; that is, the 2000-ohm range. For
the 20,000 ohm range, the joint resistance value of the meter and its variable shunt; 247 ohms, is added to
2723 ohms, giving a value of 2970 ohms which is in parallel with the value of 330 ohms made up of the two
sections of 33 and 297 ohms. The joint resistance of 2970 and 330 ohms is 297 ohms which, when added to
51 and 2.33 ohms gives a value for the 20,000-ohm range, of 350 ohms, which is 10 times the resistance of
the 2000-ohm range. For the 200,000 ohm range, the joint meter and rheostat resistance value of 247 ohms is
in parallel with 3053 ohms, made up of the 33-ohm, 297-ohm and 2723-ohm sections. The joint resistance of
247 and 3053 ohms is 229 ohms. The total of 229, 3269 and 2.33 ohms is 3500 ohms for the internal resist-

ance value of the 200,000-ohm range.



—tt— | oHms Reading the "Ohms" scale from left to right, the pointer deflection in percentage of
.o scc | full scale deflection for each division on the scale is determined by adding the value cor-
&8 530 responding to each division to 35, and then dividing the total into 35. For example, if we

o.8 S0

o7 | ezo | Wwant to know the deflection percentage for the 100-ohm division of the scale, we add 100
oe | ees | to 35 and then divide 135 into 35 to find that the 100-ohm division is 25.99, of the full

T&O H

S 1 —=7c— scale deflection.
28 oe The resistance-measuring ranges beyond 200,000 ohms are powered from a miniature
o1 | 2000 | 'power pack,” so that the internal resistance of the tube which is used as a rectifier tube
B must be taken into account when determining the mutiplier resistance values required for
Fie.S the 2-megohm and 20-megohm ranges. Since the internal resistance value of the tube is not

a constant value, but changes with varying loads, it cannot be expected that the 2-megohm and 20-megohm
ranges will be as accurate as the lower ranges which a.e powered with the 4.5 volt battery.

A.C. POTENTIAL MEASUREMENTS

The A.C. potential-measuring functions of this tester differ from the D.C. potential-measuring functions in
that (1) the meter is connected to the output terminals of a full-wave instrument rectifier, (2) a capacitor is
substituted for the 4700-ohm multiplier resistor, and the capacitor is connected in series with the rectifier
input circuit, (3} each of the multiplier resistors above the 5-volt range is bypassed with a calibration capa-
citor. The elements involved in the A.C. potential-measuring functions are indicated in Figure 3. Before
proceeding further with the discussion of the A.C. potential-measuring functions, it is probably advisable to
give some thought to the non-linear characteristics of instrument rectifiers.

Alternating current values, as measured by ordinary A.C. instruments, will not be indicated as having
the same values when rectified and measured with a D.C. instrument. For example, an alternating potential of
100 volts as measured with an ordinary A.C. voltmeter will, after full wave rectification, be indicated by a
D.C. meter as having a value of about 90 volts. This is because the usual types of A.C. voltmeters, which are
not sufficiently sensitive for many modern requirements, have the desirable characteristic of indicating root
mean square (r.m.s.] values, whereas sensitive D.C. instruments indicate average values which are lower than
root mean square values by the ratio of I:1.11. In other words, average values must be multiplied by I.11
in order to obtain correct root mean square values. This condition is true for sine-wave forms which are ap-
proximated in commercial practices. This characteristic suggests that some means must be provided for cor-
recting the sensitivity of the meter between measurements of A.C. and D.C. values, so as to provide for this
ratio between root mean square and average values. In the tester under discussion, the correction is effected
by means of a series capacitor and parallel capacitors which have the effect of reducing the total impedance
of the circuits for measuring A.C. values, so that more current is permitted to pass through the meter move-
ment than is the case when using the tester for D.C. measurements. In this connection it may be well to state
ﬂrat the ratio of |:1.11 may be modified by the electrical characteristics of the rectifier unit or of other circuit
elements.

The "current density" characteristic of instrument rectifiers is another matter which must be taken into con-
sideration in the design of a universal tester. This characteristic manifests itself in the form of an increase in
the rectifier resistance with a decrease in the electrical load. This accounts for the departure from a linear
scale in the usual rectifier type A.C. meter. The current density characteristic may be better understood by
a tabulation of resistance values corresponding to current values, based on a typical rectifier unit which has
an internal resistance value of 500 ohms, with a load of | milliampere, as shown in Figure 5.

The effect of the current density characteristic is reduced, however, by the usual multiplier resistors as
used in A.C. voltmeters of the rectifier type. For example, a rectifier having the above tabulated resistance
values, when used with a multiplier resistor for a 5-volt measuring range with a meter such as that described
herein, would require a total circuit resistance of 4500 ohms, this value being obtained by dividing 5000 by
the form factor of 1.11. At half-scale meter needle deflection, the total resistance of the circuit will increase



= about 260 chms, as indicated in the above mentioned table, so that the increase in the total
resistance of the circuit is about 5.8%,, as coatrasted with an increase of about 529, it the
meter were used without a multiplier for measuring a current value corresponding to halt-
scale deflection. The effect is still further reduced when the range of the meter is extended
to higher voltage ranges as more multiplier resistance is added.

In the design of the tester under discussion, it was found advantageous to minimize the
effect of the current density characteristic of the instrument rectifier by utilizing a series
capacitor (C: Figure 3) for the low range as a multiplier reactor, instead of utilizing a multi-
plier resistor. This arrangement constitutes an impedance circuit wherein the potential de-
veloped across the capacitive reactance is 90 degrees out of phase with the potential de-
veloped across the meter and rectifier resistance, so that the impedance elements may be
represented by a right-angled triangle in which the resistance of the circuit is represented by
a short leg of the triangle and the capacitive reactance by a long leg: the resulting imped-
ance is, of course, represented by the hypoteause of the triangle. This condition is graphi-
Y~ cally represented in Figure &, in which the resistance is shown as a value of 800 ohms, ob-

°  tained by adding the resistance of the meter to the resistance of the rectifier unit with a full-
scale derlectic:n load of one milliampere. The capacitive reactance is shown as having a
value of 3490 ohms, which is the reactance of a 0.76-mfd. capacitor. The resulting im-
pedance is 3590 ohms, as determined by the solution of the impedance formula. These values were taken
from a typically constructed analyzer so that the form factor of the rectifier unit is about 1.39 in this case,
determined by dividing 5000 by 3590.

't will be observed from Figure & that slight variations in the length of that side of the triangle which
represents the resistance will have comparatively little effect on the length of the hypotenuse, whereas the
variations of the rectifier resistance would be considerable if the elements of the circuit impedance were
additive; that is, capable of being represented by a straight line instead of by a triangle such as that de-
scribed. It was shown above that the increase in the total resistance of a 5-volt circuit at half-scale deflection,
by reason of the current density characteristic, whea a 4500-ohm multiplier resistor is employed, amounted to
5.8%, of the total resistance. It is now apparent that an increase of 260 ohms of the resistance leg of the
triangle increases the length of the hypotenuse only 60 ohms, so that the increase in the impedance amounts
to less than 1.79,. In other words, by using a capacitor as a multiplier reactor instead of using a multiplier
resistor for the low-voltage A.C. range, readings are made to conform very closely to uniform scale distribu-
tion for practically all measuring requirements.

FIG. &

The adjustment of the 5-volt A.C. range of each Model 339-D tester is accomplished by adjusting the
capacitor G until the meter needle deflects to the full-scale position with an applied A.C. potential of 5
volts, This capacitor also serves to isolate the A.C. from the D.C. measuring functions of the tester, so that
the meter will not register D.C. values when the switch is set for A.C. measurements, or vice versa; thereby
enabling output measurements across the plate circuits of power output tubes.

After having adjusted the 5-volt range for measuring A.C. potentials, it is next necessary to consider the
means employed for adjusting the higher ranges. As stated before, it is necessary to pass more current
through the meter when measuring A.C. values than is required when measuring D.C. values, This is accom-
plished in the higher A.C. ranges by by-passing the muif;i[:jier resistors which are required for D.C. potential
measurements. In view of the fact that another triangle is formed when a range somewhat higher than the
basic 5-volt range is considered, it may be found that the higher range, indicated in Figure 3, as a 25-volt
range, may not require a by-passing capacitor. A triangle which would represent the impedance of the
25-volt range would have a reactance leg represented by the capacity C: as in the first triangle, but with a
resistance leg increased from 800 to 20,800 ohms. The resulting impedance, represented by the hypotenuse
of the new triangle, may generally be found sufficient for the 25-volt range. However, the ranges above the
25-volt range require the use of small by-pass condensers. Their values average 0.0185 mfd. for the 125-volt
and 250-volt ranges, 0.008 mifd. for the 500-volt range and 0.0025 mfd. for the 1250-volt range.



The means employed for obtaining a uniform scale dis-
tribution for A.C. indications, as described above, are found
to be accurate within 59 of full-scale values which is gen-
erallv accepted as being sufficient for all practical A.C.
measuring purposes.

©

A normally-closed push button switch is connected across
the A.C. input terminals of the instrument rectifier, as shown

in Figure 3, so as to protect it against overload electrical
surges from transformers, capacitors, chokes, etc. It is ex-
Eected that such surges will be dissipated through the switch
efore the operator has time to depress the switch button. A
fuse, or other protective device cannot be used because the
surges are more or less instantaneous and they can damage the
Fic. 7 rectifier before heating a fuse enough to open the circuit.

CAPACITY MEASUREMENTS

When a meter is used for capacity measurements, the resistance value of the meter and of the shunt and
multiplier resistors associated with the measuring circuit constitutes one leg of an impedance triangle similar
to that heretofore discussed for A.C. potential measurements. The reactance of a capacitor of unknown
value, which may be connected into the measuring circuits for the purpose of determining its value, consti-
tutes another leg of the same impedance triangle. It is obvious that the resistance value of the meter and
of its associated shunt and multiplier resistors is a constant value for any particular capacity-measuring range,
regardless of the capacitive value of any capacitor which may be connected to that range, and that the
capacitive reactance, in every case, is determined by the capacitive value of the capacitor which may be sub-
jected to the measurement; therefore, the capacitive leg of the triangle is the variable element. It is further
obvious that the meter current is related directly to the hypotenuse of the impedance triangle and will not,
therefore, have a linear relationship to capacitive values. For example, let's assume that we have an im-
pedance triangle in which a full-scale meter current corresponds to a certain hypotenuse length and in which
the reactance leg corresponds to a capacitive value of 5.0 microfarads; if we remove the 5.0-mfd. capacitor
and put in its place a 2.5-mfd. capacitor, the length of the reactive leg of the triangle will be doubled, but
the length of the hypotenuse will not be doubled and, therefore, the meter current will not be reduced to
one-half of its former full scale velue. In other words, a linear or evenly-divided scale cannot be used on
the basis of fixed resistance values for the meter and its associated shunt and multiplier resistors.

From what has just been explained, it is natural to ask a question as to how capacitive measurements
are enabled on an evenly divided scale in this tester. The answer lies in the fact that, although the meter,
shunt and multiplier resistance values constitute a fixed resistive value for each capacity-measuring range,
a variable resistive value is introduced by the full wave instrument rectifier employed, anJ shunts and multi-
pliers are employed of such values as will enable the variable element of the rectifier resistance to approxi-
mately counter-balance the variable reactive element introduced by the different capacitive values which may
be encountered for measurement. In other words, the divisions of a meter scale would be crowded on the
upper end of the .cale for capacitive measurements if the rectifier were linear in its characteristics, and the
non-linear characteristics of the rectifier would cause the divisions of the meter scale to be crowded on the
lower end of the scale if no capacitive variable elements are introduced into the circuit; but when both
variable elements are introduced into the circuit in approximately equal and opposite proportions, the meter
scale divisions can be equally separated across the whole scale or, what amounts to the same thing, the regular
evenly-divided scales can be utilized for capacitive measurements.

For the measurement of electrostatic (paper) capacitive values, comparatively high A.C. potentials are
used, but it is necessary to use comparatively low A.C. potential values for the measurement of electrolytic
capacitive values, so as not to puncture the electrolytic film around the electrodes. Actually, the A.C. po-
tential applied to electrolytic capacitors in the 0/1.25/2.5/12.5-mtd. ranges is about ¢ volts. The capacity-
measuring circuits are shown in Figure 7.
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FO ANALY ZiNG CABLE

Rarly THE ANALYZER CABLE
“ CIRCUITS

As shown in Figure 8, five sockets are con-

3 :
‘ijf,—_ = T nected in parallel, with their terminals connected
(_$__',"_} P " = 1= . through nine circuit-breaking switches into the
(—E'}_ e o ¢ 8 é analyzing cable which is terminated with a "top
: G 20 % cap' lug and an analyzing plug with seven pins

and one receptacle contact for the 8th pin of an

‘EB J - 8-pin analyzing plug adapter. The circuit-break-
‘ Fie. 8

ing switches are rather unique in their simple con-

¥, i struction; actually, each switch includes two nor-
— mally-closed contacts in parallel, so that it is
Yo i necessary to open both sets of contacts in order

to open the circuit into which the switch is con-

nected. The contacts are so designed that they can be opened by the insertion of an ordinary pin plug

which makes contact with the circuit, and when both contacts are opened with a pair of pin plugs, the pin
plug connectors are in series with the circuit. The use of these switches enables a very flexible arrangement,
as any device can be connected in series with any one of the circuits, or across any two of the circuits, by
means of a simple pair of test lead connectors with pin plug terminals. These twin jack switches are num-
bered and lettered to correspond with the numbers and letters around the socket contacts and the "top
cap” pin jack, so that the user knows exactly the circuits with which he is dealing at all times. The complete

circuit diagram of the tester is shown in Figure 9.

SUMMARY

Our discussion has, so far, dealt with the electrical features of the Model 339-D Analyzer. The mechani-
cal features and the professional appearance of the tester commend themselves to the favorable considera-
tion of the professional radio service engineer who is alert to appreciate the outstanding features of what is
believed to be the outstanding value in radio analyzers. Its neat appearance is in keeping with the quality
of its design. This tester is offered for 110/120 volt, 60-cycle operation, unless a special frequency rating is
otherwise ordered, at slight additional cost.

DEALER NET
WHOLESALE PRICE 33995

THE SUPREME MODEL 339-STANDARD ANALYZER

Many of the features outlined herein for the Deluxe Model 339-D Analyzer are also applicable to the
Standard Model 339-S Analyzer. The same quality of workmanship is utilized in both Models, but the Model
339.S utilizes a rotary switch for selecting the meter ranges as well as the metering functions, and has four
~stead of six current-measuring and potential-measuring ranges. The Model 339-5 uses resistive multiplier
circuits for A.C. potential measurements, instead of the reactive circuits utilized in the Model 339-D; therefore,
an "off-set"" scale is required for low-range A.C. potential measurements in the Model 339-S. The Model 339-5
does not include the capacity measuring functions of the Model 339-D, and has two resistance measuring
ranges of 0/2000/200,000 ohms instead of the five ranges of the Model 339-D. The Model 339-S is a real
value for the radioman who prefers a lower priced quality tester without the DeLuxe features. It can be used

with any power supply potential or frequency rating.

DEALER NET ' 5
WHOLESALE PRICE 909°
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MODEL 339-DELUXE

Quick Facts

(1) 6 D.C. VOLTS RANGES

(2) 6 A.C. VOLTS RANGES

(3) 6 D.C. M.A. RANGES

0-5 vaolts 0-5 volts 0-5 M. A
0-25  wvalts 0-25  wvolts 0-25 M. A,
0-125 wvolts 0-125 wvolts 0-125 M. A.
0-250 walts 0-250 wvolts 0-250 M. A,
0-500 walts 0-500 wvaolts 0-500 M. A.
0-1250 wvolts 0-1250 volts 0-1250 M. A.
(4) 6 OUTPUT RANGES (5] 6 CAPACITY RANGES (6) 5 RESISTANCE RANGES
0-5 verlts 0.05 mfds. 0-2.,000 ohms
0-25 volts 0-0.25 mifds. 0-20,000 ohms
0-125 wvolts 0-1.25 mids, 0-200,000 ohms
0-250 wvolts 0-2.5 mfds, 0-2,000,000 ohms [ 2 megohms])
0-500 wvolts 0-5.0 mfds. 0-20,000,000 chms {20 megohms]
0-1250 valts 0-12.5 mfds.
OoOHMS
R ¥ R

( 7) Free Reference Point System of analysis,

[ 8) Point to Point Resistance, current and veltage analysis.

[ 9) All resistance ranges from SELF-CONTAINED POWER
SUPPLY.

(10) Tube testing from radio sockets with sclf-contained

(1)

"grid shift" battery.

Six-range output meter for use without necessity of out-
put adapters,

(12)

[13)
(14)
(15)

(&)
(17)

A.C. and capacity measurements on uniformly-divided
scales,

Exclusive design 5-inch Supreme fan-type meter,
Positive rectifier protection.

Cnly 5 sockets for analyzing—no adapters—including
octal tubes up to eight pins.

Obsolescence probabilities reduced to a minimum,

Simple to operate—workmanlike appearance—reason-
able in price.

Supreme Instruments Corporation

Greenwood, Mississippi, U. S. A.

Export Dept., Associated Exporters Co., 145 West 45th St., New York City. Cable Address, LOPREH, New York
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