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STARE ELECTRONIC INSTRUMENTS LIMITED
manufocture a complete line of Electrical Indicat-
ing Meters, Tube Testers and Circuit Analyzers. in
sizes ond ranges to sult every purpose.

TUBE TESTERS are modern and up-to-date, accurate,
and easily operated.

CIRCUIT ANALYZERS can be had in many designs
from the handy pocket size to large de-luxe models.
They cover an extremely wide range of all slactrical
medasuremenis.

ELECTRICAL INDICATING METERS incerporated in
Stark Tube Testers and Circult Analyzers are com-
pletely manufactured in cur own plants.

All meter needs for AC or DC veollage and current
measurements, both Panel Mounfing and Portable.
can be supplied in five distinctive stylea, in round
or rectangular, from 2" to 9" sizes.

See inside back cover for further details.



STARE TUBE TESTERS:
(PACEED)
Model 9-11—Approx. 10%:"x 9"x5"— 9 lbs.
Model 9-55—Approx. 13%2"x12"x5"—11 lbs.
*Model 8-44—Approx. 10%2"x 9"x5"— 9 lbs.
*Model S5Y —Approx. 10%2"x 9"x5"— 9 lba.
*SELF POWERED - [NDEPENDENT OF EXTERNAL
POWER SUPPLY.

Model SY also provides DC Vollage Renge 0-10-300
and Ohms 0-100,000-1 Meg.

STARE ANALYZERS:

(PACEED)
D 1000 Ohms per Veli

Model AF-2 —Approx. 62" "x3%"x312"—1% lbs.
AC & DC 1.000 Ohms per Valt

Model RP —EApprox. 834 "x3%"x534""—32 lba.
AC & DC 20,000 Ohms per Vall.

Model EM —Approx. 15"x 10"x 5“—10 lbs.

AC & DC 400 or 1.000 Ohms per VelL
Model ND-3—Approx. 5"x512"x515"—31 lba.
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1. GENERAL

The Stark Model ND-3A Circuit Analvzer i3 a multi-rangs
voeltmeter, millanmeter and  ohmmeter, designed to cover a
range of measorements most useful in the tésting of comimunica-
tions and other clectronic equipments. Special consideration has
been given to ruggpedness and portability in the design of this
instrument.

2. GEMERAL DESCRIPTION

21 CIECUITS: The mstrument provides for a total of 22 ranges
or measuremznt, which are as follows :;
U-3-15-60-150-300-600- 1500- 300K volts DO
U-3-13-60-150-J00-600- V300-3000 valts AT
0= 3=15-130-60) milliamperes DC
0-20,000-200,000 chms.

A desired range is chosen by the insertion of test leads in
appropriate  pimjacks, and by the proper positioning of two
switches on the panel. An a.dditic\na? adjustment is provided to
vompensate for changes in the voltage of the battery used in the
ohmumeler circuits,

The circuit components are arranged and connected in a man-
uer which swaiizes the sibility ©f breakdown or of errors
doe to wear or changes in tll,::? characteristics of components,

22 METER: The meter used in this instrument is completely
manufactured in our own plant. and is especially designed for
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ATARK MODEL ND.34 CIRCUIT ANALYZER

this service. It has a D'Arsonval type of movement, requiring
800 microamperes of current for full scale deflection. The
aecuracy of the meter js guaranteed to be within 206 of full
scale deflection at any point on the scale

23 RESISTORS: All critical resistors of 50,000 ohms or less
are wire wound in owr own plant, and are impreganated and
annealed to ensure stability against the effects of humidity and
time. They are calibrated to a value within 1% of their designated
value, and will maintain their accuracy indefinitely.

Where wire wound resistors are impractical, metallized resistors
are used. They are completely sealed against the effects of
humidity, and are only slightly affected by age or temperature.
24 RECTIFIER: This component & a high quality copper oxide
umit, of the [ull wave type. It is capable of rectifying voltages
at frequencies as high as 1000 cycles per second with negligible
error, and may be wsed as an indicator of voltage at any audio
frequency. It can withstand current overloads of S00: for short
periods without harmiul effect.

25 OTHER COMPONENTS: The switches employed are the
best obtainable for use in test instruments of thiz type. The
contact resistance is extremely low, and the contacts themselves
are well insulated and mounted on a thorowghly impregmated
bakelite punching.

The potentiometer and other components are standard units
with well-known characteristics, and have been proven weli
suited for use in test instruments.

Fage 2 STARKE ELECTRONIC INSTRUMENTS LTD. — CANADA



STARE MODEI. ND-ia CIRCUIT ANALYZER

3. CIRCUIT DESCRIPTION

31 DC VOLTAGE MEASUREMENT.
311 CIRCUIT: Referring to Fig. 1, @t will be seeq that this
circuit consists of Resistors B3 to RID and the meter, and that
connection is made to the meter and pinjacks throwgh the AC-DC
switch and the top deck of the selector switch.
312 APPLICATION : The voltmeter circuit has a sensitivity of
1000 ohms per volt, which is ample for the majority of neasure-
ments, including measurements of grid bias and plate voltage,
power supply voltage and battery voltage, In high resistance
circuits, however, the loading effect of the voltmeter fmay result
in an indicated voltage which is somewhat lower than the actusl
voltage after removal of the voltmeter from the eincuit.  This
error can be neglected in many cases or correction can be made
when necessary by reference to Fig. 2 and the following formula:
W V.

where ¥1 = actual voltage across RZ
V2 = indicated woltage acrosz R2

K =1+ g3+ 2
Rl 4 R2 = total resistance in series with voltage cource.
K2 = portion of total resistance across which the measure-
ment is to be taken.
R} — resistance of volemeter. Since the voltmieter sensi-
tivity is 1000 ahms per valt, the voltmeten resistance
on the 80 volt range, for instance, would Be 6 x 1000
=6} chms.

ETARE ELECTRONIC INSTRUMENTS LTIL - CANADA  Page 3




STARK MODEL ND-i4 CIRCUIT ANALYZER

32 AC VOLTAGE MEASUREMENT.

321 CIRCUIT: Reference to Fig. 1 shows that this circuit s
comprised of Reststors R1, B2, R4 to R10, the full wave rectifier,
and the sieter, and connections are made to the meter and pin-
jacks through the AC-DC switch and the top deck ol the Selector
Switch, Resistor E1 aerosz the ouwtput of the rectifier has a
value which reduces the sensitivity of the circuit to a uniform
level of 1000 chms per volt. R varies in value with the efficiency
of the rectifier and in gencral iz calibrated to each Individual
rectifier, Resistor B2 must alzo b individually czlibrated, since
its value deponds on the effective resistance of the rectifier.

322 APPLICATION: The relatively high sensitivity of this cir-
cuit emables the ¢perator to make accurate measurements of awdio
frequency amplifier @ain, transformer taens ratio, ete, at any
frequency in the range 23-1000 eyeles per second, and to make
comparative measurements at higher awdio frequencies. The
actual signal veltage may be traced step by step through the
equipment under test, thus decreasing the time required for
tromble shooting. The wsual power transformer and line voltage
ineasurenients can also be made effectively with this circuit.

323 LIMITATIONE: The uee of any rectifier of this type in
voltage measuring circuits introduces possible sources of error,
w']_s‘s:ﬂh can be compenzated for if they are understood amd recog-
n1 .
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STARE MODEL ND-3A CIRCUIT ANALVZIER

All copper oxide rectifiers exhibit a change in effective resis-
tance due to a change in temperature, This iz equivalent to
changing the total series resistance of the voltmeter pircenit, and
has its greatest effect where this series resistance is 3 minimum,
since the variable resistance of the rectifier is then a gonsiderable
proportion of the total series resistance. For this reason the
possible error on the 3 walt range, due to temperathre change
alone, is several times as great as the error on the remaining

ranges.

This type of rectifier is also subject to errors if the|wave form
of the voltage under test is oot sinusoidal. As examples of the
error to expected for serious distortion of the waveg form, tha
following may be cited. If the voltage wave contdins a 0%
cecond harmonic, the error may be in the range 0 to 10 per cent,
and if it contains a 509 third harmenic the error may| be —10 to
+16 per cent, the actual error depending on the relptive phase
of the harmonic and fondamental waves. In gencral, | such acute
distartion 15 not experienced and the errer will thus |[be propor-
tionately less.

33 DIRECT CURRENT MEASUREMENT.

331 CIRCUIT: For current measureiments, a ring type shont is
used. This i shown as Resistors R11 to R14, Fig. 1. Connections
are completed to the meter and pinjacks throngh the AC-DC
switch and both decks of the selector switch. In this type of
shunt the resistors are permanently soldered together and con-

STARK ELECTRONIC INSTRUMENTS LTIN — CANADA Page




STARE MODEL ND-3A CIRCUIT ANALYZER

nections are made in sueh a manver that variations in switeh
contact resistance, or poor comnections at the pinjacks, do not
materially affect the accuracy of the circuait.

332 APPLICATION: This circuit provides sufficient range for
the majority of current measorements in radio and allied equip-
went.  Determination of plate and screen  curpents, | Alament
current, and others which will suggest themselves to the operator,
can readily be made.

4 RESISTANCE MEASUREMENT,

341 CIRCUIT: As mavy be seen from Fig. 1; the circuit used for
this function is comprised of Resistors K16 to R18, the potentio-
meter K19, the battery B, and the meter, Connections are made
to the meter and pinjacks through the AC-DC switch and both
decks of the selector awitch,

A typical circuit, the “RE” range for example, includes the meter,
tlht battery B, the potentiometer R1% and the resister R17, con-
nected in series with the pinjacks. When the pinjacks are short
circuited, the corrent fAowing throwgh this circuit is limited by
resistor R17 to approximately one milllampere, and is | adjusted
by rotation of RI% to exactly one milliampere as indicated by
full scale deflection of the meter. If then, the short Eircuit is
removed and replaced by a resistance, the meter deflection will
be somewhat less than full scale due te the added resistance in
the circuit. The scale of the meter i= calibrated in terms of this
added resistance,

Page 6 STARE ELECTRONIC INSTRUMENTS LTI, CANADA



STARK MODEL ND-iaA CIRCUIT ANALYZER

Teo obtain a lower resistance range (the "R+ 10" Range) the
imeter sensitivity is redoced by shunting it with resistor RI6 z0
that 10 milliamperes is required for full scale deflection. This
reduces the range of measurement by a factor of 10, For an
inereased range of measurement, it is quite possible to use the
“R" range and add an externally connected battery and resistor
in series with the pinjacks. For example, the “R"” range will be
multiplied by 10 if the total battery voltage s multiplied by 10,
and an external resistance is added to limit the current to one
milliampere. That is, a total voltage of 15 and resistance of
approximately 15000 ohms is required, but since 1.5 wvolts and
approximately 1500 ohmz are already connected in the circuit, the
external battery should be 135 volts and the external resistance
approximately 13300 ohms. The external components are con-
nected in series with the pinjacks. The circuit may| be opened
at any point to connect in any unknown resistance which it is
desired to measure.

342 APPLICATION : The lowest resistance which can be meas-
ured conveniently with this instrument is 5 ohms, while the high-
est resistance marked on the scale i= 200000 ohms. This range
permits the operator to determine the resistance of many com-
munications equipment components, including resigtors, ﬂ.diﬂ- and
audio frequency ceils, transformers, and lowdspeaker voice and
field codls. In addition this circait ma_l|.r be used for conventional
continuity testing.

ATARE ELECTRONIC INSTRUMENTS LTD. — CANADA Page 7



STARE MODEL ND-3A CTRCIAIT ANALYZER

Should it be found convenient to increase the range|of meas

urements, this can be done readily as described in p

aragraph

34l By increasing battery voltage to 15, 150, eic., and adding

the appropriate series limiting resistorz, the “R” Fang:
inultiplied ba 10, 100, ete,

may be

The circuit depends for its accuracy upon the battery voltage,
and upon the aceuraey of the meter, However, the ac curacy of

measurements is also affected by the care with which

the pre-

Iminary adjustment to full scale defiection is made, and by the
accuracy with which the meter is first set at its zero deflection

position.

4. BATTERY REPLACEMENT

41 BATTERY: The battery required for this instrument is an

Edeready No. 915 or Burgess Mo, 0 cell.

42 REPLACEMENT: This hattery should be replaced when it is

o lomger possible to obtaln a proper adjustment of the

“EERD

OHMS" knolr as described in paragraph 64 (d). Tao replace the
battery, remove the four corner screws in the panel, and lift the

instrument omt of its cabinet. Remove the screw hol
battery moumting bracket to the bakelite sub-panel, and
the battery. In replacing with a new battery, correct
must be observed,

Page 8 STARK ELECTRONIC INSTRUMENTS LTD, — CAMAT
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STARK MODEL ND-GA CIRCUIT ANALYZER

5. METER SCALES
51 GENERAL: The following information is provida

d o explain

the reasons for the arrangement of the :eales on the meter, and

the methods used for correctly interpreting them.

Obviously it i= not possible to provide on the meter seale plate

a separate scale for each of the 22 ranges contained i

1 the instru-

ment.  Some method of condensing must therefore be emploved

and actually two methods are used.

First, the ranges are chosen in a manner such tha

is a simple multiple, sey 2, 4, ar 10, of another range.

possible to use a single scale but provide sets of figur

cach range
It 33 then
£ associated

with this scale for the various ranges. The scale shown in Fig. 4,

by proper choice of ranges, is thus used for 19 range

Second, the 19 sets of figures which might be ass
this scale are redoced to three sets by {(a) wsing mull
set of hgires to designate other ranges and (b)) us
of figures to designate the same numerical range,
units for that range be AC volts, DC volts, or millia

iated with
tiples of one
ing one set
whether the
TIPS,

Thus, in Fig. 4 for example, the one set of fgures 0-150 is

used alse for ranges 0-15 and 0-1300, and may refer
DC volts or milliamperes, depending upon the posi
switches and teat leads in the instrument.

ETARK ELECTRONIC INSTRUMENTS LTD. — CANJ
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STARK MODEL ND-3A CIRCUIT ANALYZER

52 SCALES: As a guide to those who may desire information
concerning the proper scale to use when making a particular
measurement cach paragraph in Section # describing a method
of measurement also makes reference to the scale associated with
that measurement, and the method of reading it

5.3 SCALE READING: The following comments on the reading
of scales may be of assistance:

I. Wherever possible, an instrument range should be chozen
which causes the meter needle to deflect into the upper half of
the scale. This makes for greater accuracy and ease of reading.

2, To_ aveid parallax, the operator should stand directly in
front of the meter when reading, and preferably not closer than
necessary for good readability,

J. The operator should become familiar with the quantity repre-
sented by each division on each seale. The seale shown in Fig.
4, for example contains 60 divisions. When taken in conjunction
with the associated figures 0-000, every division then has a value
of 10, If the (-300 or 0-150 scale were used, then each division
would represent a value of 5 or 25 respectively.

6. OPERATING INSTRUCTIONS

6.1 DC VOLTAGE MEASUREMENT
611 LOW DC VOLTAGE MEASUREMENT

Fage It STARE ELECTRONIC INSTRUMENTS LTI — CANADA



STARK MONEL ND3A CIRCIUIT ANALYZER

See paragraphs 311 and 3.12.

Range 0-3-15=60-150-300-600 volts,

Sensitivity 1000 chms per volt.

(a) Set AC-DC switch in “DC" position.

(b} Set selector switch on snitable voltage range. If in doubt
as to magnitude of voltage to be measured, set in “600 V" position,

(e} Insert test leads in pair of pinjacks marked “DC RANCES",
with red wire lead in “<4" pinjack.

{d) Connect test prods to voltage source under test, with red
wire prod on positive terminal

(e} Read wvoltage on meter zeale marked “VOLTS & MA™
Uge scale shown in Fig. 4 as follows :

If selector switch in “3 V" position, wse 0-300 figures and
divide by 10K,

1§ selestor switch in “15 V" position, use 0-150 fgures and
divide by 10.

If selector switch in “60 V" position, use 0-600 Agures and
divide hy 1

If selector switch in “I50° V", “300 V™ ar “600 V"' position use
0-150, 0-300 or 3-600 figures respectively, and read directly,
6.12 HIGH DC VOLTAGE MEASUREMENT.

See paragraphs 311 and 312
Range 0-1300-3000 volts,
Sensitivity 1000 ohms per wolt.

STARK ELECTRONIC INSTREUMENTS LTO. — CANADA Page 11



STARE MODEL KD-3A CIRCUIT ANALYZER

{a) Set AC-DC Switch in “DC" position.

() Set selector switch on any voltage range.

(e} Insert black wire test lead in “—" pinjack of
“DC RANGES”, and red wire test lead in 1300 V7" or
pinjack,

I{d} Connect test prods to voltage source under test,
wire prod on positive terminal. Use extreme care in ha
all high voltage connections.

{e) Read voltage on meter scale marked “VOLTS & N
scale shown in Fig. 4 as follows :

1f red wire test lead in “1500 V" pinjack wse (-150 f
multiply by 10

If red wire test bead in “3000 V" pijack use (-3 Ag
wnltiply by 160,

6.2 AC VOLTAGE MEASUREMENT
621 LOW AC VOLTAGE MEASUREMENT.

See paragraphs 321, 322 and 323,

Eange -3-15-60-150-300-600 valts,

Sensitivity 1000 ohms per volt.

(2) Set AC-DC switch in “AC" position.

(b} Set selector switch on suitable voltage range. 1f
as to magnitwde of woltage to be measured, set in
position. ) )

{c) Insert test leads in pair of pimjacks marked “AC

(d} Conmect test prods to voltage source under test.

Page 12 STARK ELECTRONIC INSTRUMENTS LTD. — CANA
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STARKE MODEL ND-JA CIRCUIT ANALYZER

(e) Read voltage on meter scale marked “3 V AC ONLY™
(see Fig, 5) if sclector switch i in “3 V" position, or on scale
marked “VOLTS & MA" (ses Fig. 4) if selector switch is in
any other wvoltage position. Scale shown in Fig. 5§ is direct
reading, When scale shown in Fig. 4 iz used, read scale as
follows :

If selector switch in “15 V" position use 0-150 figures and
diwide by 10,

Ii selector switch in “60 V' position use 0-600 figures and
divide by 10,

Ii selector switch in 1500 V", “300 ¥ ar “600 V"' position, wse
0-150, 0-300 or 0-600 figures respectively and read directly,

.22 HIGH AC VOLTAGE MEASUREMENT.

See paragraphs 121, 322 and 323

Range 0-1300-3000 volts.

sensitivity 1000 ohms per valt.

fa) et AC-DC switch in “AC" position.

(b} Set selector switch on any voltage range.

(2] Insert hlack wire test lead in black pinjack of pair marked
“AC VOLTSE" and red wire test lead in “1500 V" or “3000 V©
pinjack.

(d} Comnect test prods to voltage source under test, Use
extreme care in handling of all high veltage connections,

(e} Read voltage on meter scale marked “VOLTS & MA". Use
scale shown in Fig 4 as follows:

STARK ELECTRONIC INSTRUMENTS LTD, — CANADA  Page 13



STARK MODEL ND-3A CIRCUIT ANALYZER

If red wire test lead in “15300 V"' pinjack, use 0-150 figures and
multiply by 1.

If red wire test lead in 3000 V" pinjack, vse 0-300 Agures and
multiply by 1
63 DIRECT CURRENT MEASUREMENT.

See paragraphs 331 and 332
Range 0-3-15-150-600 milliamperes.
{a) Set AC-DC switch in “DC" position.

{b) Sct selector switch on suitable current range. If in doub
3% to magnitude of current to be measwred, set in 600 MA™
position.

{e) Imsert test leads in pair of pinjacks marked “"DC RANGES™,
with red wire lead in “+" pinjack.

{d} Conmect test prods in series with circuit in which current
is to be measured, with red wire prod on positive terminal,

{e) Read curremt in salliamperes on  meter scale marked
“YVOLTS & MA" Use scale shown in Fig. 4 as follows:

If selector switch in “3 MA" position, use 0-300 figures and
divide by 10D,

If selector switch in “15 MA" position, uwse 0-150 figures and
divide by 10

If selector switch in “130 MA™ or “600 MA™ position, wse (-150
or 0600 fgures respectively and read directly,

Page 14 ETARKE ELECTRONIC INSTRUMENTE LTD. — CANADA



STARK MODEL ND-3A CIRCUIT ANALYZER

64 RESISTANCE MEASUREMENT.

See paragraphs 341, 342 and 4.2

Range 0-20000-200,000 ohms designated “R-+107 and *“R”
respectively.

fa) Set AC-DC switch in “DC" position.
(b} Set selector switch on suitable "R range.
(¢} Insert test leads in pair of pinjack marked “DC RANGES".

(d} Connect free ends of test prods together, camsing meter
needle to deflect, then adjust knob marked “ZERD OHMS" until
meter reads exactly full scale {(zero ohms on schle marked
“OHMS", (See Fig. 3. 1f another range is uwsed, the “ZERO
OHMSE" knob must be re-adjusted.

{¢) Connect test prods to resistance to be measured.

{f}) Read resistance wvalue in chms on meter scale marked
“OHMSE", Use scale shown in Fig. 3 as follows ;

If selector switch in “R" position, read scale directly.

If selector switch in “B-+10" position divide scale reading by 10
to obtain the actual resistance in ohms,

STARK ELECTRONIC INSTRUMENTS LTD, — CANADA  Page 15
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i. MAJOR FPARTS LIST

Diescripticn Part Ne.

Battery; Eveready No. 913 or equivalent ... .o,
Bracket, Battery holding ..
Cabinet .o
Clip. for hattery connections . ... ...
Kiab, 154" polnber .o e
afanwal, Instruction

Meter, complete e
ST
Pinjack, black ...

Potentiometer ... cesvms e serenrsraens
Resistor, .23 ohm, spool .. ..

Resistor, 75 ohm, spool o

Resistor, 9 ohms, spool

Fage 18 STARE ELECTRONIC INSTRUMEXNTS LTD. — CANADA
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121A%

| 1212
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STARK MODEL ND-3A CIRCUIT ANALYZER

Resistor, 1111 ohms, spool ...

Resiztar, 200 chms, spool i e

Resistar, 120 ahims, spool
Nesistor, 500 ohme, spoal

Resistor, 1200 ohms, spool ..o e

Resistar, 2000 ohms, spoal
Resistar, 12000 ohms, spnal
Resistor, 45000 ohms, spoal ..,

Resistor, 90000 ohms, metallized .
Resistor, 1530000 ahms, metalliesd L.
Resistar, 300,000 ohms, metallized .o b,

Resistor, 500,000 chms, metallized
R%A, R9B, RIC, RI10A, RU

Resistar, calibration, apool

Resistor, calibration, spoal .. e b
Sub-panel, for resistors e
Switch, 2 position, single deelk o
Switch, 12 position, 2 declt .. .. o o e e
Test lead set, complete ...,

ETARK ELECTEONIC INSTEUMENTE LTD. — CAN.
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El4
... RI&

. RIS
R17

1B, or RI10C
. RI

115R3
144052
144E2
15151
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