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Q METER TYPL 260-A

< secTioni

DESCRIPTION

_A. GENERAL DESCRIPTION.

The Q Meter Type 260-A measures the Q of induc-
tors directly from 10 to 625 over a frequency range of
50 KC to 50 MC. Values of inductance from 0.09 micro-
henries to 130 millihenries can also be measured directly
with this instrument.”Front panel dials which indicate
the frequency of the applied voltage and the capacitance
of the measuring circuit permit the calculation of induc-
tance outside this range as well as values of Q, X, R, and
L or C of other components.

B. PANEL LAYOUT AND CONTROLS.

A front view of the instrument appears in Figure
I-1 which shows the various controls, meters, and meas-

uring-circuit terminal posts. The CIRCUIT Q meter is )

centrally located and has three scales: Q, AQ, and LOW
Q. The LOW Q scale expands the lower portion of the
Q scale for values of Q from 10 to 60. The AQ scale
reads directly the change in Q between two circuit con-
ditions (AQ = Q; — Q.). The range of this scale, 0 to
50, is intentionally limited so that small changes of Q
-can be accurately measured.

Immediately below the CIRCUIT Q meter is the
‘MULTIPLY Q BY meter. Its readings are set by the
XQ COARSE and XQ FINE controls located to the right
of the meter. These controls adjust the oscillator output,
hence the injection voltage in the measuring circuit.
Readings on all scales of the CIRCUIT Q meter must
be multiplied by the value indicated on the MULTIPLY
Q BY meter to obtain the actual values.

Both CIRCUIT Q and MULTIPLY Q BY meters
have a wide-mirrored arc for parallax correction.

The lower section of the instrument p}mel contains
a pilot lamp, Q ZERO ADJUST control for the CIR-
CUIT Q meter, spring-return lever key which selects one
of three scales on the CIRCUIT Q meter, concentric con-
trols for AQ BALANCE which permit zeroing the meter
on the AQ scale, and a fuse holder.

The XQ- COARSE control, in its extreme counter-
clockwise position, actuates the POWER switch.

The FREQUENCY RANGE switch and companion
FREQUENCY CONTROL dial are located on the left
side of the front panel. Eight bands completely cover the
frequency range from 50 KC to 50 MC. The vernier
drive knob for the FREQUENCY CONTROL dial is to
_the left of the dial.

On the right side of .the panel are the RESONAT-
ING CAPACITOR and VERNIER CAPACITOR dials,

covering a capacitance range of 30 upf to 460 ..f and
0 to - 3.0 uuf, respectively. The vernier drive knob for
the RESONATING CAPACITOR dial s just to the
right of the INDUCTANCE-FREQUENCY chart.

€. MEASURING-CIRCUIT CONNECTION TERMINALS.

Four binding-post terminals on top of the instru-
ment provide facilities for connecting unknown compo-
nents to the measuring circuit. Inductors which resonate
with the RESONATING CAPACITOR within the fre:
quency range of-the Q Meter Type 260-A, may be meas-
ured by connecting them to the COIL terminals. Other
components are generally measured in conjunction with
an auxiliary work coil. Small inductors, large capacitors,
and low impedance components should be connected in
sertes with the work coil, while small capacitors, large
inductors, and components of high impedance are to be
connected .across the CAP terminals. Connecting an un-
known component to the measuring circuit usually re-
quires retuning the circuit. The parameters of the
unknown component may be calculated by noting the
magnitudes of the changes.

A set of Inductors, Type 103-A, is available for use
with the Q Mcter Type 260-A. These specially con-
structed coils serve as work coils and also allow periodic
checks of instrument operation.

Q-Standards Type 513-A and 518-A are available
for testing the Q calibration of the instrument.

D. POWER SOURCES.

The Q Meter Type 260-A may be used only with a
60-cycle a-c power source and” provides internal stabili-
zation of a-c line voltage, which spares the user the in-
convenience of oscillator output variations and slight
changes of electrical zero set.

’ The Q Meter Type 260-AP, available on special order.

may be
in conj

sed with an a-c power source. of 50 or 60 cycles,
Laction with an external voltage stabilizer.

’/?
v

SECTION I

SPECIFICATIONS

FREQUENCY RANGE: ‘ :
Continuously variable from 50 kilocycles to 50 mega-
cycles in eight self-contained ranges.

FREQUENCY ACCURACY:
Approximately =10, =

RANGE OF CIRCUIT Q MEASUREMENT:
Q Measurements.can be made from 10 to.625. Range
of AQ scale is from 0 to 50. ©

" ACCURACY OF Q MEASUREMENT:

Circuit ‘Q of 250 read directly on the indicating
meter is accurate to =59, from 50 kc. to 30 mc.;
accuracy decreases 0 =10 at 50 mc.

—_—7 — ot
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Q METER TYPE

30 to 460 mmf. (direct reading) calibrated in 1.0
mmf. increments from- 30 to 100 mmf: 5.0 mmf.
in¢rements from 100 to 460 mmf. 3

ACCURACY: _ :
Approximately 1 or 1.0 mmf., whichever is
greater. Range of Vernier capacitance dial is —3.0
to +3.0 mmf. (direct reading) calibrated in 0.1
mmf. increments.
Accuracy =0.1 mmf.

‘EFFECTIVE INDUCTANCE MEASUREMENTS:
~"0.09 uh to 130 mh (direct reading) at six specific
frequencies. Accuracy: Approx. =3.09, for resonat-
_ing capacitance = 100 mmf.

SPECIAL FEATURES:
Operation down to 1 k. with external oscillator and
coupling transformer Type 564-A. Expanded sensi-
tivities provided by “Lo Q” and “AQ” scales.
- ~Thermocouple overload protection for normal oper-
ation.
Internally regulated.

ACCESSORIES:
Furnished: None
Available: 564-A Coupling Transformer

103-A-Type work coils
513-A Q Standard

-

TUBE COMPLEMENT:

1 —535-A
1 — 5763 ‘L
1 —6X4
1 —OB2
1 —0OA2 B

POWER REQUIREMENTS:
Power Supply; 95-130 volts — 60 cps only (intern-
ally regulited); power consumption is 65 watts,
. Model 260-AP available for 95 to 130 volts, 50 cps
only. State voltage required in your order. Power
consumption is 65 watts.

SIZE:
" Height: 121", Width: 20”, Depth: 815"

4

WEIGHT:
260-A
40 Ibs. net .
98 lbs. gross packed for export
55 Ibs. gross packed for domestic
50 Ibs. legal weight packed for export

260-A
£
CAPACITANCE OF INTERNAL 260-AP
CALIBRATED CONDENSER: 40 lbs. net

98 lbs. gross packed for export
55 Ibs. gross packed for domestic
50 lbs. legal weight packed for export

SECTION 10l
OPERATING INSTRUCTIONS

-

A. GENERAL. .

The direct measuremegt of Q and inddctance is de-
scribed in this section, as weHl as the procedure for con-
necting other components to the measuring circuit.

The Q Meter Type 260-A requires the connection
of an inductor to the COIL terminals to complete the
measuring circuit. This circuit may then be tuned to,
resonance, either by setting the oscillator to a given fre-
quency and varying the internal resonating capacitor, or
by presetting the resonating capacitor to a desired value
and adjusting the frequency controls. Resonance is evi-
denced by a maximum deflection of the CIRCUIT Q
meter.

The indicated Q (which is the resonant reading on
the CIRCUIT Q meter) is called the circuit Q because
the losses of the internal resonating capacitor, Q- volt-
meter, and insertion resistor are all included in the meas-
uring circuit. To avoid ambiguity, the circuit Q, as read
on the Q Meter, will be called indicated Q throughout
the remainder of this book. The effective Q of the meas-
ured inductor will be somewhat greater. than the indi-
cated Q. The difference can generafly be neglected. In
certain cases, however, the Q readings may require cor-
rection. This is considered in greater detail in Section V.

B. INSTALLATION.

Make certain that the supply voitage and frequenty
of the a-c power source corresponds with the values
shown in Section II, or on‘the instrument.

To improve stability and prevent overloading the
CIRCUIT Q meter whenever the HI terminals of the
measuring circuit are touched by the operator’s hands,
the Q Meter should be well grounded. The binding post
on the back of the cabinet is provided for this purpose.

If it is necessary, adjust the mechanical zero of the
CIRCUIT Q meter and the MULTIPLY Q BY meter.

Plug the line cord into a suitable receptacle and
apply power by turning the XQ COARSE control clock-
wise from its OFF position just far enough to actuate
the switch. CAUTION: Do not turn this control fully
clockwise or the thermocouple may be overloaded when
the oscillator warms up. Allow, about one minute to
elapse before proceeding.
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The XQ COARSE control should then be advanced:

clockwise until a reading is obtained on the MULTIPLY
Q BY meter. This indicates that the internal oscillator
is functlomng and prondmg pov»er to the medsurmg
circuit. -

C. OPERATING PRECAUTIONS.

When the Q Meter is first received, it is suggested
that careful measurements be made using BRC Q-Stand-
ards Type 513-A and '518-A, or a set of Inductors Type
103-A, and the data be recorded and filed. At least
one measurement' should be made near each end of
each inductor frequency bind. These recommended
measurements provide data for each individual Q
Meter which will be available for reference and com-
parison should it ever become' necessary to perform

maintenance work on' the instrument. Only data ob-

tained with Q-Standards Type 513-A and 518-A should
be relied on for instrument recalibration. ‘

Routine measurements may be made with the Q
Meter a few minutes after turmng on the power. A
warm-up time of at least one hour is desirable before

. making precision measurements. When components are
‘measured in conjunction with work coils, the work coils
should be well shielded. The possibility of error which
may result from coupling between the work coil and the
component is thereby eliminated. Inductors Type 103:A
are well suited for this application.

The LO post of the COIL terminals is not at ground
potential. Signal voltage from the internal oscillator is
injected into the measuring circuit between this point
and ground. Components which are grouaded, there-
fore, cannot be measured at the COIL terminals. Care
should be taken that components under test are not acci-
dentally grounded to the instrument case.

The MULTIPLY Q BY meter derives its voltage
from a thermocouple which monitors the sngnal voltage
injected into the measuring circuit. Since it is possible
to damage the thermocouple, it is necessary: to restrict
the XQ meter to on-scale deflections. While the output
of the internal oscillator is held reasonably constant over
the entire frequency range of the instrument, some vati-
atiop must be expected. The greatest danger of thermo-
couple burnout, therefore, occurs when the frequency
range switch is changed, or, when searching for a con-
dition of resonance with th® frequency, control. Thermo-
couple damage can be prevented by establishing a prac-
tice of lowering the MULTIPLY Q BY meter deflection
to about mid-scale before shifting the oscillator fre-
quency.

The recessed areas surrounding the measuring circuit
terminal posts should be examined frequently for wire
chppmgs and dirt_particlés. Foreign material accumu-
lated in these wells, should be removed since .it may
reduce the measured Q and possibly short the measuring
circuit.

D. METH OF CONNECTING COMPONENTS.
There are three basic methods of connecting com-
ponents to the measuring circuit of the Q Meter. The

nature and magnitude of the nmpedance to be measured

“usualh dictates the method of connection.

. DIRECT CONNECTION. . '

_Most coils can be measured by connecung them di-
rectl\ to the COIL terminals, as shown in Figure I1I-1.
The measurmg circuit is resonated by adjusting either
the capacitance or frequency. The I?Jdi_(alfd Q is read
on the CIRCUIT Q meter.

[T " Hi

con

Figure lll-1 Direct connection to measuring circyit

if one of the frequencies desxgnated on the front
panel INDUCTANCE -FREQUENCY chart is used, the
effective inductance of the coil may be read on the L
scale «of the .resonating-capacitor dial. For frequencies
other than those specified o the chart, the inductance of
the coil can be calculated using indicated values of fre-
quency and capacitance.

2. PARALLEL CONNECTION.

High impedance components, such as hlgh value
resistors, certain inductors, and small capacitors, are
measured by connecting them in parallel with the CAP
terminals. This connection is shown in Fxgure I11-2. Be-

“fore the unknown component is connected, however, the

measuring circuit must be resonated using a staBle work

’ Hi Hi
et
’
1034 Co 71 o
INDUCTOR /-:_[M’ N 2
m r;\ . f\__ )
o NS = o

anure I1-2  Parallel connection to measuring circuit

coil (such as an Inductor. Type 103-A) to establish réfer-
ence values of Q and C. Then, when the component
under test is connected to the measurmg circuit and the
capacitor is readjusted for resonancé, the altered values
of Q.and C can'be combined with the reference values in
equatlons which yield the parameters of the unknown
specimen. These measurements, as well as those described
in Section D-3, which follows, are discussed in the
Appendix. . ‘

"
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Q METER TYPE 260-A

3. SERIES CONNECTION.
Low unpedance components, which include low
value resistors, small coils, and large capacitors, are
measured it series with the measuring circuit. ‘Figure
I11-3 shows this connection. The component to be meas-
ured is placed in series with a work coil between the LO
terminal and the low- -potential end of the work coil. A
heavy shorting strap, as illustrated, should be used to
Hi Hi

O : - O

‘ "_( P
on . . 71

4 Y
tmh > .
\ L ) ~.A L3
; T ' A = 6D
F:gure i1-3 - Series connection fo measuring circvit
short-circuit ‘thé unknown component while a reference
condition is- established. The strap is. then opened, or

~ removed, and the measuring circuit te-resonated. This
. procedure permits the component under test to be physi-

1034
IRDUCTOR.

cally congected even though it is electrically out of the

circuit, and eliminates possible errors 'by maintaining
the relative positions of the work coil and unknown
component.

Simple but effective measunng jigs can be con-
structed for production testing which provide facilities
for connecting and shorting the specimen and for hold-
ing the reference coil. °

Theé reference and altered values of Q and C may
be combined in suitable equations (see Table I in the
Appendix) to calculate the parameters of the unknown

~ component.

E. OPERATING PROCEDURES.
1. INITIAL ADJUSTMENTS.

In making the following adjustments, observe the
precautions outlined in Section 1II-C. The various con-
trols are described in Section I-B. and shown in Figure

" 'I-1. Preliminary adjustment of these controls is as fol-
lows: - A

a. Check, and if necessary, adjust the meéhanical
zeroes of both meters.

b. Turn the POWER OFF-switch on. The XQ
COARSE tontrol should be turned only enough to actu-
ate the switch.

¢. Allow a few minutes for the instrument to warm
up. For precision measurements, the warm-up period
should be at least one hour.

d. It is necessary to adjust the zero of the Q volt-
meter in the absence of a resonant rise of the injection
voltage. To do this, connect a coil to the COIL termi-
nals to provide a low resistance patb for the Q voltmeter,
making certain the coil selected is not close to resonance.

If the readmg on the CIRCUIT Q meter changes when

e

&

. z . . C. .
either the frequency or capacitance is varied, shift to a
higher or lower frequency, or detune the circuit with the

' 'resonﬁtmg capacmot control. -

€. -Using the Q ZERO ADJUST potentiometer, zero
the CIRCUIT Q meter needle. Depressmg the lever key
to LOW Q mcreases the meter sensitivity and permits
the zero to be set more accurately. The accuracy may be
further checked by alternatmg the lever key between the
Q and LOW Q positions. The setting is correct if the
needle remains stationary at zero.

The instrument is now ready for use.

2. Q MEASUREMENTS (DIRECT CONNECTION).

The following procedure can be used to measure
dlrectly the Q of coils connected to the COIL terminals.

4. Connect the coil to be measured to the COIL"

terminals (after completing “Initial Adjustments”). Fig-

ure I1I-1 illustrates this connection.

b. Set the frequency range switch to the proper
band and adjust the frequency control to the desired -
frequency.

¢. Using the XQ controls (COARSE and FINE),
adjust the MULTIPLY Q BY meter to read 1.0.

d. Resonate the coil by adjusting the resonating
capacitor control for maximum deflection of the CIR-
CUIT Q meter. Alternatively, the resonating capacitor
control may be set to a desired value and the measuring
circuit resonated by adjusting the oscillator frequency.

e. Read the indicated Q on the top (Q) scale of the
CIRCUIT Q meter.

f. If the Q reading is less than 60, depress the lever
key to the LOW Q position, readjust for resonance and
read the LOW Q scale.

g- When the circuit Q is greater than 250, the meter
will deflect off scale. If this happens, readjust the MUL-

TIPLY .Q BY meter with the XQ controls to a suitable

multiplying. factor which will allow the CIRCUIT Q
meter to be read, preferably on the upper third of its
scale.

Note: The final adjustment for resonance can be
made with greater ease, for high-Q coils, by using the
vernier capacitor. The total circuit capacitance is then
obtained by adding or subtracting the vernier dial read-
ing to or from the reading on the main capacitor dial as
indicated by the sign on the vernier dial.

b. To calculate the effective series resistance of the
coil being measured, substitute the values of Q, C, and
» 1n the equation,

R, = 1/0CQ (ohms) (3.1)
. where w = 27 times the frequency in cycles-per-
’ second

C = measuring circuit capacntance in farads
Q = indicated Q :

If very accurate measurements are requ‘red, refer to
Section V and the Appendix for corrections which may

be applied.

— 10 —
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3. AQ MEASUREMENTS.

Measurements are described in the Appendix which
“vrequire a knowledge of a change of indicated Q. If the
two values of Q are nearly identical, the difference is
difficult to read accurately on the normal ‘Q scale.

The AQ feature of the Q Meter Type 260-A pro-
vides a direct-reading scale for these differences of Q's.
The scale is calibrated from 0 to 50 (from right to left)

-and readings should be multiplied by the setting on the

MULTIPLY Q BY meter. Delta (3) Q is measured as

follows

a. Resonate the measuring circuit with only the
work coil in the circuit. Mentally note the value of Q,.

b. Set the AQ coarse control (outer knob) and its’

attached dial to the approxima(e value of Q,. Lift the
lever key to the AQ position and adjust the fine aQ
BALANCE control {center knob) for a meter reading
" of zero on the AQ scale (full scale deflection). Recheck
the tuning with the lever kE\ in this position for exact
resonance (as indicated by a maximum deflection to (he
right) and, if necessary, reset the AQ zero.

c. Release the lever key and make the desired circuit
change. Restore resonance to the circuit and again lift

the lever key to the AQ position. Carefully recheck the .

tuning for resonance (maximum meter deflection) and
read the change in Q on the AQ (red) scale. This vaiue
of AQ must be multiplied by the reading on the MUL-
TIPLY Q BY meter. Release the lever key before mak-
ing other changes.

If the change in Q exceeds the limit of the scale, the
difference should be calculated arithmetically from the
two Q values, namely, AQ = Q, —Q..

4. INDUCTANCE MEASUREMENTS (DIRECT
CONNECTION).

The followi“ng procedure can be used to measure
directly the inductance of coils connected to the COIL
terminals.

a. If the approximate valué of inductance is known,
select the appropriate measuring frequency from the
INDUCTANCE-FREQUENCY chart on the front panel.
- Set the frequency controls to the designated frequency.

b. Using the XQ controls, adjust the MULTIPLY
Q BY-meter to read 1.0 (use a higher multiplying fac-
tor for CQ&llS of Q> 250).

. ‘éi(esanate the coil by adjusting the resonating
capacitor control for maximum deflection of the CIR-
CUIT Q meter. Vernier capacitor must be at O.

If the inductance cannot be estimated, resonate the
coil at any frequency, then move the oscillator frequency
to the nearest frequency specified on the chart, changing
the resonating capacitor accordingly.

d. Read the effective® inductance of the coil on the
L scale of the resonating capacitor dial. The value shown
on this scale must be multiplied by an appropriate fac-
tor, depending on the frequency used and the corre-
. sponding range of inductarice. ’

*Effective inductance is defined in the Appendix

Occasionally it may be necessary to measure induc-
tance at frequencxes other than those speaﬁed by the
chart. In such instances, after resonating the measuring
circuit, the effective inductance can be calculated with
the equation,

{'{{ -
L. =1 &C (3.2)

where w = 27 times the frequency in cycles per-
second

and C = capacitance in’farads, as read on the
dials of the Internal Resonating
Capacitor

Corrections for true inductance are given in the

Appendix.

F. LOW FREQUENCY MEASUREMENTS.

The Q Meter Type 260-A may be used at frequen-
cies below 50 KC by connecting the output of an exter-
nal oscillator to the measuring circuit. A receptacle
(shown in Figure VI-1) is provided for this purpose at
the rear of the injection resistor housing. The external
oscillator must be capable of delivering one ampere to a
load of approximately 0.3 ohms. To meet this require-
ment, most oscillators will have to work through a
matching transformer. The BRC Coupling Unit Type
564-A will match an impedance of about 500 ohms to the
injection circuit £zom 5¢ KC to about 1 KC. Under these
conditions the oscillator output level should bz approxi-
mately 22 volts at the transformer primary.

The secondary of the Coupling Unit Type 564-A
terminates in a UG-88/U connector. The injection cir-
cuit receptacle which fits this connector is accessible

- through a door in the rear panel. Remove the internal

oscillator connector and’ replace it with the connector
from the Coupling Unit.

CAUTION: Bcfore this connection is made, make sure
the output control on the external oscillator is turned
to zero.

Measurements at frequencies below 50 KC will usu-
ally requifé a substantial increase in measuring-circuit
capacitance External standard capacitors, other than
polanzed or high-loss types, may be connected directly
to the CAP terminals for this purpose. The total circuit
capacitance is then the sum of internal and external
capacjtances.

As the méasuring frequency decreases, the impor-
tance of short leads is reduced. 1t is good practice, how.
ever, to keep the externa] capagitor as close as possnble
to the CAP terminals of the Q Meter.

Measurement of Q, X, R, and L or C is made in
the normal manner. If high-Q inductors are measured
at low frequencies, and either effective or true Q and L
is needed, corrections should be-made for the input con-
ductance of the Q voltmeter and the distributed capaci-
tance of the test coil. These corrections are discussed in
Scction V and the Appendix.

11—
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INDICATED O CORRECTION FACTOR
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l&nw — —
K} ? § 10 - n

AREQUENCY KC .
Figure 1ll-4 Low Frequency Q Voltmeter Correction

.The 'Q voltmeter circuit is by-passed for optimum
# performance for frequencies between 50 KC and 50 MC.

» The frequency response of the voltmeter is therefore not

flat to low audio freﬁuenc:es ¥A correction curve for the
~ Q voltmeter is given in Figure I11-4.  ~

- -

. ", SECTION IV
PRINCIPLE OF OPERATION

A. GENERAL. B

_The measuring principle of the Q Meter T pe 260-A
is based on a familiar characteristic of series resonant
circuits, namely, that the magnitude of voltage appear-
ing across either reactor is equal to the voltage induced
ingp the. circuit multiplied by the circuit Q. In the Q
Meter Ty pe 260-A the voltdge is induced across a 0.02
ohms resistor in series with the circuit. Circuit Q is
defined as the Q of the internal measuring circuit of the
Q Meter, in conjunction with the component under test.
" In most practical cases this is essentially equal to the Q
of the component alone.

.. @ METER THEORY.
When the circuit of Figure 1V-1 is resonant, by deﬁ

L] . M

te ;

Figure IV-1" Basic Measuring Circuif

&

4

nition wL. = 1 oC and the series resistance of the cir-
cuit is R,, we can write for the current, I, '
I = eR. .
We can also write, )
E=1uwL =1 oC.
Combining these expressions and solving for E e,
Ee = oL R =1 wCR.

Q.

This equation is sensibly correct if the circuit Q = 10.

or,

Ee =

B »

€. RESIDUAL CIRCUIT PARAMETERS.

The reduction of the ideal circuit configuration of
Figure IV-1 to a physical and practical structure inher- -
ently introduces residual parameters which do not exist
in the ideal circuit.

These parameters have beed minimized in the de-
sign of the 260-A using means developed over many

1

i m

C VERNIER

€]
Re
10 fm p -:ﬁn
' Bm - 002N
tm l‘ +l - 0015 vh
0012 uh
F:gure v-2 Equ:valenf Measuring circuit
lApproxumol‘el

years of experience. As a result, practically all measure-
ments can be made without corrections for these resi-
duals, except where extreme accuracy is required.

The equivalent circuit of the Q Meter measuring
circuit, to a first approximation, is shown in Figure IV-2.
Average values of residual parameters are also given. In
general, these values are satisfactory for most purposes.
Accurate measurements, however, require that these
quantities be determined for each individual Q Meter,
and references for these measurements are included in
the bibliography. :

SECTION V

SOURCES OF ERROR
A, INSERTION RESISTANCE.

While, for many mreasurements, the residual resis-
tance of the Q Meter measuring circuit, shown in Figure
IV-2, is sufficiently small to be considered negligible,
under certain conditions it can contribute an error to the
measurement of Q. - '

_—12 —
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The degree of influence of this residual resistance
on a measurement de‘pcnd§ on the magnitude of the im-
pedance of the unknown component with respect to the
- residual impedance. For instance, the 20 milliohms of
insertion resistance may be safely neglected in compari-
son with an effective series.coil resistance of 10 ohms but
assumes importance when compared with an effective

coil resistance of 0.1 ohms. Consider the following . -

example:

f = 1.0 MC
C = 65 uuf ' -
and R. = 10 chms

Then the effectire Q of the coil equals,
Q =1 «CR. = 245,
while the indicated Q equals,

4 Q =1 «wC (R, % 0.02)
. ) = 244.5,

an error of only 0.2 percent.

However, when the coil resistance is, say 0.1 ohms,
and we are interested in learning the effective Q of the
coil,‘we must correct for the insertion resistance, for
cxample:

T = 40 MC
C = 135 uuf
and R. = 0.1 ohms

Then the effectire Q of the coil equals,
Q =1 «CR..= 295

%

but the indicated Q equals, . \
' Q =1 «C(R. ~0.02) = 245

The equations which follow correct for igsertion
resistance errors:

Effective coil resistance,

R. = (1 «CQ) — (2% 10%) (5.1)

o L Q “
Effective Q¥ Q. = iA—_u_:(;Ql (5.2}

50 .

where w = 27 times the frequency in cycles-per-
second
C = capacitance in farads, as read on the
dials of the Internal Resonating Ca-
pacitor :

and Q: = indicated Q )

Error due to the insertion resistor will be 5 percent,
or less, for values of indicated Q equal to, or less than,
those values shown in Figure V-1 for attendant values
of frequency and capacitance. When the effective Q of
a coil is needed to an accuracy of better than 5 percent

. of the indicated Q, corrections should be made for al!xé
indicated Q values which exceed those shown in Figure!
V-1 (for corresponding setting of f and C).

BOONTON RADIO ’C()RPJOR'ATIUI\'
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Figure V-1 Circuit Q Correction Guide for Insertion

Resistor Error. Indicated Q's for given values of resonat-
ing capacitance and frequency below those shown on
the chart are less than 5 %.in ésror.

B. RESIDUAL INDUCTAMNCE.

The residual inductance in series with the COIL
terminals of the Q Meter is inchuded as part of the
measured inductance of unknown coils (when using Di-
rect Connection—see Figure i11:1). When accurate val-
ues of effective inductance ate required, correction for
the residual inductance is necessaryv for coils of less than
0.5 microhenries (approximately). The correction is
simply, 2

effective L, ]
L. = Loy — Lu

where the residual inductance, L, is approximately

0.015 .h. ’
The effect of distributed capacitance on measured

values of Q and inductance is discussed in the Appendix.

-

€. @ VOLTMETER CONDUCTANCE.

Another internal parameter which causes the indi-
cated Q to deviate from effective Q, at both very Jow
and very high freguendes‘, is the input conductance of
the Q voluneter circuit. At very low frequencies this -
conductance consists of a 100 megohm grid leak resistor
in parallel with the internal lossés of the vacuum tube.
At very high frequencies the transit time loss in the volt-
meter tube shunts the resonating capacitor and intro-

duces a shunt resistance across the measuring circuit.
-

—_13 — ’ &4/
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Figyfe V-2

(5.4)

= indicated Q
input conductance of the Q voltmeter.
/ Corrections for Q’s of less than 50 or 60 are seldom,
if ever, necessary. G, should therefore be measured with
the CIRCUIT Q meter lever key in its normal (Q) posi-
tion. Corrections based on values of G, measured in this
way will then apply only to the normal Q scale.

A typical curve of Q voltmeter input resistance vs.
frequency is showr in Flgure V-2

D. CORRELATION OF Q.

. The Q Meter Type 260-A contains 1mprovements
developed through zears of experience in Q Meter de-
sngn The residual internal parameters of the measuring
circuit have been m:duced over those of the preceding
BRC Q Meter, T5 pe 160-A.

The signal insertion resistanceé, for example, has

&
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Typical curve of Q voltmeter input resistance vs. frequency

been reducedgo percent (from forty to twenty milli-
ohms) and the inductance of this resistor has been made
negligible. Circuit improvements have also lowered the
input conductance of the Q voltmeter at the lower
frequencies.

Thus the Q’s of inductors measured dlrectl) at the
COIL terminals of the 260-A depart very little from
their effective values. When comparison measurements
are made, therefore, using the Type 260-A and 160-A
Q Meters, a difference of indicated Q must be expected.

The difference is most apparent at low and high
frequencies. Most measurements made from 500 KC to
about 5 MC will have good agreement.

SECTION VI
AINTENANCE

A. GENERAL.

" The er Type 260-A is a precision-built, fac-
tory-calibrated instrument, and because the special test
and calibration equipment necessary is, in most cases, not
readily available, field maintenance must be limited to
certain practical operations if the accuracy of the instru- \
ment is to be retained. '

&
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BOONTON RADIO CORPORATION

It is the policy of the Boonton Radio Corporation

" to make available to its customers such service as is

needed to maiftain its products within specifications, as
advertised, at a reasonable cost. If the accuracies of ghe
Q Meter Type 260-A appear to be impaired, it is recem-

mended that the instrument be returned to the factory.

Maintenance operations beyond the scope of this section
should be referred to the factory.

Generally, all troubles other than tube replacement
and routine circuit repair, can best be handled at our

" factory. However, experienced engineers and technicians

may replace thermocouple assemblies in the event of
failure if our instructions are carefully followed.
NOTE: It is recommended that careful measurements
be made, using a set of Inductors Type 103-A as soon
as the Q Meter is placed in operation. These data should
be filed for each individual Q Meter and reference made
to these measurements in the event maintenance work
becomes necessary At least one measurement should be
made near each end of the frequency band of each in-
ductor. Similar measurements should be made using -
Q-Standards Type 513-A and 518-A in the event that
recalibration of the instrument is ever necessary.

B. REMOVING THE INSTRUMENT FROM
ITS CABINET. ‘

Although removal of the instrument from its cabi-

. THERMOCOUPLE ASSEMBLY

Q CAPACITOR |
, - Figure VI-1 Resonating capacitor, Q veltmeter tulge, and thermocouple ossémbly
" — 15—
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net is a simple operation, it must be done with care.

Remove the screws from around the edge of the
top and front panels and the 3 screws from the bottom
of the instrument. The entire front panel and top ma)
then be lifted out of the cabinet and carefully placed on
end with the oscillator compartment nearest the bench.
The cable and plug connecting the voltage stabilizer (not
present in the Type 260-APY to the power supply may
be removed from the pbwer supply chassis if further
separation of the instrument and cabinet is required.

If repair work on the Q Meter is interrupted, the
instrument should be returned to its cabinet temporarily
to prevent dust from settling between the plates of the
resunating capacitor.

C. REPLACEMENT OF TUBES. °
1. GENERAL.

Four of the five electron tubes in the Q Meter
Type 260-A may be replaced with comgghrcial ‘grade
tubes. The Q voltmeter triode ( V-301, typedBRC 535.A ) .
however, is specially manufactured and if replacement of
this tube is necessary it must be obtained from the
Boonton Radio Corporation. Any substitution may dras-
tically impair operation of the Q Meter.

When any of the tubes, except the voltage regula-
tors, V-402 (type OB2) and V-403 (type OA2) and
rectifier V-401 (type 6X4), are replaced, recalibration

\ UG-88 /U CONNECTOR



Q METER TYPE 2060-A

%,

s,
is required to retain the full accuracy of the instrument.
The procedures are described in this section. All com-
ponents which require adjustment are shown in Figures
V1-2 and VI-3,

2. REPLACEMENT OF THE VOLTMETER TUBE,
V-301 (TYPE BRC535-A).

a. Carerully remove the grid cap and release the
clamp at the base of the tube (Figure VI-1).

b. Withdraw the tube from its socket, insert the
new voltmeter tube and lock the clamp. Make certain
no dust or grease is on the glass envelope and then
replace the grid cap.

During the withdrawal and replacement of the tube,
relieve any strain from the resonating capacitor frame
by supporting the tube socket subchassis with one hand.

¢. Check the voltmeter calibration as described in
Section VI-E-1.

3. REPLACEMENT OF THE OSCILLATOR TUBE,
V-101 (TYPE 5763). .

a. Remove the nine screws which hold the cover in
place on the oscillator caﬁtment (Figure VI-2). It is
suggested that the frequency control be turned clock-
wise so that the main variable oscillator capacitor is
fully meshed to avoid accidental bending of the plates.

b. To remove the oscldlator tube, firse depress the
shield and turn 1t slightdy o the left, then life off.
Remove the faulty tube and insert the new tube. Prop-
erly align the pigs( of the new tube before applving
pressure to the glass envelope. Replace the tube shield.

¢. After rqﬂacing the compartment cover, check
the oscillator calibration according o Section VI-E-2,

4. REPLACEMENT OF THE RECTIFIER, V-401

(TYPE 6X4) AND VOLTAGE REGULATORS,

V-402 (TYPE OB2) AND V-403 (TYPE OA2).

a. These tubes are located on the power supply

chassis (Figure VI-3) and are easily removed for re-

placement. No adjustments are required when any of
these tubes are replaced.

D. REPLACEMENT OF THE THERMOCOUPLE .

ASSEMBLY.

1. GENERAL.

Burn-out of the thermocouple may occur if it is
subjected to a severe overload. For the prevention of
thermocouple burn-out see Section I1H-C. If a burn-out
does occur, a ‘new thermocouple assembly must be
ordered from our factory. This assembly includes a 0.02
ohm insertion resistor, a thermocouple, calibration re-
sistors for the MULTIPLY Q BY meter, and filter
capacitors. ‘

C129

Figure VI-2  Oscillétor compariment showing tube and calibratien adjustment capacitor
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R-3F2°

-~

R-308 R-310 R- 306

Figure VI-3  Power Supply chassis showing Q volitmeter calibration adjustments

NOTE: Because the value of the calibration resistors

are partially determined by the internal resistance of the

MULTIPLY Q BY meter, it is necessary that our factory

know the type and serial number of the inoperative

Q Meter. This information must be furnished whey
ordering a new thermocouple assembly.

2. REPLACEMENT OF THE
ASSEMBLY.

4. Remove the UG-88/U plug from its receptacle

at the rear of the thermocouple assembly (Figure VI-1).

THERMOCOUPLE

b. Unscrew and remove the LO binding post finger
nut to reduce the heat required to unsolder the strap.
Then carefully uasolder the strap that emerges from

10 TERMINAL HE TERMINAL
R . — |
- I
L | S
@]: UNSOLDIR HERE
STRAP
THERMOCOUPLE
RSSEMBLY
Figure VI-4 Location of injection circuit connecting
W strap

S

the assembly housing and connects to the bottom of the
LO post. See Figure VI-4. )

. Remove the terminal lugs from the MULTIPLY
Q BY meter, unsolder the ground lead, and unclamp the
cable frofn the front panel and resonating capacitor
frame.

d. Remove the four mounting screws for the
thermocoup}c assembl\ located on top of the instru-
ment just in back of the LO binding post. Carefully
extract the assemblyv from the Q Meter.

¢. Install the new unit and connect the attached
cable to the MULTIPLY Q BY meter terminals, Observe
the indicated polarity. Reclamp the cable to the res-
onating capacitor frame and afmnt panel.

f. Trim the connecting strap to a length that will
permit it to reach the LOQ post with a small amount of
sfack to allow for motion of the binding post. Carefully
&ger this strap to the bottom of the LO binding post.
Replace the top nut on the binding post..

E. %JUSTMENT AND CALIBRATION.
1. VOLTMETER CALIBRATION.
When the voltmeter tube or other voltmeter circuit
components are replaced, all voltmeter scales should be

— 17—



Q METER TYPE 260-A

recalibrated “for maximum accuracy. The following
equipment is required:

A signal source of 20 KC to 100 KC with an
adjustable output up to 5 volts and less than 1 percent
distortion. The d-c resistance of the source should not
exceed one megohm. If the output is capacitively coupled
to its terminals, connect a terminating resistor across
the CAP terminals.

YOLT METER
o
05
“
Hi
SIGHAL ) 0
oo ke . ’ < VOLTMETER
o ‘

Figure VI-5 Q voltmeter calibration circuif

Ar}‘ a-c voltmeter, 0-1 and 0-5 volts, with an ac-
curacy of 2 percent at the signal frequency.

Connections are shown in Figure VI-5. The pro-
cedure is as follows:

PRELIMINARY.
a. Adjust the mechanical zero of the CIRCUIT Q
meter before turning on the power.

b Because the output of the internal oscillator is
not used during the voltmeter calibration, the XQ con-
trol need only be turned enough to actuate the power
switch. Turn on the power and allow a warm up period
of at least 15 minutes.

* ZERO SET.- .
' ¢. Strap the HI and GND terminals of the measur-
ing circuit together’

d. To provide maximum control for the Q ZERO
_potentiometer, set the Q ZERO control to its mid-
position and approximately zero the CIRCUIT Q meter
with R-312 (Figure VI1-3). ,

e. Carefully zero the CIRCUIT Q meter using the
Q ZERO control and both the Q and LOW Q posi-
tions of the lever key as described in Section III-E-l-e.

f- Remove the shorting strap and set the resonating

capacitor 4t minimum capacitance. Connect the calibrat- '

ing equipment as shown in Figure VI-5.
Q VOLTMETER.

g- Apply successively 5, 4, 3, 2, and 1 volt, adjust-
ing R-310 (Figure VI-3) to obtain the best: overall
accuracy of Q readings which should be 250, 200, 150,
100, and 50, respectively.

LOW Q VOLTMETER..

b. With the lever key depressed to the LOW Q
position, successively apply 1.2, 1.0, 0.8, 0.6, 0.4, and 0.2
volts, adjusting R-308 (Figure VI-3) to obtain the best
overall accuracy of LOW Q readings which should be
60, 50, 40, 30, 20, and 10, respectively.

°

AQ VOLTMETER.
i. Apply 3.0 volts to the Q voltmeter.

j. Raise the lever key to the AQ position and adjust ’
the COARSE and FINE AQ BAEANCE controls until
the meter needle reads 50 on the AQ (red) scale. Note:
This is #ot the usual operating adjustment: ordinarily
the meter needle is adjusted for a AQ of zero.

k. With the lever key still in the AQ position,
apply successively 3.2, 3.4, 3.6, 3.8, and 4.0 volts, adjust-
ing R-306 (Figure VI-3) to obtain the best overall
accuracy of AQ readings which should be 50, 40, 30,
20, 10, and 0, respectively. .

2. OSCILLATOR CALIBRATION
(C-129 ADJUSTMENT).

When the oscillator tube is changed, it is necessary
to check the frequency calibration. Because a tube change
affects only the capacitance of the circuit, recalibration
is only necessary on one frequency band.

A 10 MC crystal calibrator is recommended for
this operation. However, standard broadcast stations
may be satisfactorily used.in lieu of the crystal calibrator.

To calibrate the -oscillator, proceed as follows:

a. Turn on the Q Meter and allow at least 15
minutes warm-up time.

b. Connect the r-f input terminals of the crystal
calibrator to the LO and GND terminals of t
ing circuit. ' .

¢. Adjust the calibrator to 10 MC.

d. Switch the frequency range to the 4.2-10 MC
range. Set the MEGACYCLE dial to exactly 10 MC.

e. Adjust the XQ controls for a reading of 1.0 on
the MULTIPLY Q BY meter. .

f. Carefully adjust C-129 (Figure VI-2) untl a
zero beat js heard in the calibrator headset.

Standard broadcast stations in the neighborhood of - )
700 KC or 1500 KC may also be used, in conjunction
with a radio receiver, to calibrate the oscillator. The
upper ends of either the 300-700 KC or 700-1700 KC

ranges may be used to zero beat the Q Meter oscillator.

with the station carrier.

F. POWER SUPPLY CHECK.

A check of the power supply should be made if the
Q Meter is operating erratically and no other fault is
apparent. All the important voltages may be checked
between the points listed below and ground. Erratic
operation of either regulator tube can often be deter-
mined by visual examination. Fluctuations of the dis-
charge glow within the tube is usually evidence of a
poor regulator tube. .

— 18—
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BOONTON RADIO (Q()iRP()RA']“"W ON

Test Voltage Pin Socket  Tolerance
Unregulated Varniable with runge 1 J-401
d-¢ voltage (Approx. 318 VDC
on range 4 to 288 v )
VDC on rx\gu.r ®) &
*Oscillator Variable with XQ [ J-401
screen voltage controls .
Regulated d-¢ 258 VDO | V-402 *2 volts
for Q voltmeter )
Regulated d-¢ 150 v H V-403 *1 volt
for Q voltmeter
Q voltmeter 2.25 VAC 6 V-301 1%
sheater .
" Oscillator 6.0 VAC "3 J-401 *1%
heater, ’
Instrument required: DC/AC Multitester, = 2%,

1,000 ohms/volt or more.

G. TROUBLE SHOOTING.
1. GENERAL. ‘

The electrical simplicity of the circuitry of the Q
Meter Type 260-A makes trouble shooting a straight-
forward operation. Observation of the two meters and
a few simple tests will sometimes indicate the trouble
before the instrument is removed from its cabinet. If
further investigation is necessary, reference to the sche-
matic diagram, combined with continuity and voltage
analysis with a multitester will usually reveal the source
of trouble.

A few troubles which may be encountered are given
below*in terms of external symptoms, together with the
‘proi)able cause(s). It should be remembered, however,
that in addition to the probable cause(s) given in this
table, any of these troubles may be due‘to defective com-

ponents, such as resistors, capacitors, transformers, etc.
syt
No meter indications of
any kind.

Possible Cause(s)
Faulty rectifier tube.

Faulty ‘Q Voltmeter tube
(V301).

Downward deflection of
CIRCUIT Q meter.
No Q ZERO adjust-
ment possible. Normal
MULTIPLY Q BY
. readings.

Erratic Q readings. Faulty voltage regulator

- tybes (V402, V403).

Faulty oscillator tube

+ (V101) or burned-out
thermocouple unit. The
troubles may be isolated
by listening for oscilla-
tions with a radio re-

No MULTIPLY Q BY
readings. CIRCUIT Q
meter reacts to the
, touch of a finger on
the HI terminals.

celver.
Impossible to set AQ Check R304, R306 and
to zero. R307.

meggt
No- CIRCUIT Q meter
~ reading on LO Q.

_Check S301, R308. -

=

#Do not increase this voltage without observing the reading on
the MULTIPLY Q BY meter. THIS READING SHOULD
NEVER EXCEED X 1.0

Poussible Cause(s)

- SJ‘”Iﬁf()ﬂl ]
Faulty bucking voltage

CIRCUIT Q meter reads

* near mid-scale, no zero bleeder resistor. Check

adjust. R305, R307. R311 and
£ R312.

Irregular or erratic read- Dirty contacts or loose

ings on Q, AQ, LO Q

scales.

wipers on potemivmeters
or key switch.

'APPENDIX -
A. NOMENCLATURE.

In the following nomenclature for parallel” and
series measurements, the subscript 1 (as in C, Q) will
denote values measured with only the work coil con-
nected to the measuring ‘circuit. The subscript 2 (as in
C,, Q.) will refer to values measured after the,unknown
is added to the circuit.

For other measurements the subscript 1 will refer
to the first reading while the second readmg will be
identified by the subscript 2.

13} « n

Subscripts "p” and
series parameters, respectiv el\
The units are defined as follows:

C = capacitance of the Q capacitor
as indicated on the main and

B. DISTRIBUTED CAPACITANCE.
1. GENERAL. ’

The presence’o‘f distributed capacitance in a coil
modifies the effective Q and inductance of the coil. At
the frequency at which the distributed capacitance and

* the inductance of the coil are resonant, the circuit ex-

— 19—

hibits a purely resistive impedance. Typical variations
of the effective Q and 1. under these conditions with
frequency are shown in Figure A. The true Q and in-

5
S
A

will denote parallel and

vernier dials (farads)
Q = indiéated Q observed on the
g meter
AQ = change in Q; Ag
f = oscillator frequehcy (cys/sec) ~
w = 2xf *
L = inductance (henries)
R = resistance (ohms)
L,, = residual inductance referred ,
to the COIL terminals (henries)
'L, = residual inductance referred '
to the capacitor (CAP) .
terminals (henries)
G, = input conductance of the Q
voltmeter -(mhos)
C; = distributed capacitance of
. an inductor (farads)
f, = self-resonant frequency of
an inductor (cys/sec)



TYPE 260-A

Q METER
4
150
SERE //
100 e - -
s ) ) \
= =] Q \
AL S
050
01 02 03 04 0s
f/fo
fo - SELF RESONANT FREQUENCY OF (OIL
Figure A Typical variation of effective Q and induct-

ance with frequency )
ductance may be .determined, however, if the value of
distributed capacitance is known. Figure B is a chart
which gives ratios of effective inductance to true in-
ductance and true Q to effective Q for various \alues of
distributed capacitance and Q capacitance.

The chart also illustrates that the effective inductance
and Q will closely approximate true values if the dis-
tributed capacitance is not excessive and the Q capaci-
tance which tunes the coil is large.

°

-

AN
A

SO S
\\\ \

090 // fi

A
AY
AN A YAVAVANRIE
AN
AY
A\

EFFECTIVE 0 °
TRUE 0

100 AD'

___..—\—'"‘".‘_‘ = E

= =

2/""- —"‘::: ;‘;/

095

= A" g % AT

d A
2%

6
LA
! Y
pavalVq § //'
7
DISTRIBUTED CAPACITANCE
085 / //// ALy “/n,u WICROMICROFARADS
4
) /1/ i
v ALail: N
4 /1 / ‘
v A LA
= . 4 4
|/ ’
ZE o /
= 7

065 /

Ll 50° 0 100 200 300 450

" QMETER CAPACITANCE IN  MICRO MICROFARADS
Figure B Correction chart for distributed capacitance

2. MEASURING C, (PREFERRED METHOD)
The impedance of .a coil at its self-resonant fre-
quency is resistive and usually high. This characteristic
may be utilized for the measurement of distributed

T

capacitance. Proceed as follows:

a. Set the resonating capacitor to about 400 uf.
Call this value C,. S

b. Connect the coil to be measured to the COIL
terminals and resonate the measuring circuit by adjust-
ing the oscillator frequency. When resonance is estab-
lished, note frequency f . ‘

Now find the self-resunant frequency of the coil,
as follows:

¢. Reset the oscillator frequency to approximately
ten times f, and replace the test coil with a work coil
capable of resonating in the measuring circuit at this
higher frequency.
d. Adjust the resonating capacitor for circuit reso-
nance. -

¢. Connect the test cotl to the CAP terminals and
restore resonance by readjusting the resonating capacitor.

f- If the capacitance has tO be increased, increase
the oscillator frequency until alternately connecting and
disconnecting the test unl to the CAP terminals ‘hanées
the indicated Q but does not affect the tuning. Call this
frequency the self-resonant frequency, f . Likewise, if
the capacitance must be decreased, the frequency should
be decreased until the self-resonant frequency of the coil
obtains. Unless the required change uf capacitance Is
very small, the frequency should be Lh.lngtd at first in
redsonabl) large steps, for example, 20 to 30 percent.

-The distributgd capacitance may be found from,

Cy = _(:‘ (tarads) (1)

B\
(
If £, > f,, this expression reduces to
. f| - N
C, = (f> ¢

3. MEASURING C, (APPROXIMATE METHOD—
(-:d 2 lU l‘"‘f)v

(farads)

The distributed capacitunce of coils with large
valyes of C; may be approximated with a simple meas-
uring procedure. :

a. Set'the resonating capacitor o about 50 wif. Call’
this valuesC,.

b. Connect the test coil to the COIL terminals and
resonate the measuring circuit by adjusting the oscillator
frequency. Note this frequency as f .

¢. Reset the oscillator to a lower frequency, f,,
equal to f /n. Restore resonance by increasing the res-
onating capacitance. Let this new value of capacitance
be €. The distributed capacitance is then,

(€ = nC)

- Cy ,
n — 1

@

If f. is made exactly one half of f, then

(farads) (29

(farads)
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An average of several measurements using different
values of C, will improve the results of this measure-

ment. Thc\‘t%est accuracy to be expected with this method, *

however, 1S7in the order of - 2 u,f.

4. CORRECTION F(%&Q.

The effective Q of a coil with distributed capaci-
tance 1s less than the true Q by a factor that depends
on the value of the. distributed capacitance and the
measuring circuit resonating capacitance. It can be

shown that,
“ C o C
. true Q = Q( ¢ l) (3)
Where Q. = effective Q of the coil

and C = medsuring-circuit resonating

capacitance :

The effective Q can usually be considered the
indicate.) ©). Exceptions are discussed in Section V.

A graphical solution for the above equation is given
in Figure B. -

5. CORRECTION FOR INDUCTANCE
(MEASURED AT COIL TERMINALS).

The Q Meter Type 260-A measures the effective
inductance of coils, except where the measured induc-
tance is in the vicinity of 0.5 microhenries or less. In
these cases, the internal inductance of the measuring
circuit, L, must be subtracted from the measured value
(see Section V).

The effective inductance of a coil with distributed
capacitance is somewhat greater than its true inductance.
Ratios of true inductance to effective inductance can be
found from Figure B for various values of distributed
and resonating capacitance. The true inductance can also
be calculated from,

true inductance = L, (C ¢ C ) (henries‘i (4)5
+ U

wgere L. = effective inductance of the coil

and C = measuring-circuit resonating
= capacitance

While the true inductance rhay be calculated
from the above equation or obtained graphically from
Figure B, a simpler method can be used which utilizes
both scales on the resonating capacitor dial. This dial
contains an inducta&ge scale based, at selected frequen-
cies,~on the equation, L = 1/.,-C where C can be read
directly above the mecasured inductance on the capaci-
tance scale. This is the effective inductance of the coil.
. The true inductance resonates with the sum-of the res-
onating eapacitance and the distributed capacitance,
-thus, true L = 1/.,°(C + ().

If the distributed capacitance is known, a correction
vielding true inductance can be made as follows:

a. If the approximate value of inductance is known,
select the appropriate measuring frequency from the

&

INDUCTANCE-FREQUENCY chart on the panel. Set
the frequency controls to the designated frequency.

b. Using the XQ controls, adjust the MULTIPLY
Q BY meter to read 1.0 (use a higher multiplyving factor
for coils of Q > 250).

¢. Resonate the coil by adjusting the resonating
capacitor control for a- maximum deflecuon of the
CIRCUIT Q meter. -+ A

If the inductance cannot be estimated, resonate the
coil at an{ frequency, then move the oscillator frequency
te the nearest frequency specified on the chart, changing
the Q capacitor accordingly.

d. Read the effective inductance of the coil on the
L scale of the Q capacitor dial. The value shown on
this scale must be multiplied by an appropriate factor,
depending on the frequency used and the corresponding
range of inductance,.

¢. With the measuring Circuit at resonance, note
the value of Q capacitance and add to this the dis-
tributed capacitance’ of the coil. Advance the dial then,
to read the sum of C plus C.. Although the measuring
eircuit is detuned by this procedure, the true induc/[ance
of the coil cgn now be read directly on the induttance
scale.

This correction is shown in l"ig‘urca C-1 and C-2
for a coil whose effective inductance was 49 micro-
henries and distributed capucitance measured 7 micro-
microfarads. The true inductance of the coil was found
to be 45 microhenries.

MMFD MMFD

\“\I\!Ill

Q) ' (-2

Figure C  Using the LC dial to determine true
inductance ..

-C. PARALLEL MEASUREMENTS.

I. GENERAL.

High impedance components, such as high value
resistors, certain inductors, and small capacitors, are
measured by connecting them across the CAP terminals:
This connection is shown in Figure 111-2. Before the
unknown is, connected, however. the measuring circuit
must be resonated, using an Inductor Type 103-A or
other stable cotl, to establish reference values of Q and
C. Then, when the component under test 1sv connected
to the circuit and the capacitor is readjusted for reso-
nance, the altered values of Q and C can be combined

=
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with ference values in equations which vield the
pardmeters of the unknown specimen.

2. LARGE RESISTORS.

When the measuring circuit is at resun&me (using
a work cotl), a resistor placed in parallel with the reso-
nating capacitor will lower the indicated Q. The smaller
this resistance, the greater the reduction of Q. A reason-
able range of resistynce mav be measured with the
parallel method, providing that AQ is not less than 5,
nor the indicated Q reduced below 10.

The limits of measurable resistance are dependent
on frequency and both maximum and minimum limits

decrease as the frequency increases. Figure D shows -

approximate himits for both parallel and series measure-
ments. These limits are based on a maximum Q, of 250,
although higher Q's are feasible for measurements out-
side the ranges shown. The lower limits for parallel
measurements may also be extended by using external
X sf?ndard capacitors connected to the CAP terminals.

s
0

o

050 MECOHMS

; / 10 MEGOHMS
: "/ PARALLEL MEASUREMENT -
70000 OHMS /
10,000 OHMS
70 OHMS
/smfs MEASUREMENT
'Db OHMS /////// 10 OHMS
50 KC i 50 M(

Figure D Ranges of measurable resistance

The following procedure may be used for the
mieasurement of large resistors:

a. Set the oscillator controls to the desired meas-
uring frequency.

b. Connect a suitable work coil to the COIL ter-

minals and adjust the resonating capacitor for resonance
mentally noting this value of Q,. Set the MULTIPLY
Q BY meter to the approptiate multiplying factor;
preferably X1. '

The work coil should be selected so that larger

resistors are measured with small values of resonating _

capacitance and smualler resistors are measured  with
large values of tuning capaatance,

¢ Set the AQ coarse control (outer knob) and 1es
attached dial to the approximate value of Q . Lift the
lever kev to the AQ posiion and adjust the fine AQ
BALANCE control (center ko) for a meter reading
of zero on the AQ scale (full scale deflection). Recheck
the tuning with the lever kev an this position for exact
resonance (as indicated by a maximum deflection to the
right) and, if necessary, reset the AQ zero.

d. Release the lever kev and make the desired cir-
cutt change. Restore resonance to the drcuit and again
lift.the lever key to the AQ position. Carefully recheck
the tuning for resonance (minimum .AQ reading) and
read the change in Q on the AQ (red) scale. This value
of AQ must be multiplied by the setung on the
MULTIPLY Q BY mucter. Release the lever key before
making other changes. '

If the change in Q exceeds the limit of the scale,
the difference should be calculated arithmetically from
the two Q values, viz,, AQ = Q, — Q..

The parameters of the resistor are:

_ QQ.
R, = 2CAQ (ohms) (5)
It the resistor is also reactive,
X, = . ! .y (ohms) (usually capacitive) (6)
u,‘((,_‘ - (,1) ‘

and C, = C, — C, (farads) (7)

If the resistor is inductive, (C, > C,), the sign of
kEq. (6) will be positive.

3. SMALL CAPACITORS.

Capacitors of less than about 430 micro-microfarads
can be measured by a simple substitution method on the
Q Meter.

a. Connect a work coil* to the COIL terminals and
set the Q capacitor to a convenient value. Cal! this
value C,. If the capacitance of the test capacitor is known
approximately, select a value of C, such that the dif-
ference between-C, and the test capacitance falls between
30 and 100 ;.,f. :

bh. Adjust the frequency controls}r circuit reso-
nance. If the Q of the test capacitor is desired, proceed
according to Section C-2, above. If the Q is not required,
continue with the next step.

¢. Connect the unknown capacitor to the CAP ter-
minals and adjust the resonating capacitor to restore
resonance. Note C,. The parameters of the capacitor are:

C, = C - C (farads) (7%

Q - Q}Q:_\(((él(:: (,) (8)

. less the capaniulm\e of the unknown capacitor requires in-
vestigation at a particular frequency, ,it is advisable to use a
work coil that will resonate at 1.0 MC or less. Normal lead
length will not affect the measured capacitance at these
frequencies. )

and
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Values of capacitance less than 6 micro-microfarads
cdn best be measured with the vernier capacitor using
a procedure similar to that just described. '

4. LARGE INDUCTORS.

Although large coils (say, greater than 100 milli-
henries), can be measured by the parallel method, other
means are often more satisfactory. For example, using a
frequency less than 50 KC with an external oscillator
and/or external capacitance connected in parallel with
the resonating capacitor while the inductor is connected
in a2 normal manner to the COIL terminals.

As the measuring frequency approaches the self-
resonant frequency of the coil, however, the parallel
method must be used to measure the effective inductance
just below resonance, the impedance at resonance, and
the apparent capacitance above f,. Overtones in the coil
can also be discovered by this means. Measurements
made on a typical 1.0 millihenry r-f choke and a 250
microhenry coil are shown in Figure E.

The measuring xgrocedure for the parallel connec-
" tion of coils is simildr to that described previously for

capacitors, but in this ingtance the resonating capacitance
must usually'be increased to restore resonance after the
coil is connected to the CAP terminals.

a. Set the oscillator to the required measuring fre-
quency. :

b. If possible, select a work coil which will allow
the measuring circuit to resonate at this frequency with
a resonating capacitance of 30 to 70 uuf. For conve-
nience only, adjust the main capacitor dial to the nearest
round value and call this C,. Make the final adjustment
for resonance with the vernier capacitor. Note: If the
vernier is not changed during the measurement, its value
will not affect the calculated effective inductance. When
calculating the effective Q, however, the value of C, in
the denominator of Eq. (8) must be the sum (or differ-

ence) of the readings on the main and vernier capacitor
dials. '

¢. Connect the test coil to the CAP terminals and
restore resonance by increasing the resonating capaci-
tance. Note the value of C,.

10 -
/ /\ .
L \ L~
- /] 4000
+3 \
AL » ,
9 g
T 0 — - H
= r E="1"""10 MILLARRY B ——7 £
- (HOKE, FOUR PIES :
g' ’ v / T moé
AN A/ : .
g ) / / b s
| A 1/ ]
" |
/1 !
]
15 / ~ 250 MICROHENRY ) | 2000
/ (OIL, SINGLE Pif {
, / - T
? ] ] .t
- N . A
' 1
i
15 I - i,
- - } 1000
: | 1
vl
" / TN
A
& L\
3 / = ] L - . N 4 .
03 07 ) 2 7 10 p “

- MEGACYCLES

Figure E ~ Apparent capacitance and conductance of two rf chokes in the vicin'l‘fy of self-resonance
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« The inductance of the unknown coi 1s:

" effective inductance = 1 . (C. - ) (henries) (9)

and the effective Q equals.
Q.Q: (C.
Q AQC

If the measuring frequency, however, is greater than
the selfsresonant frequency of the coil, the coil under
test’ will not appear inductive but is capacitive, and C,
will be less than C. A convenient expression for coils
in the neighborhood of self-resonance and at frequen-
cies greater than f | is,

) (‘8)

effective

(farads)

Another useful expression for coils operating under
these conditions is,

apparent capacitance, €. - €.,

u:(:y._\Q
QQ.

The expression, large,-us>d in this section is rela-
.tive and a significant parallel'meusurement can be made
with - coils of only normal inductance, but which are
designed to tune with values of capacitance less than the
minimum 27 ,f of the resonating capacitor. A great
number of coils known as “peaking” coils fall in this
category.,

(mhos)

apparent conductance, G,

While the inductance of such coils can be found
with the equation just given for effecti~e inductance, it
should he emphasized that an advarcage of measuring
coils by the “direct method”, is thut the capacitance re-
quired to tune the coil at the measuring frequency is
given directly on the resonating capacitor dial. The dis-
tributed capacitance of the coil is taken into account
with the "direct measurement’’.

If the capacitance required to tune a coil which nor-
mally resonates with less than 27 , ,.f is desired, a direct
measurement is impossible, due to the minimum resonant
capacitance in the Q Meter measuring circuit. A parallel
measurement, however, will yield the desired informa-
tion, including the effects of distributed capacitance.

d. Proceed according to steps a., b., and c. above.
e. The capacitance required to tune the coil at the
measuring frequency is simply,
C=¢(, —-C, )
This measurement accounts for distributed capaci-
tance and provides the same information with respect to
tuning capacitance as would a direct connection to the
COIL terminals.

D. SERIES MEASUREMENTS.
1. GENERAL.

Lov' impedafice components, which include low ~

value resistors, sm@ll coils, and Iarg,e capautors are meas-
ured in" series with the measurmg circuit. Figure I11-3
shows this«connection. ‘The specimen to be measured is

placed-in-sseries with a reference coil between the LO

g

'

terminal and the low potential end of the reference cotl.
A heavy shorting strap should be employed to short-cir-
«cuit the unknown component while a reference condition
is established. The strap can then be opened, or re-
moved, and the measuring circuit re-resonated.- This pro-
cedure permits the specimen to be physically connected
even though it is electrically out of the circurt and elimi-
nates possible errors by maintaining the relative posi-
tions of the work coil and unknown component. If
production measurements require this connection, it 1s
advisable to construct a simple jig to provide terminals
for the unknown specimens and a shorting plug to. estab-
lish reference values of C, Q. and frequency. Such a jig
will also facilitate laboratory measurements. Two 6-32
inserts are located near the.measuring-circuit terminals
for the mounting of special Q Meter jigs.

2. SMALL RESISTORS.

A small resistor connected in series with a work coil
will lower the indicated Q and thus produce informa-
tion for the calculation of the resistance. The higher this
resistance, the greater the reduction of Q. The resistance
tnust be sufficient to make AQ equal S, but not large
enough to reduce the indicated Q below 10. Within these
limits, a srange of resistance shown in Figure D can be
measured.

The following procedure is recommended.

a. Set the oscillator controls to the desired measur-
ing frequency. Adjust the XQ controls for a suitable
MULTIPLY Q BY reading, preferably X1.

b. Connect a suitable work coil and the unknown
resistor in series and place a shoreing strap across the
resistor. Connect the series combination to the COIL
terminals with the strapped resistor neég.( to the LO
terminal.

The work ghil 5hould be selected so that larger re-
sistors are measured with small values of resonating
capacitance and smaller resistors are measured with large
values of resonating capacitance.

. Resonate the measuring circuit: with the resistor
shorted Mentally note the value of Q..

d. Set the AQ coarse control to the apprommate
value of Q,. Lift the lever key to the AQ position and
adjust the fine AQ BALANCE control for a AQ reading
of zero. Recheck the tuning with the lever key in this
position for exact resonance (indicated by maximum
deflection to the right). If necessary, reset the AQ zero.

e. Release the lever key and remove the short from
acro.s the resistor. Restore resonance and again lift the
lever key to the AQ position. Carefully recheck the tun-
ing for resonance and read the change in Q on the AQ
. ~(red) -cale. Multiply this value by the reading on the

. MUL1iPLY Q BY meter.

The parameters of the resistor are.
C
(cl) Q-Q

R. = -
N(AQ!Q'J

(ohms) (10)
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If R, isevery small and Q, approximates Q, it is
recommended that the value of Q. be obtained by sub-
tracting AQ from the measured value of Q,. The reac-
tance of the resistor may be found from,

a
————— .(ohms). (11)
If the resistor is purely resistive, C, = C,, the equa-

“ tion for fesistance reduces to,

- _Q
R. =200

9()ther equations can be found in Table I.

(ohms)

»

3. SMALL INDUCTORS.

Measurement of small coils at relatively low fre-
quencies cannot be made directly at the COIL terminals.
The following series method is recommended.

.- Set the oscillator controls to the desired measur
ing frequency. )

b. Connect the unknown coil in series with the
work coil, between the LO terminal and the low-poten-
tial end of the work coil. Provide a heavy shorting strap,
which may be placed across the unknown coil.

c. With the shorting strap connected -across the coil,
adjust the resonating capacitor for resonance and note
C,. The work coil selected should allow C, to be about

/m/if.

T ) Remove the short from across the unknown coil
and restore resonance byrdecr,,gasing the resonating capa-
ctor. Note C,. The inductance may be found from,

_ (G =G) . ‘
&Ls = - u‘y,m (henrles) (12)
If the Q of the coil is required, it may be calculated
ftom,
QQ:(C, ~ ()
= XD T2/ 1
- 27 cQo-ca (13)

4. LARGE CAPACITORS.

The series measuring method is also suitable for
the measurement of large capacitors. The procedure is
similar to that given for small inductors with the follow-
ing exceptions. :

a. A large resistor should be connected across the
unknown capacitor to provide a d-c grid return for the
Q voltmeter tube. 10 megohms should be satisfactory for
most applications.

. b. The initial setting of resonating capacitance
should be just low enough so that the addition of the
unknown capacitor in series with the work coil will not
require a value of C, greater than 460 uuf in order to
festore resonance to the measuring circuit. In general,
C, need not bz less than about 200 . uf. -

¢. The effective capacitance of the series capacitor
* may be calculated using the equation,

ES

Gt (farads)

C. = (C"'_ (-) (14)

The Q of the capacitor may be found with Eq. (13).

This measuring technique is also convenient for
finding the self-resonant frequency of by-pass capacitors.
At that frequency the impedance of ‘the capacitor is a
minimum owing to series resonance between the capaci-
tance and the lead inductance.

The self-resonant frequency of the capacitor can be
found by ‘alternately connecting and disconncc(ing the
shorting strap while the frequency is increased in rela-
tively large increments until a frequency is reached
where C, (strap removed) is less than C, (capacitance
shorted). Now decrease the frequency in smaller incre-
ments until C, equals C,. The impedance of the capacitor
is resistive at this frequency (f,) and equals,

_AQ
«CQQ.
For example, a 0:01 ,.f paper tubular capacitor with
2 inch leads (total length) was found to be resonant ac
5.2 MC. The impedance at this frequency was only 0.19 '
ohms (resistive). )

(ohms)

E. RULES FOR THE CORRECTION OF ERRORS.

When circumstances call for measurements of a high
degree of accuracy, the folluwing corrections should be
made in the, order listed and partially corrected values
used in each succeeding step.

1. DIRECT CONNECTION OF COILS.

a. Qand R,

Correct indicated Q for:
_ (1) Q voltmeter conductance;
Q.
@ 1 — Q’C,;‘
wC

(Usually negligible if C > 100 uuf and Q=
150, between 500 KC and 30 MC.)

& _

(5.4)

(2) Insertion resistance:

Q. 2

|- @CQ
50

(See Figure V-1 for limits of Q in error by
5 percent for attendant values of C and

frequency.)

(3) p&s‘lributed capacita nce;
G

o
(0

(See Figure A for a
importance of C,.)

C

guide concerning the
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b. L

N
o

Correct the measured inductance for:
(l; Internal inductance;-
L =L.. -1 )
9 F(Reqﬁires correcuon only if [, £ 0.5 uh. )
(2) Distributed qppacitangv
o
;L'sually negligible only if L < 1.0.4h.)

S C
true inductance = L (( )

2. PARALLEL CONNECTION.
a. R,

No correction needed below 20 MC. Above 20 MC,
if the internal inductante, L ['is not negligible combared
with the effective inductance of the work coil, correce the
value of resonating capacitance, C, for that portion of
residual inductance which appeirs between the CAP ter-
minals, using the following equation. '

effective C C
capacitance oL 1 = CLC

Use this value of effective capacitance in place of C
. . 3
in the equation
R - Q‘Q—'
' «CAQ
b. X,,C,and L,
No corfections neéded. except as noted above for

R,. Values of both C, and C, should be corrected using
equation 15 and ‘suf)stitu(ing in the following:

(1s) .

. 1
X T G-
C. = C — Coand
1
L,

‘£ Q * .
Same as for X . "
3. SERIES CONNECTION.
a. R. #
Same as for R. Use effective capacitance in place
of C in the equation
C,
((Je-e
R. = V.
u.‘(,;Q*Q:

b X_, L and C,

Same as for X . When necessary, use effective values
cf C and C, in the following:

L C-C
X. = wC,Cs

C-C

L.= 7 .

u."y(x(xg

. CCe
“Te-c

The distributed capacitance of a test coil that re-
quires measurement by the series method is usually so
small that the true inductance and effective inductance of
the coil are essentially equal at the measuring frequency.
In a few cases, however, corriction may be necessary.

. Q

Same as for X,.
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quantity results from an inductive reactance and a
negative sign from a capacitive reactance.

Note 2: Disregard the sign of the quantity (C:—C)) in
Eq. (8) above.

TABLE 01

Q_Z(j_i‘il,:’? 1 _ R,
~* R. R. «CR. X,
Formulas for Formulas for
General Q greater Q less
Formuias than 10 than 0.1
R R, R. = R
}{B = P Rs — _’; AN p
1+ Q? . Q
Q o
= s = X, Xs = AV
Xu 1 + Q X ) XKQ
L. =L, 1 SQ-’ » L. =Ly L, = L,Q*
D1+ Q . C
Cs = (4;) T" (45 Cp Ca = Qr;

3 ,
BOONTON RADIO CORPORATION
TABLE 1§
. FORMULAS FOR CALCULATING G AND IM’NPEDANCE
PARAMETERS FROM PARALLEL ANb SERIES MEASUREMENTS
Parallel Measurements Senes Me"ff"”,’le,‘l“s
Effective Q of Unknown Effective Q of Unknown
Q = QQ:(C, — (8) Q = Q:Q:(C ~ Gy (13)
. ..\ch CQ -G Q
) . . N
Effective Parallel Resistance of Unknown Effective Series Resistance of Unknown
Q.Q: C
= < - Q. 10
BTLaa ) (g)e-e 10
. ﬂ' . = * X wClQIQ:
Effective Parallel Rea‘cta‘nce of Unknown Effective Series Reactance of Unknown
1 ' (6)
Xp = ——s ‘ C -G 11
o p M(CQ—Cl) Xs wlC Cq ( )
Effective Parallel Inductance of Unknown Effective Series Inductance of Unknown
B 1 . (9) oG (12)
b = S=cy L = Gca
Effective Parallel Capacitance of Unknown Effective Series Capacitance of Unknown
. CC
C = C] C'r (7) ‘ Lg = Ei —Cl (14)
Note 1: In Eq. (6) the sign of the quantlty C,-C) Note 1: In Eq. (11) the sign of the quantity (C,—C;)
indicates the type of effective reactance. A positive indicates the type of effective reactance. A positive

quantity results from an inductive reactance and a
negative sign from a capacitive reactance.
Note 2: Disregard the sign of the quantity (C, — C,;) in’
Eq. (13) above.

\\
N \\2 -
N |
. |
- "‘B’L - le(’x = ,\fil, = ”ri,)' /i
u.LP - "R, \//;
L} € //
R Formulas for Formulas for
General Q greater 1 Q less- ™ ~
Formulas than 10 than 0.1
R, = R.1 + Q) R, = R.Q" R, = R,
. 1+ Q° ; X,
Xp - Xs *Q':QA X‘, = Xs Xi'. = Q?
1 + Q L.
L, =L, V—VQTQA L, = L. L, = 6
c, =C. 2 C, = C C, = C.Q*
T+ Q. o ’ *
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(CALIBRATION AND CORRECTION OF ERRORS)

V. V. K. Rao, "The Q Meter and Its Theory,” Proc. LR.E,, p.
502; Nov., 1942,

1. Bady, “Calibration of Q Meter, Model 160-A," Signal Corps
Report, March, 1943.

W. F. Lovering, "On the Measurement of the Residual Para-
meters of a Q Meter,” Philo. Mag., Feb., 1944. -

Aircraft Radio Laboratory Engineering Report No. 371 (War
Department), “Derivation of Q Meter Formulae and Li

of Application to Fixed Frequency lmpedanu: Measurements
Augus( 1944.

D. M. Hill, "Measurement of the Internal Inductance of the
Q Meter Circuit of the 160-A Q Meter,” BRC Report No.
1549, Oct., 1944.

I. Bady, "Notés on Increasing the Accuracy and Usefulness of
the Boonton Q Meter Model 160-A,” Signal Corps Report,
Sept., 1945. .

G. F. Barnett, "Method for Extending Range of Q Meter,”
Elect. World, p. 78, March, 1946.

H. G. M. Spratt, "Q Meters,” Wireless World, p. 7, Jan., 1949.
A.-C. Lynch, "Improved Accuracy with a Q Meter by the Use
of Auxiliary Components,” Elect. Eng., p. 91, March, 1949.
Cathode Ray, "Q — How Many Kinds Are There?”, _W’irelesg
World, p. 267, July, 1949.

R. E. Laffen). "Q Meter Correction Chart for Q Voltmeter
Logding, p. 43, Tele-Tech, Oct., 1952.

R. E. Laffert), ‘Q Meter Correction Chart for Distributed
Capacitance,” p. 63, Tele-Tech, Nov., 1952.

Bureau of Standards Circular C-47, "Radio Instruments and
Measurements,” p. 133.

R. F. Field and D. B. Sinclair, "A Method for Determining
the Residual Inductance and Resistance of a Variable Air Con-
denser at Radio Frequencies,” Proc. 1.R.E., Feb., 1936.

R. G¢ Medhurst, “"HF Resistance and Self-Capacitance of
Single-Layer Solenoid,” Wireless Engineer, Feb. and March,
1947.

Q MEASUREMENTS

C. J. Franks, "Values of Q for Various Component Parts,”
Electronics, p. 126, April, 1935.

§
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E. Measing, “Coil Testing Methods for Use in Radio Plants,”
Electronics, p. 248, August, 1935.

D. Pollack, “The Des:gn of Inductance for Frequencies Be-
tween 4 and 25 m¢,” Electrical Eng., Sept., 1937.

-D. E. Foster-and A. E. Newlon, “Measurement of Iron Cores

at Radio Frequencies,” Proc. 1.R.E., p. 266, May, 1941.

W. J. Polydoroff and A. J. l\lappench ‘Effective Permeability
of High Frequency Iron Cores,” Radio, p. 38, Nov., 1945.

A. L Forbes Simpson, “The Design of Small Single Layer
Loils,” Electrical Eng., p. 353, Nov., 1947.

"Basic Theory for Ohmite Frequency Rated RF Chokes,” Ohm-
ite News, Feb., 1948.

R. E. Lafferty, “Extended Q Meter Measurements,” Electronics,
Nov,, 1951.

E. Both “Magnetic Powdered Cores for Military Communica-
tion,” Tele-Tech, p. 36, August, 1952.

National Bureau of Standards Technical Bulletin, “Calibra-
tion of Magnetic Materials,” Tele-Tech, Jan., 1953.

W. J. Polydoroff, “"Powdered Magnetic Cores,” Tele-Tech, p.
69, Feb., 1953.

W. T. Cocking, “Q and Inductance;" Wireless World, Nov.
andnsc., 1949,

H. A ¥ eler, "Inductance Chart for Solenoid Coil,” Proc.
LR.E;9. 1398, Dec., 1950. .

General line and Film Corp. Brochure, "Bibliography on
Iron Cofes.,”f

Peter H ’Haas, ‘A Rad10-Frequénq Permeameter,” Journal of
Resea;‘t/h of the National Bureau of Standards, p. 221, Vol. 51,

_DNo-S, November, 1933.

~

CAPACI‘I’ANCE AND DIELECTRIC MEASUREMENTS

H. . Snow, “Losses in Mica amf Simple Test Procedure,”
Radin_Eng., Feb 1937. N 3

A. W. Barber, "Simplified Dielectric Loss Measurements,”

Radno Eng., July, 1937.

. R. Townsend, Tesung, (;radmg, Classxfymg, and Quality
“ontrol of Mlca, BTL, August, 1943.

D, M. Hill, “Q Meter for Power Factor and Dielectric Con-
stant,” Electr. World, Oct., 1943.

JAN-C-5 Spenﬂcauqn "Capacitors, Mica-Dielectric, Fixed,”
Nov., 1944.

I. Bady, "Notes on Increasing the Accuracy and Usefulness of
the Boonton Q Meter, Model 160-A,” Signal Corps Report,*
Sept., 1945. '

T. Hazen, "Dielectric Properties vs. Temperature of Thermo-
setting Molding Preforms at Radio Frequencies,” Electrochem.
Soc.,, Vol. 9, p. 1443, 1946.
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3
K. G. Coutee, "Judging Mica Quality Electrically,” Trans.
A.LEE., Vol. 64, pp. 735.740.

G. N. Howart, "Dielectric Properties of Steatite Porcelain,”
Jour. Am. Ceramic Soc., May, 1946,

A. P. Wangsgard and T. Hazen, "The Q Meter for Dielectric
Measurement on Pnl\e(h)lene and Other Plastigs at Frequen-
cies up to 50 m¢,” Electrochem. Soc., Vol. 9¢ pp. 361-375,
Oct., 1946.

Amer. Soc. for Testing Materials, D-150: “"Power Factor and
Dielectric Congtant of Electrical Insulating Materials.”

A. H. Scott and H. L. Curus, “Edge Correction in the Deter-
mination of Dielectric Constant,” four. of Research, Nat. Bu-
reau of Standards, Vol. 22, pp. 747-775, June, 1939.

J. F. Price, "Effectiveness of By-Pass Capacitors at VHF"
Comm. Feb., 1948,

E. W. Greenfield,
Electrical Eng., Oct., 1943,

e

RESISTANCE

I. Bady, ""Notes @én Increasing the Accuraey and Usefulness of
the Boonton Q Meter, Model 160-A," Signal Corps Report,
Sept., 1945.
" R.E. Lafferty, “Extended Q Metér Measurements,” Electronics,
Nov., 1951.
‘R. Miedke, "Q Meter Impedance Charts,” Electronics, p. 112
Jan., 1950.
H. A Wheeler, “Formulas for Skin Effect,”
" Sept., 1942,
R. G. Medhurst, “HF Resistance and Self-Capacitance of
Single-Layer Solenoids,’ Wireless Eng., Feb. and Mww‘ﬂ.

Proc. LR.E,,

TRANSFORMERS

<

L. E. Pepperberg, “Coupling Coeﬂicrem Chart,” Electronics,
JUIYs 1945

"Q Meter Method of Determining Actual Coupling to Critical
Coupling in IF Transformer,” JWL of TWA, Radio Engrg
Rpt. No. RER14, Aug. 45. .

S. G. Feldman and M. Goldstein, * ‘Measuring Coupling Co
efficients in Tuned RF Transformers,” Electronics, Dec., 1950.

R. E. Lafferty, "RF Coupling Nomograph,” Electronics, p. 166,
Oct., 1952.

"Refresher for Dielectric Calculations,”

P. M. Honnell, "Note on Measuring Coupling Coefhcient,”
Radio, p. 41, Feb., 1945.

C. B. Aiken, “Two-Mesh Coupled Circuit Filters,” Proc. LRE.,
Feb., 1937,
“Inductve Coupling of RF Coils,” BRC Report, April, 1953,

TRANSMISSION LINES
Ballantine Laboratories, "Measurement of High Frequenc
Lines,” Electronics, April, 1938.

C. Stewart, Jr,, "The S Function Method of Measuring Attenu-
ation of Coaxial Radio Frequency Cable,” Technical Paper
A.LE.E. 45-134, Oct, 1944.

C. Stewart, Jr., "A Method of Measuring Attenuation of Short
Lengths of Coaxial Cable,” Proc. LR.E., p. 946, Jan., 1945. )

C. C. Fleming, "Measuring Coaxials at Ultra High Frequen-
cies,” BTL, Bell Labs Record, Jan., 1946.

ANTENNAS
G. L. Haller, ""Constants of Fixed Antennas on Aircraft,” Proc.
LR.E., April, 1938.

G. L. Haller, "Aircraft Antennas,” Proc. LR.E., p. 357, Aug-
ust, 1942,

E. F. Kiernan, "Transport Aircraft Antenna Characteristics,”
Electronics, Dec., 1944.

w. S Bachman, “"Loop Antenna Coupling Transformer De-
'sign,” Proc. LR.E., p. 865, Dec., 1945,

J. E. Browder and V. ]. Young, "Design Values for Loop-
Antenna Input Circuits,” Proc./ 1.R.E., May, 1947,

E. M. Kendell, "Receiver Loop - Antenna Design Factors,”
Comm. Nov., 1945.

SPECIAL MEASUREMENTS

B. N. Prakash, “On the Measurement of Negative Impedances
with a Q Meter,” Electrotechniques, pp. 69-73, Dec., 1946.

H..A. Bierwirth and C. N. Hoyler, "Radio Frequency Heating
Applied 10 Wood Gluing,” Proc. L.R.E., Oct., 1943.

W. D. George, M. C. Selby, and R. Scolink, "“Precision Meas-
urement of Electrical Characteristics of Quartz Crystal Units,”
Proc. LR.E., p. 1122, Sept., 1948,
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«oQ METER TYPE 260-A

\ ELECTRICAL COMPONENTS
OSCILLATOR
BRC
SYMBOL  PART NO. : DESCRIPTION

C-101 82216 Capacitor, fixed; mica; 250 puf, £10° (; 500 VDCW; button type
C-102 82115 Capacitor, fixed; ceramic; 47 wuf;, £2.5¢ ; NPO; 600 VDCW

C-103 84089 Capacitor, variable; pyrex tubular; 1- 8 uuf

C-104 82114 Capacitor, fixed; ceramic; 33 upf;, £2.57; NPO; 600 VDCW

C-105 84090 Capacitor, variable; pyrex tubular; 1-12 uuf

C-1006 82428 Capacitor, fixed; Hi K ceramic; .01 uf; +80' , —20¢,; 600 VDCW
C-107 82306 Capacitor, fixed; Hi K ceramic; 1000 uuf; +80¢(, —20¢,; 600 VDCW
. C-108 82216 Capacitor, fixed; mica; 250 puf; =10¢;; 500 VDCW; button type
C-109 82114 Capacitor, fixed; ceramic; 33 uuf; £2.5¢; NPO; 600 VDCW

C-110 84090 Capacitor, variable; pyrex tubular; 1-12 uuf

C-111 82132 Capacitor, fixed; ceramic; 47 uuf; £5¢(; N330; 500 PPM

C-112 84089 Capacitor, variable; pyrex tubular; 1-8 uuf

C-113 82306 Capacitor, fixed; Hi K ceramic; 1000 puf; +80¢ ¢, —20¢;, 600 VDCW
C-114 82216 Capacitor, fixged; mica; 250 puf; £107; 500 VDCW; button type )
C-115 82033 Capacitor, fixed; ceramic; 22 uuf; +£2¢¢; NPO; +60 PPM; 500 VDCW
C-116 84090 Capacitor, variable; pyrex tubular; 1-12 uuf

C-117 82132 . Capacitor, fixed; ceramic; 47 uuf; +59;; N330; +500 PPM

“C-118 82000 Capacitor, fixed; ceramic; 5 uuf; +59; +2 PPM

- C-119 84090 Capacitor, variable; pyrex tubular; 1-12 uuf

C-120 82120 Capacitor, fixed; ceramic; 100 uuf; +20¢:; 350 VDCW

C-121 82000 Capaéitor, fixed; ceramic; 5 uuf; +5¢7; +2 PPM

C-122 84090 Capacitor, variable; pyrex tubular; 1-12 uuf

C-123 82117 Capacitor, fixed; ceramic; 68 uuf; £207(; 500 VDCW

C-124 82010 Capacitor, fixed; ceramic; 10 puf; £10¢

C-125 84089 Capacitor, variable; pyrex tubular; 1-8 uuf

C-126 B301691 Capacitor, variable; air; dual; 12.5-480 puf; 9.5-240 uuf

C-127 82033 Capacitor, fixed; ceramic; 22 uuf; +2¢¢; NPO; =60 PPM; 500 VDCW
C-128 83001 Capacitor, fixed; mica; 0.1 uf; £10¢; 400 VDCW

C-129 A300552 Capacitor. variable; air; 1.8 to 8.6 uuf

C-130 82428 Capacitor, fixed; Hi K ceramic; .01 uf; 480, —20(;; 600 VDCW
C-131 82318 Capacitor, fixed; feed through ceramicon; 1500 puf; £20¢

C-132 82318 Capacitor, fixed; feed through ceramicon; 1500 uuf; +20¢,

C-133 82318 <~ Capacitor, fixed; feed through ceramicon; 1500 puf; +20¢,

C-134 82318 _ Capacitor, fixed; feed through ceramicon; 1500 uuf; £20¢,

L-101 - A85537 Choke, RF; 12 uhy

L-102 A85592  Choke, RF; 50 uhy

R-101 80186 Resistor; fixed; composition; 1000¢; +10' ;14 W
- R-102 80143 Resistor; fixed; composition; 680 £10° ;1o W
R-103 80279 Resistor: fixed; comp‘ositfon; 33009;, £107;; 1 W
R-104 80385, Resistor; fixed; composition; 10 K +100;; Vo W
R-105 80332 Resistor; fixed; composition; 10 KQ; £10° 5 1W
R-106 80186" Resistor; fixed; composition; 10002; =10 ;Y W
R-107 80143 ° Resistor; fixed; composition; 680%; +£10' ;Yo W
R-108 80530 Resistor; fixed; composition; 150 KQ; £107/; 1 W
R-109 80562 Resistor; fixed; composition; 68 KQ; +10°(; 1 W
R-110 80527 Resistor; fixed; composition; 150 K +5¢,; 15 W
‘R-111 80279 Resistor; fixed; composition; 3300Q; +1077; 1 W
R-112 80186 Resistor; fixed; composition; 1000%; +£10¢,; 14 W
" R-113 80143 Resistor; fixed; composition; 680 +10; 15 W
R-114 80562 Resistor; fixed; composition; 68 KQ; £10°; 1 W

R-115 80273 Resistor; fixed; composition; 15009; £5 ;14 W
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BOONTON RANDIO CORPORATION

OSCILLATOR (Continued)

BRC
sYymaoL PARY NO. DESCRIPTION
R-110 KO332 Resistor: ixed; composiion: 10 Ko - 1070 1W
R-11° 80562 Resistor; ixed: composition: 68 Ko - 107,01 W
R-118 80273 Resistor: fixed: composition; 150015 = 5" 11y W
R-119 80273 Resistor; ixed: composiion; 15000« 87 Lo W
R-120 80062 Resistor; fixed: composition; 1002+ 8 215 W
R-121 80190 Resistor: fixed; composition: 220 2 107,01 W
R-122 8OO32 Reststor; ixed: compositon: 331 < 5 . Lo W

R-123 A80S16  Resistor: ixed; composition: 100 K2+ 107,14 W
R-121 A80170  Resistor; ixed; composition: 47002 - §° oW

V-101 5763 tube s
Y , ‘ Q@ CIRCUIT
C-201A,
C-201B  €301752 Capactror, variable: atr; 30-460 4uf >
C-202 82 .28 Capacitor, hixed; Hi K ceramic; .01 uf; - 80, 200, 600 VDO W

C-203 82428 Capacitor, fixed: Hi K ceramic; .01 ufi - 80, . 201, 600 VDO W
J-201 301742 Connector, female; UG-535/U

M-201 'BS()iél(x Meter; "Muluply Q h;

;’-2()1 - A94156  Connector, male:; UG-88/U

R-201 A80673  Resistor, fixed: 100°megohm; + 15, at DC

R-202  A301887 Resistor, ixed: Annular type; .02 + 1,

R-203 80015 Resistor, fixed: WW; + 1, (1o be sclected)

R-204 80015 Resistor, fixed; WW; < 1, (per spec. * A302229)

';,T(Z-Z(H 565-A Thermocouple l’n‘-it

Q VOLTMETER

C-30F ~83071 Capacitor, fixed; flat plate ceramic; 0.1 uf; +80°,, - 20 ,; 600 VDCW’
C-302 83019 Capacitor, ixed; metallized paper; 0.1 uf; ~ 30, -20°,;200 VDO W
M-301  B301415 Meter, "Circuit Q"

. . ] ' . /4‘/ )

R-301 80498 Resistor, ixed; WW; 22 K&, 11, 1o W

R-302 80295 Resistor, fixed: WW; 3.5 K2 2175 Vo W

R-303  AB0148  Resistor, fixed; composition; 1000 +5°,; 1o W

R-304 80294 Resistor, fixed; film type; 13008; + 2 W Vo W

R-305 80419  Resistor, ixed; WW; 32 KOy +1°,51 W

R-3006 AB1211 Resistor, variable;, WW; 3 Ko; 2W

R-307 A81217-2 Resistor, variable; WW; 15004, 50, 50 triple section

R-308 A81211 Resistor, variable; WW- 3 K9 2 W

R-309 -80499 Resistor, fixed; WW; 39 Ko, +1°,; 14 W

R-310 A81330  Resistor, variable; WW; 10 K¢ 2 W

R-311 A81122  Resistor, variable; WW; 2009 ‘

R-312 A81123  Resistor? variable; WW'; 7500 SDA serial » 206 and up

R-312 80129 Resistor, fixed: composition; 5102; 15 W serial * 6 through 205

$-301  A301758 Switch. Lever General Control MCT-1 P-3

oy

V-301 91004-1 BRC Type 535-A (Supersedes 105-A)
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Q METER TYPE 2060-A

SYMBOL .

C-401

F-401

I-401

J-401
J-402

L-401

P-401
P-402

R-401
R-402

‘R-403
" R-404

R-405

i

T-401
V-401
V-402
V-403

VR-401

r

]

i

POWER \SUPP‘LY

BRC
PARY NO. DESCRIPTION

83102 ‘Capacitor, fixed: electrolvtic; 40 uf; 450 VDCW -

93667  Fuse holder
95011 Fuse. 1 ampere; tvpe 3AG

A303876 Lamp socket, miniature ha‘\"nnet
90904 Lamp $-47

301794 Socket, 6 prong: Jones & 5-306-AB
301755  Socket, 4 prong: Jones = 5-304-AB

A301769 Filter choke; 10 hy; 80 ma; 240 ohms

301749 Connector, male; Jones P-306-CCT; 6 prong
301756 Connector, male; Jones P-304-CCT; 4 prong

80389 Resistor, fixed: composition; 4.7 K +5° ;2 W
80420 Resistor, fixed; composition; 33 K 5 ;2 W
80420 Resistor, fixed: composition; 33 K2 =552 W

A81211 Resistor, variable; WW; 3 KO; 2 W: SDA

A81418  Resistor, variable: WW; dual 40 K; +10° ,?@ 40 W; w/switch
I

B301757 Transformer, power
6X 4 Tube
0B2 tube
0A2 tube

A85028 Voltage stabilizer
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. "~ ' . BRC MODEL 260A Q METER
— R " All Serials

. * b
*The following .modifications will reduce the Q volt-
.- 77" ‘neter mput conductance of BRC 260A Q Meters when
;gneter doflectlons are at or near full scale.
& * )
. The reduced meter ioading is partrcul.arlt’y important
when making dielectric measurements on low loss

materials. When the 260A is used for general apph-

: catlons the modification will result in longer useful .

r tube.

\life:yé(rbm the selected 535A tube used as' the Q wolt-
& . o . ~ F 5

_The modification consists of changing a VR tube to
. increase the plate voltage of the voltmeter tube, V301.

The value of a resistor istchariged to adjust the VR
tube current. No special tools are required. .

"After modification it is necessary.to cheEk\ihe oper-
| ation of the power'supply. It is occasionally neces-
sary torselect a VR .fube or change the resistor value
for proper .VR tube current..

' in the Instruction Manu.a»i

, PAR'ES~REQUIRED
. . ; /" .
Quantit_i/« g Description Stock Number -

©© 1 OA2 VR tubefor V402 .  1940-0004

#/ "1 " Resistor, fixed, compo-" 0693-2221
/ sition 2.2K @ +.10%, 2w -
4 e ' N ¥ o
N : : ‘@ B
i N w0

G, )
T/
. o i
},4" ! s ’

“
e .
TR R e Y AT
B RN ARG

PO S I e I o

POWER SUPPLY MODIFICATION

S

>
-

MODIFICATION PROCEDURE

‘completes the modification. o

" half hour warmup.

The Q voltmeter cali- .
~. bration must. be’ readjusted us”ing procedures outlinea .

1)  Roplace V402 with an OA2.(-hp- Stock No.
1940-0004 ).
2)  Remove. resistors R402 and R403 (each 33K,
2W), or disconnect by removing jumper on tie strrp
to R401. -

T M : 9’ .
3) Parallel R401 with a composition resistor,-
This

2.2K + 10%, 2W (-hp- Stock No. 0693-2221).

;
e

ADJUSTMENT PROCEDURE

1) Apply power to the instrgment and auow a one

)
:

. 2) Set the oscgllator frequency to 50 MC and adjust. .
_the XQ controls“fora 1.0 reading on the XQ meter.

This places maxlmum load on the power supply.

3) Measure the VR tube current over the ac input
voltage range of 95-130 volts.
should be greater than 5 ma. If not, adjust R401 as
necessary, or select a VR tube with. a lower voltage
drop. . -

.

4) Recalibrate the Q voltmeter using the proce~
dures outlined in the Instruction Manua.l
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= - ‘Reference Designation Index
. ' All Serials

’ \
The three pages attached to this service note are a Reference Designatloﬁ ‘Index for
the 260A Q Meter, manufactured by Hewlett- Packard under the Boonton Radio Co. trade
name. This information replaces the Electrical Components gst given in the instruction
mumal for this instrument. : .

@

Identify replacement parts by their Hewlétt-Packard stock numbers as given in this
service note. and address your order or inquiry to your Hetv’ljtl-Packard Sales Office.

To order themocouple unit TC201 or meter Mé&f" include the instrument senal
pumber with your order. . a
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REFERENCE DESlGNATl()N",IND.EX

Reference . AT S :
. Designation Stock Number : Dueripuon Ee <
| ciol 0160-0425 C: fxd, mica, 250 uuF, +10%;, 500 vdcw, hmomype
Clo2 0160-0491 C: fxd\ cer, 47 puF, £2.5%, NPO,-600 vdcw
1 C103 0121-0078 C: var, pyrex tubular, 1-8 uuP - BT
b Ci04 - -~ 0160-9705 C: ixd, cer, 33 puF, 2. 57, NPO GGOVM T,
| ‘ C105 0121-0083 C: var, pyrex tubular, 1-12 yuF L
. : E
% C106, 0160-0992 . C:fxd, HiK cer, .01 pF +80%, -20%, 600 vdew |
g Clo7 0150-0050. C: fxd, HiK cer, 1000 uuF, +80%, -20%, 600 vdew
| C108 © 0160-0425 C: fxd, mica, 250 uuF, 210%, 500 vdew, butwn»ty;ih
I C109 - 0160-0705 C: fxd, cer, 33 uuF, +2.5%, NPO, 600 vdcw
C110 0121-0083 C: var, pyrex tubular, 1-12 yuF i _
ciii ¢ 0160-0440 C: fxd, cer, 47 upF, £5%, N330, 500 PPM
Cl12 0121-0078 C: var, pyrex tubular, 1-8 puF
C113 0150-0050 C: fxd, HiK cer, 1000 yuF, +80%; J-zo%. 600 vdew |
Cli4 0160-0425 C: fxd, mica, 250 puF, +10%, 500 vdcw, button type
C115 + 0160-0438 C: fxd, cer, 22 uuF, 2%, NPO =60 PPM, 500 vdmv
cue 7 0121-0083 C: var, pyrex tubular, 1-12 uuF
- C117 0160-0440 C: fxd, cer, 47 upF, £5%, N330, 500 PPM
C118 0160-0748 C: fxd, cer, 5 uuF, +5%, #2 PPM - .
N » C119 0121-0083 C: var, pyrex tubular, 1-12 puF i Y
C120 0160-0443 C: fxd, cer, 100 puF, 220%, 350 vdew
Cci21 0160-0748 C: fxd, cer, 5 puF, 5%, 2 PPM
cizz - 0121-0083 C: var, pyrex tubuiar, 1-12 puF '
C123 $160-0442 C: fxd, cer, 68 uuF, %20%, 500 vdcw
C124 0160-0436 C: fxd, cer, 10 uuF, +10% .
® C125 0121-0078 Cap, var, pyrex tubular, 1-8 uuF ‘
Cl126 0121-0089 C: var, air, dual, 12.5-480 puF, 9.5-240 uu¥ .
ci127. 0160-0438 C: fxd, cer, 22 F, +2%, NPO, =60 PPM, 500 vdcw
" C128 0160-0760 €: fxd, mica, 0.1 uF, 10%, 400 vdew
C129 0121-0092 C: var, air, 1.8-8.6 puF . -
C130 0160-0992 . Cifxd, HiK cer, .01 uF, +80%, -20%, 600 vdcw_ .
C131 "0160-0734 C: fxd, feed through caramicon, 1500 yuF, +20%
C132 0160-0734 C: fxd, feéd through ceramicon, 1500 uuF, +20%
C133 160-0734 , C: fxd, feed through &eramicon, 1500 uuF,” 220% K
C134 60-073 4 C: fxd, feed through ceramicon, 1500 uuF, =20% .
, C?OIA, B 00260-60021 C: var, air, 30-460 uuF~ - ) ’ |
C202 0160-0992 C: ixd, HiK cer, .01 uF, +80%, -20%, 600 vdcw °
: Cc203 0160-0992 C: fxd, HiK cer, .01 pF, +80%, -20%, 600 vdew
C301 0160-0704 C: fxd, flat plate cer, 0.1 uF, +80%, -20%, 600 vdcw
C302 0160-0168 C: fxd, metallized paper, 0.1 pF, +30%, -20%. 200 vdew
C401 0180-0024 . C: fxd, electrolytic, 400 F, 450 vdcw
F401 2110-0001 ~Fuse, 1 a.mp. type 3AG, 115 vac oper‘anon .
F401 2110-0012 Fuse, ;ﬁ. amp. type 3AG, 230 vac operation ’
&
‘1401 2140-0009 La.mp. 847 .
J201 ' Connector, .RF, female, UG-E&&/U. not field mplacnbh
RN P/O calibrated thermocouple TC201 . ,
’ : | J401 1251-040 Socket, 6 prong, Jones S-406AB
: J402 - 1251-001 Socket, 4 prong, Jones $-304AB N |
I/ Ja03 1251-0148 Receptacle, 3 prong, ac line '
5 N
Liol 00260-80006 Choke, RF, 12 phy ’ , e
‘L1022 - 5080-1701 Choke, RF, 30 phy ~
. Mox P Chﬂkﬂ. fl“ﬁl’. lﬂﬂ‘% m. m du nkmt

Page
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REFERENCE DESIGNATION INDEX - : *{ |
Stock'hhniher E Description - ¥ ' ‘ :
hy“ @ B i‘ l
. 1120-0333 - Meter, multiply Q By ; 1
71120-0332 { Meter, CircuitQ . ' ° 0
N }"ﬁ.r . ) . - s
1 | Comnector, RF, male, UGBs/U . ¢
7. Comnector, male, Jones 8306CC i
J080010 | Conmector, male, Jones P304CC i
0687-1021 R: fxd, comp, 1000 ohms, £10%, 1/2w . > )
0687-6811 ~R: {xd,.-comp, 680 ohms, =167, 1/2w . ;
0640-3321 R: fxd, comp, 3300 ohms, 107, 1w ) ) iz
0687-1031 R: fxd, comp, 10K ohms, 10%, 1/2 w N
. 0630-1031 - R: fxd, comp, 10K ohms, 107, 1w g8
. ) ' v . i L
0681-1021 R: fxC, comp, 1000 ochms, 210%, 1/2w . RO | )
0687-6811 R: fxd, comp, 680.ehms, =10%, 1/2 w . . '
0690-1541 R: fxd, comp, 150K ohms, 210%, 1w Y :
0690-6831 R: fxd, comp, 68K ohms, #10%, 1'w . . B i “
0686~1545 _ R: fxd, comp, 150K ohms, 5%, 1/2w -~ : - . 2
S e :
0640-3321 R: fxd, comp, 3300 ohms, x10%, 1w » @ g
0687-1021 R: fxd, comp, 1000 ohms, *10%, 1/2w ) g ;
0687-6811 R: fxd, comp, 680 ohms, *10%, 1/2 w {
0690-6831. R: fxd, comp, 68K ohms, 10%, 1w - L
0686-1525 R: fxd, comp, 1500 ohms, £5%, 1/2 w ]
0690-1031 R: fxd, comp, 10K ohms, =107, 1w ‘
0690-6831 R: fxd, comp, 68K ohms, =10%, 1 w
0680-1525 . R: fxd, comp, 1500 ohms, %5%, 1/2 w *
~ \686-1525 R: fxd, comp, 1500 ohms, +5%, 1/2w
0686-1015 R: fxd, comp, 100 ohms, 5%, 1/2w
0690-2211 R: fxd, comp, 220.ohms, £10%, 1w
0686-3305 R: fxd, comp, 33 ohms, 25%, 1/2 w
0687-1041 ‘R: fxd, comp, 100K chms, =10%, 1/2 w
0686-4715 R: fxd, comp,*470 ohms, 5%, 1/2 w \
0732-0001 . R: fxd, comp, 100 megohms, *15% at dc i
R: fxd, annular type, .02 ohm, 1%, P/O calibrated ' ‘ {
thermocouple TC201 . - A
. , R: fxd, W.W. P/O calibrated thermocouple TC201
- 0811-0292 R: fxd, WW, 22K ohms, +1%, 1/2 w ,
© 0811-0290 ° R: fxd, WW, 3.5k ghms, 1%, 1/2 w
068851025 R: fxd, comp, 1000 ohins, 5%, 1/2 w
0727-0944 R: fxd, film type, 1300 ohms, 2%, 1/2w .
0811-0289 R: fxd, WW, 32K ohms, =1%, 1w
2100-0829 R: var, WW, 3K ohms, 2 w
. 00260-80003 R: var, WW, 1500johms, 50 ochms, 50 ohms triple section ;
R308. 2100-0829 R: var, WW, 3K ohms, 2 w |
R309 / 0811-0291 R: fxd, WW, 39K ohms, =1%, 1/2 w |
R310 ‘ 2100-0828 R: var, WW, 10K ohms, 2w o (
R311 ) : 2100-0844 R: var, WW, 200 ghms ;
"Rai2 ) 2100-0845 R: var,” WW, 750 ghms, SDA serial#206 and up
Kmm' 0686-5115 " R: fxd, comp, 510.phms, 1/2 w, serial #6 through 205
‘1 Raor 0692-4725 R: [xd, comp, 4.7K ohms, 5%, 2w N I
- \ ' R402 - 07700006 R:ixd, comp, 15K ohms, 5%, 2w '
L R404 _ 2100-0829 R: var, WW, 3K ohms, 2 w
- RACSA.B - 2100-0843 _ ¢ R:var, WW dual,"40K ohme, includes Power on Switch
h i : M 3 ‘
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Reference

Yo Remede W -0 & ¢ ' »goi o ;
. Designation * ok ;\umb" : ) . Deserpuon -~ :
sso1 |/ \snoo.osoo Switch, Lever General Control MCT-1 P-3

V8 |
Ti01 * J 9100-0255 Transformer, Power .

TC201 © 00260-60076 | ‘Thermocouple Unit, calibrated. Includes azoz'm.,czoz,
e : e . b C2030 Specd) instrument serial number when orderina .

# ¥

V101 - . 1923-0003 .| Tube, type 53 L ;
- V301 . 00260-80005_ . |- Tube, RCA 1659, specialfnanufacmm. Selected. o
V401 o] . 1930-0016 Tube, type 6X+ v . ° .o
V402 T 1940-0007 Tube? type OB2 & .
V403 1940-0004 Tube, type DA2 v Y o

©

VR401 9160-0265 Voltage Stabilizer

XF401

' 1400-0084 Fuse holder

v

X401 . 1430-0099 Lamp socket. Miniature bayonet.

.. xvib 1200-0019 | Socket, tube, 9 PIN . . - .
©- . XV301 1200-0015 Socket, tube, 6 PIN .
XV401,403 1200-0131 ‘Socket, tube, 7 PIN

Undesignated or Mechanical Parts -

00250-00041 | Wiper contact. Replaces 00250-00040, * ¥ :
) 00260-60017 - Coil and Cradle Assy, range-1 and 8 - J
Sy 00260-60018 Coil and Cradle Assy, range 2 and 3 ' .
! ) - 00260-60019 Coil and Cradle Assy, range 4 and 5 o
PR 00260-60020 Coil and Ciadle Assy, range 6 and 7 .
00260-60035 . Binding Post Assy, includes 4 demg posts, teﬂon
" | "insulator, mounting plate * . - . .
00260-20012 | Binding Post, finger nut . '
00260-60009 Thermocouple Cable Assy - .
0370-0023 | Knob - AQ BALANCE (Fine)
0370-0028 Knob - Vernier Drive (Frequency)
« - Q ZERO ADJUST
' - - XQ FINE . . : ‘ ‘

- . 2

- Vernier Drive (Capacltor)
. - Vernier Brive (Q Capacitor)
e . 10370-0029 . Knob - XQ COARSE

0370-0038 Knob - Frequency Contfol o

0370-0044 Knob - Q Capacitor v .
- 7 0370-0173 Knob - Freguency Range

00260-60039 Knob - AQ BALANCE (Coarse)
{includes dlal) .

| *00250-00040 has a 45 dggree tab. To replace,
-, use a solder lug and 00250-00011 with tab removed "
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et MANUAL CHANGES:
5 - - . . ' e . - * - [
) . .\ . . . T . ﬁ N
s : ] M . }/\n\
MODEL: 260A B IR )
! . Y ~
- Manyal Serial Prefixed: not ‘applicable . .
) - ) i -~ ) . ,)v ,‘ ] ‘ RN ) . ,:" vy:
;. ’ HP Part N".': none . .
5. Te adapt this manual to instrurhents with other serial prefixes check for errata below, and make changes
shown in tables. #

e

4

N

Instrument Serial Prefix Make Manal Changes ‘Instrument Setjal Prefix °

Make Manual Changes

&
All - ) 1 N N - #
® ’ e ! e L
1034 1, 2 ~
1207 1,2,3
. 1234A 1 thru 4
7
v g N
A New or revised item.
4,
CHANGE 1. : e . -
Add: Reference Designation Index to manual. ) C/
Note

‘%’Ee three pages attached to this Manual Change are a Referemce Designation Index
for the 260A Q-Meter, manufactured by Hewlett-Packard under the Boonton Radio

Co. trade name. This information replaces the Eiectrical Components list given

in the instruction manual for this instrument.

%
. . Identify replacement parts by their Hewlett-Packard stock numbers as given in this

Manual Change, and address your order or inquiry to your Hewlett-Packard Sales
Office. .

To order thermocouple unit TC201, or meter M301, include the ‘instrument serial-
‘number with your order. : !

CHANGE 2.
Reference Designation Index

> page 2: change: | 1401 to 1450-0433 Lampholder, white
A " J403 to 1251-2357 Connector, ac power
add:™ W40l  8120-1348 Cable pssembly, ac :
S $402 3101-1234 " Switch, Slide

¥
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.CHANGE 3 ) ) / -

4

.The .standard coldrs for this instrument are now mint gray (for front panel)and
olive gray g\for all other surfaces). Option X95 designates use of the former
color -scheme of light gray and blue gray. Option A85 designates use of a

_ light gray front panel with olive gray used for ‘all other external surfaces.
New Part Numbers are shown bé%ow: '

DESCRIPTION HP PART NO. : ‘ ©
: ~STANDARD | Option A85 Option X95
Front Panel . 00260’-—0‘0047‘ 00260-00044 Refer to
- ; S Manual Parts List
{cabinet Assly | oozsc—épom 00260-60078 o
E=N
P CHANGE 4: L

3

"Thermgcouple Unit TC201 has been redesigned so that the same assembly now4used in new -pro-

. duction can be used as a-replacement in any 260A or 260AP regardless of its serial number. The

hew assembly can be replaced only in its entirety, no individual.components are field replaceable.
On the attached Reference Designation Index, change the HP Stock No. from 00260-60076 to
00260-60079.- Also add the note, "not field replaceable", to the listings of C202, G203, and
R202-R204. A Service Note detailing the replacement and calibration procedures for the new ..
assembly is available. Its number is P-00260-60079- ‘

On the attached Reference Designation Index, change the Stock No. Aof 1,102 from 5080~1701to
9100~1630, and change the listed inductance to SluH. :

[N




REFERENCE DESIGNATION INDEX

. 260A-2

Reference

1401

Designation Stock Number Descripﬁoh .
C101 0160-0425 C: fxd, mica, 250 puF, £10%, 500 vdcw, button type
C102 0160-0491 ° C: fxd, cer, 47 uuF, 22,5%, NPO, 600 vdcw ’
C103 0121-0078 C: var, pyrex tubular, 1-8 puF .
C104 0160-0705 C: fxd, cer, 33 uuF, #2.5%, NPO; 600 vdcw
€105 0121-0083 ‘C: var, pyrex tubular, 1-12 puF
C106 0160-0992 C: fxd, H.iK cer, .01 uF, +80%, -20%, 600 vdcw
C107 0150-0050 C: fxd, HiK cer, 1000 puF, +80%, -20%, 600 vdew
C108 0160-0425 C: fxd, mica, 250 upF, +£10%, 500 vdcw, button type
C109 . 0160-0705 C: fxd, cer, 33 puuF, £2.5%, NPO, 600 vdew »
C110 0121-0083 C: var, pyrex tubular, 1-12 uypF :
C111 0160-0440 C: fxd, cer, 47 puF, +5%, N330, %500 PPM
C112 0121-0078 G: var, pyrex tubular, 1-8 ppF :
C113 0150-0050 C: fxd, HiK cer, 1000 pyuF, +80%, -20%, 600 vdew
Cl14 " 0160-0425 , C: fxd, mica, 250 uyF, +1€%, 500 vdcw, button type
Cl115 0160-0438 C: fxd, cer, 22 upF, . NPO, +60 PPM, 500 vdcw
Cl16 0121-0083 C: var, pyrex tubular, 1-12 puF
C117 0160-0440 C: fxd, cer, 47 puF, 5%, N330, 4500 PPM
C118 0160-0748 C: fxd, cer, 5 upF, 5%, 2 PPM
C119 0121-0083 C: var, pyrex tubular, 1-12 uuF
C120 0160-0443 C: fxd, cer, 100 upF, +20%, 350 vdcw
Cl21 0160-0748 C: fxd, cer, 5 uuF, %5%, 2 PPM
Cl122 0121-0083 C: var, pyrex tubular, 1-12 pyuF ’
Ci23 0160-0442 C: fxd, cer, 68 uuF, £20%,; 500 vdcw
C124 0160-0436 C: fxd, cer, 10 puF, =10%
" C125 0121-0078 Cap, var, pyrex tubular, 1-8 uuF .
C126 0121-0089 C: var, air, dual, 12.5-480 uuF, 9.53240 uuF
C127 0160-0438 C: fxd, cer, 22 uuF, +2%, NPO, +60 PPM, 500 vdcw
C128 0160-0760" C: fxd, mica, 0.1 pF, £10%, 400 vdcw v
C129 0121-0092 C:.var, air, 1.8-8.6 uuF )
8130 0160-0992 C: fxd, HiK cer, .01 pF, +80%, -20%, 600 vdcw
C131 0160-0734 . C: fxd, feed thrﬁﬁgh caramicon, 1500 uuF, +20%
C132 0160-0734 C: fxd, feed through ceramicon, 1500 ppF,”£20%
C133 0160-0734 C: fxd, feed through ceramicon, 1500 uuF, +20%
C134 0160-0734 ‘C: fxd, feed through ceramicon, 1500 uuF, +20%
C201A, B 00260-60021 C: var, air, 30-460 uuF
C202 0160-0992 C: fxd, HiK cer, .01 uF, +80%, -20%, 600 vdew
C203 0160-0992 C: fxd, Hi K cer, .01 uF, +80%, -20%, 600 vdcw
C301 0160-0704 C: fxd, flat plate cer, 0.1 uF, +80%, -20%, 600 vdcw
c302 0¥60-0168 .| C: fxd, metallized paper, 0.1 uF, +30%, -20%, 200 vdcw
C401 0180-0024 C: fxd, electrolytic, 400 F, 450 vdcw
F401 2110-0001 Fuse, 1 amp, type 3AG, 115 vac operation
F401 2110-0012 Fuse, 1/2 amp, type 3AG, 230 vac operation
1401 2140-0009 Lamp, S47
J201 Connector, RF, female, UG-535/U, not field replaceable,
P/O calibrated thermocouple TC201
J401 1251-0408 Socket, 6 prong, Jones S-406AB
J402 1251-0011 Socket, 4 prong, Jones S-304AB
J403 1-0148 Receptacle, 3 prong, ac line
- L101® * 00260-8000 Choke, RF, 12 phy ¢ .
SL102 50680-1701 Choke, RF, 50 uyhy
9110-0096, ‘Choke, filter, 10H.80 ma, 240 dc ohms.

&




260A-2

REFERENCE DESIGNATION INDEX

2100-0843

xﬁgz:ﬁm Stock Number Description
M201 "~ 1120-0333 Meter, multiply Q By
- M301 1120-0332 Meter, Circuit Q
: P201 1250-0061 Comnector, RF, male, UG88/U
;/PILOLD 1251-0407 - Connector, male, Jones 8306CC
P402 1251-6010 ‘Connector, male, Jones P3o4cct
’ "R101 0687-1621 R: fxd, comp, 1000 ohms, +10%, 1/2 W
‘R102 0687-6811 R: fxd, comp, 680 ohms, *10%, 1/2 w
R103 0640-3321 R: fxd, comp, 3300 ohms, +10%, 1w
R104 0687-1031 R: fxd, comp, 10K ohms, +10%, 1/2 w
. R105 0690-1031 R: fxd, comp, 10K ohms, +10%, 1 w
; R106 0681-1024 R: fxd, comp, 1000 ohms, +10%, 1/2 w
R107 0687-6811 R: fxd, comp, 680 ohms, £10%, 1/2 w
R108 0690-1541 R: fxd, comp, 150K ohms, *10%, 1w
“R109 0690-6831 R: Ixd, comp, 68K ohms, *10%, 1 w
: R110 0686-1545 -R: fxd, comp, 150K ohms, 5%, 1/2 w
R111 0640-3321 R: fxd, comp, 3300 ohms, +10%, 1w
R112 0687-1021 R: fxd, comp, 1000 ohms, *10%, 1/2 w
R113 0687-6811 R: fxd, .comp, 680 ohms, +10%, 1/2 w
R114 0690-6831 R: fxd; comp, 68K ohms, *10%, 1w
R115 0686-1525 R: fxd, comp, 1500 ohms, +5%, 1/2 w
R1l16 0690-1031 R: fxd, comp, 10K ohms, £10%, 1 w
R117 0690-6831 . R: fxd, comp, 68Kohms, +10%, 1 w
R118 - 0680-1525 R: fxd, comp, 1500 ohms, 5%, 1/2 w
| R119 0686-1525 R: fxd, comp, 1500 ohms, 5%, 1/2 w
R-120 0686-1015 R: fxd, comp, 100 ohms, #5%, 1/2 w
R121 0690-2211 R: fxd, comp, 220 ohms, £10%, 1 w
R122 0686-3305 R: fxd, comp, 33 ohms, 5%, 1/2 w
@ R123 0687-1041 " R; fxd, comp," 100K ohms, +10%, 1/2 w -
R124 0686-4715 | R™xd, corip, 470 ohms, 5%, 1/2 w
| R201- 0732-0001 R: fxd, comp, 100 megohms, %15% at dc
- R202 R: fxd, annular type, .02 ohm, *1%, P/O calibrated
‘thermocouple TC201
R203, 204 R: fxd, W.W. P/O calibrated thermocouple TC201
R301 0811-0292 R: fxd, WW, 22K ohms, %1%, 1/2 w
R302 0811-0290 R: fxd, WW, 3.5k ohms, +1%, 1/2 w
R303 0686-1025 R: fxd, comp, 1000 ohms, +5%, 1/2 w
R304 0727-0944 R: fxd, film type, 1300 ohms, +2%, 1/2 w
- R305 0811-0289 R: fxd, WW, 32K 0hms, +1%, 1w
R306 2100-0829 R: var, WW, 3K/ohms, 2 w
R307 00260-80003 R:'var, WW, 15460 ohms 50 ohms, 50 ohms triple section
R308 + 2100-0829 | R: var, WW, 3K ohms, 2 w
R309 0811-029:1 R: fxd, WW, 39K ohms, 1%, 1/2 w
R310 - 2100-0828 Rivar, WW, 10K ohms, 2w
i R311 © 2100-0844 R: var, WW, 200 ohms
. R312 2100-0845 R: var, WW, 750 ohms, SDA ser1al#206 and up
’ R312 0686-5115 R:fxd, comp, 510 ohms, -1/2 w, serial #6 through 205
R401 0692-4725 R: fxd, comp, 4.7K ohms, 5%, 2w
R402 0770-0006 R: fxd, comp, 15K ohms, 5%, 2 w
R404 2100-0829 R: var, WW, 3K ohms, 2 w -
R405A, B R: var, WW dual, 40K ohms, includes Power on Switch

@




Reference

Designation

REFERENCE DESIGNATION INDEX

Stock Number

Description

$301
T401
TC201
V101
V301
V401
V402
V403
VR401
XF401
X1401
XV101

XV301
XV401, 403

3100-0800

9100j0255

00260-60076

1923-0003
00260-80005

"1930-0016

1940-0007
1940-0004

9100-0265

'1400-0084 -

1450-0099

1200-0019
1200-0015

11200-0131

00250-00041
00260-60017

©00260-60018

00260-60019
00260-60020

00260-60035
00260-20012

00260-60009
0370-0023

0370-0028

0370-0029

0370-0038
0370-0044
0370-0173
00260-60039

I

2

Switch, Lever General Control MCT-1 P-3
Tra.nsformer, Power

Thermocouple Unit, calibrated Includes R202-204, C202,[

C203. Specify instrument serm.l number when ordering

Tube‘,

 Tube,

Tube,
Tube,
Tube,

type 5763

RCA 1659, special manufacture. Selected.

type 6X4
type OB2
type OA2

Voltage Stabilizer

Fuse holder§

Lamp socket.

Socket, tube,
Socket, tube,
Socket, tube,

P

Miniature bayonet.

9 PIN
6 PIN
7 PIN

1

Undesignated or Mechanical Parts

Wiper contact Replaces 00250-00040, *
Coil and Cradle Assy,
Coil and Cradle Assy,
Coil and Cradle Assy,
Coil and Cradle Assy,

range 1 and 8
range 2 and 3
range 4 and 5
range 6 and 7

Binding Post Assy, includes 4 binding posts, teflon

insulator, mounting plate

Binding Post, finger nut

- Thermocouple Cable Assy

«
&

Knob - Vernier Drive (Frequency)
- Q ZERO ADJUST
- XQ FINE
- Vernier Drive (Capacxtor)
- Vernier Drive (Q Ca.pacxtor)
Knob - XQ COARSE
Knob - Frequency Control
Knob - Q Capacitor
Knob - Frequency Range
Knob - AQ BALANCE (Coarse)

Knob - AQ BALANCE (Fine)

(includes d1al)

*00250-00040 has a 45 degree tab. To replace,

use a %older lug apd 00250-00041 with tab removed

B
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S ALBERTA
Hewlatt-Packard (Canada) Ltd.

P.0. Box
2003 !swd Swh!g Road 8.W.

mmm
TWi: 810-726-2204

A
fa St
| Phsesin 85034

Tel: (602) 244-1361

TWk: 91@951-1330
5737 East Broadway
Tucsen 85711

Tet: (602) 298-2313
TWX: 810-952-1162

CALIFORMIA

1430 Esst Orangethorpe Ave.
Fullerien $2631

Yel: (714) 870-1000

TWX: 910-592-1288

m: Lankershim Boulevard
Horth Holiywesd 91604

Tel: (213) 877-1262

TWX: 910.489-2170. -

6305 Arizona Plage™
Les 80045 -
Tel: (213) 549-2511
910-328-6148
1101 Embarcadero Road
Alte 84303
Feh: (415) 327-6500
TWX: 910-373-1280
2220 Wstt Ave.
Sacramente 95825,
Tel: (916) 482-1463
TWX: 910-367-2092
A

9608 Asro Drive
San Blego 92123
Tel: (714) 279-3200
TWX: 910-335-2000 .

COLORADO
7965 East;Frontice
60110

Telk: (303) 771-3455
TWX: 810-935-0705

Tel: (203) 3896551
THX: 710-465-2029

FLORIDA

P.0. Box 24210 -

2806 W. Gakiand Park Bivd.
Lauderdale 33307

.
Tel: (365) 731-2020
TV §10.955-4095

P.0. Box 13810
6177 Lake Ellenor Dr.

Tel: (305) 859-2900
TWX: 810-850-0113 .

P.0. Box um
450 interstate North
Atiasta 30328
Tel: (404) 436-6181
TWX: B10-766-4880

HAWANL

2875 So..King Street
Honeluly 66814

Tel: (808) 955-4455

1LLINGIS
5500 Howard Street
60076

Tel: (312) 677-0400
TWX: 910-223-3613

INDIANA

3839 Maeadows Drive
Indlanapetis 4620!
Tel: (317) 546-4891
TWX: 31&341-326‘3

LOUISIANA

P.0. Box 856

3239 Wiiliams Boulevard
Reaner 70062

Tel: (504) 721-6201
TWK: 810-955-5524

ELECTRONIC

SALES & SERVICE OFFICES

MARYLAND
6707 VWhitestone Road
Baltimare

21207
Tel: (301) 944-5400
TWX: 710-862-9157

- Reckvill
Tel: (301) 948-6370

| TW: 710-828-9684

wameusers

\sexisgten 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAR

21840 Viest Nine Mile Road
Southfield 48075

Tel: (313) 353-9100

TWX: 810-224-4882

MAINNESOTA

2459 unlvenity Avanue

$t. Paul 5511

Tel: (612) 545-9461

TWX: 9105634734 -

MISSOURI
u131 lorado
Ransss Ol 64137
Tel: (816) 763-8000 ¢ -
TWX: 910-771-2087

148 Wéldon Parkway
Earyland Helghts 63043
Tel: (314) 567-1455
TWX: 910-764-0830

‘NEVADA
® Las Vega
Tel: (702) 382-5777

MEW JERSEY
W. 120 Century Road
Pargmus 07652
Tei: (201) 265-5000

: 710-990-4951

N. Kings Highwey
hel

rry Hill 08034

NEW MEXICO

P.0. Box 8366

Station C

6501 Lomas Boulevard N.E.
Albuguerque 87108

Yel: (505) 265-3713

TWX: 910-989-1665

156 Wyatt Drive
Craces 88001

Tel: (505) 526-2485

TWX: 910-983-0550

NEW YORK

6 Automation Lane
Computer Park
Arbany 12205

Tel: (518) 458-1550
TWX: 710-441-8270

1219 Campville Road
Endicett 13760

Tel: (607) 754-0050
TWX: 510-252-0890

tew York City

Manhattan, Bronx

Contact Paramus, NJ Office
Tel: (201) 265-5000
Brooklyn, Queens, Richmond
Contact Woodbury, NY Office
Tel; (516) 921-0300

82 Washington Street
gie 12601

Tel: (914) 454-7330
TWX: 510-248-0012

39 Saginaw Drive ’
Rechester 14623

Tel: (716) 473-9500
TwX: 510-253-5¢81

SRS58 East Motloy Road
Syracase 13211

Tel: (315) 454-2486
TWX: 710-541-0482

1 Crossways Park West
Weedbury 11797

Tel: (516) 921-0300
TWX: 510-221-2168

NORTH

p.0. Box 5188

1923 North Main Street
High Poiat 27262

Teh: (919) 885-8101
TWX: 510-926-1516

OHIO

28575 Center Ridge Rosd
Cloveland 44145

Tel: (216) 835-0300

- TWX: 810-427-9129

3480 South Dixie Drive
45438

Tei: (513) 298-0351
TWX: 810-459-1925

1120 Morse Road
Columbus 43229
Tel: (614) 846-1300

&
OKLAMOMA
P.0. Box 32008
Cklahoma City 73132
Tel: (405) 7210200
TWX: 910-830-6862

OREGGN

17890 SW Boones Ferry Road
Tealatin 97082,

Tel: (503) 620-3350

TWX: 910-467-8714

PENNSYLVANIA
2500 Moss Side Boulevard
Monroeville 15146
Tel: (412) 271-0724
TWX: 710-797-3650

1021 8th Avenue

King of Prussia, industrial Park
King of Prussia 19406

Tel: (215) 265-7000

TWX: 510-660-2670

RHODE ISLAND
873 Waterman Ave,
East Providence 02914
Tel: (401) 434-5535

. TWX: 710-381-7573

Tel: (214) 2316101 -
TWX: 910-867-4723
P.0. Box 27409

6300 Westpark Drive
Suite 100

Heustea 77027

Tel: (713) 7816600
TWX: 910-881-2645
231 Biily Mitcheli Road
San Antonio 78226
Tel: (512) 4344171
TWX: 910-871-1170

UTAH

2890 South Maln Street
Sait Lake City 84115
Tel: (801) 487-0715

TWX: 910-925-5681 o
L

VIRGINIA T

P.0. Box 6514 i

2111 Spencer Road

Richmend 23230

" T8: (703) 285-3431

TWX: 710-956-0157

WASHINGTON
433-108th N.E.
Bellavue 98004
Tel: (206) 454-3971
TWX: 910-443-2303

*WEST VIRGINIA
arieston

.Tel: (304) 768-1232

WISCONSIN

9431 W. Beloit Road
Suite 117
Miwaukee 53227
Tel: (414) 541-0350

FOR U.S. AREAS NOT
LISTED:

Contact the regional office near-
est you: Atlants, Georgia .
North Hollywood, Catifornia .
Paramus, New Jersey . SImula

: Tel: (609) 667-2000 *TENNESSEE Wilnols. Thelr compxete ad-
’ ) TWX: 710-892-4945 Memphis dresses are listed above. .
- : Tel: (301) 274-7492 *Service Only
— T
¥ a
+  BRITISH COLUMBIA MANITOBA NOVA SCOTIA ONTARIO QUEBEC

11748 Kingsway Ave.

Edmonten
Tel: (403) 452-3670
THX: 610-831.2431

Hewlett-Packard (Canada) Ltd,
4518 Canada Way
Burnaby 2

Tel: (804) 433-8213
TWX: 610-922-5059

Hewlett-Packard (Canada) Ltd.
513 Century St

Winnipeg

Tel: (204) 786-7581 :
TWX: 610-671-3531

Hewlett-Packard (Canada) Lid.
2745 Dutch Vitlage Rd.

Suite 206

Hallfaz

Tel: (S02) 485-0511

TWX: 610-271-4482

Hewlett-Packard (Canada) Ltd.
1785 Woodward Or.

Ottawa 3

Tel: (613) 255-6180, 255-6530
TWX: 610-562-8968

Hewlett-Packard (Canada) Lid.

50 Galaxy Bivd.
Reoxdals

Tel: (416) 677-8611
TWX: 610-492-4246

Hewlett-Packard (Canada) Ltd.
275 Hymus Boulevard

Polnte Clalre

Tel: (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

FOR CANADIAN AREAS NOT
LISTED:

Contact Hewlett-Packard (Can-
ada) Ltd. In Pointe Claire, at
the complete address listed
above.

CENTRAL AND SOUTH AMERICA

L de Radlo-ingenieria
Caite Guayaquil 1246
Post Office Box 31&9

ARGENTINA BOLIVIA ECUADOR
Hewlett-Packarg & Mark LTDA.

8S.A.Ce.l v. Mariscal, Sants Cruz 1342

Lavalie n,n 3 is Paz

Buenes Al Tel: 40626, 53163, 52421 Gelte

Tel: 35‘0436 35-0627, 35-0341
Teisx: 012-1009
Cable: HEWPACK ARG

SRAZHR.

mm‘mm Do Brash
1.E.C. LTDA.

Rua Frel Caneca 1119
01307-Sae Paule - 3, SP
Tel: 288-7111, 287-5858
Cable: HEWPACK S30 Pauto

Hewiett-Packard Oo Brasit
LEC. LYDA.

Praca Dom Feliciano 78
Satas B0S/608

9000-Porto Alegre RS

flie Grande do Sul eks)umn
Yeh 25-8470

Cabte: HEWPACK Porto Aum

Hewlett-Packard Do Brasii

2643
Cabie: HEWPACK- Rio de lansiro

Telex: 3560014
Cable: BUKMAR

* CHILE
Héctor Calcagni y Cla, Lide.
Casille 16.475
Santiage
Telk: 423 96
Cable: CALCAGN! Santiago

COLOMBIA

instrumentacién

Henrik A. Langebsek & Wier S.A.
Carvera 7 No. 48-59

Apartado Aéreo 6287

Bageta,’'1 D.E.

Tel: 45:78:08, 45-55-46

Gable: AARIS Bogota

Telex: 4440014STGP

COSTA RICA

Lic. Alfredo Gallegos Gurdién
Apartado 10159

Zen

losé
Tel: 21-86-13
Csble: GALGUR Samrlosé

Tel: 212-496; 219-185
Cable: HORVATH Quito

EL SALVADOR .
Electronic Associates
Apartado Postal 1682

Centro Comercial Gigante

$an Salvader, E! Salvador C.A.
Pasgo Escalon 4649-4° Piso
Tei: 23-44-60, 23-32-37
Cable: ELECAS

GUATEMALA

IPESA

Sa via 2-01, Zona 4
Guatemala City

Tel: 63-6-27 & 64-7-86
Telex: 4192 TELTRO GU

MEXICO
Hewlstt-Packard Mexicana, S.A.

de C.v.

Adolfo Prieto 622

Col. dal Vatie ’
Hexice 12, D.F.

Tel: 543-4232; 523-1874
Telex: 017-74-507

NICARAGUA

Roberto Terén G.

Apartado Postai 689

Edificlo Terén .
anagua v

Tel: 3451, 3452

Cable: ROTERAN Managus

PANAMA

Electrénico Balboa, S.A.

P.0. Box 4929

Ave. Manuel Espingsa No. 13-50
8idg. Alina

Panama Clty

Tef: 230833

Telex: 3481003, Curundu,
Canal Zone

Cable: ELECTRON Panama C'ty

PARAGUAY,

7). Melamed® S.R.L.
Division: Aparatos y Equipos
Médicos

Sal6n dé Exposicitn y Escritorio:

Chile 482

Edificio Victoria—Planta Baja
Asunclen, Paraguay

Tel: 4-5069, 4-6272

Cable: RAMEL

PERU

Compadia Electro Médlca $A
Ave. Enrique Canaual 312
San Isidro

Casiila 1030

Lima ¢

Tel: 22-3900

Cable: ELMED Lima

PUERTO RICO

San Jusn Electronics, Inc.
P.0. Box 5167

Ponce de Leon 154

Pda. 3-PTA de Tierra

San Juan 00906

Tel: (809) 725-3342, 722-3342
Cable: SATRONICS San Juan
Telex{: SATRON 3450 332

URUGUAY

Pablo Ferrando S.A.
Comercia! ¢ industrial
Avenlda Italla 2877
Castlla de Correo 370
Montevides

Tei: 40-3102

Cable: .RADIUM Monhvldeo

VENEZUELA
Hewlett-Packard De Venezuela

C.A.

Apartado 50933

Caracas )
Tel: 71.88.05, 71.88.69, 71.99.30
Cable: HEWPACK Caracas

Tetex: 21146 HEWPACK

FOR AREAS NOT LISTED,

CONTACT:

Hewlett-Packard

Is.ter-Americas

3200 Hitlview Ave.

Pals Alte Camornh 94304

Tel: (415) 493-1501

TWX: 910-373-1267

Cable; HEWPACK Palo Alto “
Tglex: 034-8300, (34-8493

E 3.73




e A

EUROPE

AUSTRIA
Hewlett-Packard Ges.m.b.H
Hendeiska 52/3

P.0. Box 7

A-1205 Vienna

Tei: (0222) 33 66 06 to 09
Cable: HEWPAK Vienna
Telex: 75823 hewpak a

BELGIUM
Hewlett-Packard Benelux
SAIRY

Avenue du Col-Vert, 1
B-1170 Brussels

Tel: (02) 72 2240 °
Cable: PALOBEN Brusseis
Telqsf: 23 494 paloben bru

DENMARK .
Hewlett-Packard A/S
Datavej 38

DK-3460 Blrkerod
Tel: (01) 81 66 40
Cable: HEWPACK AS
Tetex: 166 40 hp as

Hewlett-Packard A/S
Torvet 9

DK-8600 Silksborg
Tel: (06) 82.71-66
Telex: 166 40 hp-as
Cable: HEWPACK AS

FINLAND
Hewlett-Packard Oy
Butevardl 26

P.0. Box 12185 :
SF-00120 Relsinki 12,

Tel: (30) 13730

Cable: HEWPACKOY Helsinki
Teiex: 12-15363 hel

Hewleti-Packard France
4 Qugi des Etroits -
£.50321 Lyon Cedex 1
Tel: (78) 42 63 45
Cabie: HEWPACK Lyon
Telex: 31617

Hewlett-Packard France
29 rue de Ia Gare
F-31700 Blagnac

Tei: (61) 85 82 29
Telex: 51957

GERMAN FEDERAL
REP@BLIC

Hewlgtt-Packard GmbH
Vertriebszentrale Frankturt
Bernerstrasse 117

Postfach 560 140

D-6000 Frankfurt 56

Tel: (0611) 50 04-1

Cable: HEWPACKSA Frankfurt |
Telex: 41 32 49 fra
Hewlett-Packard GmbH
Vertriebshilro Béblingen N
Herrenbergerstrasse ‘110
D-703C Biblingen, Wirttemberg
Tel: {07031) 66 72 87

Cable: HEPAK Bioblingen

Telex: 72 65 739 bbn

Hewlett-Packard GmbH

“Vertriebsbiro Diisseldorf

Vogelsanger Weg 38
D-4000 Diisseldert

Tel: (0211) 63 8y 31/35
Telex: 85/86 533 hpdd d

Hewlett-Packard GmbH
Vertriebsbiro Hamburg

Hewlett-Packard GmbH
Vertriebsbiiro Minchea °*

Unterhachinger Strasse 28 ~

ISAR Center

D-8012 Ottobruan

Tel: (0811) 601 30 61/2
Telex: 52 49 85

Cable: HEWPACKSA Michen

(west Berlin)

Hewlett-Packard GmbH
Vertriebsbiiro Bertin
Wiimersdorfer Strasse 113/114
©-1900 Berfin W. 12

Tet: (0311) 3137046

Telex: 18 34 05 hpbin ¢

GREECE

Kostes Karayannis

18, Ermou Street
GR-Athens 126

Tel: 3230-303

Cable: RAKAR Athens
Telex: 21 59 62 rkar gr

IRELAND
Hewlett-Packard Ltd.

224 Bath Road

GB-Slough, SL1 4 DS, Bucks
Tei: Siough (0753) 33341
Cable: HEWPIE Slough
Tetex: 84413
Hewlatt-Packard Ltd.

The ‘Graftons

Stamford New Road
Altrinchéln, Cheshire, England
Tel: (061) 928-8626

Telex; 668068

ITALY

Hewlett-Packard Itatians S.p.A.
Vicolo Pastori, 3

9-35100 Padove

Tel: (49) 66 40 62

Telex: 32046 via Milan

Hewlett-Packard (tallans S.p.A.
i3 Colli, 2

1-10129 Yerin

Tek: (11) 53 82 64

Teléx: 32046 via Mitan

LUXEMBURG
Hewilett-Packard Benelux
SA/NY -
Avenue du Col-Vert, 1

B-1170 Brussels

Tel: (03/02) 72 22 40

Cable; PALOBEN Brussels
Telex: 23 494

NETHERLANDS
Hewlett-Packard Benelux, N.V.
Weerdestein 117

P.0. Box 7828

Ni-Amstergam, 7 11

Tel: (020) 4277 77

Cable: PALOBEN Amsterdam
Telex: 13 216 hepa nl

NORWAY
Hewiett-Packard Norge A/S-
Hesveien 13

Box 149 *

N-1344 Hastum

Tel: (02) 53 83 60

Telex: 16621 hpnas n

PORTUGAL
Tefectra-Empresa Técnica de

* Etéetricos S.a.r.i.

SPAIN

Hewlett-Packard Espahiols, S.A
Jerez No 8

£-Madrid 16

Tel: 458 26 00 -

Tatex: 23515 hpe

Hewdett-Packard Espafiola, s

Milangsado 21-23
£-Barcglona 17

Tel: (3)'203 62 00

Telex: 52603 hpbe e

SWEDEN
Hewiett-Packerd Sverige AB
Enighetsvigen 1.3

Fack

$-161 20 Bromma 20

Tel: (08) 98 12 50

Cable. MEASUREMENTS
Stockholm

Tetex: 10721

Hewlett-Packard Sverige AB
-Hagakersgatan SC

'S-431 41 Méindal

Tel: (031) 27 68 00/01
Telex: 21 312 hpmindl s

SWITZERLAND

Hewlett Packard (Schweiz) AG
Ziarcherstrasse 20

P.0. Box 64

CH-8952 Schiieren mrich

Tel: (01) 98.18 21/24

Cable: HPAG CH

Telex: 53933 Kpag ch
Hewlett-Packard (Schweiz) AG

9, Chemin Louis-Pictet
CH-1214 Yernier—Beneva

UNITED KINGDOM
Hewiett-Packard Ltd.

224 Bath Road
GB-Steugh, St1 4 DS, Bucks
Teh: Slough (0753) 33341
Cable: HEWPIE Siough
Telex: 84413
Hewlett-Packard Ltd.
“The Gr=¥téns”
Stamfore Kew Road
GB-Altrincham, Chesiire
Tel: (061) 928-8626
Teiex: 668068

Hewlett-Packard Ltd's registered
address tor V.A.T. purposes
only:

70, Finsbury Pavement

Lendon, EC2AISK
Registered No: 63087 ~

SOCIALIST COUNTRIES
PLEASE ACT:
‘Hewlett-Packard Ges.mb.H.
Handeiskai §2/3

P.0. Box 7

A-1205 Viemna

Ph: (0222) 33 £6 06 to 09
Cable: HEWPACK Vienna
Teley: 75923 hewpak a

ALL OTHER EUROPEAN

COUNTRIES CONTACT:

Hewlett-Packard S.A.

Rue du Bois-du-Lan 7

£.0. Box 85

CH-1217 Meyrin 2 Gengva
Switzeriand

Tei: (022) 41 54 00

CablesHEWPACKSA Geneva

Wendenstr. 23 Hewlett-Packard Italizna 5.0.A Tel: (022) 41 4950 Telex: 2 24 86
FRANCE 0-2000 Hamburg 1 Via Amerigo Vespuccl 2 fua Rodrigo da Fofiseca 103 Caple. HEWPACKSA Geneva
Tel: 0411) 24 05 51/52 120124 Mitan 0. Box Telex: 27 333 hpsa ch
Hewtett-Packard France Cablé: PACKSA Hamb: P-Lisbon 1
Quartier de Courtaboeuf able: HEWPACKSA Hamburg Tei: (2) 6281 (10 lines) Tel: (19) 68 60 72
Telex: 21 63 032 hphh ¢ Cable: HEWPACKIT Mtian : TURKEY
Boite Postale No. 6 Cable: TELECTRA Lisbon
F-91401 Orsay ) Telex: 32046 | Telex: 1598 Tetekom Engineering Bureau
Tel: (1) 907 78 25 Hewlett-Packard itailana S.p.A Saglik Sok No. 15/1
Cable: HEWPACK Orgay Piazza Marconi N Ayaspass-Beyogiu
Telex: 60048 1-00144 Rome - Eur \ P.0. Box 437 Beyogiu
! Tel: (6) 59125445, 5815847 ?zllmnm
. y Cable: HEWPACKIT Rome e
Ie?ex: 61514 Cabte: TELEMA‘UON Istanbut
AFRICA, ASIA, AUSTRALIA 5 -
ANGOLA CYPRUS Biue Star, Ltd Yokogawa-Rewlett-Packard Ltd PAKISTAN TAIWAN %
Telectra Empresa Técnia Kypronics 1111771 Nitto Bldg. Mushko & cvmamy, Lta. Hewlett Packard Taiwan
de Equipamentos Elértricos 19 Gregorios & Xenopouios Road  Sarojini Devi Road 2-4-2 Shinohara-Kita - Oosman Chambe: 39 Chung Shiac West Road
SAR P.0. Box 1152 Secunderabad 500 003 Kohoku-ku Sec. 1

Rua de Barboga Rodrigues
42-1°

Box 6487

Luanda

Cable: TELECTRA Luanda’

- AUSTRALIA

Hewlm'Packavd Australia
2.2 Welr Street |

Glen Iris, 3146
Victorla @
Tel: 20-1371 (6 lines)

Cable: HEWPARD Melbourne
Telex: 31 024

Hewlett-Packard Austratia
Ltd. .

Corner Bridge & West Streets
Pymble, New South Wales, 2073
Tel: 449 6566

Cable: HEWPARD Sydne;

Telex: 21561

Hewlett-Packard Austratia
Pty. Ltd.

97 Churchill Road
Prospect 5082

South Australia

Tei: 65-2366

Cabte: HEWPARD Adelaide

Hewlett Packard Australia
Pty. Ltd.

2nd Floor, Suite 13

Casablanca Buildings

196 Adelaide Terrace

Plrﬂ! W A. 6000

Tel: 25-6800

Cable HEWPARD Perth

Hewlett-Packard Australia
ty. Ltd.

10 Wco!ley Stveet

P.0. Box

Bickson A. D 1 2602

Tel: 49-8194

Cable: HEWPARD Canberra ACT

Hewleft-Packard Austratia
Pty. Ltd

2nd Floor, 49 Gregory Terrace
Brishane, Queensiand, 4000
Tel: 29 1544

CEYLON

United Electricais Ltd.
P.0. Box 681

60, Park St.

Celombs 2

Tel: 26696

Cable: HOTPOINT Colombo

CY-Nicosia
Tel: 45628/29
Cable: KYPRONKS PANDEHIS

ETHIOPIA

African Salespower & Agency
Private Ltd., Co

P. 0. Box 718

58/59 Cunningham St

Addls Ababia

Tel: 12285

Cable: ASACO ﬂddl:ﬂ&nba

HONG KON

Schmidt & Co. (Hofig Kong) Ltd
P.0. Box 297"

1511, Prince's Building 15th mm
10, Chater Road

Hong Kosig

Tel: 240168, 232735

Cable: SCHMIDTCO Hong Kong

INDIA

Blue Star Lid.
Kasturi Buildings
Jamshedji Tata Rd.
Bambay 400 020
Tel: 29 50 21
Telex: 3751

Cable: 8LUEFROST

Blue Star Ltd.
Band Box House
Prabhadevi
Bombay 400 025
Tet: 45 73 01
Telex: 3751
Cable: BLUESTAR

Blye Star Ltd.
14/40 Civi) Lines,
Kampur 208 001 ~
Tel: 6 8882
Cable: BLUESTAR

Blue Star, Ltd

7 Hare Street L.
P.0. Box 506

Calcutta 700 001  4»
Teb: 23-0131

Telex: 655

Cable: BLUESTAR

Blue Star Ltd.
Bive Star House,
34 Ring Road
Lajpat Nagar

WNew Deihi 110 024
Tel: 62 32 76
Telex: 463

Cabte: BLUESTAR

Biue Star, Ltd.

Blue Star House
11/11A Magarath Road
Bangalere 560 025
Tel: 51473

" Tefex: 430

Cable: BLUESTAR

ﬁ?“\

Tel: 763 91,7 7393
Cabte: BLUEFROST
Telex: 459

Blue Star, Ltd.

23/24 Second Line Beach
Madras 600 001

Tel: 2 39 §5

Tefex: 379

Cable: BLUESTAR

Blue Star, ttd.

1B Kaiser Bungalow

Dindli Road
Jamshedpur.831 001 »’
Tel: 38 04

Cable: BLUESTAR

Teiex: 240

INDONES!IA

Bsh Bolon Trading Coy. N.V.
Dralsh Merdeka 29
Bandung

Tel: 4915; 51560

Cable: |

Telex: 08-809

IRAN N

Multicorp International Lm
Aveaue Soraya 130

P.0. Box 1212 ~
R-Teheran

Tel: 83 10 35-39

Cable: MULTICORP Tehran
Telex: 2893 MCI TR:

1SRAEL

Electronics & Engineering
Biv. of Motorola Israel Ltg.

17 Aminsdav Street

Tel-Aviv

Tel: 36941 (3 lines)

Cable: BASTEL Tel-Aviv

Telex: 33569

JAPAN
Yokogawa-Hewlett-Packard lm
Ohashi Building

1-59-1 Yoyogl

Shibuya-ku, Tekyo

Tel: 03-370-2281/92 * -

Tetex: 232-2024YHP

Cable: YHPMARKET TOK 23-724

Yokogawa-Hewlett-Packard Ltd.
Nisei Ibaragi Bldg.

2-2-8 Kasuga

tbaragi-Shi

Osaka

Tel: (0726) 23-1641

Telex: 5332-385 YHP OSAKA

Yokogawa-Hgwisti-Packard Ltd.
Nakamo Bullding

No. 24 Kamisasazitip-sho
Naksmura-ku, Nageys City
Tel: (052) 571-5171

Lagas
'Ne: THETEWL LAGOS

Yokghama 222
Tel: 045-432-1504
Telex: 382-3204 YHP YOK

Yokogawa-Hewlett-Packard Ltd
Chuo Bidg.

Rm. 603 3,

2-Chome B
1ZUMI-CHO,

Mite, 310

Tel: 0292-25-7470

KENYA

Kenya Kinetics

P.0. Box 18311

Hairodi, Kenya

Tel: 57726 .
Cable: PROTON

KOREA

Amtraco Corporation
Industrial Products Div.
Seoul P.O. Box 1103

8th floor, Daeyung 8idg.
107 Sejong Ro
Chongro-Ku, Seoul

Tel: 73-8924-7

Cable: AMTRACO Seoul

LEBANON'

Constantin E Macrldls

P.0. Box 72

RL-Beirut

Tel: 220846

Cable: ELECTRDNUCLEAR Belrut

MALAYSIA

MECOMB Malaysia Ltd.
2 Lgrong 13/6A°
Section 13

Petaling laya, Selangor
Cable: MECOMS Kuaia Lumpur
MOZAMBIQUE

A. N. Goncaives, LDA.
4.1 Apt. 14 Av. D. Luis
P.0. Box 107

Lourence Marquas
Telex: 6-203 NEGON MO
Cable: NEGON

NEW ZEALAND
Hewlett-Packard (N.2.) Ltd.
94-96 Dixson St.

P.0. Box 9443

Courtenay Place

Wellington, #.Z.

Tel: §6-558

Telex: 6-203 NEGON My
Cable: HEWPACK Wetlington

Hewlett Packard'(N.Z.) Ltd.
Box 51092

Puliurangs

Tel: 56-9837

Catie: HEWPACK, Auckiand
NIGERIA

Teil (MesaCom Division)
25 Moronil St, Suru-Lere,
P.Q. Box 5705

Abdullzh Haroon Ronﬂ
achi 3

Tel: 513027 51282
Cable: COOPERATOR Karachi

Mushko & Company, Ltg
388, Satellite Town
Rewalpindi

Tel- 41824

Cable- FEMUS Rawalpindi

PHILIPPINES
Electromex inc

5th Figer, Architects
Center Bidg.

Ayaia Ave., Makati, Rizal
€.C.P.0. Box 1028
Makati, Rizal

Tel: 86-18-87, 87-76-77
Cable: ELEMEX Manila

SINGAPORE

Mechanical and, Combustion
Engineering Company Ltd.

8, Jaian Kilang

Red Hill industrial Estate

Singapers,

Tet: 642361-3; 632611

Cable: MECOMB Singapore

Hewlett-Packard Far East
Area fice

P.0. Box 87

Aleiandra Post Office
Singapore 3

Tel: 633022

Cable: HEWPACK SINGAPORE

SOUTH AFRICA
Hewlett Packard South Africa

(Pty.), Ltd.
P.0. Bex 31718
Braamfontein Transvaai
Miinerton
30 De Beer Street
Johannesburg
Tel: 7252
Telex: 02: .
Cabla: HEWPACK Johanr g

; 725-2030

Qverseas Insurance
Corp. Bldg. 7th Ficor
Yaipel

Tel: 389160,1,2, 375121
Ext. 240-249

Telex: TP824 HEWPACK
Cable: HEWPACK Talpei

THAILAND
UNIMESA Co., Ltd.
Chongkoinee Buiiding
56 Suriwongse Road

Bapghok

Tel: 37956, 31300 31307,
37540

Cabie: UNIMESA Banghok

UGANDA
Uganda Tele-Electric Co., Ltd.
.P.0. Box 4449

a
Tel: 57279
Cable: COMCO Kampala

VIETNAM
Peninsuter Trading Inc.
P.0. Box H-3
216 Hien-Vuong
igen

Tel: 20-805, 93398
Cable: PENTRA, SAIGON 242

ZAMBIA
R. J. Tiibury (Zambla) Ltd.
_ P.0. Box 2792

Lusaia
Zambia, Centra) Africa -
Tel: 73793
Cable: ARJAYTEE, Lusaka

MEDITERRANEAN AND

Hewlett-P
Co-ordination Office for
Mediterranean and Middte

Hewlett Paclmd Scu!n mlca
(Pty.), Ltd.
Brucawa Nouse
Bree Street :
Tewn

Tel: 3-6019, 3-6545
Cabie: HEWPACK Cape Town
Telex: 5-0006

Hewlatt Packard South Africa
(Pty.), Ltd.

641 Ridge Road, Durban

P.0. Box 99

Qverport, Natal

Tel: 88-6102

Telex: 567954

Cable: HEWPACK

East

Via Marocco, 7
100144 Rome-Eur, italy
Tel: (6) 59 40 29
Cable: HEWPACKIT Rome
Telex: 61514

OTHER AREAS NOT
LISTED, CONTACT:
Hewlelt-Packard
Export Trade Company
3200 Hillview Ave.
Palo Alto, Cafifornia 84304
Tel: (415) 326-7000

(Feb. 71 493-1501)
TWX: $10-373-1267
Cable:. HEWPACK Palo Alto
Telex: 034-8300, 034-8493
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