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Q METER TYPE 260-A

SECTION |
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 frequeacy 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 Cof other components. - :

B. PANEL LAYOUT ANﬁ CONTROI.S—.. .
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 QQ 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-
didons (AQ = Q, — Q,). The range of this scale, 0 to
50, is intentionally- limited so that sm.a.ﬂ changes of Q
can be accurately measured; - LT -

Immedmtely below the: CIRCUIT Q meter i 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 ad]ust the oscillator, output
hence the injection voltage in the measuring circuit.
Readings on zll scales of the CIRCUIT Q meter must
be multiplied by the value indicated on the MUI.TIPLY
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 Panel contains
a pilot lamp, Q ZERO ADJUST control for the CIR-
CUIT Q meter, spring-return lever key which selects one
of three s¢ales on the CIRCUIT Q merer, 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 Posmon, 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 w0 50 MC. The vernier
drive knob for the FREQUENCY CONTROL d1al is to
the lefrof the dial. .

On the right s1de of the panel are the RESONAT-
ING CAPACITOR 2nd VERNIER CAPACITOR dials,

covering i capacitance Tangs of 30 uaf to 460 Haf and

0 to =3.0 puf, respectively. The vernier drive knob for
the RESONATING CAPACITOR dial.is -just to the
right of the INDUCTANCE-FREQUENCY chart.

C. 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 ia conjunction with
an auxiliary work coil. Small mductors, laxge capac:tors,
and low meeda.uce components should be counected in

mductors and components of -high unpedance are o be
connected across the CAP terminals. Coanecting an un-
known component to the measuring circuit usually re-
quires retuning the circuit. The parameters of the
unknown component may be calculated by notmg the -
magnitudes. of the changes ‘

A set of Inductors, TyPe 103 A, is avmlable for use
with the Q Meter Type 260-A. These ‘specially con-

- structed coils serve as work coils and also aﬂow 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
GOcycle a-c power sousce aad provides internal stabili- -
zation of a-c line voltage, which spares the user the in-
convenience of oscillator output variatioos and slight
changes of electrical zero set. .

The Q Meter Type 260-AP, available on special order.
may be used with an a-c power source of 50 or 60.cycles,
in conjunction with an external voltage stabilizer.

SECTION I

SPECIFICATIONS

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

FREQUENCY ACCURACY:
Approximately =19

RANGE OF CIRCUIT Q MEASUREMENT:
(@ 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 5% from 50 k¢, to 30 mc.;
accuracy decreases to ==10%, at 50 me.
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Q METER TYPE 260-A

CAPACITANCE OF INTERNAL
CALIBRATED CONDENSER:
© 30 to 460 mmf. (direct reading) calibrated in 1.0
mmf, increments from 30 to 100 mmf: 5.0 mmf.
increments from 100 to 460 mmf.

ACCURACLY:
Approximately 19, or 1.0 mmf.,, whichever is
greater. Range of Vernier capacitance dial 1s —3.0
to +3.0 mmf. {direct reading) calibrated in 0.1
mmf. increments.
Accuracy =0.1 mmf,

EFFECTIVE INDUCTANCE MEASUREMENTS:
0.09 vh to 130 mh (direct reading) at six specific
frequencies. Accuracy: Approx. #3.0%, for resonat-
ing capacitance. Z 100 mmf.

SPECIAL FEATURES:" ' S
Cperation down to 1 ke. with external oscillator and
coupling transformer Type 564-A. " Expanded sensi-
tvities provided by “Lo Q" and “AQ” scales.

Thermocouple overload protection for normal opes- -

ation.
Internally regulated.

ACCESSORIES:
Furpished: None
Available: 564-A Coupling Transformer
103-A Type work coils
513-A 'Q Standard

TUBE. COMPLEMENT:
1 —535-A
1 — 5763
1, 6XA
1 —OB2
1 — O0A2

POWER REQUIREMENTS:
Power Supply: 95-130 volts — 60 cps only {iutern-
ally regulared); power consumption is 65 watts,
Model 260-AP available for 95 to 130 volss, 530 cps
only. State voltage required in your order. Power
consumption is 65 watts.

SIZE:
Heighe: 12147, Width: 207, Depth: 814"

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

260-AP
40 Ibs. net
98 lbs. gross packed for export
55 1bs. gross packed for domestic
50 lbs. legal weight packed for export

SECTION i

OPERATING INSTRUCTIONS =~

A. GENERAL. L
The direct measurement of Q and indunctance is de-

scribed in this section, as well 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 dreuit may then be -tuned:to
resonance, either by setting the oscillator 1o 2 given fre-

quency and varying the internal resonafing 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. : O -
The. indicated Q (which is the résonant 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 drcuit. 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 generally be neglected. 'In
certain cases, however, the Q readings may require cor-
rection. This is considered in greater detail in Section V.,

B. INSTALLATION. o

Make certain that the supply voltage and frequency
of the a-c power source corresponds with the values
shown in Section IL, 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 opetator’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 live 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,

=¥




3
'
]
!

e

i

[ —

[S— L—

BOONTON RADIO CORPORATION

The XQ COARSE coatrol should then be advanced

clockwise until a reading is obtained on the MULTIPLY
Q BY meter. This indicates that the internal oscillator
is functioning and providing power to the measuring
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 band. These recommended
measurements provide data for each individual Q
Meter which will be available for refereace-and com-
parison should it ever become necessary to perform
maintenance work on the instrument. Osnly data ob-
rained 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 turning on the power. A
warm-up time of at least one hour is desirable before
making Prec!.sxoa 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
potent:al. Signal voltage from the internal oscillator is
injected into -the measuring circuit berween this point
and ground. Components which are grounded, there-
fore, cannot be measured at the COIL terminals. Care

. should be taken that components under test are not acdi- . : .

dentally grounded to the instrument case:

The MULTIPLY Q BY meter derives its voltage
from a thermocouple which monitors the signal voltage
injected into the measuring circnit, Since it is possible
to damage the thermocouple, it is necessary to restrict
the XQ meter to on-scaie deflections. While the output
of the internal oscillator is heid reasonably constant over
the eatire frequency range of the instrument, some vazi-
ation must be expected. The greatest danger of thermo-
couple burnout, therefore, occurs whea the frequency
range switch is changed, or, when searching for a con-
dition of resonaace with the frequency coatrol. Thermo-
couple damage can be preveated by establishing a prac-
tice of lowering the MULTIPLY Q BY meter deflection
to about mid-scale before shifting che oscillator fre-
quency.

“The recessed areas surrounding the measuring ciccuit
terminal posts should be examined frequently for wire
clippings and dirr particles. Foreign material accumu-
fated in these wells should be removed since it may
reduce the measured Q and possibly short the measuring
circuic

D. METHODS OF CONNECTING COMPONENTS.

There are three basm ‘methods of connecting com-,

ponents to the measuring circuit of the Q Meter. The

nature and magoitude of the impedance to be measured
usually dictates the method of connection.
1. DIRECT CONNECTION.

Most coils can be measured by connecting them di-
rectly to the COIL terminalis, as shown in Figure ITI-1.
The measuring circuit is resonated by adjusting either
the capacitance or frequency. The indicated Q is read
on the CIRCUIT Q meter.

il Hi
= ‘ a0

CoIL

- e Co O
g . . U S e = GHD
Figure {li-1 Direct connection fo measurmg cxrcurf

If one of the frequencies designated on the front
panel INDUCTANCE-FREQUENCY chart is used, the
effective inductance of the coil may be read on the I,
scale of the resonating-capacitor dial. For frequencies
other than those specified on the chart, the inductance of
the coil can be calculated using- mdimted values of fre-
quency and capaatance.

2 PARALLEL CONNECTION,.

. High mpedance components, such 2s hxgh—value
resmtors, certain inductors, and small capacitors, are
measured by connecting thera in parallel with the CAP
terminals. This connecdon is shown in Figure I11-2. Be-
fore the unknown componeat is connected, however, the
measuring circuit must be resonated, using a stable work

W Ly
Fan
St \-v
1034 ’!
INDULCTOR /:__c n 2
O O, o
1o Y == GND

Figure l1-2  Parallel connection fo measuring circuif

coil (such as an Inductor Type 103-A) to establish refer-
ence values of Q and C. Then, when the component
under test is connected to the measuring circuit and the
capacitor is readjusted for resonance, the altered values
of Q and C can be combined with the reference values in
equations 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,

—o—




Q METER. TYPE 260-A

3. SERIES CONNECTION.

Low impedance components, which mclude low -

value resistors, small coils, and large capacitors, are
measured in series with the measuring crcuit, Figure
II1-3 shows this connection. The component to be meas-
ured is placed in series with a wotk 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 H:
- 8 -0

con 7" v
1 |
Ll - )
° D T
Figure lli-3  Series connection to measuring circuif
short-circuit the unknown component-while a reference
condition is established. The strap is then opeéned, or
removed, and the measuring circuit re-resonated.: This
procedure permits the component ‘under test to be physi-
cally conoected even though it is elecrically out of the
circuit, and ‘eliminates possible errors by maintaining
the relative positions of the work coil and unknown
component. o s
Simple buc. eﬁecuve measunag pgs can be con-

1034
INDUCTOR

structed for production testing which provide facilities -

for connecting and shorting the spec:lmen and for hold-
ing the reference coil.

The reference and altered values of Q and C may
be combined in suitable equatons (see Table I in the

Appendix) to calculate the parameters of the unknown .

compon nent,

E. OPERATING PRO'CEDURES.
1. INITIAL ADJUSTMENTS.

In making the following adjustments, observe the
precantions cutlined in Section HI-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. 'Check, and if necessary, adjust the mechamcal
zeroes of both meters.

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

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

d. It is gecessary to adjust the zero of the Q voit-
meter in the absence of 2 resonant rise of the injection
voltage. To do this, connect 2 coil to the COIL termi-
nals to prowde a low resistance path for the Q@ voltmeter,

making certain the coil selected is not close to resonance. -

If the reading on the CIRCUIT Q meter changes when

exther the frequency or capac:tau

resonating capacitor control.

e. Using the Q ZERO ADJUST Potenuometer zero
the CIRCUIT Q meter needle. Depressing the lever key
to LOW Q increases the meter sensitivity and permits
the zero to be set more accurately. The accuracy may be
further checked by alternating the lever key between the

Q and LOW Q posmon.s The setung is correct 1f the

aeedle remains stationary at zexs.

The1 mstrument is now ready for use.

2. Q MEASUREMENTS (DIRECT CONNECTION) “
The following procedure can be used to mezsure
directly. the Q of coils connected to the’ COIL terminals.

. Connect the coil to be measured to the COIL

terminals {after completing “Initial Ad]usrmencs”) Fig-
ure JEI-1 illustrates this condection. . - -

-b.Set the frequency range swxf.ch 10 the Proper\_‘
band -and ad;usr the frequency contx:ol to the dess.ted-

frequency. e

~z. Using ‘the XQ c0nttols (COARSE and FINE) :

adjust the MULTIPLY Q BY .metex to read 1.0.

.d. Resonate the coil by adjusting the- resonatmg '

capacitor conrtrol for maximum defiection of the CIR-
CUIT Q meter. Alternatively, the resonating capacitor
coatrol may be set to a desired value and the measurmg

- circuit resonated by adjusting the oscillator frequency.

" &. Read the indicated Q: on the top (Q) sa.le of the'
CIRCUIT Q meter,

. If the Q reading is less than 60 de ress the lever ‘
g P

key to the LOW Q posmon r.ead]ust 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 2 suitable
multiplying factor which will allow the CIRCUIT Q
meter to be read, preferably on the upper thnd of its
scale.

Note: The final adjustment for resomance 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 chal as
indicated by the sign on the vernier dial.

b. To calculate the effective series resistance of the
coil b°1ng measured, substitute the valdes of Q, C, and
© in the equation,

= 1/2CQ (ohms) . (3.1)

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

C = measuring circuit capacxtance in farads
Q = mdzcated Q

If ve.ry accurate measurements are requ*red, refer to

Section V and the Appendxx for correcnons which may

be applied.

— 10—
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3. AQ MEASUREMENTS.: : o
Measurements are descnbed in the Appendix wlnch
require a knowledge of a change of indicated Q. If the
two values of Q are nearly ideatical, the difference is
difficult to read accurately on the normal Q scale.

The AQ feature of the Q Meter Type 260-A pro-
vides 2 duect-rea.dmg scale for these differeaces of Q's.
The scale is calibrated from O to 50 (from right to left)
and readings should be muitiplied by the semng on the
MULTIPLY Q BY meter. Delta (A) 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 appro:umate value of Q1 Lift the
lever key to the AQ position and adjust the fine AQ
BALANCE control (ceater knob) for a meter reading

of zero on the AQ scale (full scale deflection). Recheck
- the tuning with the-lever key in this position for exact

resonaace (as indicated by 2 maximum deflection to the
right) and, if necessary, reset the AQ zero. .. P

¢. Release the lever key and make the desu:ed circuit
change. Restore resonance to the circuit and again lift
the lever key to the AQ position. Carefully recheck the
tuning for resondnce (maximum meter deflection) and
read the change in Q on the AQ (red) scale. This value
of AQ must be multiplied by the read.mg 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 calcuiated arithmetically from the
two Q values, nzmely, AQ = Q, —Q...

4. INDUCTANCE MEASUREMENTS (DIRECT
: CONNECTION).

The followiog procedure can be used to measure
direcdy the mductance of coils conuected to the COIL
termmals .

ca If che apPrOxm:lal:e value of mductance is knowa,
select the appropriate measuring frequency from the

INDUCTANCE-FREQUENCY chart on the front panel. -

Set the frequency controls to the designated frequency.

5. Using the XQ controls, adjust the MULTIPLY
Q BY meter to read 1.0 (use a higher mulnplymg fac-
ror for coils of Q> 250).

. ¢ Resonate the coil by acl;u.stmg the resonating
capaditor 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 ar any frequency, then move the oscillator frequency
to the nearest frequency specified on the chart, changmg
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 inducrance.

#Efective inducrance is defined in the Appendix.

Occasionally, it may be’ necessaty‘to measure ﬁ::luc
tance at frequencxes other than those specified by the

chart. In such instances, after resonating the measuring’ -

circuit, the effective inductance can be calculated w1th
the equation,

L. = 1/C L Ga2)

where @ = 27 times the frequency in cydes-per-
second .

and C = capacitance in farads, as read on the
dials of the Internal Resonatmg
Capacxtor i ) .

Corrections for true mducr.ance a.re ngen in the
Appendur.

F. LOW FREQUENCY MEASUREMENTS.

The Q Meter Type 260-A may be used at frequen-
cies below 50 KC by connecting the-output of aq exter-
nal oscillator to the - measunng ~dircuit. - A receptacle
(shown in Figure VI-1) is provided for this purposé at’
the rear of the injection resistor housing. The external
oscillator must be capable of delivering one ampere to &
load of approximately 0.3 ohms. To meet this require-
ment, most oscillators will have to work through 2
matching transformer. The BRC Coupling Unit Type
564-A will match 20 impedance of about 500 ohwms to the
injection circuit £2om 5¢ KC to; abouc 1-KC.. Under these
‘conditions the oscillator output level should b° app:o:u—
mately 22 volts at the transformer primary. . SE R

" The secondary of the Coupling : Unie ‘I‘yPe 564-A
terminates in a UG-88/U" connecror: The m]ccuon cr-
-cit receptacle wl:uch fits this connector is accessible
through a door in the rear ‘panel. ‘Rémove the internal
oscillator coanector and replace it with the connector
from the Coupling Unit. -

CAUTION: Before. this connection is made, make suce

- the output control on the extemz.l oscillator ‘is marned

o ZEero.

Measurements at frequenmes below 50 KC will usu-
ally reqmre a substantial increase in measuring-circuit
capacitance. External standard capacitors, other than
polarized or high-loss types, may be connected directly
to the CAP terminals for this purpose. The total circuit

czpacitance is then the sum of mternal and external
capacitances,

As the measuring frequency decreases, the impor-
tance of short leads is reduced. It is good practice, how-
ever, to keep the external capacitor 25 close as possible
to the CAP terminals of the @ Meter.

Measurement of Q, X, R, and L or C is made in
the normal manger. If high-Q inductors are measured
at low frequenaes, and either effective or true Q and L
is needed, correcrions should be made for the input con-
ductance of the Q.voltmeter and. the’ distribured capac:-
tagee of the test coil:>.These correcuons are chscussed in
Scction V and the Appendix. '+ & “.wt
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Q METER TYPE 260-A

1.20\ .
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Figure I'H-—4 Low Frequency Q Volrme}er Correction

{HDICATED O CORRECTION FACTOR

The Q voltmeter circuit is by-passed for optimum
performance for frequencies between 50 KC and 50 MC.
The frequency response of the volmeter is therefore not

flat to low audio frequencies. A correction curve for the

Q voltmeter is gwen in 'E:gure T4,

SECTION v

_ PRINC!PLE OF OPERATION
A. GENERAL.

The measuring prmaple of the Q Meter TvPe 260-A

is based on a familiar characreristic of series resonant
circuits, namely, that the magnitude of voltage appear-
ing across either reactor is equal to the voltage induced
into the drcuit multiplied by the circwiz Q.. In the Q
Meter Type 260-A the volrage is induced across 2 0.02
ohms resistor in series with the circuit. Circuir 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 comporent alone.

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

L] !

NG

. S

_‘Lm —

Figure IV-1 Basic Measurmg Cm:uuf h

nition wL. = 1/wC and the series resistance of the cir-
cuit is R,, we can write for the current, I,
I = e/R,.
We can also write,
E =Juwl = I7wC.
Combiniag these expressions and solving for E/e,
Eife = wL./R. = 1 wCR,

E,"e = Q:--

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

or,

C. RESIDUAL CIRCUIT PARAMETERS.

The reduction of the ideal circuit conﬁgurauon 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 been minimized in the de-
sign of the 260-A using means developed over many

u : .

i

im = 0.0Z 1
Im = ['4-Le = 0.015 wh
1c=0,012 vh

Figure IV-2 Equivalent Measuring c:rcuﬂ
' (Approximafe} :

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 Figuré Iv-2,
Average values of residual parameters are also given. In
general, these values are sat;sfactory for most purpeses.
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 measurements, the residual resis-
tance of the Q Meter measuring circuit, shown in Figure
IV-2, is sufficiently small to be considered negligible,
uader certain conditions it can coatribute an error to the
measurement of Q. -

—_— 12—
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The degree of mﬂuence of this resxduai res:stance "
on 2 measurement depends on the magnitude of the ime.o
pedance of the unknown componeut with respect to the -~ "

residual nnpedauce. 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 followmg

example: . . L
CETTE 1.0 MC L
o CLo =65t
and R, = 10 ohms

Then the eﬁ'ectwe Q of the coxl equals,
Q 1/ mCR. = 245,
Whlle the indicated Q equais, R

Q é (R,+002)

an error of only 0.2 percent.

Il II

However, when the ‘coil res1stance is, say 0.1 ohms .-

and we are interested in leammg the effecsive Q of the
coil, we must correct for the msemon resistance, for‘
example: - - S

f =40 Mc '
_ C ‘= 135 puf
and Rﬂ = Q. 1 ohms
Then the effective Q of the coil equals, -
Q. = 1/u«CR, = 295
but the indicated Q equals,
' Qi = 1/4C (Ry + 0.02) = 245

The equations which follow correct for insertion

re51stance errors:

Eﬁecnve coil res1st9.me, L _ .
o = (I/mCQ) - (2 x10%)  {5.1)

Effective Q, Q. = %CTX (5.2)
T Tso

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 i5 needed to an accuracy of better than 5 percent
of the indicated Q, corrections showld be made for-all
indicated Q wvalues which exceed those shown in Fxgure
V-1 (for corresponding setting of f and C) '

BOONTON'RADIO 'CORPORATION"
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. : NN N 57y -
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2
) N\‘\‘ B
NN,
-,-'-zu — L \k\ﬁ’
3 V 5 7 0 — b kil 59&’
FREQUENCY NC
Figure V-1 'Circuit Q Correclion Guide for Insertion

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

B. RESIDUAL [NDUCTANCE.

The residual inductance in series with the COIL
terminals of the Q Meter is included as part of the

. measured inductance of unknown coils (when using Di-

rect Coanection—see Figure III-1). When accurate val-

" ues of effective inductance are required, correction for

the residual inductance is necessary for coils of less than
0.5 microhenries (approximately). The correction is

simply,
effecrive L,
= Lies. — L
where the residual mductaace Ln, is approxlmately
0.015 yh.

The effect of distributed capacitance on measured
values of Q and inductance is discussed in the Appeadix.

C. Q VOLTMETER CONDUCTANCE.

Another internal parameter which causes the indi-
cated Q to deviare from eﬁectiw Q, at both very low
and very high f:equenaes, is the inpur conductance of
the Q voltmeter circuit. At very low frequencies this
conductance consists of 2 100 megohm grid leak zesistor
in parallel with the internal losses of the vacuum tube.
At very high frequencies the traosit time loss in the volt-
meter tube shuats the resopating capaator and intro-
duces a shuat resistance across the measuring circuit. .

— 13—
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F;gure"V 2

Q values, altered by this circuit loss, may be cor-
rected with the equation,

effective Q,
_ Qi . .
Qe e 6
T — —
wC
where Q; = indicated Q
and Gy = ioput conductance of T_he ‘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
wzy will then apply only to the pormal Q scale.

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

D, CORRELATION OF Q.

The Q Meter Type 260-A. contains improvements
developed through years of experience in Q Meter de-
sign The residual internal patameters of the measuring
circuit have been .reduced over those of . the precedmg
BRC.Q Meter, Type 160-A. v yois o v on i

The signal insertion resistance, for example has

S , _
EMC  IOMC S0MC  100MG .~

Typ:cch«curve of"Q ~voltmeter input resistance -vs. frequency :

been reduced 50 percent (f::om forty to twenty milli-
ohms) and the inductznce of this resistor has been made
neghg}.ble. Circuit improvements have also lowered the
input conductance of the Q voltmetex at the lower
frequencies,

Thus the Q’s of inductors measured directly 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

MAINTENANCE
A. GENERAL.

The Q Meter Type 260-A is a Pr.ecxsmn—buﬂt fac-
tory-calibrated instrument, and because the special test
and calibration equipment necessary is, in.most cases, not
readﬂy available, field maintenance must be limited to
certain practical opexatlons if the accuracy, of the instru-
ment'is to be retained.

14—
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" "It is the policy of the Booaton Radio Corporation

- to.make available to its customers such service as is

needed to maintain its products within specifications, as
advertised, at a reasonable.cost. If the accuracies of the
Q Meter Type 260-A. appear to be impaired, it is recom-
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 evenr maintenance work
becomes necessary. At least one measurement should be
made near each end of the frequency band of each in-

< "ductor.” Sirnilar ‘measurements should be made using

Q-Standards Type 513-A and 518-A in the event that
‘ recalibration of the instrument is ever necessaty.

B. REMOVING THE INSTRUMENT FROM

1TS CABINET. _ o

Although removal of the instrument from its cabi-
THERMOCOUPLE ASSEMBLY

.0 CAPACITOR

BOONTON RADIO CORPORATION -

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 pasel and top may
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-AP) to the power supply may
be removed from the power 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 sectling between the plates of the
resopating capacitor.

€. REPLACEMENT OF TUBES. ..
1. GENERAL, .

Four of the five electron tubes in the Q Meter
Type 260-A may be replaced with commercial grade
tubes. The Q voltmeter triode (V-301, type BRC 535-4),
however, is specially manufactured and if replacement of

. this tube is necessary it must be-obtained from the

Boonton Radio Corporation. Aoy 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 OAZ) and
rectifier V-401 (type 6X4), are replaced, recalibration

15-88 /U CONNECTOR

Figure VI-1.Resonating capacitor, Q voltmeter tube, and thgrmgchouple_ assembly
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Q METER TYPE 260-A IR

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

2. REPLACEMENT OF THE VOLTMETER TUBE,
V-301 (TYPE BRC 535-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, imsert 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,
Telieve any strain from the resonating capacitor frame
by supporﬁng the tube socket subchassis with one hand.

. Check the voltmeter cahbranon as descnbed in
Secuon VI-E-1.

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

4. Remove the nine screws Wh1ch hold the cover in
place on the oscillator compartment (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 oscllator tube, first depress the
shield and turn it slightly to the left, then lifc off.
Remove the faulty tube and insert the new tube. Prop-
erly align the pins of the new tube before applying
pressure to the glass envelope. Replace the tube shield.
c. After replacing the compartment cover, check
the oscillator calibration according to Section VI-E-2.

4. REPLACEMENT OF THE RECTIFIER, V-401

(TYPE 6X4) AND VOLTAGE REGULATORS,

V-402 (TYPE OBz) AND V-403 (TYPE QA2).

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 III-C. X a burn-out
does occur, 2 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.

Figure VI-2  Oscillator compartment showing tube and calibration adjustment capacitor

— 16 —
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R308 . R30 L Rals

Figure Vi-3 Power Supply chassis showing Q voltmeter calibration adjustments . -+ -

NOTE: Because the value of the calibration resistors
are pargizlly determined by the internal resistance of the
MULTIPLY Q BY meter, it is necessary that our factory
know the type and serial number”Gf the inoperative
(3 Meter. This information must be furnished when
orderiag 2 new thermocouple assembly,

2. REPLACEMENT OF THE THERMOCOUPLE
ASSEMBLY.

4. Remove the UG-88/U plug from its receptacle
at the rear of the thermocouple assembly (Figure VI-1).

. Unscrew and remove the LO binding post finger
auc o reduce the heat required to unsolder the strap,
Then carefully unsolder the strap that emerges from

10 TERMINAL Kl TERMINAL

| !

UNSOLDER HERE

1/

STRAP
THERNOCOUPLE | o e
ASSEMBLY  © - : SR
Figure Vi-4 Location of injection circuit connecting
strap o

the assembly housing and connects to the bottom of the
LO post. See Figure VI4, 3 :

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

d. Remove the four mounting screws for the
thermocouple assembly locared on top of the instru-
ment just in- back of the LQ binding post, Carefully.
extract the assembly from the Q Meter.

¢. Install the new umnit 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 front panel.

f. Trim the connecdng strap to a length that will
permir it to.reach the LO post with a small amount of
slack to allow for motion of the binding post. Carefully
solder this strzp to the bottom of the LO binding post.
Replace the top nut on the binding post.

E. ADJUSTMENT AND CALIBRATION. .
1. VOLTMETER CALIBRATION. .

When the voltmeter tube or other voltmeter ciccuit
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 souzce of 20 KC to 100 KC W‘.lth 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.

YGLT METER
0-I¥
o5

K

SIGNAL
SOURCE

Q
0S¥ 20K YOLTMETER

A S

&HD

F:gure Vi 5 Q voltmefer cahbmhon cm:t.uf

An a-c volt.meter 0-1 and 0- 5 volts thh an ac—_

curacy of 2 percent at the signal frequency. -

- Connections are shown in rlgure VI5. The pro— :

cedure i is as follows:

PRELIMINARY.

4. Adjust the mechanical zero of the CIRCUIT Q e

o U'mmutfs ‘Warii- uP tm:le

meter before turning on the power.

&. Because the output of the mtemal osc:llator is
not used during the voltmeter calibration, the XQ con-
trol need only be tuzned enough to actuate the power

switch, Turn on the power and allow 2. warm up Penod -

of at least 15 minutes,
ZERO SET.

c. Strap the HI and GN'D termmals of the measur-
ing circuit together.

d. Te pmwde maximum control for the Q ZERO

poteatiometer, set the Q ZERO control to its mid-.

position and approximately zero the CIRCUIT Q meter
with R-312 (Figure VI-3).
¢. Carefully zero the CIRCUIT Q meter using the

Q ZERO control and both the Q and LOW Q posi- -

" tons of the lever key as described in Section JII-E-I-e.
- Remove the shorting strap and set the resonating
capadtor at 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.

k. With the lever key dep:essed 1o 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, respectwely

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 BALANCE 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 wh1ch should be 50, 40, 30,
20, 10, and 0, respectwely :

2. OSCILLATOR C.A.LIBR.ATION
(C-129 ADJUSTMENT).

When the oscillator tube is changed, it is necessary
to check rhe frequency calibration. Because a tube change

affects only the mpamtance of the cn'cult, recallbratmn :
is only necessary on one frequency baud.

A 10 MC ctystal cahbrator is recommended for . '
ﬂm operation. . However, standard broadeast “stations
may be satisfactorily used in lieu-of the crystal uxuba.atﬁf :

To calibrate the osallator Proceed a.s follows S

s Turn on the Q Meter and allow ‘at lea.st 15

5. Connect -the r-f mput termmals of th ystal
calibrator to the LO and GIND terminazls of the measur-

“ing dreuit.

‘¢, Adjusr-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 readmg of 1.0 on
the MULTIPI.Y Q BY meter.

- Ca.tefzﬂly ad]ust C-120 (Figure VI—Z) unﬁ.l a
zero beat is beard in the calibrator headset. -

Standard broadcast stations in the neighborbood 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 osciliator
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 faulr is
apparent. All the important voltages may be checked
between the points listed below and ground. Erratic
operation of either regulatos tube can often be deter-
mined by visual examination. Fluctuations of . the dis-
charge glow within the tube is usually ev:deuce of 2
poor regulator tube. -

— 18—
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Test. _ Voltage 'Rin  Socket Tolerance Symptom L . Peossible Cause(s)
devEe i v 1 o o CIRCUIT Q meter reads Faulty bucking voltage

on range | to 285
VDC on range 8)

. *Oseillator Variable with XQ . 6 J-401
screen voitage controls.
Regutated d< 258 VvDC 1 V202 =*=2 volts
for Q voltmeter
Regulated d-c 150 VDC 1 V=403 =1 volt
for  voltmeter
Q voltmeter 225 VAC & ¥-301 =1%
heater ) R .
Oscillator 6.0 VAC 3 - TIa01 *1%
heater )

Iostrument 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
Merer Type 260-A makes trouble shooting a straight-
forward operation. Observation of the two meters and
a few simple tests will sometimes indicate the troubie
before the instrument is removed from its cabinet. If
further investigarion is necessary, reference to the sche-
matic diagram, combined with continuity 2aad voltage
analysis with a multitestex wlll usually revedl the sourcé
of trouble. .- -

A few troubles wh:ch may be encountered are gwen

- below in- terms: of external symproms,; together with the

Probable 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.

Symprom Possible Cause(s)

No meter indications. of - Faulty rectifier tube,

. any kind.

Downward deflection of

. CIRCUIT Q meter.

“No .Q ZERO -adjust-
ment possible. Normal :
MULTIPLY Q BY N
readings.

Errauc Q readings.

Faulty Q- Voltmeter tube
(vson). . . .

Faulty voltage regulator
tubes (V402, V403),

No MUI.’IIPLY Q BY Faulty oscillator tube™™"

~ readings. CIRCUIT Q:
meter reacts to the
touch of a finger on
the HI terminals.

(Y101) or_ burned-out
thermocouple upit. The
trouble may be isolated
by listening for oscilla-
tions with 2 radio re-
B ceiver.
Impossible to set AQ Check R304, R306 and
meter to zZero. R307.
No CIRCUIT Q meter Check 5301, R308.
reading on LO Q. S

*Do not increase :hls'volmge withour obsmﬁg the reading on
the MULTIPLY Q BY meter. THIS R.EADING SHOUI.D

. NEVER EXCEED X 1.0.

bleeder resistor. Check

R305, R307, R311 and

R312.

Irregular or erratic read- Dirty contacts or loose
ings o (3, AQ, LO @ wipers on potentiometers
scales. or key switch,

near mid-scale, no zero -
adjust.

_ APPENDIX
A. NOMENCLATURE., =

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

. For other measurements the subscripr 1 will refer
to the first reading while the second reading will be
identified by the- subscnpt 2.

.Subscripts “p” and “'s” will denore Parallel and
senes parameters, respecnvely
Ti_;e units are defined as follows:

C = capaditance of the Q capacitor
- as indicated on the main and -
(farads)

) ~ vernpier dials
Q = indicated Q observed on the
P rmeter S

AQ = change in Q aQ = Q:. —‘Q2

- oscﬂlator frequenc] T .‘_m'_(_cys/sec)
o =2zf ”

L= mductanf:e . ‘ (hennes) :
iR = resistance.. U - (chms)
2 L = residual mductance refened 4o
' .. to.the COIL terminals ., %.; " f'(henries) ‘

L= resxdual inductance referred
to the capacitor (CAP)
_ terminals . “ ) (henries)
G, = input conductance of the Q- ‘
-, voltmeter T _ (mhos)
C,;l dxsmbuted capaatance of X8
‘ad inductor v (famds)
_f, = self-resonant frequency of . _
an mductor ' (cys/sec)

B. DISTRIBUTED CAPACITANCE._‘“”,
1. GENERAL.

The presence of distributed capacitance in a coil
modifies the effective Q and inductance of the coil. At
the frequency at which the distributed capacitance 2nd
the inductance of the coil are resonant, the circuit ex-
hibits ‘a2 purely resistive meedance. Typical variations

~of the: effective :Q-and L-under-these conditions with

fr ueucy ‘are- shown in ngure A. The. true Q a.nd in-
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150 — — : capaatance Proceed as follows.
Iy a, Set the resonating capacxtor to 2bout 400 wuf.
Call this vatue C <,

'// b. Connect the coil to be measured to the COIL
0\

BTECTIVE L
TRUE 1
&

terminals and resonate™the measuring circuit by adjust-
ing the oscillator frequency. When resonance is es:ab—
lished, note frequency f,.

100 —

Now find the self-resonant frequency of the coil,
S — as follows:
¢. Reset the oscillator frequency to approximately
ten times f, and replace the test coil with 2 work coil
250 capable of resonating in the measuring circuir at this
) 0z 03 04 L5 higher frequency.

LIFLCRIVE @
AL
o

iR o d. Adjust the resonating capacitor for circuit reso-
- {fo = SELF-RESGNANT FREQUENCY OF COIL)- namce. '
Fagure A Typn:a! variation of effective Q and induct- e. Connect the test coil to the CAP terminals and

- ‘ance with frequency restore resonince by readjusting the resonating capacitor.

f- I the capacitance has to be increased, increase
the oscillator frequency until alternately conmnecting and
disconnecting the test coil to the CAP terminals changes
the fndicated Q but does not affect the runing. Call this
frequencv the self-resonant frequenr:), 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 of capacitance is
very small, the frequency should be changed at fixst in’
reasonabl) large steps, for example, 20 ro 30 percent.

ductance may be ‘determined, however, if the value of
discributed capacitance is known. Figure B is.a chart
which gives ratios of effecdve inductance to true ip-
‘ductance and true Q to effective Q for various values of
distributed capacitance and- @ capacitance.

The chart also illusttates that the effective inductarice
and Q will closely appmxunate true values if the dis-
rributed capacn:ance 15 not excessive and the Q capaci-

. mance whxch tanes the coil -is large. R

-~

1.00 ey , - The distiibuted capacttance may be found from
ps | | . :
10 1 = , C
o DI == el A md @
=] / //, ‘//:"d:/" //// d L . _. ' -
g ; /,._// /4/{‘,3//// //// T 1 If f‘, >> f), this expression reduces to . .
E|= 098 — C £ S
T T ey e e
VA I AU “zu/“,,i“};?c”,{g_“m‘&’;‘&{i"s“ ‘ 3. MEASURING C, (APPROXIMA’I‘E MI:THOD—
/ / /'//" e / _ . C; 2 10 .u‘u.f} _
s /’ 7 / AT The distributed capacit:mce of coils with large
st /i / values of C; may be appromma:ed with a mmple mezs-
_ 4 // /V / uring procedure.
= rr BT BV B Y a. Set the resonatmg capaator to about 50 ppf. Call
ZE s ,/ - : ' this valne C,. - :
2E / / . -+ b Connect the test coll to the COII. termmals and
- f Yy . resonate the measuring circuit by adjustin the oscillator
BIE R IS g y ad) 8
== on f/ ' frequency Note this frequency as'{,.
- /] 1 s c. Reset the oscillator to a lower frequency, f,,
/ . ‘ equal to f,/n. Restore resonznce by increasing the res-
0.45 / : onating capacitance. Let this new value of capacitance
b - k[ 50 ™oocwe 200 300 450

" be C,. The distributed capacitance is then,
QHETER CAPACITARCE N MICRO-MICRDFARADS :
(Co - n"'.C1}

Figure B Correction chart for distributed capacitance c -
6= 5
n-— 1

. (fara.ds) (2)
,2..MEASURING Cd (PREFERRED METHOD)

The. m:lpedance of a:coil, at. its “self-resonant - fre-
quency. is Tesistive and usually. blgh This ‘characteristic, *
may - be unhzed for’: the measurement of distributed

If £, is made exa.cdv one half of f,, then

(farads)




% . T e

BOONTON RADIO CORPORATION

“An ﬁVefﬁge of several measurements using different
values of C, will improve the results of this measure-
ment. The best accuracy to be expected with this method,
however, is in the order of =2 puf.

4. CORRECTION FOR Q.

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

true Q = Q.
Where Q, = effective Q of the coil

and C = measuring-circuit resonating
capacitance

(C + Ca) (3)

The effective Q can usually be considered the
indicated . Exceptions are discussgd 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, exce'p'r where the measured induc-

. tance is io the vicinity of 0.5 microhenries or less. In

these cases, the internal inductance of the measiring
circuit, L,,, must be subtracted from the measured value
(see Se-ctiou V). '

The effective inductance of a coil with disirtbuted
capacitance is somewhar greater than its true inductance.
Ratios of true inductance to effective inductance can be
found from Figure B for various values of discributed

and resonatmg capac:tance The true mductance can also :

be calculated from,

R o O
true mductance =1L, (

m{) (henries)  (4)

where L. = effective inductznce of the coil
and C = measunng-c1rcu1t resonating
= capacitance
-~ While the rrue inductance may 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 dizl, This dial
contains an inductance scale based, at selected frequen-
cies, on the equation, L = 1/.,°C where C can be read
directly above the measured inductance on the capaci-
tance scale. This is the effective inducrance of the coil.
The true inductance resonates with the sum of the res-
onating - capacitance and the distributed capacitance,
thus, crue L = 1/0*(C + Cy).

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

-+ a. If the approx:mate value of inducrance is known,
select the appropriare measuring frequency from the

- —_21 —

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

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

c. Resonate the coil by adjusting the resonaring
capacitor control for a2 maximum deﬂecuon of che
CIRCUIT Q merer.

If the inductance cannot be estimared, resonace the
coil at any frequency, then move the oscillator frequency
to the nearest frequency specified on the chart, changing
the  capaditor 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 che corresponding
range of inductance.

e. With the measuring circuit at resopance, 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
circuit i$ detuned by this procedure, the true inductance”
of the coil can now be read directly on the inducrance
scale. ’ -

This correction is shown in Figures C-1 and C-2
for a coil whose effecove inductance was 49 micro-
henries and distributed capacitance measured 7 micro-
microfarads. The true mductance of the coil was found
to be 45 microhenries. - :

MEFD - MMFD

‘\uup‘!'l' \ml‘nu

g0 |80 \00 g0

C1 S R o

F:gure C Using the LC dial to determine hue
. inductance

¢. PARALLEL MEASUREMENTS.
1. GENERAL.

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




s :wrth the. reference values in equauons which . yxeld the
" parameters of the unknown specrmen. e

'2° LARGE RESISTORS.

When the measuring circuit is at resonance (using
a work coil), 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 resistance may be measured. with the
paralie] method providing that AQ is not less than 5,
nor the :ndxcated Q reduced below 10.

. The limits of measurable resistance are dependent
on frequency and both maximum and minimom limits
decrease as. the frequency increases. Figure D shows
approximate limits for both parallel and series measure-
ments. These limits are based on 2 maximum-Qgrof 250,
although higher Q’s aré feasible for measurements out-
side the ranges shown. The lower limits for parallel
measurements may also be extended by using external
standard capacitors connected to the CAF terminals.

1000 WEGOBMS

-1 MEGOHMS

PARALLEL MEASUREMENT

70,000 BHHS

o

. /ssmzs MEASUREMENT
06 OHMS //////// o oS
;i 50X ; £Y's

F;gure D Ranges of measurable resistance

_ The followii;g Procedure:; may be used for the
" measurement of large resistors:

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

By o b, 'Connect a suitable work coil to the COIL ter-
'minals and adjust the resonating capacitor for resonance
. mentally noting this valne of Q,. Set the MULTIPLY

'BY 'meter to the appropnate multzplymg factor;

Q MEIER TY,PE,zéo-A

=
capacxtance ‘and .smaller reszstors are measured with
iarge values of tunmg capac:tance

c. Set the AQ coarse control (outer Lnob) and its
atrached dial to the approximate value of {J,. 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 Iever key in this position for exact

resonance (as indicated by a maximum defiection to the
right) and, if necessary, reset the AQ) zero.

d. Release the lever key and make the desired cr-
cuit change: Restore resonance to the circuir 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 roust be mulrplied by rhe serring on the
MULTIPLY Q BY meter. 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:

R]) = Q!Q

| oV ol (oth) o (5)
"' If the resistor is also reactive,
ms).: (ust : 5 -(6)

.. . If the resistor is inductive, (C, > G;), the sign of
Eq (6) will be positive. ..
3 SMALL -CAPACITORS.

CaPaators of Jess than about 430 micro-microfarads
‘can be measured by i sunple substltunon method on the
Q Meter.

a. Connecr a work c011==° to the COIL terminals and

set the Q capaator to 2 convenient value. Call 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 tesr capacitance fails between

5. Adjust the.frequency controls for circuit reso-
nance. If the Q of the test capacitor is desired, proceed
according to Section C-2, above. If the Q is not reqmred
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:

Cp=C — G (farads) (7)
and Q = QQ: (& — C) A(ccg]cl_ ) (8)

*inless the cdpacitance of the nnknown capacitor requires in-
vestigation at a particular frequency, it is advisable to use a
worlk coil that will resonate at 1.0 MC or less. Normal lead
length ~will - mot - a&ect the - measured capacmmce at these .

frequenc:es. o B . ..




[T

BOONTON RADIO CORPORATION

Values of capacitance less than 6 mao—mxcrofamds :

can best be measured with the vernier capaator 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 conpected in parallel with
the resonating capacitor while the inductor is connected
in a 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 mpedmce at resodance, and
the apparent capacitance above f,. Overtooes in the coil

_can also be discovered by this means. Measurements

made on a typical 1.0 milhhenry r-f choke and a 250
microhenty coil are shown in Figure E.

Tha e I T JRp ey
L1428 measu:mg Pa‘.’\')Cﬁdu:e for the pac arallel t.uu.u.eC'
h)

ton of coils is similar to that described previously for

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

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

&. If possible, select.a-work coil which will allow
the measuring circuit to resonate at this frequency wich
a resonating capacitance of 30 to 70 uuf. For conve-
nience only, adjust the main capadtor 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
calculatmg the effective Q, however, the value of C, in
the denominator of Eq. (8) must be the sum (or dxffer-
eace) of the readings on the main and vernier capacitor
dials.

r. Connect the test coil to the CAP terminals and
restore resonance by increasing the resomating capad-
tance. Note the value of C,.

’-/,‘/\ y

N //
P

r L f- i T T —
il " CHOKE. FOUR_PIES -

APPARENT. CAPACITARCE 1N wuf
Lot .

APPARENT CONDUCTARCE [H MICRDMHDS

—= - — : 3006
L A’..A._.V ./ ST N ‘
. IO - ’['
.. Il
o | // i 'f/ T N —Ti
1
15 , - l - ;!E 10ag
a | I
T ‘ TN
al [l / HL
. ] 7/ 1‘ A A
3 / L —_t T > N 0
0.3 ,,UJ ] 1 . 2 4 7 13 20 99

: I T MEAOOE

Figure E - Apparent ca'pd‘c_ifan:e and conductance of rwo of chokes m li‘he vicinity of self-resonance
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...+ The inductance of the nnknown coil is:

‘effective inductance = 1/w* (G:—C) (henries) (9)

and the effective @ equals,

oy Q1Q2 (CZ‘_CL) '

effective Q = ~—aoc (8)

If the measuring frequency, bowever, is greater than

the self-resonant 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 ne1ghborhood of self-resonance and at freqguen-
cies greater than £, is, -

 (farads)

Another useful expression for coils operating under
these conditions is,

apparent capacitance, C, = G —C

NC1 AQ
QQ:

The expression, large, used in this section is rela-

apparent conductance, G, = {(mhos)

* tive and a significant parallel measurement can be made

with coils of only normal inductance, but which are

- designed to tune with values of capacitance less than the
minimum 27 puf of the resonating capacitor. A great
number of coils known as “Peaking” coils fall»in this

category
" . WWhile the mducta.nce of such coxls can be found

.- with the equation just given for effective inductance, it
" should. be emphasized that an advaotage .of measunng .
" coils by the “direct method”, is that the capacitaiace re-

quired to tune the coil at the measuring frequency is

* given directly on the resonating capacitor dial." The dis-
* tributed capacitance of the co11 is takm mto account

w1th the “direct measurement’

.. 2 If the capadtance reqr_.nred to tune a coil which nor-
i mally resonates with less than 27 ppf is desired, 2 direct
' measurement is impossible, due to the minimum resonant

"capacitance in the-Q Meter measuring circuit. A parallel

measurement, however, will yield the desired informaa-

tion, including the effects of distributed capacitance.

d. Proceed according to steps a., b., and c. above.
e. The capacttance required to tune the coil at the
measunng frequency is simply,
S Cc=6=C
This rmeasurement 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.

Lovs -impedance components, which include low

... value resistors, small coils, and large capacitors are meas-
" ured in serjes with the measurmg circuit. Figure HI-3

shows this . ‘connection. The specimen to be measured is
p.aced in series with a reference coil between the LO

terminal and the low potential end of the reference coil.
A heavy shorting strap should be employed to short-cir-
cuit the unknowa 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 drcuit and elimi-
nates possible errors by maintaining the relative posi-
tions of the work coil and unknown componeat. If
production measurements require this connection, it is
advisable to construct a simple jig to provide terminals
for the unknown specimens and 2 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 terreinals
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
must be sufficient to make AQ equal 5, but not large
enough to reduce the indicated Q below 10."Within these
limits, a range 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 shorting strap across the
“resistor. Connect the series combination to the COIL
_terminals with the strapped resistor next to the LO

- termmal. .

The work coil should be selected 50 that larger Te-
sistors -are measured with small values of resonating

- capacitance and smaller resistors are measured with large

values of resonating capacitance.

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

d. Set the AQ coarse control to the approximate
value of Q,. Lift the lever key to the AQ position and
adjust the fine AQ BALANCE control for 2 AQ reading
of zero. Recheck the tuning with the Jever key in this
posidon 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
across the resistor. Restore resonance and again lift the
lever key to the AQ positon. 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:

G\ -
R, - (_—.—-—6) @ ‘ (ohms-)l‘ ' (10)
wCOQ:
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If R, is very 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,

_G-C)
Xu = TIG-" (ohms) (11)
If the resistor is purely resistive, C, = C,, the equa-
tion for resistance reduces to,
R, = —2Q (ohms)

wCQIQ:

Oti:xer equations can be found in Table L.

3. SMALL INDUCTORS.

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

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

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

¢, With the shomng strap connected across the coil,
adjust the resonating capacitor for resonance and note

: C;. The work coil selected should allow C, to be about

"400 fpf.

4. Remove the short from across the unknown coil
and restore resonance by decreasing the resonating capa-
citor. Note C,. The inductance may be found from,

C—-C)
@G C,

If the Q of the coil is requu'ed it may be calculated
from,

L, = ~ (henries) (1-2)

_ QiQe(Ci—

@ m;— 42

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 inducrors with the follow-
ing exceptions.

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

&, The initial setting of resonating capacitance
should be just low enough so that che addition of the
unknown capacitor in series with the work coil will not
require a.value of C, greater than 460 puf in order to
restore resonance to the measuring circuit. In general,
C, need not b2 less than about 200 uuf.

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

GG,
(C.—-C)
The Q of the capacitor may be found with Eq. (13).

C. = {farads) (14)

This measuring technique is also convenient for
finding the self-resonant frequency of by-pass capacitots.
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 frequenq of the capacitor can be
found by alternately connecting and dlsconnecnng the

. shorting strap while rthe frequency is increased in rela-

tively large increments untl 2 frequency is reached
where C, (strap removed) is less than C, (capacitance
shorted). Now decrease the -frequency in smailer incre-
ments untl C, equals C,. The impedance of the capacitor

is resistive at this frequency (f,) and equals,

A
R, = _3Q (chms)
wC Q:Q
For example, 2 0.01 pf paper mbular capacitor with

2 inch leads {total length) was found to be resonanr ac
5.2 MC. The impedance at this frequency was only 0 19
ohms (resistive).

E. RULES FOR THE CORRECTIdN OF ERRORS.

When circumstances call for measurements of a h1gh
degree of accuracy, the following 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,

v Correct mdicated Q for:
(1) Q voltmeter conductance;

_ Qi
Q= L _ QG (5.4)
wC
(Usually negligible if C = 100 pufand Q <
150, between 500-KC and 30 MC.)

(2) Iasertion resistance:

Q. = Q

;- wCQ;
50

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

frequency.)
(3) Distributed capacitance;
Ci= 2

- (See Figure Afora guide concernmg the
1mportance of Ca.)
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b L
Correct the measured inductance for:
{1) Ioternal inductance;
L, = Loeas. — L
(Requires correction only if L £ 0.5 ph.)
{2} Distributed capacitance

. C
true inducrance = L. (m)

- (Usually negligible only if L < 1.0 uh.)

2. PARALLEL CONNECTION.

a. R, ‘

No correction needed below 20 MC. "Above 20 MC,
if the internal inductance, L, is not negligible compared
with the effective inductance of the work coil, correct the
value of resopating capacitance, C, for that portion of
residual inductance which appeats between the CAP rer-
minals, using the following equation. '

effective _ - C . C
capacitance L. 1= &fLC

- Use this valee of ‘e&ective_cépacitance in place of C
iqtheequatior_: T I VR T A
_QQ:
o v coClAQ
b %, C,and L,

No corrections needed, except as noted above for
R, Values of both C, and.C, should be corrected using
equation 15 and substituting in the following:

(15)

Y

‘R

1.

%o = SG=Cn

‘Cp=C1—Cz,and
1

L = Fe—o

& Q

Same as for X,

3. SERIES CONNECTION.
4. R,
Same as for R,. Use effective capacitance in place
of C in the equation

E)e-<

Ry, = ———
WC]QIQ‘:

b X, L, and C,

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

CG-C
o)

. . Cr—Co

B ool
oG
Cs - Cz—cl

.~ The distributed czpacita:nce“.of a test coil that re- .

quires mieasurement by the -series method is usually’ so
small that the true inductance and effective inductance of
the coil are éssentially equal at the measuring frequency.
Io a few cases, however, correction may be necessary.

e Q

Same as for X,
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b - FORMULAS FOR CALCULATING Q AND IMPEDANCE
PARAMETERS FROM PARALLEL AND SERIES MEASUREMENTS

Parallel Measurements

| Effective Q of Unknown

d Q= QiQ:(C:—Cy) (8)
- AQCL
{
- Effective Parallel Resistance of Unknown
. __9Q:
K P WG AQ (3)
i
! Effective Parallel Reactance of Unknown

: 1 - (6)
; Xp = ———— - S ‘
1 » w(C—Cy)
. Effective Parallel Indncta.nce of Unknown :
; L= L RO )]
! . L wt{(Ce—Cy) . .
. Effective Pa.rallel Ca”l:.:ac.:itance of Unk_nn\;s;n ~ 4 .
: _,‘CV—CLCZ i ' (7)

‘vNote 1:In.Eq. (6) the sign of the quannqy (Cz C1)

! -~ - - indicates the type of effecrive reactance. A positive
i : quantity results from 20 inductive reactance and a
negative sign from a capacitive reactance.

Series Measurements

Effective Q of Unknown

Q = QQ(CL—Gy) (13)
CLQi—‘CzQa
Effective Series Resistance of Unknown
C
(&)< (10)
R, = Y&/~
* wlexQz
Effective Series Reactance of Unknown
_G-G ' (11)
s C:’C]_C2
Effective Series Inductance of Unknown
L _G=G (2)
s w2C Cz -
Eﬁ'ecnve Senes Capacnance of Unknown C
C ' C1C2
GG g e e (14)
- Note 1: In Eq. (11) the 'sign of the quanuty {(C,— C2)
indicates the type of effective’ reactance. A positive

quantity results from an inductive reactance and 2
negative sign from a 'capadtive reacrance.

. ' Note 2: Disregard the szgn “of the quanury (Ce—C)in ‘Note 2: Disregard the sign of the quantity (C,—C,) in
{ Eq. (8) above ‘ Eq (1 3) above.
] - : ; R
‘g ) , R o LA
5; R P A LR S TR R SRS 7'V 1131 R

; Formulas for Formulas for

- | " poener Q greares o
E R,‘_—;l__li?:"(? R’=BQ%. R. =R,
{ X, = XDT+—2@ X, =%, X, = X, Q?
: L =1L, ﬁ% L =L, L, = L,Q

FORMULAS RELATING SERIES AND PARALLEL COMPONENTS

g fE R,
]5;_1’, = RpoCp = ¥ = —¢
oL, ToRSTVE
Formulas for Forrmulas for
General Q greater Q less
Formulas ‘than 10 than 0.1
R, = R, {1 + Qz) R, = R,Q* R, =R,
1+ Q2 X
X, =X, QzQ X, =X, X, = -62
1+ Q2 - L,
LI,=L,%Q L, =1L, L =%
2
— —_ — 2
o-orfy  G-C - e
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Meters.
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Q‘METER TYPE 260-A

SYMBOL

C-101
C-102
C-103
C-104
C-105
C-106
C-107
C-108

- C-109

C-110
C-111
C-112
C-113
C.114

- C-115

C-116
C-117
C-118

C-119 -

C-120

G121 .
C-122 .
G123

C-124
C-125
C-126

: ”_‘:.C—_127
- Ca128

C-129
C-130
C-131
C-132
C-133
C-134
L-101
L-102

R-101
R-102
R-103
R-104
R-105
R-106
R-107
R-108
R-109
R-110
R-111

"R-112

R-113
R-114

R:115 -

83001 -

5
o

T

FLECTRICAL COMPONENTS

OSCILLATOR .

BRC
‘PART NO. DESCRIPTION

82216 . Capacitor, fixed; mica; 250 puf; +=10Y%; 500 VDCW,; button type
82115 Capacitor, fixed; ceramic; 47 ppf; £2.5%; NPO; 600 VDCW

. 84089 Capacitor, variable; pyrex tbular; 1- 8 puf

82114 Capacitor, fixed; ceramic; 33 ppf; £2.5%; NPO; 600 VDCW

54090 Capacitor, variable; pyrex tubular; 1-12 ppf S

82428 Capacitor, fixed; Hi K ceramic; .01 uf; +809%, —209; 600 VDCW
82306 Capacitor, fixed; Hi K ceramic; 1000 ppf; +809, —20%; 600 VDCW
82216 Capacitor, fixed; mica; 250 puf; 2=10%; 500 VDCW; button type
82114 Capacitor, fixed; ceramic; 33 pufy 2,50, NPO; 600 VDCW

" 84090 Capacitor, variable; pyrex tubular; 1-12 puf

82132 . Capacitor, fixed; ceramic; 47 ppf; +£5%; N330; :I:SOO PPM
84089 Capacnor, vanablE:' pyrex tubular; 1-8 ,u;.:f '

82306 - Capacitor, fixed; Hi X ceramic; 1000 puf; +809,, —209%, 600 VDCW

82216 Capacitor, ﬁxed; mica; 250 uuf; 2=10%; 500 VDCW; button type

82033 - Capacitor, fixed; ceramic; 22 puf; £29; NPO; =60 PPM; 500 VDCW |

84090 - Capacitor, variab'le' pyrex. tubular; 1-12 pef

82132 - Capacitor, fixed; cerarmc, 47 -uufy £5%; N330; =500 PPM

82000  Capacitor, fixed; cerzmic; 5 puf; 3=5%; ==2. PPM e
84090 Capacitor, variable; pyrex tubulary 1-12 ppf

82120 . Capacitor, fixed; ceramic; 100 puf; +=20%; 350 VDCW
82000 Capacitor, ﬁxed ceraxmc, 5 ppfy £5%; =2 PPM.

84090 Capacuor, wariable;' pyrex wbular; 1-12 puf

82117  Capacitor, fixed; ceramic; 68 puf; £20%; 500 VDCW

82010  Capacitor, fixed; ceramic; 10 upf; £10%,

- 84089.. . Capaditor, variable; pyrex tabular; 1-8 pef

B30169t Capacitor, variable; air; dual; 12.5-480 uufs 9.5~ 240 p,u.f : :
©'82033 . Capacitor, fixed; ceramic; 22 ppf; £2%; NPO; £60 PPM; 500 VDCW
. Capacitor, fixed; mica; 0.1 pf; ilo%, 400 VDCW

A300552 Capacitor, variable; air; 1.8 1o 8.6 uuf-

82428 Capacitor, fixed; Hi K ceramic; .01 pf; +80%, —20%; 600 VDCW
82318 °  Capacitor, fixed; feed through ceramicon; 1500 ppf; :I:ZO%

82318 Capacitor, fixed; feed through ceramicon; 1500 puf; 207,

82318 Capacitor, fixed; feed through ceramicon; 1500 puf; £209,

82318 Capacitor, fixed; feed throngh ceramicon; 1500 puf; £20%,
A85537 Choke, RF; 12 phy

A85592  Choke, RF; 50 phy

80186 Resistor; fixed; composition; 10008 =107; 2 W
80143 Resistor; fixed; compositicm, 6808 £10%,; 16 W
80279 Resistor; fixed; composnmn, 33008, ilo%, 1w
80385 Resistor; fixed; composition; 10 K& =10%%; 1o W
80332 Resistor; fixed; composition; 10 K& ilO‘,{-,; 1w
80186 Resistor; fixed; composition; 10000; £109;; Y2 W
80143 Resistor; fixed; composition; 6808 ==10%7; 1o W
80530 Resistor; fixed; composition' 150 K& :1:10‘7}, 1 W
80562 Resistor; fixed; composmon, 68 Ky 22106 1 W
80527 Resistor; fixed; comp05mon 150 K@ 5%, 14 W
80279 Resistor; fixed; composmon, 33008 1007, 1 W
80186 Resistor; fixed; composmon- 10008 £10%: 1o W
80143 Resistor; fixed; composmon, G804, :l:lO%, 1o W
80562  Resistor; fixed; composition; 68 K& =107 1 W

80273 Resxstor, ﬁxed composmon, 15008 :1:5‘/2, 1o W
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- V301

C-201A,
C-201B
C-202
C-203

J-201
M-201
P-201

R-201
R-202
R-203
R-204

TC-201

C-301
C-302.
M-301

R-301
R-302
R-303
R-304
R-305-
R-306
R-307
R-308
R-309
R-310
R-311
R-312
R-312

5-301

. 91004-1

BRC
PART NOT.

80332
80362
80273
80273
80062
80190
80032
ABODS516
A80170

C301752
82428
82428

301742
B301416.
A94156
AB0673
A301887
80015
80015

565-A

85071
83019
B301415

80498
80295
AB0148

- 80294

80419
AB81211
A81217-2
AS1211
80499
A81330
A8rizz
AB1123
80129

A301758

OSCILLATOR (Continued)
DESCRIPTION

Resistor; fixed; composition; 10 K% & 107, 1W
Resistor; fixed; composition; 68 Ki; 107; 1 W
Resistor; fixed; composition; 15000 £=51(; 16 W
Resistor; ixed; composition; 1500¢; =3 Yo W
Resistor; fixed; composition; 1008 =573 oW
Resistor; fixed; composition; 22085 =107,; 1 W
Resistor; fixed; composition; 33%; #=54¢; o W
Resistor; fixed; composition; 100 K5 10, ¥ W
Resistor; fixed; composition; 4708 =5, W

5763 wbe

Q CIRCUIT

Capacitor, variable; air; 30-£60 ppf
Capacitor, fixed; Hi K ceramic; .01 pfy +80%7, —20%;; 600 VDCW
Capacitor, fixed; Hi K ceramic; .01 pf; +8095, —20%; 600. VDCW

Connector, female; UG-535/U
Meter; "Mu_itiply Qby” .
Connector, male; UG-88/U

Resistor, fixed; 100 megohm; =159 at DC -
Resistor, fixed; Annular type; .020; =1%

Resistor, fixed; WW; =19, (to be selected)

Resistor, fixed; WW; =1, (per spec. # A302229)

Thermocouple Unir

Q VOLTMETER

Capacitor, fixed; flat plate ceramic; 0.1 xf; +80%;, —20%,; 600 VDCW
Capacitor, fixed; metallized paper; 0.1 uf; +309%;, —20%; 200 VDCW
Meter, "Circuit Q7

Resistor, fixed; WW; 22 KU =150 Yo W

Resistor, fixed; WW; 3.5 K& +17; 14 W

Resistor, fixed; composition; 1000{; £5%4; 16 W
Resistor, fixed; ilm type; 13008 £2%; 15 W

Resistor, fixed; WW; 32 Ki; 19, 1 W

Resistor, variable; WW; 3 K& 2W

Resistor, varizable; WW; 15009, 509, 502 triple section
Resistor, variable; WW; 3 Kix 2 W

Resistor, fixed; WW; 390 KO 107, 4 W

Resistor, variable; WYW; 10 KQ; 2 W

Resistor, varizble; WW; 2000

Resistor, variable; WW; 7509; SDA serial # 206 and up
Resistor. fixed; composition; 5100; 34 W; serial # 6 through 205

Switch, Lever General Control MCT:I P.3

BRC Type 535-A (Supersedes 105-A)



Q METER TYPE . 260-A . -

.. POWER 'SUPPLY

BRC
SYMBOL PART MO, DESCRIPTION

C-401 83102  Capacitor, fixed; electrolytic; 40 uf; 450 VDCW

F-401 93667 Fuse holder
95011 Fuse, 1 ampere; type 3AG

1-401 A303876 Lamp socket, miniature bayonet
90004 Lamp S$-47

J-401 301754  Socket, é prong; Jones #5-306-AB
J-402 301755  Socket, 4 prong; Jones ¥ 5-304-AB

1401 A301769 Filver choke; 10 hy; 80 ﬁig_;._240 ohms

P-401 301749  Connector, male; Jones P-306-CCT; 6 prong
P-402 301756 Connector, male;JpneSAP-?)OéfCQ'I;'é prong
B : :

R-401 80389 Resistor, fixed; composition; 4.7 K ==5%,; 2 W

R-402 80420 Resistor, fixed; composition; 33 KOy 4-5%; 2 W

R-403 80420  Resistor, fixed; composition; 33 K@ £=5%; 2 W

R-404 A81211 Resistor, variabley WW; 3 KQ; 2 W; SDA

R-405 A81418 Resistor, variable: W'W; dual 40 K; =109%; 40 W; w/switch

T-401  B301757 Transformer,-pov}er

V401 6X4 Tobe = °
V402 0B2 tube :
V-403 0A2 tube

VR-401 A85028 Voltage stabilizer
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260A-2
'REFERENCE DESIGNATION INDEX

T

S %gﬁ;’:;; ok Stipels Nurnber T Description ,.
’ ... C101 : 0160-0425 -~ C: fxd, mica, 250 ppF, =10%, 500 vdcw, button type
. Ccio2 0160-0491 C: £xd, cer, 47 puF, +2.5%, NPO, 600 vdew
: . C103 0121-0078 [ C: var, pyrex tubular, 1-8 upF
L C104 0160-0705 C: fxd, cer, 33 puF, +2.5%, NPQ, 600 vdew
C105 0121-0083 C: var, pyrex tubular, 1-12 uuF
C106 0160-0992 C: fxd, HiK cer, .01 pF, +80%, -20%, 600 vdcw
: C107 0150-0050 C: fxd, HiX cer, 1000 upF, +80%, -20%, 600 vdcw
i Cc108 0160-0425 C: fxd, mica, 250 puF, =10%, 500 vdcw, button type
Clo9 0160-0705 C: fxd, cer, 33 puF, =2.5%, NPO, 600 vdew
C110 0121-0083 C: var, pyrex tubular, 1-12 puF
P ) .
Cl11 0160-0440 C: fxd, cer, 47 ppF, 5%, N330, =500 PPM
C1i2 0121-0078 C: var, pyrex tubular, 1-8 puF
; C113 0150-0050 C: ixd, Hi K cer, 1000 upF, +80%, -20%, 800 vdew
{ . Cll4 0160-0425 C: fxd, mica, 250 ppF, =10%, 500 vdew, butfon type
: : C115 _ 0160-0438 C: fxd, cer, 22 puF, %2%, NPO, =60 PPM, 500 vdew
, - C116 0121-0083 C: var, pyrex tubular, 1-12 puF
; C117 0160-0440 C: fxd, cer, 47 ppF, 5%, N330, 2500 PPM
: : C1i8 0160-0748 C: fxd, cer, 5 upF, =%, =2 PPM
’ Clig 0121-0083 _C: var, pyrex tubular, 1-12 ppF
. Ci20 - . 0160-0443 C: fxd, cer, 100 puF, +20%, 350 vdew
! Cl21 - 0160-0748 C: fxd, cer, 5 puF, 5%, =2 PPM
- Cl22 01210083 "~ C: var, pyrex tubular, 1-12 ppF
. C123 T 0160-0442 ‘ C: fxd, cer, 68 pupF, +20%, 500 vdew
E Cl24 ‘ - 0160-0436 C: £xd, cer, 10 pufP, *£10%
! . C12s5 : . 0121-0078 | Cap,. var, pyrex mbular, 1-8 uuF
L Cl26 i 0121-0089 C: var, air, dual, 12.5-480 puF, 9,5-240 puf
| : c127 ©70160-0438 C: fxd, cer, 22 guF, +2%, NPO, +60 PPM, 500 vdew
{ 128 0160-0760 C: fxd, mica, 0.1 uF, *10%, 400 vdcw
; ) C128 0121-6092 C: var, air, 1.8-8,6 puF
C130 _ 0160-0992 C: £xd, HiK cer, .01 pF, +80%, -20%, 600 vdew
Cl131 0160-0734 C: fxd,  feed through caramicon, 1500 upF, =20%
C132 . - 0160-0734 C: fxd, feed through ceramicon, 1500 uuF, =£20%
o C133 0160-0734 C: £xd, feed through ceramicon, 1500 pp®, =20%
) SR o2 C134 S T 0160-0734 C: £xd, feed through ceramicon, 1500 puF, =20%
' c201A, B 00260-60021 C: var, air, 30-460 puF .
C202 0160-0992 C: fxd, HiK cer, .01 puF, +80%, -20%, 600 vdcw
o, C203 0160-0992 C: fxd, HiK cer, .01 uF, +80%, ~20%, 600 vdew
§ C301 0160-0704 C: fxd, flat plate cer, 0.1 uF, +80%, -20%, 600 vdcw
I 5 c302 0160-0168 C: fxd, metallized paper, 0.1 pF, +30%, -20%, 200 vdcw
- C401 0180-0024 : C: £xd, electrolytic, 400 F, 450 vdew
i - _ F401 2110-0G01 Fuse, 1 amp, type 3AG, 1i5 vac operation
; ‘ F401 2110~0012 Fuse, 1/2 amp, type 3AG, 230 vac operation
. 1401 2140-000%9 Lamp, 547
i‘ J201 Connector, RF, female, UG-535/U, not field replaceable,
' P/0O calibrated thermocouple TC201
; J401 1251-0408 Socket, 6 prong, Jones S-408AB
i J402 1251-0011 Socket, 4 prong, Jones S-304AB
| J403 1251-0148 Receptacle, 3 prong, ac line
) L1101 0026080008 Choke, RF, 12 phy
; Lio2 5080-1701 Choke, RF, 50 phy
! L4021 ‘ 9110-0096 Choke, filter, 10H. 80 ma, 240 de chms

AT T Ve B L e - e, B O
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REFERENCE DESIGNATION INDEX

2100-0843

TN -

” %:i?g:fiin Stock N‘{mbe?? B . Description

M201 1120-0333 Ifeter, muliiply Q By

M301 1120-0332 Meter, Circuit @

P201 1250-0061 - Conmnector, RF, male, UGS88/U

P401 1251-0407 Cennector, male, Jones 8306C0C

P402 1251-0010 Connector, male, Jones P304CC

R101 0637-1021 R: fxd, comp, 1000 ohms, %10%, 1/2 w

R102 0687-6811 R: fxd, comp, 680 ohms, =10%, 1/2w

R103 0640-3321 R: {xd, comp, 3300 ohms, +10%, 1w

R104 0687-1031 R: fxd, comp, 10K ohms, 10%, 1/2 w

R105 0630-1031 R: fxd, comp, 10K ohms, *10%, 1w

R106 0681-1021 R: fxd, comp, 1000 chms, +10%, 1/2 w

R107 0687-6811 R: fxd, comp, 680 ohms, =10%, 1/2 w

R108 0690-1541 R: fxd, comp, 150K ochms, 0%, 1w

R109 0690-6831 R: fxd, comp, 68K ohms, 210%, 1w

R11¢ 0686-1545 R: fxd, comp, 150K chms, +5%, 1/2 w

R111 0640-3321 R: fxd, comp, 3300 ohms, =10%, 1w

R1i2 0687-1021 R: fxd, comp, 1000 ohms, =10%, 1/2 w

R113 0687-6811 . R: fxd, comp, 680 ohms, +£10%, i/2w

R114 06206831 R: fxd, comp, 88K ohms, =10%, 1w

R1i5 0686-1525 R: fxd, comp, 1500 ohms, =5%, 1/2 w

R116 0690-1031. R: fxd, comp, 10K ohms, =10%, 1 w

RI117 © 0690-6831 R: ixd, comp, 68K ohms, =10%, 1 w

R118 . 0680-1525 - | R:fxd, comp, 1500 ohms, =5%, 1/2 w

R11% 0686-1525 . R: xd, ‘comp, 1500 ohms, =5%, 1/2 w

R-120 0686-1015 - . R: fxd, comp, 100 ohms, 5%, 1/2w

R121. 0690-2211 R:Ixd, comp, 220 chms, =£10%, I w

R122 0686-3305 R: fxd, comp, 33 ohms, =%, 1/2 w

RI123 0687-1041 R: fxd, comp, 100K chms, =10%, 1/2 w

R124 0886-4715 R: fxd, comp, 470 ohms, =5%, 1/2 w

R201 0732-0001 R: fxd, comp, 100 megohms, +15% at de

R202 R: ﬁcd,'annular type .02 chm, 1%, P/O calibrated

I g thermocouple TC201 .

R203, 204 T R: ixd, 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: {xd, comp, 1000 ohms, +5%, 1/2 w

R304 07270944 R: fxd, film type, 1300 ohms, 2%, 1/2 w

R305 0811-0239 R: fxd, WW, 32K ohms, 1%, 1w

R3086 2100-0829 . R: var, WW, 3K ohms, 2w

R30T ‘00260-80003 R: var, WW, 1500 ohms, 50 ohms, 50 ohms triple section

R308 2100-0829 R: var, WW, 3K ohms, 2w

R309 0811-0291 R: fxd;, WW, 39K ohms, 1%, 1/2 w

R310 2100-0828 ‘R: var, WW, 10K ohms, 2 w

R311 © 2100-0844 R: var, WW, 200 ohms

R312 2100-0845- R: var, WW, 750 ohms, SDA sérial#206 and up

R312 0686-5115 R: fxd, comp, 510 ohms, 1/2 w, serial #6 through 205

R401 0692-4725 R: fxd, comp, .4.7X obhms, 5%, 2w

R402 0770-0006 R: fxd, comp, 15K ohms, 5%, 2w

R404 2100-0829 R: var, WW, 3K ohms, 2w

R405A,B

R:'var, WW dual, 40K ohms, includes Power on Switch

RTINS




[E———
i
]

3 : 260A-2
j REFERENCE DESIGNATION INDEX

g R
} Reference . ’ __
i
é Designation Stock Number Desecription
8301 3100-0800 Switch, Lever General Control MCT-1 P-3
T401 9100-0235 Transformer, Power
TC201 00250-60076 Thermocouple Unit, calibrated. Includes R202-204, C202,
C203, Specify instrument serial number when ordering
i
1
/ V1ol . 1923-0003 Tube, type 5763
. . V301 ] 00260-80005 Tube, RCA 1659, special manufacture. Selected.
; : V40T 1930-0016 Tube, type 6X4
’ : V402 19400007 Tube, type OB2
¥ a : V403, 1940-0004 Tube, type OA2
VR401 9100-0265 Voltage Stabilizer
Xr401 1400-0084 Fuse holder
XJ1401 1450-0092 Lamp socket. Miniature bayonet.
XViol 1200-0019 Socket, tube, 9 PIN
XV301 1200-0015 Socket, tube, 6§ PIN
. XV401, 403 1200-0131 Socket, tube, 7 PIN
| X .
; : . . Undesignated or Mechanical Parts
00250-60041 Wiper contact, Replaces 00250-00040. * .
! : 00260-60017 Coil and Cradle Assy, range 1 and 8
i ‘ 00260~60018 Coil and Cradle Assy, range 2 and 3
o : 00260-60019 Coil and Cradle Assy, range 4 and 5
00260-60020 Coil and Cradle Assy, range 6 and 7
|
§ 00260-60035 Binding Post Assy, includes 4 birnding posts, teflon
insulator, mounting plate
00260-20012 Binding Post, finger nut
00260-60C09 Thermocouple Cable Assy
! / 0370~0023 Knob - AQ BALANCE (Fine)
) : 0370-0028 Knob - Vernier Drive (Frequency)
‘ ‘ - Q ZERO ADJUST
} - XQ FINE

; - Verier Drive (Capacitor)
Vernier Drive (Q Capacitor)

1

‘ 8370-0029 Knob - XQ COARSE
i
. 0370-0038 Knob - Frequency Conirol
) 0370-0044 Knob - @ Capacitor
0370-0173 Enob - Frequency Range
i, . 00260-60039 Knob - AQ BALANWCE (Coarse)

z! {includes dial}

i . *00250-00040 has a 45 degree tzh. To replace,
] : use a solder lug and 00250-00041 with tab removed
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 MANUAL CHANGES

Manual Serial Prefixed: not applicable

BP Part No.: none

s e e i it

. To adapt this manual to instruments with other serial prefixes check for errata below, and make changes
shown in tables.

e

Instrument Serial Prefix. Make Manual Changes Instrument Serial Prefix Make Manual Changes
All 1
1034 1, 2 ’
1207 1,2,3
© 123445 1 thru 4
A New or revised itemn.
CHANGE 1. _
Add: Refererce Designation Index to mamual.
Note - . K

The three pages attached to this Mamual Change are a Reference Designation Index

for the 260A Q-Meter, manufactured by Hewlett—Packard under the Boortor Radio

Co. trade name. This information replaces the Electrical Components list given
in the instruction manual for this instrument.

- Identify replacement parts by their Hewlett~Packard steek numbers as given in this

CHANGE 2.
Reference ‘Designation Index

page 2.

change:

add:

Manual Ckange, and address your order or inguiry to your Hewlett—Packard Sales
Office. S

To order thermocouple unit TC201, or meter M301, include the instrument serial
nurnber with your order.

1401 to 1450-0433 Lampholder, white
J403 to 1251-2357 Conmector, ac power
W401 8120-1348 Cable Assembly, ac
5402 3101-1234 Switch, slide
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CHANGE 3

The standard colors for this instrument are now mint gray (for front panel)and
olive gray {(for all other surfaces). Option X9%5 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 below:

DESCRIPTION HP PART NO.
STANDARD | Option 285 Opticon X95
Pront Panel 00260-00047) 00260-000424 Refer tc
_ Manual Parts List
Cabinet Ass'y 00260-50078 00260-60078
»CHANGE 4:

" ‘Thermocouple Unit TC201 has been redesigned so that the same zssembly now used in new pro-
duction can be used as a replacement in any 260A or 260AP regardless of its serial number, The
new assembly can be replaced only in its entirety, no individual components are field replaceable. - .
On the attached Refersnce Designation Index, change the HP Stock No. from 00280-80076 to
00250-60073. Also add'the note, "not field replaceable”, to the listings of C202, C203, and
.. . R202-R204.. A Service Note detailing the replacement and calibration procedures for the new
assembly is avallable. Its number ig+«P-00250-60073.

- ) On the attached Reference Designation Index, change the Stock No. of L102 from 5080 1701 to
. ‘ 8100-1530, and change the listed inductance to S51uH.

2-5-73




j - - 260A Q METER

. . Reference Designation Index
L ' All Serials.

The three pages attached to this service note are a Reference Designation Index for
i the 260A @ Meter, manufactured by Hewlett-Packard under the Boonton Radio Co. trade
name. . This information replaces the Electrical Components list given in the instruction

ma_uno'l for ﬂ'ns instrument

MaliTeite

; i Identify replacement parts by their Hewlett-Packard stock numbers as given in this
! service note, and address your order or inquiry to your Hewlett-Packard Sales Office.

To order thermocouple unit TC201, or meter M30{, include the instrument serial
number with your order. :

Gfun Pand Road, Rochwy. Now Jortoy orase. USA Tei-1201) 627-6¢00
@ !urauo- u ﬂcuro dl;tlur.-»u. Gomn. Smlnﬂlnd Cdbh: 'HE WPACKSA" M fﬂ&” ¢5. &&&ﬂ
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HEWLETT E‘PAGKARD

SALES & SERVICE OFFICES
AFRICA, ASIA, AUSTRALIA

AMERHCAN SAMOA

Caleutators Only-

Deeanie Systems Ing,

P.Q, Box 777

Pago Pago Bayfront Road
Page 96793

Tek: B33-5513

Cabte: OCEANIC-Page Pago

ANGOLA

Teiectra
Empresa Téenica de

SARL
. Barbosa Rndnquﬁ 42-PDT>
Cauu Postal, 6487

Luanda.
Tel; 38515/6
Cable: TELECTAA Luznda

AUSTRALLA
HM:nLPmadard Australiz
31-41 Jose;

osepht Streed
Blackbum, Victoriz 3130
2.0, Box 35

GuaM Blue Star Lid.
MedicalPocket C: Uniy i i
Guam Medica Supply. | e/ 1678 Mahatma Gandhi Rd.

Jay Ease Buxldmc. F.ocm 218
£.0. Box 894
99911

Tamuni
Tel: 546-4313

Canla EARMED Guam
HONG XONG -

Scnrm'ct & cn.(Hnnq Xong) Lid,

F.0. 3
Cnrn%ilugm c:mre

Cunnauqm Road, Central

Tei: H-Z.552 -5
Telex: 74756 SCHMC HX

Cable: SCHMIDTCO Hong Kong -

INDIA

Blue Swmr Lid.

Kagturi Buildinqs

Jamshegi Tata Rd.
00 020

T zg?ﬁ a1 -

Doncaster Exxt. Victoria 3109 _ Teltx: 2156

Tel: 89-5351
Telex: 31-024
Cablez HEWPARD Melbourne

Hewlett-Packard Australia
3t Bndg: Street

Pym|

New Seum Wales, 2073

Tel; 443-5566

Telex; 21561

Cable; HEWNPARD Sydney

leenﬁackam Aystrafia
o,

153 Greenhilt Road

Patksice, 5083, 5.4, .
Tek: 272-5911

Telex: 82536 ADEL

Cable: HEWPARD AGELAIDE

Hewlen-Packard Australia

141 .rimi Highway
Nediands; WA_ 6005
5-5455

, 8

Telex: 3550 PERTH
Cable: HEWPARD PERTH
Hewlett-Packard Australia

. Lid. -
121 nllangnng Street

T. 26809
30 Canberrz
Cable: HEWPARD CANBERAA
Hewlstt Packard Ausoalia
Ply. Lid.

Sth Foor
Teathers Union Building

485429 Boundary Street
?pn ng Hill. 400!] Queenstand
el 2

29-1544
Telex: 42133 BRISBANE

Cabler BLUEFHEST
Elue Smr L.

41412 Vir Savariur Marg
Pmbn:m

0€l 025
TH' 4578 87
Telex: 4393
Cable: FROSTBLUE
Blue Star L1g.
Bantt Box House
Prabhadevi .
Bombay 409 025
Tel: 45 73 01
Telix: 3751

.Cable: BLUESTAR

Blue Star Ltd.
1440 Ciwi) Lines
Kangur 208 01
Tel: 6 38 82

Telex: 292

Canle: BLUESTAR

Blue Star Lid.

7 Hare Street

7.0, Box 508
Catcutta 700 01
Tel: 22-0131

Telex:, 7655

Cable: SLUESTAR
Blue Star Ltd,

7it & 2th Floor
Bhandan House

97 Mehr Place

New. Dolhd 110024
Teh: 634770 & 535166
Telex: 2453

Cable: BLUESTAR
Slue Star Lig,

Slue Star House
114114 Magarain Roae
Bangalere 560 025
Teh 35608

Telex: 430

Cable; BLUESTAR

Cochin 882 016 Kerala
Tel: 32069, 32161, 32282
Telex: Q28-512

{avte: BLUESTAR

Blye Star Ltd.

1-1-1171

Sarojini Devi Road
Secunderabad 500 03
Tel: 70126, fh27

Cable: BLUEFROST

Tetex: 439

Biue Star L1,

2734 Kodambakean High Road
Madras 500034

Tei: BZDSG

Telex: 041-379

Cable: BLUESTAR

Bive 5tar Ltg.

Nathraj Mansions

2nd Floor Bistupur

Jdsmshedpur 831 001
o 7383

Cabie; BLUESTAR
Teiex; 230

INDONESIA

BEACA Indonesia P.T.

P.0. ‘Box 495

15t Fl.,ur JL. Cikdni Raya 61
Jakarta

Tetz 56038. 40369, 49885
Telex: 42385
Cable: BERCACUN

BERGA Indonesia P.T.
63 JL. Raya Gubeng
Surabava

Tek: 44309

SSRAEL

Electronics & Engineering Div.
ot Motorola Israsi Lid.

6. Kremenetski Streat

F.0. Box 25015

Tal-Aviv

Tel: 03-388 73
Telex; 33559
Gabler BASTEL Tel-Aviv

SJAPAN
Yokogawa-Hewlen-Packarg Lid,
Ohashi Builging

1-58-1 Yoyogi

Shibuya-ku, Tokyo N
Tel: 03—370-2231.'92

Talexr 232-21
Cabie YHPMAF.KEF TOK 23-T24
Yokogawa-Hewiett-Packard L,
Nisser Ibaraki Building

28 Kasuga 2-cnrome, Ibarakd-ghi

Caa 562"
'fel (0726) 22-1843

et 5332-385 YHP OSAKA
Yukogawa-szm-Paclara Lid.
Nakamo Building
2& Kami Sasafima-cho
Nakamuza-ku, Nagoys , 450
Telk: {032) 571-5111

Yokogawa-Hewleti-Packasd Lig,
Taniggwa Builging

2-24-1 Tsuruya-¢hog
Kanagawa-y

Yokohama, 22t

Tei: 045:312.1252

Telex: 382:3204 YHP YOK
Yokagawa-Hewlett-Packard L1d,
Mito Mitsui Suilding

105. 1-chreme. San-no-mary
Mito, Ibaragi 310
Teir: 0292257470
Yokogawa-Hewlent-Packard Lid,
Inoue Building

1348-3. Asahi-cho. 1-chome-
Atsugi. Kanagawa 243
Tei: (452-22-0452

Yokogawi-Hewlett-Packard Ltd.

Inpue Building

1348-3, Asahi-cho. 1-chome
Ataugl, Kamagawa 243

Tl 0462-24-0452

‘Yokogawa-Hewiett-Packard Lid.

Kimura Building
Flocr 20
2Z-chame, Tsukeba
Kumagay- Sallama 350
Tel (485-24-
KENYA X .
Technical Engineering Services
{E.A)L.

NEW ZEALAND

Hewiert-Packard (N.2.} L.

4.12 Cruickshank Streat

Kilbirnie, Weitington 3

Maiking Address: Hewlett-Packasd
iN.Z) L.

P.0, Box 9443

Courtney Place

Weilington

Ted: 877-139

Teiex: NZ 3839

Cavle: HEWPACK Wellingror

Hewlent-Packard (N.2.) Lid.

“Pakuranga Protessional Centre

267 P2kuranga Highway

8ox 51092

HZ 383%

Cable: HEWPACK. Auckiand
AnalyticaliMegical Only -
Medical Suppiies N.Z, L1g,
Seientifie Dwision
78 Cariten Gare Rd., Newmarket
2,0, Box 1234

Auckland
Tel: 75-289
Telex: 2958 MEDISUP
Cable: DENTAL Aucklang
Astizaecical Oy
‘Jeo;ca Suuul:es N2 1,
P.O. 1994
147- 151 Tﬂw St

Jel: 5577264555762 Weilli

Cable: PROTON Tel: B“D-TEB

Medical Only é:ltelx! Dj\I“AL Wellingien
international Aeradlo(E.A,LIc., 3
.0. Box 19612 ﬁﬂ&ﬁgnﬁ:;nl”og:yud
S S e
Tei: 335055i5€ tanmore Roa

Telex: 2220122301 Chrisichureh

KOREA Tel: BS2.018 )
Samsung Biectronics Co.. Lg,  o20ie: DENTAL, Canisteturen
20th Fl. D Bidg, 250. Aedical Only

2-KA , G.P.O. Box 2175
;aepw‘mg-nu. Chung-Ku
Telz (24) 2410—9
Teiex: 22373
MALAYSIA
Teknik Mutu Sda. Bhrd.
2 Lorong 13/6A
gmépn 1.I3 Sel
waling Jaya,Selangor
Tl KualaaE:mpur-Sﬂsi
Telex: MA 376505
Peatel Engineering
P.0. au:?sw 9
Lul 259, Satok Road
Kuching. Sarawak
Tei: 24

MOZAMBIQUE
AN, Gongalves, Lia,
162, ©* Apt. 14 Av, 0. Luis
cauz Postat 307 -

urenco Margues
Te! 27088, 27114
Tee 5e2013 Negon Ma

Megigal Supplies N.Z. Lm
303 Grear King Street
P.0. Box 223
Dunedin

Tel; 281

Cadle; DENTAL Dunedin

NIGERIA

The Electronics
instrumentations Lid.

NEB/TT0 Qyo Road

Cluseun Rouse

P.M.B. 5402

Ibactan

Tai: 51377

Telex: 31231 TEI. Migeria

Cabla: THETEIL igadan

The flectronics Instrumenta-
Hons it

144 Ag:ge Motor Acad, Mushin

P.0. Eox 6643

Lagos
Cable: THETEIL Lages

PAKISTAN

Mushka & Comoany. Lid.
Ogsman Chambers
Abdulizh Haroon Road
Karachl-3

Tel: 51102? S12927
Telex: ¥

=1 COOPERJ\TOFG Karacht
Mushko & Company, L,
338, Satelite Town
Rswalpinadl

Tel: 41924

Cable: FEMUS Rawainingi

PHILIPMNES

The Onling Advancad Svstems
Corporation

Filcapital Blog.

11th Flgor. Avala Ave,

Makali, Rizat

Tel: 85-34-91. 35-35-81

Telex: 3274 QNLINE

RHODESIA

Figld Teehmieal Sales

43 Kelvin Aoag Norih

2.0, Sox 3435

Salisbury

Tei; 703231 {5 lines)

Telex: RH 4122

SINGAPCRE .

Heme:!-Packars Singasore
Pe.)

Bik. 2. sm Hcor Jatan
Bukit Merah

Redhill Industrial Esigte

Alexanara P.O. Box 38,

Singapare 3

Tel: 533022

Telex: HPSG RS 21485

Cable: HEWPACK. Singapore

SOUTH AFAICA

Hewlen-Packarg Souin Aftica
Py.). L.

Private Bag Wendywood

Sangton, Trangvae 2744

Hewienr-Packard House

Daphne Strest, Wandywoad,

3-271
Catle: HEWPACK JOHANNESBURG

Hewlen-Packard South Alrica
). Lid,
P.0. Box 120

Huward Placs. Cape Province. 7450

Pine Park Center, Forest Orive.
Pinetancs, Cape Province, 7405
Tel: 53-7955 thy §

Teiex: 57-0005
Hewlett-Packarg Soutr Atrica
P.0. Box 37699

Overpoet. Durban 3067

B41 Rigdge Road, Durban
BDurban, 4001

Tet: 88— ATHG

Telex: 67954

Cabie: HEWPACK

TAIWAN

Hewlern-Packary Far €25t L19..
Takwan Brancn

3% Chung Shian West Road
Sec. 1. 7th Aloor

dipei
Tel: 38191604 (5 Lines)
Telex: 21824 HEWPACK.
Cabiez HEWPAGK TAIPE!
HewieT-Packard Far Sast Lia.
Taiwas Braneh
68-2. C‘\ung Cheng 3rd. Rgad
Kaghsi
Tel; rCl'i') 2»23TB-Kaahsmng
Analytical Only
San Kwang Instmmen[s Co.. LW..
No, 20. yung Sui Agad
Taipet. 100
Tel: 3715171-4 13 lines)
Telex: 22894 SANKWANG
Cable: SANKWANG TAIPEI

TANZAH!A

Medic rr

lmernannna Aeraam tEA) L.
P.0. Box

Dar-saalaam

Tel: 21251 Ext, 265

Telex: 41630

THAILAND

UNIMESA Co., Lid.
Eicom Research Building
Eang]ak Sukunmit Ave,

TPJ:n?ZiZSE?. 830336
Cable; UNIMESA Bangkek

UGANDA
Medical §
InlernalsunJAeradxn{EA }, L.,
io Box 2

ampasa
Tei: 54328
Cahle; INTAERID Kampala
ZAMBIA
A.J. Tilbury {Zambia) Lta.
#.0. Box 2792
!.usaka
Tal: 73793
Cabie: ARJAYTEE, Lusaks

OTHER AREAS NOT LISTED, CONTACT:

Paio Ato, Caiffomia 84304
Te: (415) 483-1507
T 910-373-1267
Cable: HEWPACK Pao Afg
Tete: 034-8200. 034-8483

CANADA
Hmie!tn;;csk;vg (Carada) L1d-

Tel: (403) 452-2670

TWX: §10-831-2431 EDTH
Hewlett-Packard (Canada) Ltd.
1542 Ave $.E, Suite 102

Cal 726 121
w:l%'tg) 287-1672
T GI0-820-Gldl

BRIMISH COLUMBIA

Hewlert-Packard (Canada) Lra,
L83

7 E. Cordova Streee
¥Yancouver V5A JRZ
Tel: {604) 254-0521
TWit: 610-922-5058 VCA

ONTARIQ.
Hewilet-Packarg gCanaua) L.
as Woodwa

X2 0Py

TB” (513] 228- 5530

TWX: 510-562-3968
Hewlen-Packard {Canawa) Lis.
G877 Goreway Drive
Miazigspuga L4V IM5
Tel {416} £/8-9430
TWX; 610-452-4245

QUEBEC

Hewlett-Packara (Canadat Lid.
275 Hymus Eivd.

Pointe Claira HIR 167

TLX: 03821521 HOCL

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlett-Packard (Canada)
L. in Mississaugz.

CENTRAL AND SOUTH AMERICA

ARGENTINA
Hewiett-Packard Argentina
SA

A, Leandra N, Alem 822 - 127

blic Booth N* 9
Ca.bse- HEWPACK ARG
BOLIVIA

Stambuk & Mark (Belivia) Lida,
Av. Maﬂscal Sants Crux 1342

Tel 40626 63, 52421
Tetex: 3560014

Cale: BUKMAR

BRAZIL

Hewrlett-Packard do Brasil
LE.C. Ltda.

Avanida Al Negro, 980
Alphaville )

06400 Barusrla Sso Paulo
Tel: 429-2148/9:423-2118/9

Howleft-Packard go Brasi
I.E.C. Ltda.

'drto
Tet: (0912} zz—asea 22-5621
Cable: HEWPACK polto Alegre

Hewlett-Packarg do Brasi
LE.C, Lica,
Ruz Slquwa Campos, 53, &
anaar-Cupacadana
20000-Rlo de Janairo-GB
Teir 257-20-34-000 (021}
Teiex: 39-212- I905 HEWP-ER
Cable: HEWPA

Rig de Janenrn

SHILE

Calcagni y Metcaife Lida,
Alameda 580-0f, 307
Casilia 2|1E

Santiago, 1

el 398513

Telex: 3520001 CALMET
Cable; CALMET Santiago

Medical Qnly

gaenera: Machinaty o, Lida.
raguzy 484

Casilla 13910

Santlago

Tek: 31723, 31128

Cable: GEMCO Santiaga

MANITOBA NOVA SCOTIA
Hewlent-Packard (Canaga) Ltd, Hewlett-Pacxard {Canadal Lid.
513 Century St. 260 Wingmill Roag

§t. James P.0, Box 9311

Winnipeg R34 OL8 Dartmouth 82Y 326

Tel: (204% 786-7587 TH :BQZ) 459-7320

TWX: 810-671-3331 X2 5l0-27|-¢462
SOLOMBIA Calculaters Qaty
tnsrymentacicn Gomputaceras ¥ £Quipos
Henni 4, L & Kiet S.A.

Carrera 7 Me. 48-75
Apartago Adreg 5287
Bogots, | D.E.

Tet: 63-38-77

Casle: AARIS Bogota
Telgx: 044-200

COSTA RICA
Ciennfica Cosrarricense S.A.
Calle Central, Averidas 1y 3
Aparado 10759

n J
Tek: 21-86-13
Cabie: GALGUR San Josg
ECUADOR
Medical {nly

AF. \nscamn Compania Lida.
Av. Rip Amazonas No. 239
P.0. Sox 2325

ulte
Telz 242-150,247-033/034
Cable: Astor Guith

P.C. Box
990 Tol edn (y Cordera)
Quit

n
Yel: 525-962

Telex; 02-2113 Sagna Ed
Cable; Sagita-Quita

MEXICO

Hewien-Fackard Mexicana.
SA de GV,

Torees Agaiig No, 21, 171° Pigg,
Gol. ge! Vaile

Mexics 12, DF,

Tel (905) 543-¢4-32

Telex; 017-74-507

Hewlett-Packard Mexcana.
S.A. ¢

EL SALVADOR

Instr n y P Ave, C: idn e, 2184
Electranico ne el Salvacor Maonterrey, N.L.

Bulevar de los Herges 1:48 Ted: 48-71-32, 48-71-84

San Satvador Telex: 038-843

Tel: 252787 NICARAGUA

GUATEMALA Roberto Terdn G.

IPESA
Avenida La Relorma 3-48,
Zona g

Tek: 53627, 64786
Telex: 4192 Teletro-Gu

Apartagy Postal 689
Edificip Terdn

Mansgus

Tel: 25114, 23412,23454
Catle: ROTERAN Managua
PANAMA

Electrdnico Baiboa. S.A.
P.0. Box 4829

Calle Samuel Lewis
Cuidad de Panama

Ton:
Telex: .'!43 10 Curunda.

Canzl Zone
_Gable: ELEG'I'FIUN Panama

PARAGUAY

L.J. Melamed 5.8,L

Divisidn: Aparatos y Equmus
Edi

Qicos

Divisidn: Aparatos y Equipos
Clentificas y de Inveshgacein

P.0. Box 676

Crile-s82, Edifice Victona

Agzuncion

Tal: 4-5069, 4-6272

Cable: RAMEL

PERL
Companilz Electro Mégicz S.A.
Los Flamencos 145

San Isigro Casil'a 1030

Lima 1

Yei: 41-4325

Laple: ELMED Lima

PUERTO RICD
Hewlent-Packard Inter-Americas
Pyertg Rico Sranch Office
Calle 272. Urb, Country Club

Larolina 00639
Tel. (309) 762- 7'35517455)7555 n
IPIC-PR 3450514

URUGUAY

Pablo Ferrando S.4.
Comercial & Industrial
Avenica ltaliz 2877

Casiia de Correp 370
Montevigeo

el 30-3102

Cable: RADIUM Mantevicen

YENEZUELA
Hewient-Packard de Venezussa

C.A

Apartago 50833, Caracas 105
Edificio Segre

Tercara Transversal

Los Auices Norte

Caracas 107

Tel: 35-01-7, 35-00-84,

Catle: HEWPACK Caracas
FOA AREAS NOT LISTED, CONTACT;

JZOD Hithvigw Ave,
Palo Alto, Califprniz S48

- Tek (435) 4831501

910-373-1250 .
Sable: HEWPAGH Ralo Al
Telex: 034-8209, 034-3453
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EUROPE, NORTH AFRICA AND MIDDLE EAST

Tei EDZZEI :!S 15 21w
cable: HEWPAX Vignna
Telex 75923 hewpak 3

BSELGIUM
Hewlett-Packarg Beneiux
SARY,

Avenye de Cob-ver, 1,

Telex; 23 484 paloden bru
CYPH‘US

15 Gf:gunus & Xenopoulos Ad,
P 0 Sox 1152

reos!.l
T:| 4562828
Cable: KYPRONICS PANDEHIS
Teiex: 3018

CZECHOSLOVAKIA-
Vywojova 3 Provezni Zakiadna
Vymumiyeh Listavu v Bechovicdeh
CSER-25057

Bachovice u Praty
1o 853 83 41
Tetex; 121233

Ewmuklungs!aw dar TG Dresden

ForschungsinsFtut Meinsbersg

DOR-730:
Waldheim/Meinsberg

Tai: 37 B8
Telex: 518787
Frma forgber
Scmegelstmsse 15
1040 Berlin
Tel: 28 27 417
Taex 112389
DENWARK
Hewlett-packard A/S
Dawve 52

DKa2450 Birkerod
Tel: (07} 81 68 40
Cable: HEWPACK AS
Telex: 165 40 hpas

Henleﬂ Packard NS

DK-asuo Sllknborg
Tel (05) B2 71 66
Telex; 166 40 hpas
Cable; HEWPACK AS

FINLAND

Hewlan-Paciars JY
Kankahousunte 5

P.0, Box &
. SF-OOZH Halslnki pal

Tei: 65230

Cabie: HEWPACKDY Hetsinkd
Telex: 12-1563

FRANCE
Hewlett-Packard France
Quarnes de Courtaboeut
Boite Postale Na. §
F-81401 Crsay Cddex
Tei: {1) 907 76 25
%able: HEWPACK {rsay

Hewleﬂ-?ackard Framce
“Le Saquin™

Chemin ass Mouilles

Bcite Postale No. 12

F-68130 Ecully

Tei: {78) 23 8% 25,

Cable: HEWPACK Eculy

Telew: 310617

- Bewhett-Packand

Hewlett-Packard France
Agence Régianale

Péncentre oe la Ceouae
Chemin ¢ lx Capiere,

£-31300 ‘I‘oulnuu-Lt Hlull
Tek{B1) 40 71 1

abte: HGWPACK 51957
Tetex: 510957

Hewlen-Packarg France

Agence Regionale

Aéroport plincpa de

Marseille-Marignzne

F-13721Marignane

Tei; (913 89 12 26

Cabia: HEWPACK MAAGH

Telex; 410

Hewlett-Packard France

Agence Régionale

£3, Avenue ge Rochester

Belte Postaie

F:35014 Rennes Cédex

Tel; {99) 36 33 21

Cable; HEWPACK 74912

Tetex: 730972

Hewlen-Packargd Franca

Agence Régismale

74, Afide de 1a Robertsay
00 Strasbourg .

Tel (88) 35 23 2021

Telex; 890

Cable: HEWPAEK STREG

Hewlent-Packard France

Agence Régionale

Centre Vauban

201 rue Colbest

5000 Lille
o (200 51 44 14
Telex: 320743

GERMAN FEDERAL
AEPUBLIC

Hewiat-Packard GmbH
Venriahszentrale Frankiort

Tet: (D673 50 041

Cable: HEWPACKSA Frankiur
Telex: (4 13249 hptinnd
Hewlett-Packard GmbH
Technisches Buery Bbblmgen
Herrenbargerstrasse 1

0-7030 Bsblingen, Wnrmemberg
Tel: {07031} GEn 1

Cabie; HEPAK Biblingen
Telex: (7265739 bhn
HewltR-Packare GmpH
Technisches Buera Dilsseldort
Emapusl-Leutre-Str. 7 (Seesten)
D-4060 Dusseldort

Tel: {0211) 58 T1-1

Telex: 0BS/26 533 hood d
EmbH
Technisches Buern Hamburg
Wendenstrasse 23

D0-2000 Hamburg 1

Tek: (040) 24713 53

Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hoh ¢
Hewlett-Packard GmbH
Teghpisches Buerc Hannover
Am Grossmarkt §

J-3000 Hannover 91

Tel: (0511} 46 60 01

Telex: 092 3259
Hewlelt-Packard SmiH
Technisches Buero Nuremberg
Neumeyer Str. 50

-8500 Nurem
Tel: 10911)55 30 33/85
Telex; 0523 850

Hewlet-Packard GmbH
Teenmisches Buery Milnchen
Umerhachinger Strasse 28
ISAR Center

0+8012 Ottobrunn

Tel: {089) £01 30 5117
Cable: HEWPACKSA Mdnchien
Telex: 0524985
Hewlen-Packard GmbH
Techrisches Buero Berlin
Keith Stragse 2-5

0-1000 Beriin 30

Tel: (030} 24 90 86

Teiex: 18 3405 hpbin &

GREECE

Kostas Karayannis

18, Ermou Street
GR-Athens 125

Tel: 323773

Cable: RAKAR Athens
Telex: 21 58 B2 rkar gr

.ﬁﬂa!aﬂicai Only

G Pagatnanassicy & Co.

Gable: INTEKNIKA Athens
Telex: 21 5329 INTE GR
Medgical Only
Technomed Hellas L,
52.5xouta Street

GH - Athens 135

Teiz 362 6372, 363 3830
Cable:etalak athens
Tetex: 21-4693 ETAL GR

HUNGARY
MTA

Miiszarigyt 65 Mérsstachnikei
Smlgzlata

Lemm Krt. 67

1391 Budapest VI

Tel: 42 02 38

Telext 22 51 14

JCELAND

Medical Only

Eiding Trading Company Inc.
Hatnarhvoli - Tryggvatohy
IS-Reykjavik

Tel: 158 20

Cable: ELDING Reykijavik
IAAN

Hewlett-Packard lran Lig.
No. 13, Fo
Miremad Avenue

P.0. Box 41/2419
IR-Tehran

Tel: 851082.7

Teiex: 213405 HEWP 1A

IRELAND

Hewletl-Packard Lie,

King Street Lane .
GB-WinrershWokngham
Berks. RGT1 5AR

Telt (0?34 ?B 47 74

Telex: B4

ITALY

Hewlen-Packard Mtaiiana S.p.A.
Caselia pastale 3845

1-201100 Milano

Ted: (2 5251 {10 lines)

Cable: HEWPACKIT Milang
Telex: 32045

Rewlett-Packard ltaliana S.p.A
Via Pietro Maroncelii 40

(ansq. Viz Visentin}

1-35100 Padova

Tel: (435) 6648 88

Telex: 41612 Hewpacki

urteenth St. v o

Medizal only

Hewlett-Packard Itaiiana 3.0.A.

Via dAghiardi, 7

1-56100 Plaa

Tet: (0501 232 04

Telex: 32045 via Milano

Hewtett=Packard aliana 5.p.A.

Via G. Armeiling 10

100143 Roma

Tel; {06) 33 63 6)

Telex: 51514

Canle: HEWPACKIT Roma

Hewlent-Packard italiana S.p.A.

Via San Cuinting, 46

1:10121 Terine

Te| [011) 52 B2 64/54 B4 BE
elex: 52046 via Mitano

Mednzll(:atculalnrs Only

Hewlet-Packard italiana S,p.A,

Via Principe Nicola 43 GiG

1-95126 Catania

Tel:(095) 37 05 04

Hewlen-Packarg Italiats 5.p.A,

Via Amerigo Vespueti, §

1-801142 Napoll

Tek {83377 11

Hewlett-] Par_kard Itafizna 5.p.A

Via E. Masa

=40137 Bologna

Tel: (ﬂSI) 307887

KUWAIT

Al-ghaldiya Trading &

Contracting Co.

P.0. Box 830

Kuwait

Tel: 42 48 10

GCable: VISCOUNT

LUXEMBURG
Se:len—Pamrﬂ Beneiux

J!
Avense du Col-vert. 1.
{Grn:nkraaulaan)
-1170 Brussals .
el: {02) 572 22 40
Cable PALDEEN Brussels
Telex: 23 4

MORCCCT

erep
180, Bivd, Brahim Reuczni
Casabianca
Tel: 25-15-75/25-30-95%
Cable; Gereg-Casa
Teiex; 23739

NETHERLANDS
Hewlett=Packard Benelux N.V.
Van Heuven Goedhartaan 123
P.U. Box 667

NL- Amstelveen 1134

Tel: (020) 47 20 21

Cable: PALOBEN Amsterdam
Telex: 13 216 nepa nl

NORW.
. Hnlen-Pa%kard Norge WS

Box 145

-1344 Haslum
Tei: {02} 53 83 60
Tetex: 16621 hpnas »

PCLAND

Biure Informacii Technicznej-
Hewlett-Packard

U1 Stawki 2 6P
00-950Warsaw

Tel: 39 67 43

Telex: 81 24 53 hepa pt

URIPAN

Zakiad Doswiadezainy

Budowy Aparatury Naukowei

U1. Krajowef Racy
Narodowej 51/55

Q0-80C Warsew

Tei: 20 62 21

Tetex: 81 45 4§

Zaklagy Mapraweze Sperety
Pla’: Kornurgy?o Paryskiy §

! K|
80007 Lodz

Tel; 33441, 33783

PORTUGAL
Telectra-Empresa Téenica de
Equipamentos Eldairicos S.a,r,
Hua Hogri gana Fonseca 163

Tel: {19) 58 60 72

Cable: TELECTRA Listan

Telex: 12588

Medical only

Mundinter

lsmermmmu Mundial de Comdreio

e Aguiar 138
Ly Bax 271

isbon
TeF' 19 53 21 317
{able: INTERCAMBIO Lisban
RUMANIA
Hewlen-Packarm Reprezentanta
BO.M, Baiceson 16

Bucharest
Tl 158023/138885
Tetex: 10440

1.LA.U.C,

imreprinderea Pentrit
Intretinesea

Si Repararea Utitajelor de Caleul

B-dut prot, Dimitrie Pompu &
Bucharest-Secrond 2

Tel: 12 64 3¢

Telex: 01383716

$AUDI ARABIA

Modern Elecironic Establishment
King Abdul Aziz str.(Head oifice}
P.0. Box 1228

Jeddah

Tai: 31372-332201

Cable: ELECTRA

2.0, Box 2728 (Service center)
Riyadh

Tal: £2596-86232
Cable: RAQUFED

SPAIN
Hewlett=Packarnt Espaiola, S.A.
Jerez Na 3

€=M 15

Tel (1} 455 26 00 (10 Im:s]
elex: 23515 hpe

Hewlen—Packarc Espatota. 5.A.

Milanesado 21-23

E-Barcelo.

Tel: (3) ZDS ﬂﬂO (5 lines}

Teiex: 52603 iy

Hewlet Packam Espaﬂulz SA.

Ay Ramén y Capal. 1-8¢

gdnlmo Seviliz 1)

Tel: 64 &4 54158
Hewlen-Packard Espafiota 5.4,
Tdifica Albia Il 7 B
£-Blibag-1

Tel: 23 83 06/23 B2 05

Calculators Onty
Hewiett-Packag Espatiola 5.A.
Gran Via Femando El Caidkeo. 67

E-Valencied
Tel: 326 67 Z8/325 85 55
SWEDEN

Fewlstt-Pacxary Sverige A5
Engnetsvaum 3

3

5-151 20 Bromms 20

Tel: {081 730 05 50

Cable: MEASUREMENTS
Stoesngim

Telex; 10721

Hewlen-Packany Svenge AR

Fratalisgatan 30

§-421 32 Vastra Frolunde

Tal: {031} 49 08 50

Telex: 10721 Via Bromma Office

SWITZERLANMD

Hewlan-Paexard {Schweiz) AG

Zirenersirassa 20

£.0. Box 307

CH-8552 Schilrar-Zurich

Tel: {01) 733 52 40

Lable: HPAG CH

Telex; 53333 hpag ch

Hewlett-Packard (Schweiz) AG

Ghateau Bloc 19

C norr-Genava

Tel: (022} 9§

=
Ganle: HEWPACKAG Geneva
Telex: 27 333 boag ch
SYRIA
MedicayCaleutzior only
Sawah & Co.
Plage Azmé *
B.P, 2308
SYA-Dam.
Taiz 15357 ‘9697 14288
Cabfe: SAWAH, Damascys

TUAKEY
Telekom Efginmir:q Burezu
. Box 437

eyogiu
© TRistanbu

Tel: 49 40 40
Gabie: TELEMATION Istandul
Telex: 23609

gedlm‘ onty
Muhendisik Kuiﬁekur Sirketi
Al

cal onry
Y‘Irnaz Ozyurek
Ml Muua‘ia.: Cad No. 18/6
Kizilay
TH-Ankar-
Tei 25 (209
Telex: 42576 Ozek ir

UNITED XINGDOM

- Hewlen-Paciard Lid,

King Street Lane
GE-Winnersh, Wokingham
Serks, RG11 SAR

“Tel: (O734) 76 47 74

Cablz; Hewpie Loadon
Telex:B84T178/9

Hewlet-Paciard L,
“The Grations™
Stamfgrg New Rgad
GE-Attrincham
Cheshire WA1410Q
Y

anie; Bewpis Manchesier
Telex:

Hewlen-Packars Lid,
Lygon Court
guuley Aoad

B-Hatescowen, Wores
Tel: {921) 950 9911
Telex; 339105

Hewlen-Packard Lid,

Wedge House

799, London Road
8-Thornton Heath

R4 §XL

Tel: (47} 6540103

Telex: 546825

Hewiert-Fackard Lid.

/o Makio

South Service Wholesale Cantre
Wear Industrial Estate

‘Washingtan

GB-New Town, County Qurtam
Tet: Washington 454001 ext, 57758

Hewlett-Packard tid
10, esl:p S:.

West Ynﬁ'smre WEID TAE
Tel: {R9775) 50402
Telex: 557355

Hewlett-Packard Lid
1, Wallzca Way
GB-Hitehin

Hers
Teli (0462) 52824/56704
Telex: 825581

USSR

Hewlett-Packard

Representative Office USSR
Pokrovsky Boulevard 4/17-KV 12
Mescow 101

Te.294-2024

Telex: 7825 hewpak su

YUGOSLAVIA
Iskra-standard/Hewletr-Packard
Mikicsiceva BSNII

810 -
Tel: 31L5!a 79:32 G
Tebex: 31300

SOCIALIST COUNTRIES
NOT SHOWM PLEASE
CONTACT:
Hewlett-Packard Ges.m.b.H
P.0. Box 7

A-1205 Vienna, Austr

Tel: (0222} 35 16 21 10 27
Cable: HEWPAK Vienna
Telex: 75523 hewpak a

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
NOT SHOWHN PLEASE COMTACT:

8|
Cabie: HEWPACKSA Athens
FOR OTHER AREAS
NOT LISTED CONTACT
Hewlett-Packard S.A.
7, rue du Bois-du-Lan
CH-‘IZ!T Maynn 2 - Geneva

izeriand
Tel (022) 41 54 0D

UNITED STATES

ALABAMA

8290 Whltesburg Br., S.E
P.0. Sox

Hnmsv-na 35602

Tei; (205) 3314581
Medieal Onie;

228 W. Valfey Ave.,

Room 220

Birmingham 35209

Tel; (209) 942-2081

ARIZONA

2336 E. Magnoha St.
Phoenix 85034
Tel: (602) 244-1361

2424 East Aragon R,
Tuesen 8570

Tel: 1602) 294-3148
"AAKANSAS
Megreal Service Only
7.0, Box 5646

Brady Shatien

Littia Rock 72205
Tal; 1501) 684-8/73

CALIFCRNIA

1430 East Ora.nqemnrpe Ave,
Fuilerton 52531

Tel; {714) E70-1000

3938 Lankershim Boulevara
North Hotlywoed 91604
Tek (213) 877.1282

TWX: 970-459-2170

6305 Arizana Place

Los Angeles 90045

Te: lZ13l 645-3511

Twix: 91C-328-8147

"Los Angeles

Tel: (213) 778-7500

3003 Scott Boulevard
Sants Clara 95050

Tel: (408) 243-7000

TWX: 910-338-0518

'Hldg

14y MS—STSS

646 W. North Market Bivd
Sacramento

Tl 1216} geg-r2z2

9505 Aero Orive

F.0. Box 23333

San Ciego S2123

Ter: (714) 2735280
COLORADD

560G Souts Uisser Packway

Englewooa 8011C
Tels {3031 771-2335

CONNECTICUT

12 Lurar Drive

New Haven 06525
Tel; (203) 3§9-6551
TWX; 710-255-2029
FLORIDA

P.0. dox 24210
2806 W. Oskiang Pasx Bhvd,
Ft. Lauderdaie 31307
Tel: (05} 731-2020
“Jackaonvilie
Medical Servrce only
Tel; [904) 725-5333
P.0. 8ox 13910
£177 Lake Ellenor Or.
Oriando 32809

Tek {305} 2552900
P.0. Sox 12828
Pensacota 32575
Tel: (304) 434-3081
GEORGIA

2.0 Bex 105005
Atanta 30348

Tel: (404) 955-1500
TWX:810-T66-4830
Medical Service Only

“Augusta 30903
Tel: (404) 736-0592
HAWANR

2875 Sp. King Street
Honolulu 96814
Tel: (808) 935-4455

ILLINOIS
5201 Tollview Dr,

INDLANA

7301 North Shaceland Ave.
Indlanapoliz4§250

Tel: (317)342-1000

TWX: 810-260-1797
1OWA

1802 Broadway

lowa Clty 52240

Tel: {3197 238-0468
Night: (319) 338-9467

KENTUCKY
Medical Only
Atkinson Sguare
3801 Atkinsen Or.,
Suite

Loulsville 40218
Tel: (502) 456-1573

LOUISIANA

P.0, Jox 840

3239 Williams Boulevarty
Xenner 70062

Tel; 1304} 721-5200

MASYLAND

§707 Whitestone Road
Baltimore 21207
Tel: {301) 945-5400
TWX: 710-862-157

2 Choke Cherry Road
Rockville 20350
Tel: (301} 948-6370
TWi: 710-823-9634

MASSACHUSETTS

MICHIGAMN
23855 Research Drive

TWX: 810-242-2900

MINNESOTA
2400 N, Prior Ave,
Roseville 55113
Tet, {612) 836-0700
TWX: 910-563-3734

MISSISSIPPT
~Jackson

Megical Service only
Tel: {601) 982-9383

MISSQUAI

11157 Colorado Ave.
Kansas City 84137

Tel: (816) 763-8000

TWX: 910-771-2087

148 ‘Weldon Parkway
Maryland Heights 63043
Tel: (314} §67-1a55

TWX: 910-764-0830

NEBRASKA
#edical Onl

JI7t Marcy Read
Suire 10

Omaha 658106

Tel: (402) 392-0348

NEW JERSEY

W. 320 Century Rd.
Paramus 07652
Tel: (201) 265-500
™ 990-4951

NEW MEXICO
P.0, Box 11534

$tation &

1130D Lamas Bivd.. N.E.

Albu » 67123

Tel: (SOS) 292 T3ﬂu
TWX: 910-988-

156 Wyatt Drlve

Las Cruces 38001

Tef: (505) 526-2485

TWX: 910-983-0550

NEW YORK

6 Automation Lane
Comguter Park
Albany 2205
Tel: (518} 438-1550
201 South Avenus

Pol
Tel; (914) 454-7330
TWX: 510-248-0072
35 Saginaw Drive
Hochester 14823
Tai: {716) 473-950¢
TwWX: 510-253-5531
5858 East Molley Road
Syracuse 13211
Tek (315) 454-2486
1 Crossways Park West
Woodbury 117587
Tel [516) 921-03[!9
X: 710-830-4951

NORTH CARCLINA
?.0, Sox 5188

1923 Nonth Main Street
High Peint 27262
Tel: (915) 885-2101
QHIO

18500 Sprague Road
Cleveiand 44130

Tel: (216) 243-T300
TWX: 810-423-3431
330 Progress Rd.
Dayton 45443

Tei: {513} BSS-8202
TWX: 810-474-2818
1041 Kingsmill Paciway
Celumbuna 43229

Tek: {674 435-1043

OKLAHOMA

P,0, Sox 32008
Okishoma Chy 73132
Tei: (405) 721-0200

OREGON

17880 SW Lower Boanes
Ferry Road

Tuslatin 57062

Tel: (303) 620-3350

PENNSYLVAMNIA

111 Zeta Drive
Plitstburgh 15238

Tel: (412) 782-0400
TWXE 710-795-3124

1021 Bth Avenue

King of Prussia Industrial Park
Xing of Prussia 19365
Tel: {215) 265-7000
TWx: 510-880-2670
SOUTH CARCLINA
§341-0 N, Trenholr Roag
Columipia 29260

Tel: (803} 782-5493

TENRESSEE
"Knoxvilla

Medical Services only
Tel: {815} 523-5022
1473 Madison Avenua
Mem&, is 35104
Tel: (201} 274-T472
Nashvilis

Medica: Service mg
Tek: (815} 244-

x 1270
201 E Amoarm Rd.
m (ZN) 231 6101

Tel: (713) 781-5000

205 Billy Mitchel foad
San Anonio 78225
Tel: {512) 434-8241

UTAH

2150 South 3270 West Sireet
Salt Lake City 847119

Taiz {501) 4870715

YIRGINIA

Medical On?

P.0. Box 12778

No, 7 Koger Exec, Center
Suire 212

Hortalk 23502

Tet:{80<4) 497-1026/7
P.0.Box 9854

2974 Hungary Springs Road
Rictrmond 232

Ted: (804} 285-3431

WASHINGTON
Bellafigid Qifice Pk,
1203-1145 Ave, S.E,
Bellevue 92004

Tei: (206) 434-307
TWX; 910-443-2446

WEST VIRGINIA
Medicat/Analytica Only
Charieston

Tel: (304) 345-1640

WISCONSIN

5004 West Lincoln Ave.
West Allls 53227

Tel: (414) 541-0550

FOR U.5. AREAS NOT LISTED:
Contact the ragional offics
nearest you: Atanta. Georgia...
North Hollywood, Caifornia...
Rockville, Maryia.nc ..Flallmg “Maadaws.
lingis. Their compi

addresses are Est GG Above,

“Swervice Only-






