

http:www.aef.se



























http:values.of












http:resistance.of




















































INSTRUCTIONS AND MANUAL OF RADIO FREQUENCY MEASUREMENTS

SCHEMATIC CIRCUIT DIAGRAM OF TYPE 160-A Q-METER

OSCILLATOR UNIT POWER—VTVM UNIT

hY l/-.._—__—-._—__ T \\
! |
1 { 2l 2
]
| o) ] i o—5
| 1 7 i
| [
19 24 e Lo

| T TS hed i
! | T T B a
1 : 12 ))!2 :‘2:"],_322

# v
| I 3

I
Gl }7

>
~

 ——— — ——— e > e O 2 > ——

CIRCUIT CONSTANTS AND DESCRIPTION OF PARTS

1 Fixed resistor 1,000 ohms. 27 Power filter choke.

2 Fixed resistor 200 ohms. 28 Power transformer.

3 Fixed resistor 40,000 ohms. 29 “HI-LO"switch.

4 Fixed resistor 2,500 ohms. 30 Line “ON"—"OFF" switch.

5 Fixed resistor 750 ohms. 31 Panel Lamp (Mazda 41, 2.5 volts).

6 Fixed resistor 200 ohms. 32 Oscillator range switch contacts.

7 Potentiometer 8,000 ohms. 33 Oscillator range switch (see note).

8 Potentiometer 200 ohms. 34 Oscillator output voltmeter.

9 Fixed resistor 25,000 ohms. 35 Oscillator output thermocouple.

10 Fixed resistor (19%,) 24,000 ohms. 36 R. F. filter for osc. voltmeter.

11 Fixed resistor 100 megohms. 87 Q Voluneter.

12 12a (onc unit) Fixed res. .04 ohms. 38 Oscillater tube (type 102-A).

13  Fixed resistor 50,000 chms. 89 Q voltmeter tube (type 105A)

14  Osc. Tuning Condenser (small). 40 Rectifier tube (type 5W4).

15 Osc. Tuning Condenser (large). 41 Fixed resistor 1,000 ohms.
16 Fixed Condenser 0061, f. 42 Fixed resistor 0.3 ohms. -
17 Fixed Condenser 003 ,E 43 Thermocouple calibrating resistor.

I8 Fixed Condenser 005t 44 Fixed resistor 100 ohms.
19 Q Tuning Condenser (Main). 45 Fixed condenser 0.1 ,f.
20 Q Tuning Condenser (Vernier). 46 Shielded Cable.

21 Terminals for test coils. 47 Shielded Cable.

22 Terminals for test condensers. 48 Jack.

23 Power filter condenser, 8 uf. 49 Potentiometer 3,000 ohms.
24 Oscillator grid coil. 50 Potentiometer 1,000 ohms.
25  Oscillator plate coil. 51 Dual-Voltage Switch (115230 volts).

26 Oscillator coupling coil.
a. NOTE: On some oscillator ranges the connections shown in dash lines are made.

b. NOTE: The powerline plug utilizes two Type 3AG—1Y4-amp. fuses.
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INSTRUCTIONS AND MANUAL OF RADIO FREQUENCY MEASUREMENTS

turned to the maximum capacitance position so that
the line which is beyond the capacitance calibration
is coincident with the line on the indicator.
Oscillator Range Switch. This is keyed to the
shaft in such a way that the only error possible is a
180 degree error and this may be readily avoided.

POWER UNIT VOLTAGES.

Referring to the schematic circuit diagram, page
27, the following voltages should obtain at the power
unit.

With a line voltage of 115 volts, 60 cycles and line
switch set on “"HI" the A.C. voliage for the heaters
should be 2.5 volts. The "B" voltage across the filter
condenser (23) should be 260 volts.

THERMOCOUPLE.

If the thermocouple should be damaged or burned
out it is highly advisable to return the Q-Meter to
Boonton Radio Corporation, Boonton, New Jersey,
for replacement of the thermocouple unit to insure
highest accuracy of calibration. If this should be im-

possible, replacement thermocouple units will be
supplied, calibrated to match any one Q-Meter. It
is necessary to state the type number and serial num-
ber of the Q-Meter in ordering a replacement thermo-
couple unit.

METERS.

If a “Multiply Q By” meter should be damaged or
defective it should be returned together with the
small calibrating resistor connected to one side of
the meter (see 18, page 23) for repair.

The serial number of the Q-Meter must always be
stated when returning any meters for repair, or
ordering replacements.

IF THE Q-METER SHOULD BECOME DE-
FECTIVE IN OPERATION DUE TO ANY
CAUSE OTHER THAN TUBE FAILURE, IT IS
ADVISABLE TO RETURN IT TO BOONTON
RADIO CORPORATION, BOONTON, NEW
JERSEY, FOR COMPLETE INSPECTION AND
REPAIR.

SPECIFICATIONS

OSCILLATOR FREQUENCY RANGE:
Conunuously variable from 50 kilocycles to 75 meg-
acycles in eight, self contained, ranges. (In conjunc-
tion with an external oscillator the frequency range
of the type 160-A Q-Meter may be extended .from
50 kilocycles to 1 kilocycle for coil measurements.)

OSCILLATORFREQUENCYACCURACY:
Generally better than %19, except the 50-75 mega-
cycle range which is approximately =39,

RANGE OF Q MEASUREMENTS: TheQ
volumeter is calibrated directly in Q, 20-250. The
“Multiply Q By" meter, which measures the oscilla-
tor voltage injected in the Q measuring circuit, is
calibrated in tenths from x1 to x2, and also at x2.5.
The reading of the Q voltmeter scale is to be multi-
plied by the setting of the “Multiply Q By” meter.
Hence, the total range of circuit Q measurements is
from 20-625. The Q's of condensers, diclectrics, etc.,
which may be as high as 5,000, are measured by plac-
ing these in parallel with the measuring circuit.

ACCURACY OF Q MEASUREMENTS:
The accuracy of the direct reading measurement of
circuit Q (for Q voltmeter. readings between Q = 50
and Q=250) is approximately 59, for all fre-
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quencies up to the region of 30 megacycles, and de-
creases with increasing frequency. Correction may
be made for the error above 30 megacycles as it is
principally a frequency effect. The accuracy of the
measurement of condensers, dielectrics, etc., is gen-
erally better than 109, for Qs between 20 and 5,000,
up to about 30 megacycles.

CAPACITANCE CALIBRATION RANGE:
Main tuning condenser 30-450 ;,,.f, calibrated in 1

f divisions from 30 to 100 f,and in 5 H’,,f divi-
sions from 100 to 450 f. Vernier condenser, plus
3. P«“f‘ zero, minus 3 F-I‘f' calibrated in 0.1 Ff‘-[ divi-
sions.

ACCURACY OF CAPACITANCE CALI-
BRATION: Main tuning condenser, generally bet-
ter than 1%, or 1 4,10, whichever is the greater. Ver-
nier. tuning condenser +0.1 ,,f. The internal in-
ductance of the tuning condenser at the binding
posts is approximately .015 ,hy.

VOLTMETER: The Q voltmeter is also cali-
brated in volts. A specially calibrated tube, type
BRC 101-A or 101-B tube, is used. Replacements
may be made without recalibration.



INSTRUCTIONS AND MANUAL OF

RADIO FREQUENCY MEASUREMENTS

POWER SUPPLY: A self-contained dual-voltage
transformer with change-over switch provides opera-
tion on either 105-120 volts, 50-60. cycles, or 210-240
volts, 50-60 cycles. Power consumpuon 50 watts.

TUBES: The Q-Meter is supplied complete with ‘

_ tubes ‘which are (a) one type 45 tube, (b) one type

OPERATING INSTRUCTIONS

In the 170-A, as in types 100-A and 160-A, a cali-
brated r..f. voltage derived from a self-contained os-
cillator-is introduced into a series resonant circu.t,
the Q circuit. The calibrated oscillator voltage is
coupled to the Q Measuring Circuit by a very small
mutual inductance, thus eliminating the coupling
resistor which is used in the lower-frequency Q-
Meters, an important feature in view of the very
small series resistance of tuned circuits in the upper
frequency region. The oscillator output voltage is
measured by means of a VT Voltmeter, which is cali-
brated as a multiplier of the Q voltmeter indication.

The Q circuit tuning condenser and its terminal
posts have been made small to reduce the internal in-
ductance and minimum capacitance. The condenser
characteristic is linear over the major portion of its

BRC 101-A or 101-B tube, (c) one type 5W4 tube,
and (d) one Mazda 41, 2.5 volt, panel lamp.

DIMENSIONS: Height 12 5", length 20", depth
8 5”

INSTRUCTION BOOK: Manual of r. f. meas-

ur.ments accompanies instrument.

FOR TYPE 170-A Q-METER

range; the dial is calibratea 1n micro-microfarads, In
place of the vernier condenser used in types 100-A
and 160-A Q-Meters, a worm drive is provided to give
greater ease of tuning and to spread out the scale.
The micrometer dial on the worm shaft is divided
in 100 equal divisions, permitting changes of circuit
capacitance of the order of .01 ;,,f to be determined
through interpolation. This feature permits the de-
termination of circuit Q) by the measurement of the
width of the resonance curve (reactance variation
method) and thus provides a means for checking the
direct indication of the circuit Q as given by the Q
voltmeter.

All calibrations are d:rect reading, thus retaining
the advantages of speed and ease of operation which
have proved so valuable through experience with
this simplified method of Q measurement.

INSTALLATION AND OPERATION

POWER SUPPLY :The power supply utilizes a
dual-voltage transformer providing operation on
either 115 or 230 volts, 50-60 cycles.

IMPORTANT:

Switch No. 31, page 32, must
be set in the position corresponding to the volt-
age to be used. A lock is provided on this switch
to prevent accidental changes in selting(*)

ON-OFF SWITCH: This switch is located on the
lower left hand side on the front of the cabinet. A
pilot light is also provided.

GROUND CONNECTION: To protect the Q
circuit VIT'VM a ground connection should be made
to the ground binding post located on the left side
of the instrument.

CONTROLS: There are four main controls, name-
ly the oscillator frequency range switch, the oscillator
frequency dial, the oscillator output voltage (Q cir-
cuit injection voltage) control, and the Q circuit tun-
ing condenser. See Fig. 6.

(*) Type 170-A Q-Meters of early manufacture are not pro-
vided with this dual-voltage switch.

Q CIRCUIT TERMINALS: These are located-
on the right hand end of the top of the cabinet. The
terminals for coils and condensers are indicated on
the nameplate located on the top of the cabinet.

OSCILLATOR FREQUENCY RANGE:The
settings of the oscillator frequency range switch and
the oscillator frequency dial (both direct reading)
determine the oscillator frequency.

OSCILLATOR OUTPUT VOLTAGE CON-
TROL: This is located on the lower right hand por-
tion of the front panel. The oscillator output is indi-
cated on the “Multiply ©Q By"” meter.

ZERO ADJUSTMENT OF VT VOLTME-
TERS: There are two VT Voltmeters in the instru-
ment, located on the left hand side of the panel. The
Q Voltmeter is located on top; the “Multiply Q By”
Voltmeter below. Both voltmeters should be checked
for zero setting. The zero setting of the “Multiply Q
By” Voltmeter may be made by reducing the oscil-
lator output voltage #0 zero (turn control knob, item
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No. 9, Fig. 6, full ieft) and adjusting the small knob
marked “X"” located between the two meters until

the “Multiply Q By” meter reads zero. The zero set-.

ting of the ) Voltmeter may be made by shorting the
coil terminals of the ) Measuring Circuit and ad-
“justing the small knob marked “Q" until the Q) Volt-
meter reads zero.

CAUTION: Do not change factory adjust-
ments shown in Fig. 6, items 22 and 24.

MEASUREMENT PROCEDURE: Ingeneral,
the same measurement procedure as used with the
type 160-A Q-Meter is employed. The direct indica-
tion of Q is to be multiplied by the indication of the
“Multiply Q By"” meter. The frequency of the oscil-
lator and the tuning capacitance values are directly
indicated on their dials. Measurement of L, C, Q,
and R, at these high frequencies is more difficult than
at lower [frequencies. Some of the precautions to be
observed are listed below.

PRECAUTIONS

1. Short Leads. Attention is especially called to the
importance of using extremely short and wide (low
inductance and low resistance) leads when connect-
ing coils, condensers or other impedances to the ter-
minals of the type 170-A Q-Meter for measurement
at these high frequencies. As an example, a typical
small molded mica condenser of 25 f nominal
capacitance when connected to the condenser ter-
minals with short ordinary wire leads showed a
marked increase in effective capacitance at 200 mecs
due to the inductance of the condenser and its leads.
Replacing the wire leads with copper ribbon reduced
the lead inductance and the apparent capacitance.
2. Coupling of unshielded coil to adjacent vesonant
structures. At high frequencies a surprising number
of objects such as sections of electric light and power
lines, power cords, coils, etc., may become resonant.
If such objects are adjacent to an unshielded coil
which is being measured in the Q-Meter they may
affect the indicated Q of the coil (and its apparent
inductance) in the frequency region of this reso-
nance. This condition is indicated by a.“kink’" in an
otherwise smooth curve of Q versus frequency.
Under some conditions the indicated Q may be al-
fected by the hands of the operator when placed
close to or in contact with the instrument case, even
though this is grounded in the conventional manner.
Occasionally greater stability can be obtained by
eliminating the ground connection.
versed in VHF technique : re acquainted with such
phenomena. A stable cond.tion can usually be ob-
tained by re-arrangement of power line cables,
removal of instrument from region of resonant
structures, etc. In general, this condition is not pres-
ent with shielded inductors.

3. Stability. The type 170-A Q-Meter has a selfcon-
tained “B” voltage regulator, however, an external
line voltage regulator is recommended if the power
line voltage is subject to fluctuation. The type 162-A

Engineers -

Constant Voltage Transformer is suitable for this
purpose.

A small amount of reaction on the oscillator out-
put voltage when the Q measuring circuit is reso-
nated to it is to be expected. This is usually of little
importance in the direct measurement of the Q of

“a coil. However, in the measurement of the Q of a
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condenser it may be of importance since such meas-
urements frequently involve the determination of
small A O values. Under these conditions the oscil-
lator#output should be readjusted to read x1 (or
other multiple) when the measuring circuit is reso-
nated to the oscillator. _

In the type 170-A Q-Meter the oscillator output
voltage is measured by a diode VTVM. This is the
“Multiply Q By” meter on the front panel. The level
of the oscillator output voltage will vary about $-1
over the total frequency range of the instrument. As
a result of the variation of output voltage level, the
“Multiply Q By” meter may frequently be driven
off scale. While it is desirable to avoid this, yet as
this is 2 VIT'VM and not a thermocouple there is
little danger of damaging the system. After the ini-
tial warm-up period the zero setting should be
checked, thereafter it will be quite stable.

The Q VTVM is a small triode (type 955). This
tube has been chosen as the Q VI'VM tube in view
of its low input capacitance and circuit loading.
Only selected tubes are suitable for use in this ap-
plication. The Q VTVM is less stable than the diode
VT VM and its zero setting is quite sensitive to power
line voltage fluctuations. This zero setting should be
frequently checked to insure best operation.

4. Terminal Posts and Contact Resistance. These
posts have been designed to reduce the capacitance
and internal inductance of the Q Measuring Circuit
to a minimum, Since the series resistance of coils
used at high frequencies is usually less than one ohm,
it is necessary that good contact be made between
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the terminals of the coil under measurement and the
terminal posts of the Q-Meter. Also since the induct-
ance of such coils is usually well under one micro-
henry it is apparent that the terminals of the coils

to be measured must fit the terminals of the Q-Meter
with sufficient accuracy to permit their removal and
subsequent replacement without appreciably chang-
ing their effective inductance.

MAINTENANCE

TUBES: Access to all tubes and the pilot light may
be had by removing the panel from the cabinet and
also removing the oscillator shield box. Refer to
Fig. 6.

CAUTION:

To remove the Q VIVM tube (Item 30) the Q
tuning condenser should be rotated until the
plates aré fully meshed. The Q VTVM tube and
the oscillator output VI'VM tube may be re-
moved by pulling them directly out of their
sockets.

Specially selected replacement VIVM tubes
(Items 16 and 30) and oscillator tubes (Item 27)
may be procur'ed from Boonton Radio Corpora-
tion. Clean contacting surfaces on the tubes and
sockets is imperative. The regulator and recti-
fier tubes and panel lamp are commercial types.
In the event of unsatisfactory performance of
this instrument not curable by replacement of
tubes, it should be returned to the factory for
repair.’ ‘

REPLACEMENT OF Q-VOLTMETER
TRIODE, ITEM 30, BR.C. REPLACEMENT
TYPE Q-VM.955

Should it become necessary to replace this tube,
the following adjustments must be made to obtain
proper operation with the new tube:

(1) After removing panel and replacing tube 30,
allow 2 minutes for warm-up.
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(2) Short-circuit the Q-condenser terminals, Item
7 above.

(3) Set the Q-voltmeter zero set knob (Item 14
above) at about the midpoint of its range.

(4) With a screwdriver. adjust the coarse zero set
control, Item 22 above, to make Q-voltmeter,
Item 1, read zero.

(5) Remove short-circuit from Q-condenser ter-
minals and apply exactly 2.5 volts r. f. between
these terminals. Adjust the Q-voltmeter <ali-
brating control, Item 24 above, to make Q-
voltmeter read 2.5 volts (Q=250). Re-check
zero by removing voltage and re-check. cali-
bration.

IMPORTANT: :

The bypassing of the Q-voltmeter is not sufficient
to permit calibration by the use of an audio or power
frequency. A radio frequency of ten megacycles or
more must be used, together with a voltmeter or sig-
nal generator whose accuracy at this frequency is
known. Short leads are imperative. The 170-A can
itself be used to supply the calibrating voltage at its
lowest frequency of 80 megacycles, if a voltmeter
known to be correct at 30 mcs is connected across the
Q measuring circuit which is resonated to this fre-
quency. '

Q-CONDENSER WORM DRIVE: Should this
become stiff through gumming of the lubricant the
worm should be cleaned with a cloth or a pipe
cleaner.
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SPECIFICATIONS

OSCILLATOR FREQUENCY: 30 MC 10 200
MC—Calibration accuracy plus or minus 19%,.

RANGE OF Q MEASUREMENTS: The Q
Volumeter is calibrated directly in Q, from 80 to 300.
The “"Multiply Q By” Meter is calibrated from x: to
x4, hence, the total range of circuit Q measurements
is from 80 to 1200.

ACCURACY OF Q MEASUREMENTS:
The accuracy of the direct reading measurement of
circuit Q (for Q Voltmeter readings between Q 100
and Q 300) is approximately plus or minus 109, up
to 100 Mc and decreases with increasing frequency.

CAPACITANCE CALIBRATION OF Q
CONDENSER: Range 11-60 ,,f calibrated in
unit . f divisions. Accuracy: 1%, or 0.5 y,uf, which-
-ever is greater. Micrometer dial divided in 100
divisions.*®

POWER SUPPLY :A self-contained dual-voltage
transformer with change-over switch provides opera-
tion on either 110-120 volts, 50-60 cycles, or 220-240
volts, 50-60 cycles. Power consumption 50 watts.

DIMENSIONS: Height 1014”, Length 17", Depth
834",
WEIGHT: 21 Ibs.

Fig. 6

DESCRIPTION OF PARTS OF THE TYPE 170-A Q-METER

. Q Voltmeter

. Oscillator Frequency Dial
Instrument nameplate

. Q Tuning Condenser Main Dial
Q Tuning Condenser Vernier Dial
Coil Terminals

Condenser Terminals

. Pilot Light

. Oscillator Output Control

10. Oscillator Range Switch

11. “Multiply' Q By” Meter

12.- ON-OFF Switch

13. Zero Adjustment “X" Meter

14. Zero Adjust Q Voltmeter

15. Q Condenser Unit

16. Osc. Out. VTVM Tube (diode) type OS-VM-955

© 0N D L e o

® The vernier dial is divided into 100 divisions to permit the
determination of small capacitance values through interpola-
tion. It is not calibrated in decimal parts of microfarads.
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17. Injection Voltage Control

18. Power Unit Regulator Tube, Type VR-105-30
19. Power Unit Regulator Tube, Type VR-105-30
20. Rectifier Tube, Type 5W4

21. Power Supply Unit,

22. Zero adjust limit control

23. Power Unit nameplate

24. Q Voltmeter calibration control

25. Oscillator Unit (with shield removed)

26. Threaded post for oscillator shield securing screw
27. Oscillator tube, Type 9002

28. Pilot Light, Mazda 47-6V

29. Q Condenser drive worm

30. Q Voltmeter tube (triode) Type Q-VM-955

31. Dual-Voltage Switch (115-230 volts).
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SCHEMATIC CIRCUVIT DIAGRAM OF TYPE 170-A Q-METER
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CIRCUIT CONSTANTS AND DESCRIPTION OF PARTS

RESISTORS CONDENSERS TUBES

1. 24000 () 14 W 1. 20 ,,f zero temp. 1. Type 9002*
2. 10000 4w 2. 240 yuf mica 2. Type OS-VM-955*
3. 10000 14w 5. 240 yuf mica 3. Type Q-VM-955"
4. 10000 4w 6. 240 yuf mica 4. Type VR-105-30
5. 3meg.1/3w 7. 510 ,,f mica 5. Type VR-105-30
6. 7500 ) Pot3w 8. 510 ,,,f mica 6. Typeb W4
7. 2000 Pot 8w 9. 240 P-F'f mica 7. Mazda 47-(6V)
8. 1000 ) Pot 3w 10. Q Tuning, Air
9. 20000 () Dual Pot 8 w 11. 4 F-f' : INDUCTORS
10. 2000 Pot3w 12. 4 4t Electrolytic 1. Osc. Grid
11. 15000 0 1o w 13. 4 4t 2. Osc. Coupling
12. 24000 O 1o w 14. Osc. Tuning, Air 3. Osc. Plate
13. 24000 0 1o w 4. Pwr. Choke
14. 40000 10w C,. Test Condenser 5. Pwr. Transf.
15, 12000 14w p '
16. 25000 () 10 w : L,. Test Coil
17. 3500 0 20 w s
18. 080 2w 1. ON-OFF *Selected and Calibrated, Replacements
19. 20000 () Pot 3 w 2. Dual-Voltage procurable from Boonton Radio Corp.
20. 51 l1/3w(h) (115-230 volts) (1) Not used on 60-120 Mc range.

NOTE: The powerline plug utilizes two Type 34G—115amp. fuses.
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INDUCTANCE— CAPACITANCE — FREQUENCY CHART.
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