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MODEL 163

VACUUM TUBE VOLTMETER

The Model 163 Vacuum Tube Voltmeter is a compact, high-sensitivity,
AC voltmeter to indicate mean value of AC voltage. Employing = -
stable feed-back amplifier and germanium-diode full-wave rectifier. =
circuit, this equipment measures over a wide range, from 1 AR
millivolt ( -60 dbm) to 500 volts (+56 dbm) divided in 10 steps:
(10 db per step), and its frequency response expands from 5 cps
to 1 megacycle. The direct-reading meter indicator is malibrated
in RMS values.

SPECIFICATION

Type Mean value indication type

Power requirement volts, 50 to 60 cps, approx. 23 VA

Size~Cabinet 150 W x 205 H x 140 D mm

Maximum 160 W x 218 H % 186 D mm

Weight Approx. 3.8 kgs.

Meter Length of Scale 105 mm. Sensitivity ﬁbb.pﬁ-

Tubes Used 1 - 6AU6 (T) 7-‘
1 - 6DK6
1 - 6AWS : : o
1 - 6xh ’ e
2 - SD-34 ’ :

Item Supplied with Equipment

1 - Type 941B Terminal Adaptor
1 -~ Operation Manual -
1l - Test Data

Scale : Calibrated in RMS with since-wave letagez~

Calibration in both volt and decibel (0 db
equals to 1 milliwat into 600 ohms).

Input Terminal UHF-tj?e receptacle and GND terminal spaced
at 19 mm (3/4 inc). UHF-type receptacle
accepts both UHF-type and M-type plugs. -,

Input Impedance 1 megohm shunted by 25 + 2 pF in all
ranges.
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Maximum Input AC component " 500 volts RMS maximum
g .i 710 volts peak maximum
DC component + 400 volts maximum =

Ranges 10 ranges
0-- 15/50/150/500 mV and 1. 5/5/15/50/150/500
volts RMS, or -’+O/-30/-20/—lO/O/lO/ZO/}O/ll-O/SO ;

dbm.
Accuracy At 1 kc. 4% of full scale
Stability For +10% change in power line voltage, change =
‘ in meter indication at 1 ke. Within +2% of
full scale., .. , =

Frequency Response Between 7 cps and 2MC Within +10% of full scale

(in reference to 1
ke ) Between 10 cps and 600KC Within +5% of full scale .

Between 20 cps and 300KC Within +3% of full scale

Noise With input termlnal open clrculted.
Less than 1% . of full scale.

Output Termlnals spaced at 19 mm (3/4 1nch) - When:
meter indlcatlon is full scale, output approx
2.5 volts RMS. Distortion approx. 3%, S/N
approx. 35 db.

At 1000 cps 1.5 volt range

" Indication ;?
(declbels)

Line Voltage ( % )

Figure 1 -~ Change in meter indication for change in power
line voltage.
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OPERATION AND APPLICATION

The standard model works on volts 50 to 60 cps. power llne.

As shown in Figure 1, the meter indication is little affected

by variation in power line voltage. However, it is preferred that
the line voltage is maintained within volts for longer life =

expectancy.

Functions of Controls and Terminals

POWER

RANGE

INPUT

‘standard 2-pole banana plug with 3/4 inch spacing can be

A toggle switch to turn the power on or off. Turning -

this switeh upward, the power is applied, and the dial .

of the range switch is illuminated. For about 20 seconds
after this switch is turned on, the meter pointer may §Ki§$'~
irregularly. Also, for about a few seconds after this e
switch is turned off, the same may happen.

This is a black-colored dial on the center of the panel. o
The figures on the dial have following meanings: :

Figures on external circumference: -- These flgures }
indicate full scale voltages. Orange colored figures.
indicate voltages in millivolts and transparent flgures
indicate voltage in volts. - : S e

Figures on internal circumference: =- Theée;figuréé
indicate center scale voltages in dbm. (Explanatio
dbm will appear in later section.) e

As this dial is turned clockwise, it steps for higher -
voltage range. In measurement, it is preferred that. the
dial is first set in high voltage range, then, grad
switched for lower voltage range until an appropriat
indication is obtained so that excessive input to the
equipment can be avoided.

This is a UHF-type receptacle to apply the voltage. to be e
measured. This receptacle accepts either UHF-type plug or .
M-~type plug. Also, a banana plug can be used for connection
to center conductor of the receptacle. In addition, a

used for simultanous connections to both input and ground'
terminals,

Furthermore, UHF-type receptacle accepts Type 941B Ter
Adaptor. This terminal adaptor, similarly to GND termina
can hold any of banana plug, spade lug, alligator cllp,
2-mm (0,08 inch) prod, and wires less than 2-mm dlamete

External conductor of UHF-type receptacle and GND terminal
are connected to the panel and chassis of the equipment.
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In series to input circuit, a DC blocking capacitor of
LOO-WV o0il capacitor is connected, Input impedance has,
been adjusted to 1 megohm:with a shunt. capa01tance of

25 + 2 pF and is constant 1n all ranges." oo g

These terminals are used when thls equlpment is: used as
an amplifier. Similarly to Type~941B Terminal Adaptor,
these terminals can hold any of banana plug, spadé lug,
alligator c¢lip, 2-mm(0.08-inch) prod, and wires less than
2-mm diameter. A standard 2-pole banana plug is also
convenient, ‘

This equipment can perform both as a voltmeter and as an.
amplifler simultanously. However, if load impedance: is
too low, several def1c1enc1es are caused as follows. =

When resistive component of the load impedance is too low,
the lower end of frequency response is sacrificed in-:the
output circuit. However, the freqguency response up to -
output circuit is not affected

When capacitive component of the load 1mpedance is: domlnant,
the higher end.of frequency response is significatly: aff“cted.
Figure 2. shows an example of the effect of capacitance:::
connected to the output terminals on the frequency reSponse
of: the .amplifier. - However, this effect may vary among each :
voltmeter and ' as to power llne voltage.v :

Output terminals deliver 2 5 volts output when meter 1nd1catlon
is-full. scale. . Since this equipment: employs a- negatlve
Teed=-back- clrcult utlllzlng .the current: flowing: 1nfthe meter
when certain :load is connected," dlstortlon and S/N‘”< :
characteristic: may. also be deterlorated. -5

C=/00PF| ] ’,2 . 7
/n(' ™ - C=20P¥ / |
/570'\\ __leswppr :
mEESAZ N )
RNV .
\ LN

\ -f.x

o1
I
e

é@@u\\ \
I g
C=5Q0PF] \ : \
Czopd]
200 ke 3 . 5 7 7 Me z 3

Figure 2 -~ Effect of capacitive load on frequency
response
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Meter Scale

The meter indicator of this equlpment has. three scales as fcllows..,_

l.

Errors Caused. by Distorted Waveforms

Upper scale is calibrated from O to 50. Thls scale is read when

range switch is set in any one of 50, 500 mV and 5, 50, 500 volt

ranges. The figure 50 means 50 mV when range switch is placed in
50 mV position, and 500 mV when range switch is placed in 500 mV

position, and so on.

Example : -~ If ‘meter indication is 37 with range’switéh ﬁlééed in
500 mV position, the measured voltage is 370 mV or O 37 volt.

Middle scale. is calibrated from O to 15. This scale is read when Lo
range switch is set in any one of 15,:150 mV and 1.5, 15, 150 volt iy
ranges. The meaning of the figures is same as explained above. L

Lower scale is calibrated in dbm. This scale is read when'lf
is required to measure dbm value (explanation on dbm w1ll appear
in later section . The same scale is used for allr’ ranges.

The dbm value of the measured voltage can be obtained 81mply _
by adding the dbm value 1nd1cated on ‘the dial to the meter 1ndlca-\~
tion. . , .

Example: == With range sw1tch placed in 30 dbm (50 volt) rang
if meter indication is 5.5 on.dbm scale, the dbm.valne oﬁ,the
measured voltage is: : s

<

5.5 + 30 = 35.5 dbm.

Example: -- In this condlctlon, 1f range sw1tch is turn
4o dbm (150 volt) range, meter pointer now indicates =4. 5 o
dbm scale., The dbm value is then: :

4,5 + 40 = 35,5 dbm

Example: -~ With range switch placed in =20 dbm (150 mV) raﬂge,'-
if meter indication is 3 on dbm scale, the measured voltage is: '

3+ (=-20) =3 - 20 =-17 dbm
Example: -~ In this conddtion, if range switch is turned to -10,dbmﬁ\'

(500 mV) range, meter pointer now indicates -7 on dbm scale., The
dbm value is therefore: 5

-7 4 ( =10) = =7 = 10 =-17 dbm

This equipﬁent is a voltmeter to indicate "mean value" of the measured

AC voltage, however, the scale is calibrated in BMS value. For this »
reason, if the measured voltage is not sinusoidal, the meter indication .-
may deviate from accurate RMS value. Table 1 shows several examples.
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Table 1 -~ Comparison of actual RMS values with indication of

Model 161.
Calculated .
. . RMS

Waveform of Measured Voltage Value
Purely sinusoidal (100% fundamental) 100 %
100% fundamental + 10% 2nd harmonic 100.5
100% fundamental + 20% 2nd harmonic 102
100% fundamental + 50% 2nd harmonic 112
100% fundamental + 10% 3rd harmonic 100.5
100% fundamental + 20% 3rd harmonic 102
100% fundamental +

50% 3%¥d harmonic 112

Measurement of AC Current

This equipment can also be used to measure AC current. In measurement,
a known resistor is connected in series to the AC current circuit; “and
a voltage drop across such resistory is measured. The, current is - -
calculated by formula: : . S

= E/R

'In this measurement, it should be noted that GND terminal - of thls
equlpment is connected to the panel and chassis., T

Type~921 Shunt Re51stors are available upon your- separate order for
your convenience in measurement of currents. . These are- precls'on
resistors and their banana plugs fit to’ the input termlnalsvr
equipment.. Resistance.values of- O.1~-ohm, 1-ohm;~ 10=ohm;~T00-
lOOO—ohm, and in addltlon, L-ohm, 8~ohm, ‘and 600-ohm, are av"l

Example: -- How about to measure heater current of a tube w1th rating
of 6.5 volts 0.3 amps. Using Type-=-921-0.1 Shunt Re51stor, a prec151on .
O.l-ohm resistor, meter indication of 29 millivolts is read off in the .-
connectlons as shown in Figure 3. Then, heater current is:

I= 29 x 10 3/0.1 = 290 x 10~ (amp) = 290 (ma)

Tube Type-921-0.1
4V AShqpt Resistor , Model
i

6.3 volt 161
AC Source

*———9
1

| &=

]

Lo

Pigure 3 -~ Measurement of Heater Current



Measurement of Output Power

This equlpment can also be used to measure the audiv}pew

voltage across a pure resistance is obtained, the'pbfer_l

using a formula. _ :
EZ/R

dbm scale of the meter. When load impedance is dlfferentﬁ rom:-60(
the power is ‘also obtained is decibels by adding a figure read:in
Figure 5 for load impedance values between 1 ohm and 10 kilcohms..

Type-921 Shunt. Resistors are also available in resistance values of:
heohm, 8-ohm and 15-ohm, which are equal to nominal voice-coil
impedances of common loud speakers, and these shunt.resistors are
used in place of loud speakers in measurement of output power up to
0.3 watt.

USING: DECIBEL CONVERSION CHARTS

Bell (b) ®s a unit given to a common logarlthm of a ratio of two
values of power with base of 10, and decibel (db) is ‘one: tenth of
bell., Declbel is therefore defined by followlng formula' L

P2

db = 10 log lO Pl . ;;;?b

g - e

20 log 10 El/EZ

db

db

20 log 10 I1/12

‘erefobtained. o

~

For example, if 1n§ut voltage of an amplifier is 10 millivolts and :
output 1s lO volts, its amplificatlon is 10/0 Ol or 1000. -In decibels

,Ampliflcation = 20 log 10 lO/0.0l = 60 decibels

In RF signal generators, output voltage is expressed in decibels 1n2;
reference to 1 microvolt. For example, 10 millivolts is

10 mV = 20 log 10 10 mV/l pV 80 decibéls:

dbm is a unit given to a value of. pewer as compared to 1 milliwaft
assuming an impedance of 600 ohms. .. Therefore, 0 dbm equals. )

0 dbm 1 milliwatt into 600 ohms '
0.775% volts across. 600 ohms -
1.291 mA through 600 ohms

Wounu

The meter indicator of this equipment is calibrated in dbm, theref



" in order to obtain decibel value with other referenca than l mllllwatt
into 600 .ohms, a constant Tigure should be added: o -

the meder indication. ' Such-figure® can-be: obtaine
and 5. Figure 4 is. convert ratio of voltages, currents
de01bels. : :

Example 1: -- How mahy decibels is 5 mllliwatts as referre
milliwatt? Ratio 5 mW/1 mW = 5 is obtalned, and 7 db 1s obta
shown -by dotted llnes 1n Flgure 4

Example 2. - How many decibels .are- 50 mllllwatts and- 500 mid1dy
- as referred to 1 milliwatts? When ratio is more than 10 or.le
0.1l,kthe relation shown 1n Table 2 is used, and declbel value
‘ obtalned aSvfbllows. , el TR A
' 50 W - = 5 nW x 1o 7 db 10 db = - 17 db.
500 oW = 5 mW x 100 = 7 db -« 20 db = 27 db

EXample.B: == How many decibeié is 15 mV as compared to 1 vbit,4;
' 15 mV/1 V = 1.5 x 0.0L = 3.5 db + (=40) ab = =36.,

Table 2
Decibel ' '
Ratlo . Power Ratlo Voltage or Curr nt: R
10000 - =1 x'lok - 4o ab - e :
1000 .=1x107 B0 ab
100 =1x10° - 20db.
10 =1x10," _ -10/db
1 =1x 10, ‘ ~0 db-
0.1 =1lx 10 3 =10 db- - -
0,01 . =1 %1005 <20: db-
0,001 .= 1 .x 1077 - 230 4r
0.0001 = 1 x 10 . =ko

on. the meter indicator.

Example 1: ~- Measurlng a voltage across voice coil-of 8—ohm speaker,
an ‘indication of -4.8 dbm is obtained on the meter. Then, what is the
srdelivered. to. thedspeakerﬁin mllliwatt? "

i Figure 5, a figure +18.8 is obtained & as shown by dootted line.
This figure is added .to meter indicatien, : :

ﬁ_-h 8 +18.8 = 14 av o
Then,k using Figure L, ,-14 db can be converted 1nto 25 mllllwatt'

Example 2. - How many volts of voltage is required to dellver a:
of 1 watt into a 10-kiloohm load? :



1 watt is equal to 1000 mllls.watts and 1s_'_,30 db
“1I"milliwatt. In"Figure' Sya flgure - “i8: ob

indication should be 30 - (-12:2) = k2, 2 dbm to del
"10 kiloohm-load. The’ indication: 42.2 dbm'is 2.2 d’b
40 dbm (150 volt), and tequal to 100 volts.

Lo
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