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AUSTRALIAN AGENTS

ELECTRICAL EQUIPMENT
OF AUSTRALIA LTD:
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UNIVERSAL AVOMETER " : WORKING _INSTRUCTIONS,

MODEL_ 7. . IMPORTANT.

GENERAL.

" To ensure wccurate readings. use the instrument face upwards,

o .. 1. If‘necessary, set the pointer to D.C. zero by means of the screw in i
: . B y 0 i -C. 2 . the panel. The A.C. switch must be at its D iti i
PR ] 8',:: At‘fs‘u"’;g:‘o::;f bp:l::::!e: ao‘\‘:toma:r:uz'ylz cgsf:laced from D.C. zero to correct for internal losses, the |§V.ulll beln(g: e'm:r;;:dfi‘::r‘ht:i:?un:m
ry § A wil .C. switch set t i i i iti e
; £ SR e S { set to the appropriate range and with the A.C. switch at its D.C. position. The reverse -
. f 5 o}
-

© prevent damage to the instrument, see that it is set to a suitable rai i Ircui ;
s nge before connecting to the circuit under test. Wh
:;'g:e::;.ar:gafi zngu:vzr:t dca;v':‘\;;;:r,th? b;meh no necessity to du&onpoct the leads, Do not however, switch off by rotating the 5wnt:hr‘eslr:odz:;:[ks::s(.€.;:se
~ P y protec e instrument in the case of normal overload by interrupting the main circui f it oper: :
re-set with the leads connected to the supply, but ensure that the fault is cl 4 Hiing Ko ket T
y 7
;Ze le(-ozu[b to trip, handle the meter carefully'. Do not lubricate the ;Iun';e:e R A e el shack i ae
e + utton is for use when measuring current and voltage if th i
) ge only, and if the meter is on a normal range, it should never be
ointer shows m than half . i i 3 i 1 e i
guuon il ore than half scale deflection. The resistance of the meter is the same on a press button range as on the normal one. Press the
v
:NOB Q" MUST ALWAYSlBE REPLACED IN NORMAL POSITION AFTER USE.
copper oxide rectifier is incorporated for A.C. measurements and the instrument calibrated for sinusoidal - input  (form factor 1.11.).

Special care should F)e exercised when using high voltages. If the meter is used to measure voltage calling for an external multiplier, or to
measure current in such a circuit, it must be used at the earth potential end. 7 é : i
AMPERES ;

Ten ranges D.C and eight ranges A.C. are incorporated. These ranges may be extended by the use of external shunts (lOO;nV.) or transformers
(secondary to suit a current range).
OLTS. . -
'Ten ranges D.C. In addition the 2 mA.range can be used as one of 100 mV. or 50 mV. with the button pressed.
Eight ranges A.C. Suitable for out-put measurements at audio frequency. :
All normal ranges of D.C. and AC. except 10V. A.C. consume 2 mA.at full scale deflection (500 ohms per volt) or 1mA.at full scale for press
button. ranges (1,00C. chms per volt). the current being proportionately less for smaller duflections. The JOV.A.C. and 5V.A.C. ranges consume
20 and 10 mA .resp.xtively at full scale d&flection. 5 ey
OHMS. : . b
Three self contained ranges and two using external voltage. The press' batton should not be used on resistance ranges.
10,000 and 100,000 Ohms ranges. N
Before commencing tests on these ranges, it is advisabla to check, and if necessary, to adjust for both voltage and resistance of the 14V._cell by
means of the potentiometer " P% and resistance “R.” . : i 3
(1) Connect leads together. A %
(2) With switch at 100.000 ohms position adjust by , P’ so that the pointer indicates approximately 0 Ohms.
(3) Adjust by “R” when on 10,000 ohms range until poipter takes up;tthe .same position irrespective of whether the switch is on the 10,000 or
LS -

100,000 ohms range.

o
S .

(4) Set accurately to zero ohms by means of “P.™ ¢ 3 5 3]
MEGOHM RANGE. 6 ~;‘
Before testing on this range, it is necessary to adjust as_-follows :— : |
(1) Connect leads together. . S %
S

(2) Set switch to 1 megohm position. :
(3) Reise adjusting knob Q" and rotate in a clockwise direction until the pcinter indicates 0 Ohms.

After carrying out tests on this range, return knob Q" to its normal pasnon in the panel.
BATTERY REPLACEMENT. If it is impossible to obtain zero ohms setting, the xgternﬁ_‘ batteries should be replaced, a 14V. cell for the two
lower ranges and two 4%V.batteries for the high range.
10 & 40 MEGOHM RANGES.
These ranges are available by using the 100 or 400
to use a voltage between 2/3 to 2% times that of the range in use. adjustment for zero on the W)
After adjusting for voltage the test resistance is connected in series, its value bei/n:.g th“at shown on the
may be. With these high voltages the circuit should not be handled while (‘live.
Return “Q" knob to its normal position in panel after tests.
CAPACITY. / -
S0~ AC_ Mains supply from 65 to 250V.should be connected to the meter wh
as in the megohm range, to bring the pointer to its infinity capacity position.

V.A.C. or D.C. ranges respectively in conjunction with a suitable source of 'voltage. It is safeand correct
ms scale being carried out by means of "Q" knob.
ohms scale multiplied by 1,000 or 4,000 as the case

en set to its capacity range, and the “Q" knob should beloperfted
The unknown condenser should then be connected in series. direct

indication of capacity being shown within usual commercial limits of accuracy. it
Frequencies other than 50 cycles may be used, but this'affects the voltage necessary for adjustment. 250V. A.C. must not be exc -
Return "Q" knob to its normal position after tests. " :

- POWER AND DECIBELS.
This range gives a maximum reading 2 watts, the impedance being 5,000 ohms.
the reference level (O.d.B.) being 50° m.W. ; i
The 10V.A.C. and the 100V.A.Cg. ranges can be used as power ranges of 200.m.W., the impedance being 500 and 30,001;2";5570:5::‘“::: 2
The A C. switch position marked with a spot (31.5 mA) is for the extension of power and decibels up to 20 watts and .B. :
onjunction with external load resistances (see Instruction leaflet M.21). [ ; S the. Modal
. POWER FACTOR AND WATTAGE. The two sockets, marked “P. F.0 at the top of the panel are for use wi ;
. “Power Factor and Wattage Unit.”  See instruction booklet.
AVO LTD., AVOCET HOUSE, 92/96, VAUXHALL BRIDGE ROAD,

S W.l.

LQNBONG 2 tent No‘s:200977,4040|5,464867,476683.476738.

The "AVOMETER"is patented in the principal countries throughout the world. British Pa
’ The :orr,; "AVOIMETE itis zur registered Trade Mark. MADE IN ENGLAND.

The corresponding d.B. scale is calibrated from —15 to +16 d.B,
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‘ MODEL 7 AVOMETER

} WORKING INSTRUCTIONS FOR THE INSTRUMENT
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cter (Panclimatic M odel).
AvoMeter.,

AVO ” Valve Characteristic Meter, MK 4.
'AVO > Valve Tester Type 160.

he “ AVO ” Signal Generator Type 3.

The AVO > Wide Band AM/FM Signal Generator, Type AFM 2.
< AVO ” Light Meter.

‘also manufactures a range of Coil Winding
culars of which will be forwarded upon request.

hure describing all the above products can be
of charge from our Agent on your Territory, or
plication to our London Office.

' isation in London, whilst
own service organisation in don,
e;»,«gén made for the repair of our instruments
untries throughout the World.

¢, A specially adapted versiop of the Model 7 '
iplied for the use of the blind. :
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THE

MODEL 7 AVOMETER MK 11
WORKING INSTRUCTIONS

Scope of Instrument. :

; The meter should arrive complete with two connecting leads, two clips and two
Prodclips. The plug in leads are designed to facilitate easy connection to the instrument
terminals, whilst into the sockets at the remote ends of the leads, either the Prodclips or
clips can be fitted. The meter is extremely simple to use ; it has a 5" hand calibrated
scale, together with an anti-parallax mirror to facilitate accurate readings. The instru-
ment incorporates both an “A.C.” and a “D.C.” switch, whilst the design is such that
only two terminals are required. The whole is compact, self contained over wide ranges,
readily portable, robust, and automatically protected against reasonable overload. It
should be noted that in certain instances, instruments are supplied less internal batteries

The instrument has 50 self contained ranges, as listed upon page 5, covering the
measurement of A.C. or D.C. current and voltage, resistance, capacitance, decibels,
and audio frequency power.
~ Although the AvoMeter is, in the main, self contained, it should be noted that the
wide ranges of the meter can be even further extended by means of various accessories.
Full details of these will be found towards the end of this book.

The highest percentage of accuracy on moving coil instruments, is normally
presented towards the higher end of the calibrated scale. By the provision of inter-
mediate ranges between those marked on the switch knobs, it has been possible to offset
the disadvantage of reading small pointer deflections. These ranges are shown by

asterisks in the table upon page 5.

Limits of Accuracy.

Generally speaking, the highest percentage of accuracy on current and voltage
ranges is obtainable at the upper end of the scale, but on resistance ranges, it is better
towards the centre of the scale. In the case of voltmeter measurements which are more
frequently taken than those of current, successive ranges have been closely chosen to
obviate need for taking readings of very small deflections. The instrument will produce
its highest degree of accuracy when used face upwards, whilst the anti-parallax mirror
fitted to the scale enables readings to be made with great precision.

The instrument meets the requirements laid down in Section 6 of the British Standard
Specification 89/1954 for 5” (127mm.) Scale Length Industrial Portable Instruments.
In practice, the calibration of the Model ‘7 AvoMeter is well within the limits given,
due to the great care taken in the manufacture of its various components, and to the
fine initial calibration. Although the specification does not include rectifier operated
ammeters, the instrument does comply with the same limits as specified for the A.C.

voltmeter section.



cale: pproximately 5” in length, t o
AT 0,000. The second is for (gltxrretri: ;(1)1% t‘i?glltg

h A.C. and D.C. and, is marked 0-100 with divisions appr L
apart. The third scale is calibrated up to 400 in eight major s[;p e
ing SUb-dlYlded into ten divisions. This scale is only used in conjuggts‘ =
e It range marked on the switch knobs. These scales are calibrate:dl(;Il
L the readings of standard instruments. Three subsidiary scales are provide?i
‘ &pacrtance, Power, and Decibels. The scale markings are 0-01 mFd. to 20 mFd
mW to 2 watts, and —15 to +16 dB. (about a reference level of 50 mW.). !

The Rt Button.

The switch knobs are engraved with sectors enclosing ranges of Voltage, Current,
ce, etc. In general, the successive ranges shown on the knobs have a 10/1 ratio,

Pr¢ vide _mtermgdlatc; ranges a divide-by-two button is incorporated on the panel
strument, this being operative upon all Current and Voltage ranges.

_déqlfwith mains voltage measurements, the 400-volt “ A.C.” and *“ D.C.” ranges
n introduced so that they and their associated 200-volt ranges (press button)

employed for more accurate measurements of mains voltage.

e divide-by-two button is used when measuring Current and Voltage only, and
to halve the value of any range shown on the switch knob. It should never be
if over half-scale deflection is being shown, since twice the length of pointer

flection as normally occurs, is produced on pressing the button. This divide-by-two

' jerefore effective in producing the ranges marked with an asterisk in the table

or example, if the switch knobs are set to give the 0-01A D.C. range,
e button will transform it to one of 0-005A D.C. Greater simplicity
e and wider coverage of ranges results from the use of the divide-by-

of intermediate ranges on the switch knobs, but the circuit becomes
Ithough the same tappings on the shunt, multiplier or transformer
n place of the normal one. Since this device also enables external
sories to produce a double range effect, an explanation of
f assistance to the user.
i s shown in Figs. 1 and 2, this being connected
stances for voltage measurements, or across a
t. It will be noticed that the effective resistance

measurement bs 1ang
ohms in both conditions, but the current consumption 1s
Fig. 1) as in the divide-by-two condition (Fig. 2).

=800 -

MOVEMENT |
= Qs
T s00 . )
. aQmY

e

FIG. 2

-
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Since the resistance of a voltmeter is constant for any one switch setting, 1ts range
value must be proportional to the current flowing at full scale deflection. With the — 2
button depressed the application of half the original voltage will bring the pointer to full

scale deflection.
* The voltage across A B to give full scale deflection is 100 mV. and 50 mV. in the two
when on the - 2 range, only

 cases, so that when shunted for current measurement and
alf the normn required in ; the necessary voltage for full

¢ blank positio
- on any range in use
ter. When not 1n use,
ise false readings may

13,000 V. AC, if should be kea&ggg_thg
earth) if sed with accessories on a i
e cannot be adopted other suitable safe-

.




lould be set toba suitable “A.C.” or “D.C.”
‘with the apparatus to be tested. Generally speakin.
L < ‘ttls “eghglbclle, but in the case of low vo%,tag:ailke?vg;
2 )n of a meter may reduce the current a i

therwise prevail. ppreciably below the

oximat

(o)

Th

T PP e resistance at the meter terminals o i is gi
below, the values being unaffected when the divide-by-:wonbttlllt?to‘r,lagéo;:es,r:eréges G
Normal Range IDAE, A6 :
; 0-002 4 50 ohms —

(BONET LR 60 ohms
L s RN TS,
1'0 55 0'14 29 0'05 29

10'0 ’ 0'03 s 0'02 29

Standard meter leads have a resistance of 0-02 ohm per pair and this val
be added to that of the meter. e > g

~ In certain cases care should be taken to ensure that a circuit is dead before breaking
into it to make current measurements.

VOLTAGE MEASUREMENT.

When measuring voltage, it is necessary to set to the appropriate range of “ A.C.”

~or “ D.C.” and connect the leads across the source of voltage to be measured. If the

expected magnitude of the voltage is within the range of the meter, but its actual value

is unknown, set the instrument to its highest range, connect up and rotate the appropriate

selector switch, decreasing the ranges step by step, until the most suitable one has been

selected. Great care must be exercised when making connections to a live circuit, and
procedure should be entirely avoided if possible.

'On every normal “ A.C.” and “ D.C.” voltage range except, that for 10 volts A.C,
e instrument consumes 2mA. for full scale deflection (500 ohms per volt) and propor-
ionally less current for smaller deflections. When using the press button, full scale deflec-

s produced by half the current (corresponding to 1,000 ohms per volt) required for
e normal range, and since the meter resistance is unaffected, the voltage range is halved.
ase of the ©“ 10 V. A.C.” range the consumption at full scale deflection is 20 mA.

ilst discussing the problem of measuring voltage, it would be well to draw
on to the fact that in certain circuits where the current is limited because of the
ce of a resistance between the source and the point at which measurements are to
e, it is possible for the actual voltage to be higher than when the meter is connected.
rrent consuming voltmeters, however sensitive, draw some current to varying
from the circuit under test, thus causing a higher voltage drop in the resistances
.d and thereby causing the potential to fall at the point of measurement. A
ample of the manner in which errors of this nature can be introduced is given
| radio circuit in which a valve anode is fed through a series load res_1§tancg
~ source. Under no signal conditions, the valve will have a potential 0o
ndent on the E.M.F. of the source, the actual voltage being a function

“impedance of the source, the load resistance and the 1.mpqdan<;6f: ffgé g

have ignored any biasing or other component 10 the. Cl.l‘CUlt). e

ming voltmeter is introduced across the valve In order t(t))l m e
exists between the cathode and anode of the valve, a double € v

12
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place. The addition of the voltmeter reduces the total resistance of the‘ circuit and
therefore slightly increases the current. This increased current passing through the
resistance of the source and anode load increases the voltage drop across them, and the
sum of these voltages must be deducted from the E.M.F. to give the voltage across the
valve. In practice a balance is automatically struck whereby this residual voltage equals
the product of the slightly increased current and the reduced resistance (caused by the
paralleling of the voltmeter across the valve). Thus, to avoid disturbing the circuit
conditions more than absolutely necessary it is advisable to use a multi-range voltmeter
on a range sufficiently high to give the maximum practicable resistance, together with
reasonable pointer indication. This same principle of using a higher range than
apparently necessary should be adopted when measuring values of grid bias produced
by the passage of current through a cathode load.

In general, however, if the highest range of the Model 7 AvoMeter is used for this
purpose (together with the use of the -~ 2 button if desired), readings accurate enough for
practical purposes can be obtained. When so set, the total resistance of the meter
forms a very high resistance path shunted across the valve, thus altering the normal
voltage distribution only very slightly, since the valve itself is only a fraction of the total
resistance in the circuit.

The distribution of the Model 7 AvoMeter is to-day so wide that many radio
manufacturers give in their service sheets the readings which one should obtain at
various points of a radio receiver with the instrument set to a given range. The shunting
effect of the meter does not therefore now matter, for the manufacturer has taken the
actual readings on a Model 7 AvoMeter upon a chassis which is known to be working
perfectly.

When it is essential to obtain an accurate indication of the voltage developed across
a high resistance, it is sometimes preferable to insert the meter in series with it and to
measure, in amperes, the current flowing. The reading given upon the meter, multiplied
by the value of the resistance, in ohms, will give the developed voltage.

RESISTANCE MEASUREMENT

There are three self contained ranges covering from 0-5 ohms to 1 megohm, whilst
two higher ranges are available employing external voltage sources. Generally speaking,
the highest accuracy on an ohms range is obtainable about the middle of its scale.
Between 20 97 and 80 9% of the arc length, the accuracy on the ohms scale will be within
4359 of the indication. Where the value of the unknown resistance to be measured allows
a choice of range, that range which gives the most central reading should be employed.
Resistance tests should never be carried out on components which are already carrying
current. Upon those resistance ranges utilising an internal source of voltage it should
be remembered that positive potential appears at the negative terminal of the instrument
when set for resistance. This fact may be important because the resistance of some
components varies according to the direction of the current through them, and _read‘mgs
therefore depend upon the direction in which the test voltage is applied, quite apart
from its magnitude. Such cases include electrolytic condensers and rectifiers. 5

When measuring the leakage resistance of an electrolytic condenser, the negative
lead from the meter should be connected to the positive terminal of the condenser, and

the 1 megohm range employed.

The 10,000 ohms and 100,000 ohms Ranges.

11 (dimensi 1" }” x 33§") such as
These two lower ranges employ a 1§ V. cell (dimensions 1}" X 1}" X 3y
Siemens type “T.” Ad%ustmeIr)]ls for the condition of this cell are made by the

13



ges in the internal resisty
AvoMeter, enables m e

on. It P

uring low values, draw appreciable current from the cell.
Before commencing tests on either of these r i i <

necessary, to adjust as follows : :
(1) Connect the leads together, and set the “ A.C.” switch to “ D.C.”

(2) With the “ D.C.” switch set to 100,000 ohms, adjust control “ P ” until the
pointer indicates approximately zero on the ohms scale.

(3) Switch to the 10,000 ohms range and if the pointer differs from the last setting
adjust by means of ““ R » so that it just overshoots that position. Since, on
the low range, the “ R adjustment causes ten times the change of pointer
position that it does on the higher range, the need for just overdoing the
apparently correct setting will be obvious. This adjustment should now be
checked by comparing it once again with the pointer position on the 100,000
ohms range, and if necessary, the operation repeated. The object is to make
the pointer take up the same position on the scale, irrespective of which of
the two ranges is selected.

(4) Set to zero ohms precisely, by means of control ““ P.”

After these adjustments, the leads should be connected to the resistance to be tested.

. The markings on the resistance scale apply to the 10,000 ohms range, but when using
the 100,000 ohms range the indication on the ohms scale should be multiplied by ten.

‘The Megohm Range.
~ This range makes u

se of two

,,A_Z%Y%batter_ies, in series (dimensions 25" X 1" x23")
or Ever Ready “ 1289 . Before using this range it is necessary
carry out the following adjustments : ;

) Connect the leads together, and set the “ A.C.” switch to * D.C.”
) Set the “ D.C.” switch to the 1 megohm position.

Raise the adjusting knob “ Q ” from its position in the panel and rotate it in
~ a clockwise direction until the pointer indicates zero.

est, connect the leads to the unknown resistance, and note the indication on the
cale. This value multiplied by 100 will be its actual resistance. Do not hold the
s when carrying out tests on high values or the leakage through the body might
erroneous indications. | s

. After carrying out resistance tests on this range, the knob * must be
returned to its normal position in the panel.

zndltl’gm | \ | sibl btai ohms setting, or if
oining the leads together it is impossible to obtain zero oAt g, Of 1
: oge‘ tl!ll;,g pointer position will not remain constant, but f_alls steagllg,tttl: nf;g?;gl #
~oncerned should be replaced. It is important that a discharged battery

" " i, i .V \.:‘f' ik ' i .

14
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The 10 and 40 megohm Ranges.

These ranges are made available by using the 100 volts and 400 volts A.C. or
D.C. ranges respectively in conjunction with a suitable voltage source. It is safe and
correct to use a voltage which may be between two thirds and two and a half times that
of the voltage range in use (e.g., 230 volts A.C. with 100 volts ““ A.C.” range).

To adjust to ohms zero, the meter must be set to the appropriate range and connected
across the source of voltage. The “ Q> knob should now be lifted and rotated until
the dointer indicates zero on the ohms scale. (No harm results if the pointer goes beyond
Jfull scale deflection on lifting the “ Q > knob.) Switch off the supply to the meter and
connect the resistance to be tested in series with the instrument. Reconnect the
supply to the meter and the reading shown upon the ohms scale multiplied by 1,000
or 4,000, as the case may be, will give the value of the component under test.

Care should be exercised when using the mains. The article under test should not
be handled whilst the current is switched on.

Important.  After carrying out resistance tests on this range, the knob “ Q> must be
returned to its normal position in the panel.

CAPACITANCE MEASUREMENT.

_ Capacitance tests are made with the aid of a 50 c¢/s A.C. mains supply of between
65 volts and 250 volts. The meter should be set to its capacity range (set the “ D.C.”
switch to ““ A.C.” and the ““ A.C.” switch to *“ Capacity ”’), the leads connected to the
supply and the *“ Q> knob raised and rotated until the pointer indicates “ INF ”
on the capacity scale. No harm or damage will result if the pointer goes beyond the
limit of marking before the ““ Q * knob is withdrawn from the panel. The supply should
now be removed from the meter, the unknown capacitor connected in series with one
of the leads, and the supply reconnected. Direct indication of capacitance will now be
shown within the usual commercial limits of accuracy. It is important that neither the
capacitor nor the clips should be handled whilst the current is switched on.

Commercial frequencies other than 50 c/s may be used, but in such cases the voltage
limits will vary from.those given above. It is, however, important that 250 volts A.C.
is not exceeded. :

At the termination of a test always return the “ Q ** knob to its position in the panel.
It is also desirable that the internal capacitor used on this test should be discharged by
shorting the meter terminals, after the source of supply has been disconnected.

Electrolytic capacitors should be polarised before testing. It appears that if an
electrolytic capacitor is polarised or has been in use immediately prior to a test being
made, it can be checked in exactly the same way as a paper capacitor, if the test is
carried out expeditiously, the internal capacitor within the instrument reducing the
value of A.C. which is developed across the electrolytic capacitor during test. We do,
however advise that an electrolytic capacitor should be polarlseq while tests are being
made upon it and, in order to do this, a choke of at least 20 henries, or a resistance of
50,000 ohms, should be connected in series with a suitable D.C. polarising voltage across
the capacitor, taking care to observe correct polarity. The usual connections for maklﬁlig
a capacitance measurement are then made as above, the applied A.C. voltage 1n this

case being restricted to 100 V. R.M.S. : J oo
Inasrfrgluch as an inverse relationship exists between the magnitude of a capacitor’s

i i ltage is applied from an
capacitance and the voltage developed across it, where a vo
ex?erneﬁl circuit to two or more capacitors in series it can be seen that as the value of the

capacitor increases, the voltage across it drops. For this reason, therefore, electrolytic

15
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capacitors having a capacitance in the order of 20 mF. at 12 V. working can be checked
upon the instrument in the manner described above, since not more than their working
voltage will be developed across them, by far the greater part of the applied voltage
being dropped across the internal capacitor.

AUDIO FREQUENCY POWER AND DECIBEL MEASUREMENTS,

The power and dec_:ibe] scales of the meter enable tests to be carried out upon
amplifiers which are being fed with variable audio frequency voltage.

In the output stage of an amplifier, power is passed to the loudspeaker through a
special transformer, the load impedance (which must suit the valve) being that of the
loudspeaker itself, multiplied by a square of the transformer ratio. If the secondary
feed to loudspeaker is open circuited, the primary will act as a choke to A.C. but pass
the D.C. component. A resistance equivalent to the valve load impedance if now
connected across the primary will absorb the power previously fed to the loudspeaker.
This resistance can be the AvoMeter on one of its three ranges,

It will be seen from the following table, that when the meter is used alone, its
application is somewhat restricted upon wattage and impedance measurements.

It is however, possible to extend the wattage ranges by means of external resistances
selected to suit the load. A specially calibrated disc is available from the Company,

which when attached to the meter around its Q knob, facilitates measurements up to
20W.

AUDIO FREQUENCY POWER MEASUREMENTS.

The following power ranges are obtainable :— i

(1) 0—2 watts in 5,000 ohms Details on obtaining
(2) 0—200 mW. in 500 ohms using meter alone these ranges

(3) 0—200 mW. in 50,000 ohms are given below.
.
RangSeet( t)he “PD.C.” switch to ¢ A.C.” and the “ A.C.” switch to “ Power and
Decibel.”

RangSeet(ztﬁe “D.C.” switch to “ A.C.” and the ¢ A.C.” switch to 10 volts.

RangSeet(zgl.e “D.C.” switch to “ A.C.” and the “ A.C.” switch to 100 volts.

DECIBEL MEASUREMENTS.

g

Four decibel ranges are obtainable about a refevrence level of 50 mW.

—15 dB. to +16 dB. in 5,000 ohms :
8; —;g dB. to +6 dB. in 500 ohms using meter alone
(3) —25 dB. to 46 dB. in 50,000 ohms

P ; ; ; e
Ranges are set in accordance with instructions given in the previous p
relating to power measurements.

graph



als are fed to an amplifier, the meter can now be used to show
€ range. The load must be transferred
ting the loudspeaker from the secondary
primary (Fig. 3).

7270 rMﬁiﬁpﬁers are used d
range of the instrument upwarc and should be
connected in series with the meter set to its 1,000V.

range. The same multiplier is used for A.C.

~ or D.C. When in use with the multiplier the
¢ Earthy > side of the

e sl ol 2000 el :
The following multipliers are available.
0—2,000 V(ﬁ;OOO V. being dropped across

- Multiplier).
04,000 V. (3,000 V. being dropped across
‘Multiplier). Co




Shunts are available to extend
the D.C. current ranges. A Shunt
should be connected, by means of
its two main terminals in series
with the circuit upon which
measurements are to be taken
The meter, set to its 2mA. (IOOmVj
D.C. position, should then be con-
nected to the two small studs on
the shunt-end-blocks.

The AvoMeter whe
consumes only 2 mA at full scale deflection, a value which is negligible in co?nsgﬁssff;\

with the full scale current of the Shunt. The millivolt drop across the Shunt is directly

proportional to any current which may flow through it, and since the deflection on the

meter is directly proportional to the millivolt drop across its terminals, the instrument
indicates correctly over its entire scale length.

When the divide-by-two button is pressed, the meter range is reduced to 50 mV,
and therefore any shunt carrying half its rated current is again capable of producing

full scale deflection upon the meter. Thus, for example, a 400 amp. Shunt provides an
additional range of 0—200 amps.

400 amps ‘ 200 amps 100 amps 50 amps

Transformers.

Current transformers are used to extend the
A.C. ranges on the meter. Owing to the
very high potential which may build up in the
secondary circuit of a current transformer if it
is left open circuited on load, it is most important
to ensure that current is not passed through the
primary, unless the meter, set to its correct range,
is connected to the appropriate terminals of the
transformer. The secondary of the transformer
produces 0-1A when the full rated current 1S
flowing in the primary, and therefore matches
the meter range in use.

The transformer should be connected in series with the circuit qnder tZStjAbCy
means of its two terminals. This is done by setting the AvoMeter to f1ts 0-1 €.
range, and connecting its leads to the two small terminals on the transtormet.

The operation of the divide-by-two feature halves the ranges presented by the
transformers listed below. The following transformers are available.

400 amps 200 amps 100 amps 50 amps
A double wound 200/50 A. transformer can also be supplied.

18



The Model 7 AvoMeter Power Factor and Wattage Unit.

The illustration shows a power factor and wattage unit connected up with a Model 7
Avo Meter ready for use.

__ This device will only operate with a Model 7 AvoMeter fitted with “ P.F.” sockets
In its top panel, and is intended for use on 100-450V, commercial A.C. supplies. A
slight modification in procedure does however, enable the apparatus to be used at
voltages much below 100 volts. The complete unit is approximately the same size as

the AvoMeter.

Readings can be taken on the AvoMeter used in association with the Unit, from
which power factor and A.C. power can be determined in single phase, or balanced
2 or 3 phase circuits, provided the current remains constant for two or three seconds,
and is of the normal sinusoidal wave form. Unbalanced 2 or 3 phase power can be
determined as the sum of the powers in the separate phases. If necessary, external
current transformers having small phase angle errors may be included to extend the
turrent range of the AvoMeter. The Company can supply a suitable range of
transformers up to 400A. Since practically all apparatus which necessitates the use
of a power factor indicator works at a lagging power factor, no discriminator 1s

included.

The principle involved is to measure the current in one phase of the circuit untciisé
test and then to neutralise its power component in the case of single phase, or its reeanc 2
component in the case of balanced 2 or 3 phase circuits. T he relationship betv;/e i
first and second readings in any test, provides the information for powe

determination.
The above operation is : ‘ iaind AU s
ans of a variable resistance,
off a controlled amount of current by me snon e G e
Since the phase of the neutr lglen e

fed to the rectifier in the meter. _ of the opytralisin

i ise i of a fall in the pointer 1 ‘ i
f"’lgh tdh?t 3 c%usﬁssgfxg’l‘n’l’s?ggition a reversing switch has been incorporated to sa
ved from 1ts ;

performed by connecting the Unit to the mains and tapping
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)/ ol ountered g
1s been provided. Whep
di : u e pmﬁer%t?m - "mu{,n Pointer
on, 1 ¢ ! L rise again, t :
fficulty in obtaining the minimum owever, operation of the fesis{anc:rz 0o
causes a rise in pointer indication whichever side the reversing switch may be (Intr ol
the pointer must already be at its minimum indication, i.e. it is either a singlep e,
zero power factor load, or a three phase unity power factor load. Phase

It will be apparent that in single phase working, the neutralising current must be ;
phase with the voltage which supplies the load, and can be used to cancel out its powl:;
component. It follows that with substantially resistive loads there will be a considerable

difference in the pointer indication and with reactive loads there will be little change,

In 2 or 3 phase working, the current is measured in one phase and the neutralising
voltage is derived from across the other phase or phases. This neutralising voltage is,
therefore, in quadrature with that which would be used in the single phase test and
consequently it neutralises the reactive component. Any residual indication shown
on the meter is in this case the power component and it will be relatively large with

resistive loads and small with reactive loads.

Should the characteristics of the circuit under test be such that upon switching off, a
voltage much in excess of the mains voltage is likely to be generated across the load, it is

advisable to disconnect the neutralising voltage leads before switching off.

A summary of the operating instructions, including the use of the calculators,

appears below :—

Preliminary Settings of the Unit.

(1) Remove the leads from the drawer in the Unit and plug into the appropriate,

socket.

(2) Set the voltage switch at a value to suit the supply. (For voltages below 100V,

set to “ 100-160V > position).
(3) Set the movement reversing switch at its mid-position.
(4) Set the adjusting knob at the position marked “ START.”

(5) Connect the short leads to the sockets marked P.E. at the top of the AvoMeter.
(6) Connect the long leads to points which will attain the required voltage when the

load is switched on.

Note.
Single phase. The voltage should be taken across the mains.

Balanced 2 phase. The current is measured in one line, the voltage being taken

from across the other line to the neutral.

Balanced 3 phase. The current is measured in one line and the voltage is taken

across the other two lines.
Unbalanced 3 phase. Regard each phase as a single phase test.
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readings. After tests, t
Initial positions.

Never switch to a lower current ran |

‘ er Switc ge on the Avometer when adiyssi

pointer zndzcatzqn, but the — 2 button can be used througho‘busnngfor the minimum
Increase the pointer deflection. Circuits carr

; ut the test if desired

3 x > ying current in ex e L
dealt with by using a suitable ex cess of 10 am
in the normal manner.

ternal current transformer connected to the Xigi/][leg;
Should the load be highly resistive and single phase, or highly reactive and
multi-phase, it may be found that there is insuffi s and balanced

. . _ cient neutralisation to obtain q minimum
readtr.zg when operating upon supplies less than 100 V. Such a condition could occur if
practically full scale deflection were produced o

. . n the range in use. If this situation is
encountered, swztch. to the next higher current range (using — 2 button if desired to
increase the deflection), since less neutralisatio

n will then be necessary. The voltage
should now be adequate to deal with the altered conditions, provided that the Voltage
Selector Switch on the Unit is set to its 100 - 160 volts position.

Power Factor Calculator.

In the case of a single phase test, the point on the swinging arm corresponding to
the maximum current should be superimposed over the squared scale at a point
corresponding to the minimum current single phase on the horizontal scale. The power
factor is indicated on the scale at the extremity of the swinging arm.

For balanced 2 or 3 phase the maximum current reading on the arm should lie
over the point corresponding to the minimum current on the vertical scale.

Note. If the main purpose of the test is to determine the power factor, the relative
values only of the two readings is required irrespective of their actual magnitude.
It will be found helpful in such cases to use the Q knob on the meter to bring
the initial reading to a convenient whole number (100 if possible). Once the
Q knob has been set during this initial operation, it should be left without alteration
throughout the remainder of the test, since this primary adjustment will alter the
second reading in the same ratio as the first, and thus no error will be introduced.
The increased pointer deflection will, of course, make for higher accuracy of reading. |
Return the Q knob to its normal position after use. As a matter of interest, in
the case of balanced two and three phase loads, the Power Factor is the minimum
current reading divided by the maximum current reading. o N

Wattage Caicnlator.

Single phase : the voltage across the load should first be measured and hthe _;;glvl\{gi
factor then determined as described above. This power factor value don tlte cl ulas
calculator should be set to the point corresponding to the lpeasureh Vo ag;:( 1
power in watts or kilowatts may then be read opposite the point on the curre
which corresponds to the maximum current reading. :
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he Power Factor from 0-1
d, the calculation can be
Wattage indication then

rked from 10mA and t
w these are encountere
Power Factor, and the

The calculator has only been ma
If at any time values belo
say ten times the current or
ed by ten. ¢ 1.0
~ Balanced 2 phase : the line/neutral voltage should be measureid anc}r }tll;e vyantlt{aygg per)‘
power factor marked on the calculator set against the _Yoltage value. sl
phase is then read against the minimum current, it being unnecessary to me
power factor. The total wattage is twice the phase wattage. i
Alternatively, the line/line voltage should be me_asured and the 1_nark Vio on the
calculator set against this value. The total wattage is then read against the minimum
current, there being no necessity to determine the power factor. Note : the voltage
derived from line to line must not be applied to the Unit, but merely used to facilitate
computation on the wattage calculator.

Balanced 3 phase : the line voltage should be measured and the mark Vig on the
calculator set against this value. The total wattage is then read against the minimum
current, it being unnecessary to determine the power factor.

Unbalanced 2 or 3 phase : the power in each phase must be determined as a single
phase test, the total power being the sum of the individual phases.

For “ star connection * circuits the power in each phase is the product of the phase
volts, the line current and the power factor.

For * delta connection * circuits the power in each phasé is the product of the line
volts, the phase current and power factor. This latter case can only be determined if
phase currents can be measured. :

Other applications for the device such as the determination of phase angle between two
voltage sources may present themselves to the discerning engineer.

The Measurement of Reactive kVA with the Power Factor and Wattage Unit.

Many supply authorities stipulate that a penalty will be imposed if the power factor of a
connected load drops below a certain figure. In practice therefore, it is not only desirable to know the

power factor, but the amount of correction required to improve it to a given figure. This Unit will
provide all the necessary information.

. Although “ bad power factor ” can supply to capacitive loads, it is normally the inductive load
which causes trouble in industry, due to the use of motors, transformers and other plant which give rise
to inductive “ Wattless current.” Such current only burdens cables and power stations unnecessarily,
and involves supply authorities in expense which many are no longer prepared to except.

. The usual method of obtaining the necessary correction, is to connect capacitors in parallel with
the inductive load, these capacitors being normally rated by the manufacturer in kVATr.

TO OBTAIN kVAr.

(1) Ascertain the power factor and total wattage of the load.

() Set arrow upon the Power Factor Improvement scale to desired power factor.

(3) Read multiplication figure opposite existing power factor.

4 The kVAr required to correct the circuit is then given by multiplying the wattage of the load by

the factor obtainable in (3) above.
If when this kVAr figure has been obtained, it is desired to know the value of the required

correction capacitance, it can be found from the following formula :—

: : kVArx 10°
Capacitance in p.Fds = STTE (V)

Where SSTp 314 = frequency of supply. V = voltage of supply.
For balanced three phase working, the capacitance is divided into three equal banks.
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= ,tconnected acro
set to its <6 93 5
¢ and 10 ohms terminal on the unit,1 t?xlé 2 QC . ﬁﬁgﬁeb':- omoecled

: br1_ng the pointer to the 100 ma:;]l% i }tlo
uniformly divided scale. The meteronl tde
should then be transferred across the unknea :
resistance, and the reading P

: on the 100 divisi
“ scale noted. This shows the value :;?Sltot?e

resistance under test as a percentage of 10 ohms
or if the actual readings obtained are divided b{;
10, direct reading in ohms will be given.

negative terminal of the Unit. Th .
‘ e -
between the positiv meter,

If the reading is less than 1 ohm, a more
accurate test can be carried out on the 1 ohm
range. The standardising procedure should be
repeated with the meter set to its 2mA. range

and its leads connected between the positive and
1 ohm stud. The leads should then be transferred across the unknown resistance, the

pointer indication on the 100 division scale giving the value of the resistance as a per-
centage of 1 ohm. If the actual readings obtained are divided by 100, direct reading
up to 1 ohm will be given. The procedure outlined above for setting the instrument to
full scale deflection by means of its ““ Q ”” knob must be repeated for every test.

Immediately tests are complete, disconnect the meter and the tested resistance from
the unit to avoid discharging the internal cell. This cell should be examined periodically to
ensure that it hasn’t become discharged.

The illustration shows the specially designed
leather case which can be supplied with the
Model 7 Avo-Meter if desired.

Should it ever be your misfortune to have
to return the instrument to the Company for
repair, pack it carefully and enclose a note

informing our engineers of the faults you have
found.

Due to high operational standards main-
tained throughout our works, and the close limits
within which we work, l?regkdowns aare com-
paratively rare. The majority of falég;esofabg
be traced to damage in transit, or careless handling for W}(lilch tsnz tgglllr:ﬁ?:gility,
held responsible except in those cases where the buyer 1S advis¢
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