OPERATOR'S MANUAL

Model ZM1
Impedance Meter with Calculated Watts




1. INTRODUCTION

The ZM1 meter is specifically designed for the sound contractor and loudspeaker user. Simply connect the probes to the device under test.
The ZM1 displays ac impedance and calculated power for constant voltage (transformer coupled) loudspesker systems.

The ZM 1 measures impedance by applying a constant current to the device under test (such as aresistor, a capacitor, an inductor, a
loudspeaker, or any electrical circuit) and then measuring the resulting voltage. The voltage is directly related to impedance by Ohm's law
for ac voltages.

The ZM1 measures cal culated power by applying a constant voltage to any load (as above) and then measuring the resulting current. The
current is directly related to power.

For both impedance and cal culated power, the various voltages are scaled within the ZM1 to give readings in ohms (W) and Watts. For
calculated watts, there are four scales for the various "constant voltage" systems, 25, 50, 70.7, and 100 volts.

The ZM1 reads accurately to + 3 percent.

2. ZM1 DESCRIPTION
a. Display:

The ZM1 uses a 3% digit liquid crystal display (LCD) for the readout. The maximum digits are 1999. A decimal point is used
to indicate the value multiplier. For instance, areading of 18.90 when the function is set to ohms and the range is set to 20k,
means 18.90kW (or 18,900W).

Thedisplay is"out of range" when the reading isa 1 followed by a series of blanks, 1---.

For example, atrue 255W resistor would read the following impedance, at all frequencies:

Scde Reading Meaning

200 1. out of range
2000 -254 254 ohms (W) - most digits, most accurate
20k --25  0.25k ohms(KW), less accurate

b. Switches:
Function: Use this switch to choose either OHM S (impedance) or WATTS (calculated power) measurement.

Range: The range switch controls both the display and the test signal applied to theload. For impedance, the ranges are
200 ohms (W), 2000W and 20.00 k ohms (kW), with maximum readings of 199.9W, 1999W and 19.99 kW

For calculated power, the ranges are 20 Watts, 200 Watts and 2000 Watts, with maximum readings of 19.99 Watts, 199.9
Watts and 1999 Weaitts.

For best accuracy, the range should be chosen to give the most digits displayed (but not an out of range condition). For
example, if the real impedance is 1898W, then areading of 1898W on the 2000W scale isthe most accurate; on the 20kW scale
it is 1.90kWwhich isless accurate, and on the 200W scale it is 1--- or out of range.

Frequency: Four frequencies are generated in the ZM1, 100Hz, 330Hz, 1kHz, and 10kHz. Select the appropriate frequency
for the impedance or calculated power measurement.

Voltage: Choose the "constant voltage" specification of the distributed loudspeaker sound system, 25, 50 70.7, or 100 volts.

The ZM1 changes the internal calculation multiplier for these different settings; it does not change the test signal applied to the
load.

3. QUICK CHECK

To make surethe ZM1 is operationa:
1. Placethe ZM1in OHMS Function
a With the LOAD leads not touching, the impedance should be "out of range" for all ranges. le,, it should display 1--- in the
200W, 2000W and 20kW ranges for all frequencies.

b. With the LOAD leads connected together, the impedance should be O, or very near 0, for al rangesand all frequencies.



2. PlacetheZM1inthe WATTS Function

a With the LOAD leads not touching, the power should read O for all ranges, frequencies and system voltages.

b. With the LOAD leads touching, the power should read out of range for al settings.
le,, it should display 1--- for the 20W, 200W, 2000W ranges, for al frequenciesand for all voltage setting of 25, 50, 70.7,
and 100 volts.

If the ZM1 does not read close to 0 or out of range first check to make sure the test |eads are good and the contact points are not corroded.
Also check that the "BAT" indication is not appearing on the display.

4. OPERATION
TheZM1 is powered by 8 AA batteries. Toinstall or replace batteries, remove the four phillips head screws on the rear cover to accessthe
battery compartment. Always replace the batteries when the "BAT" symbol appears on the display. (The ZM1 will give incorrect readings
if "BAT" isdisplayed)
a. To Read Impedance:
1. TurnontheZM1. Set the FUNCTION switch to OHMS. The display should read 1---, the indication of very high
impedance which is off scale.
2. Select the FREQUENCY, 100Hz, 330Hz, 1kHz, or 10kHz.

3. Connect LOAD leads to the device under test. Make sure that the object under test is disconnected from a power source.
Failure to do so will damage the ZM1.

4. Switch the range switch (200, 2000, or 20k ohms) so that the highest number of digitsisdisplayed. Remember, 1--- isout
of range.

5. The display shows impedance in ohms (W), or k ohms (kW), at the frequency selected.

b. To Read Calculated Power:
1. Calculated power appliesto distributed loudspeaker systems. Make sure that the loudspeakers are disconnected from
the power amplifier before connecting the ZM1. Failure to do so will damage the ZM 1.

2. TurnontheZM1. Placethe FUNCTION switchto WATTS. Thedisplay shouldread nearly O .... theindication of no
power.

3. Select the VOLTAGE used in the distributed sound system, 25, 50 70.7, or 100 Volts.
4. Select the FREQUENCY, 100Hz, 330Hz, 1kHz, or 10kHz.
5. Connect the LOAD leads to the Loudspeaker under test.

6. Switch the RANGE switch (20W, 200W, or 2000W) so that the highest number of digitsisdisplayed. Remember, 1--- is
out of range.

7. Thedisplay shows the power in watts that would be transferred to the device under test if the selected voltage at the selected
frequency were to be applied.

5. TRANSFORMER COUPLED DISTRIBUTED LOUDSPEAKER SOUND SYSTEMS

a. Description:

Connecting many loudspeakersto asingle amplifier is made possible by using transformers. The transformer convertsthe
voltage and current ratio to provide efficient power transfer from the amplifier to the loudspeakers and to permit relative level
changes between different loudspeakersin alow |oss manner.

Coupling transformers for loudspeaker distributed systems are called "constant voltage" transformers. They are specified by
system voltage and wattage to the speaker (if that voltage were to be applied).

The constant voltage transformer method was developed to permit easy calculation and installation of distributed sound
systems. The sound designer needs only to know the desired sound pressure level, SPL, and the sensitivity of the loudspeaker,
SPL /watt. He may then calculate the wattage needed for a given SPL.

Each loudspeaker is then connected to the appropriate power tap on the transformer. The total power to the system isthe sum
of the wattage for each of the transformer power taps. The power amplifier must have this wattage, at least.

Theinstaller may change the volume level in any speaker by moving the tap on the transformer. Of course the power to the
loudspeaker changes as well.



Measurement of the distributed loudspeaker system is easily carried out with an impedance meter. However, the designer and
installer have fully characterized the system using watts, not impedance. Therefore the ZM1 has been designed to aso read
"power" as defined by the constant voltage transformer method. We call this power "calculated watts', because this wattage
would appear at the loudspesker only if the system voltage, such as 70.7 or 100 Volts, were applied.

b. Transformer Voltage, Power and Impedance:
Transformers simply change the ratio of voltage and current, while transferring total power (almost). The equation is:

Power at the output (to Speaker) = Power at the input, or Power at the output = (V x ) at the input, where V = voltage | =
current.

If the transformer's output is connected to an impedance, the impedance at the input appears to be transformed to another value.
Using ohm's law for impedance where
| =V / Z, and substituting we obtain:

Power at the output = (V x V/Z) input =V?2Z input
From this equation the relationship between constant voltage, power and impedance is devel oped:
Power at the output (P) = VZZ input or re-arranging, Z = V2/P

For example, if we are using a70.7 volt system, and want to supply 10 watts to the loudspesker, then theimpedanceis. Z =
V2P or (70.7)%10 = 5000/10 = 500 W.

Loudspeakers are characterized by their impedance. Impedance is simply the magnitude of the ac resistance. When avoltage
is applied to the loudspesker, current is drawn and power is dissipated as sound pressure, heat and other |osses.

Because the impedance value varies for different ac frequencies, the power dissipated aso varies.

A single number, called the characteristic impedance, is always provided by the loudspeaker manufacturer. Usually 4W or 8W,
this number is chosen because it is the closest to the actual measured impedance. The impedance is measured at a frequency
which is both higher than the fundamental resonance frequency of the loudspeaker, and is the minimum value

For transformer coupled distributed loudspeaker systems, the characteristic impedance has been used for al caculations.
However, when measuring a system, the ZM 1 will read the actual impedance and often thisis different by up to 20%.

Not only does the loudspeaker impedance vary with frequency, many loudspeakers contain additional drivers, such as awoofer
and tweeter, and a crossover network. These modify the impedance reading considerably.

¢. Voltage Standards for Constant Voltage Lines:

Four voltage standards are used: inthe USA 70.7 Voltsistheindustria standard; someinstitutional and public school facilities
use 25 Volts. 100 Volts are used in most other countries with some public facilities choosing 50 Volts.

6. MEASURING A LOUDSPEAKER

Each loudspeaker type should be measured for impedance at different frequencies. These readings become the "signature” for the
loudspeaker. Changes in future impedance readings will then indicate a problem. For most accurate results, measure the complete
loudspeaker, that is the driver(s) mounted in the enclosure, or celling baffle, etc.

The ZM1 hasfour signal frequencies, 100Hz, 330Hz, 1kHz, and 10kHz. Datais generally alwaystaken at 1KHz. 330Hz is provided
because it is the frequency most often used for measuring the characteristic impedance. 100Hz and 10kHz gives additional information,
especialy for wide range systems with multiple drivers.

When measuring calculated power with the ZM1, it is best to take data at 330Hz or 1kHz. Thisis because the impedance values at these
frequencies are close to the characteristic impedance. For example, if the 8W speaker read exactly 8W at 330Hz then the cal culated watts
in atransformer coupled system would read correct power at 330Hz. On the other hand, if the impedance were 10Winstead of 8W, then
the power reading would be in error by 25%.

It is therefore recommended to always measure and write down the impedance of the loudspesker at all frequencies. Then, for calculated
power, choose the frequency that reads closest to the characteristic impedance of 4, 8 or 16Wto help make sure a distributed sound system
is correctly wired.



7. MEASURING CALCULATED WATTS

Calculated wattsis the equivalent power if the system voltage, such as 70.7, were applied to the loudspesker system. The loudspeaker
system is made up of one or more transformer coupled loudspeakers (whose impedance generally varies for different frequencies). If an 8W
loudspeaker driver had measured 8W, then the power reading will be accurate with the transformer. The ZM1 reads the total calculated
power. That is, the reading is the arithmetic sum of all the transformer coupled loudspeaker power ratings. For example, if 9
loudspeakers were connected to 10 watt transformer taps (9x10W=90W), and 5 loudspeakers were connected to 20 watt transformer taps
(5x20W=100W), then the total calculated power would be 190 watts (90W+100W=190W).

Note that the ZM1 has four different system voltages, 100, 70.7, 50 and 25 Volts. These voltages simply change the calculation within the
ZM1; no such output voltages are presented to the test leads.

A large distributed loudspeaker system often uses long wire runs that modify the impedance by adding distributed capacitance and
inductance. Readings of power at 10kHz will be increased due to the added capacitance.

8. MEASURING A DISTRIBUTED LOUDSPEAKER SYSTEM

Thefollowing steps are recommended for measuring and confirming a distributed loudspeaker system:
1. Measure the transformer coupled loudspeakers before installation. Use 330Hz or 1kHz and choose the frequency that
resultsin readings agreeing closest with the transformer markings....ie the 5 watt transformer tap reads 5 watts with the ZM 1.
Write down the readings.
2. Calculate thetotal power of the loudspeaker system. To do this, add up all the wattage values of the transformer taps.

3. Measure the loudspesker system with the ZM1. Make sure the amplifier is disconnected. The reading of calculated
power and impedance should agree with the total power, as designed.

Interpreting the readings:

1. If the distributed loudspesaker system ZM 1 reading is close to the intended wattage, or impedance, then the system most
likely is properly connected and may be safely connected to the amplifier for further checkout and use.

2. If the distributed loudspeaker system reads very high wattage such as over 600 watts, and near 8Wimpedance with the
ZM1, then most likely aloudspesker is connected

directly. The transformer was|eft off and the loudspeaker driver terminals are directly connected to the 70 Volt line (or 25, 50,
or 100 Volt line). Each loudspeaker will have to be examined to find the one with the faulty connection.

3. If the distributed loudspeaker system ZM 1 reading was less than 8W, and much more that the intended wattage, such as over
1000 watts, then most likely the wiring has a short circuit and damage to the amplifier could result. The wiring must be
examined and repaired.

9. MEASURING THE IMPEDANCE OF RESISTORS, CAPACITORS, INDUCTORS, NETWORKS

a. Resistors:
Resistor measurements are easily carried out. Simply connect the test leads to the resistor, apply any frequency and read the

display. Notethat for carbon and film resistors, the readings are essentially the same for al frequencies. For high value wire
wound resistors, the readings at 10kHz may have some inductive reactance and raise the impedance reading dightly.

b. Capacitors:

Theimpedance of capacitors, called capacitive reactance, may be read by the meter. The reactance variesinversely with
frequency; for example, the reactance at 10kHz will be ten times less than the reactance at 1kHz. The equation is:

Z = 1/(6.28fC), where f = frequency in Hertz and C = Capacitance value in Farads

c¢. Inductors:

Theimpedance of inductors, called inductive reactance, may be read by the meter. The reactance varies directly with
frequency; for example the reactance at 10kHz will be ten times more than the reactance at 1kHz. The equationis:

Z,=6.28fL, wheref = frequency in Hertz and L = Inductance value in Henry's
Figure 2 gives the reactance vaues for capacitors and inductors for the frequency range in the ZM 1.

Note that the ZM 1 can be used to determine the capacitor's or the inductor's value. Simply apply a given frequency to the part,
read the impedance, and then look up the value on the graph.



For exampleif at 1kHz a capacitor reads 160Wimpedance, then looking at the graph for 160 and intersecting with 1kHz, the
capacitor value read 1.0 micro-farad.

d. Network impedance:

The ZM1 will accurately measure the impedance of networks, made up of inductors, resistors, and capacitors. The impedance
value given isthe "magnitude” of the complex impedance; the ZM 1 does not separate the "real” from the quadrature
("imaginary") components.

It is pointed out that networks made up of capacitors and inductors have impedance vaues that differ greatly from the
impedance of each individual component. For further information please review the many texts covering ac network theory.

The loudspesker isacomplex network. It ismade up of voice coil wire resistance, voice coil inductance, electro-mechanical
motional impedance, acoustical resonances, and sometimes a crossover network made up of inductors, capacitors, and resistors.
The ZM1 accurately reads the magnitude of this very complex network.

e. Transformer Impedance:

The ZM1 will properly measure the impedance of aload coupled through a transformer. Therefore, aways make surethereisa
resistor (or aloudspesker driver) connected to the transformer.

Note that the impedance of the load is modified by the turnsratio of the transformer. The equationis: Z = (N,/N,)2Z, , where
N, isthe number of turns on the secondary, N, is the number of turns on the primary, and Z, is the impedance of the load.

To measure the impedance of atransformer used for coupling loudspeakers, aways make sure that the loudspeaker driver is
connected.

10. ZM1 ACCURACY AND RESOLUTION

The ZM1 isinherently accurate due to the physics employed, namely a constant current source for measuring impedance, and a constant
voltage source for measuring calculated power. Connecting aload to the meter modifies dightly the current and the voltage values as
measured by the meter resulting in amaximum error of + 2% for impedance and + 3% for calculated watts.

The ZM1 has been factory calibrated at 1,000 ohms on the 2K scale for impedance, and at 316 watts on the 2000 watt scale for calculated
watts. Precision resistors used for the other scales assure that the ZM 1 will be typically + 2%. The LCD permits 3%z digits of resolution.
For maximum accuracy make sure that all the digits have avalue. Note that the resolution diminishes for fewer digits, even though
truncation appears to improve the accuracy.

11. ZM1 INJECTION SIGNALS

The ZM1 presents a current or avoltage to the load and then measures the voltage or the current respectively to determine the impedance
or the calculated watts.

For impedance, the ZM 1 presents a42 Volt peak-to-peak signal to resistorsin series with the load under test. The resistors are 2MW,
200kW, or 20kW for the 20kW, 2000W, and 200W impedance scales respectively. Note that the open circuit voltage appearing on the test
jacksislimited to about 4 volts peak-to-peak.

For caculated watts, the ZM 1 presents a 0.6 Volt peak-to-peak output signal to resistorsin series with the load under test. Theresistors
are 0.25, 2.5, and 25 ohms for the 2000 watt, 200 watt, and 20 watt scales respectively. The short circuit output current appearing on the
test jacksislimited to about 100 milliamperes.
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NOTES:

WARRANTY and Factory Service

GOLD LINE products are proudly made in the USA and are covered by a one year limited warranty. For details of
this warranty, consult the enclosed warranty registration card or your local dealer.

GOLD LINE Customer Service will help you get the most from your new analyzer. For answers to questions
regarding use of the unit, or for information not covered in this manual, please write us. If you are experiencing
difficulties with your analyzer, please consult your dealer regarding factory service. If factory service is needed, you
may call or fax us between 9:00am and 4:30pm US Eastern Time for instructions and a return authorization.

Enter your serial# date of purchase




SPECIFICATIONS

INPUT CONNECTORS: Banana Jacks
DISPLAY: 3% Digit LCD
ACCURACY: (TYPICAL) IMPEDANCE +2%
WATTAGE +3%
TEST FREQUENCIES: 100Hz, 330Hz, 1kHz, 10kHz
VOLTAGE RANGES: 25Vac Some U.S.A. public schools & institutions

50Vac  International.
70.7Vac U.S.A. Industria standard.
100Vac International.

IMPEDANCE MEASUREMENT RANGES: 0 - 199.9 W (200W range)
0 - 1999 W (2000w range)
0 - 19.99 kw (20KW range)

WATTAGE MEASUREMENT RANGES: 0 - 19.99 watts (20 watt range)
0 - 199.9 watts (200 watt range)
0 - 1999 watts (2000 watts range)

POWER: Eight "AA" akaline batteries

EXPECTED BATTERY LIFE: Impedance mode; 35 hours continuous
Calculated watts mode, 23 hours continuous

SIZE (W x H x D), WEIGHT: 3va' x 8" x 2¥4', 120z.

U.S. Patent # 6,064,742

Fele Mo YH] Y| 50X 500 West Redding, CT. 0689
MANUFACTURED IN U.S.A. SINCE 1961 203-938-2588 phone - 203-938-8740 fax
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