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USER SAFETY

This operation manual and this instrument use the following safety
symbols, Note the meaning of each of the symbols to ensure safe use of
this instrument. (Using symbols depend on instrument. Therefor all of
symbols may not be used.)

6 Indicates the presence of 1000V or higher.
Never attempt to touch this part.

T

s WARNING Indicates the possibility of personnel injury
or death. Never fail to follow the operating
procedure.

Do not proceed beyond a WARNING sign \
until the noted conditions are fully
understood and met.

e g

Indicates the existence of damage to this
instrument or connected equipment. Always
follow the operating procedure.

until the indicted conditions are fully §
understood and met.

When this mark is indicated on the
instrument, refer the relevant section of the |
Operation Manual.

l indicates a chassis grounding terminal.

R



USE PRECAUTIONS

(" . ™
MAC input voltage
Always use AC input voltage within a specified voltage range.
g -
4 N\
MPower cable
Use the input power cord provided for the instrument.
\— J
( Minput fuse )
Use input fuse suitable for the instrument.
- J
[
Minstrument covers )
Never remove an instrument cover, as many instrument
components are dangerous to touch.
\— J




The Kikusui DME1401 is a portable, bench-type digital multimeter with a
4-1/2 digit LED display.

Some of the advantages of owning:

True RMS measurement of AC or AC+DC signals:
True RMS measurement is the only accurate way to directly measure
AC or AC+DC signals that are not noise-free pure sine waves. This
instrument measures AC+DC voltage frequencies up to 50kHz.

Five measurement functions:

DC voltage: Standard voltage measurements from 104 V to
1200Vdc.

AC voltage: Standard voltage measurements from 10mV to
1000Vac or AC+DC true rms.

DC current : Standard current measurements from 10nA to 20Adc.

AC current : Standard current measurements from 10 ¢ A to 20Aac or
AC+DC true rms.

Resistance : Standard resistance measurements from 10m to 20MQ.

Each measurement range has:

- Autopolarity operation

+ Overrange indication

- Effective protection from overloads and transients.

- Dual slope integration measurement technique to insure fast,
accurate, noise-free measurements.

Diode test:
Ranges of the resistance function that will turn on PN junctions
allowing testing of diodes and transistors.

Test leads:
Finger guards on the probes and shrouded contacts on input terminals
decrease the possibility of accidental contact with circuit voltage.



1.1 Check at Unpacking

The instrument should be checked upon receipt for damage that might
have occurred during transportation. Also check that all accessories have
been provided.

Should the instrument be damaged or any acceésory missing, notify your
Kikusui agent.

Accsessories Q'ty Check
Operation manual 1
AC power cable 1
Test lead (KTL-107) 1

CAUTION

* When the product needs to be transported, always use the
dedicated packing materials (those used for delivery). If
additional packing materials are required, contact your
Kikusui agent. :

- Disconnect the power cord and other cables for packing.

1.2 Installation Conditions

Do not install this instrument in the following locations.

M Areas exposed to inflammable materials

To prevent explosions or fires, do not use the instrument in any areas
exposed to inflammable materials such as alcohol or thinner.



M High-temperature areas or areas exposed to direct sunlight

Do not place the instrument near heating element, or heater, or in areas
exposed to rapid temperature changes.

Operating temperature range: 0-50°C

BMHumid areas

Do not place the instrument in any humid areas such as near a water
heater, humidifier, or water tap.

Operating humidity range: 10-80% RH
M Areas exposed to corrosive gases

Do not use the instrument in any areas exposed to corrosive gases or sulfuric mist.

MDusty areas
Do not place the instrument in a dusty area.
MBlocked ventilation air flow

Install the instrument in a location that allows sufficient space at the sides and
rear of the instrument for adequate air circulation.

HMUnstable place

Install the instrument in a place where is free from tilt or vibration.

M Areas exposed to magnetic or electric fields

Do not use the instrument in any areas exposed to strong magnetic or electric
fields.

1.3 Checking AC Input Power

The AC input power requirement is indicated on the rear panel of this instrument.
Check that AC line voltage is in the range.



2.1 Precautions and Preparation for Use

2.1.1 Safety and Input Overload Protection

WARNING  meesmmmm——m—

- Applying the voltage exceeding the maximum allowable
input as shown in Table 2-1 to the instrument, electrical
shock and/or instrument damage may result. Do not use
the instrument exceeding the maximum allowable input.

Table 2-1 Maximum Allowable Input

Function Range Selected Input Maximum Input Overload
Selected Terminals
DC All ranges v,/ Q 1200Vdc or ac peak
v AC |20V, 200V, 1000V and 1000Vrms continuous
2V, 200mV Common|  1000Vrms for <15s *1
2A| DC 2A/20A Fuse protected -
20A or All ranges and 2A, 250V fuse
AC Common 20A range no fuse
vV-Q
kQ All ranges and 250Vde,/ ac rms
Common

*1 The components limit the protection to approximately five pulses per
second for 6kV 10 s pulses, and about 0.6W average for lower
amplitude pulses.



-

2.1.2 Safety and Connections to Common Input Terminal

WARNING  eommemm—

- Exceeding the voltage (common mode voltage) between
common input terminal and earth ground is 500Vdc or ac
peak, electrical shock and/or instrument damage may
result. Do not use the instrument exceeding the common
mode voltage is 500Vdc or ac peak.

2.1.3 Precautions for Measuring Current

snsremsnasss  WARNING  sessseesmmm

- Instrument damage and operator injury may result if the
fuse blows while current is being measured in a circuit
which exhibits an open circuit voltage greater than 600V.
Do not measure current in a circuit which exhibits an open
circuit voltage greater than 600V.

This instrument has two kinds of input terminals for current measurement.
One is the [2A MAX] input (with protect fuse) for 200 4 A to 2000mA,
another is the [20A MAX] input (no protect fuse) for 2A to 20A. To
decrease the resistance component which generates heat by large current,
the protect fuse is not put in the [20A MAX] input.

CAUTION

- When the current between 2A and 20A is measured by
connecting the provided test lead to the [20A MAX] input
terminal, this instrument is designed to be able to use if
limited to the following conditions by considering the
resistance of the test lead, the contact resistance between
input terminal and plug, and other factors.

1. A continuous measuring time is within 15s.
2. A measuring pause time (no current flows) is three
times as a measuring time.




2.1.4 The LED

The LED is high-contrast display. The 4-1/2 digits - easily read from
across the room - can register from 0000 to 19999. For ease of discussion,
the 19999 will be rounded to 20000 in the remainder of this text. For
example, We will refer to the 2V range, not the 1.9999V range. In all
linear functions, the decimal point position is determined by the range
selected. Polarity of the input signal is indicated by a [—] sign at the
center of the left side of the LED.

The [+] sign is disabled in the AC voltage, AC current, and resistance
measurement functions. The [—] sign may appear in any measurement
function, but is normally not meaningful when making AC voltage, AC
current, and resistance measurements. You will only get this indication of
an energized circuit if the power in the circuit is negative with respect to
the Common input terminal. If the power in the circuit is positive with
respect to the Common input terminal, an erroneous resistance will be
displayed. If there is any doubt about whether there is energy remaining in
the circuit you are reading, read the resistance, then reverse the test lead
positions. If the [—] sign is displayed in either case, the remaining
energy must be removed from the circuit before correct resistance
readings can be made.

If you apply an input signal that exceeds the limits of the range selected, the
LED will be flasher in the all digit locations. All decimal point positions
appear in the display to indicate certain illegal combinations of front panel
switch settings. For example, if you select the DC voltage function and the
[20M] range switch, all four decimal points will appear on the display.

2.2 Power-ON Operation

@ Check that the [POWER] switchis [OFF] .

@ Check that the supply voltage is in the range which is indicated on
the rear panel.

® Connect the provided power cable to the AC input connector on the
rear panel.

@ Connect the power cable to the power line.

CAUTION

- Do not supply voltage except for the indication on the rear
panel. The instrument is damaged and/or the internal fuse
is blown.

® Turnthe [POWER] switch [ON] .




2.3 Basic Operation
This section describes basic operation of each measurement mode.

emessesesss  WARNING  sessesesssmmes

* Improper operation procedure causes electrical shock and/
or instrument damage. Be sure to follow the operation
procedure as follows.

2.3.1 DC Voltage Measurements
@ Select the [V] function on.

® Set the range switch to the desired range. (If you have no idea about
the value of input signal being measured, we suggest you always start
at the maximum input range.)

@ Connect the test lead to the Common and [V-Q] input terminals of
the DME1401.

® Connect the test lead to the measuring points and read the displayed value.

2.3.2 AC Voltage Measurements
@ Selectthe [V] function on.

® Set the range switch to the desired range. (If you have no ide about
the value of input signal being measured, we suggest you always start
at the maximum input range.)

@ If measuring AC true RMS voltage, select the [TRUE RMS~+==/
~] switchto [~(AC)] position. If measuring AC+DC true RMS

~+==(AC+DC)] position.

® Connect the test lead to the Common and [V-Q] input terminals of
the DME1401.

® Connect the test lead to the measuring points and read the displayed value.

2.3.3 DC Current Measurements
@ Selectthe [A] function on.
® Set the range switch to the desired range. (If you have no idea about

the value of input signal being measured, we suggest you always start
at the maximum input range and use [20A MAX] input terminal.)



@ Connect the test lead to the Common and [2A MAX] or [20A
MAX] input terminals of the DME1401.

CAUTION

- When the current between 2A and 20A is measured by
connecting the provided test lead to the [20A MAX] input
terminal, this instrument is designed to be able to use if
limited to the following conditions by considering the
resistance of the test lead, the contact resistance between
input terminal and plug, and other factors.

1. A continuous measuring time is within 15s.
2. A measuring pause time (no current flows) is three
times as a measuring time.

(® Connect the test lead to the measuring points and read the displayed value.

2.3.4 AC Current Measurements
@ Selectthe [A)] function on.

@ Set the range switch to the desired range. (If you have no idea about
the value of input signal being measured, we suggest you always start
at the maximum input range and use [20A MAX] input terminal.)

@ If measuring AC true RMS current, select the [TRUE RMS~+==/
~] switch to [~(AC)] position. If measuring AC+DC true RMS
current, select the [TRUERMS~+==/ ~] switchto [TRUERMS
~+==(AC+DC)] position.

® Connect the test lead to the Common and [2A MAX] or [20A
MAX] input terminals of the DME1401.

CAUTION :

- When the current between 2A and 20A is measured by
connecting the provided test lead to the [20A MAX] input
terminal, this instrument is designed to be able to use if
limited to the following conditions by considering the
resistance of the test lead, the contact resistance between
input terminal and plug, and other factors.

1. A continuous measuring time is within 15s.
2. A measuring pause time (no current flows) is three
times as a measuring time.

® Connect the test lead to the measuring points and read the displayed value.



2.3.5 Resistance Measurement

@ Selectthe [Q »+] function on.
@ Set the range switch to the desired range. _
® Connect the test lead to the Common and [V-Q] input terminals of

the DME1401.
@ Connect the test lead to the measuring points and read the displayed value.

| 1 NOTE | ]

+ Use the following procedure to familiarize yourself with the
resistance function and to see how the range switches
affect decimal point position on the LED.

@ With the test leads held apart, select the [2000k Q] range. The
LED should display an overrange indication-all digits have flashing.

(@ Make a firm connection between the sampling ends of the test
leads. The LED should count down to [000.0] .

® Maintain a firm contact between the ends of the test leads and
sequentially select the ranges starting with the [200Q] switch.
The decimal point for each should be as follows:

Table 2-2

Range Display
200Q 00.00*
2kQ .0000*

20k 0 0.000
200k Q 00.00
2000k Q2 000.0
20M Q 0.000

* Display value will show lead resistance.

2.3.6 Diode Test

The DME1401 can be used for testing semiconductor junctions, the
procedure as follows:

@ Selectthe [Q ®+] function.

@ Press the [2k ®+] button ( diode symbols ).

® Connect the test lead to the Common and [V-Q] input terminals of

the DME1401.
@ Connect the test lead to the measuring points and read the displayed value.




See Figure 3-1 and Figure 3-2.

POWER
Turns the power of the DME1401 on and off. It is turned on at pushed.

Range switch
Used to select measurement ranges.
In diode test mode, press the [2k #+] button (diode symbol).

Function switch

Used to select measurement mode.

In AC voltage measurement and AC current measurement mode, the
[TRUE RMS ~+= / ~] button is used to select AC+DC true

RMS / AC true RMS.

The [V] button is used to select voltage measurement mode.

The [A] button is used to select current measurement mode.

The [Q ] button is used to select resistance measurement or

diode test mode.

LED

4-1/2 LED unit for displaying the reading value. Displays
measurement mode and range polarity.

V- input terminal

Used to perform voltage measurement or resistance measurement.

[6] 20A MAX input terminal

Used to perform current measurement up to 20A.

2A MAX input terminal

Used to perform current measurement up to 2A. 2A protect fuse is put
in this.



loued wol4 |-g ainbi4
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AC connector
Used to connect the AC power cable.

Figure 3-2 Rear Panel



Maintenance and checking should be periodically performed to keep an
initial performance of the instrument for a long term.

4.1 Cleaning

If the panel surface becomes dirty, gently wipe the surface using a soft
cloth dampened with a diluted, neutral detergent.

CAUTION

- Be sure to turn the [POWER] switch [OFF] and remove
the AC power cable.

- Do not use volatile substances such as thinner or benzene.
Otherwise, the panel surface may become discolored,
printed letters erased, or the display may turn whitish.

4.2 Inspection

Input Power cable: Check the power cable for torn coverings, loose plugs
or connectors, or cracks.
eesemuemszs WARNING s

- The presence of a torn covering may result in electrical
shock. Immediately stop using the instrument and replace
the torn cable with a new one.

For purchasing of accessories, contact your Kikusui agent.



The electrical specifications given apply for an operation temperature of
18-28°C, humidity up to 90% RH, and 1-year calibration cycle.

DCVoltage = . .. . . . . . .. .
Range Resolution Accuracy for 1 year
+200mV 10uV
+2v 1004V
20V ImV + (0.03% of reading+4 digits)
=200V 10mV
+1000V 100mV

Input Impedance: 10M () in parallel with <100pF, all ranges

NMRR: >60dB at 60Hz or 50Hz

CMRR: >90dB at DC, 60Hz or 50Hz (1k ) unbalanced)

Common Mode Voltage (maximum) : 500Vdc or ac peak

Response Time to Rated Accuracy: 1 second maximum

Maximum Allowable Input: 1200Vdc or ac peak continuous (less than
10 second a duration on both the 200mV
and 2V ranges)

AC Voltage (True RMS Responding, AC or AC+DC)

Voltage Readout Accuracy: = (% of reading + no: of digits), between 5% of
range and full range.

Input Voltage [Resolution] Range 20Hz** 45Hz 1kHz 2kHz 10kHz 20kHz 50kHz

10mV-200mV| 104V | 200mV H
0.0V2V | 1004V | 2V | 1%+15 | 0.5%+15 |1%+15|29%+30| 5%+30
1V-20V 1mvV 20V !

10v200v | tomv | 200v
100V-1000V | 100mv | 1000V

Not specified

** Typically 3 to 5 digits of rattle will be observed at full scale at 20Hz.



DCCurrent . . . ... ...

Range [Resolution
200 A | 0.01 A
2mA 0.1uA

20mA 1uA

Accuracy for 1 year Burdon Voltage

=+(0.2% of reading +2 digits) 0.3V max

200mA | 10pxA

2000mA | 1004 A

+(0.3% of reading +2 digits) 0.9Vmax
20A 1mA

Overload Protection: 200 u A, 2mA, 20mA, 200mA, 2000mA 5 ranges

fuse protection, 20A range, no fuse. 15 seconds max.

AC Current (True RMS Responding, AC or AC+DC)

Input Current {Resolution|Range 20Hz** 45Hz 2kHz 10kHz 20kHz

102 A-200 ¢ A | 0.01 2 A |2004 A
1004 A2mA | 0.1xA | 2mA

Burden Voltage

1%+15 {05%} 1% 2%+15
1mA-20mA 1A 20mA +15 | +15

10mA-200mA 10 A | 200mA

0.3Vrms max

100mA-2000mA| 100z A |2000mA

Not specified | 0-9Vrms max
2000mA-20A 1mA 20A

*#* Typically 3 to 5 digits of rattle will be observed at full scale at 20Hz.
Crest Factor (peak/RMS ratio):  1.0to 3.0 at full scale. )

Resistance . ..o
. Full Scale Voltage across
Range [Resolution Accuracy for 1 year Unknown Resistance
2000 0.01Q +(0.1% of reading + 4 digits) 0.2V
2kQ 0.10 A%
20k Q) 10 =+ (0.1% of reading + 2 digits) 2V
200k Q 10Q 0.2V
2000kQ | 1000 | +(0.25% of reading +2 digits) 2V
20M Q) 1k Q 2V

Overload Protection: 250Vdc/ac rms on all ranges

Response Time to Rated Accuracy: 5 seconds maximum on 20M ) range

2 seconds maximum on all other ranges

1-18




Diode Test: These three ranges have enough voltage to turn on silicon
Junctions to check for proper forward-to-back resistance.
The 2k range is preferred and is marked with a large
diode symbol on the front panel of the instrument.

GENERAL

Maximum Common Mode Voltage:
500Vdc or ac peak (low potential terminal with respect to power line
ground)

Temperature Coefficient:
<0.1 times the applicable accuracy specification per ‘C. (0-18°C and
28-50C)
Environment:
Operating Temperature: 0C to 50°C
Storage Temperature: -40°C to +70°C
Humidity: Up to 90% RH, 0-35°C, up to 70% RH, 35-50C, except on
2000k {2 and 20M (2, ranges where it is up to 80% RH, 0-35C.
Size:
230 (W) X 86 (H) X 280 (D) mm
Maximum: 250 (W) X 105 (H) X 295 (D) mm
Weight:
1.4kg
Power requirements:
Selected one of 4 ranges at factory shipment.
90-110Vac (47-440Hz)
108-132Vac (47-440Hz)
198-242Vac (47-440Hz)
216-250Vac (47-440Hz)

Power consumption:
15VA max.

Accessories:
Operation manual one copy
AC power cable one

Test lead (KTL-107) one



MEASUREMENT TECHNIQUES

The information in this appendix offers you techniques in measurement
and interpretation of measurements that may extend the usefulness of this
instrument. These techniques - common throughout the electronics
industry - have been tailored specifically for this instrument.

1. Voltage Measurement Techniques

Converting Voltage Measurements

This instrument actually measures the true RMS value of an AC or
AC+DC signal. This is a feature that allows accurate measurement of
common waveforms like distorted or mixed frequency sine waves, square
waves, sawtooths, noise, pulse trains (with a duty cycle of at least 10%),
etc. In the past, the methods of AC measurement used have introduced
large errors in the readings. Unfortunately, we've all grown used to these
erroneous voltage readings and depend upon them to indicate whether or
not a piece of equipment is working correctly. The data contained in Table
A-1 should help you to convert between measurement methods.

Circuit Loading Error

1-20

Connecting most voltmeters to a circuit may change the operating voltage
of the circuit if it loads the circuit down. As long as the circuit resistance
(source impedance) is small compared to the input impedance of the
meter, the error is not significant. For example, when measuring voltage
with your meter (input impedance 10M ), as long as the source
impedance is 1k Q or less, the error will be =0.01%. If circuit loading
does present a problem, the percentage of error can be calculated using the
appropriate formula in Column A-1.



Figure A-1  Voltage Conversion

PEAK VOLTAGE METERED VOLTAGE DG AND AC
AC COUPLED :
INPUT AC COMPONENT ONLY bc | JOTALRMS
AMSCAL | rRUERMS | ONLY | -/odvam|
SINE
pk J'L
0 /\/ P-pk | 2,828 1.414 1.000 1.000 0.000 1.000
RECTIFIED SINE
(FULL WAVE)
pk
1.414 K
. /\/\ sk | 1.414 0.421 0.435 0.900 1.000
RECTIFIED SINE
(HALE WAV|2JL
J\_/\pk - | 2000 2.000 0.764 0.771 0.636 1.000
SQUARE ‘:L
| I kpc | 2.000 1.000 1110 1.000 0.000 1.000
RECTIFIED
SQUARE i
_I"U—L ok | 1414 1.414 0.785 0.707 0.707 1.000
RECTANGULAR
PULSE
pk, i_
[xl | [ mew
0 2.000 2.000 2.20K 2K 2D 240
S le T
=X/Y
=~/D-DZ_
TRIANGLE
SAWTOOTH
o 3.464 1732 0.960 1.000 0.000 1.000
o pk-pk

“ RMS CAL is the displayed value for average responding meters that are calibrated to display RMS for sine waves.
** Your Digital Multimeter
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1. DC Voltage Measurements

Loading Error in % = 100 XRs / (Rs+107)
Where: Rs= Source resistance in ohms of circuit being measured.

2. AC Voltage Measurements

First, determine input impedance, as follows:
_ 107
J1+@zF-Rin-C)?
Where : Zin = effective input impedance
Rin = 10’ ohms
Cin = 100 X 10" Farads
F =frequency in Hz
Then, determine source loading error as follows

Zin

Zs
Zgs+Zin
Where : Zs = source impedance
Zin = input impedance (calculated)

Loading Error in % = 100X

Column A-1  Circuit Loading Error Calculations

Combined AC and DC Signal Measurements

1-22

The waveform shown in Figure A-1 is a simple example of an AC signal
riding on a DC level. To measure waveforms such as these, you can measure
them by using AC+DC function of the instrument. However in this
section,we show you the calculated result by using AC and DC function
separately. First measure the RMS value of the AC component using the AC
function of your meter. Measure the DC component using the DC function of
your meter. The relationship between the total rms value of the waveform
and the AC component and the DC component is:

Total rms = 1[(AC component rms) 2 -+ (DC component ) *
/\ Ac COMPONENT
DG LEVEL
/ \/ \

Figure A1  RMS Values

oV




Insignificance of Inherent Meter Offset

If you short the input of your meter while the AC voltage function is
selected, you may have a reading of less than 10 digits on the display. This -
small offset is caused than 10 digits on the display. This small offset is
caused by the action of amplifier noise and offset of the true RMS
converter. This offset will not significantly affect any readings until you
try to measure signals almost at the floor of the meter. For example:

GIVEN: An offset of 40 digits (0.40mV, 200mV range)
Input signal = 10mV, 200mV range

Total rms = y 102+0.4 2
= 4100 +0.16
= 4/ 100.16
= 10.0lmV
or using realistic offset for your instrument,
GIVEN: A typical offset of 20 digits (0.20mV, 200mV range)
Input signal = 10mV, 200mV range

Total rms = ¢/ 102402 2

= 4100 +0.04

= 4/100.04
= 10.00
the meter will read this as 10.00mV.

2. Current Measurement Techniques

Burden Voltage Error

When a meter is placed in series with a circuit to measure current, you may
have to consider an error caused by the voltage drop across the meter (in this
case, across the protective fuses and current shunts). This voltage drop is
called burden voltage. The maximum full-scale burden voltages for your
instrument are: 0.3V for the four lowest ranges, and 0.9V for the 2000mA,
20A ranges. These voltage drops can affect the accuracy of a current
measurement if the current source is unregulated and the resistance of the
shunt and fuse represents a significant part (1/1000 or more) of the source
resistance. If burden voltage does not affect the accuracy of a current
measurement, the percentage error can be calculated using the formula in -
Column A-2, This error can be minimized by selecting the highest sensitivity
current range that provides the necessary resolution.
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Im
Es - D RL

«— Es —»

L aA—

Ammeter Shunt

Es = Source voltage

Rw = Load resistance + Source resistance

Im = Measured current (display reading in amps)

Es = Burden voltage (calculated) , i.e.,

Display reading expressed as a% of full scale (100 X READING /
FULL SCALE) times full scale burden voltage for selected range.
See table

Range Full Scale Burden Voltage
200z A to 200mA 0.3V max.
2000mA, 20A 0.9V max.

Maximum current error due to Burden Voltage

IN % = 100X Es/ (Es - EB)
IN MILLIAMPS = (Eg XIm) / (Es - Ep)
Examples . Es=14V,RL=9Q, Im = 1497.0mA,

Es= 100 X(1497.0/2000.0) X 0.9 (from Table)

= 74.9% of 0.9 = 0.674V
Maximum error in % = 100 X0.674/ (14 - 0.674)
=100 X0.674/ 13.326 = 5.06%
Increase displayed current by 5.06% of full scale to obtain true
current ( including burden voltage).
Maximum error / in milliamps = 0.674X1497.0/ (14 - 0.674)
=1009.0/ 13.326 = 75.7mA

increase displayed current by 75.7mA to obtain true current ( including
burden voltage).

Column A-2 Calculating Burden Voltage Error




3. Resistance Measurement Techniques

Automatic Test Lead Compensation

When measuring low resistances, test lead resistance interferes with low
resistance readings and usually has to subtracted from resistance
measurements for accuracy.

4. AC Measurement Techniques

When, making precise measurements of AC signals, there are special
parameters that must be considered such as the type of AC converter the
meter uses (average, RMS, etc. ), crest factor, bandwidth, noise, etc.

True RMS

In order to compare dissimilar waveforms, calculate Ohm's law statements
or power relationships, you must know the effective value of a signal. If it
is a DC signal, the effective value equals the DC level. If the signal is AC,
however, we have to use the root mean square or RMS value. The RMS
value of an AC current or AC voltage is defined as being numerically
equal to the DC current or voltage that produces the same heating effect in
a given resistance that the AC current or voltage produces.

In the past, average responding converters were the type of converter most
widely used. Theoretically, the RMS value of a pure sine wave is 1// 2 of
the peak value and the average value is 2/ = of the peak value. Since the
meters converted to the average value, the RMS value was

aw 2y 1@/ )= /2y 2)=1.11 of the average value when measuring a
sine wave. Most meters used an average responding converter and
multiplied 1.11 to present true RMS measurements of sine waves. Rough
correction factors can be calculated for ideal waveforms if the signal being
measured is distortion free, noise-free, and a standard waveform. But if the
signal being measured deviate from a pure sine wave, the errors in
measurement rise sharply. Signals such as square waves, mixed
frequencies, white noise, modulated signals, etc., can not be accurately
measured.
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CrestFactor . . .
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Crest factor is one of the parameters used to describe the dynamic range of
a voltmeter's amplifiers. The crest factor of a waveform is the ratio of the
peak to the RMS voltage. In waveforms where the positive and negative
half cycles have different peak voltages, the higher voltage is used in
computing crest factor. Crest factors start at 1.0 for a square wave (peak
voltage equals RMS voltage).

Your instrument has a crest factor range of 1.0 to 3.0 at full-scale. Going
down from full-scale, the crest factor capability increases from 3.0 to

(Full-Scale X 3) / RMS Value (i.e., 6 at half-scale)

If an input signal has a crest factor of 3.0 or less, voltage measurements
will not be in error due to dynamic range limitations at full-scale. If the
crest factor of a waveform is not known, and you wish to know if it falls
within the crest factor of your meter, measure the signal with both your
meter and an AC coupled oscilloscope. If the RMS reading on your meter
is 1/3 of the peak voltage on the waveform or less, then the crest is 3.0. For
readings at less than full-scale, use the preceding formula to determine the
maximum crest factor. At half-scale the maximum crest factor is:

2X3)/1=6
The waveforms in Figure A-2 show signals with increasing values of crest

factor. As you can see from the series of waveforms, the value of
measuring a signal with a crest factor above 3.0 comprises large error.

For an AC coupled pulse train:

Crest Factor = \/ 1/D-1

Where D = duty cycle (the ratio of pulse width to cycle length). Reversing
this formula, we find that your meter can accurately measure pulse trains
at full-scale with a duty cycle above 10% without being limited by crest
factor.
Crest Factor = 3.0 = \/1_/3-—1_
9.0 = 1/D-1

10.0 = 1/D
D = 1/10 = 10%




WAVEFORM CREST FAGTOR
SQUARE WAVE l | 1.0
SINE WAVE /\J 414
TRIANGLE 1752
SAWTOOTH

MIXED f\/\[\/\P 1.414 1020
FREQUENCIES

SCR OUTPUT

OF 100%-10% 14141030
WHITE NOISE N“\“NWWNW“\ 3,010 4.0
AC COUPLED

PULSE TRAIN | l I | 3.0
SPIKE >9.0

Figure A2 Crest Factor

Bandwidth

Bandwidth defines the range of frequencies where the response by the
voltmeter's amplifiers is no more than 3dB down (half-power levels).
Your instrument has a bandwidth of greater than 200kHz.
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Slew Rate

Slew rate is also called the rate limit or the voltage velocity limit. It defines
the maximum rate of change of the output of the amplifiers for a large
input signal. Slew rate limitations are not a factor in measuring voltages
within specified frequencies and amplitude limits of this instrument.

‘Rise and Fall Time Effect on Accuracy

1-28

The rise and fall time of a waveform are the length of time it takes a
waveform to change between the points that are 10% and 90% of the peak
value. Errors due to rise to fall time can be caused either by bandwidth or
slew rate limitation. Slew rate should not affect your measurement with
this instrument.

Converting bandwidth to rise (fall) time is to divide 0.35 by the 3dB down
frequency. For your instrument this will be 0.35/200kHz = 1.75 i s. The
following example will help you to calculate errors due to this limitation
when measuring rectangular pulses. These calculations will be rough
because ideal waveforms are used in analysis.

DC LEVEL

i

Figure A-3 Components of a Rectangular Waveform



l48 25,415!4“‘1
1.75 s
100 s

Figure A-4 Rise Time / Fall Time Example

Ideally, the rectangular pulses would have zero rise and fall time and
would be the right angled waveform shown in Figure A-3, Part A. In
practice, every waveform has a rise and fall time and looks more like the
waveform in Figure A-3, Part B. When calculating the error caused by the
bandwidth of your instrument, we will assume that the rise and fall time
equals the slew rate of 1.75 u s. To do this we will calculate the values for
the theoretical signal with zero rise and fall time, then calculate the values
for a signal with the same period but with total slope periods equal to 1.75
5. A comparison of the results will show the measurement error due to
the finite bandwidth. Using Figure A-3, Part B, for a reference, the total
RMS and DC levels are:

1 =
E total rms=A AT

(toTty)

T
Since we can calculate two values, to find what your meter measures, use
the formula:

c=

Eac rms =4 (E total rms) > —(E dc)*
Let's look at the waveform in Figure A-3, Part B. When using your meter
to measure the AC component of the signal, the display will indicate the
RMS value of the AC signal riding on the DC level. (This DC level is the
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average value of the waveform relation to the baseline.) The total RMS
value of the waveform can be calculated using the relationship:

E total rms = + Bac rms? +Edc?

For our example let's use a 10kHz pulse train of 50 4 s pulses with a peak
value of 1V. Ideally, the pulses would have a zero rise time as shown in
Figure A-4, Part A.

B ot _1/3(50)+2(0) /1so+o J—
total rms 3(100)

E total rms = 0.707
i 50+0\_ 50
Bde=1\"150 /=700 =

So,

Eac rms =4 (0.707) 2—(0.5) * =40.50 —0.25

Eacrms =4/ 0.25 =0.5
When the maximum distortion in rise (fall) time of 1.75 x s is assumed, the
signal becomes the trapezoid waveform shown in Figure A-4, Part B. In
this case,

& ol _\/3(48.25)+2(1.75) _ [14a75+350
total rms = 3(100) 300
148.25
E total rms = 200 =40.494 =0.703
oo BB LTS S0
¢ 100 100 ”

So,

Eac rms =4/ (0.703) 2—(0.50) 2 =+/0.494 —0.25

Eac rms =+ 0.244 =0.494
Note that the Edc stayed the same.

So, the errors are: In E total rms: -0.6%

In Eac rms: -1.2%
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% Lo EAISH,

ACE (EOEMMESE. ACEAIACLDC)

ANER SfEEe | L Y 20Hz** 45Hz 2kHz 10kHz 20kHz| #BAEE

104 A~200u A [0.01 2 Aj200 2 A
1004 A~2mA |0.1pxA ] 2mA |19%+15 |0.5%]| 1% 2%+15 |0.3Vrms max

1mA ~20mA lgA | 20mA +15 | +15
10mA~200mA | 104 A | 200mA
100mA ~2000mA | 100 # A {2000mA i L 0.9Vrms max

2000mA ~20A imA 20A

#  20Hz DT VAT — LTI, EE 3~5digisDl) v TVITE B
RIRDELDEFRALNET,
EEE (Y—27/ERE) © 1.0~3.0 (7IVRAF—))

'R
VoY | S HE (£H) AHEPUEICH T2 7 VA — VEE
200Q | 0.01Q | £(FRMEDO.1%+4 digits) 0.2V
2kQ | 010 2v
20k 0 10 | £EFREDO.1%+2 digits) A
2000 | 100 0.2V

2000k Q| 1000 |+ (ERMED0.25%+2 digits) 2V
20MQ | 1kQ 2v

BE MR | 250Vde/actms (&L YY)
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—fx itk

HAARERIDERH | 20MQTERARS, OV VTRAR2®

FAF—FFA b F4F—FFRAMNTRRL Y VIR, $EED
YA vESET T ELODOEER TS
BLTBY, JE~SEREELSRARONE
Fo 2kQ LV VOBEIRETY

BKkIEVE— FEE
500Vdc % 72idac— 7 (BT 4 v D7 —AZEEMNEFIZE
BLI-E &)
RREEFRER
1CIzxt U Tl PR 00. 148k (0~18°C, 28~50T)
LM
BfERE © 0~50T
RIFRE © -40~+70C
BIERE . 0~35C D & 290% RHLLTF. 35~50CD & &70%
RHULTF, 7277 L2000k Q & 20MQ D3E130~35T
DL %80% RHEL T,
BE:S
230 (W) X 86 (H) X 280 (D) mm
BATE 250 (W) X 105 (H) X 295 (D) mm
g2&
1.4kg
ERERE
TIEHBEECWTPICERER
90~110Vac (47~ 440Hz)
108~132Vac (47~440Hz)

198~242Vac (47~ 440Hz)
216~250Vac (47~ 440Hz)

HEEN
15VA (F&K)

B &
ki 1%8
BFEa-F 1

FA M= F (KTL-107) 1%
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BIERAMICDONT

Z T, HIE L B EDOBRICLEREMICOWTHAL T,
INODOEMIZL D ARBEE—BEFLIDICTHIENTEET,
I, —RMNEFEHCII, I I TIHRRICREFICE L3
2ITWET,

1. EEAIEHAMN

EEAENHEEEETS

AL, ACE/IZACHDCEFOEDESRE (TrueRMS) E%HlE
TEET, COBBICLY, BALZHLWIISEOEIREIEEL
TR, ERME. ARE, OZ&DE. /74X, VR (Fa—
FAYA4 7 NVIOBLLE) B EO—RHRER s ERICHETE E
To TNEFTHACHEFECTERRMECKRELRBEFPELTVEL
Teo BOEMEFHECTERWHEROHEE L RFOWNEEEE
T BEICIE, BAIOTF—F2ERELTEEI LTS Y,

EEE~DAFIC L HRE
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EEEIZERBICERET S L CHRBICERI D2 L, —RICED
AOBEBEESEDLY 5, BEETOANS Y E—-F R L HE
LCHBEOEE (V—ALf vy ¥—=%rR) NS ITIE, 82T
EHTE T, PIZIEERBEBES (AHA vE=-F210MQ) %
BV BEMENKRILY — A4 Y E— Y AH1kQ LT Th ULk
Z3001%KiE 2D T3, EBRANOEMFIZL YHEIEL 256
TiE, I 7 AA-NCRTHEE 2R E AV TEEON N -t 7V
BrETEET,



£A-1. BEZTH
E—-78E HREBE DC, AC
ACHyTULY AC A0 # k=% Jbms
AT pk-pk 0-pk | mmscaL | AS DCHA 0 2 | "R~
HOESE a2+ dZ
IEBKIK
pk i
0/\/ peepk | 2808 1.414 1.000 1.000 0.000 1.000
BRI (2)
pk/\/\ ‘\l.("pk 1.414 1.414 0.421 0.435 0.900 1.000
S &
BORIERLE (i)
Ly —‘L— 1.000
/\_/\“""* 2.000 2.000 0.764 0.771 0.636 .
Fik
N 4
ol | e | 2000 1.000 1110 1.000 0.000 1.000
L2 i
i JL- 1.414 1.414 0.785 0.707 0.707 1.000
FRGIW i
pkx _L
oS e 2.000 2.000 2.22K 2K 2D 24D
S T :
D=X/Y
K=~D-D%_
ZAMZENE
pk _L
3.464 1.732 0.960 1.000 0.000 1.000
0 pk-pk

*RMS CALIt, ERBEOEMEERTTE S L IREL - FHEGERERORTET Y,
RFLTENTINFA—4
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1. DCEBERIE
EFEEE(%) = 100XRs/ (Rs+10")
7272L (Rs=BEEEEEO Y — A (Q)
2. ACEREIZE
B, ARTANA Y E=F U 2%2KDET,
107
J1+@2xF-Rin-0) 2
2L L Zin=FHANA Y E=F U R

Zin=

Rin=10'Q
Cin = 100X 10™F
F =BiE# (Ho)
KIZKRRTY — R OB L BBEERDE T
=) =
RARRE(R) = 100X =

1Pl i Zs=V—A4 Y E—F R
Zin= AJjA Y E—F U A (BHEER)
O54A1 EERAEFHICLIBENSE

AC:DCBEEEORE

BIA-LZRTEREIDCL ARV EIZH BACESOHERFITY, =
D &) REFEFET A1, REFOACHDCHEBEZ 2 IXHE T
EE4H, T TIZACEDCESITTHIEL., SHEIC L hROTH
T, TTERBOACKEELF > TACKSOENELZHEL 3,
DCESIIDCHRETHE LT, HED F— % ms, ACEKSB &
U'DCHET OB RITRDBEY TF,

F— % rms = (ACK %5 mms) 2 +(DCH4) 2

A

HA-1 E%E

ov.

2-22



BETEIAROBEAZ S

ACEREBBEZEBRL TS L EICABOANLEHREEH L, K
TRAEAS10 digits RiFIZ R B ENDHVET, TDL) RS RTT
B M, WIEE 4 AOMER L BOEWEEREGZOF 7Ly M
FORELEFT, SO+ 7k M, ABRORNIEREL OEF
PEUELZVEYEREICREL2EELEX TE A, AIZIE

IRSE © 40 digits®*+ 7% v b (0.40mV, 200mV L ¥ )
AJIEE =10mV, 200mVL ¥ ¥

b —% brms = y 102+0.4 2
= 4100 +0.16
= /100.16
= 10.0lmV
Ko, BEWLEAT7EY PTHRET A L.
1R5E : 20 digits#EIEg 72+ 74 v b (20mV. 200mV L > 2)
AHES =10mV, 200mVL > Y

}— % Jbrms = 4 102+0.2
J 100 +0.04

= 4 100.04
= 10.00

KBTI NE10.00mVERRLE T,

Iy

2. EMBERAN

BABERTRE

BHMED 0 ICRSE T HK L EFICERT B, REEHEA
FHZLTELLZBEVET (Z0HE, R 2 — XL BRI
BAEDL) ICLABEFEBLATNER LRV EFHY T,
COBEDOET EBABERTELEVE T, FBROTZVAT—NT
DEXEBABERTIE, KERE 4 V> Y Tid03V, 2000mAL
20AL ¥ T TIF0OVTT, b LEDBERBEIEETHR L, 00
82} v o2 — XOEHEAEFIEOHKIUE IR L T1/10008L L% &
BEAICE, TOBEOETIBRNEOHE CEEEZ RIZLE
Fo WABEERTHIREICHEZRIZES 2L, 37 5420
RS — ey T VDBELRETEEY, ZOBRERRNMIMA
2 BICIE. BDELMAREEETLERL VD) b TREBREO LV
VIUERBERTAINICLET,
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Im
Es .. D Ru

“— Eg —> ¢

e

BREAR R

Es=V—ABE

RL=BWHEH + Vv — R
Im=EWER ERRE [7oxT7])

Es=fEABERT GI&EEAR) . 2%0

TR — VD% TRENIFTRIE (100XERIE/ TNVAHr—
W) XBRLEVV VO TINVAF—VIBABEERT,
TEEE,

Loy TV T — Vg ABE
200« A~200mA 0.3V (J&X)
2000mA, 20A 0.9V (H|&K)

BABERTICL 2B KERE:E
78—+ Y5~ = 100XEs / (Es - Es)
3 7 U R7 =(EsXIm)/ (Es - Ep)
Bl . Es=14V,RL=9Q, Im=1497.0mA,
Es = 100 X(1497.0/2000.0)X0.9 (E25) =0.9074.9%

=0.674V
WARFRZE(%) =100 X0.674/ (14- 0.674) = 100 X0.674/ 13.326
=5.06%

RRENLBIRICT VAT —VD506%% M2 TED EAE

EETbE&O:) BREEZHEE T,

RARFEZE /| IV T URT =0.674X1497.0/ (14 - 0.674)
=1009.0/ 13.326 = 75.7mA

FRENTBINCTSTmA 2 A CEOBABERT D ED)

BiEZEE T,

O5LA2 HBABERETICLZRENE




3. IEHLAIE AN

ZAhY—FOBEBEE

EVIEFER HIET AIBICIEF A MY — FEADEFAEREICE
B3 2720, BINEEPSTFA MY — FOEIEZ5WTHESL
BrRidh ) Ao

4. AC BIERIT

ACESORBEWREIIL., REIEHTE ACERBEDI AT (F
¥, ERERE) | EEE, WHIE. /A XE, BHeNT A5
2ERLTIERD A,

HOESME

BLRAERE) LEREL T —20FEROHED 2 WIEEHON
BEREETAIBRICE, BFOENEZMO2ITNITRY LA,
DCEESTHIITESEIIDCL NNV ERILIZRZD 9, 2XELES
MACTHIUD, EXED B VIZRMS LN B EEZFRALE T,
ACE T -IZACERENEMNEIZ, —EDEIETACER %7213
BECIVRETABGREALANELRESEHDCEME
BEELEENIIE LY, EERSINET,

INFTIE, FHERERERBIRDEELRTHE LI &
B, S EREOEMEIIE — 7 EO1 N 2L %), THE
BY— 702/ 7 L2 0 EF, FHERREOHISETIE, ERE
OMEIZ BT BEREIL.

AN 2DIQIx)=nl@N 2)=FHEDLIEL Zo>TWE LT,
fEROAEDFHISR TR FHEREHERS LA L T 222d),
LNABT CEREOENENEEZ RO TVWE Lz, HHUERFIC
FERHRL, 74 RXL B WEEFETHhE, HOBERETLHK
SRR EROSERTE I T, LA L, BIEINEEFIH
B ERECTRWEES, MERENEFICRES R I, FF
W, WEEEEK., k74 b4 X BERABFEOEFIIERICH
ETEETA

225



B (JLARNI7I48)
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EEmRLW) O, BEFOBIBROY A FIv s Ly I%ET
DIERTB17 2= O—FTT, FROEERIE -7 BED
EWEBEIHTHHETT, EOEF A4 7V ERDEYAL 7 VD
Y- BEDSRL DEHOHEIIE, BUHOBES IV ClkEx
TROET, AREOREEIZL0 (¥— 7 BE L ENBEEEIE
LW) »oiEFEN ET,
FEOEHEIFL0~3.0 (TVRF—N) T, TVAF—LHb
THBE, EEFIL30NL TEROFEMIZ LMD 9,
(ZNVART—X3) /FEHE (DF Y)N—T X7 — L T6)
ANEFOEB/EIBORBTHNIL, TVRAT—LTOY L F
Iy 7 LY VORIRMEICL DNEEEEICIIEENE LA, K
ROBEESFRHTHLHEI, ZNAFHIBROEERAICH 55
BhEHEIOL I, ZOFMBEACH Yy Y Y FDF O R
I—TORATEDRFENEL T, NEBROEREEREIZ
DHEFHDE~ 7 BEDIBUT THNTEERILI0TT, 7R
T VR TRMEIIIEICET LR EFo TRAEES L kO
To N—T AT = VTORKEBRRIIRDED T,

(2X3)/1=6
HA2IZRTERIL, BEEOMEISEMT2EEEELTVET,
INOL—EDWERALbrEBEY, EERIB0ZELLESON
EIIRRENRES 2D £,
ACH Y T Y T LISV AFITIZRD LD 122D F4,

HEm=E =y 1/D-1
P LD=Ta—=F4F L7V (4 7 VRIZHT 2700 REO M,
B) TTo COREHIZTELEDLPYETH, FVAFr—LT
Ta=TF 44 7 VH10%%BR HEE, EHFONSCEEX
OFIBRZ: 7V AF E ERICAIETE 9,

BEE =30 = 4/1/D-1

9.0 = 1/D-1
10.0 = 1/D
D = 1/10 = 10%




b %7 =R
Wb ‘ ‘ 1.0
R /\/ 1.414
SADZEE /\/ 1.732
WEEER N\f\/\[\ 1.414~2.0
0/ 0,

10?2?9 Jjoja/o '/\‘\f 1.414~3.0
K7L IAX NWW““\N\MWW\ 3.0~4.0
ACHy T 5 I | l_|

A e 3.0
2 T JH[ >9.0

BA2 HEE

BEE

BIGIE L 1t BIEETOWBIERIC X A REIBIBET (HN—7/37—
LARV) Lt EOBEEEEVE T ARII200kHz % B R 57
WiEEELTVWET,
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ANa—b—ME, V3Iv ;EHLWIBEHEE) I v P& LIRS
NTEY, RELANEFT T 2WIRFLS ORALLEL B8
THLDTY, AV a—L— bORFER, REOREFEHS X
CIRIBHIRUAOBEEZ WET 256, REE IR0 A,

HBEICHETIVE LDV BSULETHYEHE
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WD EA DR & B TA) B IE, RS Y — 7 ED10%
PH0%IZEALT B L ZICETHRMICELL DTS, b kAt
NHPLIABLTHN T TORERICE AEEIX, FHIEFZIERY) 2—
L— FOBRREOWTIPICE VAT TS, ABLEETE. R
Va—=L—= M HEICEETLHI EE2VIET T,
TWIRIEZZH LAY (GLHTA)) BEICERT 2012, 035%
3ABE T OEEHCTEID ., L) FENH D £, KBOBA,
0.35/200kHz = 1.75 4 s T3 ROBIZE RIE, HRE SV ZADHE
TIOMRFEIC L PREZFETLIEDIRFHIARVET, ohbd
DFRMEIE, FHOBICEEN 2ER 2 HV5201lB8B8L20ME
ERDET,

1
[
I
th ! v
— Aty \m = - Y
l ] | DCL AL
B
| ] .
| | I
|

i

BIA-8 ARk DR S




I
|
I
|
—>48.25 ,;

175,1s
100 us

EA-4 35 EH )RR ST 45 BEEIOH

BAER 2 FIW OV A 1E, FABDAIRT LI, LB EAFD &
ﬁ%fﬁb@ﬁ@ﬁ%UfEﬁwﬁ%ﬁk&biToL#L%%K
i, FOLIREFTOILEND EABTAD I Sh0RE
B, MA3DBOHIGEWER L 2D £3, BEFOTIREIC
FBBELHETABICIE, A5 END LALLTA) ORME A
'J R ]‘@1.75#5&1&%[/&.?‘0 n,\%@n'l‘ﬁ'(‘i :Z'k)_tﬁ‘y)
LN HTA) OBEAYOTHLER EOBF IOV TOEE K
B, RICINER UM ZETLPEROEED LIS wusiCFELWE
BOEEROET, NFOEREZHET S L2 D, BIRTIHIE
Ik aMEREN LIV ET, MA3IDBEEHTLHE, b—F
ms&EDCLARVIERD EH IR D T,

3t,+2t,

—_— ]/ —
EbF—% rms=A 3T

(totty)
T

20DEAEHTE B720, HMERBOEIIRONIZLYKRDL
nEt,

Bac mms =4 (E } — % Jvrms)? —(E dc)?
I TCHAIDBOERERTAE L L), RBEEXFHLTIORE
BOACES R MET S L. DCLNV EIZH B ACBH DEIMES

c=A
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FRENET, (TODCLRWMIER—R T [ ¥ L] & OFERE
T3o ) ZOEEDF -7 hmsidZ OEBRERHNTERD LI IZ
HETEET,

E b — % Jbrms =+ Eac rms? +Edc?
ZZTIE, BlE LT50us/SIVA, ¥— 7 {EIVD10kHz SV 25| %
fEVET, BENZ OV RIERA-ADAIRT L) b EAShER
BASETDNRVAERD $4,

3(50)+2(0) 150+0 1

— 12 £ = —f —

Eb=2bms =11 2755 I 300 I 2
E M — % )brms =0.707

so+0)_ 50 —os
00 7/ 100

Edc= 1(
ol Nl
Eac rms =4/ (0.707) 2—(0.5) 2 =40.50 —0.25

Eac rms =4 0.25 =0.5
NHEHRD GILLTHY) BHEDLTS psiZZR KT 2D 5 LRE
T5E, COBFIRRA-ADBIZRTEARERL B ¥, 0%
BITIERDELHIFHHRELET,

3(48.25 )+2(1.75) 144.75+3.50
— % lrms = =
EF— % Vms \/ 3(100) 300
148.25
— l/ = = =
EF— % Vrms 300 0.494 0.703
aen B2 LTS S0
¢ 100 100
ol 3 A

Eac rms =1/ (0.703) 2—(0.50) 2 =40.494 —0.25

Eac rms =m =0.494
EdcAZILL AW EIZEBEL TL &,
WRIZEEZEIZ D EFM— % VmsT-0.6%

Eac rmsT-1.2%
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