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CERTIFICATION 
______________________________________________________ 
 
 
Valhalla Scientific, Inc. certifies that this instrument was thoroughly 
tested and inspected and found to meet published specifications when 
shipped from the factory.  Valhalla Scientific, Inc. further certifies that its 
calibration measurements are traceable to the National Institute of Standards and 
Technology to the extent allowed by NIST's calibration facility. 
 
 
 
 
 
WARRANTY 
______________________________________________________ 
 
 
The warranty period for this instrument is stated on your invoice and 
packing list.  Please refer to these to determine appropriate warranty 
dates.  We will repair or replace the instrument during the warranty period 
provided it is returned to Valhalla Scientific, Inc. freight prepaid.  No other 
warranty is expressed or implied.  We are not liable for consequential damages.  
Permission and a return authorization number must be obtained directly from the 
factory for warranty repairs.  No liability will be accepted if returned without such 
permission.  Due to continuing product refinement and due to possible parts 
manufacturer changes, Valhalla Scientific reserves the right to change any or all 
specifications without notice. 
 

  

  



 

 This manual covers the following Valhalla Scientific products: 
 
 Models 2300, 2301, 2300L and 2301L 
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SECTION I   UNPACKING & INSTALLATION 
_______________________________________________________________ 
 
 
 
1-1. Introduction 
 
The Valhalla 2300 Series of Power Analyzers 
provides true RMS (AC+DC) measurements 
of voltage up to 600 volts, current up to 100 
amps and power up to 60 kilowatts per phase. 
 The maximum voltage and current input 
limits may be extended through the use of 
current and/or potential transformers.  Nearly 
every conceivable power measurement 
application is discussed in later sections of 
this manual. 
 
In addition to the versatility of connections, 
the 2300 Series boasts an optional computer 
interface, available reduced voltage ranges for 
greater resolution, high accuracy and excellent 
frequency response.  Recently added to the list 
of options available for the Model 2301 is the 
Valhalla Model 1000A High Current 
Measurement System which enables the user 
to directly measure up to 1000 amps of 
current with many times the accuracy of a 
clamp-on type current transformer.  Please 
refer to Section 3-2. 
 
Read this manual thoroughly before 
attempting to use the power analyzer!  
Dangerous voltages are routinely present in 
and connected to this instrument.  This 
instrument may be damaged by improper 
connections to the rear input terminals.  
Double check connections before applying 
power. 
 
For convenience, in future descriptions the 
2300 Series of Power Analyzers will be 
referred to as a "2300" unless specific 
differences between models exist.  In this case 
the reader will be informed of any necessary 
changes. 

1-2. Inspection 
 
If the shipping carton is damaged, request that 
the carrier's agent be present when the unit is 
unpacked.  If the instrument appears damaged, 
the carrier's agent should authorize repairs 
before the unit is returned to the factory.  
Even if the instrument appears undamaged, it 
may have suffered internal damage in transit 
that may not be evident until the unit is 
operated or tested to verify conformance with 
its specifications.  If the unit fails to operate or 
fails the tests of Section 2-7, notify the 
carrier's agent and the nearest Valhalla Sales 
Office.  Retain the shipping carton for the 
carrier's inspection.  DO NOT return 
equipment to Valhalla Scientific or any of its 
sales offices prior to obtaining authorization 
to do so. 
 
1-3. Initial Adjustments 
 
The only adjustments required prior to 
operation of the 2300 are to set the rear panel 
selector switch to the local AC line voltage 
and to verify that the correct fuse for this 
voltage is fitted.  The supply voltages and 
their corresponding fuses are listed below: 
 
105 to 125 VAC, 50 to 400Hz 1 Amp Slo Blo 
 
210 to 250 VAC, 50 to 400Hz  0.5 Amp Slo Blo 
 
ENSURE THAT THE CORRECT LINE 
VOLTAGE SELECTION IS MADE PRIOR 
TO APPLYING POWER TO THE 2300! 
 
1-4. Bench Use 
 
The 2300 is delivered for operation in bench 
use and special instructions for use in this 
manner other than the procedures of Sections 
4, 5 and 6 are not required. 
 

  



 

1-5. Rack Mounting 
 
Optional brackets are available for mounting 
the 2300 in a standard 19" equipment rack.  
These are listed in Section 3 of this manual.  
The size and weight of the 2300 require that 
the unit  
should be supported on both sides along its 
entire length by the use of "trays" or "slides".  
If it is to be transported while mounted in a 
rack then it must be supported so as to 
prevent upward and downward movement. 
 
The user should note that the specifications 
for the 2300 become degraded at high 
temperatures thus it is required that sufficient 
room be allowed for airflow around the 2300. 
 This may be achieved by placing a minimum 
1.75" blank panel above and below the 2300 
in the rack. 
 
If a unit placed beneath the 2300 has an 
unusually hot exterior top surface and it is not 
possible to alter its location, it is 
recommended that an aluminum "reflector" 
plate be used between this unit and the 2300. 
 
Under no circumstances should the ambient 
air temperature surrounding the 2300 be 
allowed to exceed 50°C while in operation or 
70°C while in storage. 

1-6. Safety Precautions 
 
The power connector is a three-contact device 
and should be mated only with a three-contact 
connector where the third contact provides a 
continuous ground connection.  A mating 
power cord has been provided.  If the power is 
provided through an extension cable then the 
ground connection must be continuous 
throughout this cable. 
 
Failure to provide a continuous ground 
connection to the 2300 may render the unit 
unsafe for use! 
 

  



 

SECTION II   SPECIFICATIONS 
_______________________________________________________________ 
 
 
 
2-1. Voltage Specifications 
 
The accuracy figures given below are valid for ambient temperatures between 20°C and 30°C for a 
period of one year from the date of calibration following a 1 hour warm-up period. 
 
 
2-1-1. Voltage Ranges and Resolutions 
 
Models 2300L and 2301L Ranges:  5V   15V  30V  60V 
Resolution:        1mV  1mV  10mV  10mV 
 
Models 2300 and 2301 Ranges:  50V  150V  300V  600V 
Resolution:        10mV  10mV  100mV  100mV 
 
 
2-1-2. Voltage Accuracy and Bandwidth 
 
For all models @ 20°C to 30°C for 1 year.  True RMS, DC coupled (AC+DC) 
 
 DC and 20Hz to 5KHz: ± 0.1% of reading ± 6 digits 
 5 KHz to 15KHz:   ± 0.5% of reading ± 6 digits 
 15KHz to 20KHz:   ± 0.75% of reading ± 6 digits 
 
 Useable above 20KHz to 50KHz with typically an additional 1% error per 10 KHz. 
 
 
2-1-3. Miscellaneous Voltage Specifications 
 
Temperature Coefficient:  ± 1/10 of accuracy specification per °C (0-19°C and 31-50°C) 
 
Crest Factor:  50:1 at minimum input linearly decreasing to 2.5:1 at full scale 
 
Minimum Input:  5% of range 
 
Maximum Input:  ±1500V peak 
 
Peak Indicator:  Illuminates at 2 times range 
 
Input Impedance:  2300L and 2301L = 100KΩ (All Ranges) 
      2300 and 2301 = 1MΩ (All Ranges) 
 

  



 

2-2. Current Specifications 
 
The accuracy figures given below are valid for ambient temperatures between 20°C and 30°C for a 
period of one year from the date of calibration following a 1 hour warm-up period. 
 
 
2-2-1. Current Ranges, Resolution and Bandwidth 
 
     Low Shunt    Medium Shunt   High Shunt 
 
Ranges:   0.2A, 0.5A, 1A    2A, 5A, 10A    20A, 50A, 100A 
 
Resolution:   100µA      1mA      10mA 
 
Impedance:  100mΩ      10mΩ      1mΩ 
 
Bandwidth:  DC & 20Hz-10kHz  DC & 20Hz-5kHz   DC & 20Hz-1kHz 
 
Max Input:   2A continuous    20A continuous   150A continuous 
 
Peak Input:   100msec @5A    100msec @50A   100msec @500A 
(no damage)  (fused) 
 
 
2-2-2. Current Accuracy 
 
For all models @ 20°C to 30°C for 1 year.  True RMS, DC coupled (AC+DC) 
 
 ±0.5% of reading ±0.5% of range at DC 
 ±0.25% of reading ±0.25% of range from 20Hz to bandwidth 
 
 
2-2-3. Miscellaneous Current Specifications 
 
Temperature Coefficient:  ± 1/10 of accuracy specification per °C (0-19°C and 31-50°C) 
 
Crest Factor:  50:1 at minimum input linearly decreasing to 2.5:1 at full scale 
 
Minimum Input:  5% of range 
 
Peak Indicator:  Illuminates at 2 times range 
 
Shunt Compliance Voltage:  100mV at full scale on highest range for shunt (1A, 10A, 100A) 
 

  



 

2-3. Power Specifications 
 
The accuracy figures given below are valid for ambient temperatures between 20°C and 30°C for a 
period of one year from the date of calibration following a 1 hour warm-up period. 
 
 
2-3-1. 2300L/2301L Single-Phase Resolution (Watts) 
 
Range 0.2A  0.5A  1A   2A   5A  10A  20A   50A   100A 
5V  1.0000  2.500  5.000  10.000  25.00 50.00 100.00  250.0  500.0 
15V  3.000  7.500   15.00  30.00  75.00 150.00 300.0  750.0  1500.0 
30V  6.000  15.000  30.00  60.00  150.00 300.0 600.0  1500.0  3000 
60V  12.000  30.00  60.00  120.00  300.0 600.0 1200.0  3000  6000 
 
 
2-3-2. 2300/2301 Single-Phase Resolution (Watts) 
 
Range 0.2A  0.5A  1A   2A   5A  10A  20A   50A   100A 
50V  10.000  25.00  50.00  100.00  250.0 500.0 1000.0  2500  5000 
150V 30.00  75.00  150.00  300.0  750.0 1500.0 3000  7500  15000 
300V 60.00  150.00  300.0  600.0  1500.0 3000 6000  15000  30.00KW 
600V 120.00  300.0  600.0  1200.0  3000 6000 12000  30.00KW 60.00KW 
 
 
2-3-3. 2300L Three-phase Three-wire Resolution (Watts) 
 
Range 0.2A  0.5A  1A   2A   5A  10A  20A   50A   100A 
5V  2.000  5.000  10.000  20.00  50.00 100.00 200.0  500.0  1000.0 
15V  6.000  15.000  30.00  60.00  150.00 300.0 600.0  1500.0  3000 
30V  12.000  30.00  60.00  120.00  300.0 600.0 1200.0  3000  6000 
60V  24.00  60.00  120.00  240.0  600.0 1200.0 2400  6000  12000 
 
 
2-3-4. 2300 Three-phase Three-wire Resolution (Watts) 
 
Range 0.2A  0.5A  1A   2A   5A  10A  20A   50A   100A 
50V  20.00  50.00  100.0  200.0  500.0 1000.0 2000  5000  10000 
150V 60.00  150.00  300.0  600.0  1500.0 3000 6000  1500  30.00KW 
300V 120.00  300.0  600.0  1200.0  3000 6000 12000  30.00KW 60.00KW 
600V 240.0  600.0  1200.0  2400  6000 12000 24.00KW 60.00KW 120.00KW 
 
 
2-3-5. 2300L Three-phase Four-wire Resolution (Watts) 
 
Range 0.2A  0.5A  1A   2A   5A  10A  20A   50A   100A 
5V  3.000  7.500  15.000  30.00  75.00 150.00 300.0  750.0  1500.0 
15V  9.000  22.50  45.00  90.00  225.0 450.0 900.0  2250  4500 
30V  18.000  45.00  90.00  180.00  450.0 900.0 1800.0  4500  9000 
60V  36.00  90.00  180.00  360.0  900.0 1800.0 3600  9000  18000 

  



 

2-3-6. 2300 Three-phase Four-wire Resolution (Watts) 
 
Range 0.2A  0.5A  1A   2A   5A  10A  20A   50A   100A 
50V  30.00  75.00  150.00  300.0  750.0 1500.0 3000  7500  15000 
150V 90.00  225.0  450.0  900.0  2250 4500 9000  22.50KW 45.00KW 
300V 180.00  450.0  900.0  1800.0  4500 9000 18000  45.00KW 90.00KW 
600V 360.0  900.0  1800.0  3600  9000 18000   36.00KW 90.00KW 180.00KW 
 
 
2-3-7. Power Accuracy and Bandwidth 
 
For all models @ 20°C to 30°C for 1 year.  True RMS, DC coupled (AC+DC) 
 
±0.5% of watts reading  ±0.5% of (volts range x amps range) at DC 
±0.25% of watts reading  ±0.25% of (volts rng x amps rng) throughout "Shunt Bandwidth" 
 
        Shunt Bandwidths 
      Low Shunt: 20Hz to 10KHz 
      Medium Shunt:20Hz to 5KHz 
      High Shunt: 20Hz to 1KHz 
 
Temperature Coefficient:  ±1/10 of range specification per °C (0-19°C and 31-50°C) 
 
 
2-4. Physical Specifications 
 
 Height  7" (178mm) not including feet 
 Width  17" (432mm) 
 Depth  19.75" (490mm) 
 Weight  33lbs (15kg) net; 38lbs (17.5kg) shipping 
 
 
2-5. Environmental Specifications 
 
Temperature Range:  Operating: 0°C to 50°C 
       Storage:  -20°C to +75°C 
 
Humidity:  70% RH max @ 40°C (non-condensing) 
 
Altitude:  -10,000 to +10,000 feet 
 
Vibration:  Per MIL-T-28800C, Type III, Class 5, Style E 
 
 
2-6. Miscellaneous Specifications 
 
Settling Time:  (to within 0.1% of change) 
 
 No range change:   1.5 sec 
 Following range change: 5 sec 

  



 

Maximum Common Mode Voltage:  1500V peak from any terminal to chassis 
 
Power Factor Response:  Zero to unity power factor, leading or lagging 
 
Warm-up Time:  1 hour to specifications 
 
Power:  50 to 400Hz @ 105-125VAC or 210-250VAC, 40VA max 
 
Safety:  Complies with UL1244 and IEC-348 
 
Connections:  Three sets of fully floating terminals, one for each channel 
 
Input Configuration:  Three-wire type wattmeter with three current inputs for each phase 
 
Displays:  Three simultaneous displays.  One each for volts, amps, and watts. 
 
Display Type:  Red LED 4½ digits per display 
 
Peak Overload Indication:  Six LED's; one for voltage, one for current for each channel 
 
Range Selection:  Manual push-button or via Option TL-4 IEEE-488 interface 
 
IEEE Interface  (Option "TL-4"):  Compliance with IEEE-488 (1978) with subsets SH1, AH1, T6, TE0, 
L4, LE0, SR1, RL1, PP0, DC1, DT1, C0 
 
 
2-7. Performance Verification 
 
Verification of the performance of the Model 2300 may be performed at any time, and is especially 
recommended following receipt of the unit or following transportation.  Verification may be achieved 
with two levels:  verified as operational; verified as operational and within specifications.  The 
procedures for both are given below. 
 
2-7-1. Verification of Operation 
 
If the 2300 fails any of the tests below, employ normal troubleshooting procedures or consult the factory 
for advice. 
 
1) Ensure that the POWER switch (lower left hand corner of the front panel) of the 2300 is in the OFF 

position, i.e. no yellow dot showing. 
 
2) Ensure that the rear panel switch is set to the correct local line voltage and apply AC power to the 

2300.  Make no connections to the shunt input terminals under the flip lid. 
 
3) Press the 2300 POWER switch to the ON position (yellow dot showing).  The LED's on the front 

panel should illuminate in the 600V, 100A and φA positions, and the displays should indicate near 
zero.  Wandering displays or continuous illumination of any overload indicator signifies 
that a problem may exist. 

   



 

4) Allow the 2300 to warm up for 5 minutes. 
 
5) Connect the 2300 as described in Section 6-4-1 to a known resistive load, e.g. a 100-watt 

incandescent light bulb.  Verify that the voltage display reads the present line voltage, the current 
display reads approximately 1 amp, and the power display reads approximately 100 watts.  This 
should be repeated for each of the 3 channels: φA, φB and φC.  Note that Model 2301 has only one 
channel. 

 
After successful completion of all of the steps above, the 2300 is fully operational with no faulty parts 
apparent. 
 
 
2-7-2. Verification of Specification 
 
Attempting to prove that the 2300 is performing to specification requires that the user be aware of the 
following points: 
 
1) The specifications in Section 2 are valid for reasonable use of the 2300 during the specified period of 

time.  If the 2300 has been transported it may have been subjected to extremes of temperature.  As 
with any precision equipment some change in calibration may occur due to this.  This effect has 
been carefully monitored by Valhalla Scientific and has been found to be small, even in extreme 
cases. 

 
2) A wattmeter calibration system is required to verify the specifications of the 2300.  A source of 

voltage and current in phase with each other is required to check the power accuracy.  Phase shifts 
between voltage and current will cause measurement errors.  The calibration procedure of Section 8 
may be used as a guide for verifying specifications. 

 
3) Prior to specification verification it is recommended that the user be familiar with the manual 

operation of the 2300 and allow at least one hour for the unit to warm up. 
 
If the 2300 is found to be fully operational but not performing to specifications it is recommended that a 
full calibration be performed.  If this does not bring all points within specifications, contact your nearest 
Valhalla Scientific Service Center before returning the unit for repair or attempting to repair the unit 
yourself. 
 

  



 

SECTION III   AVAILABLE OPTIONS 
_______________________________________________________________ 
 
3-1. General 
 
The following options are available for the 
2300 Series Digital Power Analyzers. 
 
3-2. Extended Current Range 
 
The standard 100 amp current measurement 
capability of the 2300 Series of Power 
Analyzers may be extended through the use of 
Options I-150, I-1000 and Valhalla Model 
1000A. 
 
3-2-1. Options I-150 and I-1000 
 
These options are 150 amp and 1000 amp 
clamp-on type current transformers.  Both 
have 1000:1 ratios with 2% accuracies from 
50Hz to 400Hz.  Option I-150 accommodates 
up to 0.5" diameter conductors.  Option I-
1000 accommodates up to 2" diameter 
conductors. 
 
3-2-2. Valhalla Model 1000A 
 
The newest addition to the list of options for 
the Model 2301 Power Analyzer is the 
Valhalla Model 1000A Precision High 
Current Measurement System.  This unique 
instrument has the ability to directly measure 
up to 1000 amps (AC + DC) at a basic 
accuracy of ±0.02% for DC.  The modular 
design of the 1000A allows expandable 
current capacity in increments of 300 amps, 
500 amps, 700 amps and 1000 amps.  The 
1000A may be matched to a Model 2301 to 
provide watts measurement capability.  Please 
contact your local Valhalla representative or 
the factory for more details. 
 
3-3. Options IO-1 and IO-3 
 
Options IO-1 and IO-3 provide chassis ground 
referenced analog outputs for watts only (IO-
1) or for watts, volts and amps (IO-3).  The 

outputs correspond to the data 
displayed on the 2301 (or 2300) 
front panel.  If installed in a 2300, 
the outputs represent the 
displayed measurements for φA, φB, or φC. 
 
3-3-1. Scaling 
 
The scale factors of the analog outputs are 
listed below: 
 
Full Scale Voltage and Accuracy (1 year, 1 hr warmup) 
 
Option IO-1 
Watts: 2.5V  ± 1.0% ± 15mV 
 
Option IO-3  (2301 or 2301L) 
Watts: 5.0V  ± 0.5% of output ± 10mV 
Volts:   5.0V  ± 0.5% of output ± 10mV 
Amps: 5.0V  ± 0.5% of output ± 10mV 
 
Option IO-3  (2300 or 2300L) 
Watts: 2.5V  ± 1.0% of output ± 10mV 
Volts: 5.0V  ± 0.5% of output ± 10mV 
Amps: 5.0V  ± 0.5% of output ± 10mV 

 
3-3-2. Calibration 
 
Refer to section 8-7 for the Option IO-3 
calibration procedure.  The analog output of 
Option IO-1 has no adjustment. 
 
3-3-3. IO-1 Connections 
 
Watts analog data is available through a 
female BNC type connector (Figure 3-1).  A 
mating cable, Option "CK", is available from 
Valhalla Scientific, Inc. 
 
3-3-4. IO-3 Connections 
 
Watts, volts and amps analog data is available 
through a female 6 pin DIN connector.  A 
mating plug is supplied with Option IO-3.  
Additional plugs are available from Valhalla 
Scientific under stock number 05-10514.  
Connector pin assignments are shown in 
Figure 3-2. 

  



 

3-3-5. Drive Capability 
 
The output impedance of Option IO-3 is 56Ω. 
 A maximum of ±100µA may be drawn from 
each output without exceeding specified 
accuracies. 
 
3-4. Option IOX 
 
Option IOX provides eleven simultaneous 
chassis ground referenced analog outputs 
corresponding to φA volts, amps, watts; φB 
volts, amps, watts; φC volts, amps, watts; 3φ 
3-wire total watts and 3φ 4-wire total watts.  
 
3-4-1. Scaling and Accuracy 
 
The scale factors and accuracies of the analog 
outputs are listed below: 
 
Full Scale Voltage and Accuracy (1 year, 1 hour warm-up) 
 
Watts 5V ±0.5% of output ± 15mV 
Volts  5V ±0.5% of output ± 15mV 
Amps 5V ±0.5% of output ± 15mV 
 

3-4-2. Calibration 
 
Refer to Section 8-6 of this manual for the 
Option IOX calibration procedure. 
 
3-4-3. Connections 
 
Connections to the analog outputs are made 
via a rear panel mounted connector.  A mating 
connector is supplied with the Option IOX.  
Additional connectors are available from 
Valhalla Scientific under part number 05-
10248.  Connector pin assignments are shown 
in Figure 3-3. 
 
3-4-4. Drive Capability 
 
The output impedance of Option IOX is 56Ω.  
A maximum of ±5mA may be drawn from 
each output without exceeding the accuracy 
specifications. 
 
 

 
3-5. Option LF 
 
This option provides extended low frequency 
performance (to 2Hz) at the expense of 
extended settling time.  Settling time is 
increased by approximately 10 to 1.  Note:  
When Option LF is used in conjunction 
with Option TL-4, the kilowatt hour 
measurement should be multiplied x2. 
 
3-6. Option RX7 
 
Option RX7 is a set of rack ears that allow 
mounting of the 2300 in a standard 19" 
equipment rack. 
 
3-7. Option TL-4 
 
Option TL-4 provides the 2300 with a full 
talk/listen IEEE-488 digital interface.  This 
interface may be used for remote range 
programming and for remote data acquisition. 
 See Section 7 for details. 
 
3-8. Options GP-1 and GP-2 
 
These options are IEEE-488 cables for 1 
meter and 2 meter lengths respectively.  These 
cables may be used to connect to the interface 
of Option TL-4. 
 
3-9. Options HS-5 and HS-12 
 
These options increase the speed at which the 
2300 communicates over the IEEE-488 bus 
(Section 7).  A standard unit can be read at the 
rate of 2.5 times per second.  Option HS-5 = 5 
rdgs/sec and Option HS-12 = 12.5 rdgs/sec. 
 
3-10. Option L 
 
This option provides greater resolution when 
working with low voltages by reducing all 
standard voltage ranges by a factor of 10.  
Current ranges are unaffected.  The voltage 
ranges become: 5V, 15V, 30V, and 
60V. 

  







 

SECTION IV   FRONT PANEL CONTROLS 
_______________________________________________________________ 
 
 
 
4-1. General 
 
This section outlines the use of each of the 
front panel controls and connectors.  The user 
is advised to read Section 6 to obtain full 
descriptions of the methods of operation of the 
2300. 
 
The paragraph numbers used in this section 
correspond to the reference numbers of Figure 
4-1. 
 
4-1-1. "DISPLAY SELECTION" Section 
 
This bank of push-buttons selects which 
phase's data is displayed in the volts, amps, 
and watts display windows.  These buttons are 
used to switch between the V-A-W data for 
each individual phase.  The total power in a 
three-phase load can be displayed by pressing 
the 3φ 3-wire or 3φ 4-wire push-buttons.  
These push-buttons are not installed in the 
2301/2301L single-phase instruments. 
 
4-1-2. "WATTS - TRUE POWER" Window 
 
The true power is displayed in this window as 
selected by the display selection push- 
buttons.  The units of measure are either watts 
or kilowatts as indicated by the two LED 
indicators. 
 
4-1-3. "OVERLOAD" Display Window 
 
A peak overload on any of the three voltage or 
three current channels is indicated by the 
LED's in this window.  If an overload is 
indicated, the next highest voltage or current 
range should be selected.  These indicators 
may also alert the user to the presence of large 
spikes on the input signal if the RMS value is 
not out of range, but an LED is still 
illuminated. 
 

4-1-4."AMPS-TRUE RMS" 
  Window 
 
The true RMS current is displayed in this 
window as selected by the current range push-
buttons. 
 
4-1-5. "IEEE-488" Window 
 
When option TL-4 is fitted and remote 
operation is selected the "REMOTE" LED in 
this window will be illuminated. 
 
4-1-6."VOLTS - TRUE RMS" Window 
 
The true RMS voltage is displayed in this 
window as selected by the voltage range push-
buttons. 
 
4-1-7. "VOLTAGE RANGE" Section 
 
This bank of push-buttons selects the voltage 
range of the 2300.  Voltage inputs greater than 
the selected range may yield invalid readings. 
 The voltage ranges of the Model 2300L are 5, 
15, 30, and 60 volts, respectively. 
 
4-1-8. "POWER" Switch 
 
This switch controls the power to the 2300.  
When the "ON" position (depressed with the 
yellow dot showing) is selected and AC 
power supplied, the 2300 will be operational.  
When in the "OFF" (not depressed) position 
the 2300 will be unpowered. 
 
4-1-9. "CURRENT RANGE" Section 
 
This bank of push-buttons selects the current 
range of the 2300.  Current inputs higher than 
the selected range limit may yield invalid 
readings. 

  



 

4-1-10. RUN/HOLD Push-buttons 
 
The RUN/HOLD feature on the Model 2300 
may be used to simultaneously freeze the 
Volts, Amps and Watts displays.  This is 
accomplished by pressing the button labeled 
"RUN/HOLD".  A red LED indicates that the 
unit is in HOLD mode.  A green LED 
indicates that the unit is in the RUN mode.  
While in the HOLD mode, the button labeled 
SAMPLE becomes active.  This may be 
pressed briefly to update the displays without 
leaving the HOLD mode.   

Note:  Placing the instrument in the HOLD 
mode does not affect the overload indicators.  
It is possible to change ranges while in the 
HOLD mode however the displays will not be 
updated until either the SAMPLE button or 
the RUN/HOLD button is pressed.  When 
using the IEEE-488 option, readings will be 
held in the buffer until updated by SAMPLE 
or RUN. 

  







 

SECTION V   REAR PANEL CONTROLS 
_______________________________________________________________ 
 
 
 
5-1. General 
 
This section outlines the functions of the rear 
panel controls and connectors.  The user is 
advised to also refer to Sections 4 and 6 for 
complete operating instructions.  The 
paragraph numbers used in this section 
correspond to the reference numbers of 
Figures 5-1 and 5-2. 
 
5-1-1. "POWER" Connector 
 
This is the instrument AC power connector.  
Use the appropriate 3-prong cord only. 
 
5-1-2. "FUSEHOLDER" 
 
This contains the main AC power fuse.  Fuse 
values are listed on the 2300 rear panel. 
 
5-1-3. "LINE VOLTAGE" Switch 
 
This switch selects the instrument AC power 
voltage between 115VAC or 230VAC. 
 
5-1-4. "IO-3" Connector 
 
This is the Option IO-3 analog output 
connector (if installed). 
 
5-1-5. "IOX OR IEEE" Connector 
 
This is the Option IOX analog output 
connector or the Option TL-4 IEEE interface 
connector (if installed). 

5-1-6. "IEEE ADDRESS" 
  Switch 
 
This is the Option TL-4 IEEE interface 
address switch.  This is blank if Option IOX is 
installed. 
 
5-1-7. "φA TERMINAL CLUSTER" 
 
These are the input terminals for channel A 
(∅A).   
 
5-1-8. "φB TERMINAL CLUSTER" 
 
These are the input terminals for channel B 
(∅B).  These terminals are not installed in 
Models 2301/2301L. 
 
5-1-9. "φC TERMINAL CLUSTER" 
 
These are the input terminals for channel C 
(∅C).  These terminals are not installed in 
Models 2301/2301L. 
 
 
Note:  Instruments manufactured after 1/1/93 
have a fuse installed in-line with the Low 
Shunts (Ranges .2, .5, 1).  This is a 5 Amp 
Fast-blo fuse.  If problems are observed when 
using the Low Shunt, ensure that these fuses 
are not blown.  Replace blown fuses with the 
exact replacement part only! 
 

  





 

SECTION VI   MANUAL OPERATION 
_______________________________________________________________ 
 
 
 
6-1. General 
 
The following paragraphs describe the manual 
operation of the 2300 series power analyzers 
and should be used along with Sections 4 and 
5 for complete operating instructions.  The 
user is advised to fully read these sections 
before attempting to operate the 2300.  
Section 7 describes operation via the IEEE-
488 interface. 
 
6-2. Safety Precautions 
 
 CAUTION!! 
 
IN NORMAL USE THE TERMINALS OF 
THE 2300 ARE CONNECTED TO LETHAL 
VOLTAGES.  DEATH MAY OCCUR ON 
CONTACT! 
 
Do not attach or remove wires without first 
checking that all power sources have been 
disabled.  Do not open-circuit the secondary 
windings of current transformers when they 
are energized.  Lethal potentials may exist 
which can damage the transformer, the 2300, 
and the operator. 
 
6-3. Operation 
 
The 2300 contains three independent 
wattmeter channels (phases).  Single-phase 
power may be measured using any of the 
three channels.  Three simultaneous, 
independent, single-phase measurements may 
also be made. 
 
When measuring three-phase power, the 
number of leads connected to the load 
determines how the 2300 is connected.  If the 
load has three-wires, the two-wattmeter 
method is used to measure the total power.  
The total power is the sum of the two 

wattmeter readings.  Phase B is 
used as the reference (neutral) for 
the other channels.  Wattmeter channel A 
measures the current in phase A and the 
voltage between phase A and phase B.  
Channel C measures the current in phase C 
and the voltage between phase C and phase B. 
 Phase B is not used other than as a reference. 
 The 2300 sums the phase A and C power 
readings when the 3φ 3-WIRE mode is 
selected.  The voltage and current displays are 
blanked in this mode as they are invalid.  The 
individual line currents, line to line voltages 
and phase powers can be displayed by 
pressing the φA or φC push-buttons.  A 
complete proof of the validity of the two 
wattmeter method is beyond the scope of this 
manual, and may be found in a college level 
electrical engineering textbook. 
 
If the load has four-wires, all three wattmeters 
must be used to measure the total power.  The 
total power is the sum of the three wattmeter 
readings.  Channel A measures the current in 
phase A and the voltage between phase A and 
neutral.  Channels B and C similarly measure 
phases B and C.  The 2300 sums the phase A, 
B, and C readings when the 3φ 4-WIRE mode 
is selected.  The voltage and current displays 
are blanked in this mode as they are invalid.  
The individual line voltages, currents, and 
powers may be displayed by pressing the φA, 
φB, or φC display selection push-buttons. 
 
6-4. Connections 
 
The 2300 has a separate cluster of terminals 
for each of the three phases.  Each channel has 
three current terminals, with use determined 
by the amount of current to be measured.  The 
three current terminals are internally 
connected to the 1 ampere, 10 ampere, or 100 
ampere shunts.  The opposite ends of the three 

  



 

shunts are connected together to the 
CURRENT COMMON - VOLTS HIGH 
terminal. The 2300 measures the voltage 
between the CURRENT COMMON - 
VOLTS HIGH terminal and the VOLTS 
COMMON terminal on all voltage ranges.  
Connections to the 2300 vary widely and most 
conceivable configurations are described in 
the following paragraphs.  The paragraph 
numbers correspond to the Figure numbers at 
the end of this section.  The single-phase 
connections are shown using channel C of the 
2300.  Any of the channels, A, B, or C may be 
used for single phase measurements. 
 
6-4-1. Single-Phase Two-Wire Load 

Power Connections 
 
Connect the wattmeter as shown in Figure 6-
1. Caution!  Do not run the neutral current 
through the volts common terminal.  Tap off 
the neutral wire to connect the volts common 
terminal. 
 
6-4-2. Single-Phase Two-Wire CT Load 

Power Connections 
 
Connect the wattmeter as shown in Figure 6-
2.  Observe the polarities of the current 
transformer.  The watts reading should be 
multiplied by the CT ratio.  Caution!  Do not 
run the load current through the VOLTS 
COMMON terminal.  Tap off the neutral wire 
to connect the VOLTS COMMON terminal. 
 
6-4-3. Single-Phase Two-Wire PT Load 

Power Connections 
 
Connect the wattmeter as shown in Figure 6-
3.  Observe the polarity of the potential 
transformer.  The watts reading should be 
multiplied by the PT ratio.  Caution!  Do not 
exceed the common-mode rating of the Model 
2300. 
 
 
 
 

6-4-4. Single-Phase Two-Wire CT-PT 
Load Power Connections 

 
Connect the wattmeter as shown as Figure 6-
4.  Observe the polarities of the current and 
potential transformers. The watts reading 
should be multiplied by the PT and CT ratios. 
 The current common terminal should be 
grounded for best performance. 
 
6-4-5. Single-Phase Two-Wire Source 

Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into the load.  These connections are shown in 
Figure 6-5.  When the model 2300 is 
connected in this manner, the watts reading 
should be multiplied by minus one (-1).  
Caution!  Do not run the neutral current 
through the VOLTS COMMON terminal.  
Tap off the neutral wire to connect the 
VOLTS COMMON terminal. 
 
6-4-6. Single-Phase Two-Wire CT Source 

Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into the load.  These connections are shown in 
Figure 6-6.  When the Model 2300 is 
connected in this manner, the watts reading 
should be multiplied by minus one (-1) and 
the CT ratio.  Observe the polarity of the 
current transformer.  Caution!  Do not run the 
neutral current through the VOLTS 
COMMON terminal.  Tap off the neutral wire 
to connect the VOLTS COMMON terminal. 
 
6-4-7. Single-Phase Two-Wire PT Source 

Power Connections 
 
Some applications require measuring the 
power from the source rather than the power 
into the load.  These connections are shown in 
Figure 6-7.  When the Model 2300 is 
connected in this manner, the watts 
reading should be multiplied by 
minus one (-1) and the PT ratio.  

  



 

Observe the polarity of the potential 
transformer.  Caution!  Do not exceed the 
common-mode specification of the Model 
2300. 
 
6-4-8. Single-Phase Two-Wire CT-PT 

Source Power Connections 
 
Some applications require measuring the 
power from a source rather than the power  
into the load.  These connections are shown in 
Figure 6-8.  When the Model 2300 is 
connected in this manner, the watts reading 
should be multiplied by minus one (-1) and 
the CT-PT ratios.  Observe the polarities of 
the current and potential transformers.  For 
best performance the CURRENT COMMON 
terminal should be grounded. 
 
6-4-9. Three-Phase Three-Wire Load 

Power Connections 
 
Connect the wattmeter as shown in Figure 6-
9.  Caution!  Do not run phase B current 
through the VOLTS COMMON terminals.  
Tap off the phase B wire to connect the 
VOLTS COMMON terminals. 
 
6-4-10.  Three-Phase Three-Wire CT 

Load Power Connections 
 
Connect the wattmeter as shown in Figure 6-
10.  Observe the polarities of the current 
transformers.  The watts reading should be 
multiplied by the CT ratio.  Caution!  Do not 
run the line current through the CURRENT or 
VOLTS COMMON terminals. 
 
6-4-11.  Three-Phase Three-Wire PT 

Load Power Connections 
 
Connect the wattmeter as shown in Figure 6-
11.  Observe the polarities of the potential 
transformers.  The watts reading should be 
multiplied by the PT ratio.  Caution!  Do not 
exceed the common-mode specifications of 
the Model 2300. 
 

6-4-12.  Three-Phase Three-Wire CT-
PT Load Power Connections 

 
Connect the wattmeter as shown in Figure 6-
12.  Observe the polarities of the current and 
potential transformers.  The watts reading 
should be multiplied by the CT-PT ratios.  For 
best performance ground the CURRENT 
COMMON terminals. 
 
6-4-13.  Three-Phase Three-Wire Source 

Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into the load.  These connections are shown in 
Figure 6-13.  When the Model 2300 is 
connected in this manner, the watts reading 
should be multiplied by minus one (-1).  
Caution!  Do not run the phase B current 
through the VOLTS COMMON terminals.  
Tap off the phase B wire to connect the 
VOLTS COMMON terminals. 
 
6-4-14.  Three-Phase Three-Wire CT 

Source Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into the load.  These connections are shown in 
Figure 6-14.  When the model 2300 is 
connected in this manner, the watts reading 
should be multiplied by minus one (-1) and 
the CT ratio.  Observe the polarity of the 
current transformer.  Caution!  Do not run the 
line current through the CURRENT or 
VOLTS COMMON terminal.  Tap off the line 
wires to connect the CURRENT and VOLTS 
COMMON terminals. 
 
6-4-15.  Three-Phase Three-Wire PT 

Source Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into a load.  These connections are shown in 
Figure 6-15.  When the Model 2300 
is connected in this manner, the watts 
reading should be multiplied by 

  



 

minus one (-1) and the PT ratio.  Observe the 
polarities of the potential transformers.  
Caution!  Do not exceed the common-mode 
specifications of the Model 2300. 
 
6-4-16.  Three-Phase Three-Wire CT-

PT Source Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into a load.  These connections are shown in 
Figure 6-16.  When the Model 2300 is 
connected in this manner, the watts reading 
should be multiplied by minus one (-1) and 
the CT-PT ratios.  Observe the polarities of 
the current and potential transformers.  For 
best performance, the CURRENT COMMON 
terminals should be grounded. 
 
6-4-17.  Three-Phase Four-Wire Load 

Power Connections 
 
Connect the wattmeter as shown in Figure 6-
17.  Caution!  Do not run the neutral current 
through the VOLTS COMMON terminals.  
Tap off the neutral wire to connect the 
VOLTS COMMON terminals. 
 
6-4-18.  Three-Phase Four-Wire CT 

Load Power Connections 
 
Connect the wattmeter as shown in Figure 6-
18.  Observe the polarities of the current 
transformers.  The watts reading should be 
multiplied by the CT ratio.  Caution!  Do not 
run the line or neutral currents through the 
CURRENT or VOLTS COMMON terminals. 
 
6-4-19.  Three-Phase Four-Wire PT 

Load Power Connections 
 
Connect the wattmeter as shown in Figure 6-
19.  Observe the polarities of the potential 
transformers.  The watts reading should be 
multiplied by PT ratio.  Caution!  Do not 
exceed the common mode specifications of 
the Model 2300. 
 

6-4-20.  Three-phase Four-Wire CT-PT 
Load Power Connections 

 
Connect the wattmeter as shown in Figure 6-
20.  Observe the polarities of the current and 
potential transformers.  The watts reading 
should be multiplied by CT-PT ratios.  For 
best performance, ground the CURRENT 
COMMON terminals. 
 
6-4-21.  Three-phase Four-Wire Source 

Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into a load.  These connections are shown in 
Figure 6-21.  When the Model 2300 is used in 
this manner, the watts reading should be 
multiplied by minus one (-1).  Caution!  Do 
not run the neutral current through the 
VOLTS COMMON terminals.  Tap off the 
neutral wire to connect to the VOLTS 
COMMON terminals. 
 
6-4-22.  Three-phase Four-Wire CT 

Source Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into a load.  These connections are shown in 
Figure 6-22.  When the Model 2300 is used in 
this manner, the watts reading should be 
multiplied by minus one (-1) and the CT ratio. 
 Observe the polarities of the current 
transformers.  Caution!  Do not run the line 
or neutral currents through the VOLTS 
COMMON terminals.  Tap off the line and 
neutral wires to connect the VOLTS 
COMMON terminals. 
 

  



 

6-4-23.  Three-phase Four-Wire PT 
Source Power Connections 

 
Some applications require measuring the 
power from a source rather than the power 
into a load.  These connections are shown in 
Figure 6-23.  When the Model 2300 is used in 
this manner, the watts reading should be 
multiplied by minus one (-1) and the PT ratio. 
 Observe the polarities of the potential 
transformers.  Caution!  Do not exceed the 
common mode specifications of the Model 
2300. 
 
6-4-24.  Three-phase, Four-Wire CT-PT 

Source Power Connections 
 
Some applications require measuring the 
power from a source rather than the power 
into a load.  These connections are shown in 
Figure 6-24.  When the Model 2300 is used in 
this manner, the watts reading should be 
multiplied by minus one (-1) and the CT-PT 
ratios.  Observe the polarity of the current and 
potential transformers.  For best performance 
the CURRENT COMMON terminals should 
be grounded. 
 
6-5. Single-Phase Measurements 
 
The power consumed by a single-phase load 
or the power supplied by a single-phase 
source may be easily measured with a Model 
2300 or 2301.  Three independent single-
phase measurements can be made at the same 
time with the 2300.  The following guidelines 
should be used when making a single-phase 
power measurement: 
 
1) Connect the 2300 as shown in Figures 6-1 

to 6-8 as determined by your application.  
Make connections to the appropriate 
current shunt terminal for the expected 
range of current levels. 

 
2) Press the appropriate φA, φB, or φC 

display selection push-button for the 
channel connected. 

 

3) Select the lowest current range that 
provides the required display resolution 
without the current peak overload LED 
illuminating. 

 
4) Select the lowest voltage range that 

provides the required display resolution 
without the voltage peak overload LED 
illuminating. 

 
5) Read the voltage, current and power on 

the three displays.  When measuring the 
power supplied by a source, multiply the 
power measurement by negative one (-1) 
to obtain the correct watts polarity. 

 
6) The displays may be frozen indefinitely 

by pressing the HOLD push-button. 
 
6-6. Three-Phase Three-Wire 
  Measurements 
 
The power consumed by a three-phase three-
wire connected load or the power supplied by 
a three-phase three-wire source may easily be 
measured with a 2300.  The following 
guidelines should be used when making these 
measurements  (also refer to AN104): 
 
1) Connect the 2300 as shown in Figures 6-9 

to 6-16 as determined by your application. 
 Make connections to the appropriate 
current shunt terminals for the expected 
range of current levels. 

 
2) Press the 3φ 3-WIRE display selection 

push-button. 
 
3) Select the lowest current range without 

illuminating any of the peak current 
overload indicators. 

 
4) Select the lowest voltage range without 

illuminating any of the peak voltage 
indicators. 

 
5) The total true power may be read 

on the watts display.   
  



 

 When measuring the power supplied by a 
source, multiply the power measurements 
by negative one (-1) to obtain the correct 
watts polarity. 

 
6) The individual phase voltages, currents, 

and power can be displayed by pressing 
the φA and φC display selection push-
buttons.   

 
7) The displays may be frozen indefinitely 

by pressing the HOLD push-button. 
 
6-7. Three-phase, Four-wire 
  Measurements 
 
The power consumed by a three-phase four-
wire connected load or the power supplied by 
a three-phase four-wire connected source can 
easily be measured with a 2300.  Follow the 
guidelines below for making three-phase four-
wire measurements with the Model 2300: 
 
1) Connect the 2300 as shown in Figures 6-

17 to 6-24 as determined by your 
application.  Make connections to the 
appropriate current shunt terminals for the 
expected range of current levels. 

 
2) Press the 3φ 4-WIRE display selection 

push-button. 
 
3) Select the lowest current range that does 

not illuminate any of the peak current 
indicators. 

 

4) Select the lowest voltage range that does 
not illuminate any of the peak voltage 
indicators. 

 
5) Read the total power on the watts display. 

 When measuring the power supplied by a 
source, multiply the power measurements 
by negative one (-1) to obtain the correct 
watts polarity. 

 
6) The individual phase voltages, currents, 

and powers may be displayed by pressing 
the φA, φB and φC display selection 
push-buttons. 

 
7) The displays may be frozen indefinitely 

by pressing the HOLD push-button. 
 
 
6-8. Other Applications 
 
If your measurement requirement or 
application was not discussed in the preceding 
paragraphs, also refer to the Application 
Notes of Section 11. 

  



























 

SECTION VII   REMOTE OPERATION 
_______________________________________________________________ 
 
 
 
7-1. General 
 
This section describes the operation of the 
2300 Series of Power Analyzers via the 
optional IEEE-488 interface bus.  It is 
assumed throughout this section that the user 
has read Sections 4 through 6 and is familiar 
with the manual operation of the 2300. 
 
7-2. Definitions 
 
The following are definitions of the terms 
used in describing the IEEE-488 interface and 
its operation in the 2300. 
 
Bus:  A data link which is usually a set of 
several parallel wires within a multi-wire 
cable. 
 
Bi-directional Bus:  A "highway" used for 
two-way communication between two 
devices, with input and output data being 
carried on the same wires. 
 
Bit parallel:  A data transmission method in 
which all of the bits composing an item of 
data are present simultaneously on a group of 
wires in a bus. 
 
Byte:  A group of 8 data bits which are treated 
as a single item of data. 
 
Byte serial:  A data transmission method in 
which information, in bit parallel bytes, is 
transferred sequentially between devices.  
 
Device:  A unit or controller connected to the 
bus. 
 
Device dependent message:  A message 
containing information or commands having 
meaning only to the recipient device (usually 

refers to commands which are not 
defined in IEEE Standard 488 of 
1978). 
 
Handshake:  An exchange of signals between 
two devices which is usually used to control 
the transfer of data between them. 
 
Interface message:  A message intended for 
interface or bus management. 
 
Local operation:  Operation of a device by its 
front panel controls or other form of manual 
operation. 
 
Remote operation:  Operation of a device 
under the control of another via the bus. 
 
7-3. Basic Description of the Bus 
 
This chapter gives a basic description of the 
general principles of the IEEE-488 (1978) bus 
(also known as GPIB, HP-IB, IEC DTC-66, 
ANSI MCI-1 etc.)  The user is recommended 
to read the full IEEE-488 standard for more 
details if required. 
 
7-3-1. The Purpose of the IEEE-488 

Standard 
 
The purpose of the standard is to allow for 
interconnection of programmable instruments 
with a minimum of engineering.  The intent is 
to remove the need for adapters and numerous 
types of patching cables often encountered 
with other forms of interfaces.  The IEEE-488 
standard defines a system configuration for 
programmable instruments: calculators, 
voltmeters and other types of peripheral 
devices produced by various manufacturers, 
providing a set of rules for establishing a 
defined communications link with a high 
degree of compatibility yet maintaining 

  



 

flexibility between independently 
manufactured products.  The IEEE-488 
(1978) standard defines the following: 
 
Electrical characteristics - interface circuit 
parameters, electrical signal levels, loading 
requirements and grounding requirements. 
 
Mechanical characteristics - connector type, 
contact assignments and cable assembly. 
 
Functional characteristics - the complete 
repertoire and precise definition of each of the 
signal lines, the protocol and timing 
relationships and the mandatory responses for 
universal (device independent) messages. 
 
The IEEE-488 (1978) standard does not 
define the following: 
 
The way in which device dependent messages 
will be interpreted by the receiving device, 
leaving these up to the manufacturer to define. 
 These are defined for the 2300 in Section 7-7. 
 
Maximum amount of time for a full 
handshake of data to occur ensuring 
compatibility with the slowest device on the 
bus (it does define the minimums, however). 
 
7-3-2. IEEE-488 Defined Parameters 
 
The IEEE-488 standard defines a bi-
directional bus carrying bit-parallel, byte-
serial data.  The most basic of its definitions 
are as follows: 
 
All bus data is digital. 
 
A maximum of 15 devices may be 
interconnected on a single bus. 
 
The total length of the bus cabling may not 
exceed 20 meters, with a maximum 
interconnection cable length of 4 meters.   
The maximum data transmission rate is 1 
megabyte per second. 
 

Of all the devices on the bus only one may be 
the controller at any time.  The controller 
exercises control over all other devices on the 
bus.  The other devices may be listeners (only 
able to receive data), talkers (only able to 
transmit data), or both.  The 2300 functions 
both as a talker and as a listener.  The 
controller is the only device capable of 
addressing other devices on the bus and 
commanding them to talk or listen as required. 
 Only one device may talk at any one time. 
 
The interconnecting cable shall consist of 16 
signal wires and eight ground returns linking 
devices into a complete system (the user is 
cautioned to be careful of generating ground 
loops when interconnecting devices via the 
bus).  Each cable connector is a plug and 
socket combination to permit the "daisy 
chaining" of devices. 
 
The 16 signal wires are as follows: 
 
8  data wires (DIO0 through DIO7 
inclusive). 
 
5  management wires (ATN, EOI, SRQ, IFC 
and REN). 
 
3 handshake wires (DAV, NRFD and 
NDAC). 
 
It should be noted that all of these wires use 
"inverse logic", i.e. a low voltage level 
indicates the "true" state (also called 
"asserted") while the high voltage level 
indicates the "false" state. 
 
DIO (0 to 7) - These wires are the bi-
directional data bus. 
 
ATN - This wire may be asserted by the 
controller to indicate that an address or 
command is present on the bus. 
EOI - This wire may be asserted by the 
controller or the talker.  If ATN is also 
asserted this indicates that the 
controller is polling devices.  If ATN 
is false, EOI may be asserted by a   



 

talker to indicate the end of a message. 
 
SRQ - This wire may be asserted by any 
device to indicate that it requires attention 
(e.g. a fault has occurred or data is ready).  
Usually the controller will respond by polling 
the devices to determine which requires 
service. 
 
IFC - This wire is asserted by the controller to 
reset the bus (note that only the bus is 
affected) to an idle state. 
 
REN - This wire is asserted by the controller 
to indicate to all devices that they may enter 
the REMOTE state.  The user should note that 
for a device to enter remote the REN wire 
must be asserted and the device must 
subsequently receive its listen address.  If this 
wire is not asserted then all devices will be in 
the LOCAL state. 
 
DAV - This wire is asserted by the talker and 
indicates that a valid data byte has been 
placed on the DIO0 to DIO7 wires. 
 
NRFD - This wire may be asserted by any 
listener and indicates that it is not yet ready to 
receive further data. 
 
NDAC - This wire may be asserted by any 
listener and indicates that it has not yet 
completed reading the data byte present on the 
DIO wires. 
 
7-4. Universal Commands 
 
This paragraph describes all of the IEEE-488 
defined commands and their affect upon the 
operation of the 2300.  In this paragraph (as in 
all further paragraphs) examples are given 
using HP Basic and it is assumed that the 
2300 has its listen address set to 15.  If you are 
using a programming language other than HP 
Basic, consult your programmer's guide for 
the correct command syntax. 
 
 
 

7-4-1. Device Clear (DCL) 
 
This command will cause all of the devices to 
enter the reset state (both interface and 
instrumental functions).  The 2300 will 
perform a power-on reset cycle when this 
command is received.  An example of this 
command in HP Basic is CLEAR 7. 
 
This command can sometimes cause the 
interface to reset and then re-read the device 
clear command if the responding instrument is 
slow to release the handshake.  This will be 
visible as a complete bus lockout with all of 
the devices continuously performing a device 
clear.  Although every precaution has been 
taken to eliminate this problem with the 
IEEE-488 Standard, lockout may sometimes 
occur.  It is recommended the Selective 
Device Clear (SDC) Command be used where 
possible. 
 
7-4-2. Selective Device Clear (SDC) 
 
This command will cause only the addressed 
device to enter the reset state.  This command 
will perform the same function as the DCL 
command of 7-4-1 but on individual 
instruments only, thus overcoming the 
problem inherent with the DCL command. 
 
An example of this command in HP Basic is 
CLEAR 715 which would reset only the 
device at address 15. 
 
7-4-3. Group Execute Trigger (GET) 
 
The execution of this command is dependent 
on the particular device receiving it, the exact 
result not being defined by the IEEE-488 
(1978) standard.   
 
When received by the 2300 it will respond 
with a handshake and will not cause an error 
but will be ignored. 
 
The user should note that only the 
addressed form of this command is 
defined by the IEEE 488 (1978)     



 

standard; however, certain manufacturers also 
include an unaddressed form of this 
command.  The result of receiving this 
"unofficial" command by the 2300 is not 
defined and may cause bus errors if used. 
 
This command is implemented in HP Basic by 
the statement TRIGGER 715 for the address 
form, and TRIGGER 7 for the unaddressed, 
"unofficial" form. 
 
7-4-4. Go to Local (GTL) 
 
This addressed command will cause the 
individual addressed device to enter the 
LOCAL state (i.e. enables manual operation 
of the device).  This command is fully 
implemented in the 2300 and is commanded 
in HP Basic by the statement LOCAL 715. 
 
The user should note that many computers 
also have a similar unaddressed version of this 
command (LOCAL 7 for HP Basic).  This 
command is actually quite different from the 
addressed command (it unasserts the REN 
line) but will cause all of the devices, 
including the 2300, to enter the LOCAL state. 
 
7-4-5. Interface Clear (IFC) 
 
This command will cause all of the interfaces 
of the devices to enter an idle state.  This is 
fully implemented in the 2300 and may be 
commanded in HP Basic by the statement 
RESET 7. 
 
7-4-6. Identify (IDY) 
 
This command is also called "parallel poll".  
This will cause all devices to respond by 
simultaneously placing their parallel poll 
response byte onto the DIO bus wires.  The 
2300 does not implement this command. 
 
7-4-7. Local Lock Out (LLO) 
 
This command will cause all of the devices to 
enter either the local with lockout or remote 
with lockout state (depending on whether they 

were in LOCAL or REMOTE states 
respectively).  The function of this command 
is to disable the manually operated LOCAL 
key or control on the devices.  This command 
is not implemented in the 2300 and is ignored 
if received. 
 
7-4-8. Parallel Poll Configure (PPC), 

Enable (PPE), Disable (PPD), and 
Unconfigure (PPU) 

 
These command are used to set the Parallel 
Poll response byte and to disable the parallel 
poll response.  These commands are not 
implemented in the 2300 and are ignored if 
received. 
 
7-4-9. Remote Enable (REN) 
 
This command (the assertion of the REN 
wire) enables all devices to enter the 
REMOTE state when they next receive their 
listen address.  The 2300 fully implements 
this function which may be commanded in HP 
Basic by the statement REMOTE 7. 
 
Many computers also have a command which 
includes the sending of the listen address 
which will place only the addressed device 
into the REMOTE state.  In HP Basic this is 
accomplished by the statement REMOTE 
715, which would place only the device at 
address 15 into remote. 
 



 

7-4-10.  Serial Poll Enable (SPE) and 
Disable (SPD) 

 
These commands control the process of 
performing a serial poll.  The serial poll 
sequence is as follows: 
 
1) The controller commands SPE. 
 
2) The controller addresses a single device as 

a talker. 
 
3) The addressed device returns its Serial 

Poll response byte. 
 
4) The controller reads the response byte. 
 
5) The controller may now repeat the 

sequence from step 2 or send SPD to end 
the serial poll. 

 
The 2300 fully implements this function and 
may be commanded to send its serial poll 
response byte in HP Basic by the statement 
SPOLL(715).  This statement will implement 
the entire sequence once.  The 2300 returns a 
null (0) response byte when polled if no errors 
are present, or if SRQ's are not enabled (see 7-
7-7). 
 
7-4-11.  Take Control (TCT) 
 
This command from the controller to another 
potential controller will request the other to 
take over as controller.  The 2300 does not 
have the capability of becoming a controller 
thus this command is not implemented and 
will be ignored. 
 
7-5. Setting the IEEE Address 
 
The IEEE listen address tells the system 
controller where to find a device when it 
wishes to communicate with it.  The  address 
of the 2300 is determined by the configuration 
of a 5-pole DIP switch on the rear of the 
instrument.  The address may be any number 
from 1 to 30.  This number is calculated using 
a binary-weighted code set by the switches 

shown in Figure 7-1.  For example, address 
"15" would be set by placing the switches in 
the following configuration: 
 
1=on, 2=on, 4=on, 8=on, and 16=off 
 
because 1 + 2 + 4 + 8 = 15. 
 
The address you choose is entirely dependent 
on your application and by the type and 
quantity of devices on your IEEE bus.  Some 
guidelines to follow are: 
 
1) Each device on the bus must have its own 

unique address.  Operating two devices at 
the same address will produce undefined 
results and is not recommended. 

 
2) Avoid setting the 2300 to address 0 (all 

switches off) or to address 31 (all switches 
on) as this may interfere with the system 
controller. 

 
3) Should the address be changed, 

instrument power must be reset in order to 
establish the new address. 

 
7-6. Device Dependent Commands 
 
The device dependent command set for the 
2300 is described in the following paragraphs. 
 Examples are given for each command.  As 
in the previous paragraphs it is assumed that 
the 2300 has an address of 15 and that HP 
Basic is the programming language.  If you 
are using a language other than HP Basic, 
consult your programmer's manual for the 
correct command syntax. 
 
7-6-1. REMOTE and LOCAL States 
 
Although not truly "device dependent" 
commands, a full explanation of the 
implementation of the LOCAL and REMOTE 
states is explained here. 
 

  





 

LOCAL 
 
When the 2300 is in the LOCAL state the 
REMOTE indicator on the front panel is 
extinguished and full manual control of the 
2300 as described in Sections 4 through 6 
may be performed.  The user should note that 
it is not possible to enter the REMOTE state 
other than via the system controller.  The user 
should also note that the 2300 will accept 
commands from the IEEE-488 bus while in 
the LOCAL state but they will be discarded. 
 
REMOTE 
 
As mentioned previously, if the 2300 receives 
its listen address while the REN line is 
asserted it will enter the REMOTE state.  In 
this state the REMOTE indicator on the front 
panel is illuminated and all keys on the front 
panel are disabled with the exception of the 
RUN/HOLD and SAMPLE keys. 
 
7-6-2. Post RESET delay 
 
To ensure that all wires are settled following a 
device clear it is recommended that a 
minimum delay of 500ms is allowed prior to 
performing any bus operation with the 2300 
following either of the above actions. 
 
7-7. Commands and Examples Using 

HP Basic 
 
This set of paragraphs lists all commands 
recognized by the 2300 Series of Power 
Analyzers.  As in preceding examples it is 
assumed that the programmer is using HP 
Basic and that the 2300 has its listen address 
set to 15.  It is also assumed that the user is 
familiar with the operating principles 
discussed in Sections 4 through 6.  If you are 
using a language other than HP Basic, consult 
your programmer's manual for the correct 
command syntax. 
 
Notes:  The 2300 will look for an "input data 
terminator" that signals the end of the 
command line.  The 2300 recognizes a __ 

(carriage return, line-feed) as the end of the 
command line.  These items should be 
automatically sent by the system controller 
and are not shown in the examples that 
follow.  Note that all commands must be sent 
in upper case. 
 
 
7-7-1. REMOTE and LOCAL 
 
These commands place the 2300 in the 
REMOTE or LOCAL operating modes: 
 
REMOTE 715 Enables remote operation 
LOCAL 715 Selects local operation 
 
 
7-7-2. Voltage Range Commands 
 
These commands are used to select the 
voltage range of the 2300 (2300L): 
 
Examples: 
 
OUTPUT 715;"V0" Selects 50 (5) volt range  
OUTPUT 715;"V1" Selects 150 (15) volt range 
OUTPUT 715;"V2" Selects 300 (30) volt range 
OUTPUT 715;"V3" Selects 600 (60) volt range 
 
 
7-7-3. Current Range Commands 
 
These commands are used to select the current 
range of the 2300: 
 
Examples: 
 
OUTPUT 715;"I0" Selects 0.2 amp range 
OUTPUT 715;"I1" Selects 0.5 amp range 
OUTPUT 715;"I2" Selects 1 amp range 
OUTPUT 715;"I3" Selects 2 amp range 
OUTPUT 715;"I4" Selects 5 amp range 
OUTPUT 715;"I5" Selects 10 amp range 
OUTPUT 715;"I6" Selects 20 amp range 
OUTPUT 715;"I7" Selects 50 amp range 
OUTPUT 715;"I8" Selects 100 amp range 
 

  



 

7-7-4. Channel Selection Commands 
 
These commands are used to select which 
channel's data (∅A, ∅B, or ∅C) is displayed 
on the 2300 and available via the bus. 
 
Examples: 
 
OUTPUT 715;"W0" Selects φA  
OUTPUT 715;"W1" Selects φB 
OUTPUT 715;"W2" Selects φC 
OUTPUT 715;"W3" Selects 3φ, 3-wire mode 
OUTPUT 715;"W4" Selects 3φ, 4-wire mode 
 
 
7-7-5. Output Data Selection Queries 
 
These queries select which measurement data 
will be made available to the controller on the 
next read.  Once selected, that data is returned 
on all subsequent reads of the controller. 
 
Examples: 
 
OUTPUT 715;"T0" Selects Voltage Data 
OUTPUT 715;"T1" Selects Current Data 
OUTPUT 715;"T2" Selects Power Data 
OUTPUT 715;"T3" Selects Average Power Data 
OUTPUT 715;"T4" Selects Watt-Hour Data 
 
Notes:  The output data is invalid for the T0 
and T1 queries if the W3 or W4 command has 
been selected.  Also, refer to section 7-7-9 for 
more details on the T3 and T4 queries. 
 
 
7-7-6. Output Data Terminators 
 
These codes determine the "output data 
terminator" that will alert the controller to the 
end of any data returned by the 2300: 
 
Examples: 
 
OUTPUT 715;"D0" C

R and LF (default) 
OUTPUT 715;"D1" C

R and LF with EOI  
OUTPUT 715;"D2" C

R 
OUTPUT 715;"D3" C

R with EOI 
OUTPUT 715;"D4" EOI 
OUTPUT 715;"D5" L

F 
 

 
7-7-7. SRQ and Serial Poll Commands 
 
The 2300 may assert the SRQ wire if it 
receives an undecipherable command.  This 
function is enabled or disabled by the 
commands below. 
 
Examples: 
 
OUTPUT 715;"Q0" Disables the 2300 SRQ 
OUTPUT 715;"Q1" Enables the 2300 SRQ 
 
When the system controller conducts a serial 
poll, the 2300 responds with a non- zero byte 
of data informing the controller of the reason 
for the SRQ.  If the 2300 did not generate the 
SRQ, a zero byte is used as the response. 
 
 
7-7-8. Programming Status Query 
 
This query causes the 2300 to return its 
"configuration status word" instead of the 
selected measurement data the next time it is 
read by the controller.  This status word 
contains data regarding the current settings of 
certain parameters such as range information 
and data terminators. 
 
After receiving the query "E", the 2300  
makes the status word available.  No other 
data is available until this word is read.  The 
configuration status word is in the format: 
 
 QnVnInWnDnTn 
 
where the letters correspond to the commands 
described previously, and "n" refers to the 
current number relating to that command. 
 
For example, 
 
 Q0V2I1W2D0T0 
 
would indicate that the 2300 is in the 300V 
and 0.5A ranges, with the volts data for φC 

  



 

available over the bus; no SRQ's and a C
R

L
F at 

the end of the transmitted data. 
 
 
7-7-9. Average Power and Watt-Hour 
  Commands 
 
These commands are used to control the 
compiling of average power and watt-hours.  
The "S" command starts compiling while the 
"F" command stops compilation and 
calculates average power or watt-hours 
accumulated since the receipt of "S".  The 
calculation of either average power or watt-
hours is determined by the "T" command (7-
7-5) current at the time "F" was received.  "F" 
commands received before "S" commands are 
ignored. 
 
Sample Program #1 (Average Watts): 
 
10OUTPUT 715;"S" start compiling data 
20OUTPUT 715;"T3" use the data for avg pwr 
30OUTPUT 715;"F" stop compiling & calculate 
40 WAIT .5   recommended delay 500ms 
50ENTER 715;A$   display the result 
 
(A$ will contain the average power data) 
 
 
Sample Program #2 (Watt-Hours): 
 
10OUTPUT 715;"S" start compiling data 
20OUTPUT 715;"T4" use the data for watt-hours 
30OUTPUT 715;"F" stop compiling & calculate 
40 WAIT .5   recommended delay 500ms 
50ENTER 715;A$  display the result 
 
(A$ will contain the watt-hour data) 
 
 
Voltage, current and instantaneous power data 
may be read while compiling power data.  
Reading average power or watt-hour data 
before the receipt of "F" will produce 
undefined results.  Changing the "W" 
command following the "S" command will 
also produce undefined results. 
 
Note:The following manipulations of the 

output result are required when using 
these options: 

 
 Option LF:  Multiply watt-hours by 2 
 Option HS-5:  Divide watt-hours by 2 
 Option HS-12:  Divide watt-hours by 5 
 
 
7-7-10.  Reading the Displays 
 
Upon receipt of one of the five "T" queries 
(see 7-7-5), the 2300 places either the volts, 
amps or watts displayed data in its output 
buffer.  This data may be now be read by the 
system controller.  The data is of the 
following format: 
 
 ±1.9999En,O {D?} 
 
Where: 
 
±1.9999 are the significant digits of the measurement. 
En is the exponent (power of 10) to be applied to the 

significant digits    i.e.  ±1.9999 x 10n 
Oindicates an overrange condition on any channel. 
{D?}is the output data terminator sent to signify the end of 

the data.  This is usually a __, but may be 
changed using the "D" command (see 7-7-
6). 

 
The data is returned in scientific notation with 
the units of watts, volts or amps depending on 
which "T" query was sent.  If no "T" query 
was sent, the 2300 returns its default data 
which is the voltage measurement. 
 
The 2300 may be read at any time; however, 
caution must be taken to avoid erroneous data. 
 A delay of 500ms should be allowed 
following a "Tn" query before reading data.  
A delay of 5 seconds should be allowed for 
maximum accuracy following a range change 
(In or Vn), or channel change (Wn). 
 
The following are sample programs (in 
Hewlett Packard Basic) that may be used to 
read the 2300's output buffer.  Assume that 
the 2300 has inputs applied to it such that 
VOLTS = "125.72", AMPS = "79.52" and 
POWER = "9997", and that the instrument is 
displaying φB data. 
 
 

  



 

Sample Program #3 (Current Query): 
 
10 OUTPUT 715;"W1" requests φB data 
20 OUTPUT 715;"T1" requests current data 
30 ENTER 715;A$  controller reads buffer 
40 PRINT A$   display the data 
 
The result is .7952E2,_ which is equal to 
.7952 x 102  or  79.52 amps. 
 

Sample Program #4 (Status-Word Query): 
 
10 OUTPUT 715;"E" requests status word 
20 ENTER 715;A$  controller reads buffer 
30 PRINT A$   display the data 
 
The result is Q0V1I8W1D0T1 which was 
explained in Section 7-7-8. 

 
7-8. IEEE-488 Device-Dependent Command Set Summary for 2300/01 
 
Listed below is a summary of the device-dependent command set for the 2300 Series of Power 
Analyzers.  Refer to the preceding paragraphs for greater details on use of the various commands.  The 
settings labeled "default" are the conditions that exist whenever the 2300 is initially powered up.  The 
default conditions are also restored upon returning the 2300 to Local mode.  The commands are listed in 
alphabetical order. 
 
Command  Result 
 
Dn    Output data terminator command 
D0    Carriage return and line feed  (default) 
D1    Carriage return and line feed with EOI 
D2    Carriage return only 
D3    Carriage return with EOI 
D4    EOI only 
D5    Line feed only 
 
E    Programming status query 
    2300 responds with a configuration status word the next time it is read. 
 
F    Finish compiling command 
    Stops compilation of average watts or watt-hour data. 
 
In    Current range commands 
I0    0.2 amp range  (default) 
I1    0.5 amp range 
I2    1 amp range 
I3    2 amp range 
I4    5 amp range 
I5    10 amp range 
I6    20 amp range 
I7    50 amp range 
I8    100 amp range 

  



 

Qn   SRQ enable command 
Q0   Disable SRQ  (default) 
Q1   Assert SRQ for invalid input data 
 
S   Start compiling command 
   Starts compilation of average watts or watt-hour data. 
 
Tn   Output data selection query  (Selects data output to the controller on the next read) 
T0   Requests voltage data  (default) 
T1   Requests current data 
T2   Requests power data 
T3   Requests average power data 
T4   Requests watt-hour data 
 
Vn   Voltage range commands 
V0   50 volt range (5V 2300L)  (default) 
V1   150 volt range (15V 2300L) 
V2   300 volt range (30V 2300L) 
V3   600 volt range (60V 2300L) 
 
Wn  Display selection commands  (Selects which channel's data is displayed and output) 
W0   φA data  (default) 
W1   φB data 
W2   φC data 
W3   3φ 3-wire data 
W4   3φ 4-wire data 
 

  



 

SECTION VIII   CALIBRATION PROCEDURE 
_______________________________________________________________ 
 
 
 
8-1. General 
 
This section provides calibration procedures 
for the 2300 Series Digital Power Analyzers.  
Two calibration procedures are included.  
First, the Routine Calibration of Section 8-4 
should be performed at regular intervals 
(annually is recommended) to ensure that full 
instrument accuracy is maintained.  The other, 
referred to as Post-Maintenance Calibration, 
need be performed only after repair or 
component replacement. 
 
8-2. Procedure Notes 
 
Calibration should be performed with the top 
and bottom covers installed except when 
making adjustments requiring their removal.  
It is recommended that the unit be allowed 
two hours for warm-up prior to calibration to 
achieve temperature stabilization.  Maximum 
thermal stability may be achieved through the 
use of a calibration cover (Valhalla Stock 
#04-10749).  This item allows adjustments to 
be made without having to repeatedly raise 
and lower the top cover. 
 
A shorthand notation is used in the two 
procedures to identify the location of the 
calibration adjustments.  The adjustments on 
the signal processing boards are identified 
φA, φB, and φC.  For example, the calibration 
step using R3 on the phase A signal 
processing board is noted as φAR3.  The main 
board is identified in a similar manner e.g. 
MBR3. 
 
The locations of the adjustments are shown on 
drawings 2300-600 for the signal processing 
board and 2300-601 for the main board. 
 
8-3. Required Test 
  Equipment 

 
The following test equipment is 
required for calibration of the 2300 Series of 
Digital Power Analyzers: 
 
1) AC Voltage Calibrator:  1V to 600V, 

±0.03% Accuracy (Valhalla 2703 or 
equivalent). 

 
2) AC Voltage & Phase Calibrator:  0 to 2V, 

±0.03% Accuracy (Valhalla 2705 or 
equivalent). 

 
3) AC Transconductance Amplifier:  0.1A to 

100A, ±0.25% Accuracy (Valhalla 2555A 
or equivalent). 

 
4) DC Voltmeter with DC Accuracy of 

±0.3% or greater. 
 
 
8-4. Routine Calibration 
 
This procedure should be performed at regular 
intervals to ensure specified instrument 
accuracy.  The procedure must be performed 
in its entirety and in the order given.  Skipping 
steps or performing them out of order may 
cause the entire instrument to be out of 
calibration.  Calibration adjustments are 
accessed by removing the 5 screws in the 
rectangular top cover of the instrument.  This 
cover should be kept in place except during 
adjustment to achieve maximum thermal 
stability. 
 
When calibrating the 2300L or 2301L, reduce 
all of the voltage inputs to one-tenth the value 
given.  In all steps, the voltage and current 
calibrator frequencies should be set to 100Hz. 
 
8-4-1. Voltage Calibration 
 

  



 

When calibrating Models 2301 and 
2301L, only steps 1 through 12 need be 
performed. 

 
1) Connect the DVM low lead to a phase A 

shield screw, high lead to φAIC7 pin 6.  
Adjust φAR3 for 0 volts ± 1mV DC.  
Disconnect the DVM. 

 
2) Connect the AC Voltage calibrator as 

shown in Figure 8-1. 
 
3) Select φA and the 600 (60) volt range. 
4) Apply 600.0 volts and adjust MBR20 for 

a display of 600.0. 
5) Apply 60.00 volts and adjust MBR119 for 

a display of 60.0. 
6) Repeat steps 4 and 5 for minimum 

interaction. 
 
7) Select the 300 (30) volt range. 
8) Apply 300.0 volts and adjust MBR24 for 

a display of 300.0. 
 
9) Select the 150 (15) volt range. 
10) Apply 150.00 volts and adjust MBR18 for 

a display of 150.00. 
 
11) Select the 50 (5) volt range. 
12) Apply 50.00 volts and adjust MBR22 for 

a display of 50.00.  Disconnect the 
voltage calibrator. 

 
13) Connect the DVM low lead to the phase B 

shield, high lead to φBIC7 pin 6.  
Adjust φBR3 for 0v ± 1mV DC.  
Disconnect the DVM. 

 
14) Connect the AC Voltage Calibrator as 

shown in Figure 8-2. 
 
15) Select φB and the 600 (60) volt range. 
16) Apply 600.0 volts and adjust φBR22 for a 

display of 600.0. 
17) Apply 60.00 volts and adjust MBR219 for 

a display of 60.00. 
 

18) Repeat steps 16 and 17 for minimum 
interaction. 

 
19) Select the 300 (30) volt range. 
20) Apply 300.0 volts and adjust φBR25 for a 

display of 300.0. 
 
21) Select the 150 (15) volt range. 
22) Apply 150.00 volts and adjust φBR27 for 

a display of 150.00. 
 
23) Select the 50 (5) volt range. 
24) Apply 50.00 volts and adjust φBR29 for a 

display of 50.00.  Disconnect the 
voltage calibrator. 

 
25) Connect the DVM low lead to the phase C 

shield, high lead to φCIC7 pin 6.  
Adjust φCR3 for 0v ± 1mV DC.  
Disconnect the DVM. 

 
26) Connect the AC voltage calibrator as 

shown in Figure 8-3. 
 
27) Select φC and the 600 (60) volt range. 
28) Apply 600.00 volts and adjust φCR22 for 

a display of 600.0. 
29) Apply 60.00 volts and adjust MBR319 for 

a display of 60.00. 
30) Repeat steps 28 and 29 for minimum 

interaction. 
 
31) Select the 300 (30) volt range. 
32) Apply 300.0 volts and adjust φCR25 for a 

display of 300.0. 
 
33) Select the 150 (15) volt range. 
34) Apply 150.00 volts and adjust φCR27 for 

a display of 150.00.  
 
35) Select the 50 (5) volt range. 
36) Apply 50.00 volts and adjust φCR29 for a 

display of 50.00.  Disconnect the 
voltage calibrator. 

 
 

  



 

8-4-2. Current Calibration 
 

When calibrating Models 2301 and 
2301L, only steps 1 through 16 need be 
performed. 

 
1) Connect the DVM low lead to a phase A 

shield screw, high lead to φAIC5 pin 6.  
Adjust φAR9 for 0V ±10mV DC.  
Disconnect the DVM. 

 
2) Connect the 2300 as shown in Figure 8-4 

using the 1 amp shunt. 
 
3) Select φA and the 1 amp range. 
4) Apply 1.0000 amp and adjust MBR11 for 

a display of 1.0000. 
5) Apply 0.1000 amp and adjust MBR128 

for a display of 0.1000. 
6) Repeat steps 4 and 5 for minimum 

interaction. 
 
7) Select the 0.5 amp range. 
8) Apply 0.5000 amps and adjust MBR13 

for a display of 0.5000. 
 
9) Select the 0.2 amp range. 
10)  Apply 0.2000 amps and adjust 

MBR15 for a display of 0.2000. 
 
11)  Connect the 2300 as shown in Figure 

8-4 using the 10 amp shunt. 
 
12)  Select the 5 amp range. 
13)  Apply 5.000 amps φAR5 for a display 

of 5.000.  
 
14)  Connect the 2300 as shown in Figure 

8-4 using the 100 amp shunt. 
 
15)  Select the 50 amp range. 
16)  Apply 50.00 amps and adjust φAR7 

for a display of 50.00.  Disconnect the 
current calibrator. 

 
17)  Connect the DVM low lead to a φB 

shield screw, high lead to φBIC5 pin 

6.  Adjust φBR9 for 0V ±10mV DC.  
Remove the DVM. 

 
18)  Connect the 2300 as shown in Figure 

8-5 using the 1 amp shunt. 
 
19)  Select φB and the 1 amp range. 
20)  Apply 1.0000 amp and adjust φBR16 

for a display of 1.0000. 
21)  Apply 0.1000 amp and adjust 

MBR228 for a display of 0.1000. 
22)  Repeat steps 20 and 21 for minimum 

interaction. 
 
23)  Select the 0.5 amp range. 
24)  Apply 0.5000 amps and adjust φBR15 

for a display of 0.5000. 
 
25)  Select the 0.2 amp range. 
26)  Apply 0.2000 amps and adjust φBR12 

for a display of 0.2000. 
 
27)  Connect the 2300 as shown in Figure 

8-5 using the 10 amp shunt. 
 
28)  Select the 5 amp range. 
29)  Apply 5.000 amps and adjust φBR5 

for a display of 5.000. 
 
30)  Connect the 2300 as shown in Figure 

8-5 using the 100 amp shunt. 
 
31)  Select 50 amp range. 
32)  Apply 50.00 amps and adjust φBR7 

for a display of 50.00.  Disconnect the 
current calibrator. 

 
33)  Connect the DVM low lead to a φC 

shield screw, high lead to φCIC5 pin 
6.  Adjust φCR9 for 0V ±10mV DC.  
Remove the DVM. 

 
34)  Connect the 2300 as shown in Figure 

8-6 using the 1 amp shunt. 
 
35)  Select φC and the 1 amp range. 

  



 

36)  Apply 1 amp and adjust φCR16 for a 
display of 1.0000. 

37)  Apply 0.1000 amp and adjust 
MBR328 for a display of 0.1000. 

 
38)  Repeat steps 37 and 38 for minimum 

interaction. 
 
39)  Select the 0.5 amp range. 
40)  Apply 0.5000 amps and adjust φCR15 

for a display of 0.5000. 
 
41)  Select the 0.2 amp range. 
42)  Apply 0.2000 amps and adjust φCR12 

for a display of 0.2000. 
 
43)  Connect the 2300 as shown in Figure 

8-6 using the 10 amp shunt. 
 
44)  Select the 5 amp range. 
45)  Apply 5.000 amps and adjust φCR5 

for a display of 5.000. 
 
46)  Connect the 2300 as shown in Figure 

8-6 using the 100 amp shunt. 
 
47)  Select the 50 amp range. 
48)  Apply 50.00 amps and adjust φCR7 

for a display of 50.00.  Disconnect the 
current calibrator. 

 
 
8-4-3. Power Calibration 
 

When calibrating Models 2301 and 
2301L, only steps 1 through 20 need be 
performed. 

 
1) Connect the 2300 as shown in Figure 8-7. 
 
2) Select φA, the 1 amp and the 150 (15) volt 

ranges. 
3) Apply 150.00 volts and 1.0000 amps and 

adjust MBR27 for a display of 150.00. 
4) Apply 15.00 volts and 1.0000 amps and 

adjust MBR110 for a display of 15.00. 
5) Repeat steps 3 and 4 for minimum 

interaction. 

6) Select the 50 (5) volt range. 
7) Apply 50.00 volts and 1.0000 amps and 

adjust MBR37 for a display of 50.00. 
 
8) Select the 300 (30) volt range. 
9) Apply 300.0 volts and 1.0000 amps and 

adjust MBR39 for a display of 300.0. 
 
10)  Select the 600 (60) volt range. 
11)  Apply 600.0 volts and 1.0000 amps 

and adjust MBR35 for a display of 
600.0. 

 
12)  Select the 0.5 amp and 50 (5) volt 

ranges. 
13)  Apply 50.00 volts and 0.5000 amps 

and adjust MBR41 for a display of 
25.00. 

 
14)  Select the 150 (15) volt range. 
15)  Apply 150.00 volts and 0.5000 amps 

and adjust MBR33 for a display of 
75.00. 

 
16)  Select the 0.2 amp and 50 (5) volt 

ranges. 
17)  Apply 0.2000 amps and 50.00 volts 

and adjust MBR31 for a display of 
10.000. 

 
18)  Select the 600 (60) volt range. 
19)  Apply 600.0 volts and 0.2000 amps 

and adjust MBR29 for a display of 
120.00. 

 
20)  Connect the 2300 as shown in Figure 

8-8. 
 
21)  Select φB, the 1 amp and the 150 (15) 

volt ranges. 
22)  Apply 150.00 volts and 1.0000 amps 

and adjust φBR40 for a display of 
150.00. 

23)  Apply 15.00 volts and 1.0000 amps 
and adjust MBR210 for a display of 
15.00. 

24)  Repeat steps 22 and 23 for 
minimum interaction. 

   



 

25)  Connect the 2300 as shown in Figure 
8-9. 

 
26)  Select φC, the 1 amp and the 150 (15) 

volt ranges. 
 
27)  Apply 150.00 volts and 1.0000 amps 

and adjust φCR40 for a display of 
150.00. 

28)  Apply 15.00 volts and 1.0000 amps 
and adjust MBR310 for a display of 
150.00. 

29)  Repeat steps 27 and 29 for minimum 
interaction. 

 
 
8-5. Post-Maintenance Calibration 
 
The Post-Maintenance Calibration is a rough 
adjustment procedure that should be 
performed following repair or component 
replacement to bring the 2300 within range of 
the Routine Calibration adjustments.  This 
procedure need be performed only following 
instrument repair, and need not be performed 
on a regular basis.  This procedure should be 
followed by full calibration using the 
procedure of Section 8-4.  In all steps the 
voltage and current calibrators should be set 
to 100Hz. 
 
 
8-5-1. A-to-D Reference Calibration 
 
Do not adjust DBR9, DBR34, or DBR48 on 
the display board at any time!  These are 
factory only calibrations and never need 
adjustment. If any A-to-D converter is 
repaired consult the factory for the adjustment 
procedure. 
 
 
8-5-2. Voltage Calibration 
 
1) Connect the DVM low lead to a phase A 

shield screw, high lead to φAIC7 pin 6. 
2) Adjust φAR3 for 0V ±1mVDC. 
 

3) Connect the 2300 as shown in Figure 8-1. 
 Move the DVM high lead to the left side 
of R37. 

 
4) Select φA and the 600 (60) volt range. 
 
5) Apply 600.0 volts and adjust φAR22 for 

5.000 VDC on the DVM. 
 
6) Select the 300 (30) volt range. 
7) Apply 300.0 volts and adjust φAR25 for 

5.000 VDC on the DVM. 
 
8) Select the 150 (15) volt range. 
9) Apply 150.00 volts and adjust φAR27 for 

5.000 VDC on the DVM. 
 
10)  Select the 50 (5) volt range. 
11)  Apply 50.00 volts and adjust φAR29 

for 5.000 VDC on DVM. 
 
12)  Disconnect the DVM and AC voltage 

calibrator. 
 
 
8-5-3. Current Calibration 
 
1) Connect the DVM low lead to a phase A 

shield screw and the high lead to φAIC5 
pin 6. 

2) Adjust φAR9 for 0V ±10mV DC. 
 
3) Connect the 2300 as shown in Figure  
 8-4 using the 1 amp shunt.  Move the 

DVM high lead to the left side of R38. 
 
4) Select φA and the 1 amp range. 
5) Apply 1.0000 amps and adjust φAR16 for 

5.000 VDC on the DVM. 
 
6) Select the 0.5 amp range. 
7) Apply 0.5000 amps and adjust φAR15 for 

5.000 VDC on the DVM. 
 
8) Select the 0.2 amp range. 
9) Apply 0.2000 amps and adjust φAR12 for 

5.000 VDC on the DVM. 
 

  



 

10)  Connect the 2300 as shown in Figure 
8-4 using the 10 amp shunt. 

 
11)  Select the 10 amp range. 
12)  Apply 10.000 amps and adjust φAR5 

for 5.000 VDC on the DVM. 
 
13)  Connect the 2300 as shown in Figure 

8-4 using the 100 amp shunt. 
 
14)  Select the 100 amp range. 
15)  Apply 100.00 amps and adjust φAR7 

for 5.000 VDC on the DVM. 
 
16)  Disconnect the DVM and current 

calibrator. 
 
 
8-5-4. Power Calibration 
 
1) Connect the 2300 as shown in Figure 8-7. 
2) Select φA and the 150 (15) volt and 1 amp 

ranges. 
3) Connect the DVM low lead to the 

negative leg of MBC5 and the high lead to 
the front leg of MBR9. 

4) Apply 150.00 volts and 1.0000 amps and 
adjust φAR40 for 2.500 VDC. 

5) Disconnect the DVM and calibrators. 
 
 
8-6. Option IOX Calibration 
 
Option IOX should be calibrated following 
successful completion of the Routine 
Calibration procedure of Section 8-4.  In this 
procedure, all measurements are made at the 
IOX connector using a DC voltmeter.  All 
measurements are made with DVM high lead. 
 The DVM low lead should be connected to 
the IOX connector common at pin 12. 
 
Adjustments are accessed by removing the 
bottom cover of the instrument.   Caution!  
AC line power is exposed at this point.  Take 
precautions to avoid contact with AC power 
wiring. 
 

Note:  In simultaneous TL-4/IOX 
installations, adjustments are accessed from 
the top of the instrument and removal of the 
bottom cover is not necessary. 
 
 
8-6-1. Channel A IOX Calibration 
 
1) Connect the 2300 as shown in Figure 8-7. 

 Select φA, 150 (15) volts, 1 amp ranges. 
2) Apply 150.00 volts and adjust RV12 for 

an output of 5.000 volts at pin 1 of the 
IOX connector. 

3) Apply 15.00 volts and adjust RV1 for an 
output of .5000 volts at pin 1 of the IOX 
connector. 

4) Repeat steps 2 and 3 for minimum 
interaction. 

 
5) Apply 1.0000 amps and adjust RV13 for 

an output of 5.000 volts at pin 2 of the 
IOX connector. 

6) Apply .1000 amps and adjust RV2 for an 
output of .5000 volts at pin 2 of the IOX 
connector. 

7) Repeat steps 5 and 6 for minimum 
interaction. 

 
8) Apply 150.00 volts and 1.0000 amps; 

adjust RV14 for 5.000 volts at pin 3 of the 
IOX connector. 

9) Apply 15.00 volts and 1.0000 amps and 
adjust RV7 for .5000 volts at pin 3 of the 
IOX connector. 

10)  Repeat steps 8 and 9 for minimum 
interaction. 

 
11)  Apply 150.00 volts and 1.0000 amps; 

adjust RV15 for 2.500 volts at pin 10 
of the IOX connector. 

12)  Apply 15.00 volts and 1.0000 amps 
and adjust RV10 for .2500 volts at pin 
10 of the IOX connector. 

13)  Repeat steps 11 and 12 for minimum 
interaction. 

 
14)  Apply 150.00 volts and 

1.0000 amps and adjust 
  



 

RV16 for 1.666 volts at pin 11 of the 
IOX connector. 

15)  Apply 15.00 volts and 1.0000 amps 
and adjust RV11 for .1666 volts at pin 
11 of the IOX connector. 

16)  Repeat steps 14 and 15 for minimum 
interaction. 

 
 
8-6-2. Channel B IOX Calibration 
 
1) Connect the 2300 as shown in Figure 8-8. 

 Select φB, 150 (15) volts, and 1 amp 
ranges. 

 
2) Apply 150.00 volts and adjust RV17 for 

5.000 volts at pin 4 of the IOX connector. 
3) Apply 15.00 volts and adjust RV3 for 

.5000 volts at pin 4 of the IOX connector. 
4) Repeat steps 2 and 3 for minimal 

interaction. 
  
5) Apply 1.0000 amps and adjust RV18 for 

5.000 volts at pin 5 of the IOX connector. 
6) Apply .1000 amps and adjust RV4 for 

.5000 volts at pin 5 of the IOX connector. 
7) Repeat steps 5 and 6 for minimal 

interaction. 
  
8) Apply 150.00 volts and 1.0000 amps and 

adjust RV19 for 5.000 volts at pin 6 of the 
IOX connector. 

9) Apply 15.00 volts and 1.0000 amps and 
adjust RV8 for .5000 volts at pin 6 of the 
IOX connector. 

10)  Repeat steps 8 and 9 for minimal 
interaction. 

 
11)  Apply 150.00 volts and 1.0000 amps 

and adjust RV20 for 1.666 volts at pin 
11 of the IOX connector. 

 
 
8-6-3. Channel C IOX Calibration 
 
1) Connect the 2300 as shown in Figure 8-9. 

 Select φC, 150 (15) volt and 1 amp 
ranges. 

 

2) Apply 150.00 volts and adjust RV21 for 
5.000 volts at pin 7 of the IOX connector. 

3) Apply 15.00 volts and adjust RV5 for 
.5000 volts at pin 7 of the IOX connector. 

 
4) Repeat steps 2 and 3 for minimal 

interaction. 
 
5) Apply 1.000 amps and adjust RV22 for 

5.000 volts at pin 8 of the IOX connector. 
6) Apply .1000 amps and adjust RV6 for 

.5000 volts at pin 8 of the IOX connector. 
7) Repeat steps 5 and 6 for minimal 

interaction. 
 
8) Apply 150.00 volts and 1.0000 amps; 

adjust RV23 for 5.000 volts at pin 9 of the 
IOX connector. 

9) Apply 15.00 volts and 1.0000 amps and 
adjust RV9 for .5000 volts at pin 9 of the 
IOX connector. 

10)  Repeat steps 8 and 9 for minimal 
interaction. 

 
11)  Apply 150.00 volts and 1.0000 amps 

and adjust RV24 for 2.500 volts at pin 
10 of the IOX connector. 

 
12)  Apply 150.00 volts and 1.0000 amps 

and adjust RV25 for 1.666 volts at pin 
11 of the IOX connector. 

 
 
8-7. Option IO-3 Calibration 
 
Option IO-3 calibration should be performed 
only after the 2301 has been completely 
calibrated.  The IO-3 may be calibrated in any 
volts and any current range desired, provided 
that the user provides full scale voltage and 
current for those ranges (i.e. 600V on the 
600V range).  In the following procedure the 
150V/1A ranges and inputs are used. 
 
Connect the inputs as shown in Figure 8-7 and 
select the 150V and 1A ranges.  A DVM with 
at least .03% DC accuracy is used to 
monitor the outputs of Option IO-3.  
The pin functions for the IO-3   



 

connector are shown in Figure 3-2 at the front 
of this manual.  The adjustments are accessed 
by removing the bottom cover of the 
instrument.  Caution!  AC line power is 
exposed at this point.  The IO-3 adjustment 
potentiometers are located on a small PC 
board near the AC receptacle. 
 
 
8-7-1. IO-3 Volts Calibration 
 
Connect the DVM negative lead to pin 3 of 
the IO-3 connector on the rear panel.  Connect 
the DVM positive lead to pin 6.  Apply 15.00 
volts (1/10 of full scale) to the 2301.  Adjust 
RV2 "Volts Zero" on the IO-3 board for .5000 
volts on the DVM.  Apply 150.00 volts (full 
scale) to the 2301 and adjust RV1 "Volts 
Scaling" for 5.000 volts on the DVM.  Repeat 
as necessary for minimum interaction. 
 
 
8-7-2. IO-3 Amps Calibration 
 
Connect the DVM negative lead to pin 2 of 
the IO-3 connector.  Connect the DVM 
positive lead to pin 1.  Apply .1000 amps 
(1/10 of full scale) to the 2301.  Adjust RV4 
"Amps Zero" for .5000 volts on the DVM.  
Apply 1.0000 amp (full scale) to the 2301.  
Adjust RV3 "Amps Scaling" for 5.000 volts 
on the DVM.  Repeat as necessary for 
minimum interaction. 
 
 

8-7-3. IO-3 Watts Calibration 
 
Connect the DVM negative lead to pin 4 of 
the IO-3 connector.  Connect the DVM 
positive lead to pin 5.  Apply 15.00 volts and 
1.0000 amp (1/10 of full scale watts) to the 
2301.  Adjust RV6 "Watts Zero" for .5000 
volts on the DVM.  Apply 150.00 volts and 
1.0000 amp (fullscale watts) to the 2301.  
Adjust RV5 "Watts Scaling" for 5.000 volts 
on the DVM.  Repeat as necessary for 
minimum interaction. 
 
 

If IO-3 is installed in a Model 2300 as 
opposed to a 2301, RV6 should be used 
to adjust the "Watts Zero" output for 
.2500V, not .5000V.  The adjustment of 
RV6 is eliminated in the 2300. 

 

  





















 

SECTION X   THEORY OF OPERATION 
_______________________________________________________________ 
 
 
 
10-1. General 
 
This section gives the theory of operation of 
the circuitry used in the 2300, and is divided 
into two parts.  The first part is a functional 
description referring to the block diagram 
shown in Figure 10-1.  The second is a 
detailed description referring to the schematic 
diagrams found at the back of this manual. 
 
10-2. Functional Descriptions 
 
This section describes the general operation of 
each section of the 2300.  The paragraph titles 
refer to the block diagram, Figure 10-1. 
 
10-2-1.  Current Amplifier 
 
The current amplifier boosts the small signals 
from the current shunts to workable levels.  
This stage provides a DC voltage proportional 
to the RMS value of the current to the isolator 
stage along with an amplified version of its 
input to the power multiplier stage.  The gain 
and input of this stage is controlled by the 
control isolator stage. 
 
10-2-2.  Voltage Amplifier 
 
The voltage amplifier attenuates the input at 
the voltage terminals down to workable 
levels.  This stage provides a DC voltage 
proportional to the RMS value of the voltage 
to the isolator stage along with scaled versions 
of the input to the power multiplier stage.  The 
gain of this stage is controlled by the control 
isolator stage. 
 
10-2-3.  Power Multiplier 
 
The power multiplier instantaneously 
multiplies the current and voltage signals, 
producing the watts output.  This stage 

provides a DC voltage 
proportional to the true power to 
the isolator stage. 
 
10-2-4.  Isolators 
 
The circuitry described so far is floating from 
chassis ground.  The isolators pass the current, 
voltage and power signals from the floating 
section to the chassis-grounded section of the 
2300. 
 
10-2-5.  Control Isolators 
 
This stage isolates the signals required to 
control the voltage and current amplifiers 
from chassis ground through the use of opto-
isolators. 
 
10-2-6.  Receivers 
 
This stage converts the outputs of the isolators 
back into DC voltages for the watts, amps and 
volts ranging sections.  This stage also selects 
which signal processing PCB's data will be 
displayed.  The receivers also sum the watts 
data for three-phase displays. 
 
10-2-7.  Watts, Amps, Volts Ranging 
 
These three stages scale the power, voltage, 
and current data to provide levels usable by 
the A to D converters. 
 
10-2-8.  Power Supplies 
 
This section powers the circuitry of all other 
sections of the 2300.  The power supply has 
four separate sections, one chassis ground-
referenced supply for the A to D's and three 
fully floating supplies for the three signal 
processing PCB's. 
 

  

 





 

10-2-9.  A to D Converters and Displays 
 
The three A to D converters convert the 
analog voltage, current and power signals into 
digital data for display.  The A to D 
converters are of the dual slope integrating 
type. 
 
10-2-10. Control Logic 
 
This stage accepts inputs from the keyboard 
and IEEE interface to control the 2300 ranges. 
 This stage also drives the front panel LED's. 
 
10-2-11. Keyboard 
 
The front panel push-buttons are scanned by 
the keyboard circuitry.  Key data is sent to the 
control section for range and display 
selection. 
 
10-2-12. IEEE Interface 
 
The IEEE interface contains the circuitry 
necessary to control and read the 2300 via the 
IEEE-488 bus. 
 
10-3. Detailed Descriptions 
 
The paragraphs that follow use the same 
functional blocks as used in 10-2, but give full 
detail on operation down to component level.  
Throughout this section, it is assumed that the 
reader has a knowledge of electronics and is 
familiar with the operation of the 2300 from 
the front panel. 
 
10-3-1.  Current Amplifier 
 
The schematic for this section may be found 
on drawing number 2300-070.  IC1 is a 
differential four input analog multiplexer.  
Pins 9 and 10 are binary control lines 
selecting which pair of inputs are connected to 
the outputs.  The current shunts are connected 
across the inputs to IC1.  Pins 1 and 12 are 
connected across the 1 amp shunt, pins 5 and 
14 across the 10 amp shunt, and pins 2 and 15 
to the 100 amp shunt.  Resistive networks R5-

R6, R7-R8 are used to compensate for the 
resistance tolerance of the shunts.  The 
outputs of IC1 are applied to the amplifier 
stage composed of IC's 2 and 3 and their 
associated components. 
 
The gain of the stage is determined by the 
ratio of R11 and the series combination of 
R16 and R17.  When different current ranges 
are selected, relays K1 and K2 are energized.  
Series combinations R12-R13 and R14-R15 
modify the gain so that the output of IC2 is 
always 5 volts RMS at full scale of the range 
selected. 
 
IC3 is connected as a unity gain follower 
buffering the output of IC2 from the RMS 
converter, current peak detector, and power 
multiplier. 
 
IC10 and its associated components form an 
RMS-to-DC converter.  Its output is a DC 
voltage which is equal in value to the RMS 
AC voltage input.  If the RMS converter or 
multiplier are operated outside of their range 
of input levels, inaccurate readings may result. 
 To prevent this source of error, peak 
comparator IC5 monitors the output of IC3.  If 
the peak exceeds the limits set by R33 to R36, 
opto-isolator IC6 is activated, which in turn 
drives the front panel mounted peak overload 
LED. 
 
10-3-2.  Voltage Amplifier 
 
The schematic for this section may be found 
on 2300-070.  The voltage amplifier is 
composed of IC4 and its associated 
components.  The measured voltage is 
attenuated by resistors R21-R23 to levels 
compatible with IC4.  The amplifier's gain is 
set by the ratio of R24 to the series resistor 
combinations selected by relays K3-K5.  With 
all relays de-energized the gain of the stage is 
unity.  Series combinations R29-R30, R27-
R28, R25-R26 modify the gain so that the 
output of the stage is always 5 volts RMS at 
full scale of the range selected.   
 



 

IC8 and its associated components form an 
RMS-to-DC converter.  Its output is a DC 
voltage which is equal in value to the RMS 
AC voltage input.  If the RMS converter or 
multiplier are operated outside of their range 
of input levels, inaccurate readings may result. 
 To prevent this source of error, peak 
comparator IC7 monitors the output of IC4.  If 
the peaks exceed the limits set by R33 to R36, 
opto-isolator IC6 is activated,  which in turn 
drives the front panel peak overload LED. 
 
10-3-3.  Power Multiplier 
 
The schematic for this section may be found 
on 2300-070.  IC9 and its associated 
components form the power multiplier.  The 
output of the multiplier is one tenth the 
product of its inputs.  With the inputs from the 
current and voltage amplifiers at 5 volts the 
multiplier output will be 2.5 volts. R39 and 
C18 smooth the multiplier output. 
 
10-3-4.  Isolators 
 
The schematic for this section may be found 
on 2300-070.  The DC analog levels of 
voltage, current and power are transmitted 
across the floating earthy barrier by a voltage-
to-time converter.  The isolators produce a 
constant frequency, variable duty cycle wave 
to drive the opto-isolators to bridge the 
barrier. 
 
The DC voltage to be isolated is compared to 
a very linear triangle wave by IC13.  The 
output of IC13 is a variable duty cycle pulse.  
The pulse width is equal to the period of time 
that the triangle wave is above the DC 
voltage.  If the voltage increases, the pulses 
become narrower.  If the voltage drops, the 
pulses become wider.  The duty cycle will be 
50% for zero DC voltage. 
 
IC's 11, 12 and their associated components 
form a precision triangle generator.  The 
triangle's frequency is about 5KHz.  The 
actual frequency does not matter.  The triangle 
amplitude is set by zener diodes CR4 and 

CR5.  IC12 is configured as an integrator and 
IC11 as a comparator.  Positive feedback 
around the integrator-comparator combination 
produces oscillations generating a precise 
triangle at the output of IC6. 
 
10-3-5.  Control Isolators 
 
The schematic for this section may be found 
on 2300-070.  The gains of the current and 
voltage amplifiers along with the current 
shunt selection are controlled by the front 
panel keyboard.  The control signals are 
isolated by opto-isolators IC17 and 18.  
Transistors TR1-5 buffer the opto-isolator 
outputs to drive the gain selection relays K1-
K5. 
 
10-3-6.  Receivers 
 
The schematic of this section may be found on 
sheets 1 and 2 of 2300-071.  The receivers 
convert the variable duty cycle isolator 
outputs into DC voltages.  The opto-isolator 
outputs are squared by comparator IC103.  
The outputs of IC103 are clamped to precision 
levels by diode pairs CR116-CR115, CR114-
CR113, CR112-CR111.  The clamp levels are 
established by zener diodes CR17 and CR18 
and their associated components.  The outputs 
of the clamps are applied to second order low 
pass filters IC104-IC106 and their associated 
components.  The outputs of the filters are DC 
voltages proportional to watts, volts, and 
amps.  Relays K1-K9 select which isolator 
output is applied to the summing amplifier 
IC4 and the ranging circuits. 
 
IC4 sums the three watts outputs to provide 
total watts displays for 3-phase 3-wire and 3-
phase 4-wire measurements.  Relay K10 
selects the gain of IC4 for optimum display 
resolution. 
 
The outputs of the voltage and current 
comparators are also applied to overload 
detection circuits.  These detectors 
monitor the presence of the variable 
duty cycle pulses.  If the isolators are 

  



 

being over-driven (inputs voltage or current 
limits are exceeded), the pulses will be 
interrupted. 
 
The pulses from IC103 continually trigger the 
two sections of IC11. External timing 
components R56-C13, R57-C14 set the period 
of the one-shots slightly longer than the 
period of the input pulses.  As long as the 
pulses continue, the one-shot outputs will 
remain high.  If the pulses stop, the one shot 
output goes low which illuminates the front 
panel peak overload LED's. 
 
10-3-7.  V-A-W Ranging 
 
The schematic for this section is shown on 
2300-071 sheet 1.  The ranging circuits are 
composed of IC's 5-8 and their associated 
components.  The voltage, current, and power 
signals from the receivers are applied to 
resistor strings R10-R16, R17-R25, and R26-
R42.  Taps from the resistor strings are 
selected by analog multiplexers IC5-7.  The 
multiplexer outputs are applied to the A to D 
converter inputs for display.  The voltage and 
current outputs of the receivers are 
approximately 5 volts full scale for all ranges. 
 The power output may be 0.75 volts, 2.5 
volts, or 5 volts full scale depending on the 
voltage and current range selected and 
whether a single or three-phase display is 
selected. 
 
The A to D converters require 1VDC input for 
a display of 10000.  The taps on the resistor 
strings attenuate receiver output voltages to 
the values required for a full scale display. 
 
10-3-8.  Power Supplies 
 
The schematic for this section may be found 
on sheet 2 of 2300-071.  The chassis 
referenced circuits in the 2300 (main board, 
display board, and IEEE-488 board) are 
powered by the earthy supplies composed of 
transformers T1 and T2 and their associated 
components.  Each transformer has two 
primary windings that are connected in series 

for 240 volt operation or parallel for 120 volt 
operation. 
 
The secondary of T1 is rectified by diodes 
CR1-CR4 and smoothed by capacitors C1 and 
C2.  IC's 1 and 2 regulate the raw DC voltage 
providing regulated ±15VDC.  The ±7.5VDC 
rails are provided by resistive dividers R1 to 
R4.  The secondary of T2 is rectified by 
diodes CR5 and CR6 and smoothed by C5.  
IC3 regulates the raw DC providing the 
+5VDC rail. 
 
Each signal processing PCB is powered by its 
own separate floating supply.  All three 
supplies are identical therefore only the phase 
A supply will be described.  The secondary of 
T101 is rectified by diodes CR101-CR104 
and smoothed by C101 and C102.  IC's 101 
and 103 regulate the raw DC voltages 
providing the floating ±15VDC rails. 
 
10-3-9.  A to D Converters and Displays 
 
The schematic for this section may be found 
on 2300-072, sheets 1-3.  The operation of the 
voltage, current, and watts A to D converters 
are the same.  Only the voltage A to D 
converter will be described.  The A to D 
converter is comprised of IC's 1, 2, and 3, and 
their associated components.  The A to D 
clock is provided by IC4 which is common to 
all A to D's and has an output of 100KHz at 
pin 8. 
 
The operating cycle of the dual-slope 
integrating A to D converter is divided into 
three stages whose duration is set by the 
clock.  During the first, or auto-zero stage, the 
analog input is internally shorted to analog 
ground and C3 is charged to the integrator's 
output offset voltage.  This is connected to the 
integrator's non-inverting input which 
subtracts from the analog input, cancelling the 
offset. 
 
During the second, or input-integrate 
stage, the input voltage is connected 
to the integrator and IC2 integrates 

 



 

the input for a precise time (10,000 counts of 
the clock) by charging C2 linearly toward the 
input voltage.  The waveform on C2 is a linear 
ramp with a slope proportional to the input 
voltage.  Thus, the charge on C2 at the end of 
this phase is also proportional to the input 
voltage. 
 
During the third, or reference-integrate stage, 
a precise reference voltage of polarity 
opposite to the input voltage is applied to the 
integrator.  IC2 begins discharging C2 toward 
the reference voltage.  Because the reference 
voltage is fixed, the discharge slope is always 
the same.  Therefore, the time required to 
discharge C2 back to zero is proportional to 
the original input voltage. 
 
The time is measured in IC3 by counting the 
oscillator pulses.  The IC2-IC3 set is designed 
to give a count of 10,000 for a 1.0000VDC 
input.  The count, which is numerically equal 
to the value of the input to IC3, is displayed as 
the measured voltage.  The reference 
integration counts, which are accumulated in 
an internal counter of IC3, are latched into a 
multiplexer also inside IC3, at the end of the 
count period.   
 
During the next series of auto-zero and 
integration periods, each digit of the counts 
previously latched into the multiplexer are 
sequentially placed on the BCD outputs of 
IC3 and on the inputs of IC1, a binary-to-
seven segment decoder/driver.  While the 
most significant digit data is applied to IC1, 
transistor TR1 is turned on by the digit output 
of IC3 to provide the anode voltage for DS1.  
When the next digit data is applied to IC1, 
TR1 is turned off and TR2 is turned on to 
provide the anode voltage for DS2.  The 
sequence is continued for TR3/DS3, TR4/DS4 
and TR5/DS5 and then repeated.  The 
repetition rate is sufficiently high that all 
digits appear to be continuously illuminated. 
 
When 3φ 3-wire or 3φ 4-wire displays are 
selected, the voltage and current displays are 
blanked by the control logic.  The logic places 

a low on pin 4 of IC1, disabling its outputs.  
The "9" bars of the displays are illuminated by 
CR22. 
 
10-3-10. Control Logic 
 
The schematics for this section may be found 
on 2300-072 sheets 1, 2 and 3.  The outputs 
from either the keyboard or the IEEE interface 
are selected by IC's 7, 15, and 23.  The 
remote/local line from the IEEE interface 
determines which signals drive the control 
logic. 
 
The outputs of IC7 are decoded by IC8 to 
drive the voltage range LED's, voltage display 
decimal points, and signal processing board 
voltage ranges.  The outputs of IC7 also drive 
IC20 and IC8 on the main board. 
 
The outputs of IC15 are decoded by IC16 to 
drive the current range LED's.  The outputs 
also drive IC13 and IC20.  The outputs of 
IC13 drive the current display decimal points 
and the signal processing board current 
ranges. 
 
The outputs of IC23 are decoded by IC24 to 
drive the display selection LED's.  Diode logic 
is used to control the phase selection relays. 
The outputs are also used to blank the voltage 
and current displays for 3-phase displays.  The 
output of IC23 also drives IC20 which 
controls the power display decimal points and 
KW-W LED's. 
 
10-3-11. Keyboard 
 
The schematics for this section may be found 
on 2300-072 sheets 1, 2 and 3.  The front 
panel push-buttons are scanned by IC's 6, 14, 
and 22.  These IC's scan the voltage, current 
and display selection push-buttons, 
respectively.  Their outputs are BCD coded 
signals corresponding to the last push-button 
pressed.  A power-up reset circuit composed 
of TR20, C34, R53, and R54 
momentarily energizes relays K1-K3. 
 The contacts of these relays are 

 



 

connected across the 600 volt, 100 amp and 
∅A push-buttons to select these ranges on 
power-up. 
 
10-3-12. IEEE Interface 
 
The schematic for this section may be found 
on 1000-070.  The IEEE interface is 
composed of microprocessor IC5 and its 
support chips.  IC's 2-4 interface the 
microprocessor bus to the IEEE bus.  The 
microprocessor program is contained in 
EPROM IC6.  The microprocessor bus is 
interfaced to the 2300 display board by 
peripheral interface  adapters IC's 8-11.  The 
microprocessor accepts commands from the 
IEEE bus and converts them to data that the 
2300 can understand.  Description of the 
internal workings of the IC's on this board is 
beyond the scope of this manual.  The 
manufacturer's data sheets should be 
consulted for further information. 
 
10-3-13. Option IOX 
 
The schematic for this section may be found 
on 2300-073.  The outputs of the current and 
voltage receivers are applied to unity gain 
inverting amplifiers IC1-3 and their associated 
components.  The gain and offset of each 
amplifier are adjustable to allow calibration.  
The outputs of the watts receivers are applied 
to inverting amplifier IC's 4-5 and their 
associated components.  The watts receivers 
are also applied to summing amplifier IC6 and 
associated components to provide total-watts 
analog output. 
 
10-4. Models 2301, 2300L and 2301L 
 
The circuit descriptions above referred to the 
drawings of Model 2300.  The Models 2301, 
2300L and 2301L use identical circuitry and 
the descriptions apply to these models as well. 
 The following differences should be noted: 
 
1) The signal processing board schematic is 

the same. 
 

2) The main PCB schematic for Models 
2301 and 2301L is drawing number 2301-
071. 

 
3) The display PCB schematic for Models 

2301 and 2301L is drawing number 2301-
072. 

 
4) The main PCB and display PCB assembly 

drawings for Models 2301 and 2301L are 
drawing numbers 2301-601 and 2301-
602. 

 
5) Refer to the Parts List section of this 

manual for the corrected parts lists for 
these models. 



 

SECTION XI   SPECIAL APPLICATION NOTES 
_______________________________________________________________ 
 
 
 
The following pages contain notes specific to certain applications.  Review of these 
notes is recommended in order to obtain maximum utility and safety from the 2300 
Series of Power Analyzers.  The topics are listed below. 
 
 
 AN101  Protecting the 2300 from Inductive Loads 
 
  Figure 1. Single-phase Inductive Load Protection (Method 1) 
  Figure 2. Three-phase Three-wire Inductive Load Protection (Method 1) 
  Figure 3. Three-phase Four-wire Inductive Load Protection (Method 1) 
  Figure 4. Single-phase Inductive Load Protection (Method 2) 
  Figure 5. Three-phase Three-wire Inductive Load Protection (Method 2) 
  Figure 6. Three-phase Four-wire Inductive Load Protection (Method 2)  
 
 AN102  Using Current and Potential Transformers 
 
  Figure 1. Current Transformer Connections 
  Figure 2. Potential Transformer Connections 
  Figure 3. Current Transformer/Potential Transformer Connections 
 
 AN103  Source Power Measurements  
 
  Figure 1. Load Power Connections 
  Figure 2. Source Power Connections 
  Figure 3. Lead Resistance Error Sources 
  Figure 4. Minimizing Error Sources 
 
 AN104  Measuring Phase Currents in 3-Wire Systems 
 
  Figure 1. Three-phase Three-wire Standard Connections 
  Figure 2. Alternate Three-phase Three-wire Connections 
 
 AN105  Measuring Transformer Loss with the 2300 
 
  Figure 1. Transformer Loss Connections 
 
 AN106  Measuring Power Factor and Reactive Volt Amperes    
 
  Figure 1. Watts, VA's, VAR's and PF  

  



 

AN107  Minimizing Error Sources Using Three-Wire Connections 
 
  Figure 1. Three-wire Digital Power Analyzer 
  Figure 2. Digital Power Analyzer Error Sources 
  Figure 3. Error Source Reduction 
  Figure 4. Measuring Power Loss in Connecting Leads 
 
 AN108  Measuring Single-Phase Three-wire Power  
 
  Figure 1. Single-phase Three-wire Power 
  Figure 2. Single-phase Three-wire Connections 
  Figure 3. Alternate Single-Phase Three-wire Connections 

  



 

                                                                                                                          
 
 APPLICATION NOTE AN101 
 PROTECTING THE 2300 DIGITAL POWER ANALYZER 
 FROM INDUCTIVE LOADS 
                                                                                                                          
 
 
101-1. General 
 
The 2300 Series of Digital Power Analyzers is 
ideally suited for measuring the power drawn 
or supplied by large electric motors, 
generators, transformers, or other types of 
inductive devices.  The testing of highly 
inductive loads such as these requires that 
precautions be taken to protect the 2300 from 
damage due to inductive kickbacks.  Very 
high voltage spikes may be produced when 
the motor or transformer is disconnected from 
the source.  Spikes may also be produced 
when a resistive load is disconnected from an 
inductive source, e.g. a transformer or 
generator.  These spikes can easily exceed the 
common mode and series mode specifications 
of the 2300. 
 
101-2. Protection Methods 
 
There are two methods of protecting the 2300 
from inductive kickbacks.   These methods are 
described in the following paragraphs. 
 
101-2-1. Switch Protection 
 
In this method a switch is placed between the 
2300 and the inductive load.  When 
disconnecting, the load switch SW1 should be 
opened first.  Switch SW2 can now be 
opened, disconnecting the 2300 from the 
source.  Figures 1, 2 and 3 detail this type of 
protection for single and three-phase loads. 
 
101-2-2. Spark Gap Protection 
 
In many cases the switch protection method is 
not practical.  Spark gap protection is the 
preferred method of protecting the 2300 from 
inductive kickbacks because the protection is 

not dependent on the operator.  The spark 
gap(s) dissipate the energy from the inductive 
kickback.  Figures 4, 5 and 6 detail this type 
of protection for single and three-phase 
connected loads.  When the source is also 
inductive, e.g. a generator, additional spark 
gaps should be used.  In all cases the spark 
gaps should be connected close to the load 
(source) and as far from the 2300 as practical. 
 
All connections should be made using heavy 
gauge wire.  The spark gap voltage rating 
should be selected at two to four times the 
working voltage, 1500 volts maximum.  The 
energy rating in joules depends on the load.  
For motors, a good rule of thumb is 10 joules 
per horsepower.  For transformers, the energy 
rating can be calculated from the equation: 

Where: 
 
Energy =  the stored energy in the inductor in Joules 
L =   the inductance in Henries 
I =   the current used to charge the inductor 

(supply current) in amps 
 
If the inductance of the transformer is 
estimated, use a spark gap of higher energy 
rating than calculated for a margin of safety.  
Spark gaps are available from C.P. Clare, 
among others. 
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 APPLICATION NOTE AN102 
 USING CURRENT AND POTENTIAL TRANSFORMERS WITH 
 VALHALLA SCIENTIFIC DIGITAL POWER ANALYZERS 
                                                                                                                          
 
 
102-1. General 
 
Current and potential transformers (CT's and 
PT's) may be used with any Valhalla Digital 
Power Analyzer to increase its measurement 
range.  Clamp-on CT's may also be used to 
simplify power analyzer connections. 
 
102-2. Current Transformers 
 
Current transformers (CT's) are used to extend 
the current measurement capabilities of 
Valhalla digital power analyzers.  CT's are 
available in many ratios, maximum current 
ratings and isolation voltages. 
 
There are two styles of CT's available, fixed 
and clamp-on.  Fixed CT's are generally used 
for permanent test set-ups.  The conductor 
being measured must be disconnected, passed 
through the center of the CT, and reconnected. 
 Clamp-on CT's are easier to use because they 
are just clamped around the conductor.  The 
conductor need not be disconnected when 
using a clamp-on CT. 
 
CT's are also used for isolating the power 
analyzer from high voltage systems.  Many 
high voltage systems operate at current levels 
directly measurable by the power analyzer, 
but with voltages beyond the power analyzer 
limits.  The isolation voltage rating should be 
at least 1½ times the peak input voltage. 
 
When selecting a CT, try to use decade ratios 
e.g. 10:1, 100:1, etc.  Decade ratios make for 
easier power analyzer measurements.  The 
user just mentally moves the current and 
power display decimal points to the right the 
appropriate number of places.  Of course, 

non-decade ratios may also be used.  If the 
power analyzer is remotely controlled via the 
IEEE interface, the controller can apply the 
CT ratio to the measurements automatically.  
The maximum current rating of the CT should 
be selected 1½ times the expected current to 
allow for high crest-factor waveforms. 
 
The ratio accuracy of CT's is usually about 
2%.  This is quite a bit wider than the 
accuracy of a digital power analyzer.  The 
easiest way to improve this accuracy is to 
measure the actual ratio and use this value 
when correcting measurements.  CT's are low 
frequency devices, typically 50-400Hz.  At 
high frequencies their phase shift will cause 
the power measurement to be in error. 
 
 CAUTION! 
 
 When using CT's, never open-

circuit their secondaries while 
power is applied! 

 
The CT will act like a step-up transformer and 
may produce lethal voltages which can 
damage the operator and/or the power 
analyzer. 
 
Figure 1 illustrates the basic method of 
connecting a CT to a digital power analyzer.  
Other methods are shown in Section 6. 
 

  



 

102-3. Potential Transformers 
 
Potential transformers (PT's) are used to 
extend the voltage measurement capabilities 
of Valhalla digital power analyzers.  PT's are 
available in many ratios, maximum voltage 
ratings and isolation voltages. 
 
PT's can be used to isolate the digital power 
analyzer from high voltage systems.  Some 
high voltage systems operate at voltage levels 
directly measurable by the power analyzer but 
at common mode voltages beyond the power 
analyzer's limits.  The isolation voltage rating 
should be at least 1½ times the common mode 
voltage or peak input voltage. 
 
When selecting a PT, try to use decade ratios, 
e.g. 10:1, 100:1, etc.  Decade ratios make for 
easier power analyzer measurements.  The 
user just mentally moves the voltage and 
power display decimal points to the right the 
appropriate number of places.  Of course, 
non-decade ratios may also be used.  If the 
power analyzer is remotely controlled via the 
IEEE interface, the controller can apply the 
PT ratio to the measurements automatically.  
The maximum voltage rating of the PT should 
be selected 1½ times the expected voltage 
level to allow for high crest factor waveforms. 
 
The ratio accuracy of PT's is usually about 
2%.  This is quite a bit wider than the 
accuracy of a digital power analyzer.  The 
easiest way to improve the accuracy is to 
measure the actual ratio and use this value 
when correcting measurements.  PT's are low 
frequency devices, typically 50-400Hz.  At 
high frequencies, their phase shift will cause 
the power measurement to be in error.  Figure 
2 illustrates the method of connecting a PT to 
a digital power analyzer.  Other methods are 
shown in Section 6. 
 

102-4. Using Both CT's and PT's 
 
Most applications using PT's will also use 
CT's as well.  In this case, the power 
measurement must be multiplied by both the 
CT and PT ratios.  Figure 3 illustrates a 
method of connecting a CT and PT to a digital 
power analyzer.  Section 6 contains other 
variations on this method. 
 
102-5. Poly-Phase Systems 
 
When measuring poly-phase systems, 
multiple CT's and/or PT's are required.  
When calculating total power, the individual 
phase powers should be scaled by the CT/PT 
ratios and then summed as shown below: 
 
Total Power =  
 
(Wa x PTa x CTa) + (Wb x PTb x CTb) +  
(Wc x PTc x CTc) +...+ (Wn x PTn x CTn) 
 
Where: 
 
 Wn = Phase n watts 
PTn = Phase n PT ratio 
CTn = Phase n CT ratio  
 

  









 

                                                                                                                          
 
 APPLICATION NOTE AN103 
 SOURCE POWER MEASUREMENTS WITH THE 2300 
                                                                                                                          
 
 
103-1. General 
 
The 2300 is ideally suited for measuring the 
power supplied by a source, e.g. a battery, 
generator or alternator.  The standard method 
of connecting the 2300 is for measuring the 
power drawn by a load rather than the power 
supplied by a source.  The difference in these 
measurements can be quite significant.  A 
look at how the 2300 measures power will aid 
the user in measuring source power. 
 
103-2. Power Measurement 
 
The 2300 determines power by measuring the 
voltage across the load, the current through 
the load and the phase difference between 
them.  The 2300 multiplies these 
measurements to obtain power. 
 
Figure 1 details the standard load power 
connections.  Note that the power measured is 
not the power supplied by the source.  Several 
watts may be dissipated by the current shunt 
which is not measured by the 2300. 
 
Figure 2 details the connections for measuring 
source power.  The 2300 measures the total of 
the power dissipated by the load and current 
shunt.  The only other source of inaccuracy is 
the power dissipated in the connecting leads.  
Figure 3 details these error sources.  The 
effect of lead resistance can be reduced by 
connecting the 2300 as shown in Figure 4 and 
by using heavy gauge wires and ensuring tight 
connections. 
 

103-3. Summary 
 
The preceding paragraph described the 
techniques for measuring the power supplied 
by a source.  The examples shown used 
single-phase connections for clarity.  The 
same techniques can be used for poly-phase 
systems as well.  Three-phase variations on 
this drawing may be found in Section 6.  
When making source power measurements, 
the power measurement should be multiplied 
by minus one (-1) to obtain the correct watts 
polarity.  The following checklist will aid the 
user in obtaining accurate source power 
measurements: 
 
1. Connect the 2300 to the source and load 

as shown in Figure 4. 
 
2. Use short, heavy gauge wire between the 

source and the current common terminal. 
 
3. Tighten all connections. 
 
4. Multiply the power reading by minus one 

(-1). 

  











 

                                                                                                                          
 
 APPLICATION NOTE AN104 
 MEASURING PHASE CURRENTS IN 3-WIRE SYSTEMS 
 WITH THE 2300 
                                                                                                                          
 
 
 
104-1. General 
 
The 2300 is ideally suited for measuring the 
power in a 3-phase 3-wire connected load.  
Some test procedures require that the 
individual phase currents be measured and 
recorded.  The standard 3-phase 3-wire 
connections allow for displaying the phase A 
and phase C currents directly.  The phase B 
current is usually measured with an external 
ammeter.  The 2300 can easily be reconnected 
to measure the phase B current as well. 

104-2. Connections 
 
The standard 3-phase 3-wire connections are 
shown in Figure 1.  In it, the 2300 uses the 
two wattmeter method of measuring 3-phase 
3-wire power.  The channel B wattmeter is not 
used.  The channel B wattmeter can easily be 
connected to measure the phase B current as 
shown in Figure 2.  The phase currents can be 
displayed by pressing the ∅A, ∅B and ∅C 
display selection push-buttons.  The total 
power is displayed by pressing the 3∅ 3-wire 
display selection push-button. 
 

  







 

                                                                                                                          
 
 APPLICATION NOTE AN105 
 MEASURING TRANSFORMER LOSS  
 WITH THE 2300 
                                                                                                                          
 
 
 
105-1. General 
 
The 2300 is ideally suited for measuring the 
loss of single phase transformers.  The 
following paragraph describes the connections 
required to display transformer loss on the 
2300. 
 
105-2. Connections 
 
Figure 1 details the connections to the 2300.  
Channel A of the 2300 is connected to 
measure the input power drawn by the 
transformer.  Channel C measures the power 
sourced by the transformer secondary.  When 
the 2300 is connected for source power 
measurement, the power display has a 
negative polarity.  The 3φ 3-Wire display 
sums the power measurements of channels A 
and C.  The result is the difference between 
the power drawn by the transformer and the 
power sourced by the transformer.  This 
difference is the "loss" or the amount of 
power dissipated by the transformer. 
 

  





 

                                                                                                                          
 
 APPLICATION NOTE AN106 
 MEASURING POWER FACTOR AND REACTIVE VOLT-AMPERES WITH 
 VALHALLA SCIENTIFIC DIGITAL POWER ANALYZERS 
                                                                                                                          
 
 
 
106-1. General 
 
Valhalla Scientific digital power analyzers 
directly measure the voltage, current and 
power drawn by single and poly-phase loads.  
Volt-Amperes (VA), Reactive Volt-Amperes 
(VAR) and power factor (PF) are not 
displayed but can easily be calculated from 
the voltage, current and power measurements. 
 The displays of the 2300 may be frozen using 
the recently added RUN/HOLD feature to 
make calculations easier.  The following 
paragraphs describe the methods for 
calculating VA's, VAR's and PF. 
 
106-2. VA's, Watts, VAR's and PF 
 
The relationships between VA's, Watts, 
VAR's and PF can best be described in a 
graphical manner.  Figure 1 illustrates these 
relationships.  VA's are calculated by 
multiplying the true RMS voltage and true 
RMS current measurements of the digital 
power analyzer.  Power factor is the cosine of 
the angle between VA's and Watts and can be 
calculated using basic trigonometry.  Reactive 
power, VAR's, is calculated from VA's and 
Watts using Pythagorean's theorem. 
 
106-3. PF, Leading or Lagging? 
 
The terms leading and lagging power factor 
refer to the relative phase shift between the 
current and voltage waveforms.  The current 
leads the voltage in a capacitive load while the 
current lags the voltage in an inductive load.  
When calculating power factor using present 
Valhalla Scientific digital power analyzers 
other than the models 2110A/2111A which 

display it directly, there is no way of 
determining whether the power factor is 
leading or lagging.  An oscilloscope must be 
used to determine leading or lagging.  
Fortunately, most every load has a lagging 
power factor.  If the load has a transformer, 
fan, or motor, it is safe to assume lagging 
power factors and an oscilloscope is not 
required. 
 
106-4. Single-Phase Systems 
 
Determining VA's, VAR's and PF in single-
phase systems is straightforward.  Connect the 
digital power analyzer to the load and record 
the voltage, current and power.  Calculate 
VA's, VAR's and PF as shown in Figure 1. 
 
106-5. Poly-Phase Systems 
 
Determining VA's, VAR's and PF in poly-
phase systems is a little more involved than 
for single-phase systems.  The discussion 
below is for three-phase systems, however the 
same ideas can be expanded for any poly-
phase system. 
 
To determine three-phase VA's and PF, the 
individual phase VAR's must first be 
calculated.  Referring to Figure 1, it can be 
seen that VA's do not add up unless the 
individual power factors are identical.  VAR's 
and Watts can be algebraically summed to 
obtain three-phase Watts and VAR's.  Three-
phase VA's and PF are then calculated from 
three-phase Watts and VAR's. 
 
 

    



 

106-5-1. 3-Phase 4-Wire VA's, VAR's 
and PF 

 
To determine VA's, VAR's and PF for 3-phase 
4-wire connected loads, the following 
procedure is recommended. Refer to Figure 1: 
 
1) Connect the 2300 to the load as described 

in Section 6. 
2) Measure and record the voltage, current, 

and power for each phase. 
3) Calculate φA VA's and VAR's. 
4) Calculate φB VA's and VAR's. 
5) Calculate φC VA's and VAR's. 
6) Add φA, φB and φC VAR's to obtain 3-

phase VAR's. 
7) Add φA, φB and φC watts to obtain 3-

phase watts. 
8) Calculate 3-phase VA's from 3-phase 

VAR's and watts. 
9) Calculate 3-phase PF from 3-phase VA's 

and watts. 
 
When calculating 3-phase VAR's, it is safe to 
assume that the individual phase power 
factors are all lagging if the load has a 
transformer or motor.  An oscilloscope or 
Valhalla Model 2110A/2111A may be used if 
there is any doubt. 
 
106-5-2. 3-Phase 3-Wire VA's, VAR's 

and PF 
 
To determine VA's, VAR's and PF in 3-phase 
3-wire connected loads the following 
procedure is recommended.  Refer to Figure 
1. 
 
1) Connect the 2300 to the load as described 

in Section 6. 
2) Measure and record the voltage, current 

and power for φA and φC. 
3) Calculate φA VA's and VAR's. 
4) Calculate φC VA's and VAR's. 
5) Add φA and φC VAR's to obtain 3-phase 

VAR's. 
6) Add φA and φC watts to obtain 3-phase 

watts. 

7) Calculate 3-phase VA's from 3-phase 
VAR's and watts. 

8) Calculate 3-phase PF from 3-phase VA's 
and watts. 

 
When calculating 3-phase VAR's it is safe to 
assume that the individual phase power 
factors are all lagging if the load has a 
transformer or motor.  An oscilloscope or 
Valhalla Model 2110A/2111A may be used if 
there is any doubt. 
 
106-6. PF and VAR Accuracies 
 
The accuracies of the PF and VAR 
calculations are the sums of the accuracies of 
the voltage, current and power measurements. 
 For the 2300, the accuracies are as shown 
below: 
 
SINGLE PHASE 
 
± (0.1%  V rdg + 0.1%  V rng) 
± (0.25% A rdg + 0.25% A rng) 
± (0.25% W rdg + 0.25% W rng) 
 
3-PHASE 3-WIRE 
 
± (0.1%  Va rdg + 0.1%  Vc rdg + 0.2% V rng) 
± (0.25% Aa rdg + 0.25% Ac rdg + 0.5% A rng) 
± (0.25% Wa rdg + 0.25% Wc rdg + 0.5% W rng) 
 
3-PHASE 4-WIRE  
 
± (0.1% Va rdg + 0.1% Vb rdg + 0.1% Vc rdg +  0.3% V 
rng) 
 
± (0.25% Aa rdg + 0.25% Ab rdg + 0.25% Ac rdg+ 0.75% 

A rng) 
 
± (0.25% Wa rdg + 0.25% Wb rdg + 0.25% Wc rdg + 

0.75% W rng) 
 





 

                                                                                                                          
 
 APPLICATION NOTE AN107 
 MINIMIZING ERROR SOURCES IN THREE-WIRE CONNECTED 
 DIGITAL POWER ANALYZERS 
                                                                                                                          
 
 
107-1. General 
 
This application note describes the sources of 
measurement error in three-wire type digital 
power analyzers.  Methods for reducing these 
error sources are also discussed. 
 
107-2. 3-Wire Digital Power Analyzers 
 
The term "3-wire digital power analyzer" 
refers to the number of terminals the analyzer 
uses to connect to the load under test.  
Referring to Figure 1, the power analyzer 
measures the current flowing through the 
current shunt and the voltage between the 
current shunt and voltage common terminal.  
The voltage measurement and current 
measurement sections of the analyzer share a 
common terminal. 
 
107-3. Error Sources 
 
Measurement errors arise in three-wire type 
digital power analyzers due to connecting lead 
resistances.  A power analyzer hook-up 
showing error sources is shown in Figure 2.  
The contact and lead resistances are combined 
and shown as "R LEAD x", with the x 
denoting the individual lead.  Lead resistances 
1 and 2 do not contribute any error other than 
lowering the effective source voltage.  Lead 
resistances 3 and 4 are sources of error.  The 
power analyzer measures the voltage drop 
across the load plus the lead resistances.  The 
power measurement will be in error by the 
sum of the lead (I2R) powers. 

107-4. Error Reduction 
 
The errors caused by the lead resistances can 
be reduced by a factor of 2 by simply 
reconnecting the voltage common terminal of 
the power analyzer as shown in Figure 3.  The 
effect of "R LEAD 3" is eliminated.  The 
effect of "R LEAD 4" can be reduced by 
using a short heavy gauge wire and ensuring 
tight connections.  In applications where it is 
impractical to shorten lead 4, an alternate 
technique is discussed below. 
 
A measurement is first made using the 
connections of Figure 3.  The connections are 
then changed to those of Figure 4.  This 
connection measures the power in lead 4.  
This power is then subtracted from the first 
measurement yielding an accurate 
representation of the power in the load only. 

  











 

                                                                                                                          
 
 APPLICATION NOTE AN108 
 MEASURING SINGLE-PHASE THREE-WIRE POWER 
 WITH THE 2300 
                                                                                                                          
 
 
108-1. General 
 
This application note describes the 
connections required to measure a single-
phase three-wire connected load with the 
2300. 
 
108-2. Single-Phase Three-Wire Systems 
 
This system consists of two 120Vrms 
(nominal) lines and a common grounded 
neutral conductor.  The two 120Vrms lines 
are phase shifted 180 degrees.  This system is 
sometimes called "splitphase 120/240V".  
120Vrms is measured between either line and 
neutral, and 240Vrms line to line.  Figure 1 
details the line voltage relationships. 
 
Single-phase three-wire power is available 
in most every residential structure in the 
United States.  Lighting fixtures and wall 
outlets are powered from one line and neutral. 
 Major appliances e.g. electric clothes dryers, 
electric ovens and air-conditioners are 
commonly powered from 240VAC using 
single-phase three-wire power. 
 
108-3. 2300 Connections 
 
Single-phase three-wire systems may be 
looked upon as two single-phase power 
measurements.  The total single-phase three-
wire power is the sum of the individual phase 
powers.  Figure 2 details the connections to 
the 2300.  Channels A and C are used to 
measure the individual phase powers.  The 
individual phase powers are displayed by 
pressing the ∅A and ∅C display selection 
push-buttons. 

The total single-phase three-wire power is 
displayed by pressing the 3∅ 3-wire display 
selection push-button.  The voltage and 
current displays will be blanked in this mode. 
 
108-4. Measuring Neutral Current 
 
Some applications require the measurement of 
neutral current as well as total power and line 
currents.  This is easily accomplished with the 
2300.  These connections are shown in Figure 
3.  The neutral current is passed through the 
∅B current shunt.  The neutral current is 
displayed by pressing the ∅B display 
selection push-button. 
 
 

If this method is used with a Model 2301, 
only one line may be measured at a time. 

 

  










