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SECTION 1  

INTRODUCTION  

 

1.1  THE INSTRULAB 4312A SYSTEM THERMOMETER  

 

The Instrulab 4312A RTD System Thermometer is designed to be versatile. It can operate in any 

of four modes; as a temperature monitor, as a calibrator, as a stand-alone acquisition system, or as 

an intelligent front end for an IBM PC. It accepts up to 12 sensors with each input channel 

characterized for scan/skip, sensor calibration, units, and resolution. A two line by 40 character, 

backlit LCD display is employed. All functions and setup programming are accessed via the front 

panel keypad and display using a "computer-like" menu.  

 

As a Monitor 

 

 

The inherent high accuracy along with scan/skip and monitor 

channel capability make this instrument ideal for temperature 

monitoring applications.   

Scan/skip allows each channel to be active or inactive as 

required. If, after a test has been initiated, you decide that the 

information from a specific channel is no longer of interest, then 

that channel can be skipped. If the data from a specific channel 

becomes critical, simply depress the appropriate channel key 

and its data will be continuously displayed in a separate monitor 

channel display area. As an added feature, this monitor channel 

is updated more frequently than the scanned channels to allow 

you to more closely monitor this critical temperature.   

As a Calibrator 

 

The 4312A is ideally suited to function as a "working" 

calibration instrument. One input may be designated as the 

reference channel, set to read temperature, and connected to an 

appropriate secondary or working standard sensor, while the 

other 11 channels are set to measure resistance and connected to 

sensors that are to be calibrated. Using the reference channel as 

the monitor channel, the measured temperature is displayed 

continuously while the resistance of the other 11 sensors are 

being measured. By placing the reference sensor and the sensors 

to be calibrated in a stable bath and measuring the resistance at 

known temperatures, an R vs T table can be calculated for the 

uncalibrated sensors.   

As a Stand Alone System 

 

The 4312A may be used as a stand alone data acquisition 

system. It can be programmed to store, at selected time 

intervals, in memory up to 200 sets of data including the 

maximum, minimum, and average data. This data can then be 

printed at a later time using a serial (RS-232C) or parallel 

(Centronics) printer. The 4312A can also be separately 

programmed to print, at selected time intervals, data including 

the maximum, minimum, and average.  

As an Intelligent The 4312A is designed to save PC time by measuring  
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Front End for a PC calculating, and storing data unattended, ready to send on 

demand.    

A 4312A equipped with optional RS-232C and/or IEEE-488 

interfaces can send data directly to the computer for further 

analysis. In addition, the PC can store all the required  

parameters for a specific test (time interval, measurement units, 

resolution, etc.) and sensor coefficients for a specific sensor 

connection card and upload this information as required. When 

the instrument is used in repetitive multiple test setups, the ability 

to upload program information is a real time-saver.  

 

Some features provided by the instrument are:  

 

  0.001º resolution  

 

    0.010 ºC to 200 ºC and 0.015 ºC to 500 ºC                        

  instrument accuracy  

 

    Display in ºC, ºF, K, and ohms  

 

    User programmable coefficients  

 

    200 measurements per channel memory storage  

 

     Interface/Output Options:  

    RS-232C interface   

   IEEE-488 interface  

    Parallel Printer output  

    Analog Output  

 

     Auto print/transmit  

 

    Battery backed-up memory  

 

    NIST (NBS) traceable  

 

1.2 TECHNICAL SPECIFICATIONS  

 

Measurement Range Temperature:  -190.150 ºC to 500.150 ºC  

      -310.270 ºF to 932.270 ºF  

   

 

   83.000K to 773.300K  

Resistance:    0.000 ohms to 340.000 ohms  

Accuracy  Temperature:  ± 0.010 ºC (to 200 ºC)  

     ± 0.015 ºC (to 500 ºC)  

    Resistance:    ± 0.003 % of reading or 0.005 ohms  

     (whichever is greater)  

  

 

   (@25 ºC ± 5 ºC ambient)  

Resolution  Temperature:  0.01 or 0.001 ºC, ºF, or K  
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 Resistance:   0.001 ohms   

Inputs 

 

 12 - 4 wire  

Sensors 

 

 100 ohm Platinum RTD  

Excitation Current 

 

 1 milliAmpere (nominal)  

Calibration  NIST (NBS) traceable   

    Recommended recalibration: 1 year  

 

Display Rate 

 

 1 sec/channel to 5 sec/channel  

Scan Rate  3 channels/sec  

    2 channels/sec with monitor channel active   

   

 

 (See Section 3.4)  

Display 

 

 2 line by 40 character backlit LCD  

Data Memory 

 

 Battery backup, minimum of 10 years.  

Backup includes clock, calibration data, menu data, and stored 

memory data.  

Operating 

 

 5 ºC to 45 ºC < 80% RH 

Environment  

Warm-up Time 

 

 < 1 minute to rated accuracy  

 Long Term Stability  <0.005ºC at 0ºC  

 (1 year)    

 

 

 < 0.015ºC at 500ºC  

Temperature 

(Ref: 25 ºC)  

 < 0.001 ºC/ ºC  

Coefficient   

 

Power Requirements 115/230 VAC switch selectable   

    60 Hz, 10 VA Built in RFI/EMI line filter  

     

 

50 Hz -with the insertion of diode CR15  

 Dimensions  4 5/8" High x 10 1/4" Wide x 10 1/2" Deep, Metal Case   

    

 

(See Figure 1-1)  

 Weight  8 lbs (Net)  

    10 lbs (Shipping)  

 

1.3  MODEL NUMBER INTERPRETATION  

 

The instrument model number, serial number, and other pertinent data is given on the data label 

located on the bottom of the instrument.  
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The model number will appear as:  

 

     4312A -   -   - Etc 

              Model Number  Options 

 

 

 

 

 

 
 Option Number  Description 

 

  06                     Rack/Panel Mount Adapters (pair)  
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  08                    Analog Output  

 

14 RS-232C Interface  

 

15 IEEE-488 Interface  

 

  23                    Parallel (Centronics) Printer Output  

 

1.4  WARRANTY INFORMATION  

 

Instrulab warrants its products to be free from defects in material and workmanship for one year 

after the date of shipment, provided the units have been used within the published ratings. The 

warranty is limited to our repairing or replacing without charge, F.O.B. our factory any defective 

product if returned to our plant, transportation prepaid. No other representation or warranty, either 

expressed or implied, is made, and in no event shall Instrulab be liable for consequential or other 

damages. 

 

If it should become necessary to return the instrument to Instrulab, use the original packing 

material when possible.  

 

When returning instruments to the factory, give a full description of the failure and the mode of 

operation that was used when the instrument failure occurred. Please include the name and phone 

number of someone we can contact, should we have any questions. Ship via UPS or parcel post 

prepaid to:  

 

    Instrulab     1205 Lamar 

Street  

   Dayton, Ohio 45404  

 

SECTION 2  

GETTING STARTED  

 

2.1 UNPACKING AND INSPECTION  

 

After having unpacked the instrument, carefully examine it and any enclosed accessories for 

physical damage and compliance with the packing list. If any of the articles are missing or 

damaged, inspect the packing case for signs of damage during shipment and immediately report it 

to the carrier.  

 

Make sure there are no loose screws, rear panel connectors, or front panel buttons.  

 

Make sure the sensor connection card supplied will slide in and out of the rear of the instrument.  

 

2.2   FRONT PANEL AND REAR PANEL  

 

The front panel contains the 2 line by 40 character LCD display, keypad, and power button. The 

keypad is used to view and change menu selections, print, and select a monitor channel.  
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The rear panel contains the power-line cord connector with line fuse, voltage selector switch, 

sensor connection card slot, and cutouts for the optional interface/output connectors.  

 

2.3   CONNECTING SENSORS TO THE SENSOR CONNECTION CARD  

 

The sensor connection card is removed from the instrument by pulling on the white card pull and 

sliding the card out. The card contains terminals marked CH0 to CH11 corresponding to the 

channels displayed by the instrument. Each terminal is also marked C+, P+, P-, and C-. (See 

Figure 2-1).  

 

A strain relief is supplied and is held in place by four #6 thumb-nuts. The cable of the sensors 

should be placed under the strain relief to avoid breaking the wires at the terminals.  

 

For calibrated sensors (single point or multiple point, see Section 9), please note the input channel 

of the sensor. The channel number of the sensor will be used when programming channel 

information. See Sections 5.1 and 5.2.  

 

Once the sensors are secured, the card can be slipped back into the instrument.   

 

2.4   LINE POWER  

 

The standard model will operate on 115V or 230 VAC ±10% 60 Hz. 50 Hz with the insertion of 

diode CR15.  Line voltage is selectable on the rear panel.  

 

 

A 3 wire detachable power cord is supplied with the instrument. Instruments shipped overseas will 

be supplied with a 3 wire detachable power cord with no power plug. A power plug suitable to 

your particular receptacle will have to be installed.  

 

 

 

 

 

 

 

 



Instrulab 4312A Operations Manual     May 2, 1997                                                                        7 

 

 
 

 

2.5    RACK/PANEL MOUNTING  

 

If option 06 is purchased with the instrument, rack-mounting adapters will be installed at the time 

the instrument is assembled.  

 

If the adapters are purchased at a later date for field installation, it will be necessary to drill 4 #19 

holes in the side frame of the chassis of the instrument to accommodate them. The adapters can be 

used as a template for hole location. Hardware is provided with the adapters for field installation. 

Caution: use care when drilling so as not to damage internal assemblies and components.  

 

The instrument may also be returned to the factory for installation of the adapters.  

 

See Figure 2-2.  
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SECTION 3  

NORMAL SCANNING 

 

3.1    TURNING THE INSTRUMENT ON  

 

Press the power button to turn the instrument on.  
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COLD START          Cold Start is defined as the first startup after a new EPROM is installed, a 

new RAM chip is installed, or a new battery is installed.   

 

The instrument will have been turned on and calibrated at the factory before shipment. Therefore, 

under normal circumstances, the user will not experience a Cold Start.   

 

However, if one of the above conditions is true and a Cold Start occurs, the following message 

will be displayed at startup:  

 

 

 Setting menu and calibrate to factory  

default.  Be sure to calibrate-!!            

 

 

Note that the menu selections and calibration reference values have been set to the factory default. 

Press ENTER to continue. The instrument will go through the normal startup procedure and then 

enter the Normal Scanning mode. However, THE INSTRUMENT IS NOT  

CALIBRATED. The user will have to calibrate or have the instrument calibrated before use.  

 

WARM START          Warm Start is defined as startup any time after a Cold Start has occurred. 

This is the normal startup condition.   

 

At startup (and when exiting the menu) the instrument measures a full cycle of data before it starts 

to display the measurements in the Normal Scanning mode. During this time, the instrument will 

display "Wait" and a series of dots to indicate that it is running. The number of dots displayed 

indicates the number of active (scanned) channels. The length of time before entering the Normal 

Scanning mode depends on the number of active channels. During this startup procedure, the other 

fields (See Section 3.2) will be displayed.     

 

All menu selections are stored in battery backed-up memory and the scanned channels and other 

fields will be displayed according to the menu selections.  

 

Note:               Monitor channel is not stored in battery backed-up memory. A previously selected 

monitor channel will not be displayed at startup. However, a 

selected monitor channel is retained in memory when the user 

enters the menu. When the user exits the menu, the previously 

selected monitor channel will be displayed. The monitor channel 

is measured more frequently (See Section 3.4) and will be 

displayed before the other channels are displayed.   

3.2   THE 6 FIELDS  

 

During normal scanning, there are six fields of data that can be displayed:  



10 Instrulab 4312A Operations Manual     May 2, 1997  

 

 
  

Scanned Channels 

 

 The channel number and the measurement from the last 

completed cycle of measurements is displayed with the selected 

units and resolution for the duration of the programmed display 

rate (See Section 5.4). The display cycles through the active 

channels. If no channels are active, "SKIP ALL CHANNELS" 

is displayed. If an over range condition has occurred, an over 

range message will be displayed (See Section 3.3).  

Monitor Channel 

 

 

 If a monitor channel is selected, the channel number and most 

recent measurement are displayed. If the selected monitor 

channel is not an active channel, "Skipped" will be displayed 

after the channel number. If an over range condition has 

occurred, an over range message will be displayed (See Section 

3.3).  

See Section 3.4 for a description of the monitor channel 

function.  

Memory Status 

 

 

 

 

 

 There are four possibilities for the status of memory. For the first 

three, "Memory: " is displayed followed by the status.  

set Memory is on and the instrument is ready to  

start storing data, but the start time has not been 

reached yet.  

on         Memory is on and the instrument is currently storing 

data at the programmed interval time.  

stop Memory is off, but data is stored in memory.  

If memory is off and no data is stored in the memory buffer, this 

field will be blank. (See Section 5.11).  

Present Time  The present time in 24 hour format is displayed.  

Selected Interface/Output 

 

 

This field indicates which option has been selected. If RS-  

232C, IEEE-488, or Parallel Printer is installed, any one, and 

only one, of these options may be selected at a time.  If none of 

these options is installed or none of them has been selected, this 

field will be blank.   

Note: If Analog Output is installed, its status is not displayed 

since it is always on.  
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Auto Print/Transmit If the instrument is programmed for auto print or auto transmit, 

the next time an event is to take place is displayed. (See 

Sections 5.6 & 5.8). If auto pause is selected in the print menu, 

"pause" will be displayed. (See  Section 6).  

 

3.3    OVER RANGE CONDITIONS  

 

The over range conditions and displayed messages based on measured resistance and calculated 

temperature are:  

 

 Condition  

 

Resistance Display  Temperature Display 

 No Sensor Attached    

 

"OPEN"     "OPEN"  

> 340 ohms Measured   

 

"> 340 Ω"              "> 340 Ω"  

> 500.15 ºC Calculated    Normal Reading    "> 500 ºC"  

       "> 932 ºF"  

  

 

     "> 773 K"  

< -190.15ºC Calculated    Normal Reading    "< -190 ºC"  

       "< -308 ºF"  

  

 

     "< 84 K"  

 < 10 ohms Measured    

 

Lead        

Normal Reading        "< 10 Ω"  

Improperly Connected    

 

"BACKWARD"          "BACKWARD"  

 Rtp = 0                

 

"ERROR 7"               "ERROR 7"  

 Rtp Too Large         

 

"ERROR 8"               "ERROR 8"  

 Rtp Too Small         

 

"ERROR 9"               "ERROR 9"  

Positive Calculation Error  

 

"ERROR 10"     "ERROR 10"  

Negative Calculation Error  

 

"ERROR 11"     "ERROR 11"  

Note:                Temperature calculation errors are typically due to invalid 

coefficients.  

 

3.4   MONITOR CHANNEL  

 

The monitor channel function enables the user to continuously display measurements from a 

selected channel.   

 

Without a monitor channel selected, the instrument measures 3 channels per second. The length of 

time it takes the instrument to complete a full measurement cycle is the number of active channels 

divided by 3 channels per second. (e.g. 12 active channels divided by 3 channels/second equals 4 
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seconds). The scanned channels field displays the measurement from the last completed 

measurement cycle. Therefore a displayed measurement can be up to 4 seconds old. The display is 

updated once a second.  If the display rate is greater than one second, the display may change if a 

measurement cycle is completed. (See Section 5.4).   

 

With a monitor channel selected, the instrument measures the monitor channel and two active 

channels per second. The length of time it takes to complete a full measurement cycle is the 

number of active channels divided by two channels per second (e.g. 6 seconds for 12 channels). 

The monitor channel display is updated when the monitor channel measurement is taken, once a 

second. Since the scanned channel display is from the last full measurement cycle, it is possible, if 

the monitor channel is changing rapidly, for the two displays to differ.  

 

See Section 4.1 for front panel operation.  

 

See Section 7 for monitor channel operation over the RS-232C and IEEE-488 interfaces.  
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SECTION 4  

FRONT PANEL OPERATION 

 

4.1    THE KEYPAD FUNCTIONS  

 

Menu Passage 

 

 

 To enter the Main Menu, press MENU when the instrument is in 

the Normal Scanning mode.  

In general, there are two ways to move forward through the 

menu tree. First, using the LEFT ARROW or RIGHT 

ARROW key, position the cursor on the menu selection and 

press ENTER. Second, in cases where there is a number 

associated with the menu selection, press the appropriate 

number key. In cases where there is only one path to follow, 

only the first method applies; position the cursor on "Ok" or 

"More" and press ENTER.  

   

 

 

 To return to the previous menu screen press ESC.  

To exit the menu, press MENU. If changes have been made, the 

user will be asked if the changes are to be saved (See Section 

5.12). If no changes have been made, the instrument will return 

to normal scanning.  

Selection of a Field 

 

 Within a particular menu screen, use the LEFT ARROW or 

RIGHT ARROW key to move the cursor to the field to be 

changed.  

Channel Selection  To select a specific channel press the appropriate number key. 

To scroll up or down through the channels press the UP 

ARROW or DOWN ARROW key.  
 

Selection Within a Field 

 

In general, there are two ways to make a selection within a field. 

First, use the UP ARROW or DOWN ARROW key -to scroll 

through the possible selections. Second, in the cases where there 

are many possible selections, press the number key of the 

appropriate table value (See Figure 4-2).  

Editing a Time or Number 

 

 

 

 

In cases where a specific time or number has to be entered, the 

field has to be edited. (e.g. Clock time or sensor coefficients).  

When the cursor is positioned on the field, press ENTER to 

begin editing.  

Within the field, the cursor can be moved using the LEFT 

ARROW or  RIGHT ARROW key. Digits can be changed by 

scrolling, using the UP ARROW or DOWN ARROW key, or 
by pressing the appropriate number key (Note: the cursor 

automatically advances if a number key is pressed). Use the UP 

ARROW or DOWN ARROW key to toggle the +/- sign.  

To finish editing and save the change press ENTER.   
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 To finish editing without saving the change press ESC.  

Note:    In most cases it is possible to set the field to the default 

value by pressing the UP ARROW or DOWN 

ARROW key when the cursor is positioned on 

the field. This is for convenience, but be careful 

not to do it by accident. Always double-check 

the fields before leaving a menu screen.  

Field Default 

Time        00:00  

Number     0.000  

Monitor Channel 

 

 To select a monitor channel when none is selected or to change 

the selected monitor channel, press the appropriate number key 

when the instrument is in the Normal Scanning mode.  

   

 

 To turn monitor channel off, press ESC.  

Print Menu  To enter the Print Menu, press PRINT when the instrument is in 

the Normal Scanning mode. See Section 6.  

 

4.2   THE MENU TREE  

 

With the exception of the IEEE-488 address, RS-232C parameters and auto print/transmit times, 

all of the menu selections can be set via the RS-232C or IEEE-488 interface. See Section 7.  

 

Note:  The instrument stops measuring when it is in the Menu mode. 

Therefore, calculations of maximum, minimum, and average 

values do not occur. The instrument may not be accessed via the 

interface while it is in the Menu mode, either.  

 

The following is a quick reference for passage through the menu tree (Figure 4-1) and selecting 

field values from the tables (Figure 4-2).  
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SECTION 5  

MAIN MENU  
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5.1    CHANNEL INFO MENU  

 

 
 

 

Channel Number 

 

Select the channel whose information is to be viewed or 

changed. As the channel number is changed, the displayed 

information changes.  

Scan/Skip 

 

 

Select whether the channel is to be scanned (active) or skipped. 

Skipped channels are not displayed in the Normal Scanning 

mode.   

Scan/Skip can also be selected for all channels at once. See 

Section 5.3.  

Units & Resolution Select the engineering units and resolution the measurement is to 

be displayed in during normal scanning.  

 

 

Units 

&Resolution 

Table 

 

1 0.01 C 

2 0.001 C 

3  0.01 F 

4 0.001 F 

5 0.01 K 

6 0.001 K 

7  ohms 
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Calculation 

Type 

 Select whether 

coefficients for a 

calibrated sensor or  

coefficients for a 

nominal alpha are to be 

used for temperature 

calculations. See 

Section 9 for an 

explanation of 

temperature 

calculations.  

 

 

More 

 

"More" is only displayed when the calculation type selected is 

"Coeff".   See Section 5.2.  

Rtp/R0 

 

 

Enter Rtp for a calibrated sensor or R0 if a nominal alpha is 

selected.  See section 9.  

Note:     The 4312A stores two separate values for Rtp and R0. 

After selecting calculation type, make sure the 

proper Rtp/R0 value has been entered.  
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5.2    MORE MENU  

 

 

 CH:  0     A + = -2.009100E-2     A - = -1.963300E-2  

 

                B + = -3.220000E-5     B - = -1.400000E-4 

Spot Offset 

 

Spot Offset is used in single point or "spot" calibration. The 

sensor is calibrated at a single point and the difference between 

the temperature displayed by the 4312A and the calibration 

temperature is programmed in Spot Offset. In order to correct 

for the temperature difference, the value in Spot Offset is added 

to the calculated temperature. This improves the system 

accuracy for a narrow temperature range (±5ºC) around the 

calibration point when an interchangeable RTD is used with the 

instrument. See Section 9.   

Any of the three engineering units for temperature may be used 

for single point calibration. The engineering units displayed for 

Spot Offset depend on the units selected for that channel. If the 

units are changed the Spot Offset units change as well.  
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Channel Number  Channel Number is not selectable in this menu screen. In order to change the 

coefficients for a channel other than the one displayed, it is 

necessary to go back to the previous menu screen and change 

the channel number.  

 

Coefficients        There are four coefficients (A+, B+, A-, & B-) used in the calculation of 

temperature from the resistance measurement. See Section 9 for 

an explanation of temperature calculations.  

 

5.3   SCAN/SKIP MENU  

 

Scan:      0  1  2  3  4  5   

Skip:                            6  7  8  9  10  11 

 

 

The Scan/Skip Menu provides a quick way to select which channels are to be scanned (active) 

or skipped. Channel numbers positioned on the top line will be scanned and channel numbers 

positioned on the bottom line will be skipped. Press the appropriate number key to toggle 

Scan/Skip for that channel. Positioning the cursor on or over a channel number and pressing the 

UP ARROW or DOWN ARROW key toggles Scan/Skip, as well.  

 

5.4    DISPLAY RATE  

 

 

 Display Rate = 1 sec/channel  

 

 

 

 

Display rate is the length of time the instrument displays a measurement for a channel before 

displaying the measurement for the next active channel.   

 

Note: The displayed measurement is updated once a second with the measurement from the last 

completed measurement cycle. Depending on the number of 

active channels and the display rate, the displayed measurement 

could change while it is being displayed. See section 3.4.  
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Calibration Type 

Table  

 

1  

2  

3  

4  

5  

1 sec/Chan 

2 sec/Chan 

3 sec/Chan 

4 sec/Chan 

5 sec/Chan 

 

 

5.5   RS-232C MENU  

 

For a description of the RS-232C interface option, see Section 7.1.  

 

If the RS-232C option is not installed, "RS-232C not installed" will be displayed. Press 

ESC to return to the I/O Menu.  

 

If the RS-232C option is installed the RS-232C Menu will be displayed:  

 

 
 

   

On/Off 

 

 

 Toggle the RS-232C interface on/off.   

With the exception of Analog Output, only one interface/output 

option can be selected at a time. Selecting any one of the three 

options turns the others off.  

Baud Rate  Select the baud rate.   
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 Baud Rate 

Table  

  

1  

2  

3  

4  

5  

6  

7  

110 

300 

600 

1200 

2400 

4800 

9600 

 

 Bits  Select the number of data bits.  

 

 Bits 

Table 

  

7  

8  

7 Bits 

8 Bits  

   

Parity 

 

 Select the parity.  
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 Parity 

Table 

  

0  

2  

3  

None 

Odd 

Even 

 

 Stop Bits  Select the number of stop bits.  

 

 Stop Bits 

Table  

  

1  

2  

1 Stop Bit 

2 Stop Bits  

Echo On/Off         Select echo on or off. When echo is on, characters received by the instrument 

are transmitted back to the host.  

 

Auto                 The setting of the Auto On/Off field is displayed here. However, it is not 

selectable in this menu screen. When the cursor is positioned on 

Auto, press ENTER to go to the Auto Transmit Menu.  

 

5.6   AUTO TRANSMIT MENU  

 

The automatic transmit function allows data to be automatically sent to a serial printer at selected 

time intervals. The current measurement, the maximum value over the interval, the minimum 

value over the interval, and the average value over the interval are all printed for each channel. 

The date and time are printed, as well.  

 

At the first print time (Start Time), the maximum, minimum, and average are set equal to the 

current measurement. This is also true if the interval time selected is 00:00 or if any menu 

selections have been changed (via front panel or interface) during the interval.   

 

If a power failure occurs after Auto Transmit has been turned on, "POWER FAIL" will be printed 

for the maximum, minimum, and average for the first interval once power has been restored.  

 

If a measurement for a channel is over ranged, the average is not calculated. See Section 3.3 for a 

list of over range messages.   
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A print time may be skipped by selecting auto pause in the Print Menu. See Section 6.  

 

When Auto Transmit is off, the times will not be displayed. When Auto Transmit is on, the 

following will be displayed:  

 
 

 

Auto On/Off 

 

 

 

 Toggle automatic transmit on/off.  

If the RS-232C interface option is not selected, turning on Auto 

selects it and turns the other two options off.  

Each time field can be reset to its default (00:00) individually. 

Toggling Auto off and then on again will reset all three time 

fields to their defaults.  

Start Time 

 

 Select Start Time.  

Enter 00:00 to start printing immediately after exiting the menu.  

Enter 24:00 to start printing at midnight.  

 Interval Time  Select Interval Time.  

 

Interval Time can be programmed in one minute steps up to 24 

hours. Enter 00:00 to print continuously. (Data will be printed at 

the completion of each full measurement cycle).  

 

 Stop Time  Select Stop Time.  

 

Enter 00:00 to never stop printing. Enter 24:00 to stop at 

midnight.  

 

5.7    IEEE-488 MENU  

 

For a description of the IEEE-488 interface option, see Section 7.2.  

 

If the IEEE-488 option is not installed, "IEEE-488 not installed" will be displayed. Press ESC to 

return to the I/O Menu.  

 

If the IEEE-488 option is installed the IEEE-488 Menu will be displayed:  

 

 

 IEEE – 488:  off     Address 07  
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 On/Off  Toggle the IEEE-488 interface on/off.   

 

With the exception of Analog Output, only one interface/output 

option can be selected at a time. Selecting any one of the three 

options turns the others off.  

 

 Address  Enter the address of the instrument.  

 

5.8    PRINTER MENU  

 

For a description of the Parallel Printer output option, see Section 8.1.  

 

If the Parallel Printer option is not installed, "Printer not installed" will be displayed. Press ESC to 

return to the I/O Menu.  

 

If the Parallel Printer option is installed, the Printer Menu will be displayed:  

 
 

 

 

 

 

On/Off  Toggle the Parallel Printer output on/off.   

 

With the exception of Analog Output, only one interface/output 

option can be selected at a time. Selecting any one of the three 

options turns the others off.  

 

The automatic print function allows data to be automatically sent to a parallel (Centronics) printer 

at selected time intervals. The current measurement, the maximum value over the interval, the 

minimum value over the interval, and the average value over the interval are all printed for each 

channel. The date and time are printed, as well.  

 

At the first print time (Start Time), the maximum, minimum, and average are set equal to the 

current measurement. This is also true if the interval time selected is 00:00 or if any menu 

selections have been changed during the interval.   

 

If a power failure occurs after Auto Print has been turned on, "POWER FAIL" will be printed for 

the maximum, minimum, and average for the first interval once power has been restored.  

 

If a measurement for a channel is over ranged, the average is not calculated. See Section 3.3 for a 

list of over range messages.   
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A print time may be skipped by selecting auto pause in the Print Menu. See Section 6.  

 

When Auto is off, the times will not be displayed.  

 

Auto On/Off 

 

 

 

 Toggle automatic print on/off.  

If the Parallel Printer output option is not selected, turning on 

Auto selects it and turns the other two options off.  

Each time field can be reset to its default (00:00) individually. 

Toggling Auto off and then on again will reset all three time 

fields to their defaults.  

Start Time 

 

 

 Select Start Time.  

Enter 00:00 to start printing immediately. Enter 24:00 to start 

printing at midnight.  

Interval Time 

 

 

 Select Interval Time.  

Interval Time can be programmed in one minute steps up to 24 

hours. Enter 00:00 to print continuously. (Data will be printed at 

the completion of each full measurement cycle).  

Stop Time 

 

 Select Stop Time.  

Enter 00:00 to never stop printing. Enter 24:00 to stop at 

midnight.  

 

5.9    ANALOG OUT MENU  

 

For a description of the Analog Output option, see Section 8.2.  

 

If the Analog Output option is not installed, "Analog Out is not installed" will be displayed. Press 

ESC to return to the I/O Menu.  

 

If the Analog Output option is installed, the Analog Out Menu will be displayed:  

 

 

 Analog Out:  channel 0  

      Resolution:  0.001     Offset:  +000.000  

 

 

Channel Number       Select the channel for Analog Output. Analog Output can be selected for 

any single channel.   

 

Analog Output cannot be turned off. If the option is installed, it is 

on.  

 

 Resolution  Select the resolution.  
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Analog Out 

Resolution Table 

 

1  

2  

3  

4  

5  

0.001 per mV 

0.01 per mV 

0.1 per mV 

1 per mV 

10 per mV  

 

 

 Offset  Enter the zero offset.  

 

 

5.10   CLOCK MENU  

 

 

 Time:  hr:mn:sc             Date:  mo-da-yr  

 

           13:55:30                       05-02-97 

 

 

 Time  Enter the time in 24 hour format.  

 

 Date  Enter the date.  

 

5.11  MEMORY MENU  

 

The memory function allows up to 200 sets of data per channel to be stored in battery 

backed-up memory at selected time intervals. The current measurement, the maximum 

value over the interval, the minimum value over the interval, and the average value over 

the interval are all stored for each channel. The date and time are stored, as well.   

 

Note:                The memory function is separate from the auto print/transmit  

function. Data can be stored and printed separately at two 

different time intervals.   

 

At the first store time (Start Time), the maximum, minimum, and average are set equal to the 

current measurement. This is also true if the interval time selected is 00:00.  
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If a power failure occurs after Memory has been turned on, "PWR FAIL" will be stored for the 

maximum, minimum, and average for the first interval once power has been restored.  

 

If a measurement for a channel is over ranged, the average is not calculated. See Section 3.3 

for a list of over range messages (Note: "ERROR" is stored for any Error 7-11).  

 

Note:               Menu selections may be viewed, but if any selections are changed (via 

front panel or interface), memory storage will start over, 

storing data at the beginning of the memory buffer and 

any previously stored data will be lost.  

 

See Sections 6 & 7 for a description of accessing the memory data.  

 

When Memory is off, the times will not be displayed. When Memory is on the following will be 

displayed:   

 

 
 

On/Off 

 

 Toggle memory on/off.  

Start Time 

 

 

 Select Start Time.  

Enter 00:00 to start storing immediately. Enter 24:00 to start 

storing at midnight.  

Interval Time 

 

 Select Interval Time.  

Interval Time can be programmed in one minute steps up to 24 

hours. Enter 00:00 to store data as fast as it is measured. (Data 

will be stored at the completion of each full measurement 

cycle).  

 

Continue/Stop 

 

 

 Select Continue or Stop at 200.   

Continue The instrument will store the data in a circular 

buffer, so that the last 200 sets of data may be 

accessed.  

Stop at 200 The instrument will stop storing when the buffer is 

full, so that the first 200 sets of data may be 

accessed.  

 

5.12   EXIT MENU  
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To exit the menu press MENU. If none of the menu selections have been changed, the instrument 

will return to normal scanning. However, if any of the menu selections have been changed the 

following will be displayed:  

 

 Changes have been made.  

                  Save new setup?  yes 

 

 

Yes/No              Toggle yes or no. The user has the option of saving or not saving the changes 

made to the menu selections.   
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SECTION 6  

PRINT MENU 

 

 

 

THE PRINT MENU  
 

The print menu is used to send information to a serial (RS-232C) or parallel (Centronics) printer.  

 

Note:                The instrument stops measuring when it is in the Print Menu  

mode. Therefore, calculations of maximum, minimum, and 

average values do not occur.  

 

If neither the parallel printer nor RS-232C option is installed or selected an appropriate message 

will be displayed. Press ESC to return to normal scanning.  

 

The information displayed in the print menu depends on what functions are active. If auto 

print/transmit is off, auto on/pause will not be displayed. If the memory buffer is empty, none of 

the memory information will be displayed.   

 

 
 

Single Channel When the print menu is entered, the channel that was last  

displayed in the Normal Scanning mode is displayed in the Single 

Channel field.   

 

 

 

There are two ways to print a single channel measurement. One 
way is to scroll through the channels using the UP ARROW or  

DOWN ARROW key and press PRINT to print the 

measurement for that channel. The other is to press the 

appropriate number key for the desired channel. The instrument 

will then return to the Normal Scanning mode. The time and 

date are printed along with the channel measurement.  

Note:     It is possible to select a skipped channel.  

However, no information will be printed.  

All Channels Press PRINT to print measurements for all active channels 

along with the time and date. The instrument will then return to 

the Normal Scanning mode.   

Auto On/Pause 

 

 To temporarily disable auto print/transmit, select Pause. To  

reenable, select On.  
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Memory Print 

 

 

 

 

 

 

 

 

 Select the category of memory information to be printed.   

Data       The current measurements at the time the data was 
stored.  

Min The minimum values between intervals.  

Max The maximum values between intervals.  

Ave        The average of the measurements between intervals. 

Average is not calculated if an over range 

condition occurred during an interval (See 

Section 3.3).  

Press PRINT to print the information. The time and date will be 

printed with each set of data. The instrument will then return to 

the Normal Scanning mode.  

Note:      The  four  categories  of  stored 

 memory information have to be printed 

separately. When one is selected and printed, the 

instrument stops storing data in memory, so that 

all four categories of information will coincide.  

If a power failure occurred during memory 

storage, "PWR FAIL" will be printed for the 

minimum, maximum, and average for the first 

interval once power had been restored.  

Delete 

 
 

To clear the memory buffer, press ENTER. The instrument will 

then return to the Normal Scanning mode.  

   

 

 Note:      Delete does not affect memory On/Off.  

80/132 

 

 Select 80 or 132 column format.   

If 80 column format is selected and more than six channels were 

active when the memory data was stored, the data for the first 

six channels will be printed first, followed by the data for the 

rest of the channels.  

 

With the exception of auto pause/on and 80/132, each function returns the instrument to the 

Normal Scanning mode. To return to normal scanning without performing one of these functions, 

press ESC.  

SECTION 7  

INTERFACE OPTIONS  

 

7.1   INTERFACE COMMANDS  

 

The instrument can be operated from a host (e.g. a terminal, controller, or PC), by sending 

commands to it via one of the interface options.  
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With the exception of the IEEE-488 address, RS-232C parameters, and auto print/transmit times, 

all of the menu selections can be set or queried via the RS-232C or IEEE-488 interface. 

Measurements and memory data can be accessed, as well. See Section 5 for a complete description 

of all menu selections.  

 

The instrument transmits all information as ASCII characters and expects to receive commands as 

ASCII characters, as well. The instrument will convert ASCII numbers to integers or real numbers 

when necessary. The user is expected to perform the same conversion if required for processing 

the data.   

 

Input from the Host  The instrument processes valid command strings sent by the host. A valid 

command string is one or more syntactically correct commands 

followed by a line terminator. A valid line terminator for the RS-

232C interface can be a CR, LF, or CR LF. A valid line 

terminator for the IEEE-488 interface can be LF or EOI.  

 

As the instrument receives input, it stores it in a 255 character 

input buffer. The instrument does not process a command string 

until a line terminator is received or the input buffer becomes full.  

 

The instrument accepts either upper- or lower-case characters. 

Except when they are expected, spaces within a command are 

ignored.  

 

Commands may be given for a single channel or for multiple 

channels using a channel list.  

 

Single Channel  Place the channel number at the end of the last 

branch of the command with no space in 

between.   

 

e.g. MEAS:DATA0 ? - query 

measurement for channel 0.  

 

 

 

 Channel List A channel list begins with (@ and   

ends with ). Individual channels are 

separated by commas and channel 

blocks are separated by a colon. The 

channel list can be composed of both 

individual channels and channel blocks. 

Place the channel list at the end of the 

command string with a space before it.  

e.g. MEAS:DATA ? (@0,2,4:6) - query 

measurements for channels 0, 2, 4, 5, 

and 6.  

If separated by a colon, more than one command can be given 

within a branch.  

Output to the Host  When a command is sent to the instrument, the instrument  
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Using RS-232C 

 

 

 

 

 

 executes it and sends a response including a prompt.  

=> The command was understood and  

executed.  

?>  The command was not understood.  

After sending the instrument a command, wait for it to return a 

prompt before sending it another command.  

Note:     The response sent by the instrument begins with a LF 

(Line Feed) and ends with the prompt 

and CR LF (Carriage Return/Line 

Feed).  

Output to the Host  When a command is sent to the instrument, the instrument  

Using IEEE-488 

 

 

 

 executes it, and in the case of a query command, sends a  
response when it has been addressed as a talker.  

After sending the instrument a query command, read the output 

buffer once, and only once, before sending another command.  

Note:     The response sent by the instrument ends with a CR LF 

EOI.  

If the instrument is to return information for a channel, "CH:" 

followed by the channel number begins the line of information. 

If information is requested for more than one channel, the 

information for each channel will begin on a new line. See 

below for a description of channel lists.  

 

Figure 7-1 shows the command tree.  

 

 

 

 

 

 



34 Instrulab 4312A Operations Manual     May 2, 1997  
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The following (with channel selection omitted, see above for single channel or channel list 

selection) is a description of the commands and queries for channel information selections 

(configuration):  

 

 Command                

 

Description  

 CONF:SCAN 1          Selects scan (channel is active).  

 CONF:SCAN 0           Selects skip.  

CONF:SCAN ?          

 

Queries Scan/Skip. The instrument returns "1" if a channel is 

scanned, or "0" if it is skipped.  

CONF:UNIT C 0.01     
CONF:UNIT C 0.001 

CONF:UNIT F 0.01   

CONF:UNIT F 0.001 

CONF:UNIT K 0.01  

CONF:UNIT K 0.001 

CONF:UNIT OHMS  

Selects Units & Resolution.  

 CONF:UNIT ?           

 

Queries Units & Resolution.  

CONF:CALC COEF       

CONF:CALC 385  

CONF:CALC 3902  

CONF:CALC 391  

CONF:CALC 3916  

CONF:CALC 3923  

CONF:CALC 3926  

Selects Calculation Type.  

 CONF:CALC ?           

 

Queries Calculation Type.  

CONF:COEF:A+ coef     Enters coef for Coefficient A+.  

CONF:COEF:A+ ?        Queries the value for Coefficient A+.  

CONF:COEF:B+ coef     Enters coef for Coefficient B+.  

CONF:COEF:B+ ?        Queries the value for Coefficient B+.  

CONF:COEF:A- coef     Enters coef for Coefficient A-.  

 CONF:COEF:A- ?        Queries the value for Coefficient A-.  

CONF:COEF:B- coef     Enters coef for Coefficient B-.  

 CONF:COEF:B- ?        

 

Queries the value for Coefficient B-.  

 CONF:RTP rtp          Enters rtp for Rtp.  

 CONF:RTP ?            

 

Queries Rtp.  

 CONF:RZ rz            Enters rz for R0.  

 CONF:RZ ?              

 

Queries R0.  

 CONF:SOFF soff        Enters soff for Spot Offset.  

 CONF:SOFF ?           

 

Queries Spot Offset.  

CONF:AOUT:CHAN ch    Selects ch for Analog Out Channel.  

CONF:AOUT:CHAN ?     

 

Queries Analog Out Channel.  
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CONF:AOUT:RES 0.001 

CONF:AOUT:RES 0.01  

CONF:AOUT:RES 0.1 

CONF:AOUT:RES 1  

Selects Analog Out Resolution.  

CONF:AOUT:RES 10  

CONF:AOUT:RES ?       Queries Analog Out Resolution.  

 

CONF:AOUT:OFFS offs  Enters offs for Analog Out Offset. CONF:AOUT:OFFS 

?     Queries Analog Out Offset.  

 

The following is a description of the commands and queries for system information selections:  

 

 Command                

 

Description  

 SYST:DRAT 1          

SYST:DRAT 2  

SYST:DRAT 3  

SYST:DRAT 4  

SYST:DRAT 5  

Selects Display Rate.  

 SYST:DRAT ?           

 

Queries Display Rate.  

SYST:TIME hr,mn,sc    Enters hr,mn,sc for Time.  

 SYST:TIME ?           

 

Queries Time.  

SYST:DATE yr,mo,da    Enters yr,mo,da for Date.  

 SYST:DATE ?           Queries Date.  

 

The following (with channel selection omitted, see above for single channel or channel list 

selection) is a description of the commands and queries for measurement information selections:  

 

Command               

 

 Description  

MEAS: ?               

 

 Queries measurements for all active channels. Measurements 

transmitted are from the last completed measurement cycle.  

MEAS:DATA ?          

 

 

 Queries measurements for a single channel or a channel list.  

Note:      Measurements may be queried for a 

skipped channel. However, no 

information will be transmitted.  

MEAS:STAT ?          

 

 

 Queries status of a single channel or multiple channels (using a 

channel list). The instrument returns "1" if a new measurement 

has occurred for a channel since the channel was last queried. 

The instrument returns "0" if a new measurement has not 

occurred. 

Note:       A channel measurement is only updated  

at the completion of a full measurement 

cycle.  
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When this command is sent without a single channel or channel 

list selection, the status for all channels is returned. The 

instrument returns "1" if new measurements have occurred for all 

channels since any channel was last queried. The instrument 

returns "0" otherwise.   

This command should be used when measurements are being 

queried in a program loop.   

 

MEAS:MCHN:CHAN ch     Selects ch for monitor channel.  

MEAS:MCHN:CHAN ?     

 

Queries channel selected for monitor channel.  

MEAS:MCHN:STAT 1     Turns monitor channel on.  

MEAS:MCHN:STAT 0     Turns monitor channel off.  

MEAS:MCHN:STAT ?     Queries status of monitor channel. The instrument returns "1" if 

monitor channel is on, or "0" if monitor channel is off.  

MEAS:MEM:STRT hr,mn   Enters hr,mn for Memory Start Time.  

MEAS:MEM:STRT ?      

 

Query Memory Start Time.  

MEAS:MEM:INT hr,mn   Enters hr,mn for Memory Interval Time.  

MEAS:MEM:INT ?        

 

Queries Memory Interval Time.  

MEAS:MEM:CONT 1      Selects Continue.  

MEAS:MEM:CONT 0      Selects Stop at 200.  

MEAS:MEM:CONT ?      

 

Queries Continue/Stop at 200. The instrument returns "1" if 

Continue is selected, or "0" if Stop at 200 is selected.  

MEAS:MEM:STAT 1      Turns memory on. The instrument will start storing data at the 

Start Time.  

MEAS:MEM:STAT 0      Turns memory off. The instrument stops storing data.  

MEAS:MEM:STAT ?      

 

Queries memory status. The instrument returns "1" if memory is 

on, or "0" if memory is off.  

MEAS:MEM:DEL           

 

Clears memory buffer.  

MEAS:MEM:DATA ?      

 

Queries Data category.  

MEAS:MEM:MIN ?        

 

Queries Min category.  

MEAS:MEM:MAX ?        

 

Queries Max category.  

MEAS:MEM:AVE ?        Queries Ave category.  

 

7.2   RS-232C INTERFACE  

 

In order to use the optional RS-232C interface, the option must be installed, selected, and the 

communication parameters must match those of the host. See Section 5.5.  

 

The instrument communicates with the host through a DB-9 (female) connector located on the rear 

panel of the instrument. See Figure 7-2 for cable diagrams.  
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The instrument may be connected to a serial printer. See Section 5.6 for an description of the auto 

transmit function. See Section 6.1 for a description of the print menu.  

 

 

 

 
7.3    IEEE-488 INTERFACE  

 

In order to use the optional IEEE-488 interface, the option must be installed, selected, and 

addressed properly.  

 

Errors              If the instrument receives a command it does not understand, it sends a service 

request (SRQ) and sets bit 5 of the Serial Poll Register to 1.   
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Memory Query        When one of the four memory categories is queried the instrument responds 

with one line of data each time it is addressed as a talker. If there 

is more data available, bit 0 of the Serial Poll Register will be set 

to 1.  

 

Serial Poll Register  The instrument responds to a serial poll by returning the contents of the 

serial poll register.   

 

Bit 6     This bit is set to 1, if the instrument has requested service.  

 

Bit 5 This bit is set to 1, if there has been a command 

error.  

 

Bit 0     This bit is set to 1, if there is more data available after a 

memory query command.  

 

The Serial Poll Register is cleared if the instrument receives a 

serial poll command after it has requested service or if it is 

addressed as a talker.  

 

Note:     If the host ignores a service request, and does not serial 

poll the instrument, the error condition will be 

cleared the next time the instrument is addressed 

as a talker.   

 

The instrument communicates with the host through an interface connector located on the rear 

panel of the instrument.  

 

 

 

SECTION 8  

OUTPUT OPTIONS 

 

8.1   PARALLEL PRINTER OUTPUT  

 

In order to use the Parallel (Centronics) Printer option, the option must be installed and selected. 

See Section 5.8.  

 

The instrument communicates with the printer through a DB-25 (female) connector located on the 

rear panel of the instrument. Connect the instrument to the printer using a standard Centronics 

cable.  

 

The pin configuration is as follows:  

 

Pin                     Signal  

    ______  

1                        STROBE  

2                        DATA 0  
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3                        DATA 1  

4                        DATA 2  

5                        DATA 3  

6                        DATA 4  

7                        DATA 5  

8                      DATA 6  

9                        DATA 7  

10                       No connection    

11                       BUSY  

12                       No Connection  

13                       SELECT  

14                      10 KOhm resistor to +5 V  

    _____  

15                      ERROR  

    _____  

16                       PRIME  

17                      +5 V  

 Pin                     Signal  

 

18 Ground  

 

19 Ground  

 

20 Ground  

 

21 Ground  

 

22 Ground  

 

23 Ground  

 

24 Ground  

 

25 Ground  

 

See Section 5.8 for a description of the auto print function. See Section 6 for a description of the 

print menu.  

 

Note:               If the printer option is selected and a printer is not connected, is off line, is out of 

paper, or another error has occurred, "Check Printer" will be 
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displayed in the Selected Interface/Output field when the 

instrument is in the Normal Scanning mode.  

 

8.2    ANALOG OUTPUT  

 

In order to use the Analog Output option, the option must be installed. If it is installed, it is on, it 

cannot be turned off.  

 

Connection is through a plug-in terminal block located on the rear panel of the instrument.  

 

Pin                     Signal  
 

1 Analog Output signal  

 

2 Ground  

 

Analog Output may be selected for any single channel (See Section 5.9). If the channel selected is 

skipped, the output will be zero.   

 

The Analog Output Option provides a linearized output of ±4.095 VDC in 1 mV steps.  

 

If the measurement for the selected channel is over ranged, the output will be either +4.095 (">" 

over range) or -4.095 ("<" over range). See Section 3.3.  

The analog output signal is updated at the completion of each measurement cycle. The output 

signal is proportional to the measurement value minus the zero offset.  

 

Output Signal = (Measurement - Offset) x Resolution  

 

See Section 5.9.  

 

SECTION 9  

TEMPERATURE CALCULATIONS  

TEMPERATURE CALCULATIONS  

 

The 4312A System Thermometer measures the resistance of the RTD sensor and then calculates 

the temperature.  

 

Temperature calculations are made according to the International Temperature Scale of 1990 (ITS-

90). For a complete explanation of ITS-90 refer to the National Institute of Standards and 

Technology (NIST) Technical Note 1265. A brief explanation of the reference functions, deviation 

functions, and equations used is given here.   

 

Temperatures are expressed in terms of the ratio of the measured resistance at the unknown 

temperature and the resistance of the sensor at the triple point temperature of water (273.16 K). 

The resistance ratio W is:  

 

  W = R / Rtp  

 

where:     R = measured resistance at unknown temperature   

  Rtp = resistance of the sensor at triple point (See below)  
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  Wr = W - ∆W  

 

where:     Wr = reference function value  

  W = measured value  

  ∆W = deviation function  

 

Negative Calculations For negative temperature calculations, the deviation function is:  

 

    ∆W = (A-) [W - 1] + (B-) [W - 1] (ln W)  

 where A- and B- are the coefficients of the sensor (See below).  

 

    The reference function is given by:  
12  

     In (Wr)   =  Ao +Σ  Ai {[ In (T/273.16) + 1.5] /1.5 } i                                                                                               

i =1 

and the approximate inverse, equivalent to within ±0.0001 K is:  

 
15  

     T/273.16 =  Bo + 
Σ

  Bi [(Wr 1/6 - 0.65) / 0.35]i                                                                                                                                  

i =1 

 

 

The values of the constants A0 and B0 and of the coefficients Ai 

and Bi are listed in table 5 of the NIST Technical Note 1265.  

  

 

 

 

 

 

 

Positive Calculations 

 

  

 

 

 For positive temperature calculations, the deviation function is:  

∆ W  =  (A+)  [W - 1]  +  (B+)  [W  -  1]
2
where A+ 

and B+ and C+ are the coefficients of the sensor (See below).  
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Once the Kelvin temperature T has been calculated, it is converted to the selected units and the 

value programmed in Spot Offset added (See Section 5.1):  

 

  T (ºC) = (T (K) - 273.15) + Spot Offset (ºC)  

  T (ºF) = [(T (K) - 273.15) x 1.8 + 32] + Spot Offset (ºF)  

  T (K) = T (K) + Spot Offset (K)  

 

Note:           If single point calibration has not been performed for the sensor,  the value 

programmed in Spot Offset should be zero.  

 

For an interchangeable RTD, a nominal alpha is selected and R0 is entered (See Section 5.1). 

Since the resistance ratio equation requires Rtp, the 4312A must correct the R0 value. The  

correction for R0 is:  

 

  Rtp = R0 [1 + 0.01 (alpha)]   

 

 where:     Rtp = resistance of sensor at triple point  

  R0 = resistance of sensor at ice point               alpha = nominal alpha  

 

Figure 

9-1 is 

an R vs 

T table 

calculat

ed using 

these 

coeffici

ents and 

R0 = 

100.000 

ohms.   

   

  The reference function is given by:  

          9 

    

 

  Wr  = Co + Σ  Ci [ (T – 754.15) / 481]i  i =1 

 

 

 

 and the approximate inverse, equivalent to within ±0.00013 K is: 9 

    

 

   T – 273.15 = Do +  Σ  Di [ (Wr – 2.64) / 1.64]i 
i =1 

The values of the constants C0 and D0 and of the coefficients Ci and Di 

are listed in table 5 of the NIST Technical Note 1265.  

  Note:  Alpha is the temperature coefficient of resistance   

 

 

  (obtained by measurement of the sensor resistance R0 at 

0ºC and R100 at 100ºC) and is defined as:  

   

 

    alpha = (R100 - R0) / (100 x R0)  

Alpha 385  The coefficients used in the calculation of temperature for Alpha  

 

 

 385 (alpha = 0.00385) are:  

     A+ = -1.9585000E-2  

     B+ = -5.6700000E-4  

     A- = -2.0495364E-2  

     B- = -9.1544145E-4  
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Alpha 3902 

 

 The coefficients used in the calculation of temperature for 

Alpha 3902 (alpha = 0.003902) are:  

    A+ = -6.3543317E-3  

    B+ = -2.8885827E-4  

    A- = -6.8966496E-3  

  

 

 

  B- = -3.2929457E-3  

Figure 9-2 is an R vs T table calculated using these coefficients 

and R0 = 100.000 ohms.  

Alpha 391 

 

 The coefficients used in the calculation of temperature for 

Alpha 391 (alpha = 0.00391) are:  

    A+ = -3.8948000E-3  

    B+ = -2.1625000E-4  

    A- = -6.2776500E-3  

  

 

 

  B- = -2.0481181E-3  

Figure 9-3 is an R vs T table calculated using these coefficients 

and R0 = 100.000 ohms.  

Alpha 3916 

 

 The coefficients used in the calculation of temperature for 

Alpha 3916 (alpha = 0.003916) are:  

    A+ = -2.4919000E-3  

    B+ = -4.7686000E-4  

    A- = -5.3258141E-3  

  

 

 

  B- = -3.1122353E-3  

Figure 9-4 is an R vs T table calculated using these coefficients 

and R0 = 100.000 ohms.  

Alpha 3923 

 
 

The coefficients used in the calculation of temperature for 

Alpha 3923 (alpha = 0.003923) are:  

    A+ = -8.6798000E-4  

    B+ = +2.4962000E-5  

    A- = -2.9943247E-3  

  

 

 

  B- = -1.7639117E-3  

Figure 9-5 is an R vs T table calculated using these coefficients 

and R0 = 100.000 ohms.  

Alpha 3926 

 

 The coefficients used in the calculation of temperature for 

Alpha 3926 (alpha = 0.003926) are:  

    A+ = +1.8598000E-5  

    B+ = -1.8558000E-4  

    A- = -2.7493874E-3  

    B- = -2.0452728E-3  
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Figure 9-6 is an R vs T table calculated using these coefficients and R0 = 

100.000 ohms.  

  

Single Point Calibration Single point calibration improves the accuracy of an   

 interchangeable RTD over a narrow range (±5ºC) around the   

 calibration temperature. See Section 5.1 for a description of   

 

 

single point calibration and Spot Offset.  

Multiple Point Calibration Multiple point calibration provides the best accuracy over a wide   

 range. The coefficients A+ and B+ for an individual sensor are   

 found by measuring the resistance of the sensor at triple point   

 and two positive calibration temperatures. The coefficients A-   

 and B- are found by measuring the resistance of the sensor at two   

 negative calibration temperatures. The derived coefficients A+,   

 B+, A-, B- and Rtp are then entered into the instrument. See   

 Section 5.1 and 5.2.  

 

System accuracy is defined as the accuracy of the sensor plus the accuracy of the instrument at 25ºC ±5ºC 

ambient. A list of system accuracies for the instrument when used with a Series 800 Industrial Grade, Series 

830 Laboratory Grade, or Model 840 Working Standard Platinum RTD follows.  

 

 Sensor:     Series 800  

 Method Used:  Alpha 3923 and R0  

 

 

Accuracy:  

  

 -100ºC 0ºC 100ºC 200ºC 300ºC 400ºC 

 ±0.353ºC  ±0.030ºC  ±0.236ºC  ±0.440ºC  ±0.678ºC  

 

 Sensor:    Series 800  

 Method Used:  Alpha 3923 and R0 with Single Point Calibration   

  (Note: Accuracies are for calibration temperature ñ5øC)  

 

±0.971ºC  

Accuracy:       

  

  

 -70ºC 0ºC 100ºC  200ºC 250ºC 

 ±0.050ºC  ±0.030ºC  ±0.040ºC  

 

 Sensor:    Series 830  

 Method Used:  Multiple Point Calibration  

 

Accuracy:  

 

 ±0.050ºC  ±0.070ºC  

 -100ºC 0ºC 100ºC 200ºC 300ºC 400ºC 
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 ±0.050ºC  ±0.030ºC  ±0.040ºC  

 

 Sensor:    Model 840   

 Method Used:  Multiple Point Calibration  

 

Accuracy:  

 

±0.050ºC  ±0.110ºC  ±0.260ºC  

 -85ºC  0ºC 100ºC 200ºC 300ºC 400ºC 

 ±0.045ºC  ±0.025ºC  ±0.035ºC  ±0.045ºC  ±0.065ºC  ±0.075ºC  

T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) -190 22.780 -10 96.085 170 164.778 350 229.682 -180 

27.051 0 100.000 180 168.482 360 233.179 -170 31.303 10 103.906 190 172.174 370 236.664 

 -160  35.526  20  107.800 200 175.855 380  240.138 

 -150  39.716  30  111.682 210 179.524 390  243.600 

 -140  43.875  40  115.552 220 183.182 400  247.051 

 -130  48.005  50  119.409 230 186.828 410  250.490 

 -120  52.110  60  123.255 240 190.462 420  253.918 

 -110  56.191  70  127.089 250 194.085 430  259.334 

-100  60.253  80  130.911 260 197.697 440  260.739 -90  64.295  90  134.722 270

 201.296 450  264.132 -80  68.320  100  138.520 280 204.885 460  267.513 

 -70  72.329  110  142.306 290 208.462 470  270.883 

 -60  76.322  120  146.081 300 212.027 480  274.241 

 -50  80.302  130  149.844 310 215.581 490  277.587 

-40  84.267  140  153.595 320 219.124 500  280.922 -30  88.219  150  157.334 330

 222.655  

 -20  92.158  160  161.062 340 226.174  

 

Figure 9-1.  Alpha 385 R vs. T Table  

 

 

 

 

 

 

 

 

T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) -190 21.446 -10 96.032 170 165.640 350 231.433 -180 

25.824 0 100.000 180 169.395 360 234.978 -170 30.174 10 103.957 190 173.137 370 238.511 

 -160  34.487  20  107.903 200 176.868 380  242.033 

 -150  38.762  30  111.836 210 180.587 390  245.544 

 -140  43.001  40  115.757 220 184.294 400  249.043 

 -130  47.208  50  119.666 230 187.990 410  252.530 

 -120  51.385  60  123.563 240 191.674 420  256.005 

 -110  55.537  70  127.447 250 195.346 430  259.469 

-100  59.666  80  131.320 260 199.007 440  262.922 -90  63.774  90  135.181 270

 202.656 450  266.362 -80  67.862  100  139.030 280 206.293 460  269.791 

 -70  71.933  110  142.867 290 209.919 470  273.208 

 -60  75.987  120  146.693 300 213.534 480  276.613 

 -50  80.025  130  150.506 310 217.137 490  280.007 

-40  84.048  140  154.307 320 220.728 500  283.388 -30  88.056  150  158.097 330

 224.308  

 -20  92.051  160  161.875 340 227.876  
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Figure 9-2.  Alpha 3902 R vs. T Table 

 

T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) -190 21.548 -10 96.030 170 165.804 350 231.767 -180 25.903 0 

100.000 180 169.568 360 235.321 -170 30.235 10 103.967 190 173.320 370 238.864 

 -160  34.534  20 107.922 200 177.060  380 242.396 

 -150  38.797  30 111.865 210 180.789  390 245.915 

 -140  43.026  40 115.796 220 184.506  400 249.424 

 -130  47.224  50 119.714 230 188.211  410 252.920 

 -120  51.396  60 123.621 240 191.904  420 256.405 

 -110  55.542  70 127.515 250 195.586  430 259.878 

-100  59.667  80 131.398 260 199.256  440 263.340 -90  63.772  90 135.268 270

 202.915  450 266.790 -80  67.858  100 139.127 280 206.562  460 270.228 

 -70  71.927  110 142.974 290 210.197  470 273.654 

 -60  75.980  120 146.809 300 213.821  480 277.068 

 -50  80.018  130 150.631 310 217.433  490 280.471 

 -40  84.041  140 154.442 320 221.034  500 283.862 

 -30  88.051  150 158.242 330 224.623  

 -20  92.047  160 162.029 340 228.201  

 

Figure 9-3.  Alpha 391 R vs. T Table  

 

 

 

 

 

 

 

 

 

T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) -190 21.343 -10 96.026 170 165.885 350 231.906 -180 25.725 0 

100.000 180 169.653 360 235.463 -170 30.079 10 103.973 190 173.409 370 239.008 

 -160  34.397  20 107.933 200 177.153  380 242.542 

 -150  38.676  30 111.881 210 180.885  390 246.064 

 -140  42.920  40 115.817 220 184.605  400 249.575 

 -130  47.132  50 119.741 230 188.314  410 253.073 

 -120  51.315  60 123.652 240 192.011  420 256.560 

 -110  55.472  70 127.552 250 195.696  430 260.035 

-100  59.607  80 131.439 260 199.369  440 263.499 -90 63.720  90 135.315 270

 203.031  450 266.950 -80  67.814  100 139.178 280 206.681  460 270.390 

 -70  71.891  110 143.029 290 210.320  470 273.818 

 -60  75.950  120 146.868 300 213.947  480 277.234 

 -50  79.994  130 150.696 310 217.562  490 280.639 

 -40  84.023  140 154.511 320 221.165  500 284.031 

 -30  88.038  150 158.314 330 224.757  

 -20  92.039  160 162.106 340 228.337  

 

Figure 9-4.  Alpha 3916 R vs. T Table  

 

T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) -190 21.323 -10 96.017 170 166.014 350 232.207 -180 

25.688 0 100.000 180 169.7490 360 235.775 
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 -170  30.029  10  103.979 190 173.555 370  239.331 

 -160  34.338  20  107.946 200 177.308 380  242.875 

 -150  38.612  30  111.901 210 181.048 390  246.408 

 -140  42.852  40  115.844 220 184.778 400  249.929 

 -130  47.062  50  119.775 230 188.496 410  253.439 

 -120  51.245  60  123.693 240 192.203 420  256.937 

 -110  55.404  70  127.600 250 195.897 430  260.423 

-100  59.541  80  131.495 260 199.580 440  263.898 -90  63.657  90  135.378 270

 203.252 450  267.361 -80  67.756  100  139.249 280 206.911 460  270.812 

 -70  71.838  110  143.108 290 210.560 470  274.252 

 -60  75.903  120  146.955 300 214.197 480  277.679 

 -50  79.954  130  150.791 310 217.822 490  281.095 

-40  83.990  140  154.614 320 221.435 500  284.499 -30  88.012  150  158.426 330

 225.038  

 -20  92.021  160  162.226 340 228.628  

 

Figure 9-5.  Alpha 3923 R vs. T Table  

 

 

 

 

 

 

 

 

 

T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) T (C) R (Ω) -190 21.269 -10 96.016 170 166.036 350 232.288 -180 

25.641 0 100.000 180 169.842 360 235.856 -170 29.988 10 103.983 190 173.609 370 239.413 

 -160  34.302  20  107.953 200 177.364 380  242.959 

 -150  38.580  30  111.911 210 181.107 390  246.493 

 -140  42.825  40  115.857 220 184.838 400  250.015 

 -130  47.038  50  119.791 230 188.588 410  253.525 

 -120  51.224  60  123.713 240 192.266 420  257.024 

 -110  55.385  70  127.623 250 195.963 430  260.511 

-100  59.525  80  131.521 260 199.648 440  263.987 -90  63.644  90  135.407 270

 203.321 450  267.450 -80  67.745  100  139.281 280 206.982 460  270.902 

 -70  71.828  110  143.142 290 210.632 470  274.342 

 -60  75.896  120  146.992 300 214.270 480  277.770 

 -50  79.948  130  150.830 310 217.897 490  281.187 

-40  83.985  140  154.656 320 221.512 500  284.591 -30  88.009  150  158.470 330

 225.116  

 -20  92.019  160  162.273 340 228.707  

 

Figure 9-6.  Alpha 3926 R vs. T Table  

SECTION 10  

INSTRUMENT CALIBRATION 

 

INSTRUMENT CALIBRATION  
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The instrument is calibrated at the factory before shipment.  It is recommended that the instrument be 

recalibrated every 12 months.  The instrument uses a 300-ohm reference resistor to measure resistance 

ratiometrically. In the normal mode of operation, the value of the measured resistance is calculated by 

multiplying the ratio of the measured resistance to the reference resistor by the calibration reference value, 

which is stored in battery backed-up memory.  In the calibration mode, the calibration reference value is 

calculated from the ratio of the reference resistor to the calibration resistance and stored in battery backed-

up memory.  

 

In case of a Cold Start (See Section 3.1), the calibration reference values stored in the battery backed-up 

memory will be lost.  They will be set to the factory default. THE INSTRUMENT IS NOT 

CALIBRATED. The user will have to calibrate or have the instrument calibrated before use.  

 

The instrument should be calibrated at point #1 and point #2.  

 

To begin calibration, enter the Calibrate Menu as shown in Figure 4-1.  

 

 

  WARNING.  This calibrates the instrument!  

  Do not proceed w/o proper resistors!!     Ok 

 

The user is warned not to calibrate without the proper calibration resistors (or decade box) connected to 

the sensor connection card.   

 

  Calibration Resistors (or decade box) should have an uncertainty of 0.0010% (10 ppm).  

 

For those who do not have resistance standards, Instrulab offers calibration resistor cards designed 

specifically to maintain the calibrated accuracy of this instrument  

 

Throughout this menu, the user is prompted to continue. Position the cursor on "Ok" and press ENTER to 

continue, press ESC to return to the previous menu screen, or press MENU to return to the Normal 

Scanning mode.  

 

 

  Select calibration point:  #1          Ok   

 

 

 

 

Select calibration point #1 or #2.  
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Calibration resistor is connected to Channel:     0                             

Ok  

 

 

Select the channel the calibration resistor or decade box is connected to.  

 

 
 

Calibration Channel  This indicates the selected calibration channel. It is not selectable in this menu 

screen.  

 

Measurement 

 

This is the current resistance measurement for the selected 

channel.  

Calibration Point 

 

This indicates the selected calibration point. It is not selectable 

in this menu screen.  

Calibration Value 

 

 

 

Enter the actual value of the calibration resistance. The 

suggested calibration values are 100 ohms for calibration point 

#1 and 300 ohms for calibration point #2.  

These resistor valves are not critical.  1 or 2% variance is 

acceptable.  Calibrated accuracy however is critical.  

Note:      There is not a default value for Calibration 

Value.  

Calibration Date Indicates the date the instrument was last calibrated for the 

selected range. This is automatically set each time the 

instrument is calibrated.  

 

 

 Are you sure you want to calibrate?     no   

 

 

 

Select "yes" and press ENTER to calibrate.   
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Repeat for the other calibration point if necessary.  

 


