
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

 

NIST Frequency Measurement and
Analysis System: Operator’s Manual

Michael A. Lombardi

NISTIR 6610



 
 
 
 

NISTIR 6610

NIST Frequency Measurement and
Analysis System: Operator’s Manual

Michael A. Lombardi
Physics Laboratory

Time and Frequency Division
325 Broadway

Boulder, CO 80305

 

August 2001

U.S. Department of Commerce
Donald Evans, Secretary

National Institute of Standards and Technology
Karen H. Brown, Acting Director



i 

 
Table of Contents 

             INTRODUCTION                                                                                    iii 
 
             CHAPTER 1 
             INSTALLATION                                                                                    1  
                          List of Parts                                                                                   1 
                          Block Diagram of System                                                           2 
                          System Setup                                                                                 3 
                                       GPS Antenna                                                                    3 
                                       Uninterruptible Power Supply (UPS)                           4 
                                       Equipment Rack                                                              4 
                                       Video Monitor                                                                  5 
                                       GPS Receiver                                                                   5 
                                       Printer                                                                                6            
                                       Telephone Modem                                                          6 
                          Connecting Oscillators to the System                                        7 
                          Starting the System                                                                      9 
 
             CHAPTER 2 
             LEARNING TO USE THE MENUS                                                  13 
                          Selecting a Menu Item                                                                13 
                          Exiting a Menu                                                                             14 
                          Exiting the FMAS software                                                        14 
 
             CHAPTER 3 
             MAKING MEASUREMENTS                                                            15         
                          Automatic Plotting                                                                       17 
                          Changing Oscillators                                                                    19 
                          Quick Check of System                                                              20 
 
 
             CHAPTER 4 
             ANALYZING DATA                                                                             23 
                          Loading the Demonstration Data from Disk                             24 
                          Viewing the Data on Screen                                                       24          
                          Printing the Data                                                                          26 

Table of Contents                



ii 

 
NIST Frequency Measurement and Analysis System:  Operator’s Manual 

                        Viewing the Data Statistics                                                    26 
                        Plotting the Data                                                                     27        
                        Editing the Plot on Screen                                                      29 
                                    Removing Data Points from the Plot                          31 
                                    Plotting a Portion of the Plot                                      33 
                                    YAXIS, XAXIS, and MAGNIFY                              34 
                                    Changing the Title of the Plot                                     35        
             
 
            CHAPTER 5 
            RETRIEVING YOUR DATA                                                         37 
                        Retrieving All of the Data                                                      37 
                        Retrieving Some of the Data                                                  38 
 
 
            CHAPTER 6 
            UTILITIES                                                                                        39 
                        ShortTerm                                                                               39 
                                    Retrieving Short Term Measurement Data                43 
                                    Adjusting an Oscillator Using METER                      44 
                        History                                                                                    44 
                        GPS                                                                                         46 
                        CalibrateTIC                                                                           49 
 
 
            CHAPTER 7 
            SETUP SOFTWARE                                                                       51 
 
            APPENDICES 
                        A  - An Introduction to Frequency Calibrations                     55 
                        B  -  Calibration Reports                                                         87 
                        C  -  Specifications and Compliance Documents                   91 
                        D  -  Glossary                                                                          93 
 
 
            INDEX                                                                                               99 
 
 
 



iii 

 
Introduction 

             The NIST Frequency Measurement and Analysis System (FMAS) measures 
and calibrates oscillators and helps you analyze their performance.  The system can 
measure and calibrate quartz, rubidium, and cesium oscillators.  Each day, it prints a 
calibration plot of the data collected in the last 24 hours.  Up to five oscillators can be 
connected to the system and calibrated simultaneously. 
              
             The FMAS is housed in a metal equipment rack.  Its components include a 
Global Positioning System (GPS) radio receiver, a time interval counter, a graphics 
printer, a computer, and a color video monitor.  The FMAS also includes a backup 
power supply that can keep it running for about 30 minutes during power outages.  The 
FMAS will stop operating during longer power outages, but will restart automatically 
when power is restored. 
 
             NIST provides all of the equipment and supplies you need to operate the 
FMAS.  Your only requirements are to supply one or more oscillators and a dedicated 
telephone line (so that NIST can access the system by modem).   
 
             This manual tells you how to install and operate the system.  The first four 
chapters are especially important.  Chapter 1 describes how to install the system.  
Chapter 2 describes how to use the menus.  Chapter 3 describes how to run the system 
in the measurement mode.  Chapter 4 describes how to run the system in the analysis 
mode. 
 
             Please call NIST whenever you have a question or need assistance.  You can 
reach us Monday through Friday from 8 a.m. to 5 p.m. Mountain Time by calling (303) 
497-3212 or (303) 497-3378. 
 
 

Introduction to 

NIST Frequency Measurement 
and Analysis System 
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Chapter 1 - Installation 

             The NIST Frequency Measurement and Analysis System consists of the 
following parts: 
 
• metal equipment rack 

• rack-mount computer 

• rack-mount keyboard with sliding drawer 

• rack-mount monitor shelf with color monitor 

• telephone modem 

• printer and cable 

• multi-channel time interval counter 

• Global Positioning System (GPS) receiver with antenna 

• Uninterruptible Power Supply (UPS) 

 

             In addition to the parts listed above, the system is also shipped with all of the 
other items necessary for operation.  These include cables, power cords, manuals, 
printer paper, and printer ribbons/ink cartridges.  All parts should be unpacked and 
accounted for before installation.  If any part is missing, call NIST at (303) 497-3212 
or (303) 497-3378. 
 
             Figure 1.1  shows a block diagram of the NIST Frequency Measurement and 
Analysis System. 
 
 
 
 
 
 
 
 
 

Chapter 1 

Installation 
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Figure 1.1.   Block Diagram of the NIST Frequency Measurement and Analysis System. 
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Chapter 1 - Installation 

The following sections tell how to install the NIST Frequency Measurement and 
Analysis System (FMAS).  The installation is described in two parts.  The first part, 
SYSTEM SETUP, tells how to set up the FMAS.  The second part explains how to 
connect oscillators to the FMAS. 
 
 
SYSTEM SETUP 
 
             This section describes how to set up the FMAS.  We recommend that you 
install the parts in the order listed. 
 
1.  GPS ANTENNA 
 
             Install the GPS antenna as follows: 
 

a.          Choose a location for the GPS antenna that is as high 
above the ground and as obstruction free as practical.  
GPS reception is line of sight and you will be receiving 
signals from orbiting satellites, so make sure the antenna 
has an unobstructed view of the sky on all sides. 

 
b.          The antenna size and shape might vary, but most are 

small white plastic cones about 5 or 6 inches high (12 to 
15 cm).  The antenna has a threaded mounting base that 
attaches to an 18 inch metal pole (46 cm) included with 
the system.  Mount the antenna by any convenient 
means, but make sure the pole is mounted vertically.  If 
possible, you can affix the pole to an existing roof mount 
using the supplied clamps. 

 
c.          Route the supplied cable down to your system location.  

The system is shipped with 50 feet (15 m) of RG-58 
cable, unless previous arrangements were made with 
NIST.   Make sure that all connections are made 
carefully, and do not kink or stress the cable.  If you 
require a longer cable length, contact NIST and a custom 
lower loss cable will be sent to you.  RG-58 will not 
work properly at the GPS carrier frequency (1575.42 
MHz) when cables longer than 20 m are used.   
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 2.  UNINTERRUPTIBLE POWER SUPPLY (UPS) 
 
            Install the UPS as follows: 
 

a.         Set the UPS on the table or desk top where the system will be 
located.  Plug the UPS into a secure three-pronged wall outlet.  
Do not use an outlet that will be turned off or used by power 
drills, vacuum cleaners, motors, or other electrical devices. 

 
b.         Turn on the UPS so that the batteries can begin charging. 

 
 
3.  EQUIPMENT RACK 
 

The equipment rack is shipped with the computer, keyboard, GPS receiver, and 
monitor shelf already installed.  The computer has been configured and tested at 
NIST and is ready to use in the system.  You do not have to open the computer 
case or install any software. 

 
a.         Remove the equipment rack from its shipping box and gently set 

it on the table or desk top where you will locate the system.  The 
equipment rack is heavy, and you may want to have two people 
available to lift it.  Handles are provided on both sides of the 
equipment rack. 

 
b.         Note that the front panel of the equipment rack has two locks.  

One lock is for the monitor shelf.  The second lock is for a door 
on the computer that covers a floppy drive and the on/off and 
reset buttons for the computer.  You will receive a set of 
identical keys with the FMAS and the same key can be used to 
open either lock.  Use the keys to open the computer door.  
Make sure the power switch is OFF for now. 

 
c.         Locate the keyboard cable at the back of the equipment rack and 

plug it into the round keyboard jack on the back of the computer.  
The keyboard jack might not be marked, but it is the only jack 
where the keyboard connector will fit.  Then pull out the 
keyboard drawer.  Make sure that you can open and close the 
drawer without snagging the cable. 
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d.          Connect a power cord to the back of the computer, and 
plug the computer into the UPS.  Leave the computer's 
power switch (behind the door) OFF for now. 

 
 
4.  VIDEO MONITOR 
 
             Install the monitor as follows: 
 

a.          Place the video monitor on the monitor shelf through the 
large opening on the back of the equipment rack.  
Position the monitor so that the entire screen is visible 
even when the door to the monitor shelf is closed. 

 
b.          Plug the monitor directly into a wall outlet, if available.  

Do not plug the monitor into the UPS unless no other 
outlets are available.  The UPS will be able to endure 
longer power outages if it does not have to supply power 
to the monitor. 

 
c.          Connect the monitor’s signal cable to the video jack on 

the back of the computer.  The video jack is the only jack 
where the monitor connector will fit. 

 
d.          You may turn the monitor ON now.  Keep in mind that 

the monitor will last longer if you turn it OFF when you 
leave for the night or when no one is using the system. 

 
 
5.  GPS RECEIVER 
 

The FMAS uses a GPS receiver that is embedded inside the rack mount 
computer system.  This receiver draws power from the computer’s 
power supply, and is controlled by the computer’s software.  Its antenna 
connector is mounted on the computer’s back panel. 
 
To install the receiver, simply connect the cable from the GPS antenna 
to the TNC connector marked ANTENNA on the back of the computer. 
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6.  PRINTER  
 

Install the printer as follows: 
 

a.          Remove the printer from the packaging and set it on the 
desk or table top. 

 
b.          Load the printer with paper.  It uses standard 8.5 × 11 

inch cut sheet paper.   A package of this paper is 
supplied with the system. 

 
c.          Connect the printer cable (a round cable) to the jack on 

the back of the printer. 
 
d.          Connect the other end of the printer cable to the jack on 

the back of the computer.  The jack is not marked, but it 
will be the only jack that fits. 

 
e.          Plug the power cord from the printer into the UPS. 

 
f.          Turn the printer ON. 
 
 

7.  TELEPHONE MODEM 
 

The modem is already installed inside the computer.  You simply need 
to plug the modem into a telephone wall jack. 

 
a.          Plug the supplied phone cable into the telephone wall 

jack. 
 

b.          Plug the other end of this cable into the phone jack 
marked "WALL" on the back of the computer.  
Sometimes there will be two modem jacks and neither 
jack is labeled.  In that case, either jack will usually 
work. 

 
 
             This completes the installation.  The next section explains how to connect your 
oscillators to the measurement system. 
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CONNECTING OSCILLATORS TO THE SYSTEM 
 
             This section explains how to connect your oscillators to the FMAS.  All 
connections are made using cables (typically RG-58, 50 Ω impedance) with standard 
BNC connectors.  Several cables of this type were supplied with the system. 
 
             The first thing required is to select one of the oscillators in your laboratory as 
your primary oscillator.  Your primary oscillator should meet the following criteria: 
 

• It should be the best oscillator available that is a 
permanent part of your laboratory.  For example, 
select an oscillator that will remain permanently at 
your site and not one that will be sent to another 
location. 

 
• Your oscillator must provide a frequency output of 

either 1, 5, or 10 MHz. 
 

• Your oscillator should be connected to a stand-by 
power supply so that power outages do not interrupt 
the signals. 

 
• Your oscillator should run 24 hours a day, 7 days a 

week, so that NIST can continually monitor its 
performance and send you a monthly calibration 
report, and so that you can continuosly establish 
traceability to the United States national frequency 
standard. 

 
• The signal from your primary oscillator at 50 Ω 

should be at least 200 mV peak-to-peak (about 70 
mV RMS) and should not exceed 3.5 V peak-to-peak 
(about 1.2 V RMS).   It is unlikely that the signal will 
be too small, but it could be too large.  If the signal 
is too large, you need to use an attenuator to reduce 
it to an acceptable level. 

 
             Oscillators are connected to the BNC connectors on the back panel of the 
measurement system.  The time interval counter already installed inside the system can  
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accept either a 1, 5, or 10 MHz input signal from your primary oscillator as a time 
base.   
 
Connect your oscillators to the system as follows: 
 
Primary Oscillator (Channel 1) -  Connect a cable from your primary oscillator to the 
BNC connector labeled PRIMARY.  This signal serves as the counter's time base, and 
will also be measured via GPS. 
 
            Channel 1 measures the frequency uncertainty of  your primary oscillator using 
GPS as a reference frequency.  Since GPS signals are monitored by NIST and since the 
measurement system is linked by modem to NIST, your calibrations are traceable to 
the national frequency standard.  You will receive a monthly calibration report that 
documents traceability (see Appendix B).      
 
Secondary Oscillators (Channels 2, 3, 4, and 5)  -  Since your primary oscillator is 
traceable to NIST, you can use it as a reference frequency for calibrating other 
oscillators, thus completing their traceability chain.   As many as four other oscillators 
may be calibrated simultaneously on channels 2, 3, 4, and 5.  To connect additional 
oscillators to the system, simply connect their output to channel 2, 3, 4, or 5 on the 
back panel of the measurement system.  The input signal can be any frequency from 1 
Hz to 120 MHz in 1 Hz increments. 
 

IMPORTANT NOTE:   All signals that you connect to the 
system should not exceed 3.5 V peak-to-peak (about 1.2 
V RMS).   You should check the signal level of every 
oscillator before connecting it to the system.  If the level 
exceeds 3.5 V peak-to-peak, use an attenuator to reduce 
the signal amplitude.   Signals that are too large can 
cause interference with adjacent counter channels, or 
cause the counter to make trigger errors.  In either case, 
the system will make measurement errors and reduce the 
quality of your data.   
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 STARTING THE SYSTEM 
 
             To start the system, turn the computer's power switch ON.  If the video monitor 
is not ON, turn it ON at this time.  Before the system can make measurements, it has to 
make sure that the GPS signal is usable.  After a few seconds, a screen will appear like 
the one shown below: 

Figure 1.2.  The GPS acquisition screen. 
 
             The screen shows the status of the GPS signal acquisition process.  The receiver 
automatically acquires the signal.   There are several conditions that must be met 
before the system decides that GPS is usable for frequency calibrations.  The receiver 
must be tracking more than three satellites.  The timing stability must be less than 80 ns 
(this internal check should not be confused with the true stability of the receiver which 
is generally much smaller).   The value for PDOP must not exceed 3.0.  PDOP is an 
acronym for Position Dilution of Precision, which is a measure of the quality of the 
position fix.  The lower the PDOP, the more "spread out" the satellites are in the sky 
and the better the position fix.  And finally, the Position Hold Mode must be turned on.  
This indicates that your antenna’s position has been surveyed with an uncertainty of 
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less than 10 m.  At this point, the system is ready to use for frequency calibrations.  
The system will wait 10 s and then load the measurement software. 
 
             The first time you install the system, it may take as long as 30 min to complete 
the process of GPS signal acquisition.  The acquisition process will be repeated only if 
you restart the system, or if a power outage occurs that lasts longer than about 30 min 
(about what the UPS can handle).   However, after the first time, the acquisition 
process should take a few minutes or less since the system has already stored most of 
the data that it needs.  If the position of the antenna changes for any reason, you should 
restart the system.  This will  force the system to again go through the signal 
acquisition process and resurvey the new position of the antenna. 

Figure 1.3.  The channel name input screen. 
 

             Once the measurement software is loaded, the screen shown in Figure 1.3 
should appear on the monitor.  If this screen does not appear, go through the previous 
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steps in this chapter again and make sure the system has been properly installed.  If 
you need help, call NIST at (303) 497-3212 or (303) 497-3378. 
              
             Once the screen shown in Figure 1.3 appears, enter a name and input 
frequency, and select a reference frequency (described at end of chapter) for each 
channel that has a signal connected.  For example, if you connected signals to channels 
1, 2, and 3 on the counter, enter a channel name and input frequency, and select a 
reference frequency for channels 1, 2, and 3.  You can move around the input screen 
by pressing the <UP ARROW> key to go up, or the <DOWN ARROW> key to go 
down.   Channel names, input frequencies, and the reference frequency selection are 
discussed below. 
 
Channel Names -  Give a clear, simple name to each channel.  For example, if your 
primary oscillator is a Model X Rubidium and you are comparing it to GPS,  then enter 
a name like: 
 

  Model X Rubidium vs GPS  
 
             On channel 2, you might be measuring a Model Z Quartz oscillator.   You can 
use a name like: 
 

Model Z Quartz (Serial Number 101) 
 

             Clear, simple titles are very helpful when you look at your data in the future.  
You can enter names up to 50 characters long, which allows you to be quite 
descriptive.  You can include such information as the oscillator's serial number, 
property number, and so on.  When you finish entering a channel name, press 
<ENTER>.  If you make a mistake and want to erase the channel name, press the 
<DEL> key to erase the channel name.  
   
Input Frequencies - The input frequency is the nameplate or nominal frequency of the 
oscillator you will be measuring.  In other words, this is the frequency that the 
oscillator is supposed to produce.  For example, if you are measuring a quartz 
oscillator that is supposed to produce a 5 MHz output, the input frequency to the 
system is 5 MHz.  The FMAS will then measure the difference, or frequency offset 
between the the nameplate frequency and the actual frequency produced by the 
oscillator. 
 
             The input frequency must be entered in hertz, so 5 MHz will be entered as 
5000000 Hz.  The FMAS is capable of measuring any frequency from 1 Hz to 120 
MHz in increments of 1 Hz.  This allows you to measure nearly any frequency that you 
are likely to encounter in the calibration laboratory. 
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Reference Frequency - The FMAS can compare each input frequency either to your 
primary oscillator (the oscillator connected to channel 1), or to GPS.   The primary 
oscillator is designated as P and GPS is designated as G, so enter either a P or a G in 
this column.  Keep in mind that the primary oscillator on channel 1 can be compared 
only to GPS, so you are not allowed to change the G in the channel 1 column. 
 
             It is conventional to compare channels 2 through 5 to the primary oscillator, if 
the primary oscillator is a significantly better performer than the other oscillators you 
are measuring.  For example, if your primary oscillator is a cesium, and the oscillators 
on channels 2 through 5 are rubidium or quartz devices, you should select P on 
channels 2 through 5.  However, if all of your oscillators are rubidiums, you should use 
GPS as the reference on all channels, since this makes more sense than comparing one 
rubidium oscillator to another. 
 
             After you have entered the necessary information for every channel in use, 
press the <ESC> key to save the channel names and descriptors to disk.  You are now 
ready to go on to the next chapter. 
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             This section tells how to use the FMAS menus.  At this point, the MAIN 
MENU should be on screen as shown below: 

             All FMAS menus work the same way.  Each  menu is located inside the box at 
the top of the screen.  The top line of the menu lists the menu items.  One menu item is 
always highlighted.  The second line of the menu describes the function of the 
highlighted menu item.  In the above menu, for example, the menu item LOAD is 
highlighted.  The words "Load data from disk" are printed on the second line.  This 
tells you that LOAD is used to load data from disk. 
 
             You can move to a different menu item by using the right and left arrow keys.  
You should try this now.  Each time you press either <RIGHT ARROW> or <LEFT 
ARROW>, a different menu item is highlighted.  For example, if LOAD is 
highlighted, pushing <RIGHT ARROW> causes VIEW to be highlighted.  Whenever 
you move to a different menu item, the text changes on the second line of the menu. 
 
             The menu is circular.  For example, if you are on the left most menu item and 
press <LEFT ARROW>, you will move to the right most menu item.  Likewise, if you 
are on the right most menu item and press <RIGHT ARROW>, you will move to the 
left most menu item.  Try this by holding down either <RIGHT ARROW> or <LEFT 
ARROW> and watching the menu wrap around. 
 
             You can also move to the left most menu item by pressing <HOME>, or to the 
rightmost menu item by pressing <END>. 
 
Selecting a Menu Item 
 
             There are two ways to select a menu item.  The first way is to locate the item 
you want using the arrow keys, and to then press <ENTER>. 

Chapter 2 

Learning to Use the Menus 
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            The second way is easier and faster.  Notice that each menu item begins with a 
different letter.  You can select a menu item by typing its first letter.  For example, you 
could select LOAD by pressing the <L> key. 
 
 
Exiting a Menu 
 
            Nearly every menu contains an item called QUIT.  When you select QUIT, it 
returns you to the previous menu.  If you make a mistake, and wind up with the wrong 
menu on screen, you can select QUIT and go back to where you were.  Pressing the 
<ESC> key does the same thing as selecting QUIT. 
 
 
Exiting the FMAS software 
 
            To exit the FMAS software, select QUIT from the MAIN MENU, and then 
select YES from the next menu.  You are then returned to DOS.  To run the FMAS 
software again, type FM2000 and press <ENTER>. 
 
            You may want to use DOS commands while you are running the FMAS.  For 
example, you might want to copy a disk, format a disk, or view a directory.  To do so, 
select DOS from the MAIN MENU.  When you select DOS you will return to DOS.  
When you are ready to return to the FMAS, type EXIT and press <ENTER>. 
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             To begin making measurements, select MEASURE from the MAIN MENU.  In 
a few moments, the measurement screen will appear.  The top part of the measurement 
screen is a bar graph that gives you a quick indication of how each oscillator is 
performing.  The bars represent channels 1 through 5 (from top to bottom).  Figure 3.1 
shows a sample measurement screen: 

Figure 3.1.  A sample measurement screen. 
 

             The bars are color coded.  Each bar corresponds to one of the channel names 
shown at the bottom of the measurement screen.  The channel names represent 
channels 1 through 5 (from top to bottom).  Each channel name is next to a colored 
box.  The box colors match the bar colors.  For example, the top bar is orange.  It 
represents the performance of the oscillator connected to channel 1.  The top box is 
also orange.  It marks the channel name for channel 1. 
 

Chapter 3 

Making Measurements 
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            When you first start the system, the measurement screen shows a bar and a 
channel name for every channel in use.  However, the bars extend only to the number 
"5" on the far left side of the screen.  After the system has been running for between 1 
and 2 hours, the bars will extend further (assuming that the oscillator's performance is 
better than 1 × 10-5)  and show the true performance of the oscillator. 
 
            The bars show the estimated frequency offset of each oscillator.  The numbers 
at the top of the screen (from 5 to 13) indicate frequency offset values ranging from 1 
× 10-5 to 1 × 10-13.  For example, if the bar extends exactly to 10, the frequency offset 
is 1 × 10-10.  There are 10 divisions between the numbers.  If the bar extends halfway 
between 10 and 11 (5 divisions past 10), the frequency offset is 5 × 10-11.  The longer 
the bar, the smaller the frequency offset of the device under test.   
 
            The range of the system is 1 × 10-5 to 1 × 10-13.  If the performance of an 
oscillator is worse than 1 × 10-5, the bar will still extend to the "5".  If the performance 
of an oscillator is better than 1 × 10-13, the bar will extend only to the "13".  Each bar 
also contains either a plus sign "+" or a minus sign "–".  A plus sign means the 
oscillator is high in frequency.  A minus sign means the oscillator is low in frequency. 
 
            When the system has been on for less than 24 hours, the bars are based on all 
of the available data.  For example, if the system has been on for 12 hours, the bars 
show the oscillator's performance over the last 12 hours.  However, when the system 
has collected data for more than 24 hours, only the most recent 24 hours are used. 
 
            The FMAS stores a new data point to disk every hour at 0 minutes and 0 
seconds UTC.  For example, the FMAS stores data at 17:00:00 UTC, 18:00:00 UTC, 
and so on.  Whenever the system stores data, it also updates the bars to reflect the 
oscillator’s performance over the last 24 hours.  Stable oscillators will perform at the 
same level for long periods of time (many days), and so the length of the bars might 
not change very often.  Even so, you should glance at the bars periodically to 
determine whether your oscillators are performing as expected. 
 
            Figure 3.1 shows the measurement screen of an FMAS with five channels 
connected.  The top bar (for channel 1) extends all the way to the right.   It shows that 
the frequency offset of UTC(NIST) is 1 × 10-13 or less.  Channel 2 shows a quartz 
oscillator with a frequency offset of about 1 × 10-8.  Channels 3 through 5 show 
devices whose frequency offset is measured in parts in 1010, 1011, and 1012, 
respectively. 
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             The screen area below the bar graph contains information about the 
measurements being made.  The small red box contains the current date and the current 
time (UTC).  This information is received by satellite from the GPS broadcast.  As 
discussed earlier, the channel names are located inside the blue box (below the date 
and time values).  
 
             The "Difference" column shows the difference between the last two counter 
readings.  This difference in expressed in nanoseconds.  For example, if the last two 
counter readings are 11736.32 and 11735.34, the difference is  0.98 ns (11736.32 
minus 11735.34). 
 
             The "Count" column shows the most recent counter reading for each channel.  
The FMAS reads each counter channel in numerical order.  The arrow moves each 
time a measurement is made, and points to the channel currently being read.   
 
             The FMAS has a number of powerful data analysis features that are described 
in Chapter 4.  To use these features, you need to stop the measurements.  However, 
you should always leave the system running in the measurement mode whenever you 
are not using the analysis software.  The FMAS was designed to run 24 hours per day, 
7 days per week.  Every 24 hours the FMAS stops taking readings and plots the data 
collected in the past 24 hours.  It then starts taking readings again.  The only time you 
are required to stop the measurements is when you change the frequency inputs 
connected to the system.  Automatic plotting and changing the frequency inputs are 
discussed in the next two sections. 
 
 
AUTOMATIC PLOTTING 
 
             The FMAS produces a daily calibration plot for every oscillator connected to 
the system.  If two oscillators are connected there are two daily plots; if four are 
connected there are four daily plots, and so on.  The plots are normally printed every 
day at 1600 UTC (to change the plot time, see Chapter 7).  After the plots are printed, 
the FMAS starts to take readings again.  Each plot shows the data recorded from the 
oscillator during the past 24 hours. 
 
             You do not have to wait for the daily plot time to print a plot of the last 24 
hours.  You can print plots at any time by pressing <CONTROL-P>.  If you have more 
than one channel, but want to print only the plot for Channel 1, press <CONTROL-P>,  
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then press <ESC> while the plot is being printed.  The FMAS will then go back to 
taking readings without printing the other plots. 
 
            A typical daily calibration plot is shown in Figure 3.2.  The plot’s title is 
centered above the plot.  The plot’s title is the channel name.  The y-axis of the plot is 
labeled MICROSECONDS.  The x-axis intercepts the y-axis at 0 µs.  The scale of the 
plot is indicated by the numbers at the top and bottom of the y-axis.  The plot has the 
number 100 printed at the top and bottom of the y-axis.  This means that the areas 
above and below the x-axis each represent 100 µs.  The total range of the y-axis is 200 
µs (from –100 to +100). 

Figure 3.2.  A sample daily calibration plot. 
 
            There are three lines of text below the plot.  The top line shows the time and 
date when the first and last data points were recorded.  Since the plot normally covers 
a period of 24 hours, the time of day should be the same for the first and last data 
points, but the date will be advanced by one day. 
 
            The second line shows the tick mark interval and the channel from which the 
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data was recorded.  For a 24 hour plot, the tick marks are always spaced 1 hour apart.  
For example, the left edge of Figure 3.2 represents 1900 UTC, the first tick mark is 
2000 UTC, the second tick mark is 2100 UTC, and so on.  
 
            The bottom line shows the number of data points (usually 25 for a 24 hour 
plot), the estimated frequency offset of the oscillator, and the correlation coefficient (r).  
For more information about these values, please see Appendix A. 
 
            Each calibration plot is printed on a separate piece of paper.  You may want to 
keep the plots in a notebook for future reference. 
 
            Please note that if the printer is turned off, is off-line, or is out of paper, the 
FMAS will not be able to print the plots.  It will sound an alarm for 10 s when it tries to 
print each plot.  If you do not fix the printer (turn it on or put it on-line) the FMAS will 
go back to making measurements without printing any plots.  If you do not want or 
need the daily plots, you can leave the printer turned off.  However, you should always 
keep the printer connected to the FMAS, or the system may not work properly.   
 
CHANGING OSCILLATORS 
 
            From time to time, you'll need to change, remove, or add oscillators to the 
FMAS.  To do so, stop the system by pressing <CONTROL-X>.  You are then 
returned to the MAIN MENU.  Then complete the following steps: 
 

• Disconnect the oscillators that you want to remove 
and connect the new oscillators using the procedures 
described on pages 7 and 8.   

 
• Select NAMES from the MAIN MENU.  Type in the 

new channel names and input frequencies as 
described on pages 10 through 12 and press <ESC> 
to save.  If a channel is no longer used, delete the 
channel name by pressing the <DEL> key. 

 
• When you finish, press <ESC> to save the new 

channel names to disk. 
 
• Restart the measurements by selecting MEASURE. 
 

            When you restart the measurements, the bar for each new oscillator will be all 
the way to the left since the system does not yet have enough data to show the new 
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oscillator's performance.  After 1 to 2 hours, the bars will extend to show the 
performance of the oscillator.  If you deleted a channel name, the bar for that channel 
will no longer appear on the measurement screen. 
 
             Whenever the system prints plots of the last 24 hours the plots will include only 
data from the new oscillator.  This feature was included so that the 24 hour plots will 
never "mix" data from two different oscillators.  For example, if you change oscillators 
at 1800 UTC and press <CONTROL-P> at 2300 UTC, the plots will include data from 
the last 5 hours only.  However, the data from the oscillator that you replaced is still on 
the disk and can be retrieved at any time.  For information about retrieving data, please 
see Chapter 5. 
 
 
QUICK CHECK OF SYSTEM 
 
             When the system is taking measurements it requires only a small amount of 
operator attention.  However, make a habit of regularly visually checking the system to 
make sure that everything is working properly.  Once you know what to look for, the 
visual check takes just a few seconds.  The things to look for are summarized below: 
 

•  Is the printer ON, ON-LINE, and loaded with paper? 
 

The printer must be on, on-line, and loaded with paper in order 
for the system to plot automatically. 
 
 

•  Are the counter readings (displayed on screen) stable? 
 
If the counter readings are not stable, they are printed in red.  If 
this only happens on channel 1, it could mean that the GPS 
receiver has failed or temporarily lost the signal.   If it happens 
on all channels, it could indicate a problem with your primary 
oscillator.   If it happens on an individual channel other than 
channel 1, it could mean that the oscillator you are calibrating is 
defective or is producing a signal with a frequency offset larger  
than 1 × 10-5 with respect to its nameplate frequency.  If you 
have just turned the oscillator on, this situation may occur for a 
few minutes while the oscillator warms up.   
 
 
 



21 

 
Chapter 3 - Making Measurements 

•  Is any counter channel showing NO SIGNAL? 
 
If you see the NO SIGNAL message printed in place of the 
counter readings, it means that the system cannot detect whether 
an oscillator is connected to the channel.  Check the cable 
between the oscillator and the counter (it could be loose or 
disconnected).  Or, the signal may be too weak to drive the 
counter.  If you think this is the case, please contact NIST for 
assistance. 

 
 
•  Are the oscillators performing as well as usual? 

 
A quick glance at the bar graph will indicate whether your 
oscillators are working the way they should.  For example, if a 
bar is shorter than usual, you may have a problem with one of 
your oscillators or your GPS reception (if GPS is used as the 
reference on that channel).  Contact NIST if you need 
assistance. 
 



 




