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ATTENTION! To prevent failure of the interface RS-232C, that provides the
link between separate blocks of the device (see fig. 4.1 on page 11), it is neces-
sary to be guided by the following rules.

1. The connection of the Control terminal PC-1 to the block Active Hydrogen
Maser should be carried out with the switched OFF terminal PC-1, or with
the switched OFF Standard.

2. The connection of the PLL Unit to the block Active Hydrogen Maser is ad-
mitted only with the switched OFF PLL Unit, or with the switched OFF block
Active Hydrogen Maser.
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1. PURPOSE

Hydrogen Maser Frequency and Time Standard model VCH-1003A (hereinafter
named as “Standard”) is intended for the use as the source of precision signals for time
- frequency measurements, and for the use in the standard, reference and working in-
struments of measurements.

The Standard can be used both independently, and in a structure of automated
measuring complexes.

The possibility of the remote control of the Standard and the diagnostics of its
status by means the communication line and Internet is provided.

The main fields for the applications of the Standard:

Time keeping service;
Radionavigation;
Radioastronomy;
Scientific researches.
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2. COMPLETE SET

The delivery complete set of Hydrogen Maser Frequency and Time Standard
model VCH-1003A consists of the following items.

Item Quantity
Standard model VCH-1003A

Packing of the Standard

220V AC connecting cable

BATTERY cable connector 2PM14 (female)
RS-232C connecting cable

Pull-out fuse BIT 2b-1A

Pull-out fuse BII 2b-2A

Pull-out fuse BII 2b-5A

Wrench 8x10

. Screwdriver
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. Certificate
. Installation CD
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3. SPECIFICATIONS

In the Standard model VCH-1003A the active hydrogen maser (AHM) as the ac-
tive element is used.

Operational parameters of the Standard are as follows.

Voltage of the power supply, Volt 220+ 22
Frequency of the power supply, Hertz 50; 60
Power consumption (max.), Watt <250
Battery 1, Volt 22-30
Battery 2, Volt 22-30
Environment temperature, °C +(5 + 40)
Rela(t)ive humidity of air (at the temperature up to 80%
+25°C)

. 84 - 106 kPa
Atmospheric pressure (630 - 795 mm of Hg)
AHM thermostat warm-up time, days 4-5

Time of the setting of the working mode while the 12
AHM thermostat is warmed up, hours

Allowable storage time of the Standard with ion <30
pumps switched OFF, days
Mean time before failure, hours > 5000
Service life, years > 12
Resource, hours 50 000
Weight of the Standard, kg

— Without packing 85

— In packing box 182.5
Overall dimensions of the Standard, mm

— Without packing 550x990x550

— In packing box 1100x1350x900

With the aim to spare the resource, and to shorten the time of preparation to
work, the “Standby” mode is realized in the Standard. This mode means that vacuum
pumps are to be switched ON, and the system of the beam formation of hydrogen at-
oms is to be switched OFF.
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ATTENTION!

1. For a short break (less than one month) in the operation the “Standby”
mode is admitted.

2. If the Standard is switched OFF for a long time it is recommended each
month to use the “Standby” mode for 2 days.

The Standard provides.

1) Generation of precision signals with frequencies 5 MHz and 100 MHz.

2) Time scale signal generation with the synchronization (in case of necessity) by the
external time scale pulse.

3) Adjustment of the frequency of generated signals with the relative step 10" from
the nominal value.

The signals generated by the Standard have the following guaranteed parameters.

1. Relative frequency instability (Allan variance)

Time of measurement Allan variance
1 sec 1.2-101"
10 sec 2-10
100 sec 7-10°"
3600 sec 2:107"
1 day 2.10°

2. Spectral density of the phase noise of the output signal in the single side band (on
the specified analyzing frequency), not more than

Output signal frequency, MHz 5 100
on 10 Hz -130 dB/Hz -110 dB/Hz
on 100 Hz -140 dB/Hz -120 dB/Hz
more |1 kHz -150 dB/Hz -130 dB/Hz
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3. Other parameters.

Relative accuracy of the frequency 5.10°3
(factory calibration)
Relative sensitivity of the frequency to an external mag- <1.10M
. -1 .
netic field, Oersted
Temperature sensitivity factor of the frequency, ° C”' <1.10"°
Relative drift in the frequency over 1 day <3.10"°"
Effective voltage of output signals 5 MHz and 1402
100 MHz on the load 50 Ohm, Volt -
Parameters of the time scale signal on the load 50 Ohm:
a) Type of the signal positive TTL
pulses
b) Frequency of pulses, Hertz 1
c¢) Duration of the pulse, us 20+ 10
d) Time of the pulse rise, ns 10
e) Voltage, Volt
low level <0.2
high level >2.5

* in cavity tuning mode.

** achieved after extend period of unperturbed, continuous operation.

The management of the Standard is executed through the screen interface of IBM
compatible personal computer (PC). On the display the status of the following func-
tions is indicated and set.

e The mode of the operation, and adjusting parameters of units of the Standard
(“Watches”).

The setting of the frequency corrector; the control tools of the Standard (“Con-
trol”).

The record of the previous status of the Standard (“History”).

Daily record of the status of the Standard (“DayHistory”).

Following elements are located on the forward wall of the Standard (fig.3.1):

e The top panel: LED indicators displaying the switching ON of: the power supply
voltage (POWER); the the battery power supply ; the Phase Locked Loop status.

e The bottom panel: the toggle - switch POWER; LED indicators displaying the
switching ON of the power supply from the Battery 1, Battery 2; coaxial sockets
for output signals SMHz, 100MHz, 1Hz (two sockets for every signal).

The external synchronizing signal 1Hz is to be connected through the appropriate
socket 1PPS input on the forward wall of the PLL Unit.
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Position Name Designation
number
1 POWER PLL Unit AC power is ON
2 BATTERY PLL Unit Battery voltage presents
3 PLL LOCK PLL is locked
4 POWER ACM AC power is ON
5,7 BATTERY ACM Batteries voltages present
6 POWER Toggle-switch AC Power ON-OFF
8 1 PPS 1 PPS input for synchronization
9 100 MHz 100 MHz input of internal comparator
10,11 1 PPS 1,2 1 PPS outputs
12,13 5MHz 1,2 5 MHz outputs
14,15 100 MHz 1,2 100 MHz outputs
1. 2

H-MASER

VCH-1003A

10 12// 14
11 13/ 15
Fig.3.1

Front panel of the Standard
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Following elements are located on the back wall of the Standard (fig.3.2):

Pos. number | Name Designation
1 RS-232C Serial interface connector
2 F1 5A; F2 5A Batteries fuses holders
3 PLL UNIT F3 1A;F4 1A PLL Unit fuses holders
4 PHYSICAL PACKAGE F4 2A; | AHM fuses holders
F52A
5 220V 50Hz 160VA AC power connector
6 BATTERY 1; BATTERY 2 Batteries connectors
/ O (e} O
/ RS-232 O (e O
Fig.3.2

Rear panel of the Standard

10
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4. BRIEF DESCRIPTION OF THE STANDARD
4.1. General structure

The complete configuration of the Standard has the structure shown in Omuoka! Uc-
TOYHHUK CCHUIKH He Hali/leH..

Standard
PLL

: : Remote
: : terminal
« 1420 T t RS-232C : LAN

i MHz

»
»

A

ﬁ ‘illl* ﬁ

ARM

@) Server «------ Copmandand___., Manager
RS232C | ¢ | satus files (remote)
‘Manager
~ (local) :
PC-1 PC-2
Fig. 4.1

Configuration of the Standard with the remote terminal of the User

The following units are allocated here.
Standard — H-maser Frequency and Time Standard;
Remote terminal — the remote terminal of the User PC-2.

Standard consists of the following main blocks.

AHM  — H-maser plus the microprocessor for the maser;

PLL — radioelectronic system for the formation of reference signals of frequency
and time (PLL Unit);

PC-1 - the Control terminal containing the program-server, and the program-
manager.

The optional remote terminal PC-2 of the User contains only the program-
manager.

11
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The terminals PC-1 and PC-2 provide:
1) The generation of commands for Standard management.
2) The processing of the data that characterize the operation mode of the Standard.
3) The tuning of the microwave cavity resonant frequency onto the top of the hydro-
gen emission line.
4) The dialogue mode of the management through the screen interface.

Three possible ways of the link between terminals, that provide the functions of the
remote management by the Standard, are specified in Ommnoka! UcTOUHUK CCHLIKHU
He Hal/IeH..

€> — Local or global network.

&  — Telephone communication line.

The Standard management, on the choice of the User, can be executed in four
ways:
1) By the Control terminal PC-1.
2) By the Control terminal PC-2:
e Through the local network.
e Through the telephone communication line.
e Through Internet..

The choice of the way for the remote management by the Standard is executed
with the help of the software installed on the User remote terminal PC-2.

4.2. Principle of the action of the Standard

The principle of the Hydrogen Maser Frequency and Time Standard model
VCH-1003A action is based on the phase locking of the signal of the local crystal os-
cillator (LCO) by the active hydrogen maser signal (through the PLL — Phase Locking
Loop).

The main source, that causes the frequency instability of the Standard on the long
time intervals (more than 1 day), is the instability of the microwave cavity resonant
frequency. Therefore, the system of the automatic tuning of this frequency onto the top
of the hydrogen emission line is necessary to provide the stability at 2-10™"° over the
averaging time 1 day.

To maintain the requirements to the output signals (see Section 3) in the Standard
the tuning system is realized. This one performs two main functions.
1) Automatic tuning of the output frequency of the Standard by AHM signal.
2) Automatic tuning of the microwave cavity resonant frequency onto the top of the
hydrogen emission line.

The main units and functions of the Standard are considered below in detail.

12
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4.3. Active Hydrogen Maser

The precision signal with the frequency 1420.405... MHz and the power of the
order 107 Watt is generated here. The schematic drawing of the physical package (H-
maser) of the Active Hydrogen Maser is presented in fig. 4.2.

The unit consists of the following main elements.

e The microwave cavity (RF cavity) with the Storage bulb. The cavity is being to
be tuned by the Varactor, to which the driven voltage formed by the DAC of the
AHM is supplied. The control code for DAC is formed by the microprocessor of
the same unit on the basis of codes generated in PC-1.

e The system that forms the beam of the excited hydrogen atoms irradiated the signal
in the microwave cavity.

e The Control and Monitoring Unit with microprocessor and the control cir-
cuits.

The beam of hydrogen atoms is formed as follows.

The intermetallic compound (LaNisH), is used as H2 supply. While the com-
pound is heated the molecular hydrogen is desorbed. The gaseous hydrogen goes into
the purifier.

The hydrogen purifier (Nickel purifier, see fig. 4.2) represents by itself the
thin-walled nickel tube rolled - up in a spiral. The change of the tube penetrability is
provided by the electrical heating by the current up to 1 Ampere (the purifier current)
at the voltage up to 1 Volt.

The molecular hydrogen after the purifier is subjected to the dissociation and is
excited in the Discharge bulb. The electrical glow discharge in the bulb is excited
by the high-frequency oscillator (HF Oscillator). This oscillator provides the electri-
cal field with the frequency 100-120 MHz and the strength of the order 1000 Volt/cm.
The intensity of the glow discharge is monitored by the photo-resistor sensor.

Hydrogen atoms from the Discharge bulb (through the collimator) fall into the
field of the quadrupole magnet (4-pole state selector). This magnet sorts the at-
oms.

The atoms of the hydrogen, that have been sorted out, are injected into the Stor-
age bulb located in the center of the microwave cavity. The weak longitudinal mag-
netic field (C-field) is imposed onto the bulb. This field splits the hyperthin structure
of the hydrogen main state arisen as the result of the interaction between the electron
spin and the nucleus spin.

13
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Fig. 4.2
H-maser

The induced radiation of the hydrogen atoms occurs in the storage bulb. The re-
ceived signal, through the Receiving loop, the Ferrite isolator, and coaxial plug is
transferred to the low-noise preamplifier of the PLL Unit (see Section 4.4.1).

To stabilize the beam of the hydrogen atoms the system of the registration of the
change in the hydrogen flow (Beam Stabilizer) is used. The change in the hydrogen
pressure yields the change in the temperature of the flow. The last one is checked by
the thermoresistor Pirani-gauge.

14
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To eliminate the dependence of the irradiated signal frequency on the external
magnetic fields and the temperature there the systems of the Thermostats and Mag-
netic shields are used, inside of which the microwave cavity of the maser is placed.

The system of magnetic screening contains of 5 screens (shields). The factor of
the screening equals approximately to10°.

Two-stage multi-zone thermostabilization system provides the keeping of the mi-
crowave cavity temperature with the accuracy 0.001 °C. The measurement of the tem-
perature is executed by gauges placed in different points of the system.

The additional (and variable on the strength) inhomogeneous magnetic field, in-
tended for the change of the quality factor of the hydrogen emission line, is created in
the storage bulb of the microwave cavity.

Two independent vacuum systems provided by the Getter Pump and three lon
Pumps are used in the maser.

The getter pump, in the combination with the first ion pump, makes and supports
the vacuum in the system of the atomic hydrogen beam formation. The second ion
pump provides the vacuum in the RF cavity, and the third one is a spare.

The activation of an absorber in the getter pump is carried out on the factory-
manufacturer by the electrical heating up to temperature 800 °C. The switching ON of
ion pumps is to be carried out in conditions of high vacuum with pressure of residual
gases not more 2:10” mm of Hg.

The quality of the vacuum is checked by the current of ion pumps and by the
thermoresistor Pirani-gauge installed in the system of the hydrogen beam formation.

Structure of the Active Hydrogen Maser is shown in fig. 4.3.

The following basic elements are shown in the this figure.
e TS extern. / intern — external and internal thermostats supplied with voltages
+24V and +20V.
UTS - thermostat of control circuits of internal thermostats.
HV1 / 2 — high voltage power supply units having the power supply + 24V.
Beam stabil. — hydrogen beam stabilizer having the power supply + 24V.
HFO - high frequency oscillator having the power supply + 26V.
Hydride — source of molecular hydrogen.

Pirani — vacuum metter

e AC/DC, DC/DC - converters of power supply voltages.

15
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e Microprocessor — the internal microprocessor that provides the management of
the Active Hydrogen Maser, and the link between the PLL Unit and the Control
terminal PC-1 through the interface RS-232C.

e Bat1 Ext., Bat2 Int —batteries 22-30V.

— | Varactor ~,
v C > 1420 MHz
Beam T <— Pirani
S SN irani
stabil.
<— HV2
HV1 —&
s || .
extern. T T
HFO | |Hydride
000000409 DAC 27.,26,24,20,+12,+5V
Microprocessor ANAANANDNAA
RS-232C | RS-232C | |PACan— DC/DC
b8 ot 1
PC-1 PLL oagy LACBC L1
~ Bat1 Bat2
Ext. Int.
Fig. 4.3
Structure of Active Hydrogen Maser
44. PLL Unit

The PLL Unit provides the operation of two systems.
1) The phase-auto-tuning system that locks the frequency of the local crystal oscillator
5 MHz to the signal of H-maser (further “system LCO-PLL”);
2) System for the auto tuning of the frequency of the microwave cavity.

The structure of the PLL Unit is shown in fig. 4.4.
The power supply unit consisting of the converters AC/DC and DC/DC is sepa-

rately shown here. The power supply (~220V and Battery 22—-30V) for this unit is
taken from the AHM. The output voltages have the following purpose.

16
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e 24V — the power supply for the local crystal oscillator (LCO-5MHz).

e +15V,-15V,+5V — the power supply for electronic circuits of the PLL Unit.

AHM Frequenc Synthesizer
o Ted t YI—1 PD ¢ 405.751xxxx | €

1420 MHz converer KH>

2 Multiplier
100 MHz T

LCO-5 MHz [

5 MHz

l Microcontroller
Fre;uency 1 RS-232C
1 g | divider | Q l I 24, +15, 15, +5 V
(o Synehr AHM B L N
0
v DC/DC
Frequency '}

—*|comparator 27V T

fx + TIM —| AC/DC

~220V
Battery
Fig. 4.4
The structure of the PLL Unit

4.4.1. System LCO-PLL

The main elements of the system are shown in fig. 4.4.
The system for the phase locking of the local crystal oscillator 5 MHz (LCO-
5 MHz) by the signal of the AHM contains the following elements:
e The low-noise Frequency converter;

The frequency Multiplier;
The phase detector (PD);
The tunable frequency synthesizer 405.751xxxx kHz (Synthesizer).

The Frequency converter provides the conversion of frequency 1.420405...
GHz (of the signal generated by the AHM) to the frequency of the phase detector 405

17
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... kHz. The signal of the local crystal oscillator 5 MHz, transformed in the Multi-
plier, is used as the reference signal for the converter.

The tunable frequency Synthesizer is used for the formation of the reference
signal for the phase detector. The synthesizer provides the discrete electronic tuning of
output frequencies with the relative step 10" from their nominal values.

The signal from the phase detector (PD) output is subjected to the low-frequency
filtering, and is used for the tuning of the local crystal oscillator 5 MHz.

4.4.2. System of the microwave cavity tuning

The tuning of the microwave cavity resonant frequency onto the top of the hy-
drogen emission line is executed as follows.

Actually, the AHM is the auto-oscillating system with two resonators. It contains
the microwave cavity, the second resonator is presented by the hydrogen emission
line.

While the resonators are detuned (have different resonance frequencies), the ef-
fect of the dragging of the oscillation frequency takes place. This effect is described by
following approximate relation:

Jo=Ju +_(fc _fH)'

Here

/o 1s the H-maser oscillation frequency;

fu=1420.4057517 MHz is the frequency of the hydrogen radiation spectral line top;
fc 1s the resonant frequency of the microwave cavity;

Oy ~2-10° is the quality factor of the hydrogen radiation spectral line;

Oc ~ 4-10" is the quality factor of the microwave cavity.

Thus, the change of the quality factor of one resonator results in the shift of the
maser oscillation frequency. This shift is proportional to the detuning of the resona-
tors. If the detuning is equal to zero then the change of the quality factor does not af-
fect the frequency of the output signal.

To tune the microwave cavity in the VCH-1003A the cyclic modulation of the
quality factor of the hydrogen emission line is performed. The modulation of the qual-
ity factor is made in two following ways.
¢ By the change of the beam intensity of hydrogen atoms injected into the microwave

cavity;
e By the imposing of the inhomogeneous magnetic field on the storage bulb located
inside the microwave cavity.

18
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The change of the beam intensity of hydrogen atoms, in turn, is realized also in
two ways:
e Through the modulation of the molecular hydrogen flow by the change of the pene-
trability of walls of the nickel tube used as the purifier;
¢ By the modulation of the output power of the high-frequency oscillator used for the
dissociation of hydrogen.

The modulation of the nickel purifier penetrability is characterized by large iner-
tia because this mechanism is realized by the change of the temperature of the purifier
pipe. The use of this way excludes the modulation of the inhomogeneous magnetic
field and the high-frequency oscillator output power.

The ways mentioned above permit to modulate the quality factor of the hydrogen
emission line by the depth up to 50 percents.

A comparison of the VCH-1003A output frequency (f;) with the frequency of
other Standard (fy) in cases of maximal (Q,,.x) and minimal (Q,,;,) quality factors gives
the information about the detuning of the cavity.

The built-in Frequency comparator with the Time Interval Meter (see fig.4.4.) is
used for the measurement of the relative frequency difference df=(f—f,)/f,. The dis-
crepancy (detuning) is dF = df | Qmax - df | Qmin -

The period (in seconds) of the modulation of the quality factor is to be predeter-
mined through the keyboard into the field Period of the window Control (see Sec-
tion 6.3.7). The detected difference between frequencies of the Standard at high and
low meanings of the quality factor expressed in terms of 107" is displayed in the field
dFq*1e15.

When the absolute value of the relative detuning is greater than 10, the propor-
tional or big steps tuning the microwave cavity is executed. In the opposite case the
change of the driven voltage is made by steps, determined in the file h_server.ini
(see Section 5.3 ).

To form the driven voltage the 15 bit (32768 steps) DAC (digital-to-analog con-
verter) is used. The voltage from the DAC output is applied to the Varactor in the
microwave cavity (see fig. 4.2). The change of the voltage on 1 step results the relative
change of the oscillation frequency approximately equal to 3.-107'°.

The rough tuning of the oscillation frequency is stipulated in the system. The ad-
ditional two-digit DAC (DACaux) is used for this purpose. The code of the additional
DAC is to be set in file h_server.ini. The resulting driven voltage is the sum of out-
put voltages of both DACs.

While the absolute value of the relative detuning lies in the limits from 10" up
to 5-107", the proportional or big steps tuning of the microwave cavity is executed.

19
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4.5. The output signals

The output signals 5 MHz, 100 MHz and the signal of the time scale 1 Hz are
formed in the Standard.

1. The signals 5 MHz are taken from the outputs of the local crystal oscillator (2 out-
puts).

2. The signal 100 MHz is formed in the frequency multiplier, and through buffer am-
plifiers is put to outputs of the Standard (2 outputs).

3. The signal of the time scale 1 Hz is formed by the Frequency divider (see fig.
4.4). Following to the command from the Control terminal PC-1, acting through the
Interface RS-232C, the time scale signal formed by the Standard can be synchro-
nized by the external time scale pulse submitted to the input Synchr.

20



VCH-1003A
U]

5. INSTALLATION INSTRUCTIONS

To install the software of the Standard the certain requirements to the configura-
tion and software of personal computers must be fulfilled.

5.1. Requirements to personal computers

5.1.1. Host computer PC-1

For the functioning of the Standard the usage of the host computer with the type
not lower than Pentium, RAM 128 Mb, free space 50 Mb on the hard disk is neces-
sary.

The host computer PC-1 executes the functions of the Control terminal. The op-
erational system Windows 9x,2000,XP should be installed on this computer.

To provide the function of the remote management through the phone it is neces-
sary to connect a modem to the computer, and to install the software Dial up server.

To provide the function of the remote management through Internet the com-
puter should be continually connected to Internet, and have the fixed IP address. Be-
sides, it is necessary to launch the program of the FTP-server on the host computer.

5.1.2. Remote computer PC-2

The remote computer PC-2 provides the functions of the User terminal. It is pos-
sible to use a computer of the type IBM PC/AT with the following minimal configura-
tion: the processor Pentium, RAM 128 Mb, free space 50 Mb on the hard disk.

The operational system Windows 9x,2000,XP should be installed on the remote
computer.

To provide the function of the remote management through the phone it is neces-
sary to connect a modem to the computer.

The installation of the software is to be executed from the CD.

5.2. Installation of the software

The installation of the software is to be executed from the CD. The CD contains
two folders: Server And Manager Software and Manager Software.

The installation of the software on the host computer PC-1 is executed from the
folder Server And Manager Software of the CD. The installation of the program-
manager on the remote computer PC-2 is executed from the folder Manager Soft-
ware. To install the software it is necessary to run the file sefup.exe from appropriate
folder.

An example of the file system for the host computer PC-1 is presented in fig.
5.1. The folder VCH-1003A with two subdirectories that have the identical level is
shown here.
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e connect — the folder containing files for the providing of the data exchange be-
tween the program-server and the program-manager (this folder is created by the
program VCH-1003 Server);

e ServerAndManager — the folder containing the program-server and the program-
manager.

B3 Program Files

{:l Accessones

&3 Adobe

=-{E3 YCH-10034

{:I connect

-3 ServertindManager
&3 Weh-a08

Fig. 5.1

The example of the file system
for the host computer PC-1

The arrangement on disks of the computer and the names of all catalogues, ex-
cept the folder connect, can be arbitrary.

The folder connect should be announced as home for the remote users in case
of TCP/IP connection. The appropriate declaration is to be made when the FTP server
is set. This folder should be announced as the shared resource (to provide the man-
agement through the remote terminal).

For the system security the folder ServerAndManager should be closed for the
external users. All higher level catalogues are also recommended to close for the ex-

ternal users.
While the software is being installed on the host computer PC-1 it is necessary
to place the program-server into the Start Up folder.
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5.3. File h_server.ini

The installation of the software results in occurrence of the file h_server.ini in
the folder ServerAndManager with the software.

As an example, the part of this file (with brief comments) is shown below.
[Tune] — Group of parameters, responsible for the tuning of the cavity

Pause=30 — Pause in seconds after the switching of Q-factor before the meas-
urement of the frequency difference df=(f,—f,)/f, (see Section
4.4.2). If the beam intensity of excited hydrogen atoms is modulated
by the change of the nickel purifier current then Pause=300

LogFile=1 — The protocol of the tuning is allowed to be written to the file (the
protocol is not saved if LogFile=0)
Prop=1 — Mode of the proportional tuning the microwave cavity. That is the

correction of the DAC code is proportional to the detuning if the de-
tuning exceeds dFLimitx1.e-15 (see below)

Drift=1000 - Frequency drift compensation. In units of the 17th digit per day.
If Drift >0 - frequency increases (DAC decreases).

EvOdd=0 — If EvOdd=0 then the Standard is tuned every even hour (1:00-1:59,
3:00-3:59,...),
for EvOdd=1 — every odd hour

EveryHour=1 — The Standard is tuned continuously without tacking into account the
meaning of EvOdd

Slope=35 — The relative change (in units of the 17" digit) of the frequency of the
Standard corresponding to 1 DAC step. This parameter is used at
large detuning (more then dFLimitx1.e-15) when Prop=1

dFLimit=50 - The detuning threshold. If the relative detuning exceeds
dFLimitx1.e-15 then the change of the DAC code is made by large
steps 10xStep (for Prop=0) or proportionally (for Prop=1)

Step=8 — The meaning of the small step. It is adapted if AdapStep=1 but can
not exceed the meaning 40
Step0=10 — The starting meaning for the small step. This parameter is used

when the detuning exceeds dFLimitx1.e-15.
AdapStep=1 - This parameter allows the adaptive choice of Step depending on the
process of the tuning:

If the quantity of steps in one direction exceeds these in the
opposite direction on Ndir1 steps (over Cdir cycles) then the
meaning of Step is increased twice

If the quantity of steps in one direction is less than in the op-
posite direction on Ndir2 steps (over Cdir cycles) then the meaning
of Step is decreased twice

CDir=21 — Default values of parameters
Ndir1=13
Ndir2=6
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TCounter=100 — The counting interval [seconds] for the determination of the dif-
ference between frequencies f, and f,,. The result of this measure-
ment is displayed on the window “Control” in the field
Freq.Difference*1e15 in terms of 107",

[DAC]

DACcode=2909 - The code of the main DAC (see Section 4.4.2. System of the
microwave cavity tuning)

DACaux=1 — The code of the auxiliary DAC. This code is used for the set-
ting of the region of the driven voltage

[COMM]

HG=COM1 — The serial port, to which is connected the block AHM

PLLU=COM1.2  — The serial port, to which is connected the block PLL. The
name of this port must always be ended by “.2”
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6. TERMINALS AND SCREEN INTERFACES

6.1.

While the host computer PC-1 (that provides the
functions of the Control terminal) is switched ON, the
automatic loading of the system Windows 95 and the
activation of the program-server occur.

The open window Server is displayed on the desk-
top of the computer. This window has no control tools
(except system functions of the window management). It
can be turned into the icon.

On the desktop of the Control terminal PC-1 the
icon VCH-1003A Manager is also displayed (see fig.
6.2).

To provide the management by the Standard the

Control terminal PC-1

L]

Al

WEH-10038 Server

Fig. 6.1

The icon of the
program VCH-1003A
Server.

program VCH-1003A Manager installed on the Control terminal is to be activated. It
is necessary to execute actions specified in Item “b” of Section 6.2 for this purpose.

6.2. The management from the User terminal PC-2

The User terminal PC-2 provides the functions of
the remote management by the Standard. To switch the
User terminal ON it is necessary to execute the following
actions.

a) To switch the computer ON, and to load the system
Windows;

b) To start the software by clicking the icon H-manager
(see fig. 6.2).

The inquiry of the password appears on the display
after the activation of the program H-manager (see fig.
6.3).

Fig. 6.2

The icon of the
program VCH-1003A
Manager

It is necessary to enter the password into this box (from the keyboard). Then the

button OK is to be clicked by the mouse.
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Input Password

o

Fig. 6.3

Dialog box Input Password

6.3. Screen interface of the program-manager

When the terminal is switched ON, the screen interface VCH-1003A, containing
following elements, appears on the computer display (the example of the interface
with windows turned to icons is given in fig. 6.4).

+¥ Standard ¥YCH-1003A Manager
File ‘iews Options Help

J Control == E || W aiches
A History ==l A% Daps History [SIE] B
¥} Server Link. .. == E3

Fig.6.4

Fragment of the screen interface VCH-1003A with icons
Control, Watches, History, DayHistory and Server Link
Monitor

Control — icon by default;

Watches — is open by default;

History — closed by default;

DayHistory — closed by default.

Server Link Monitor — is open by default;

26



VCH-1003A
U]

On the remote terminal of the User PC-2, in case of the connection through
Internet, the item Connection appears in the main menu (see, for example, fig.

6.11).
The contents of the main menu and windows of the interface are considered be-

low.

6.3.1. Menu File

This menu contains the unique command EXit intended for the switching the
screen interface OFF.

6.3.2. Menu View

This menu contains the following commands (see fig. 6.5).

4% Standard YCH-1003A Manager

G Option: Help

Watches

Histary

Drays Histary
Server Link Monitor

Arrange |cons

Fig. 6.5

Opened menu View

e Control, Watches, History, DayHistory, Server Link Monitor
— Expanding of icons to the complete images or opening of the closed windows.
e Arrange Icons — The arrangement of icons.

When the command Server Link Monitor is activated the information window
1s opened (see fig. 6.6).
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& Seryer Link Monitor

Server Location c:WProgram Files\WCH-10034 connect

Gt Mazer State
14.06.02 15:3%:36 : OF

Send Command

Fig. 6.6

The message box Server Link Monitor

The current status of the connection with the program-server is displayed in this
box.

6.3.3. Menu Options

This menu contains two following commands (see fig. 6.7).
e Standard Server Info Location;
e Change Password.

4+ Standard YCH-1003A Manager

Fig. 6.7

Opened menu Options

6.3.3.1. Command Standard Server Info Location

The command Standard Server Info Location determines the way of the
management (from control or remote terminal), as well as the choice of the folder
Connect, in which the programs ensuring exchange by the data are placed. The acti-
vation of this command results the opening of the dialog box Standard Server Info
Location represented in fig. 6.8. This box contains three panels.

e Location/Connection.
e Directory.
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e TCPI/IP.

The following settings are executed from these panels.
— The type of the connection (work from the Control terminal, through the local net-
work, telephone communication line, Internet) is set.
— The disk drive and the complete way to the folder Connect on the host computer
PC-1 (performing functions of the Control terminal) are specified.
— The data necessary for the maintenance of the remote connection (through the User
terminal PC-2) are entered.

Standard Server Info Location I
— Location/Connection) — Directory————————— = TCRJF
et Server |P-address
& Local | 4 Progiam Files
. 0 /CH-10055 [127.0.01
I:l connect
1 LAN [C1 Serverdindt anag User Mame
- Wl
" Diakup I =" j I
Fazzword
 TCPAP
| c:4Program I xxxxxx
k. Cancel | Help
Fig. 6.8
The dialog box Standard Server Info Location for the maintenance
of the connection with the program-server

The panel Location/Connection is intended for the choice of the way of the
connection. It contains the following buttons that ensure the management by the Stan-
dard.

e Local — Work from the Control terminal;

e LAN — Through the local network;

e Dial up - Through the telephone communication line;
e TCP/IP — Connection through Internet.

The panel Directory is intended for the indication of the disk drive and the way
to the folder Connect. This panel becomes inaccessible when the button TCP/IP is
activated, that is the work through Internet.
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The choice of the disk drive is executed by the opening of the dialog box of the
disk drives (the second window from the top). In case of working with remote man-
ager in this field user have to point the disk drive of PC-1, which should be connected
to PC-2 as virtual network disk.

The selection of the way to the folder Connect is executed by the double click
by the mouse on the name of the required folder directory in the dialog box Directory
(the first box).

The complete way to the chosen folder is displayed in the bottom (the third) box
of the panel.

The panel TCP/IP is intended for the data input, necessary for the maintenance
of the remote connection through Internet. This panel contains three dialog boxes.
e Server IP-address;
e User name;
e Password.

Into the dialog box Server IP-address the IP address of the host computer
PC-1 (performing function of the Control terminal, that is containing the program-
server) is entered (from the keyboard of the remote terminal PC-2 of the User).

The dialog boxes User name and Password are intended for the identification
of the User, possessing the right of the management by the Standard.

While working from the Control terminal PC-1, through the local network, or
telephone communication line, the panel Directory becomes accessible.

The information, confirming correctness of the choice of the folder, appears in
the case of the correct selection of the way to the folder Connect on this panel (be-
tween the box of the disk drive and the box of the complete way to the folder, see fig.
6.9).
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Standard Server Info Location I
— Location/Connection) — Directony = NEEAE
Ao Server IP-address

f+ Local £ Program Files

EWEH-10034, I'IE?.EI.EI.'I
€ LAN Ilzer Mame
" Dial WIEMya

1al-Lp I =E j I
" TCPAP
| e \Program I xxxxxx

Fig. 6.9

The dialog box H-maser server location with
the correctly chosen folder Connect

6.3.3.2.

When the program is installed the following fixed password is set.

Command Change Password

The command Change Password is intended for the change of the password
that ensures the access of the program-manager.

vremyach

To change this (or entered earlier) password it is necessary to activate the com-
mand Change Password. As the result the dialog box, represented in fig. 6.10, ap-
pears. After the dialog box Change Password is opened it is necessary to execute
the following actions.

1. To type (from the keyboard) the old password into the box Old Password.
2. To type (from the keyboard) the new password into the box New Password.
3. To type again the new password into the box Confirm New Password.

4. To click the button OK by the mouse.
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0ld Pazsword

I —

Mew Pazsward

I [— | ok I
|_Cancel |

Confirmn Mew Faszword

I ’“‘“’1 Cancel

Fig. 6.10
Dialog box Change Password

6.3.4. Menu Connection

If the management from the remote computer PC-2 through Internet is chosen
(the dialog box H-maser server location of menu Options, see fig. 6.8) then the
menu Connection becomes accessible. The contents of this menu is represented in
fig. 6.11. The menu provides three commands.
e Connect.
¢ Disconnect.
e Auto connect/ disconnect.

|t ppj=teir

Auto Connect/Dizconnect

Fig. 6.11
Opened menu Connection

The activation of the first two commands provides, accordingly, the switch ON
and OFF of the connection with the program-server.

If the third command is activated then the connection takes place when user push
button Refresh. It is automatically closed at the completion of data transfer.
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6.3.5. Menu Help

Menu Help is executed in the format accepted for the system Windows. It pro-

vides the call of the help system, and gives the information about the software.

The help system supports the contextual information. This information can be
asked from dialog boxes, and by the key F1 after the click by the mouse on any control
tool in any window.

6.3.6. Window Watches
The fragment of the screen interface VCH-1003A containing the expanded im-

age of the child window Watches is represented in fig. 6.12.

The date and time of the last record are displayed in the heading of this window

(in brackets).

image of the child window Watches

< Watches ___rogram Files\VYCH-1003A\connect [ 6-14-02 14:01 ]

— Statuz — PLL Uit — AHKM power —active Hodrogen b aser
| FECtin | ~/= |[267]||| ~/= |{26E]||] Pumpikv |[ 35]|] H2Ovenv |[127]
Al-net | | Battemn || 24 | | Batten || 0. | | Pump mcd, || g ||F'irani|:lven"v"||1|].5|
|PowerPLLU|[26.3 |||| Battery2 |[ 268 ||| Pump2ky |{ 35 ||| ES Oven' |[ 63|
Wermal Operstion || 17757 (149 | |[PowerHM] [26.1 || [ PumpZ mea |[ T ||[ EE OvenV |[74]
| 150 ||-15.'I| | +2B4 || 25.5| |H_I,IdrF"ressure|| 3.8 | |Tu|:|e Dven'ﬁ-"” i1 |
| +5 || 5, | | +2dif || 23.E| | HbeamSuppl ||23.4| | FI Oven || E.4 |
| Int. T ||44.3| | +20 ||‘IE|.B| | Purif. & ||EI.58| | IS Owen ' ||1EIE|
~ AHM [ Flevel [[13]([[ <12 |[11.9]||[ Vacwm ][1.30]|[ 1EOven ][ 76]
AL-net | | PL out || 34 | | 12 ||-'I1.E| | HFO ||25.'I|| IT Owen ' || 54|
| HFO A, ||EI.5EI| | [ree Coil || 0. |
Marmal Operation | Discharge || 786 || DaC || 20935 |
| UTC Oven || 35 | |Detun|ng|| 15 |
Helrezh | I14.EIE'-.EIE14:EI'I:5EI

Fig. 6.12

Fragment of the screen interface VCH-1003A with the expanded

The window Watches contains the following four panels.

Status;
PLL Unit;

AHM power;
Active Hydrogen Maser.
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The panel Status contains the following fields.
1) PLL Unit
— indication of the power supply used:
e AC net — net supply 220V,
e Battery — external or internal battery.
— the status of the PLL Unit.
2) AHM
— indication of the power supply used;
— the status of the Active Hydrogen Maser.

In the field “the status of the PLL Unit” one of the following messages is dis-
played:
Normal operation (in green color) — code 0000
Not connected (in red color) — code 4000
No synchronism (in red color) — code 0100
No 1 pps (in red color) — code 0200
1 Hz synchr. fail (in red color) — code 0400

The field “the status of the AHM” may contain one of the following messages:
Normal operation (in green color) — code 0000
Not connected (in red color) — code 0040

All codes are summed and displayed in the column SynErr of the window His-
tory. For example, the code 0300 means, that no malfunctions is revealed in the Ac-
tive Hydrogen Maser (see two low-order digits of the code), but the synchroniza-
tion is broken in the PLL Unit, and there is no output signal 1Hz.

The following indication is displayed on the panel PLL Unit.

1) Power — the voltage supplied through Active Hydrogen Maser.
2) AC/DC — the voltage at the AC/DC converter output.
3) Battery — the battery voltage supplied through Active Hydrogen Maser.
4) +15V — the voltage of the source +15V.
5) =15V — the voltage of the source -15V.
6) +5V —the voltage of the source +5V.
7) Int T — temperature of the block of the management by internal thermostats.
8) IF level — the voltage of the H-maser signal that is supplied to the

system LCO-PLL.
9) PD out — the voltage at the phase detector output.

The pancl AHM power displays the voltages of the Active Hydrogen Maser
power supply.
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The panel Active Hydrogen Maser (that contains two columns) displays the
mode of the AHM operation.

The digital gauges, that are located on these panels, display the meaning of
checked parameters. The exit of the meaning out of the allowable limits is displayed
by color of the gauge.

The green color means the normal mode.

Red color — excess of the allowable meaning.

Dark blue color — very low meaning.

The button Refresh and the box for the indication of the current date and time
are placed at the bottom right corner of the window Watches.

The button Refresh is accessible only if the management of the Standard
through the telephone communication line, or through Internet is provided. If this but-
ton is activated then the connection between the remote terminal of the User and the
Control terminal is made.

In the case of the use of the telephone line, the connection is closed automatically
(at the absence of transmitted data) after the expiration of the maximum allowable
time.

At the connection through Internet the connection is closed at once after the
completion of the data transfer.

The button Refresh provides the call of the server and refreshes the data of the
gauges. This button duplicates the functions executed at the activation of the command
Auto connect / disconnect from the menu Connection.

6.3.7. Window Control

The expanded child window Control is shown in fig. 6.13. This window is in-
tended both for the management of processes of switching ON/OFF and the adjusting
of the Standard, and for the displaying of the status of separate units of the Standard.

The indicators of the control tools of the window Control provide two following
functions.

1) The displaying of the commands entered through this window.
2) The displaying of the current status of the Standard (in the view of external com-
mands entered, for example, from another terminal).

If the command is sent through the remote terminal of the User PC-2 then its
execution is confirmed by the Control terminal PC-1 after some delay determined by
the type of the chosen connection with the program-server.

This window contains the following panels.
On/Off;
Method of Cavity Tuning;
Cavity Tuning;
Output frequency;
Synchronization.
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The main part of the control tools of these panels are mutually dependent. These
will be considered in a sequence.

J Control = ||

— OM/OFF
|' bd azer |' Start o Pl

+ 0N O Auto
C OFF || & Man |V Beam

=2

— Methad of Cavity Tuning
™| Eirifien Crrerit b ad il ation
[~ HFO Modulation
¥ MF Maodulation

— Cavity Tuning
—%/ith External R eference

[ ON Cyclelength [ 1800
dFg=1e1s5[ 23
Freq. Difference1elh 107,
= il atien
L 2 ) [
& ([ ] ) EF

DaC I 15123
" Output Frequency
core o’y [ (&

— Synchronization

Fig. 6.13
Opened child window Control

6.3.7.1. Panel On/Off

The panel On/Off is intended for the switching ON and OFF of the maser. This
panel contains three groups of managing tools.

The first group Maser has two trigger buttons: ON and OFF. The initial status
before the switching ON of the maser is OFF, thus the tools of the third group (see be-
low) are inaccessible.
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The second group Start has also two trigger buttons: Auto and Manual. They
are intended for the choice of the way of the switching ON of the maser - automatic or
hand-operated. This group is accessible only at the activated button OFF in the group
Maser.

The third group contains the managing buttons Pumps, H-beam and HFO.
This group becomes accessible after the switching ON of the maser by the button ON
located in the group Maser, provided that the hand-operated way of the switching ON
by the button Manual of the group Start is chosen.

At first the button Pumps for the switching ON of ion pumps becomes accessi-
ble.

After the switching ON of the pumps by the button Pumps the button H-beam
becomes accessible, with the use of which the beam of the hydrogen is switched ON.

The switching ON of the hydrogen beam by the button H-beam makes the last
button HFO of the third group of the control tools to be accessible. The high-
frequency oscillator that ensures the dissociation and excitation of molecular hydro-
gen, 1s switched ON by this button.

With the aim to spare the resource, and to shorten the time of preparation to
work, the “Stand by” mode is realized in the Standard. This mode means that vacuum
pumps are to be switched ON, and the system of the beam formation of hydrogen at-

oms is to be switched OFF. To set this mode of operation the User must press button
“Standby”.

6.3.7.2. Panel Method of Cavity Tuning

The panel Method of Cavity Tuning is intended for the choice of the method
of the tuning of the microwave cavity resonant frequency. The generation of the driven
signal, that ensures the tuning, is executed by the modulation of the quality factor of
the hydrogen emission line (see Section 4.4.2). The panel contains three buttons.
Purifier Current Modulation — The change of the current of the molecular hydro-

gen purifier.
HFO Modulation — The change of the high-frequency oscillator power.
MF Modulation — The change of the magnetic field in the storage bulb.

Two mutually exclusive methods of the tuning are possible.

The first method has large inertia. That is the modulation of the electrical current
used for the heating of the nickel purifier of the molecular hydrogen.

To choice this method it is necessary to activate the button Purifier Current
Modulation. Two other buttons become inaccessible in this case. This method is used
in the hand-operated mode of the cavity tuning only when the device is been installing.

The second method has less inertia, it provides the tuning of the microwave cav-
ity resonant frequency by two complementary ways.
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1) Modulation of the output power of the high-frequency oscillator (button HFO
Modulation).

2) Modulation of the additional inhomogeneous magnetic field imposed onto the stor-
age bulb inside the microwave cavity (button MF Modulation).

That is recommended to use the second method for the automatic tuning of the
microwave cavity. The button Purifier Current Modulation becomes inaccessible
in this case.

6.3.7.3. Panel Cavity Tuning

The panel Cavity Tuning is intended for the switching ON and OFF of the tun-
ing mode of the maser microwave cavity. It contains two groups of control tools.

The first group External Reference contains the button On, which activation
turns the Standard to the autotuning mode with using internal frequency comparator
and reference signal from other standard. Thus, the control tools of the hand-operated
tuning become inaccessible.

Into the field Period the period of quality factor modulation (in seconds) is en-
tered from the keyboard. Usually the period 1800s is to be set.

Fields dFg*1e15 and Freq.Difference*1e15 become informative when the
button On is activated. In the field dFg*1e15 the difference between frequencies of
the Standard at high and low meanings of the quality factor expressed in terms of
107" is displayed. . In the field Freq.Difference*1e15 the current difference be-
tween frequencies of the Standard f; and an external reference f; in terms of 107" is
displayed.

The second group Modulation becomes accessible when Tuning with Exter-
nal Reference is switched OFF.
1(Qmin) — Setting of logic unit (decreased quality factor).
0(Qmax) — Setting of the logic zero (maximum quality factor).

The buttons 1 and 0 become accessible when the button ON is activated in the
group Modulation.

6.3.7.4. Panel Output frequency

The panel Output frequency is intended for the correction of the frequency
relative value of the Standard with the accuracy up to 14th digit after the decimal
point. The correction is necessary for the putting of the frequency standard value (for
example, the standard frequency 1 Hz for the time scale signal). The correction can be
made in two ways:

e by the typing of the required value (from the keyboard) after the activation by the
mouse of the box containing the meaning of the frequency correction factor;

¢ by the mouse click on the appropriate control button located on the right side of the
box (with the step 10™%).
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6.3.7.5. Panel Synchronization

The panel Synchronization contains the unique button Synchronize for the
synchronization of the time scale signal of the Standard by the external time scale
pulse.

Attention!

The status of the window Control is saved at any way (scheduled, emer-
gency) switching OFF of the host computer PC-1 (that performs the func-
tions of the Control terminal). The repeated switching ON of the computer
results in the resumption of settings made before its switching OFF.

6.3.8. Window History

The child window History is intended for the display of the record of the Stan-
dard status. The record is displayed as the table, in which the date and time of the ad-
justment and the status of all controllable parameters, that were reflected by the win-
dows Watches and Control, are displayed (see fig. 6.14).

To get the recorded information on the status of the Standard it is necessary to
activate the button Refresh.

The table of the record contains 100 rows. The separate row reflects the status of
the Standard in the moment of the record. The record is being made each hour, at the
occurrence of the failure, and at the change of the Standard operation mode by the
User. The updating of the table is made by the displacement of the old records.

To view various parts of the table it is possible to use the scroll bars.

The width of each column may be changed with the purpose of viewing of its full
contents. To change the column width its right border is to be seized by the mouse
pointer. Then, at the pressed left-hand button of the mouse, it is necessary to move the
border into the new position.

The contents of the group of the cells can be copied to the Clipboard for further
copying into the worksheet Excel. For this purpose the following actions are to be
executed.

1. To select by the mouse (at the pressed left-hand button) the required group of cells.
2. To click the button Copy.

As a result the data contained in the selected group of cells are copied into the
Clipboard. These data may be copied into the new worksheet Excel with the help of

command Paste from the menu Edit.

The current information from window History can be saved in the ASCII-file
.\connect\Y YMMDDhhmm.his by pressing the button Save.
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41 History HEE B
Hiztary of Standard state
Date & Time WFieldhiod [TuningER [Period  [Emors [~ lBattery  [Powerabn [s15v  Jasw =
61302 19:45 Mo fes w0, 27 240 263 149 5.1
51302 20:45 Mo es w0 27 24 263 149 5.1
51302 21:45 Mo Yes . 0 %7 24 %3 149 5.1
51302 22:45 Mo es w0 27 24 263 149 5.1
61302 23:45 Mo es w0 27 24 263 149 5.1
B1402 0:45 Mo fes w0 27 240 263 149 A5
B1402 1:45 Mo es w0 27 24 263 149 5.1
BA402 2:45 Mo fes w0, 27 240 263 149 5.1
BA402 3:45 Mo es w0 27 24 263 149 5.1
B1402 4:45 Mo es w0 27 24 263 149 5.1
BA402 5:45 Mo fes . 27 240 23 149 5.1
B1402 6:45 Mo es w0 27 24 263 149 5.1
B14-02 7:45 Mo fes w0 27 24 263 149 A5 _1|_v|
4 *
Save | Refresh |
Fig. 6.14
Child window History with selected group of cells

In the addition to the current record, the another record is made daily into the file
connect\dayhist.dat, this one is intended for the check of the status of the Standard
by the manufacturer. New records are appended to the file, without displacement of
the previous records. To view the file it is necessary to open the icon DayHistory of
the screen interface VCH-1003A (see Item 6.3).
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7. USER’S GUIDE

7.1. Switching of the Standard ON

The switching of the power supply of the Standard ON is executed by the switch-
ing ON of two blocks, that have independent power supply systems: the H-maser, and
the host computer (executing the functions of the control terminal PC-1).

7.1.1. Hand-operated mode

The hand-operated mode of the switching of the maser ON is executed as fol-
lows.

1. To put the switch “Power” on the front panel (Fig. 2.1., pos. 6) ON. It provides the
switching of the following blocks ON.
a) Active Hydrogen Maser and PLL Unit.
b) Systems of the thermostabilization.

The time of the warm up of all thermostats takes 5 days.

2. To set the connection between the program-manager and program-server (to point
the folder “connect” only for the first, after the installation, execution of the soft-
ware, see Section 7.4).

All other switching are executed from the terminal by the activation of the
control tools of the window Control (see fig. 6.13 on page 36). The check
of parameters, that describe the status of the Standard, is to be made via the
gauges of the window Watches (see fig. 6.12 on page 33).

3. To activate the button ON in the group Maser. To activate the button Manual in
the group Start.

4. To switch the ion pumps ON by the button Pumps. The reaching of the required
vacuum is checked by the current of pumps.

5. After the current of pumps becomes lower than the installed limit (that is displayed
by green color of the gauges Pump1,2, mcA), to switch ON the source of the mo-
lecular hydrogen, and purifier, by the button H-beam. The flow of the hydrogen
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from the purifier is checked by the gauge Vacuum.

6. While the required flow of the molecular hydrogen (indicated by green color of the
gauge Vacuum) is reached, to switch ON the high-frequency oscillator for the ini-
tiation of the glow discharge, that ensures the dissociation and excitation of hydro-
gen (button HFO).

a) The operation of the high-frequency oscillator is to be tested by the voltage
(HFO Supply voltage) and the current (HEO Supply |),

b) The presence of the discharge is to be tested by the photoresistor sensor (Dis-
charge brightness).

7. After the glow discharge is appeared the setting of the synchronization in the
LCO-PLL system occurs. The status of the system is tested by the following pa-
rameters.

a) By the voltage of the intermediate frequency signal in the system (IF level, this
voltage is proportional to the H-maser signal).
b) By the voltage on the phase detector output (PD out).

The status of the LCO-PLL system is displayed in the field PLL Unit of the
panel Status.

8. After the setting of the synchronous mode it is necessary to switch ON the system
of the automatic tuning of the microwave cavity. The following actions are to be
executed for this purpose.

a) Connect an external 100 MHz reference signal to the 100 MHz input of the
Standard.

b) Method of the tuning of the cavity is to be chosen. It is recommended to activate
the buttons MF Modulation of the pancl Method of Cavity Tuning.

c) The system of the automatic tuning of the microwave cavity is to be switched
ON by the button ON of the panel Cavity tuning.

9. To synchronize the time scale signal of the Standard by the external time scale pulse
it is necessary to click by the mouse on the button Synchronize of the group
Synchronization.

The Standard is ready for the operation after all parameters to be checked have
the meanings located in the permitted limits. In this case in the fields PLL Unit and
Active Hydrogen Maser of the panel Status the message Normal operation is
displayed, and all gauges have green color.

42



VCH-1003A
U]

7.1.2. Automatic mode

In automatic mode of the switching of the maser ON (trigger button Auto is ac-
tivated) the program determines itself when is allowed to switch ON the hydro-
gen beam and the HFO (the button ON in the group Maser should be activated).

The total time of the getting of the working mode
of the Standard takes 5 days;
When thermostats are warmed up - not more than 1 day.

7.2. Temporary switching of the Standard OFF

If the Standard will not be used more than 10 days, it can temporarily be
switched OFF. For this purpose it is necessary to activate the button OFF of the group
Maser on the panel On/Off.

However, it is more preferable to switch the maser OFF without the switching
OFF of the pumps. Such mode guarantees the preservation of the vacuum at the re-
peated switching of the maser ON after a long-duration break. To switch ON the
pumps while the hydrogen beam and the HFO are switched OFF it is necessary to
press the button Standby on the panel On/Off (the button ON in the group Maser
should be activated).

Attention!
At the temporary switching of the Standard OFF it is not recommended to switch
OFF the power supply of the Active Hydrogen Maser. Before the host com-
puter PC-1 is switched OFF it is necessary to close the software H-server.

7.3. Activation of the software

While the host computer PC-1 is switched ON, the automatic loading of the pro-
gram-server occurs.

The activation of the program-manager is to be executed pursuant to the instruc-
tions of Section 6.2 (see page 25).

The activation of the control tools of the Standard is to be executed pursuant to
the instructions of Section 6.3 (see page 26).

7.4. Connection with the program-server

For the management by the Standard it is necessary to set the connection between
the program-manager and the program-server (only for the first, after the installation,
execution of the software). The command H-maser server Location from the menu

43



VCH-1003A
U]

Options is used for this purpose (see fig. 6.7 on page 28). This command opens the
dialog box H-maser server location represented in fig. 6.8.

The sequence of further actions is determined by the chosen way of the connec-
tion.

7.4.1. Work from the Control terminal

While working on the host computer PC-1 (that performs the functions of the
Control terminal) it is necessary to execute following actions.
1. To activate the button Local on the pancl Location/Connection.
2. To set the way to the folder Connect (through the panel Directory), intended for
the organization of the data exchange.

The information, that confirms the correctness of the folder choice, is displayed
on the panel Directory (between boxes of the disk drive and the indication of the
complete way to the folder) in the case of the correct choice of the way to the folder
Connect (sce fig. 6.9 on page 31).

The closing of the dialog box H-maser server location is to be made by the
click on the button OK. The terminal is ready for the management by the Standard.

7.4.2. Work through the local network

While working on the remote computer PC-2 of the User through the local net-
work it is necessary to execute following actions.
1. To connect the drive on PC-1 where the program-server is installed as the network
drive (set the connection permanent).
2. To activate the button LAN on the panel Location/Connection.
3. To set the way to the folder Connect on network drive (through the panel Direc-
tory), intended for the organization of the data exchange.

The information, that confirms the correctness of the folder choice, is displayed
on the panel Directory (between boxes of the disk drive and the indication of the
complete way to the folder) in the case of the correct choice of the way to the folder
Connect.

The closing of the dialog box H-maser server location is to be made by the
click on the button OK. The terminal is ready for the management by the Standard.

7.4.3. Work through the telephone communication line

While working on the remote computer PC-2 of the User through the telephone
communication line it is necessary to execute following actions.

1. To set the parameters of the connection with the host computer PC-1 (that provides
the functions of the Control terminal) with the help of the software Dial up net-
working.

2. To connect the disk of the host computer PC-1 (as the network drive) to the remote
computer PC-2 with the help of Windows Explorer.
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3. To activate the button Dial up on the panel Location/Connection.
4. To set the way to the folder Connect (through the panel Directory), intended for
the organization of the data exchange.

The information, that confirms the correctness of the folder choice, is displayed
on the panel Directory (between boxes of the disk drive and the indication of the
complete way to the folder) in the case of the correct choice of the way to the folder
Connect.

The closing of the dialog box H-maser server location is to be made by the
click on the button OK. The terminal is ready for the management by the Standard.

7.4.4. Connection through Internet

While working on the remote computer PC-2 of the User through Internet it is
necessary to execute following actions.
1. To activate the button TCP/IP on the panel Location/Connection.
2. Through the panel TCP/IP to set the address of the host computer PC-1 (that con-
tains the program-server), the User’s name and password.
3. Close the dialog box H-maser server location by the click on the button OK af-
ter the setting of the connection.
The terminal is ready for the management by the Standard.

7.5. Correction of the frequency

The initial setting of the frequency of the Standard is made by the manufacturer.
Nevertheless, the necessity may arise to make the correction.

To correct the frequency it is necessary to open the child window Control (see
fig. 6.13 on page 36). Then the correction of frequency of the Standard is to be made
(through the dialog box on the panel Output frequency) with the relative accuracy
up to the 14th digit after the point.

7.6. Manual tuning of the cavity

If the absolute value of the relative detuning of the frequency of the Standard
(from the nominal value) exceeds 107, then the rough tuning of the microwave cavity
is to be made. It is necessary to change the code of auxiliary DAC (DACaux) by the
correction of file h_server.ini. If the code of main DAC becomes too low (blue color
of gauge DAC code in the window Watches) it is necessary to reduce value of aux-
iliary DAC by 1. In case of inadmissible high main DAC code (red color of gauge) it
is necessary to increase auxiliary DAC code.

7.7. Synchronization of the time scale signal

To synchronize the time scale signal of the Standard by the external time scale
pulse it is necessary to execute the following actions.
1. Connect the cable from the receiver (that receives the time scale signal) with the in-
put coaxial plug of maser 1 PPS.
2. To click the button Synchronize of the group Synchronization.
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7.8. Closing of the connection

The actions, realized at the completion by the User of the work with the Stan-
dard, are determined by the used way of the connection between the program-manager
and program-server.

1. The command EXit of the menu File may be used at any way of the connection (see
Section 6.3.1 on page 27).

2. At the management by the Standard through Internet the completion of the connec-
tion can be executed by the command Disconnect from menu Connection of
the main menu of the screen interface VCH-1003A (see Section 6.3.4 on page 32).

3. At the management by the Standard through the telephone line the connection is
closed automatically after the expiration of the certain time of the absence of the
exchange by commands and data between terminals.

4. At the management by the Standard through Internet the completion of the connec-
tion occurs automatically after the completion of the data transfer.

7.9. Change of the password

To change the password of the access to the program-manager the actions, de-
scribed in Section 6.3.3.2 (see page 31), are to be executed.

For the restoring of the fixed password it is necessary to modify the file hman-
ager.ini. For this purpose in the block [Common] the text of the encrypted password,
following after the equality sign in the line Passv=, is to be deleted.

7.10. Change of the admissions on parameters

Attention!

The procedures, described in this Section, are to be executed
by the manufacturer of the Standard.

In the Standard the opportunity of the change of the allowable limits for parame-
ters under the check is provided. In the mode, that is used at the installation of the
software, this operation is not realized.

To get the opportunity of the change of allowable limits the file hmanager.ini is
to be modified. For this purpose it is necessary to assign the value 1 to the variable
Adjust (in the block [GaugeAdj]). This setting should be executed before the activa-
tion of the program-manager.

After the activation of the program-manager the contents of menu Options of
the main menu is changed. Opened menu Options is represented in fig. 7.1.
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s+ Standard YCH-1003A Manager

File “iew EEGE Connection  Help

Standard Server Info Location

Change Pazaward

Special 3 Tuning

Fig. 7.1
Modified menu Options

To change the allowable limits the command Tuning in menu Special is to be
activated. The change of limits is to be executed by the click of the right button of the
mouse on the required gauge of panel Watches, that results the opening of the dialog
box Operation Limits (see fig. 7.2).

W Dperation Limits |
Min M
e
[ ok | cence |

Fig. 7.2
Opened dialog box Operation Limits of the window Watches

The change of allowable limits is to be made by the typing of the required values
(from the keyboard) into the boxes Min and Max been previously activated by the
mouse.
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