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FREQUENCY STANDARD TEST PROGRAM 

S. Weinreb

'I. Introduction

This report describes a program which computes the root Allan variance [1],

SIGMA, as a function of time interval, TAU, which varies from 1 to 10,000

seconds in 1-2-5 steps. While taking data the program presents a video display

of current samples of phase, frequency, and temperature and also plots vs. time

SIGMA for TAU = 1, frequency, and temperature. BASIC language for the

Apple II Plus computer is utilized. The test configuration will first be

described and then be followed by descriptions of program start-up, function,

and interrupt options. A listing of the program is in Appendix I.

II. Test Configuration

The test configuration is shown in Figure 1. The two frequency standard

outputs, usually at 5 MHz, are connected to an NRAO Precision Phase Comparator.

This unit consists of a phase detector followed by a DC amplifier and also has

a finely adjustable phase shifter in the input line. At the start of a test

the phase shifter is adjusted to put the phase detector inputs in quadrature

and output at null. The DC gain following the phase detector is selectable

in decade steps so that full scale output of +10 volts is produced by time

shifts of +10 Ps, +100 Ps, 11,000 ps, or +10,000 Ps. For comparison of

hydrogen masers the 1,000 ps scale is appropriate; thus, to stay on scale for

13104 seconds the frequencies must be identical within 1 pp 10.
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Fig. 1. Test configuration

The phase comparator output drives the A input of an ADIOS integrating

AID converter which is described in NRAO EDIR #212. The A/D conversion is

accomplished with a precision 1 MHz voltage-to-frequency converter followed

by a 32-bit counter. * For this application the integration time or COUNT in

the program is set at 160 ms followed by a dead time or BLANK of 840 ms. This

process can be modeled as a 1 Hz low-pass filter followed by 1 Hz sampling.

A second analog input channel, B, is driven by a temperature sensor with

The V/F output is 1 MHz with +10 volts input and 0 Hz at -10 volts input;

inputs < -9 volts should be avoided to prevent counter resolution problems.



schematic shown in Figure 2. The toggle switches on the ADIOS front panel

must be set at +/- and 10 volts for A and, for B, at + and 10 volts.

The required computer hardware is an Apple II Plus computer with 48k byte

memory, one 54" floppy disk (slot 6), CRT display, a Trendcom 200 thermal

printer (slot 1) and California Computer Systems 7724 clock (slot 4). The

program is stored on disk with the name FST along with required binary utility

programs LIB 3.1 (for ADIOS service, see EDIR's #224 and #225), SHAPES (for

plotting symbols), and HGR CHR GEN SHORT (for labeling plot). Also included

on , the disk are a text file, FST LOADER,which loads all of the above programs,

and a program, SET TIME, to set the clock, if necessary.

III. Start-Up

The program disk is inserted in the disk drive and AC power is turned on

or IN#6 (CR) * is typed. The disk catalog is displayed and then EXEC FST

LOADER (CR) is typed to load FST and binary utilities and then run FST.

The following "edit parameters" screen will appear on the CRT:

PRESENT PARAMETERS ARE:

(1) PHASE DETECTOR OUTPUT, FULL SCALE, IN PS=1000

(2) PERFECT (P) OR EQUALLY (E) UNSTABLE REFERENCE STANDARD;NOW IS P

(3) SECONDS PER DATA BATCH=100

(4) VIEW BEFORE HARD COPY (V) OR CONTINUOUS DATA TAKING (C); NOW V

(5) LOG SIGMA PLOT, MAX IS EXP -11

(6) LIN DRIFT PLOT, MAX *EXP-12 IS 100

(7) TEMPERATURE PLOT SPAN IS 5C

CHANGE (1-7) OR (RETURN)?

Carriage return key.
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BIN(mV) = 10*TE(°K)

BIN(mV) = 10*(TE(°C) + 273.2)

IN(1) (COUNTS) = .100*MODE%(2) *BIN(mV)

Thus, TE(°C) = CK*IN(1) - CN

where CK = 1/MODE%(2) CN = 273.2

Fig. 2. Schematic of temperature sensor and scaling equations to
relate program variable TE(°C) to counts, IN(1), produced
by temperature sensor.
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To change a parameter, type the number (1 thru 7) of the parameter and a new

value of the parameter will then be requested on the screen. The new value

and the return key are then typed; the process can be repeated as often as

desired. The editing is terminated by typing the return key instead of a

number; data taking will then 'begin.

The meaning of the seven program parameters is as follows:

(1) Phase detector full scale - This is the number of ps time shift

of one standard relative to the other which will cause a 10 volt change in

the phase comparator output.

(2) Perfect or equal reference stability - If P is typed, it is assumed

that the reference standard has perfect stability and all instability is

assigned to the standard under test. If E is typed, all output rms deviations

are divided by Vi—so that they apply to one of two equally unstable standards.

(3) Duration of data batches, KM - The data taken in batches of length KM

seconds. After each batch statistics are viewed on the CRT or printed on the

printer. Data taking stops during this viewing and printing time.

(4) View before hard copy or continuous data taking - If V is chosen,

after each batch is complete statistics will be presented on the CRT and a

choice may be made as to whether to hard copy or not - an operator must be

present in order for data taking to continue. If C is chosen, statistics

are hard copied and a new batch starts without operator intervention.

(5) Log SIGMA plot maximum - During each batch the 1 second SIGMA is

plotted ( 0 symbol) vs. time; after the batch SIGMA vs. TAU is plotted.

The abscissa of both plots cover 5 decades with maximum value entered here

(i.e., 11 -16.e.  10 to 10 if the parameter is -11).
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(6) Linear drift plot scale, DM - During each batch, frequency averaged

over '1,KM/100 seconds is also plotted (+ symbol) with linear scale of

+ DM * 10-12 to - DM * 10-12.

(7) Temperature plot span, TS - During each batch, temperature vs. time

is plotted (solid line) with a total span of TS centered upon the temperature

at batch-start time.

IV. Program Function

The program samples, once per second, the difference in phase of the

two frequency standards; the current sample is denoted as PO and a sample

taken TAU(L) seconds back in time is labeled Pl(L). Since the computed

frequencies must be normalized to the phase comparison frequency, fo, we divide

each sample phase (in radians) by 2nfo in the process of scaling the ADIOS A/D

output. This normalization puts the phase samples in units of time; picoseconds,

PS, are used as units. Thus, the fractional frequency, FO, (i.e., Af/f) over

the time interval TAU(L) is given by

PO - pm) 
FO(L) =

in units of 10
-12

. A statistical estimate of the Allan variance, a-
9

(L) as

given in NBS Monograph 140, Eq. 8.13A, is then one-half of the mean square of

differences of successive values of FO

1 "7----1
a2(L) -274- [FO(L,k) FO(L,k-1)]2

k=1

where the index k is the sample number.

TAU(L)
(1)

(2)



The program computes a
2
(L) for TAU(L) running from 1 to 10,000 seconds

in a 1-2-5 sequence. The samples used for a particular TAU(L) are selected

so that the computation load is spread out among all the samples as shown in

the table below:

TAU(L) SAMPLES UTILIZED

1 1 1, 2, 3, 4, ...

2 2 2, 4, 6, 8, ...

3 5 5, 10, 15,

4 10 1, 11, 21,

5 20 6, 26, 46,

6 50 5, 55, 105,

7 100 7, 107, 207,
8 200 1, 201, 401,
9 500 2, 502, 1002,

10 1,000 8, 1008, 2008,

11 2,000 4, 2004, 4004,

12 5,000 7, 5007, 10007,

13 10,000 9, 10009, 20009,

While taking data, the CRT displays the values of every other phase

sample, two-second frequency, F0(2), and probe temperature. A plot of three (3)

variables versus time is also presented on the CRT; the time axis extends to

the batch duration, KM. Points are plotted every DP seconds where DP is the

largest value of TAU(L) less than KM/100. The three plotted variables are

the 1 second root Allan variance estimate based upon DP samples, the

fractional frequency, FO, over the time interval DP, and the probe

temperature, TE. A example of a completed time plot is shown as the upper

graph of Figure 3.
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Fig. 3. Example of hard copy at end of data batch.



At the end of a data batch, all of the root Allan variance values are

tabulated and plotted as shown in Figure 3. The batch values are also averaged

with previously taken data (until a new run is started by typing RUN (CR)).

On the plot of root-Allan va:tiance, SIGMA vs. TAU, the cumulative average is

plotted with a + symbol and the rms limits of SIGMA x (1 + 1/V N) are plotted

with 0 symbols to give a confidence range of the SIGMA value.

V. Data Interruption

The display and optional hard copy at the end of a batch interrupt the

data taking sequence. Other interruptions can be produced by typing keys B,

E, P, F, or H during data taking. The consequences and uses of the key interrupts

will be discussed here.

An interruption of the program could cause the time duration between

phase samples to be > TAU(L) and also cause the mean square frequency

differences in the Allan variance to have some "dead time" between time

intervals. If the interruption is < TAU(L) both effects will be negligble.

The batch-end interruption lasts for q, 200 seconds and thus the last phase

and frequency samples for TAU(L) < 500 are discarded. The phase and frequency

samples for TAU = 500, 1000, 2000, 5000, and 10,000 are kept as it would be

wasteful of time and unnecessary to discard them.

The key interrupts have the following effects:

B - Batch end. Causes an immediate end to the batch with tables, plots,

and resets as in a normal batch-end.

E - Edit parameters. Jumps to the edit screen as described in III. After

parameters are edited, frequency and phase are reset as for batch-end

and the batch continues.
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P - Phase adjustment. Data taking stops and phase-comparator phase

may be adjusted. All phase samples are discarded and the batch

resumes when (CR) is typed.

F - Frequency adjustment. Data taking stops and phase and frequency

may be adjusted. All phase and frequency samples are discarded

and the batch resumes when (CR) is typed.

H - Halt. Program execution stops. Type RUN (CR) to make a fresh

start - all variables erased and default parameters installed.

GOTO 2600 will have same effect as B. GOTO 2100 will start a new

batch but does not reset phase and frequency.

VI. Program Test

The program can be checked by generating fictitious phase samples using

the pseudo-random number generator command, RND, included in Apple BASIC.

This is accomplished by removing the REM (remark) word in program lines 2176

and 2247. The program will then input from lines 4200 and 4210 phase and

temperature samples with uniform probability from 100 to 110 ps and 25 to 26°C

respectively.

The theoretical value for the root-Allan variance can be computed as

follows. An estimate of SIGMA in terms of phase samples, P(k), is:

where L is the time difference between phase samples. The statistical average

,
of (SIGMA)

2

 can then be expressed in terms of the autocorrelation function, R(k),

of the samples,
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In the case of independent samples (i.e., white phase noise), R(L) = 0 = R(2L)

and R(0) is equal to the variance of a phase sample. For the uniform

distribution of 100 to 110 Ps R(0) 8.333 (ps) 2 and finally,

SIGMA = 51L (5)

in units of 10-12 or 5000/1, in units of 10-15 tabulated by the program. A long

test of the program gave the following result which is within statistical

limits of 5000/L.

TAU
SEC

5
10
2A

200
5Ø14
lARR
2AA0
5WIR
IMAA0

LAST BATCH
SAMPLES SIGMA

*EXP-15
49998 4Wit5kR
24=151R 25FIR.51
.4544R 99111.1;
4998 4=15.R
24518 247.8
R:=6; 101:=1.4
488 46.8
248
100 9115
50 4.5

,
10 1.0

A.?

niLMATIVE TIME
SAMPLES SIGMA ERR')i

*FXP -15 PS
3499:-11.11 4=1512.6
174986 2512.9 5
69986 1005.4 5
345IRR 5001,A 5
17486 250.1,i 5
651R6 1A2.9 5.1
3486 414.2 41,9

24..8 5
65I8 2-1,5 4.7

5.A =
172 3.5 5
68 1.1 5.5

•3 A.5 41,9
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