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In 1983, two VLG-1ll masers were delivered to the U.5. Naval Observatory by the
Smithsonian Astrophysical Observatory. Last year the short-term stability of
these masers was reported and the effect of this short-term stability on
timekeeping performance was discussed by G.M.R.Winkler.[1] Since the date of
installatlon, 13 September 1983, data on the masers’' long-term performance have
been accumulated. Figure 1 from reference [1] shows the Allan variance, o(r),
of the relative frequency between the masers. This variance reaches a minimum
of about 4 parts in 10 at averaging times of 5x10? seconds and rises at longer

averaging times due, at least partly, to systematic frequency drift.

and given in units of fractional frequency difference per day.

1 df
Figure 2 is a plot of * ar in units of 10'!® per day versus calendar day
starting in September of 1983 and continuing through October of 1984. Table 1

is a chronology of activity involving SAQO VLG-11 masers P18 and P19.
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TABLE 1
CHRONOLOGY OF VLG-11 MASER ACTIVITY AT U.S.N.O.

13 Sept. 1983 Power to masers turned off at SAO.
Masers shipped to the U.5.N.O. by truck,

14 Sept. 1983 Masers arrive at J.3.N.0. Power turned on
-~ both masers osclllating. P19 degaussed.

22 Sept. 1983  Af/f (P18-UTC USNO) = -1.13x1012
Af/f (P19-UTC USNO) = 0.93x1013
Af/f (P18-P19) = -2x101%

(This, with synthesizer set at 1420405751 .68700,
which was our best estimate for UTC at SAO

via Leoran "C". Our probable error in UTC

is £5x10%%.)

Conclusion: Shipment did net alter the cavity
frequency significantly.

26 Sept., 1983 Both P18 and P19 were tuned.
After tuning Af/f (P19-P18) = 0.11lx10°13
Maser cavity frequency shift was found to have
been as follows:

Af. (P18) = +40.1 Hz., Af.(PL9) = +24.68 Hz.
27 Oct. 1983 Af/f (P19-P18) = 3.03 x 101
After tuning P19 Af/f (P19-P18) = 2.08x10713
Af_(P19) = +34.55 Hz.
30 Jan. 1984 Af/f (P19-P18) = 3.9x10°13
After tuning P18 and P19 Af/f (P19-P18) = 0.8x10%?
Af. (P18) = +28.9 Hz, Af_(P19) = +59.2 Hz.

27 Feb. 1984 Power off P18 for several hours for installation
of U.5.N.0. Master Clock System.

24 Mar. 1984 Power off P19 for several hours for installation
of U.5.N.0. Maser Clock System.

10 May 1984 P19 automatically tuned using U.8.N.0. System.
Af_(P19) = +46.4 Hz.

16 May 1984 - Af/f (P19-P18) = -0.6x1013
After tuning P18 Af/f (P19-P1B) = +2.4x10°13
Af. (P18) = +25.4 Hz.
EFrom the drift rate plot shown in Flg. 2, we see that tuning the masers had

no apparent effect on the drift rate. From the chronology we see that the

cavity resonator frequency of both P18 and P19 required systematlc frequency
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corrections to lower frequencies. The cavity frequency shifts obtalned from the
tuning data are shown in Fig. 3. From these data and our knowledge of the line
0s of the masers we can predict an average drift rate of the maser output
frequency. For P19 we have 7x107'® per day and for P18 we have 4x107'S per day,
between September 1983 and April 1984. This is in reascnably goed agreement
with drift data in February 1984, when P19 drifts +9x10'!® per day and P19
drifts 4x1071% per day. The mistuning rate of the cavity, 1f ascrlbed to a
change in axial length of the c¢ylindrical cavity, requlres a change of length

Al N
for P18, —A-% = -1.9x10® cm/day and for P19, _A%_Q_ = -3.8x10°° cm/day.

To relate this scale of dimensions to something very small, we note that a
hydrogen atom has a dlameter of about 107 cm. From the drift behavior and
cavity frequency measurements we note the following:

1. The frequency change of the cavity 1s the domlnant effect
on the masers' freguency
2. The early drift rate appears more severe than the later drift

and the overall drift rate seems to be asymptotically approaching zera.

The properties of ultra stable materials and the behavior of optically
contacted surfaces in extremely stakle materials have been described by 5.F.
Jacoba 2] from observations made using an lodine stabilized laser to measure

length changes.

Figure 4, reproduced from reference 2, shows the settling of optically
contacted surfaces in very hlgh stability materlials. The cavity cylinder and
end plates of the SAQ VLC-ll-series masers are made of Cer-Vit c101®. Afrer
being ground to shape they are stress relieved by being etched in the surface
microcracks[3] created in the grinding process. The mating surfaces are then

optically peolished and the cavlities assembled under clean conditions so that
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vwhite light fringes are observed over the clrcumference of the joints between

the cylinder and the endplates.

The cavities were assembled in May of 1983, and it is likely that the
gettling of the end platés-was still in progress during late 1983, and early
1984. The settling behavior we observe with the polished surfaces of these
cavities is at a much smaller rate than the previously observed settling
behavior of cavity jolnts that were made with surfaces ground to a roughly 16
micro-inch finish. The settling rate was about 1 r.m.s. surface roughness
distance in the first 40 days. The present surfaces are at least 10 times
smoother and flatter, and the amount of inltial mistuning after assembly has

been substantially reduced.

The long-term dimensional behavior of structures made of extremely high

stakility material can be described in terms of % %%, the "creep rate”.
Measurements of creep were made by 5.F. Jacob=[2} in terms of optical path
changes detected using a stabilized laser. His data give % %é ~+5x10°1° per day
for Cer-Vit® (Car-Vit C101 - Owens Illineis). Other materials, such as Zerodur®
(Heraeus-Schott), Ultra Low Expansion Titanium Silicate® (Corning), Homosi1®
fused silica (Heraeus-Schott), and Cornlng® 7940 fused silica have creep rates

between +5x10°1° and -5x10° per day.

If we ascribe the maser frequency drift of the later months shown in Fig. 2
to cavity mistuning from material creep we obtaln a rate of about -3x10'1° per

day for Cer-Vit,

This agrees in magnitude with Jacobs' measurement on stable materials. It
is opposite in sign for his creep rate for Cer-Vit, but agrees with his data for
the other materials, which all have negative creep rates. This difference in

sign for Cer-Vit may result from variatlons from sample to sample or from our
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700°C cavity silvering process.

The performance of these masers indicates that the long-term stability of
today's masers 1s chiefly governed by properties of the caviiy materials.
Electronlc systems that stabllize the cavity resonance frequency beyond these
levals must be capable of maintaining the maser frequency to bettor than a few
parts in 1015 per day for long perlods of time,
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QUESTIONS AND ANSWERS

JACQUES VANIER, NATIONAL RESEARCH COUNCIL: What was the line Q
that you observed in the VLG-117

MR. MATTISON: The line Q@ that we used to get was on the order of
1.1 to 1.3 times ten to the ninth. More recently we have been
getting values on the order of 1.8 to 1.9 times ten to the ninth.

MRE. VANIER: I believe that there is a large gain to be made
there. Simply a redesign of the bulb and of the collimator, so
that you can increase that by a factor of three or four. Then the
drift that you were talking about before, due to the creeping of
the cavity, would be diminished dramatically. That would be
fantastic.

MR. MATTISON: You are referring to changing the design of the
collimator?

MR. VANIER: Yes. Because you can make it for a very long time
constant, and it will still work very beautifully, so that you
would be limited by the wall then.

MR. MATTISON: I does get limited by the wall. That increase in
line Q that you observed has been due to our method of applying
the teflon. We haven't changed the design at all.

MR. McCOUBREY: My impression is that with the advances you are
making, there is going to be more and more interest in the actual
structure and morphology of those surfaces. Maybe some of the
polymer scientists would have to play a role in this, because I
would expect that whatever happens with this teflon, and how it
rearranges itself is something that they have looked into, and
probably understand fairly well these days.

MR. MATTISON: Our method of applying teflon has changed. It 1is
essentially a black art. All we know 1s that there is a recipe,
and we apply it according to the recipe, and it works. If we do
it a different way, it may work better.

MR. McCOUBREY: It sounds like there are some really interesting
possibilities.
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