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An altering effect of the FI maser frequency stability due to the heating currents
of the thermostating systern was previousty reported. the mechanism of tlis effect,
involving the non-coaxiality of the heating cable produced by the thermal dila-
tation, is discussed here. The amount of the fractional frequeni-v sbift is computed
for a practical designr,show_ing a good accordance with the expirimentally m--easu_
red data. We also deal with the way to avoid this parasitic eflect, by exciting the
!re{ ingcablewithal ternat ing"o"r" i t thavinganul i* .u" ' " r " ; ;J ; ' . ' i i i l ; ; t i '
high frequenc;' in order to assure a proper s=tti*tditrg of the magnetic field by thl
metallic thermostats bodies.

1. ITITIIODUCTION

Thu,I{ydrogen maser generates a rnicrowave signal by stimllated
€mrssron Detrveen t.he qyperfine energlr. levels of the atomic Hydrogen
g-round_state. The signal freque1q{, ,", i*, pulled if the resonant 

"'ur.iti 
is

detuned. The maser frequenCy shift may b^e expressed as

/\
Av11  :  Fnu .  (1 )

Qn

yhgre Au* - Vu--v6, Avq: vg - v0;^vq_is the_ca.vtty frequency and v0
is the atomic tine frequgnc{r Qq and'Q"-being the cai'ity anO tne atomic
line, lelspectivelyr qua,lity 

-factors 
tll.

The cavity frequency depenrls ripon the cavity temperature. The
maser frequency temperature Coefficient, ay, defin"d as tzi

PIIYSIQUE ATOX{IQUE ET MOLECULAIRE
( ATOMIC CiYD ITIOLECULAR .PIiYS/CS]

(2)

(3)

o * : 1 i - u
Vy  A f

results from (1) :

o(54 - * o"
Qt

where crq is the resonant cavity temperatme coeffisienf.
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For a cavity made of allurninium cle = -2.10-5 Ii-l. The typical

\.alues of the quality factors for the cavity ancl the atomic line are Qc:
-;3'L0* and Q"'* lff, respectively. Taking these values into account*
from (3) we obtain that

1  6h r  -  . - 6 ' , 10 r10K-1 .  ,  ,  .

. TIie, long termrstability of the Ina$er: frequency is alterecl by the
temperature fluctuations of 'the resonant car.ity :

l o n l . 8 ? " : 6 ' 1 0 - 1 0 ' 8 7
8u*  _
vi,r' : . '  (1 )

.Thus, for obtaining a value of 10-14 for the long term stability, it
is required. to limit the crj,viby ternperature fluctuations at the value 8? -
-1-.1.. 10-5K,,which irnplics a very good cavity thermostating.

Certainly, the short and mediurn term frequenoy stabilit;'is practi-
cally unaltered by these fluctuations clue to the great thermal time-cons-
tant of the resonant cavity (over 10 hours).

The maser cavity temperature variations are limited at 10-3 *
- 10-5 I( by its ultrathermostating. For the 3rd generation Romanian
rnasers the thermostating',rystem con,cists of '5(five),casoade connectecl
therrnostats. Every heating element of the thermostats is a coaxial ca:
ble shortcirouited. at'one end and supplied by aidirect current.'This cable
is in good thermal iontact with the body that has'{o be heated. As tem-
perature sensors, specially selected low drift, N.T.C. thermistors are used.
These thermistors are in good thermal contact with both the heater and
the body to be heated, (resonant cavity, th.ermal shield, the vacuum bell,
etc.) 121, t3l.

Ifnfortunately, due to ['he heating current of the ovens a .d"isturbing
process was reported [a]. This effect consists in the rnaser frecluency,mo-
dulation produced by the var'iatibn of the heating current intensit;r.
The cause, as shorvn below, is the re,qidual.rqagngtic field appearing in the,
storage brilb region due to the imperfecl,ions of tlie shielded heatiqg gable.

2. TIIE PARASITIC }IAGNETIC -FIELD OF THE OVENS ANI} THE ITASER
PPBQUENCY STABILITY

: 2.1. The coaxial Jreating 
"*t 

G'i* helically wound on every thermostat
body. The ]reating cunent is! injected through one end of the coaxial

cable, the other end. being shortcircuited. :

The rnagnetic fielcls produced by the two equal currents, which pas$

through the outer and inner conductors ot: tlie heating cablb, mutually
cancel out, if the cable is,per;fectlV Cgaxial. El,en, in this sitqa,tion, duri4g;
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opeiation an a displaeement of the axial conductoi appears, due to the
tempelature gradient betrveen the axial conductor and the shielding one
(Fis .  1) .

{iS.J. 
- The typicat ", arrangement of

the heating coa;ial cable,for the ritaser
ovens.

Denoting by 
",- 

a,nd {o ,tghe a.xiat, re-spectively the shielding con6uc-tor-temperature.a+rl ty P the_electrical^power ih;ecteA into fr" 
"*nfu,witl zo the. cable's len$p,_.ri: aqd. to !I9 axial, t*"pd"ti, urt;;t";hililfr;;

conductors' radius, ). thd dielectric's thormal concticti"itt; l,ft*. r"*oi"in[tlte Fourier equation we otrtain

T :  I r  T o : .  P  =  t n b
Zrc l, lo rt

(5)
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Sinoe the,.oable is helica,Il;'; wound on.the,pylindrical body, the pUr-
vature rad"ius o{ .thg,cablp synlqetry axis may be expressed as

E o : - E + r s :
.

(6)'
2nN

wh€re X iF the number of turns and. -E is the heated body'rad,r*us.' 
The"-Cenfral coiiTtibtor I'dng{h of t}re coaxial cableiflue to the ther-

mic dilatation, is :

lc - lo( l  * aA?)

ancl its curYature radius is :
t r

R t . : ^ " : t o ( 1  * a A " )

I

where a is the conductor linear dilatation coefficient. The
e '- Rt- Eo, d.ue to the central conductor d.ilatation, results

" :  zn r

Using (5) Lh.e e eccentricity 'will result as
'  

; t r "  
'  r l ' l

!*: e -  
o P  t n &

AnzNlt r't

'The'tfpical 
values for the const'ants impli,ed in this relation are :

\\r
L - 0 , 2 5  + -  ' t  t o : 3  m m ,  T 6 : 1  m m ,  a : 1 6 . 5 ' l - 0 - 6 K - [ ;  N : 7 .'  

K r : ; - '
Because the power injected in the heating cable reaches a value of P :
- l-0 TV, from (10) we obtain an eccentricity e - 2.6 pr,m.

2.2. The rnagnetic fietd prod.ucett by this !6altered" cable is the same
as the one prod.uced ny two coaxial'solenoids of the same length, but with
different radii -Eo and. -I?c.

In the JK point, on-.lhe system axis, at a r dist'ance from the center,
ttre magnetic if'duptiqn'is (Fig. 2) :

{

't

1
I

(71

(8).

eccentricityr.
AS

Br(rJ ,== .Bo(r) -'Bt(n)

(e!

(10)

(11)"
I

with

and

Bo(o): + -I[/(coso,
v t . O

lJ

f oos0r)

B{nl : 
? 

.I[r(cos 0i + ,cos 0i)

(12),
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Fig. 2. - Sketch of the notations trsed for the computation of an oven para_
sitiO mggnetic field.

noidsl q.uivaloqt to,the eqaqqtricat ccjaiidr ti"atilb A'bI;'Hi,
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Using the Taylor

and" preserving only

Bo@) :

+ ( r +

with B, 4 Bb.
fn the presence of the

t'ed" trom v6 to vpl &ocording

w h e r e  A -  2 . 8 . 1 0 1 1  
H z

T 2

.- Mac Laurin series

the first degree terms

T)l'+ #(' * ';)"J-"'l

t oFl

expansion in respect to
,

';\'|-'',', n

Relation (14) enables us to compute the parasitic magnetic leld
produced in the region of the maser storage bulb try the heating u'ind"ing
of every oven. fn case of ovens having the storage bulb in th9 symmetry
center lttre thermal shield antl the vacuum bell-jar), the para'sitic magnetic
field may be computed in an easier manner :

(14)

(15)Bp : Bp(0) :

Thus, the coaxial cable whir:h heats the cavity thermal shielcl (Ro:_
- 0.156 m; L: 0.318 m; rY = 7). prod.uces a magnetic f ield of 0.5 nT
vhen crossed, by a 1A current.

2.3. The parasite magnetic fielcl producecl by all the rnaser oYens
within tho storage bulb region is:

-  B q =  E  B p t
n : l

where Bpi is the field produced in the storage bulb
The computed. r'alue for normal rvorking conditions
tats system is about, 1.5 nT [3].

itris parasitic magnetic field superirnposes itself over the bias fietd
3o existing within the storage bulb. 'Ihe total field is

B - Br * Bp (1?)

(16)

center by the i oven-
of the four thermos-

B magnetic field the maser frequency is shif-
to the relation

VB : vo * ABz (18)

The fractional frequency shift', clue to the parasitic field, is therefore :

8un 2A n=  -  f f 5 .  8 _ B p  -  4 .  1 0 2 8 b .  8 B u
? o  v g

(1e)
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Th"-SBn,fluctuations produced by th_e variation of heating currents
through.th" thermostats may reach r.s nt. For a bias field Bl:1 ,"jf
the relation (].9) show^s a deterioration of the.-frequency staUifili by; ;;j
lue of 6 ' 10-13.. Th"- phenomenon can tre easily identifiea u"p"i,i*1r"i*1y
Tecording iq time both the beat frequency b"etween two masers and the
thermostats heatins currents 1.41.

The e_xperimental results are of the same order of magnitude it
the maser thermostats are realised with selected coaxial cable i?r orcler to
have.neg-ligible initial coaxiality shifts. 'Ihe subsequent coaxirtityifriti*
:are simPl{. gTpftu,sized _b_y meS,suring with a magnetometer the pi,rasiiic
magnftic fielcl produced" by u known current, inj"ected in the .a6lu to ne
tested, previously shortcircuited. at one entl. "

3. CONCLT'SIONS

The thermo,stating systern supplied in direct current significantly
deteriorates the short and meclium term frequency stability of tTfte ffyOro"-
gen maser'. The_ computations shorv that tliis plieno,,nenon is inevitable,
being produce,l by the central conductor shift dt the heating cable, Aue to
the cable temperature graclient. The experimental measur-ements are in
good agreement with the theoretical results above.

The ra,tlical solution to this -problem consists in the alternating cur-
rent s]1PPl)'ing of the heating cable. For alternating current frequEncies
exceeding_1 kI{2, the metallic_botl-vof every o.rren icts as ,o 

"*|r*melyefficient electromagnetic shield. An_ glperimental solution operating 
"t20 kIJ.z is in course of testing on the Mg a,nd Mg masers.

REFERENCES

f . p. r{lenpner', H. M. Goldenberg, N. F. Ramsey', phys. Rev., rp6, 603 (1962).
2. L. C. Giurgiu, Proceedings of the Conference ?'Appiied Eleitronics',, Timisoara, Sept.B-g,

]97:9, 240; Progress in physics, Bucharest, Oit. ZS_Z+, tOg7, i+7.
3. L. C,-Giurgiu, l\{ihaiP. Dincd, Bogdan N{. Mihalcea, Progresiin ehysics, Oradea, b-2, Oct.,

1989, p. 472-473.
4. O. C-' Gheorghiu, L. C. Giurgiu, D. Falie, C. Mandache, T. Bocaniciu, J. phys, 4p, Supp. 12,

cB,  519 (1981) .




