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ABSTRACT 

A new hydrogen maser f o r  ground-based a p p l i c a t i o n s  

has been des igned  a t  t h e  Smi thson ian  A s t r o p h y s i c a l  

Observa to ry .  The mechan ica l ,  t h e r m a l ,  and el e c t r o n i c s  

d e s i g n  p h i l o s o p h y  o f  t h e  VLG-11 s e r i e s  i s  desc r ibed ,  

and compar isons w i t h  p r e v i o u s  SAO masers a r e  d e t a i l e d .  

The VLG-11 masers i n c o r p o r a t e  many o f  t h e  l e s s o n s  

1 earned d u r i n g  t h e  r e d s h i f t  r o c k e t - f l  i g h t  program, i n  

wh ich  a rugged,  r e l i a b l e ,  l i g h t w e i g h t  hydrogen maser 

was s u c c e s s f u l l y  o p e r a t e d  a f t e r  b e i n g  boos ted  t o  an 

a1 t i  t u d e  o f  10000 km b y  a Scout  r o c k e t .  Prel i m i  n a r y  

t e s t  d a t a  and p r o j e c t i o n s  o f  s t a b i l i t y  per formance a r e  

i n c l u d e d ,  as w e l l  a s  photographs o f  t h e  maser sys tem 

d u r i n g  t h e  c o n s t r u c t i o n  phase. 

The d e s i g n  o f  t h e  Smi thson ian  A s t r o p h y s i c a l  Observa to ry  (SAO) 

ground masers and t he  SAO g r a v i t a t i o n a l  r e d s h i f t  space maser i s  t h e  

r e s u l t  o f  an unbroken e v o l u t i o n  o f  i d e a s  t h a t  beqan i n  1960 s h o r t l y  

a f t e r  t h e  i n v e n t i o n  o f  t h e  maser by K leppner ,  Goldenberg, and Ramsey. 
1 

I n  1962, t h e  N a t i o n a l  Aeronaut; cs and Space Adrnini s t r a t i o n / M a r s h a l l  

Space F l  i g h t  Cen te r  (NASA/MSFC) sponsored t h e  development o f  hydrogen 

masers w i  t h  t h e  goal  o f  p r o d u c i  ng a t r a n s p o r t a b l e  sel  f - c o n t a i  ned d e v i c e  

t o  s e r v e  as a f requency s t a n d a r d  f o r  ground-based T h i s  

development c o n t i n u e d  and a s p a c e c r a f t  d e s i g n  was begun, t h e  new goa l  

b e i n g  t o  measure t h e  g r a v i t a t i o n a l  r e d s h i f t  b y  u s i n g  a 24-hour e l l i p -  



4 t i c a l l y  o r b i t i n g  payload launched by a  T i t a n  3C system. The des ign 

l a t e r  evo lved i n t o  t h e  VLG-10 and 10A masers a f t e r  t h i s  i n i t i a l  e n t r y  

i n t o  t h e  f i e l d  of r e l a t i v i s t i c  measurements was t e m p o r a r i l y  abandoned 

owing t o  t h e  h i gh  c o s t  o f  t h e  program. 

I n  1969, t h e  development e f f o r t s ,  begun a t  Var ian  Assoc ia tes and 

con t inued  under Hewlett-Packard a t  Bever ly ,  Massachusetts, were success- 

f u l l y  t r ansp lan ted  t o  SAO i n  Cambridge, where t h e  f i r s t  o f  a  s e r i e s  o f  

VLG-10 masers was b u i l t  f o r  t h e  U .  S.  Naval Research Labora to ry  and t he  

radio-astronomy community f o r  use i n  very  l ong -base l i ne  i n t e r f e r o m e t r y .  

I n  1970, t h e  r e d s h i f t  program was rev i ved ,  and t h e  former space-borne 

des ign was now embodied i n  n i n e  VLG-10 and 10A masers, t h r e e  o f  which 

were t o  be used as ground masers f o r  t h e  SAOINASA r e d s h i f t  exper iment.  
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The new r e d s h i f t  program has been enormously more demanding, i n  

t h a t  t h e  probe maser 's we igh t  had t o  be cons ide rab l y  l e s s  than 100 1  b, 

i n  c o n t r a s t  w i t h  t h e  400- lb  des ign  f o r  t h e  p rev ious  program. The f o u r -  

stage s o l i d - f u e l  Scout r o c k e t  system, when separated f rom t h e  f o u r t h  

stage, has t h e  a b i l i t y  t o  l o f t  a  200- lb  payload t o  10000 km. T h i s  would 

p rov ide  a  t o t a l  t i m e  a l o f t  o f  2 t o  3 hours and would a t t a i n  a  p red i c ted  

r e d s h i f t  o f  some 4 p a r t s  i n  l o J 0 ,  60% o f  t h e  r e d s h i f t  a v a i l a b l e  f r om t h e  

e a r t h ' s  g r a v i t y .  

The f l i g h t  maser was r e q u i r e d  t o  s u r v i v e  t h e  trauma o f  a r o c k e t  

launch and t o  opera te  w i t h i n  s p e c i f i c a t i o n s  immediate ly  f o l l o w i n g  burn- 

ou t .  The q u a l i f i c a t i o n  model was t h e r e f o r e  sub jec ted  t o  an i n t e n s i v e  

s e r i e s  o f  shock, acous t i c ,  v i b r a t i o n ,  sp in ,  and m a g n e t i c - f i e l d  t e s t s .  

Dur ing 9 months o f  t e s t i n g ,  t h e  probe maser was operated p r a c t i c a l l y  w i t h -  

o u t  i n t e r r u p t i o n  i n  p r e p a r a t i o n  f o r  i t s  successfu l  2-hour m iss ion  i n  

space, which took  place June 18, 1 9 7 6 . ~  Obviously,  a  complete r e t h i n k -  

i n g  of  t h e  space-maser des ign was necess i ta ted ,  p a r t i c u l a r l y  because of  

t h e  low we igh t  and t he  very  s t r i n g e n t  mechanical c o n s t r a i n t s  imposed by 

t he  Scout r o c k e t  system. 
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maser t o  w i t hs tand  h igh  l e v e l s  o f  shock and v i b r a t i o n  du r i ng  shipment 

w i t h o u t  r e q u i r i n g  c a v i t y  tun ing .  I n  a d d i t i o n  t o  rugged cons t ruc t i on ,  
* 

the  c a v i t y  i s  made o f  CER-VIT, a  m a t e r i a l  o f  unbeatable dimensional  

s t a b i  1  i ty  and 1 ong-term r e s i s t a n c e  t o  dimensional  creep. A low thermal 

c o e f f i c i e n t  o f  t h e  c a v i t y  resonato r  frequency i s  ach ieved by us ing  

CER-VIT-101, w i t h  a thermal c o e f f i c i e n t  o f  2 t o  5 x 1 0 - ' / 0 ~ .  The major  

remain ing c o n t r i b u t i o n  t o  thermal m i s tun ing  o f  t h e  c a v i t y  has been found 

t o  be t h e  temperature c o e f f i c i e n t  o f  t h e  d i e l e c t r i c  cons tan t  o f  t h e  

qua r t z  s to rage  b u l b  w i t h i n  t h e  resonato r .  A t y p i c a l  va lue  f o r  t h e  

resonato r -bu lb  combinat ion f o r  t h e  VLG-10 s e r i e s  i s  

By reduc ing  t h e  t h i ckness  of t he  b u l b  ( b u t  m a i n t a i n i n g  t h e  s t i f f n e s s - t o -  

we igh t  r a t i o ) ,  we have 

- -  I nf = -300 H Z / " ~  
f AT 

f o r  t h e  VLG-11 s e r i e s  masers w i t h o u t  hav ing t o  use any d i f f e r e n t i a l  

compensating mechanism t h a t  m igh t  be vu l  nerab le  t o  temperature g rad ien t s .  

By hav ing  i n t r i n s i c a l l y  pass ive  thermal s t a b i l i t y  i n  t h e  most s e n s i t i v e  

components, we b e l i e v e  we can then  use t he rma l - con t ro l  techniques 

e f f e c t i v e l y  and thereby  p rov ide  excep t iona l  thermal s t a b i l  i ty  f o r  1  ong 

per iods  o f  t ime.  F i g u r e  1  shows t h e  c a v i t y - b u l b  assembly f o r  t h e  VLG- 

11 maser. 

P rov i s i ons  a r e  made f o r  us i ng  an autotuner ,  which i s  h i g h l y  recom- 

mended i f  t u n i n g  i s  t o  be done i n  t h e  f i e l d  by personnel who a r e  

inexper ienced w i t h  hydrogen masers o r  i f  mechanical and thermal env i ron-  

mental c i rcumstances a r e  severe enough t o  r e q u i r e  r e l a t i v e l y  f r equen t  

r e t u n i n g  . 





Figure  7 i 11 u s t r a t e s  t h e  thermal - c o n t r o l  system. Design exper ience 

w i t h  t h e  space maser has shown us t h a t  temperature g rad ien t s  a re  a  prob- 

lem t h a t  can be so lved  by i n c l u d i n g  separate zones o f  thermal c o n t r o l  

f o r  t h e  b e l l  j a r  and t he  oven. I n  a d d i t i o n ,  t h e  pump-d issoc ia tor  

assembly i s  a l s o  c o n t r o l l e d  so as t o  s t a b i l i z e  t h e  RF l i n e s ,  t he  d i s -  

s o c i a t o r ,  and t h e  i s o l a t o r ;  t h i s  l a s t  i t e m  i s  l o c a t e d  w i t h i n  t h e  pump 

s h i e l d s  a long  w i t h  t h e  tempera tu re -sens i t i ve  e l e c t r o n i c s  systems. The 

pump-d issoc ia tor  assembly i s  temperature c o n t r o l l e d  by means o f  r e c i r -  

c u l a t e d  t empera tu re -con t ro l l ed  a i r  f rom a heat-added system and a  heat 

exchanger, a t  t h e  r e a r  o f  t h e  cab ine t ,  t h a t  dumps unwanted heat  t o  the 

ambient environment. Maximum added power of  14 wa t t s  i s  r e q u i r e d  t o  

operate t h i s  system over  an ambient- temperature range o f  20" t o  30°C. 

The ion-pump man i f o l d  and t h e  d i s s o c i a t o r / s t a t e  s e l e c t o r  f o r  t he  

VLG-10, 10A, and 11 masers a re  shown i n  F igure  8. The source glassware 

f o r  bo th  i tems f o l l o w s  t h e  space-maser design. The c h i e f  d i f f e r e n c e s  

between t h i s  des ign and the  i n i t i a l  VLG-10 design i n c l u d e  t h e  s i z e  

o f  the  d i s s o c i  a t o r  glassware and t h e  1  ayout  o f  t he  RF c o i l .  Ever s i nce  

these m o d i f i c a t i o n s  were made, we have had no recur rence  o f  d i s s o c i a t o r  

f a i l u r e .  We b e l i e v e  t h a t  t h e  improvement i s  t h e  r e s u l t  o f  t h e  change i n  

d i s s o c i a t o r  s i ze ,  f rom 1" d iameter  x 1.4" l ong  t o  1.4" d iameter  x 2" 

long,  which increases t h e  volume by a f a c t o r  o f  3. These dimensions co in -  

c i d e  a lmost  e x a c t l y  w i t h  those used w i t h  e x c e l l e n t  success by t h e  J e t  

Propu ls ion  Labora to ry  maser group. The ion-pump m a n i f o l d  and neck 

assembly i s  shown i n  F igu re  9. 

The VLG-11 RF o s c i  11 a t o r  i nc l udes  a vo l  tage r e g u l a t o r  and an RF-1 eve1 

mon i to r .  The condi ti on o f  t h e  d i  scharge c o l o r ' s  b r i gh tness  , determi ned 

by s tudy ing  t he  r e l a t i v e  s t r eng ths  o f  t h e  atomic hydrogen Balmer-a 
0 

(6562 A )  r e d  l i n e  and an ad jacen t  molecular-band spectrum, p rov ides  a  

measure o f  t h e  d i s s o c i a t o r  e f f i c i e n c y .  





D i g i t a l  Syn thes izer  

The d i g i t a l  s yn thes i ze r  f o r  t h e  VLG-11 maser has been s p e c i f i c a l l y  

designed f o r  maser a p p l i c a t i o n s .  I t  i s  tunab le  from 405750.000 t o  

405753.999 Hz i n  d i s c r e t e  s teps o f  0.001 Hz. The syn thes i ze r  concept 

combines b o t h  d i r e c t  and i n d i r e c t  syn thes is  techniques. The f o u r  t unab le  

d i g i t s  a r e  generated by d iv ide-by-N phaselock loops,  which a re  c a r e f u l l y  

designed t o  min imize spur ious  ou tpu ts .  A l l  re fe rence  c a r r i e r  f requenc ies  

a re  5 kHz o r  g r e a t e r  t o  s i m p l i f y  t h e  problem o f .  suppress ing re fe rence-  

frequency modu la t ion  o f  t h e  l o o p ' s  v o l  tage-con t ro l  l e d  o s c i l l a t o r .  

A l l  t h e  d i g i t a l  l o g i c  w i t h i n  t h e  syn thes i ze r  i s  CMOS, o f f e r i n g  t h e  

t w i n  advantages o f  ve ry  low power consumption and freedom f rom sw i tch -  

i n g  t r a n s i e n t s .  The h ighes t  i n t e r n a l  f requency w i t h i n  t he  syn thes i ze r  

i s  5.0 MHz, t h e  c l o c k  s i g n a l .  The absence o f  high-frequency s i g n a l s  

simp1 i f i e s  c i r c u i t -  board and backplane w i r i n g  and permi ts  t he  use o f  

ca rd  extenders f o r  s e r v i c i n g .  

The d i g i t a l  s yn thes i ze r  r e q u i r e s  approx imate ly  6 wa t t s  a t  +28 v o l t s  

f o r  ope ra t i on  and can be operated d i r e c t l y  f rom an emergency b a t t e r y  

system. The sho r t - t e rm  s t a b i  1  i ty  o f  t h e  syn thes i ze r  has been measured 

a t  4 x f o r  a 100-sec A1 l a n  var iance, which corresponds t o  an over-  

a l l  maser-system c o n t r i b u t i o n  o f  approx imate ly  1.2 x 10 - l 6  a t  100 sec. 

It should be no ted  t h a t  these s t a b i l i t y  measurements i n d i c a t e  o n l y  an 

upper bound - ins t rumen ta l  1  i m i t a t i o n s  e s t a b l  i sh a n o i s e  f l o o r  a t  about 

1 x f o r  ou r  measurements a t  405 kHz. 

F igu re  10  shows t h e  mechanical packaging o f  t h e  syn thes izer ,  d i -  

r e c t l y  below the  r e c e i v e r  u n i t .  F ive  o f  t h e  seven i n d i v i d u a l l y  sh ie l ded  

p r i n t e d - c i r c u i t  boards a r e  shown i n s t a l l e d .  Each sh ie l ded  module can be 

operated on a  board extender  t o  f a c i l i t a t e  t r oub leshoo t i ng  and s e r v i c i n g .  



Maser C o n t r o l  Sys terns 

Exhaus t i ve  thermal  t e s t i n g  o f  t h e  probe maser c l e a r l y  demonst ra ted 

t h a t  thermal  g r a d i e n t s  a l o n g  t h e  vacuum tank  a r e  t h e  p r i m a r y  c o n t r i b u t o r  

t o  t h e  ambient  - temperature  s e n s i  t i  v i  ty  o f  t h e  maser c a v i  ty. Inc reased  

thermal  g a i n  o r  improved prearnpl i f i e r  s t a b i  1 i ty  a l o n e  i s  i n e f f e c t u a l  i n  

a t t a c k i n g  t h i s  problem; however, d i v i s i o n  o f  t h e  t a n k  (and oven) s u r -  

f a c e  i n t o  i n d e p e n d e n t l y  sensed and c o n t r o l l e d  zones has shown i t s e l f  t o  

be a p o w e r f u l  t echn ique  f o r  m i n i m i z i n g  g r a d i e n t  problems. A c c o r d i n g l y ,  

t h e  vacuum tank  i s  d i v i d e d  i n t o  t h r e e  zones - dome, c y l  i n d e r ,  and base - 

each o f  wh ich  has i t s  own sens ing  t h e r m i s t o r ,  a m p l i f i e r s ,  and h e a t e r  

w i n d i n g s .  Each zone can respond i n d e p e n d e n t l y  t o  e x t e r n a l  thermal  l o a d s  

w i t h o u t  m a t e r i a l l y  a f f e c t i n g  t h e  temperature  o f  o t h e r  zones. To m i n i m i z e  

t h e  thermal  s t r e s s  on t h e  vacuum-tank c o n t r o l l e r s ,  t h e  oven i s  d i v i d e d  

i n t o  a dome-cy l inder  zone and a  base zone; each o f  these  i s  i n d e p e n d e n t l y  

c o n t r o l l e d .  The i s o l a t o r - p r e a m p l i f i e r  box i s  a s e p a r a t e  thermal  zone, 

making a t o t a l  o f  s i x  d i s t i n c t  t h e r m a l - c o n t r o l  zones. The c i r c u l a t i n g  

a i r ,  wh ich c o n t r o l s  t h e  temperature  o f  t h e  pump, t h e  d i s s o c i a t o r ,  and 

t h e  upper maser e l e c t r o n i c s ,  i s  an e n t i r e l y  independent  system w i t h  s e l f -  

c o n t a i n e d  sensors  and e l e c t r o n i c s .  

Hydrogen f o r  o p e r a t i o n  o f  t h e  d i s s o c i a t o r  i s  f u r n i s h e d  f rom a  two- 

l i t e r  gas b o t t l e  p r e s s u r i z e d  t o  a p p r o x i m a t e l y  100 p s i .  The r e l a t i v e l y  

l o w  p ressure  permi t s  t h e  use o f  a sma l l  , t h e r m a l l y  a g i l e  p a l l a d i u m  va lve .  

Hydrogen p ressure  w i t h i n  t h e  d i s s o c i a t o r  i s  sensed by a t h e r m i s t o r  

P i r a n i  gauge, wh ich i s  i n c o r p o r a t e d  i n t o  a r e s i s t a n c e  b r i d g e  a l o n g  w i t h  

an i d e n t i c a l  t h e r m i s t o r  t h a t  senses t h e  high-vacuurn s i d e  o f  t h e  pumping 

system. The b r i d g e  o u t p u t ,  wh ich i s  independent  o f  ambient  temperature  

v a r i a t i o n s  t o  f i r s t  o r d e r ,  d r i v e s  a s e r v o  system t h a t  c o n t r o l s  t h e  d i s -  

s o c i a t o r  p r e s s u r e  by v a r y i n g  t h e  tempera tu re  o f  t h e  p a l l a d i u m  va lve .  

The p ressure  and t h e r m a l - c o n t r o l  e l e c t r o n i c s  a r e  housed i n  a  con- 

t r o l l e r  assembly mounted on t h e  maser c a b i n e t  frame. The c o n t r o l l e r  



assembly can be seen a t  t h e  t o p  of  F igure  11, w i t h  one o f  t h e  i n d i v i d -  

u a l l y  sh ie l ded  p r i n t e d - c i r c u i t  boards plugged i n t o  t h e  back plane. The 

c r i t i c a l  preamp1 i f i e r s  f o r  t he  t h r e e  zones o f  t h e  vacuum-tank hea te r  

a re  l o c a t e d  w i t h i n  t he  maser phys ics  package i n  t h e  t h e r m a l l y  c o n t r o l l e d  

upper maser e l e c t r o n i c s  assembly. F igure  12 shows t h e  c o n t r o l l e r  

assembly swung o u t  on i t s  hinges. The h inge  arrangement pe rm i t s  con- 

ven ien t  access t o  t h e  r e a r  o f  t h e  assembly f o r  maintenance and s e r v i c e  

w i t h o u t  i n t e r r u p t i o n  o f  power o r  s i g n a l .  

A r e a r  v iew o f  t h e  maser (F igu re  13) ,  taken e a r l y  i n  the  f a b r i c a -  

t i o n  phase, shows t h e  power-amp1 i f i  e r  assembly, which mounts t he  power 

t r a n s i s t o r s  f o r  t he  thermal and p ressure  c o n t r o l s .  

Moni t o r i  ng System 

The VLG-11 p rov ides  f r on t -pane l  analog meter ing  f o r  32 f unc t i ons .  

A l l  mete r ing ,  i n c l u d i n g  e i g h t  r e c e i v e r l s y n t h e s i z e r  f unc t i ons ,  i s  c e n t r a l -  

i z e d  on t h e  mon i t o r  panel, which i s  v i s i b l e  a t  t h e  t o p  o f  t h e  r a c k  i n  

F igure  11. LED lamps p rov ide  a  qu i ck - l ook  i n d i c a t i o n  o f  t h e  s t a t u s  o f  

t he  subsystems, w h i l e  a  smal l  LED numerical  readout  con t i nuous l y  d i s -  

p l ays  t h e  f o u r  l e a s t - s i g n i f i c a n t  d i g i t s  o f  t h e  syn thes i ze r  o u t p u t  f r e -  

quency. 

I n  a d d i t i o n  t o  t h e  convent iona l  panel meter wi t h  se l  ec to r -sw i  t c h  

mon i t o r i ng ,  t h e  VLG-11 p rov ides  an i n t e r n a l  t e l eme t r y  system. T h i r t y -  

one channels o f  vo l t age  o r  c u r r e n t  da ta  a r e  norma l i zed  t o  a  s tandard 

0- t o  +5.0-vol t range, bu f fe red ,  and b rought  o u t  t o  a  61-pin c y l i n d r i c a l  

connector on t h e  f r o n t  panel .  I n  a d d i t i o n ,  f i v e  m o n i t o r i n g  t he rm is to r s  

a re  access ib l e  through t h i s  connector  t o  p e r m i t  convenient  measurements 

o f  vacuum tank and oven temperatures. 



PERFORMANCE AND STABILITY DATA OF THE VLG-1OA AND EXPECTED DATA FROM 

THE VLG-11 MASER 

VLG-1 OA Data 

The most  c r i t i c a l  env i ronmen ta l  t e s t s  on VLG-1OA masers p u b l i s h e d  

so f a r  have been made under t h e  d i r e c t i o n  o f  Dr .  A. Rogers o f  Haystack 

Observa to ry  u s i n g  two VLG-1OAs and a Goddard NP s e r i e s  maser.' The 

f o l l o w i n g  pa ramete rs ,  t aken  from t h a t  pub1 i c a t i o n ,  a r e  f o r  t h e  SAO 

VLG-1 OA maser s e r i a l  number P - 4 :  

Temperature : Comments 

1 af !,, -5 x 10-14/"C 
7 aT ~ l - d a y  t i m e  c o n s t a n t  

P ressu re  : 

-- I a f  < 1 . 7 x  10 f a P  
-14/11 Hg beyond 1  i m i t  o f  s e n s i t i v i t y  f o r  

0.15" Hg p r e s s u r e  m o d u l a t i o n  

Magnet ic  f i e l d :  

1 af !,, I x ~ o - l ' / ~ a u s s  
f a B  

S t a b i l i t y  d a t a  a r e  shown i n  F i g u r e  14. 

VLG-11 Data 

From d a t a  o b t a i n e d  f r o m  t e s t s  on t h e  VLG-11 niaser d u r i n g  assembly, 

we can make t h e  f o l l o w i n g  p r o j e c t i o n s  about  s y s t e m a t i c  e f f e c t s :  

A. Thermal i n s e n s i t i v i t y  w i l l  be improved by a f a c t o r  o f  a t  l e a s t  

3, s i n c e  t h e  i n t r i n s i c  t h e m l a l  s e n s i t i v i t y  o f  t h e  c a v i  t y - b u l  b assembly 

has been found t o  be abou t  3 t i n ies  l ower ,  and we can a l s o  expec t  a con- 

s i d e r a b l e  improvement f r o m  t h e  thermal  r e d e s i g n .  



B. The a x i a l  s h i e l d i n g  f a c t o r  w i l l  see an improvement by a f a c t o r  

o f  about 1.6. Our t e s t s  on t o r r i s p h e r i c a l  s h i e l d s  i n d i c a t e  a  40% im- 

provement i n  t h e  r a t i o  o f  a x i a l  t o  t r ansve rse  s h i e l d i n g  f o r  a  s i n g l e  

sh ie l d .  From ope ra t i ng  t e s t s  o f  t he  phys ics  package o f  t he  VLG-11 maser, 

we observe t h a t  we can opera te  t h e  maser a t  a  f i e l d  o f  0.350 mgauss 

(500-Hz Zeeman f requency) .  T h i s  a1 lows a  d i r e c t  two - fo l  d  improvement 

i n  magnet ic s e n s i t i v i t y ,  which, combined w i t h  t h e  improved s h i e l d i n g  

f a c t o r ,  should y i e l d  a  n e t  improvement by a  f a c t o r  o f  3. 

C. The m o d i f i e d  VLG-1OA c a v i t y  des ign e x h i b i t s  a  baromet r i c -  

pressure s e n s i t i v i t y  t h a t  i s  lower  than can be measured adequately w i t h i n  

t he  ambient-pressure range ava i  1 ab le  a t  t he  Haystack observatory .  The 

VLG-11 c a v i t y  s t r u c t u r e  i s  more rugged and b e t t e r  i s o l a t e d  than t he  

VLG-lOA, as t h e  s t r a i n  re1  i e f  o f  t h e  a t tached  coax ia l  cab les has been 

improved, so we expect  b e t t e r  performance f rom t h e  new design. To v e r i f y  

t h e  improvement i n  baromet r i c  s e n s i t i v i t y ,  a spec ia l  chamber i s  under 

c o n s t r u c t i o n  a t  SAO t o  p e r m i t  t e s t i n g  ove r  an ambient-pressure range o f  

+0.0 t o  +2.0" Hg (approx imate ly  1 p s i g ) .  

D. Improvement of t h e  no i se  f i g u r e  o f  t h e  maser rece iver /syn the-  

s i z e r  by a  f a c t o r  o f  about 5 w i l l  r e s u l t  f rom us ing  a p r e a m p l i f i e r  w i t h  

a  5-db no i se  f i g u r e  i n s t e a d  o f  t he  13-db e f f e c t i v e  n o i s e  f i g u r e  o f  t h e  

d iode mixer  i n  t he  VLG-1OA system. The sho r t - t e rm  s t a b i l i t y  i n  t h e  

T - ~  p o r t i o n  o f  t h e  A l l a n  var iance,  which i s  assoc ia ted  w i t h  a d d i t i v e  

w h i t e  phase noise,  w i  11 be reduced by 6, o r  about 2 .  

F i gu re  14 shows t h e  a n t i c i p a t e d  performance o f  t h e  VLG-11 w i t h  

a l l  t he  above f a c t o r s  taken i n t o  account. 

Th i s  work was supported i n  p a r t  by Con t rac t  NAS8-27969 f rom t h e  

Nat iona l  Aeronaut ics  and Space Admin i s t r a t i on .  
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FIGURE C A P T I O N S  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

F i g .  

1  - VLG-11 c a v i t y - b u l  b  assembly. 

2 - VLG-1 OA and VLG-11 c a v i  t y - b u l  b  assembly. 

3 - VLG-1OA and VLG-11 c a v i t y  s t r u c t u r e  and s t r e s s  l o a d  pa ths .  

4 - VLG-1OA and VLG-11 magnet ic  s h i e l d s  and oven assembly. 

5 - VLG-11 magnet ic  s h i e l d s .  

6 -Two-s ided  p r i n t e d - c i r c u i t  s o l e n o i d  f o r  VLG-11 maser. 

7 - VLG-10 and VLG-11 thermal  - c o n t r o l  system. 

8 - VLG-10 and VLG-11 ion-pump vacuum m a n i f o l d  and d i s s o c i a t o r  

s t a t e  s e l  e c t o r .  

9 - VLG-11 ion-pump and neck assembly. 

10 - VLG-11 r e c e i v e r  and s y n t h e s i z e r .  

11 - VLG-11 maser f r o n t  v iew.  

12 - VLG-11 maser f r o n t  v iew showing e l e c t r o n i c s  assembl ies  opened 

f o r  i n s p e c t i o n  . 
13 - Rear v iew o f  VLG-11 maser showing power-amp1 i f i e r  assembly and 

h e a t  s i n k .  

14 - VLG-10 maser s t a b i l  i t y  d a t a  and p r o j e c t e d  VLG-11 peformance. 

E r r o r  b a r s  show t h e  spread between a  number o f  i n d i v i d u a l  d a t a  

s e t s .  Crosses a r e  f o r  a s i n g l e  da ta  s e t .  



Fig. 1 VLG-11 cavity-bulb assembly. 
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Fig. 6 Two-sided printed-circuit solenoid fo r  VLG-11 maser. 
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Fig. 11 VLG-11 maser front view. 



Fig. 12 VLG-11 mase r  front view showing electronics assemblies 
opened for inspection. 



Fig. 13 Rear view of VLG-11 maser showing power-amplifier 
fissemhly and heat sink. 






