
Cal ibrat ion Plan:
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Wave leng th  Dependence  and  Spa t ia l

D e p e n d e n c e

P u r p o s e

In o rder to accura te l y m e a s u r e the D o p p l e r ve loc i t y w e n e e d to k n o w the

ca l ib ra t ion da ta of the front w i n d o w , b locker , Lyot , a n d M i c h e l s o n fi l ters.

R e q u i r e m e n t s

T h e I P D spec i f i es the n o i s e o n the D o p p l e r ve loc i t y de te rmina t ion : 2 5 m/s

in qu ie t S u n , for a d y n a m i c r a n g e of ±6 .5 km/s.

T h e C P S spec i f i es a b a s e l i n e fi l ter d e s i g n w i th a 7 6 m A F W H M , a cent ra l

w a v e l e n g t h of 6 1 7 3 A ( F e I l ine) a n d a fi l ter r a n g e of 6 8 0 m A .

T h e I P D spec i f i es that the r ipp les of the front w i n d o w a n d b locke r fi l ter

s h o u l d b e less than 1 % of the m a x i m u m transmi t tance.

T e s t conf igura t ion

A l l con f igu ra t ions c a n b e used .

N e e d e d m e a s u r e m e n t s a n d test p l a n s

M e a s u r e m e n t s a re m a d e o n the c o m p l e t e ins t rument - - -on ly o n e C C D is

requi red-- - , p re fe rab ly in v a c u u m , o the rw i se in air. A n a i r - to -vacuum

corrector c o u l d b e a p p l i e d at the en t rance of the te l escope to m a k e it i n

focus, bu t th is is no t n e c e s s a r y s i n c e w e w i l l spa t ia l l y a v e r a g e the outpu t

m a p s .

M e a s u r e m e n t s a re to b e d o n e in O b s m o d e a n d C a l m o d e . B o t h a re

n e e d e d b e c a u s e the c o n e s ---over w h i c h the l ight rays r e a c h i n g a spec i f i c

C C D p ixe l a re in tegrated-- - a re no t the s a m e in these 2 m o d e s , a n d

b e c a u s e w e n e e d to sepa ra te the impac t o n the t ransmiss ion prof i le of the

front w i n d o w ---that is i n focus in C a l m o d e but no t i n Obsmode - - - f rom the

impac t of the b locke r fi lter.



M e a s u r e m e n t s a re to b e d o n e in O b s m o d e a n d C a l m o d e . B o t h a re

n e e d e d b e c a u s e the c o n e s ---over w h i c h the l ight rays r e a c h i n g a spec i f i c

C C D p ixe l a re in tegrated-- - a re no t the s a m e in these 2 m o d e s , a n d

b e c a u s e w e n e e d to sepa ra te the impac t o n the t ransmiss ion prof i le of the

front w i n d o w ---that is i n focus in C a l m o d e but no t i n Obsmode - - - f rom the

impac t of the b locke r fi lter.

In C a l m o d e :

M e a s u r e m e n t s m igh t b e m a d e w i th a laser i l l um ina t ing a c i rcu lar

target w h o s e s i ze is the a n g u l a r d iame te r of the S u n . A d y e laser is

n e e d e d . T h e s t imu lus te l escope w i l l b e p l a c e d in b e t w e e n the laser a n d

the front w i n d o w of the ins t rument . T h e c i rcu lar target s h o u l d b e p l a c e d in

the foca l p l a n e of the s t imu lus te lescope .

T h e test s e q u e n c e inc ludes : c h a n g i n g the laser cent ra l w a v e l e n g t h a n d

r u n n i n g a d e t u n e s e q u e n c e at e a c h w a v e l e n g t h . F r o m the outpu t

in tens i t ies m e a s u r e d o n the C C D a compu te r c o d e w i l l charac te r i ze the

fi l ter sys tem.

B y charac te r i za t ion w e m e a n : e i ther de te rm in ing the re la t ive p h a s e s a n d

cont ras ts of the 5 Lyo t e l e m e n t s a n d of the 2 M iche l sons , or de te rm in ing

the p h a s e s a n d cont ras ts of the tunab le e l e m e n t s a n d recons t ruc t ing the

prof i le of the non - t unab le par t of the fi l ter b y in terpo la t ion . W e n e e d to

record the laser in tens i ty du r i ng the test, t h rough a f iber op t ic c a b l e

l igh t ing a s m a l l a r e a of the C C D , or w i t h a n ex te rna l dev i ce . T h e

f i l te rgrams w i l l b e cor rec ted for a n y var ia t ion in the laser in tens i ty . T h e

w a v e l e n g t h of the laser s h o u l d a l s o b e accura te l y m e a s u r e d w i th a

w a v e m e t e r .

W e w i l l p i ck a s i ng le d e t u n e s e q u e n c e for the ent i re test: th is

d e t u n e s e q u e n c e w i l l h a v e 2 7 pos i t i ons at the most . It s h o u l d b e care fu l l y

c h o s e n to a v o i d p o s s i b l e d e g e n e r a c i e s b e t w e e n s o m e fi l ter pa rame te rs

a n d to m a k e the leas t -squares a lgo r i t hm c o n v e r g e rap id ly . T h e n u m b e r of

lase r w a v e l e n g t h s a l s o n e e d s to b e de te rm ined . T h e n u m b e r u s e d for

MDI , 10 , w a s too low . S i m u l a t i o n s of the test s e q u e n c e s h o w that 3 2

w a v e l e n g t h s m o r e or l ess e q u a l l y s p a c e d b e t w e e n -3.5 a n d +3 .5

A n g s t r o m s s h o u l d a l l o w for a n accu ra te recons t ruc t ion of the non - t unab le

par t of the fi l ter prof i le .

Add i t i ona l l y , the u s e of a l a m p (p lus a d e t u n e s e q u e n c e ) rep lac ing

the d y e laser s h o u l d a l l o w for a par t ia l recons t ruc t ion of the front

w i n d o w + b l o c k e r fi l ter t ransmiss ion prof i le . A p o s s i b l e w a y of de te rm in ing

th is prof i le f rom the m e a s u r e d in tens i t ies is to u s e the spat ia l l y a v e r a g e d

b locke r fi l ter pro f i le a s a n inpu t of a compu te r c o d e a n d to e x p a n d the

f r inges prof i le i n a Four ie r ser ies : w e then fit for the a m p l i t u d e s of the

c o s i n e s a n d s i n e s of the ser ies .



Add i t i ona l l y , the u s e of a l a m p (p lus a d e t u n e s e q u e n c e ) rep lac ing

the d y e laser s h o u l d a l l o w for a par t ia l recons t ruc t ion of the front

w i n d o w + b l o c k e r fi l ter t ransmiss ion prof i le . A p o s s i b l e w a y of de te rm in ing

th is prof i le f rom the m e a s u r e d in tens i t ies is to u s e the spat ia l l y a v e r a g e d

b locke r fi l ter pro f i le a s a n inpu t of a compu te r c o d e a n d to e x p a n d the

f r inges prof i le i n a Four ie r ser ies : w e then fit for the a m p l i t u d e s of the

c o s i n e s a n d s i n e s of the ser ies .
T h e outpu t in tens i t ies a re a l inear c o m b i n a t i o n of s o m e Four ie r

coef f ic ien ts of the b l o c k e r + w i n d o w + n o n - t u n a b l e Lyo t t ransmiss ion prof i le .

There fo re , w e c a n der i ve the spa t ia l f r equenc ies that the l a m p test w i l l

g i v e u s a c c e s s to. F o r th is ana l ys i s to w o r k w e mus t k n o w the F S R s ,

p h a s e s , a n d cont ras ts of a l l the Lyo t a n d M i c h e l s o n e l e m e n t s (or the

t ransmiss ion prof i le of the non - t unab le Lyo t fi lter). The re fo re th is l a m p test

mus t b e run after t hese pa rame te rs h a v e b e e n de te rm ined . A spec i f i c

d e t u n e s e q u e n c e m a y b e c h o s e n for th is test, or w e m a y u s e the s a m e

o n e a s the laser test.

In O b s m o d e :

T h e s a m e m e a s u r e m e n t s a re to b e d o n e .

M e a s u r e m e n t s c o u l d a l s o b e d o n e in sun l i gh t u s i n g a n hel ios ta t , if

there is e n o u g h t ime, to a c c o u n t for the impac t of the so la r l i ne

b r o a d e n i n g n e a r the l i m b ( a n d in tens i ty reduc t ion) o n the D o p p l e r ve loc i t y

error. T h e so la r p - a n g l e mus t b e d e t e r m i n e d a n d reco rded for the t ime

a n d da te of the test.

D a t a a n a l y s i s a n d n e e d e d sof tware

T h e da ta re tu rned b y the d e t u n e s e q u e n c e are f i l tergrams, w h i c h

w i l l p r o b a b l y b e s to red a s .fits f i les. T w o p r o g r a m s that conver t t hese

f i l te rgrams in to the fi l ter pa rame te rs a re n e e d e d . O n e p r o g r a m wi l l b e

b a s e d o n the laser test data , a n d the other o n e w i l l b e b a s e d o n the l a m p

test data .

Idea l l y the first p r o g r a m wi l l pe r fo rm a leas t -squares a lgo r i t hm to fit

for the cont ras ts a n d p h a s e s of e a c h Lyo t a n d M i c h e l s o n e lemen t , or at

leas t for the tunab le e lemen ts . It w i l l u s e the spa t i a l l y -ave raged

t ransmiss ion prof i le for the b locke r fi l ter a l r eady o b t a i n e d at L o c k h e e d

Mart in , a n d the F S R s a l ready m e a s u r e d o n the ind i v i dua l e lemen ts . If no t

f i t ted for, the non - t unab le par t of the H M I fi l ter c a n b e re t r ieved b y

in te rpo la t ing the m e a s u r e d in tens i t ies . A sp l i ne in te rpo la t ion is l i ke ly to b e

used , p rov id i ng fast a n d re l i ab le resul ts . A s i n e t rans form in te rpo la t ion

c o u l d a l s o b e per fo rmed, bu t the non -un i f o rm w a v e l e n g t h s a m p l i n g rate of

the d y e laser comp l i ca tes the procedure .



Idea l l y the first p r o g r a m wi l l pe r fo rm a leas t -squares a lgo r i t hm to fit

for the cont ras ts a n d p h a s e s of e a c h Lyo t a n d M i c h e l s o n e lemen t , or at

leas t for the tunab le e lemen ts . It w i l l u s e the spa t i a l l y -ave raged

t ransmiss ion prof i le for the b locke r fi l ter a l r eady o b t a i n e d at L o c k h e e d

Mart in , a n d the F S R s a l ready m e a s u r e d o n the ind i v i dua l e lemen ts . If no t

f i t ted for, the non - t unab le par t of the H M I fi l ter c a n b e re t r ieved b y

in te rpo la t ing the m e a s u r e d in tens i t ies . A sp l i ne in te rpo la t ion is l i ke ly to b e

used , p rov id i ng fast a n d re l i ab le resul ts . A s i n e t rans form in te rpo la t ion

c o u l d a l s o b e per fo rmed, bu t the non -un i f o rm w a v e l e n g t h s a m p l i n g rate of

the d y e laser comp l i ca tes the procedure .
T h e 4 0 9 6 x 4 0 9 6 outpu t in tens i t ies , m e a s u r e d o n the C C D , w i l l p r o b a b l y

b e a v e r a g e d b y 3 2 x 3 2 b locks , to i m p r o v e the p o o r s igna l - to -no ise rat io

d u e to a h i g h da rk cur rent leve l . Moreove r , the leas t -squares fit w i l l

p r o b a b l y b e regu la r i zed b e c a u s e of th is p o o r S / N rat io, espec ia l l y if the

test is d o n e in ai r ( m a k i n g it di f f icul t to c o o l d o w n the C C D s ) .

W e c a n r e a s o n a b l y a s s u m e that the inpu t t ransmiss ion prof i le f rom the

laser is a s i m p l e de l ta funct ion. If it tu rns ou t that the w i d t h of the laser l i ne

(expec ted to b e less than 1 m A ) is no t neg l i g ib le , th is w i d t h --- l ike the

wave leng th - - - mus t a l s o b e taken in to a c c o u n t in the c o d e a s a k n o w n

parameter . T h e J a c o b i a n mat r ix of the leas t -squares fit i s u s e d to

de te rm ine w h i c h d e t u n e s e q u e n c e a l l o w s for a p rec i se de te rm ina t i on of

the pa rame te rs w e are in te res ted in.

T h e s e c o n d p r o g r a m wi l l u s e the spa t i a l l y -ave raged b locke r fi l ter

t ransmiss ion prof i le , the tunab le L y o t + M i c h e l s o n paramete rs , a n d the

da ta re la ted to the non - t unab le part , a s re tu rned b y the first p rog ram, a n d

w i l l fit for the a m p l i t u d e s of 7 c o s i n e s a n d s ines .

T h i s w a v e l e n g t h a n d spa t ia l d e p e n d e n c e ca l ib ra t ion test m a y b e

c o m b i n e d w i th the a n g u l a r d e p e n d e n c e test. T h e c o d e s n e e d to return

the fi l ter ca l ib ra t ion pa rame te rs for e a c h C C D p ixe l i n O b s m o d e a n d

C a l m o d e (i.e. the ou tpu t da ta a re maps) , a n d a l s o the spa t ia l ave rages .



Angu la r D e p e n d e n c e

P u r p o s e

In o rder to accura te l y m e a s u r e the D o p p l e r ve loc i t y w e n e e d to k n o w h o w

the ca l ib ra t ion da ta of the front w i n d o w , b locker , Lyot , a n d M i c h e l s o n

fi l ters va ry a s a func t ion of the a n g l e of i n c i d e n c e of the l ight rays.

R e q u i r e m e n t s

T h e I P D spec i f i es the n o i s e o n the D o p p l e r ve loc i t y de te rmina t ion : 2 5 m/s

in qu ie t S u n , for a d y n a m i c r a n g e of ±6 .5 km/s.

T h e C P S spec i f i es a f ie ld of v i e w of 2000 ' ' for HMI .

T e s t conf igura t ion

A l l con f igu ra t ions c a n b e used .

N e e d e d m e a s u r e m e n t s a n d test p l a n s

M e a s u r e m e n t s a re m a d e o n the c o m p l e t e ins t rument (on ly o n e

C C D is requ i red) , p re fe rab ly in v a c u u m , o the rw i se in a i r (an

a i r - to -vacuum corrector c o u l d b e a p p l i e d at the en t rance of the te l escope

to m a k e it i n focus) . M e a s u r e m e n t s a re to b e d o n e in O b s m o d e a n d

C a l m o d e . B o t h a re n e e d e d b e c a u s e the c o n e s ---over w h i c h the l ight rays

r e a c h i n g a spec i f i c C C D p ixe l a re in tegrated-- - a re no t the s a m e in these

2 m o d e s , a n d b e c a u s e w e n e e d to sepa ra te the impac t o n the

t ransmiss ion prof i le of the front w i n d o w ---that is i n focus in C a l m o d e but

no t i n Obsmode - - - f rom the impac t of the b locke r fi lter.

In C a l m o d e :

M e a s u r e m e n t s m igh t b e m a d e w i th a laser l igh t ing the s t imu lus

te l escope p l a c e d in front of the H M I ins t rument , to feed the ins t rument

w i t h a per fect ly co l l ima ted b u n c h of rays. A d y e laser is n e e d e d . T h e

a n g u l a r d e p e n d e n c e test s h o u l d b e pe r fo rmed i m m e d i a t e l y after the

w a v e l e n g t h a n d spa t ia l d e p e n d e n c e test, or c o m b i n e d w i th th is test.



M e a s u r e m e n t s m igh t b e m a d e w i th a laser l igh t ing the s t imu lus

te l escope p l a c e d in front of the H M I ins t rument , to feed the ins t rument

w i t h a per fect ly co l l ima ted b u n c h of rays. A d y e laser is n e e d e d . T h e

a n g u l a r d e p e n d e n c e test s h o u l d b e pe r fo rmed i m m e d i a t e l y after the

w a v e l e n g t h a n d spa t ia l d e p e n d e n c e test, or c o m b i n e d w i th th is test.
In a first app rox ima t ion , a non -ze ro i n c i d e n c e a n g l e ø a d d s to the n o r m a l

re ta rdance of a Lyo t or M i c h e l s o n e l e m e n t a term propor t iona l to ø² (for

s m a l l ø). T h e c o r r e s p o n d i n g c h a n g e in F S R for the e l e m e n t is neg l i g i b l e

a n d the m a i n effect is a w a v e l e n g t h drift a m o u n t i n g to a p h a s e shif t a n d

e x p e c t e d to b e propor t iona l to ø².

F o r a g i v e n laser w a v e l e n g t h , w e s h o u l d run o n e d e t u n e s e q u e n c e per

i n c i d e n c e ang le . W h e n a n a l y z i n g the test da ta (output in tens i t ies

m e a s u r e d o n the C C D ) w e w i l l u s e the F S R s a n d cont ras ts of the fi l ter

e l e m e n t s a l r eady de r i ved f rom the w a v e l e n g t h a n d spa t ia l d e p e n d e n c e

test, a n d w e w i l l fit for the a n g l e - d e p e n d e n t p h a s e s of the Lyo t a n d

M i c h e l s o n e lemen ts . A l te rnat ive ly , if the non - t unab le Lyo t t ransmiss ion

prof i le h a s b e e n in te rpo la ted w i th the w a v e l e n g t h a n d spa t ia l

d e p e n d e n c e test da ta ins tead of b e i n g paramete r i zed , then w e w i l l jus t

m e a s u r e the shif t i n w a v e l e n g t h of th is non - t unab le par t t r ansmiss ion

prof i le . T h e laser in tens i ty a n d w a v e l e n g t h s h o u l d bo th b e reco rded

du r i ng the test.

O n e laser w a v e l e n g t h a n d d e t u n e s e q u e n c e is e n o u g h to fit for the

tunab le par t pa ramete rs . S e v e r a l w a v e l e n g t h s a re n e e d e d for the

non - t unab le part : the exac t n u m b e r n e e d s to b e d e t e r m i n e d f rom a

n u m e r i c a l s imu la t ion . T h e d e t u n e s e q u e n c e s h o u l d b e the s a m e a s the

o n e u s e d in the w a v e l e n g t h a n d spa t ia l d e p e n d e n c e test.

W e s h o u l d m e a s u r e ou tpu t in tens i t ies for 6 di f ferent i n c i d e n c e a n g l e s

r a n g i n g f rom -0.28° to +0 .28° (to cove r the f ie ld of v i e w of HMI) . N o

az imu tha l d e p e n d e n c e is e x p e c t e d but t w o ser ies of m e a s u r e m e n t s

s h o u l d n o n e t h e l e s s b e pe r fo rmed to c h e c k the a c c u r a c y of th is

assump t i on : o n e ser ies w i t h a n g l e s va ry ing ver t ica l ly a n d o n e w i th a n g l e s

va ry ing hor izonta l l y . T h e spec i f i c a n g l e s c a n b e se lec ted e i ther b y

m o v i n g the l e g s of the H M I ins t rument ---to c h a n g e the ins t rument

or ien ta t ion re la ted to the co l l ima ted rays--- or b y m o v i n g the op t i ca l f iber

c a b l e that g u i d e s the laser b e a m . T h e exac t v a l u e of the se lec ted a n g l e

c a n b e re t r ieved b y tak ing a n i m a g e of the laser do t i n O b s m o d e : the

rad ia l d i s tance of the C C D p ixe l that rece i ves the laser l ight to the C C D

cente r is re la ted to th is i n c i d e n c e ang le .

In O b s m o d e :

M e a s u r e m e n t s m igh t b e m a d e w i th a laser i l l um ina t ing a c i rcu lar

target w h o s e s i ze is the a n g u l a r d iame te r of the S u n . A d y e laser is

n e e d e d . T h e s t imu lus te l escope w i l l b e p l a c e d in front of the ins t rument .

T o se lec t the i n c i d e n c e ang les , a n o p a q u e m a s k w i l l b e punc tu red a n d

p l a c e d in b e t w e e n the s t imu lus te l escope a n d the H M I front w i n d o w .

D e p e n d i n g o n the loca t ion of the p i n h o l e (its rad ia l d i s tance f rom the

cente r of the H M I aper ture) , a spec i f i c i n c i d e n c e a n g l e is se lec ted . B y

rota t ing the m a s k a b o u t the op t i ca l ax i s of the H M I ins t rument a n d

s t imu lus te lescope , w e c a n der i ve the spa t ia l var ia t ion of the ins t rument

r e s p o n s e to th is spec i f i c i n c i d e n c e ang le . A d e t u n e s e q u e n c e w i l l b e run

for e a c h ang le .



M e a s u r e m e n t s m igh t b e m a d e w i th a laser i l l um ina t ing a c i rcu lar

target w h o s e s i ze is the a n g u l a r d iame te r of the S u n . A d y e laser is

n e e d e d . T h e s t imu lus te l escope w i l l b e p l a c e d in front of the ins t rument .

T o se lec t the i n c i d e n c e ang les , a n o p a q u e m a s k w i l l b e punc tu red a n d

p l a c e d in b e t w e e n the s t imu lus te l escope a n d the H M I front w i n d o w .

D e p e n d i n g o n the loca t ion of the p i n h o l e (its rad ia l d i s tance f rom the

cente r of the H M I aper ture) , a spec i f i c i n c i d e n c e a n g l e is se lec ted . B y

rota t ing the m a s k a b o u t the op t i ca l ax i s of the H M I ins t rument a n d

s t imu lus te lescope , w e c a n der i ve the spa t ia l var ia t ion of the ins t rument

r e s p o n s e to th is spec i f i c i n c i d e n c e ang le . A d e t u n e s e q u e n c e w i l l b e run

for e a c h ang le .

M e a s u r e m e n t s s h o u l d a l s o b e d o n e in sun l i gh t u s i n g a n hel ios ta t , if

there is e n o u g h t ime, to a c c o u n t for the impac t of the so la r l i ne

b r o a d e n i n g n e a r the l i m b ( a n d in tens i ty reduc t ion) o n the D o p p l e r ve loc i t y

error. T h e so la r p - a n g l e n e e d s to b e d e t e r m i n e d a n d reco rded for the t ime

a n d da te of the test.

D a t a a n a l y s i s a n d n e e d e d sof tware

T h e da ta re tu rned b y the d e t u n e s e q u e n c e are f i l tergrams, w h i c h

w i l l p r o b a b l y b e s to red a s .fits f i les. A p r o g r a m that conver ts these

f i l te rgrams in to the fi l ter pa rame te rs a re n e e d e d . Idea l l y th is p r o g r a m wi l l

pe r fo rm a regu la r i zed leas t -squares a lgo r i t hm to fit for the p h a s e s of e a c h

Lyo t a n d M i c h e l s o n e l e m e n t (or at leas t for the tunab le e lements ) , u s i n g

the cont ras ts a n d the t ransmi t tance prof i le of the b locke r a n d front w i n d o w

that h a v e b e e n re tu rned b y the w a v e l e n g t h a n d spa t ia l d e p e n d e n c e test.

W e c a n r e a s o n a b l y a s s u m e that the inpu t t ransmiss ion prof i le f rom

the laser is a s i m p l e de l ta funct ion. If it tu rns ou t that the w i d t h of the laser

l i ne (expec ted to b e less than 1 m A ) is no t neg l i g ib le , th is w i d t h mus t b e

taken in to a c c o u n t in the c o d e a s a k n o w n parameter . T h e J a c o b i a n

mat r ix of the leas t -squares fit i s u s e d to de te rm ine w h i c h d e t u n e

s e q u e n c e a l l o w s for a p rec i se de te rm ina t i on of the pa rame te rs w e are

in te res ted in.



Stabi l i ty

P u r p o s e

In o rder to accura te l y m e a s u r e the D o p p l e r ve loc i t y w e n e e d to k n o w h o w

the ca l ib ra t ion da ta of the front w i n d o w , b locker , Lyot , a n d M i c h e l s o n

fi l ters va ry w i t h tempera ture .

R e q u i r e m e n t s

T h e I P D spec i f i es the n o i s e o n the D o p p l e r ve loc i t y de te rmina t ion : 2 5 m/s

in qu ie t S u n , for a d y n a m i c r a n g e of ±6 .5 km/s.

T e s t conf igura t ion

A l l con f igu ra t ions c a n b e used .

N e e d e d m e a s u r e m e n t s a n d test p l a n s

M e a s u r e m e n t s a re m a d e o n the c o m p l e t e ins t rument in v a c u u m

(on ly o n e C C D is needed ) . In a first app rox ima t ion , a tempera tu re c h a n g e

p r o d u c e s a w a v e l e n g t h drift o n the t ransmiss ion pro f i les (es t imated, e.g.,

to 1 m A / ° C for the t ransmiss ion prof i le of the non - t unab le Lyot) . T h e other

ef fects - - -espec ia l l y a c h a n g e in the F S R s - - - a re neg l i g ib le . S i n c e the drift

i s e x p e c t e d to b e very s m a l l for per fec t ly c o m p e n s a t e d Lyo t a n d

M iche l sons , w e s h o u l d s p a n a la rge r a n g e of tempera tu re du r i ng the test.

F o r i ns tance w e c o u l d se lec t 3 tempera tu res : 25 , 30 , a n d 3 5 ° C ( range of

the o v e n ?). Moreove r , m e a s u r e m e n t s w i l l p r o b a b l y b e m a d e o n l y w i t h

sun l i gh t th rough a n hel ios ta t : w e n e e d a l ight s o u r c e w h o s e cent ra l

w a v e l e n g t h is e x p e c t e d to drift b y a m u c h sma l l e r a m o u n t than the

w a v e l e n g t h drift d u e to the tempera tu re c h a n g e . There fo re , the stabi l i ty of

the l ight s o u r c e s h o u l d b e bet ter than 1 m A : o n a v e r a g e the c h a n g e in the

ear th orb i ta l ve loc i t y is a b o u t 5 .5 m/s a day , rough l y m e a n i n g a m a x i m u m

shif t of 0 .11 m A a d a y of the o b s e r v e d so la r i ron l ine. T h e s t imu lus

te l escope w i l l b e p l a c e d in front of the ins t rument , ou ts i de of the v a c u u m

tank. T h e m e a s u r e m e n t s w i l l b e m a d e in C a l m o d e on ly : i n O b s m o d e , the

so la r F e l i ne is no t s tab le e n o u g h ( d u e to acous t i c osc i l l a t i ons !). O n l y

m a r g i n a l d i f fe rences a re e x p e c t e d in te rm of the rma l stabi l i ty b e t w e e n

these t w o m o d e s .



F o r i ns tance w e c o u l d se lec t 3 tempera tu res : 25 , 30 , a n d 3 5 ° C ( range of

the o v e n ?). Moreove r , m e a s u r e m e n t s w i l l p r o b a b l y b e m a d e o n l y w i t h

sun l i gh t th rough a n hel ios ta t : w e n e e d a l ight s o u r c e w h o s e cent ra l

w a v e l e n g t h is e x p e c t e d to drift b y a m u c h sma l l e r a m o u n t than the

w a v e l e n g t h drift d u e to the tempera tu re c h a n g e . There fo re , the stabi l i ty of

the l ight s o u r c e s h o u l d b e bet ter than 1 m A : o n a v e r a g e the c h a n g e in the

ear th orb i ta l ve loc i t y is a b o u t 5 .5 m/s a day , rough l y m e a n i n g a m a x i m u m

shif t of 0 .11 m A a d a y of the o b s e r v e d so la r i ron l ine. T h e s t imu lus

te l escope w i l l b e p l a c e d in front of the ins t rument , ou ts i de of the v a c u u m

tank. T h e m e a s u r e m e n t s w i l l b e m a d e in C a l m o d e on ly : i n O b s m o d e , the

so la r F e l i ne is no t s tab le e n o u g h ( d u e to acous t i c osc i l l a t i ons !). O n l y

m a r g i n a l d i f fe rences a re e x p e c t e d in te rm of the rma l stabi l i ty b e t w e e n

these t w o m o d e s .
W e wi l l pe r fo rm a d e t u n e s e q u e n c e that w i l l o n l y g i v e u s a c c e s s to

the tunab le par t of the H M I filter. T h e outpu t in tens i t ies , m e a s u r e d o n the

C C D , w i l l b e u s e d a s inpu t pa rame te rs in a compu te r code . T h i s c o d e w i l l

fit for the p h a s e s of E 1 a n d the 2 M i c h e l s o n s ( m e a n i n g 3 pa rame te rs to

retr ieve). T h e F S R s a n d cont ras ts of the tunab le e l e m e n t s w i l l b e inpu t

pa rame te rs w h o s e v a l u e s a re the o n e s re tu rned b y the w a v e l e n g t h a n d

spa t ia l d e p e n d e n c e test. E i the r the t ransmiss ion prof i le or the pa rame te rs

of the non - t unab le Lyo t w i l l b e u s e d a s k n o w n inpu t paramete rs .

The re fo re the stabi l i ty test s h o u l d b e pe r fo rmed after the w a v e l e n g t h a n d

spa t ia l d e p e n d e n c e test.

T h e d e t u n e s e q u e n c e c o u l d b e the s a m e a s the o n e u s e d in the

w a v e l e n g t h a n d spa t ia l d e p e n d e n c e test (w i th 2 7 pos i t i ons at the most) ,

p l u s a n ext ra pos i t i on to m e a s u r e the in tens i ty i n the so la r con t i nuum. T h e

w i d t h a n d d e p t h of the so la r l i ne w i l l b e f i t ted for, u s i n g a s i m p l e G a u s s i a n

l i ne m o d e l . T h e so la r p - a n g l e n e e d s to b e d e t e r m i n e d a n d reco rded for

the da te a n d t ime of the test.

D a t a a n a l y s i s a n d n e e d e d sof tware

T h e da ta re tu rned b y the d e t u n e s e q u e n c e are f i l tergrams, w h i c h

w i l l p r o b a b l y b e s to red a s .fits f i les. A p r o g r a m that conver ts these

f i l te rgrams in to the fi l ter pa rame te rs a re n e e d e d . Idea l l y th is p r o g r a m wi l l

pe r fo rm a regu la r i zed leas t -squares a lgo r i t hm to fit for the p h a s e s of e a c h

tunab le Lyo t a n d M i c h e l s o n e lemen t . It w i l l u s e the other pa rame te rs of

the Lyo t a n d M i c h e l s o n e lemen ts , a n d the t ransmi t tance prof i le of the

b locke r a n d front w i n d o w that h a v e b e e n re tu rned b y the w a v e l e n g t h a n d

spa t ia l d e p e n d e n c e test. T h e so la r l i ne cent ra l w a v e l e n g t h a n d d e p t h w i l l

b e f i t ted for.

T h e J a c o b i a n mat r ix of the leas t -squares fit i s u s e d to de te rm ine

w h i c h d e t u n e s e q u e n c e a l l o w s for a p rec i se de te rm ina t i on of the

pa rame te rs w e are in te res ted in.


