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EXECUTIVE	
  SUMMARY	
  

Status	
  of	
  Key	
  Tasks	
  (additional	
  information	
  provided	
  in	
  the	
  subsystem	
  sections)	
  

•	
   Detector,	
  Science	
  Grade	
  (SG)	
  Characterization/Optimization:	
  	
  The	
  science	
  grade	
  detector	
  
has	
  been	
  installed	
  in	
  the	
  instrument	
  dewar	
  and	
  we	
  have	
  verified	
  that	
  it	
  is	
  functioning.	
  We	
  
have	
  started	
  characterization	
  and	
  optimization	
  testing.	
  

•	
   Detector,	
  Engineering	
  Grade	
  (EG)	
  Characterization/Optimization:	
  	
  The	
  engineering	
  grade	
  
detector	
  characterization	
  and	
  optimization	
  is	
  complete.	
  

•	
   Dewar	
  Prep:	
  	
  We	
  received	
  a	
  L7	
  (final	
  camera	
  field	
  flattener	
  lens)	
  retaining	
  ring	
  from	
  Johns	
  
Hopkins	
  University	
  and	
  have	
  readied	
  the	
  dewar	
  for	
  testing.	
  	
  

•	
   CO2	
  Cooling	
  System:	
  Mike	
  Smith	
  and	
  Doug	
  Adler	
  are	
  working	
  with	
  a	
  South	
  African	
  vendor	
  
to	
  develop	
  an	
  alternative	
  cooling	
  system.	
  

•	
   Integration	
  &	
  Testing:	
  	
  Jeff	
  Percival	
  has	
  been	
  supporting	
  the	
  testing	
  and	
  characterization	
  
of	
  the	
  fold	
  mirror	
  tip	
  /	
  tilt	
  mechanism	
  and	
  continuing	
  his	
  work	
  to	
  mature	
  the	
  control	
  
system.	
  

•	
   Commissioning:	
  	
  The	
  commissioning	
  plan	
  and	
  budget	
  has	
  been	
  reviewed	
  and	
  updated.	
  

De-­‐scoped	
  Systems	
  

Our	
  current	
  schedule	
  has	
  RSS-­‐NIR	
  ready	
  to	
  ship	
  in	
  April	
  2016.	
  The	
  de-­‐scoped	
  RSS-­‐NIR	
  modes	
  
would	
  require	
  about	
  a	
  year	
  to	
  implement	
  into	
  the	
  instrument	
  before	
  delivery.	
  This	
  would	
  be	
  
the	
  most	
  efficient	
  path,	
  since	
  some	
  items	
  would	
  require	
  removal	
  of	
  RSS	
  from	
  the	
  telescope	
  to	
  
add	
  at	
  a	
  later	
  time.	
  However,	
  there	
  is	
  now	
  no	
  longer	
  time	
  to	
  implement	
  these	
  de-­‐scoped	
  modes	
  
in	
  the	
  current	
  delivery	
  schedule.	
  The	
  two	
  items	
  that	
  would	
  require	
  removal	
  of	
  RSS	
  from	
  the	
  
telescope	
  are	
  the	
  cooled	
  slit	
  and	
  the	
  cryogenic	
  long	
  wavelength	
  cutoff	
  filters,	
  both	
  of	
  which	
  
would	
  allow	
  sky-­‐limited	
  spectroscopy	
  out	
  to	
  wavelengths	
  longer	
  than	
  1.55	
  microns.	
  Appendix	
  B	
  
lists	
  the	
  de-­‐scoped	
  items	
  and	
  costs	
  to	
  re-­‐scope	
  them.	
  The	
  estimated	
  cost	
  of	
  commissioning	
  the	
  
NIR,	
  the	
  de-­‐scoped	
  items,	
  and	
  the	
  Fabry-­‐Perot	
  etalon	
  system	
  are	
  listed	
  in	
  Table	
  1.	
  	
  The	
  
Astronomy	
  Department	
  team	
  member	
  contributions	
  through	
  Washburn	
  Astronomical	
  
Laboratories	
  are	
  listed	
  as	
  well.	
  	
  Appendix	
  B	
  also	
  summarizes	
  the	
  instrument	
  performance	
  gains	
  
through	
  the	
  addition	
  of	
  each	
  de-­‐scoped	
  item.	
  

Budget	
  &	
  Schedule	
  

The	
  NIR	
  financial	
  status	
  is	
  summarized	
  in	
  Table	
  1.	
  Spending	
  through	
  March	
  2015	
  is	
  $8.386M	
  and	
  
we	
  estimate	
  the	
  cost	
  to	
  ready	
  the	
  instrument	
  for	
  delivery	
  to	
  South	
  Africa	
  at	
  $713k.	
  The	
  sum	
  of	
  
spending	
  and	
  what	
  is	
  required	
  to	
  ready	
  the	
  instrument	
  is	
  $9.037M.	
  The	
  funding	
  available	
  to	
  
ready	
  the	
  instrument	
  is	
  $8.826M	
  leaving	
  a	
  deficit	
  of	
  $273k,	
  which	
  is	
  an	
  increase	
  of	
  $41k	
  since	
  
the	
  end	
  of	
  the	
  last	
  quarter.	
  The	
  reasons	
  for	
  the	
  growth	
  continue	
  to	
  be	
  the	
  same	
  with	
  one	
  
exception.	
  Like	
  last	
  quarter,	
  the	
  growth	
  includes	
  the	
  second	
  and	
  final	
  $15k	
  payment	
  to	
  Infinite	
  
Optics	
  for	
  the	
  second	
  dichroic.	
  While	
  not	
  in	
  our	
  budget,	
  we	
  chose	
  to	
  accept	
  Infinite	
  Optic’s	
  offer	
  
to	
  coat	
  the	
  second	
  substrate	
  for	
  $30k	
  as	
  it	
  provided	
  an	
  opportunity	
  for	
  improved	
  optical	
  
performance	
  and	
  an	
  assurance	
  of	
  a	
  spare	
  dichroic.	
  To	
  order	
  one	
  later,	
  would	
  easily	
  be	
  three	
  to	
  
four	
  times	
  more	
  costly.	
  The	
  decision	
  appears	
  to	
  have	
  been	
  good	
  as	
  the	
  optical	
  performance	
  of	
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the	
  second	
  dichroic	
  is	
  improved.	
  As	
  before,	
  the	
  project	
  continues	
  to	
  require	
  electrical	
  
engineering	
  (detector	
  testing	
  and	
  control	
  system	
  implementation),	
  engineering	
  support	
  of	
  the	
  
cooling	
  system	
  design,	
  and	
  project	
  management	
  that	
  was	
  not	
  included	
  in	
  an	
  extremely	
  lean	
  
budget	
  to	
  ready	
  the	
  instrument	
  for	
  shipping.	
  	
  

The	
  schedule	
  was	
  updated	
  with	
  the	
  status	
  as	
  of	
  the	
  end	
  of	
  March.	
  The	
  new	
  ready	
  to	
  ship	
  date	
  is	
  
April	
  2016.	
  The	
  critical	
  path	
  is	
  the	
  detail	
  design,	
  fabrication,	
  skin	
  install,	
  and	
  final	
  assembly	
  of	
  
the	
  pre-­‐dewar	
  enclosure.	
  Moving	
  forward	
  with	
  the	
  enclosure	
  is	
  on	
  hold	
  while	
  we	
  work	
  to	
  find	
  a	
  
solution	
  to	
  the	
  enclosure	
  cooling	
  system.	
  The	
  CO2	
  cooling	
  system	
  bids	
  were	
  too	
  expensive	
  to	
  
implement.	
  We	
  are	
  working	
  with	
  a	
  South	
  African	
  vendor	
  to	
  find	
  another	
  solution.	
  Should	
  that	
  
fail	
  to	
  converge,	
  we	
  may	
  have	
  to	
  return	
  to	
  the	
  fluorinert	
  solution	
  presented	
  at	
  the	
  Mid-­‐Term	
  
and	
  Critical	
  Design	
  Reviews.	
  

The	
  dewar	
  development	
  and	
  detector	
  testing	
  continues	
  to	
  make	
  good	
  progress.	
  With	
  the	
  
enclosure	
  development	
  stalled,	
  the	
  detector	
  schedule	
  now	
  has	
  ~8	
  weeks	
  of	
  slack.	
  

Appendix	
  A	
  has	
  an	
  updated	
  schedule	
  risk	
  table.	
  
Table	
  1.	
  The	
  table	
  summarizes	
  the	
  financial	
  state	
  of	
  the	
  RSS-­‐NIR.	
  The	
  left	
  column	
  presents	
  the	
  spending-­‐to-­‐date	
  
and	
  budget	
  estimate	
  to	
  get	
  ready-­‐to-­‐ship,	
  commission	
  the	
  instrument,	
  add	
  descoped	
  items,	
  and	
  to	
  add	
  the	
  Fabry-­‐
Perot	
  mode	
  (which	
  never	
  has	
  been	
  part	
  of	
  the	
  funded	
  scope).	
  On	
  the	
  right,	
  the	
  source	
  and	
  amount	
  of	
  funding	
  
contributions	
  are	
  shown	
  with	
  the	
  funds	
  needed	
  to	
  reach	
  development	
  states	
  or	
  to	
  add	
  scope.	
  	
  

	
  

RSS#NIR&SPENDING&AND&BUDGET&SUMMARY RSS#NIR&FUNDING&SUMMARY

March&2015&(figures&in&thousands&of&dollars) March&2015&(figures&in&thousands&of&dollars)

Spending#to#date $8,386 Sources

Wisconsin,Alumni,Research,Foundation $3,300

Budget&to&get&ready&to&ship National,Science,Foundation $1,997

Apr,'14,to,ReadyCtoCShip $603 UWCAstronomy $2,493

Rescoped,Items UWCAstronomy $1,400

Dewar&Cooling&System $20 Washburn,Astronomy,Laboratories:,,ReadyCtoCship $768 2

Pre3dewar&Enclosure&Cooling&System $90 Washburn,Astronomy,Laboratories:,,Commissioning $249 2

Sum $713 Washburn,Astronomy,Laboratories:,,DeCscope,Items $54 2

Commissioning Washburn,Astronomy,Laboratories:,,FCP,Etalon $23 2

Estimate,cost,of,commissioning $504 SALT $932

Sum $504 UWCSpace,Science,&,Engineering,Center, $429

Sum&of&Funding&to&get&Ready&to&Ship $8,826

Descoped&Items Total&Sum&of&Funding $9,152

Polarizing,Beamsplitter $138

Cooled,Slit,Hardware $54 1 Funds&Needed&to&be&Ready#to#Ship $273 3

Order,Blocking,Filters,(12) $261

Cryogenic,Filters,(2) $56 1 Funds&needed&through&Commissioning&(cumulative) $528

Gratings,(4) $250

Sum $760 Funds&needed&to&add&descoped&items&(cumulative) $1,234

Fabry#Perot&Etalon

FabryCPerot,Etalon,with,controller $305 Funds&needed&to&include&etalon&(cumulative) $1,516 4

Sum $305

Balance&of&$1.4M&UW#Astronomy&Funds $140

Notes

2.,Estimated,figure,based,on,assumed,Astronomy,support,for,project,activities.,The,actual,figure,may,be,larger,or,smaller.

3.,This,figure,includes,the,Dewar,and,instrument,cooling,systems,as,presented,at,the,Nov,'12,Board,Meeting.

4.,,The,etalon,has,never,been,officially,added,to,the,scope,of,work,and,therefore,has,not,ever,been,included,in,previous,budget,estimates.

1.,These,deCscope,items,should,be,installed,before,the,NIR,is,installed,on,the,telescope.,The,instrument,will,function,with,reduced,capability,without

,them,,but,it,will,require,that,the,instrument,be,removed,to,install,them.
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Figure	
  1.	
  	
  RSS-­‐NIR	
  Critical	
  Path	
  updated	
  March	
  31,	
  2015.	
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Figure	
  2.	
  RSS-­‐NIR	
  Development	
  flow	
  chart,	
  updated	
  March	
  31,	
  2015.	
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Figure	
   3.	
   	
  RSS-­‐NIR	
   financial	
   status	
   since	
   the	
   Preliminary	
   Design	
   Review	
   in	
   July	
   2008.	
   The	
   adjustments	
   in	
   Sep’10,	
  Mar’11,	
  Mar’12,	
   and	
   Jun	
   ‘12	
   are	
   due	
   to	
   re-­‐baselining	
   cost	
  
projections.	
   Project	
   accounting	
   is	
   conducted	
  monthly	
   and	
   the	
   cost	
   data	
  updated	
  quarterly.	
   Please	
  note:	
   	
   1)	
   the	
  actual	
   and	
  planned	
   spending	
  presented	
  does	
  not	
   include	
   the	
  
contributions	
  and	
  spending	
  made	
  by	
   the	
  Washburn	
  Astronomy	
  Laboratories	
  and	
  2)	
   the	
  planned	
  spending	
  does	
   include	
  the	
  “Funds	
  needed	
  to	
  be	
  ready	
  to	
  ship”	
  estimate	
   from	
  
Table	
  1.	
  	
  

Sep$08 Dec$08 Mar$09 Jun$09 Sep$09 Dec$09 Mar$10 Jun$10 Sep$10 Dec$10 Mar$11 Jun$11 Sep$11 Dec$11 Mar$12 Jun$12 Sep$12 Dec$12 Mar$13 Jun$13 Sep$13 Dec$13 Mar$14 Jun$14 Sep$14 Dec$14 Mar$15

PLAN $65 $285 $865 $1,027 $1,540 $2,118 $2,757 $3,682 $3,208 $3,755 $4,126 $4,840 $5,828 $6,459 $6,734 $7,357 $7,930 $8,137 $8,075 $8,130 $8,100 $8,113 $8,149 $8,185 $8,220 $8,274 $8,332

ACTUAL $91 $267 $446 $1,030 $1,402 $1,827 $2,269 $2,874 $3,208 $3,622 $4,126 $4,491 $5,067 $5,765 $6,423 $6,855 $7,175 $7,322 $7,399 $7,520 $7,519 $7,595 $7,691 $7,748 $7,788 $7,850 $7,918
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Table	
  2. Risk	
  Summary	
  (updates	
  are	
  in	
  blue).	
  

Risk	
   Type	
   Impact	
  
Assessment	
  

Mitigation	
  Plan	
   State	
  

1.	
  Instrument	
  Mass:	
  	
  SALT	
  facility	
  
currently	
  cannot	
  accommodate	
  
the	
  instrument	
  mass,	
  
estimated	
  at	
  405	
  kg	
  at	
  MTR.	
  

Technical	
  
	
  

Schedule	
  

Medium	
  
	
  

High	
  

The	
  mass	
  estimate	
  remains	
  at	
  448.1	
  
kg	
  as	
  we	
  have	
  not	
  machined	
  new	
  parts	
  
nor	
  updated	
  the	
  design.	
  Once	
  the	
  
cooling	
  system	
  decision	
  is	
  finalized	
  the	
  
enclosure	
  design	
  can	
  be	
  completed.	
  
The	
  mass	
  will	
  be	
  updated	
  at	
  that	
  time.	
  

Open	
  

2.	
  ADC:	
  	
  Must	
  be	
  corrected	
  to	
  
allow	
  simultaneous	
  VIS	
  and	
  
NIR	
  observations.	
  

Technical	
   Medium	
   Darragh	
  O’Donoghue	
  has	
  been	
  
evaluating	
  the	
  effectiveness	
  of	
  the	
  
current	
  ADC	
  and	
  options	
  for	
  the	
  
telescope	
  looking	
  forward.	
  

Open	
  

3.	
  Instrument	
  Delivery:	
  	
  Target	
  
delivery	
  for	
  the	
  commissioned	
  
instrument	
  is	
  December	
  2012.	
  

Schedule	
  	
  
	
  

Cost	
  

Low	
  
	
  
Significant	
  

Ready	
  to	
  ship	
  is	
  currently	
  projected	
  
as	
  Apr	
  2016.	
  The	
  slip	
  is	
  driven	
  by	
  the	
  
pre-­‐dewar	
  enclosure	
  design	
  and	
  build.	
  	
  

Open	
  

4.	
  Dichroic	
  Thickness:	
  	
  The	
  
dichroic	
  must	
  be	
  sufficiently	
  
thick	
  that	
  the	
  coatings	
  do	
  not	
  
distort	
  the	
  light	
  beam,	
  but	
  the	
  
thickness	
  is	
  limited	
  by	
  the	
  
physical	
  space.	
  

Technical	
   Low	
   Ken	
  and	
  Marsha	
  have	
  reviewed	
  the	
  
data	
  on	
  the	
  dichroic.	
  While	
  it	
  does	
  not	
  
perfectly	
  meet	
  the	
  specification,	
  it	
  will	
  
be	
  accepted	
  with	
  a	
  slight	
  discount.	
  
Infinite	
  Optics	
  will	
  coat	
  the	
  spare	
  
substrate	
  and	
  attempt	
  to	
  improve	
  the	
  
optical	
  performance.	
  The	
  flatness	
  of	
  
the	
  dichroic	
  is	
  acceptable.	
  

Closed	
  

5.	
  Dichroic	
  Cost:	
  	
  JDSU	
  ROM	
  
estimate	
  for	
  a	
  dichroic	
  that	
  
meets	
  our	
  preliminary	
  
specification	
  is	
  $500k.	
  $60k	
  
was	
  budgeted	
  based	
  on	
  scaling	
  
of	
  costs	
  for	
  a	
  dichroic	
  on	
  
another	
  instrument.	
  

Cost	
   Medium	
   The	
  dichroic	
  final	
  cost	
  is	
  $98,040,	
  
which	
  is	
  well	
  below	
  the	
  $500k	
  ROM.	
  

Closed	
  

6.	
  Pre-­‐dewar	
  Enclosure	
  Cost:	
  	
  
ROM	
  estimates	
  from	
  outside	
  
vendors	
  to	
  support	
  the	
  
enclosure	
  design	
  and	
  build	
  the	
  
enclosure	
  ranged	
  from	
  $250-­‐
600k.	
  The	
  budget	
  provided	
  
~$100k.	
  

Cost	
   Medium	
   Mike	
  Smith	
  has	
  updated	
  the	
  model	
  
design	
  and	
  has	
  Jeff	
  Wong	
  reviewing	
  it.	
  
This	
  is	
  on	
  hold	
  while	
  the	
  cooling	
  system	
  
decision	
  is	
  being	
  made.	
  

Open	
  

7.	
  Pre-­‐dewar	
  Enclosure	
  cooling	
  
system:	
  	
  At	
  CDR,	
  The	
  SALT	
  Ops	
  
teams	
  strongly	
  requested	
  that	
  
the	
  RSS-­‐NIR	
  team	
  research	
  gas	
  
cooling	
  alternatives	
  to	
  the	
  high	
  
pressure	
  fluorinert	
  system	
  
proposed	
  since	
  PDR.	
  

Schedule	
  
	
  

Cost	
  

Medium	
  
	
  

Significant	
  

Mike	
  Smith	
  is	
  continuing	
  to	
  work	
  
with	
  Byron	
  Billings	
  of	
  Concept	
  Cooling	
  
in	
  South	
  Africa	
  to	
  converge	
  on	
  a	
  cooling	
  
system	
  design.	
  

Open	
  

8.	
  Budget:	
  	
  The	
  project	
  budget	
  is	
  
not	
  sufficient	
  to	
  fund	
  the	
  scope	
  
of	
  work	
  agreed	
  to	
  at	
  the	
  board	
  
meeting	
  in	
  Ireland.	
  	
  

Cost	
   Significant	
   An	
  agreement	
  has	
  been	
  reached	
  
between	
  Astronomy	
  and	
  Space	
  Science	
  
to	
  continue	
  to	
  work	
  on	
  the	
  project	
  
while	
  Astronomy	
  continues	
  to	
  identify	
  
sources	
  of	
  funds	
  to	
  ready	
  the	
  
instrument	
  for	
  shipping.	
  

Open	
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This commissioning plan is largely drawn from the plan that was developed for RSS-VIS by Eric Hooper and Ken Nordsieck.  NIR-specific tasks 
have been added.   
 
Each task listed in Table C1 has an identifying string which starts with IMG (imaging without the use of any gratings but may employ a mask), LS (long slit), or 
MOS (multi-object spectroscopy).  The italicized short phrases in the object characteristics column of Table 1 refer to entries in Table C2 which give a more 
detailed description.  Closely related observations in different modes are grouped together in the table.  Commissioning priority is given in column 2 of Table C1.  
Several end-to-end tests of measurements of astronomically important parameters (e.g., velocity gradients, redshifts) are denoted by the string “_astro_” in the task 
identifier.  The priority assigned to the “_astro_” tasks is “low,” not because they are of scientifically low priority (quite the opposite in fact), but because the 
initial failure of any single one of them would not necessarily jeopardize the entire corresponding instrument mode and because these are bridge observations 
between commissioning and routine science operation.   
 

Table C1:  On-telescope commissioning tasks for RSS-NIR imaging, long slit, and multi-object instrument modes.  
 
Task Identifier Priority Goal Object characteristics 

(see table below) 
Approx. configuration 

IMG_read_noise Very 
high 

Test read noise after instrument installed on telescope; 
compare to lab and pre-lift ground tests. 

No object. Any. 

IMG_dark Very 
high 

Test dark current after instrument installed on telescope; 
compare to lab and pre-lift ground tests. 

No object. Any. 

     

IMG_bkg Very 
high 

Measure instrument thermal background.  Check for any 
additional sources from telescope. 

Dark dome at different ambient 
temperatures. 

Camera articulation at 0 deg. 
No grating. 

LS_bkg Very 
high 

Measure instrument thermal background with instrument 
in different LS setup configurations (different viewing 
angles).  Check for any additional sources from telescope. 

Dark dome at different ambient 
temperatures. 

Gold and bare long slit masks with and without 
cooling. 
Various gratings and angle settings. 

MOS_bkg Very 
high 

Measure instrument thermal background with instrument 
in different MOS setup configurations (different viewing 
angles).  Check for any additional sources from telescope. 

Dark dome at different ambient 
temperatures. 

Gold and bare MOS masks with and without 
cooling. 
Various gratings and angle settings. 
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

IMG_simul Very 
high 

Test simultaneous operation of VIS and NIR in imaging 
mode. 

Standard star. Imaging. 

LS_simul Very 
high 

Test simultaneous operation of VIS and NIR in LS mode. 
• Test stitching together spectra from both 

instruments. 

Standard star. LS mask, any grating. 

MOS_simul Very 
high 

Test simultaneous operation of VIS and NIR in MOS 
mode. 

• Test stitching together spectra from both 
instruments. 

Standard star. MOS mask, any grating. 

     

IMG_acq_ img Very 
high 

Acquire single and multiple targets.  Verify basic 
acquisition with the NIR detector only.  Confirm offsets 
between RSS, acquisition, and guiding ccds. Once basic 
functionality has been established with one or two filters 
and basic tracker orientations, tests with remaining filters 
and orientations can be done as part of other observations.  

Many points.  No gratings.  
No slit. 
All broadband filters.  
4 extreme tracker positions + 1 central position 
@ 2 rotations (90 degrees apart) in one or two 
filters.  
1 tracker position at remaining two 90 degree 
angles.  

IMG_acq_ ls Very 
high 

Acquire single and multiple targets.  Verify acquisition of 
long-slit targets.  

Points in a line.  No gratings.   
Long slit, narrow.  
2 tracker pos/rotations (e.g., E&W tracks).  

IMG_acq_mos Very 
high 

Acquire multiple targets, including verification of no 
measurable distortion at slit plane.  End-to-end test of 
mask design and fabrication.  Use target and mask from a 
different task.  

Many points.  No gratings.   
Multislit mask, narrow slits  
2 tracker pos/rotations (e.g., E&W tracks).  

     

IMG_mask_ 
rep_ls 

Very 
high 

Check repeatability of position with multiple long slit 
removals and insertions.  Check for any dependence on 
temperature.  Result of interest for repeatability of F-P 
full aperture mask.   

Points in a line.  No gratings.   
Long slit, narrow. 
2 tracker pos/rotations (e.g., E&W tracks).  
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

IMG_mask_ 
rep_mos 

Very 
high 

Check repeatability of position with multiple slit mask 
removals and insertions.  Check for any dependence on 
temperature. 

Many points.  No gratings.   
Multislit mask, narrow slits. 
4 extreme tracker positions + 1 central position 
@ 2 rotations (e.g., E&W tracks). 

     

LS_persistence Very 
high 

Check persistence effects and test mitigation strategies. 
• Effect of sequence of wavelength and resolution 

(blue to red, low to high R) 
• Can residual signal from bright sky lines be 

removed as part of sky subtraction in subsequent 
observations? 

Bright point source. High and low R gratings, blue and red settings. 
 
Vary exposure times, cadences, and readout 
modes. Measure with and without detector-based 
and schedule-based mitigation strategies. 

MOS_persistence Very 
high 

Check persistence effects and test mitigation strategies. 
• Effect of sequence of wavelength and resolution 

(blue to red, low to high R) 
• What is impact of residual signal of bright line 

only part way through the 2-D spectrum from 
slitets in subsequent observations? 

Bright point sources.  e.g. star 
cluster. 

High and low R gratings, blue and red settings. 
 
Vary exposure times, cadences, and readout 
modes. Measure with and without detector-based 
and schedule-based mitigation strategies. 

     

IMG_iq Very 
high 

Telescope focus and overall image quality; generate focus 
plots (psf characteristics vs. focus).  Check with image 
position in f.o.v., temperature, focus encoder 
repeatability, night to night at same temperature. Measure 
spatial resolution.  

Many points. No gratings.   
No slit or mask. 
All filters, order blocking and narrow-band.  
4 extreme tracker positions + 1 central position 
@ 2 rotations (90 degrees apart) in one or two 
filters.  
1 tracker position at remaining two 90 degree 
angles.  

LS_iq Very 
high 

Verify optimum focus in spatial direction of dispersed 
light is the same as optimum focus in straight imaging 
mode. Spatial resolution as fcn. of wavelength.  No need 
to check all params, as in IMG_iq.  

Points in a line.  Narrow long slit.  
All gratings, blue & red ends.   
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

MOS_iq Very 
high 

Verify optimum focus in spatial direction of dispersed 
light is the same as optimum focus in straight imaging 
mode.  Spatial resolution as fcn. of wavelength.  No need 
to check all params, as in IMG_iq.  

Many points. Narrow slitlets in mask.  
All gratings, blue & red ends. 
 

     

IMG_guide Very 
high 

Guiding, including reliability of open-loop rotation.  
Combine with other observations:  set up; check positions 
of targets; do another observation with same target w/o 
changing pointing or stopping guiding; verify positions in 
imaging mode after time of typical long single.  Of great 
importance for F-P. 

Many points. No gratings.   
4 extreme tracker positions + 1 central position 
@ 2 rotations (90 degrees apart).  
1 tracker position at remaining two 90 degree 
angles.  

     

IMG_ distortion Very 
high 

Measure RSS-NIR distortion and any other aberrations.  
Measure internal distortion with pinhole mask plus do an 
end-to-end test with an astrometric standard field.  
Especially important for F-P.  

Uniform light source.  
Many points in an astrometric 
standard field.  

No gratings.   
Pinhole mask.   
Slit mask already available for other purposes.   
For on-sky target, 4 extreme tracker positions + 
1 central position @ 2 rotations (e.g., E&W 
tracks). 

     

LS_focus Very 
high 

Verify ground tests of spectrograph focus model.  Calibration line lamp. 
Extended emission line. 

Long slit, narrow. 

MOS_ focus Very 
high 

Verify ground tests of spectrograph focus model across 
field of view.  

Calibration line lamp. 
Extended emission line. 

Multislit mask, narrow slitlets.   
4 extreme tracker positions + 1 central position 
@ 2 rotations for select gratings. 
All other gratings, blue and red ends @ 1 tracker 
position.  

     

LS_tput Very 
high 

System throughput, including as function of position 
along slit.  

Standard star. All gratings.  Burst mode.  Appropriate order 
block filters.  
No slit.  
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

MOS_tput Very 
high 

System throughput, including as function of slitlet 
position.  

Standard star. All gratings.  Burst mode.  Appropriate order 
block filters.  Measure with narrow-band filters 
(MOS_close_pak) as time permits.   
No slit.  

     

MOS_calib High Test slit-to-slit relative calibration strategies and models.  
Test by tracking globular slowly across the f.o.v. and with 
an out of focus globular; compare to twilight & lamp flat 
field.  Test for night-to-night stability of relative 
calibration.  Test at extremes of resolution and 
wavelength range.  

Twilight flat field.  
Standard star.   
Extended continuum. 

2 tracker pos/rotations (e.g., E&W tracks).  

     

IMG_sky_sub High Test efficacy of sky subtraction methods.  
• “Optical style,” in which sky is not subtracted 

before flat-fielding, and any subtraction is done 
during analysis (e.g., photometry).   

• Telescope rastering.   
• Fold mirror rastering (pattern is narrow in one 

dimension, long in the other). 
• Separate sky field observations. 
• Does readout mode (Fowler, up-the-ramp) affect 

sky subtraction? 

Many points plus Extended 
category objects (including 
possibly extended many objects 
sources) of different sizes.   At 
least one target should be 
comparable to or larger than the 
field of view to test the efficacy 
of separate dedicated sky fields.  

All imaging filters.  
Variety of raster patterns, depending on nature 
of the target field.  Test different individual 
frame exposure times and the time interval 
between observations on a large extended target 
and separate sky pointings.  

LS_sky_ sub High Test efficacy of sky subtraction methods.    
• Determine the largest angular extent of an 

object, plus maximum exposure time, for 
effective standard 2-D and 1-D sky subtraction 
algorithms.   

• Observe dedicated sky images for extended 
targets and compare the quality of sky subraction 
both with and without the use of this sky frame.  

• Nodding along the slit. 
• Does readout mode (Fowler, up-the-ramp) affect 

sky subtraction? 

Any objects, but including some 
with low S/N and a variety of 
angular extents.  Use data taken 
for other purposes whenever 
possible.   

All gratings, as many wavelength settings as 
possible, especially in the red.  
Test different number of Fowler reads, different 
number and rates of up-the-ramp samples. 
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

MOS_sky_sub High Test efficacy of sky subtraction.   
• Minimum length of MOS slitlet relative to target 

size.    
• Dedicated sky slitlets with the same wavelength 

coverage as the target object slitlets.  
• Observe dedicated sky images for some 

extended targets and compare the quality of sky 
subraction both with and without the use of this 
sky frame.  

• Short nods along slitlets.  
• Does readout mode (Fowler, up-the-ramp) affect 

sky subtraction? 

Any object, but including some 
with low S/N and at least one 
extended object which fills the 
field of view (i.e., all slitlets).  
Use data taken for other 
purposes whenever possible.   

All gratings, as many wavelength settings as 
possible, especially in the red.  
Test different number of Fowler reads, different 
number and rates of up-the-ramp samples. 

     

IMG_adc High Primary verification of NIR performance of atmospheric 
dispersion corrector.  Check to see that images of stars 
across the f.o.v. don't move as different filters are 
inserted.   

Many points.  No grating.  
Several narrow band filters that together bracket 
the entire wavelength range.  2 extreme tracker 
positions + 1 center position @ 4 position 
angles, each 45 deg apart.   

LS_adc High Verify performance of atmospheric dispersion corrector 
with slit.  

Standard star.   2 position angles.  One tracker position.  

     

LS_flat_ field High Test efficacy of flat-fielding, including use of moving 
baffle.  

Quartz lamp and twilight sky.  
Use flats taken for other 
observations. 

All gratings, as many wavelength settings as 
possible.   

MOS_flat_field High Test efficacy of flat-fielding, including use of moving 
baffle.  

Quartz lamp and twilight sky. 
Use flats taken for other 
observations as much as 
possible. 

All gratings, as many wavelength settings as 
possible.   

IMG_flat_ field Low Test efficacy of flat-fielding, including use of moving 
baffle.  

Quartz lamp, twilight sky, and 
night sky superflats.  

All non-order blocking filters.  
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

LS_ wavelength High Test wavelength calibration over entire wavelength range, 
f.o.v., tracker position, and at different times.  Compare 
against night sky lines.   

Points in a line or any extended 
object, as long as some sky is 
visible.  Use data taken for other 
purposes.   

All gratings, as many wavelength settings as 
possible.  Conduct a subset at multiple tracker 
positions.  

MOS_ wavelength High Test wavelength calibration over entire wavelength range, 
f.o.v., tracker position, and at different times.  Compare 
against night sky lines.  

Many points or any extended 
object, as long as some sky is 
visible.  Use data taken for other 
purposes.   

All gratings, as many wavelength settings as 
possible.  Conduct a subset at multiple tracker 
positions.  

     

LS_ resolution High Test on-sky resolution vs. resolution observed with arc 
lamps.  

Bright extended emission line 
source.  

Conduct a subset at 2 tracker pos/rotations (e.g., 
E&W tracks). 

MOS_ resolution High Test on-sky resolution vs. resolution observed with arc 
lamps.  

Bright extended emission line 
source.  

Conduct a subset at 2 tracker pos/rotations (e.g., 
E&W tracks) 

     

LS_stray_ light High Determine level of stray light from bright stars, the moon, 
laser to keep tracker aligned with primary mirror (if it's 
NIR).  Look for ghosts.  

Bright extended continuum 
source and bright star at various 
positions on and off slitlets.  
Moon close/far. 

Use uncoated and gold coated long slit with full 
moon and dark skies (lights on and off during 
daytime testing) to verify earlier tests of 
scattered light impact on visible side.  

MOS_stray_light High Determine level of stray light from bright stars, the moon, 
laser to keep tracker aligned with primary mirror (if it's 
NIR).  Look for ghosts.  

Bright extended continuum 
source and bright star at various 
positions on and off slitlets. 
Moon close/far. 

Use uncoated and gold coated pinhole mask with 
full moon and dark skies (lights on and off 
during daytime testing) to verify earlier tests of 
scattered light impact on visible side.  

IMG_stray_light Medium Determine level of stray light from bright stars, the moon, 
laser to keep tracker aligned with primary mirror (if it's 
NIR).  Look for ghosts.  

Bright extended continuum 
source out of field.  Bright star in 
and out of field. Moon close/far. 

No gratings. 
No slit.  

     

LS_psf Medium Measure stellar psf, including extended low-level 
pedestal.   Explore accuracy of psf subtraction from 
underlying extended sources. 

Bright point, one that is isolated 
and another embedded in 
underlying extended emission.  

2 tracker pos/rotations (e.g., E&W tracks). 
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

MOS_psf Medium Measure stellar psf, including extended low-level 
pedestal. Move a bright point source to a few slitlet 
positions.  Explore accuracy of psf subtraction from 
underlying extended sources. 

Bright point, one that is isolated 
and another embedded in 
underlying extended emission.  

2 tracker pos/rotations (e.g., E&W tracks). 

     

LS_radial_vel Medium Radial velocity stability.  Radial velocity standard.  Higher resolution gratings.  Specific settings 
depend on line observed.  

MOS_ radial_vel Medium Radial velocity stability.  Radial velocity standard.  Higher resolution gratings.  Specific settings 
depend on line observed.  Place standard on 
several slitlets to cover the f.o.v. 
2 tracker pos/rotations (e.g., E&W tracks).  

     

IMG_ls_ slit Medium Measure edge uniformity and smoothness.  Any evenly illuminated extended 
object, such as twilight or line 
lamps.  

All standard slits.  

IMG_mos_slit Medium Measure edge uniformity and smoothness for slitlets.  Any evenly illuminated extended 
object, such as twilight or line 
lamps.  

Slit masks made for other purposes.  

     

LS_ 
stability 

Medium Measure repeatability of an observation with the same 
instrument configuration over time.  This includes more 
factors and may be over a longer time scale than the 
_mask_ rep_ family of tasks.   

Non-variable points in a line.  Check at both high and low resolution, red and 
blue.  

MOS_ 
stability 

Medium Measure repeatability of an observation with the same 
instrument configuration over time.  This includes more 
factors and may be over a longer time scale than the 
_mask_ rep_ family of tasks.   

Non-variable many objects.  Check at both high and low resolution, red and 
blue.  
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

IMG_ distortion Low Measure RSS-NIR distortion and any other aberrations.  Uniform light source.  
Many points.  

No gratings.   
Pinhole mask.   
Slit mask already available for other purposes.   
For on-sky target, 4 extreme tracker positions + 
1 central position @ 2 rotations (e.g., E&W 
tracks). 

     

LS_astro_ 
red 

Low Demonstrate fundamental astronomical capability:  
performance in the extreme red end of the spectrum 
available to RSS.  Measure throughput and minimum 
resolution needed for adequate sky line subtraction or 
avoidance (will likely depend on brightness and scientific 
purpose). 

Any moderately faint to faint 
source (sky lines are less of a 
problem for bright sources) 
detectable to the red wavelength 
cutoff.  

 

MOS_astro_red Low Demonstrate fundamental astronomical capability:   
performance in the extreme red end of the spectrum 
available to RSS.  Measure throughput and minimum 
resolution needed for adequate sky line subtraction or 
avoidance (will likely depend on brightness and scientific 
purpose). 

Any moderately faint to faint 
MOS source (sky lines are less 
of a problem for bright sources) 
detectable to the red wavelength 
cutoff.  

 

     

LS_astro_ res Low Demonstrate fundamental astronomical capability:  
highest possible spectral resolution.  

Any source bright enough to be 
detected at highest resolution.  
Should have identifiable features 
to verify resolution.  

0.6 arcsec slit. 
 

MOS_astro_res Low Demonstrate fundamental astronomical capability:   
highest possible spectral resolution.  

Any MOS source bright enough 
to be detected at highest 
resolution.  Should have 
identifiable features to verify 
resolution.  
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

LS_astro_ 
full_calib 

Low Demonstrate fundamental astronomical capability:  
wavelength & spectrophotometric calibration over full 
field of view.   

Points on a line, extended 
continuum, extended emission 
line, any other extended source 
which requires full calibration. 
Standard star.  

 

MOS_astro_full_c
alib 

Low Demonstrate fundamental astronomical capability:  
wavelength & spectrophotometric calibration over full 
field of view.  Test at high and low extremes of resolution 
and wavelength coverage.  Test at multiple tracker 
orientations.  

Many points, extended 
continuum, extended emission 
line, any other extended source 
which requires full calibration. 
Standard star.  
Extended continuum for slitlet to 
slitlet relative calibration.  

 

     

LS_astro_ 
faint_limit 

Low Demonstrate fundamental astronomical capability:  
faintest achievable magnitude in a reasonable total 
exposure time (1 – a few hr.) 

Points on a line, extended 
continuum, extended emission 
line, or other very faint source. 

Configuration depends on target and scientific 
goal.  Should have both low and high resolution 
examples, blue and red if possible.  

MOS_astro_faint_ 
limit 

Low Demonstrate fundamental astronomical capability:  
faintest achievable magnitude in a reasonable total 
exposure time (1 – a few hr.) 

Many points, many objects, 
extended continuum, extended 
emission line, or other very faint 
source. 

Configuration depends on target and scientific 
goal.  Should have both low and high resolution 
examples, blue and red if possible.  

     

LS_astro_ 
hiSN 

Low Demonstrate fundamental astronomical capability:  
evaluate quality of data for S/N > 1000/spectral resolution 
element.  Does the noise match what's expected?  Are 
systematic effects revealed?  What is the achievable 
relative and absolute photometric precision? 

Bright to very bright object.  Low resolution for bright objects, higher for 
very bright.  

MOS_astro_hiSN Low Demonstrate fundamental astronomical capability:  
evaluate quality of data for S/N > 1000/spectral resolution 
element.  Does the noise match what's expected?  Are 
systematic effects revealed?  What is the achievable 
relative and absolute photometric precision? 

Bright to very bright object.  Low resolution for bright objects, higher for 
very bright.  
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

LS_astro_crowde
d 

Low Demonstrate fundamental astronomical capability:  derive 
useful data for objects in a very crowded field.   

Many points, with a range of 
source densities around targets 
from moderate to extremely 
crowded.  

Depends on object, feature desired, and science 
sought.  

MOS_astro_crow
ded 

Low Demonstrate fundamental astronomical capability:  derive 
useful data for objects in a very crowded field.   

Many points, with a range of 
source densities around targets 
from moderate to extremely 
crowded.  

Depends on object, feature desired, and science 
sought.  

     

LS_astro_ 
synoptic 

Low Demonstrate fundamental astronomical capability:  
execute a successful synoptic program. 

Any variable object(s).  Depends on object, spectral feature that is 
variable, and science sought.  

MOS_astro_synop
tic 

Low Demonstrate fundamental astronomical capability:  
execute a successful synoptic program. 

Any variable objects.  Depends on object, spectral feature that is 
variable, and science sought.  

     

LS_astro_ vel Low Measure fundamental astronomical parameter:  velocity 
and/or velocity gradient.  Produce galaxy rotation map. 

Extended with coherent motion.  Low to high resolution, as needed to produce 
required accuracy of velocity measurement.   
Medium to high resolution, as needed to resolve 
velocity gradient.   

MOS_astro_vel Low Measure fundamental astronomical parameter:  velocity 
and/or velocity gradient.   

Extended with coherent motion.  
Many objects with measurable 
velocity gradient across field.  

Low to high resolution, as needed to produce 
required accuracy of velocity measurement.   
Medium to high resolution, as needed to resolve 
velocity gradient.   

     

LS_astro_ 
vel_stabil 

Low Demonstrate fundamental astronomical capability:  
velocity stability.  How accurately can time variable 
velocities be measured?  What is the systematic error in a 
velocity measurement? 

Any source, preferably points in 
a line, which requires velocity 
stability. 

High resolution.  Which grating and which 
settings depend on the line being measured.  

MOS_astro_vel_st
abil 

Low Demonstrate fundamental astronomical capability:  
velocity stability.  How accurately can time variable 
velocities be measured?   What is the systematic error in a 
velocity measurement? 

Any extended or many points 
source which requires velocity 
stability. 

High resolution.  Which grating and which 
settings depend on the line being measured.  
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

     

LS_astro_z Low Measure fundamental astronomical parameter:  redshift.  Cosmological sources, both 
absorption line and emission 
line.  

Low resolution.  Specifics depend on redshift of 
objects and which features are detectable.  

MOS_astro_z Low Measure fundamental astronomical parameter:  redshift.  
Traditional MOS mode.  

Cosmological sources, both 
absorption line and emission 
line.  

Low resolution. Choice of grating and 
wavelength coverage depend on redshift of 
objects, which features are detectable, and the 
accuracy to which the redshift must be 
determined.  Use traditional mask design, in 
which the slitlets do not overlap in the spatial 
direction.  

     

LS_astro_ sigma Low Measure fundamental astronomical parameter:  velocity 
dispersion. 

Extended with random motion. Medium to high resolution, depending on 
amount of velocity dispersion.  

MOS_astro_sigma Low Measure fundamental astronomical parameter:  velocity 
dispersion. 

Extended with random motion. Medium to high resolution, depending on 
amount of velocity dispersion. 

     

LS_single_star Low Measure fundamental astronomical parameters:  
properties of single stars, such as classification, 
metallicity, gravity, etc. 

Single or many points, as long as 
it/they are stars. 

Configuration depends on parameters desired 
and faintness of stars.  

MOS_single_star Low Measure fundamental astronomical parameters:  
properties of single stars, such as classification, 
metallicity, gravity, etc. 

Many points, as long as they're 
stars.  

Configuration depends on parameters desired 
and faintness of stars.  

     

LS_astro_ stellar_ 
pops 

Low Measure fundamental astronomical parameter:  stellar 
populations. 

Any source with integrated (as 
opposed to resolved individual 
stars) stellar populations. 

Medium to high resolution, depends in part on 
S/N of source and need to include several 
spectral features.  

MOS_astro_stella
r_ pops 

Low Measure fundamental astronomical parameter:  stellar 
populations. 

Any source with integrated (as 
opposed to resolved individual 
stars) stellar populations. 

Medium to high resolution, depends in part on 
S/N of source and need to include several 
spectral features.  
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Task Identifier Priority Goal Object characteristics 
(see table below) 

Approx. configuration 

LS_astro_ profiles Low Measure fundamental astronomical parameter:  
emission/absorption line profies.  

Any source for which the line 
profile is important. 

Resolution depends on line width.  Ideally 
explore at a variety of resolutions and S/N.  

MOS_astro_ 
profiles 

Low Measure fundamental astronomical parameter:  
emission/absorption line profies.  

Any source for which the line 
profile is important. 

Resolution depends on line width.  Ideally 
explore at a variety of resolutions and S/N.  

     

LS_astro_ 
line_ratios 

Low Measure fundamental astronomical parameter:  emission 
line ratios.       A point source could be used, but an 
extended source is preferable to test accuracy of emission 
line ratios over the f.o.v.  Use lines with same upper 
quantum level and/or compare to other observations of 
well-studied objects which are large enough so that the 
emission lines won't vary in time.  

Extended emission line or points 
in a line, with at least two 
detectable lines.  

Depends on whether lines are blended and 
difference in wavelength between the lines.  A 
minimum number of configurations is 
preferable.  

MOS_astro_line_ 
ratios 

Low Measure fundamental astronomical parameter:  emission 
line ratios.  A point source could be used, but an extended 
source is preferable to test accuracy of emission line 
ratios over the f.o.v.   Use lines with same upper quantum 
level and/or compare to other observations of well-
studied objects which are large enough so that the 
emission lines won't vary in time.  

Extended emission line, or many 
points, with at least two 
detectable lines.  

Depends on whether lines are blended and 
difference in wavelength between the lines.  A 
minimum number of configurations is 
preferable.  

     

LS_ew Low Measure fundamental astronomical parameter:  emission 
or absorption line equivalent width. 

Single object ok, but points in a 
line preferred.  

Probably relatively low resolution, but depends 
on line, blending, etc.  

MOS_ew Low Measure fundamental astronomical parameter:  emission 
or absorption line equivalent width. 

Many objects or an extended line 
source.  

Probably relatively low resolution, but depends 
on line, blending, etc.  
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Table C2:  Desired characteristics and objects which might potentially fulfill those characteristics. 
 
Designation Desired Object Characteristics Potentially Useful Object 

Types 
Notes 

Standard star Spectrophotometric standard star.  Standard stars Need high quality standards.  Better if more 
than one is in a single field.  

Radial velocity 
standard 

Radial velocity standard star.  Radial velocity standards.   

Bright point Bright point source.  Bright star.   

Points in a line Point sources, likely stars, in a line. 1) Open cluster.  
2) Field stars.  

At least two, preferably three points in a line 
that can be centered with a single long-slit 
position. The point sources should be bright 
enough to achieve sufficient S/N in a short 
exposure time and have sufficiently similar 
brightness that a single exposure can be used 
without saturating any.   The point sources 
should cover as much of the extent of the long 
slit as possible.  There may be sources in a 
many points object which satisfy these criteria.  

Many points Many bright point sources with accurate (0.25 arcsec) 
positions over field of view; low confusion. 

1) Outer regions of globular 
cluster. 
2) Open cluster.  

Non-point objects, such as a galaxies in a  
cluster, are not suitable.  

Many objects Many sources over field of view; relatively low 
confusion. 

1) Any “many points” object. 
2) Galaxy cluster.  

Similar to “many points,” but without the 
restriction that they are point sources.  
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Designation Desired Object Characteristics Potentially Useful Object 
Types 

Notes 

Extended 
continuum 

Extended continuum source.  Extended object filling 
the full, or majority of, the field of view; uniform 
relative continuum spectrum; few, if any emission 
lines; high surface brightness.  

1) Inner regions of globular cluster 
with large angular extent, spatially 
uniform stellar population, and 
very uniform reddening (i.e., 
reddening ~ 0).  
2) Reflection nebula (?).  
3) The Moon (too bright even @ 
highest res & shortest exposure 
times?). 

Ideally the surface brightness would be 
uniform as well for some tests.  We also need 
several objects around the sky which could be 
used in routine instrument operations.  
1) The globular will be tracked across the f.o.v. 
and/or put out of focus.   
2) Needs to be sufficiently large and free of 
emission lines. Must be spectroscopically 
uniform.  
3) Pick maria and/or near full moon. 

Extended 
emission line 

Extended emission line source.  Extended object filling 
the full, or majority of, the field of view; bright 
emission lines across its spectrum.  

1) Planetary nebula.  
2) HII region.  
3) Night sky lines, for certain 
applications. 

 

Extended with 
coherent motion. 

Must have detectable emission or absorption features. 
Motion must produce systematic Doppler shifts 
detectable by chosen instrument configuration.  Should 
be significantly spatially resolved.  

1) Spiral galaxy stellar 
component. 
2) Gas outflows from galaxies. 

Objects larger than the field of view may make 
comparison with earlier results using other 
instruments difficult.  
1) Should be significantly inclined.  

Extended with 
random motion 

Must have detectable emission or absorption features.  
Internal random motion must produce Doppler 
broadening of the lines detectable by chosen instrument 
configuration.  

1)  Galaxy bulges.  
2)  Group of objects close together 
on the sky, for which one wants to 
measure internal velocity 
dispersions.  

Objects larger than the field of view may make 
comparison with earlier results using other 
instruments difficult.  

Cosmological 
source.  

Object sufficiently distant so that observed apparent 
velocities are dominated by redshift.  

1) Distant galaxy. 
2) Quasar.  

 




