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LOS	
  op8cal	
  systems	
  

•  Combining	
  mul+ple	
  contribu+ons	
  to	
  system	
  
LOS	
  	
  
–  Independent	
  sources	
  
– Coupled	
  sources	
  	
  

•  Example	
  problems	
  	
  

•  General	
  rela+onship	
  between	
  element	
  
mo+on	
  and	
  system	
  LOS	
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Combining	
  mul+ple	
  independent	
  
sources	
  of	
  error	
  

•  Many	
  things	
  that	
  can	
  go	
  wrong	
  that	
  will	
  
affect	
  system	
  performance.	
  To	
  calculate	
  the	
  
combined	
  effect	
  if:	
  
– Roots	
  of	
  cause	
  independent	
  combine	
  the	
  effects	
  
as	
  a	
  Root	
  Sum	
  Square	
  (RSS).	
  Good	
  to	
  know	
  
•  The	
  answer	
  is	
  dominated	
  by	
  the	
  biggest	
  contributors	
  

•  The	
  smallest	
  contributors	
  are	
  negligible	
  	
  
•  For	
  N	
  equal	
  contribu/ons,	
  the	
  RSS	
  is	
  equal	
  to	
  square	
  
root	
  of	
  N	
  /mes	
  an	
  individual	
  contribu/on.	
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RSS	
  example	
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RSS	
  is	
  dominated	
  by	
  the	
  largest	
  
contributors	
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Small	
  contributors	
  do	
  not	
  affect	
  RSS	
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For	
  terms	
  with	
  equal	
  contribu8on	
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Few	
  rules	
  for	
  compound	
  systems	
  

•  With	
  many	
  independent	
  degrees	
  of	
  freedom	
  the	
  
op8mal	
  distribu8on	
  of	
  error	
  may	
  be	
  equal	
  
contribu8ons	
  from	
  each	
  DOF.	
  

•  System	
  performance	
  can	
  be	
  improved	
  by	
  
reducing	
  just	
  the	
  dominant	
  sources	
  of	
  error	
  

•  Small	
  contributors	
  can	
  be	
  relaxed	
  to	
  reduce	
  the	
  
cost	
  without	
  changing	
  the	
  performance.	
  

•  When	
  the	
  performance	
  is	
  good	
  enough,	
  cost	
  of	
  
improving	
  in	
  not	
  jus8fied	
  so	
  relax.	
  

•  Maximize	
  use	
  of	
  COTS	
  (commercial	
  off	
  the	
  shelf)	
  
parts	
  for	
  cost	
  reduc8on.	
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Combining	
  errors	
  when	
  the	
  effects	
  
are	
  coupled	
  

•  If	
  one	
  root	
  cause	
  results	
  in	
  many	
  changes	
  in	
  the	
  
system,	
  then	
  the	
  errors	
  are	
  coupled.	
  For	
  example	
  
temperature	
  change	
  causes	
  all	
  the	
  parts	
  expand	
  
or	
  contract.	
  	
  

•  In	
  these	
  cases	
  the	
  root	
  cause	
  is	
  treated	
  as	
  a	
  
degree	
  of	
  freedom	
  (DOF)	
  

•  The	
  combined	
  effect	
  for	
  the	
  whole	
  system	
  when	
  
the	
  DOF	
  changes	
  is	
  calculated.	
  

•  this	
  is	
  done	
  by	
  calcula8ng	
  each	
  contribu8on	
  and	
  
summing	
  them	
  up	
  keeping	
  the	
  sign.	
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Example	
  Problem	
  :	
  Image	
  stability	
  

•  Consider	
  a	
  simple	
  two-­‐channel	
  fiber	
  coupler	
  
shown	
  on	
  next	
  page.	
  The	
  incident	
  beams	
  are	
  3	
  
mm	
  in	
  diameter,	
  and	
  come	
  to	
  focus	
  on	
  the	
  end	
  of	
  
the	
  fiber	
  with	
  0.1	
  NA.	
  The	
  back	
  focal	
  distance,	
  as	
  
shown	
  from	
  the	
  focusing	
  lens	
  (which	
  is	
  a	
  mul8-­‐
element	
  lens)	
  to	
  the	
  fiber	
  is	
  8	
  mm.	
  Coupling	
  
efficiency	
  requires	
  the	
  posi8on	
  and	
  rota8on	
  of	
  
the	
  op8cs	
  to	
  be	
  maintained	
  so	
  that	
  both	
  focused	
  
spots	
  (one	
  from	
  beam	
  1	
  and	
  the	
  other	
  from	
  beam	
  
2)	
  are	
  maintained	
  on	
  the	
  fiber	
  to	
  ±0.3	
  μm	
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Example	
  Problem	
  :	
  Image	
  stability	
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a)  Determine	
  the	
  focal	
  length	
  of	
  the	
  lens	
  and	
  find	
  its	
  nodal	
  point.	
  
Calculate	
  the	
  following	
  sources	
  of	
  error,	
  consider	
  the	
  effects	
  for	
  both	
  inputs	
  1	
  and	
  2	
  
b)  Lateral	
  transla8on	
  of	
  beam	
  splicer	
  cube	
  20	
  μm	
  
c)  Rota8on	
  of	
  the	
  beam	
  splicer	
  cube	
  about	
  point	
  A	
  of	
  3	
  μrad	
  
d)  Lateral	
  transla8on	
  of	
  the	
  focusing	
  lens	
  of	
  0.1	
  μm	
  
e)  Rota8on	
  of	
  focusing	
  lens	
  about	
  point	
  B	
  of	
  20	
  μrad	
  (decompose	
  mo8on	
  into	
  

rota8on	
  about	
  nodal	
  point	
  +	
  transla8on	
  of	
  nodal	
  point.)	
  
f)  Lateral	
  transla8on	
  of	
  the	
  fiber	
  of	
  0.1	
  μm	
  
g)  Calculate	
  the	
  combined	
  effect	
  of	
  all	
  of	
  the	
  above	
  and	
  summarize	
  in	
  a	
  table	
  like	
  

the	
  one	
  shown	
  
h)  How	
  does	
  this	
  compare	
  to	
  the	
  requirement?	
  

Example	
  Problem	
  :	
  Image	
  stability	
  

Mo+on	
   Beam	
  1	
   Beam	
  2	
   Combined	
  for	
  2	
  	
  
beams	
  

b)	
  

c)	
  

…	
  

Combined	
  effect	
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What	
  happens	
  when	
  an	
  op8cal	
  
element	
  moves	
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General	
  expression	
  for	
  image	
  mo8on	
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General	
  rela+onship	
  for	
  +lt	
  due	
  to	
  
element	
  mo+on	
  and	
  image	
  shiM	
  

J.	
  H.	
  Burge,	
  “An	
  easy	
  way	
  to	
  relate	
  op8cal	
  element	
  mo8on	
  to	
  system	
  poin8ng	
  stability,”	
  
in	
  Current	
  Developments	
  in	
  Lens	
  Design	
  and	
  Op/cal	
  Engineering	
  VII,	
  Proc.	
  SPIE	
  6288	
  
(2006).	
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How	
  to	
  find	
  Di	
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Example	
  for	
  8lt	
  of	
  a	
  mirror	
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