
Optical Sciences PhD Qualifying Exam: Instructions 
and Post-2026 Equation Sheets

Answer all four questions on the following pages.  Start each answer on a new sheet of paper.  

In the upper right hand corner of each sheet, write your code number (NO NAMES PLEASE) and the problem 
number (course number) that you are answering.  Attach together all sheets for a given problem in order.  

When finished, insert your answers into the envelope provided.  Also insert all scratch paper, the equation sheets, 
the exam problems, and any other items that were distributed to you in the envelope.

The following are some helpful items:

h = 6.625£ 10°34 J · s = 4.134£ 10°15 eV · s

e = 1.6£ 10°19 C

c = 3.0£ 108 m/s

kB = 1.38£ 10°23 J/K

æ = 5.67£ 10°8 W/K4 · m2

≤0 = 8.85£ 10°12 F/m

µ0 = 1.26£ 10°6 H/m

sin(A ± B) = sinA cos B ± cos A sinB

cos(A ± B) = cosA cos B ® sinA sinB

2 cos A cos B = cos(A°B) + cos(A + B)

2 sinA sinB = cos(A°B)° cos(A + B)

2 sinA cos B = sin(A + B) + sin(A°B)

2 cos A sinB = sin(A + B)° sin(A°B)

sin 2A = 2 sinA cos A

cos 2A = 2 cos2 A° 1

cos 2A = 1° 2 sin2 A

sin2(A
2 ) = 1

2 (1° cos A)

cos2(A
2 ) = 1

2 (1 + cosA)

sinh x = 1
2 (ex ° e°x)

coshx = 1
2 (ex + e°x)

r(¡ + √) = r¡ +r√

r¡√ = ¡r√ + √r¡

r · (F + G) = r · F +r ·G

r£ (F + G) = r£ F +r£G

r(F ·G) = (F ·r)G+(G ·r)F+F£(r£G)+G£(r£F)

r · (¡F) = ¡(r · F) + F ·r¡

r · (F£G) = G ·r£ F° F ·r£G

r · (r£ F) = 0

r£ (¡F) = ¡(r£ F) +r¡£ F

r£ (F£G) = F(r ·G)°G(r ·F)+ (G ·r)F° (F ·r)G

r£ (r£ F) = r(r · F)°r2F

r£r¡ = 0
H
S(F · n) da =

R
V(r · F) d3x

H
C F · d` =

R
S(r£ F) · n da

H
S ¡n da =

R
Vr¡ d3x

H
S F(G · n) da =

R
V[F(r ·G) + (G ·r)F] d3x

H
S(n£ F) da =

R
V(r£ F) d3x
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𝑛𝑠𝑖𝑛(𝜃) = 𝑛′sin(𝜃′) 

 

𝜔 = 𝑛𝑢 

𝜌 = (
𝑛′ − 𝑛

𝑛′ + 𝑛
)

2

 

 

𝜙 = 𝜙1 + 𝜙2 − 𝜙1𝜙2𝜏 

 

𝐵𝐹𝐷 = 𝑑′ + 𝑓𝑅
′               𝐹𝐹𝐷 = 𝑑 + 𝑓𝐹 

𝑂𝑃𝐿 = 𝑛𝐿 

 
𝛿′ =

𝑑′

𝑛′
=  −

𝜙1

𝜙
𝜏 

𝑑 = 𝑡(
𝑛 − 1

𝑛
) 

 

𝛿 =
𝑑

𝑛
=  

𝜙2

𝜙
𝜏 

𝜏 =
𝑡

𝑛
 

 

𝜔′ = 𝜔 − 𝑦𝜙              𝑛′𝑢′ = 𝑛𝑢 − 𝑦𝜙 

𝜙 =
𝑛′ − 𝑛

𝑅
= (𝑛′ − 𝑛)𝐶 

 

𝜙 =  −
𝜔𝑘

′

𝑦1
            𝐵𝐹𝐷 =  −

𝑦𝑘

𝜔𝑘′
 

𝑛′

𝑧′
=

𝑛

𝑧
+ 𝜙 

 

𝑦′ = 𝑦 + 𝜔′𝜏′               𝑦′ = 𝑦 + 𝑢′𝑡′ 

𝑓𝑒 =
1

𝜙
=  −

𝑓𝑓

𝑛
=

𝑓𝑅
′

𝑛′
 

 

Sag ≈
𝑦2

2𝑅
 

𝑚 =
ℎ′

ℎ
=  

𝑧′/𝑛′

𝑧/𝑛
=

𝜔

𝜔′
 

 

f/# = 𝑓/𝐷𝐸𝑃                       NA = n|sin(u)| 

 

𝑓/#𝑤 =
1

2𝑁𝐴
≈ (1 − 𝑚)𝑓/# 

 

𝑚̅ =
𝑛′

𝑛
𝑚2 

 

 

𝑀𝑃𝑚𝑎𝑔𝑛𝑖𝑓𝑖𝑒𝑟 =
250 𝑚𝑚

𝑓
          𝑀𝑃 =

𝛼′

𝛼
  

 
Δ𝑧′/𝑛′

Δ𝑧/𝑛
= 𝑚1𝑚2 

 
𝑃′𝑁′ = 𝑃𝑁 = 𝑓𝐹 + 𝑓𝑅′ 

𝑀𝑃 =
1

𝑚
                        𝑀𝑃𝑡 = −

𝑓𝑂𝐵𝐽

𝑓𝐸𝑌𝐸
 

 

𝑀𝑃𝑟,𝑡 = 𝑚𝑟𝑀𝑃𝑡 = (
𝑧𝑟

′

𝑧𝑟
)(−

𝑓𝑂𝐵𝐽

𝑓𝐸𝑌𝐸
) 

 

𝐻 = 𝑛𝑢̅𝑦 − 𝑛𝑢𝑦̅ 

 

𝑢̅ = tan(𝜃1/2)  

 

𝑚𝑣,𝑖𝑛𝑓 = 𝑚𝑂𝐵𝐽𝑀𝑃𝐸𝑌𝐸 = −
𝑓𝑇𝑈𝐵𝐸

𝑓𝑂𝐵𝐽

250𝑚𝑚

𝑓𝐸𝑌𝐸
  

 

𝑚𝑣 = 𝑚𝑂𝐵𝐽𝑀𝑃𝐸𝑌𝐸 =
𝑧𝑂𝐵𝐽

′

𝑧𝑂𝐵𝐽

250𝑚𝑚

𝑓𝐸𝑌𝐸
  

 

 

             𝑓𝑂𝐵𝐽 =  −
𝑂𝑇𝐿

𝑚𝑂𝐵𝐽
 [Finite Tube length] 
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𝑎 ≥ |𝑦| + |𝑦̅|                       Unvignetted 

𝐷𝑎𝑖𝑟𝑦 = 2.44 𝜆𝑓/#𝑤  =
1.22𝜆

𝑁𝐴
 

 

𝑎 = |𝑦̅| and 𝑎 ≥ |𝑦|           Half Vignetted 
 
𝑎 ≤ |𝑦̅| − |𝑦|                       Full Vignetted 

DOF = +/- B’ 𝑓/#𝑤 

 

𝐿𝐻 =
−𝑓𝐷

𝐵′
                               𝐿𝑛𝑒𝑎𝑟 =

𝐿𝐻

2
 

 

𝑛 =
sin[(𝛼 − 𝛿𝑚𝑖𝑛)/2]

sin (
𝛼
2)

 

 

θc = 𝑠𝑖𝑛−1 (
𝑛𝑠

𝑛𝑅
) 

 
𝛿 = −(𝑛 − 1)𝛼 

 

           𝜈 =
𝛿

Δ
                                       𝑃 =

𝜖

Δ
 

𝛼1

𝛿
= −(

1

𝜈1 − 𝜈2
)(

𝜈1

𝑛𝑑1 − 1
) 

 
𝛼2

𝛿
= (

1

𝜈1 − 𝜈2
)(

𝜈2

𝑛𝑑2 − 1
) 

 
𝜖1

𝛿
= (

𝑃1 − 𝑃2

𝜈1 − 𝜈2
) 

 

𝜈 =
𝑛𝑑−1

𝑛𝑓−𝑛𝑐
                                  𝑃 =

𝑛𝑑−𝑛𝑐

𝑛𝑓−𝑛𝑐
    

  

𝛿𝜙

𝜙
=

𝛿𝑓

𝑓
=

1

𝜈
 

 

𝑇𝐴𝐶𝐻 =
𝑟𝑝

𝜈
 

𝜙1

𝜙
=

𝜈1

𝜈1 − 𝜈2
                      

𝜙2

𝜙
=

−𝜈2

𝜈1 − 𝜈2
 

 

𝑇𝐴𝐶𝐻 =
𝑟𝑝

𝜈
 

 

Φ = 𝐿𝐴Ω 𝛿𝜙𝑑𝐶

𝜙
=

𝛿𝑓𝐶𝑑

𝑓
=

Δ𝑃

Δ𝜈
 

Ω =
𝐴

𝑑2
 

 

𝐸′ =
𝜋𝐿

4(1 − 𝑚)2(𝑓/#)2 
=

𝑀

4(1 − 𝑚)2(𝑓/#)2 
 

 



    E ′ =   𝜋 L  4    ( 1 − m ) 2    ( f / # ) 2   =   M  4    ( 1 − m ) 2    ( f / # ) 2  


  Ω =   A    d 2


    𝛿   𝜙  d C  𝜙 =   𝛿   f  C d  f =   Δ P  Δ 𝜈


  Φ = L A Ω


  T   A  C H =     r  p  𝜈


      𝜙 1  𝜙 =     𝜈 1    𝜈 1 −   𝜈 2                                                 𝜙 2  𝜙 =     − 𝜈 2    𝜈 1 −   𝜈 2


  T   A  C H =     r  p  𝜈


    𝛿 𝜙  𝜙 =   𝛿 f  f =  1  𝜈


  P =     n  d −   n  c    n  f −   n  c


  𝜈 =     n  d − 1    n  f −   n  c


      𝜖 1  𝛿 = (     P 1 −   P 2    𝜈 1 −     𝜈 2 )


      𝛼 2  𝛿 = (  1    𝜈 1 −   𝜈 2 ) (     𝜈 2    n  d 2 − 1 )


      𝛼 1  𝛿 = − (  1    𝜈 1 −   𝜈 2 ) (     𝜈 1    n  d 1 − 1 )


  P =   𝜖 Δ


  𝜈 =   𝛿 Δ


  𝛿 = −  ( n − 1 ) 𝛼


     θ c = s i   n  − 1 ⁡   (     n  s    n  R )


  n =    sin ⁡   [ ( 𝛼 −   𝛿  m i n ) / 2 ]   sin ⁡   (   𝛼 2 )


    L  n e a r =     L  H 2


    L  H =   − f D  B ′


  f   / #  w


  a ≤  |   y - | − | y |


  a ≥ | y |


  a =  |   y - |


    D  a i r y = 2 . 44   𝜆 f /  #  w   =   1 . 22 𝜆  N A


  a ≥  | y | +  |   y - |


                              f  O B J =   −   O T L    m  O B J


    m  v =   m  O B J M   P  E Y E =     z  O B J ′    z  O B J   250 m m    f  E Y E  


    m  v , i n f =   m  O B J M   P  E Y E = −     f  T U B E    f  O B J   250 m m    f  E Y E  


    u - = tan ⁡ (   𝜃  1 / 2 )  


  H = n   u - y − n u   y -


  M   P  r , t =   m  r M   P  t = (     z  r ′    z  r ) ( −     f  O B J    f  E Y E )


  M   P  t = −     f  O B J    f  E Y E


  M P =  1  m


    P ′   N ′ = P N =   f  F +   f  R ′


    Δ   z ′ / n ′  Δ z / n =   m 1   m 2


  M P =   𝛼 ′  𝛼  


  M   P  m a g n i f i e r =   250   m m  f


    m - =     n ′  n   m 2


  f /  #  w =  1  2 N A ≈  ( 1 − m ) f / #


  f /   D  E P


  m =    h ′ h =       z ′ / n ′  z / n =   𝜔  𝜔 ′


  ≈     y 2  2 R


    f  e =  1  𝜙 =   −     f  f  n =     f  R ′  n ′


    y ′ = y +   𝜔 ′   𝜏 ′                                 y ′ = y + u ′ t ′


    n ′  z ′ =   n  z + 𝜙


  𝜙 =   −     𝜔  k ′    y 1                         B F D =   −     y  k    𝜔  k ′


  𝜙 =     n ′ − n  R =  (   n ′ − n ) C


    𝜔 ′ = 𝜔 − y 𝜙                               n ′   u ′ = n u − y 𝜙


  𝜏 =   t  n


  𝛿 =   d  n =       𝜙 2  𝜙 𝜏


  d = t (   n − 1  n )


    𝛿 ′ =     d ′  n ′ =   −     𝜙 1  𝜙 𝜏


  O P L = n L


  B F D =   d ′ +   f  R ′                               F F D = d +   f  F


  𝜙 =   𝜙 1 +   𝜙 2 −   𝜙 1   𝜙 2 𝜏


  𝜌 =    (     n ′ − n    n ′ + n ) 2


  𝜔 = n u


  n s i n  ( 𝜃 ) = n ′ sin ⁡ ( 𝜃 ′ )



