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=6.625x10"2J.5s=4.134 x 10712 eV -5 V(p+1)=Vo+ Vi
e=16x10"19C Vo) = ¢V + Ve
c=3.0x10%m/s V. (F+G)=V-F+V-G
kp =138 x 1072 J/K Vx(F+G)=VxF+VxG

o =5.67x 108 W/K*. m?

€0 = 8.85 x 1072 F/m

po = 1.26 x 107 H/m

sin(A + B) = sin A cos B + cos Asin B
cos(A £ B) = cos Acos B Fsin Asin B
2cos Acos B = cos(A — B) + cos(A + B)
2sin Asin B = cos(A — B) — cos(A + B)
2sin A cos B = sin(A + B) + sin(A — B)
2cos Asin B = sin(A + B) — sin(A — B) VxVg=0

V(F-G) = (F-V)G+(G-V)F+F x (VxG)+Gx (VxF)
V- (¢F) =¢(V-F)+F-Vo

V- (FxG)=G-VxF-F - VxG

V- (VxF)=0

VX (¢F)=¢(VxF)+ Vo xF

Vx(FxG)=FV -G)-G(V-F)+(G-V)F-(F-V)G
Vx(VxF)=V(V-F)-V?F

sin2A4 = 2sin Acos A
cos2A =2cos? A —1
cos2A =1—2sin% A

sinQ(‘é) % (1 —cos A)
cos?(4) = % (14 cosA)
sinhx = % (e® —e™™)
coshz = % (e + e %)

s(F-n)da = [((V-F)d’x
$oF-dl = [(VxF)-nda
$somda= [, Vo &z

$F(G -n)da= [([F(V-G)+ (G- V)F] &z
$s(m x F)da= [,(V xF)d*z



2026 Written Qualifying Exam
Equation Sheet

nsin(@) = n'sin(6") w =nu
(n’ — n)z ¢ =¢1+ P — P17
mn BFD = d’ + f FFD = d + f;
OPL = nl ,_d ¢1
§ === -1
n ¢
n_l d ¢)2
d=t S )
( ) é nT e T
T=£ w=w-yp n'u’ =nu—y¢o
n
,_n ) w;c yk
¢ = =" —n)C = —— BFD = ——;
R ¢ Y1 k
/: + .7 I: + ,t/
LS y =yrTwt y =yTu
z
1 fr Iz ~ ¥
fe_a__;f=§ Sag ~ ¢
ooz n w fi#=f/Dgp NA = nfsin(u)|
m=—= =—,
h z/n

1
f/#W:mz(l_m)f/#

n
— 2
m=—m 250 '
n MPmagnifier = # MP = %
Az’ Mp =21 Mp, = —Lo8
Az/n = iy m ¢ fEYE
12N l; Z1," fOB]
P'N' = PN = fu + fy MP,, = m,MP, = ()(~ 22
Zy feve
H = nuy — nuy Zpp; 250mm
my, = Mo MPgyp = ———(——
_ Zog; fevEe
u = tan(6,,;)
fruse 250mm — _OTL rpini
My inf = MopyMPpyg = — - fop) = —— [Finite Tube length]

fOB] feve



az |yl + |yl

a=|y|landa = |y|

2026 Written Qualifying Exam
Equation Sheet

1.222

Unvignetted
Dairy

Half Vignetted DOF=+/-B f/#,,

=244 Af [#,, = IIV—A

a<|y|— |yl Full Vignetted Ly = _,;,D Lypear = L7H
_ sinl(@ = 6in)/2] Qe
. (%) ) V=V ng — 1

a 1 v
(s == =)
0, =sin" " |— [0) Vi —Vy ngy;—1
ng
€ _P—P
b=—-(-1Da 6_(1/1—1/2)
v:% p== , = Ta~l p = MdMc
ng—ne ng—nc
o _of 1 b b __v
¢ f v d) Vi1 —Vy d) 1Z1 Vy
4
TAcy = TAcy =
d = LAQ 8¢ac _ 8fca _ AP
o  f A
A
4=z
o= L _ M
AL -m2(f/#)?2 41— m)A(f/#)?




    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 ′ )



