
Physics 471 Formula Sheet (28 Feb 2025) 

𝑐 ൌ 2.998 ൈ 10଼ m/s ℎ ൌ 6.626 ൈ 10ିଷସ Js 
𝑘 ൌ 1.381 ൈ 10ିଶଷ J/K 𝑁 ൌ 6.022 ൈ 10ଶଷ  
𝑚 ൌ 9.109 ൈ 10ିଷଵ kg 𝑒 ൌ 1.602 ൈ 10ିଵଽ C 

𝜀 ൌ 8.854 ൈ 10ିଵଶ C2/Nm2 

𝜇 ൌ 4𝜋 ൈ 10ି Tm/A   𝜎 ൌ 5.670 ൈ 10ି଼ W/m2K4 
General E&M 
∇ ⋅ 𝐄 ൌ 𝜌/𝜀    
∇ ൈ 𝐄 ൌ െ𝜕𝐁/𝜕𝑡    
∇ ⋅ 𝐁 ൌ 0  
∇ ൈ 𝐁 ൌ 𝜇𝐉  𝜇𝜀𝜕𝐄/𝜕𝑡  
∇ ⋅ 𝐃 ൌ 𝜌  

∇ ൈ 𝐇 ൌ 𝐉 
డ𝐃

డ௧
  

∇ ⋅ 𝐉 ൌ െ
డఘ

డ௧
  

𝐃 ൌ 𝜀𝐄  𝐏,    ൌ 𝜀𝜀𝐄 for linear isotropic 

𝐇 ൌ
𝐁

ఓబ
െ 𝐌,    ൌ

𝐁

ఓబఓೝ
  for linear isotropic  

𝐏 ൌ 𝜀𝜒𝐄  for linear isotropic 
𝜀 ൌ 1  𝜒  for linear isotropic 
𝜌 ൌ 𝜌  𝜌௨ௗ      𝜌௨ௗ ൌ െ∇ ⋅ 𝐏 

𝐉 ൌ 𝐉  𝐉௨ௗ  𝐉   

     𝐉௨ௗ ൌ ∇ ൈ𝐌     𝐉 ൌ 𝜕𝐏/𝑑𝑡 

∇ଶ𝐸 െ 𝜀𝜇
𝜕ଶ𝐄
𝜕𝑡ଶ

ൌ 𝜇
𝜕𝐉
𝜕𝑡

 𝜇
𝜕ଶ𝐏
𝜕𝑡ଶ

െ
1
𝜀
∇ሺ∇ ⋅ 𝐏ሻ 

Plane wave: 𝐄෨ ൌ 𝐄෨𝑒ሺ𝐤⋅𝐫ିఠ௧ሻ 

𝜀̃ ൌ 𝑛ଶ    
ఠ


ൌ




    𝑘෨ ൌ

ఠ


𝑛    𝜆 ൌ

ଶగ

ೝೌ
    𝛿 ൌ

ଵ

ೌ
  

Lorentz Model 

𝜔ଶ ൌ
ேమ

ఢబ
  

𝜒 ൌ
ఠ
మ

ఠబ
మିఠమିఠఊ

  (dielectrics) 

𝜒 ൌ
ఠ
మ

ିఠమିఠఊ
  (metals) 

Poynting 

∇ ⋅ 𝐒 
డ௨
డ௧

ൌ െ
డ௨ೠ

డ௧
  

𝐒 ൌ
ଵ

ఓబ
ሺ𝐄 ൈ 𝐁ሻ  

𝑢ௗ ൌ
ఌబ
ଶ
𝐸ଶ 

ଵ

ଶఓబ
𝐵ଶ  

డ௨ೠ

డ௧
ൌ 𝐄 ⋅ 𝐉  

𝐼ሺ𝑡ሻ ൌ 〈𝑆ሺ𝑡ሻ〉 ൌ
ଵ

ଶ
𝑛𝜀𝑐𝐸ሺ𝑡ሻଶ  

Fresnel Eqs 

𝛼 ൌ
ୡ୭ୱఏమ
ୡ୭ୱఏభ

,  𝛽 ൌ
మ
భ

  

𝑟 ൌ
ఈିఉ

ఈାఉ
, 𝑡 ൌ

ଶ

ఈାఉ
 (p-polar) 

𝑟 ൌ
ଵିఈఉ

ଵାఈఉ
, 𝑡 ൌ

ଶ

ଵାఈఉ
 (s-polar) 

𝑅 ൌ |𝑟|ଶ,   𝑇 ൌ 𝛼𝛽|𝑡|ଶ 
Two Interfaces 

𝑡௧௧ ൌ
௧బభ௧భమ

ୣ୶୮ሺିభௗ ୡ୭ୱఏభሻିభబభమ ୣ୶୮ሺభௗ ୡ୭ୱఏభሻ
  

𝑇௧௧ ൌ
మ
బ

ୡ୭ୱఏమ
ୡ୭ୱఏభ

 
|௧బభ|మ|௧భమ|మ

|ଵିభబభమ ୣ୶୮ሺଶభௗ ୡ୭ୱఏభሻ|మ
  

𝑇௧௧ ൌ 𝛼ଶ𝛽ଶ|𝑡ଶ|ଶ ൌ  ்ೌೣ 

ଵାி ୱ୧୬మ/ଶ
  

𝑇௫ ൌ  బ்భ భ்మ

ሺଵିඥோభబඥோభమሻమ
   

𝐹 ൌ
ସ|భబ||భమ|

ሺଵି|భబ||భమ|ሻమ
  

Φ ൌ 𝜙ଵ  𝜙ଵଶ  2𝑘ଵ𝑑 cos 𝜃ଵ  

ΔΦୌ ൌ 4/√𝐹   

Δ𝜆ிௐுெ ൌ
ఒమ

గభௗ ୡ୭ୱఏభ√ி
  

Δ𝜆ிௌோ ൌ
ఒమ

ଶభௗ ୡ୭ୱఏభ
  

𝑓 ൌ 2𝜋/ΔΦୌ ൌ Δ𝜆ிௌோ/Δ𝜆ிௐுெ ൌ 𝜋√𝐹/2  
Multilayers 
𝑡௧௧ ൌ 1/𝑎ଵଵ  
𝑟௧௧ ൌ 𝑎ଶଵ/𝑎ଵଵ  

𝛽 ൌ 𝑘ℓ cos𝜃  
p-polar:  

𝑀 ൌ ቌ
cos𝛽 െ

 ୱ୧୬ఉೕ ୡ୭ୱఏೕ
ೕ

െ
ೕ ୱ୧୬ఉೕ
ୡ୭ୱఏೕ

 cos𝛽
ቍ  

𝐴 ൌ
ଵ

ଶబ ୡ୭ୱఏబ
൬
𝑛 cos𝜃
𝑛 െ cos𝜃

൰ ൈ  

 ൫∏ 𝑀
ே
ୀଵ ൯ ൬

cos𝜃ேାଵ 0
𝑛ேାଵ 0൰  

s-polar: 

𝑀 ൌ ൭
cos𝛽 െ

 ୱ୧୬ఉೕ
ೕ ୡ୭ୱఏೕ

 

െ𝑖𝑛 sin𝛽 cos𝜃  cos𝛽
൱  

𝐴 ൌ
ଵ

ଶబ ୡ୭ୱఏబ
൬
𝑛 cos𝜃 1
𝑛 cos𝜃 െ1൰ ൈ  

൫∏ 𝑀
ே
ୀଵ ൯ ൬

1 0
𝑛ேାଵ cos𝜃ேାଵ 0൰  

Crystals 
ଵ

మ
ൌ

௨ೣమ

మିೣ
మ 

௨మ

మି
మ 

௨మ

మି
మ  

Biaxial: 

cos𝜃 ൌ േ
ೣ

ට

మି

మ


మିೣ

మ  (optic axes dirs.)  

Uniaxial: 

𝑛 ൌ 𝑛,  𝑛 ൌ
బ

ට
మ ୱ୧୬మ ఏమା

మ ୡ୭ୱమ ఏమ

 

p-polar, optic axis  to surface: 

tan 𝜃ଶ ൌ



ୱ୧୬ఏభ

ට
మିୱ୧୬మ ఏభ

  

tan 𝜃௦ ൌ



ୱ୧୬ఏభ

ට
మିୱ୧୬మ ఏభ

  

Polarization 
SEE NEXT PAGE  

Fourier, Delta, Convolution 

𝑓ሺ𝜔ሻ ൌ
ଵ

√ଶగ 
 𝑓ሺ𝑡ሻ𝑒ఠ௧𝑑𝑡
ஶ

ିஶ
  

𝑓ሺ𝑡ሻ ൌ
ଵ

√ଶగ 
 𝑓ሺ𝜔ሻ𝑒ିఠ௧𝑑𝜔
ஶ

ିஶ
  

𝐼ሺ𝜔ሻ ൌ 
ଵ

ଶ
𝑛𝜀𝑐|𝐸ሺ𝜔ሻ|ଶ 

 𝐼ሺ𝑡ሻ𝑑𝑡
ஶ

ିஶ
ൌ  𝐼ሺ𝜔ሻ𝑑𝜔

ஶ

ିஶ
  

𝛿ሺ𝑡 െ 𝑡ሻ  ⇔
ଵ

ଶగ
 𝑒ିఠሺ௧ି௧బሻ𝑑𝜔
ஶ

ିஶ
  

𝑎ሺ𝑡ሻ ⊗ 𝑏ሺ𝑡ሻ ൌ  𝑎ሺ𝑡ᇱሻ𝑏ሺ𝑡 െ 𝑡ᇱሻ𝑑𝑡′
ஶ

ିஶ
  

𝐹𝑇ሼ𝑎ሺ𝑡ሻ ⊗ 𝑏ሺ𝑡ሻሽ ൌ √2𝜋 𝐹𝑇ሼ𝑎ሺ𝑡ሻሽ ⋅ 𝐹𝑇ሼ𝑏ሺ𝑡ሻሽ  
𝐹𝑇ሼ𝑎ሺ𝑡ሻ ⋅ 𝑏ሺ𝑡ሻሽ ൌ

ଵ

√ଶగ
 𝐹𝑇ሼ𝑎ሺ𝑡ሻሽ ⊗ 𝐹𝑇ሼ𝑏ሺ𝑡ሻሽ  

Two deltas:  𝐹𝑇 ൌ ඥ2/𝜋  cosሺ𝑘𝑑/2ሻ 

Comb function (odd N deltas):  𝐹𝑇 ൌ
ଵ

√ଶగ

ୱ୧୬ேௗ/ଶ

ୱ୧୬ௗ/ଶ
  

𝐹𝑇൛𝐸𝑒ି௧
మ/ሺଶ்మሻ𝑒ିఠబ௧ൟ ൌ 𝐸𝑇𝑒ି்

మሺఠିఠబሻమ/ଶ  

Linear dispersion 

𝑣 ൎ ൬
ௗ

ௗఠ
𝑘ቚ

ఠୀఠబ

൰
ିଵ

  

𝑡ᇱ ൎ
ௗ

ௗఠ
𝐤𝐫𝐞𝐚𝐥ቚ

ఠୀఠబ

⋅ Δ𝐫  

𝐼~𝑒ିଶ𝐤𝐢𝐦𝐚𝐠ሺఠబሻ⋅𝐫|𝐸ሺ𝑡 െ 𝑡ᇱ, 𝐫𝟎ሻ|ଶ  
Quadratic dispersion 

𝑘 ൌ 𝑘 
ଵ

௩
ሺ𝜔 െ 𝜔ሻ  𝛼ሺ𝜔 െ 𝜔ሻଶ  

ଵ

௩
ൌ

ଵ


ሺ𝑛ᇱ𝜔  𝑛ሻ|ఠୀఠబ

  

𝛼 ൌ
ଵ

ଶ
ሺ𝑛ᇱᇱ𝜔  2𝑛ᇱሻ|ఠୀఠబ

   

Gaussian wavepacket, through thickness z: 
Φ ൌ 2𝛼𝑧/𝑇ଶ  

𝑇෨ ൌ 𝑇√1  Φଶ  

𝐸ሺ𝑡, 𝑧ሻ ൌ
ாబ

ሺೖషഘబሻ

ሺଵାమሻభ/ర exp ቆ


ଶ
tanିଵ Φ െ



ଶ


෨்మ ൬𝑡 െ

௭

௩
൰
ଶ

 ቇ exp ቆെ
ଵ

ଶ ෨்మ
൬𝑡 െ

௭

௩
൰
ଶ

ቇ  

Michelson, Temporal Coherence 
Single 𝜔: 𝐼ௗ௧ሺ𝜏ሻ ൌ 2𝐼ሺ1  cos𝜔𝜏ሻ   
Band of 𝜔’s: 

𝜀 ൌ  𝐼ሺ𝜔ሻ𝑑𝜔
ஶ

ିஶ
  

𝛾ሺ𝜏ሻ ൌ
ଵ

ఌ
 𝐼ሺ𝜔ሻ𝑒ିఠఛ𝑑𝜔
ஶ

ିஶ
  

Sigሺ𝜏ሻ ~ 2𝜀൫1  Re 𝛾ሺ𝜏ሻ൯  
𝑉ሺ𝜏ሻ ൌ visibility ൌ |𝛾ሺ𝜏ሻ|  

𝜏 ൌ  |𝛾ሺ𝜏ሻ|ଶ𝑑𝜏
ஶ

ିஶ
  

𝐹𝑇ሺSigሺ𝜏ሻሻ ~ 2𝜀𝛿ሺ𝜔ሻ  𝐼ሺ𝜔ሻ  𝐼ሺെ𝜔ሻ  
Rays:   ∇𝑅ሺ𝐫ሻ ൌ 𝑛ሺ𝐫ሻ�̂�ሺ𝐫ሻ  
ABCD Matrices 

Translation: ቀ1 𝑑
0 1

ቁ 

Flat surface refraction: ൬
1 0
0 𝑛ଵ/𝑛ଶ

൰ 

Curved surface refraction: 

ቆ
1 0

ଵ

ோ
ሺ𝑛ଵ/𝑛ଶ െ 1ሻ 𝑛ଵ/𝑛ଶ

ቇ  

R = + for convex, – for concave 

Spherical mirror/thin lens: ൬
1 0

െ1/𝑓 1൰ 

𝑓௦ ൌ ሺሺ𝑛ଶ/𝑛ଵ െ 1ሻሺ1/𝑅ଵ െ 1/𝑅ଶሻሻିଵ;  
R = + for curving like “(”, – for curving like “)” 

𝑓 ൌ 𝑅/2;   R = + for curving like “)” 
Compound system, general properties: 
𝐵 ൌ 0 (image formation) 
𝐴 ൌ magnification 

ABCD of 𝑑ை, then an optic, then 𝑑: 

൬
𝐴  𝑑𝐶 𝑑ை𝐴  𝐵  𝑑ை𝑑𝐶  𝑑𝐷

𝐶 𝑑ை𝐶  𝐷 ൰  

𝑝ଵ ൌ ሺ1 െ 𝐷ሻ/𝐶,  𝑝ଶ ൌ ሺ1 െ 𝐴ሻ/𝐶 ,  𝑓 ൌ െ1/𝐶  

Cavity stability: െ1 ൏
ା

ଶ
൏ 1 

Diffraction formulas 
Helmholtz Eq.:  ∇ଶ𝐄ሺ𝐫ሻ ൌ െ𝑘ଶ𝐄ሺ𝐫ሻ  
Huygens-Fresnel: 𝐸ሺ𝑥, 𝑦, 𝑧ሻ ൌ

          െ


ఒ
∬ 𝐸ሺ𝑥ᇱ,𝑦ᇱ, 0ሻ

ೖೃ

ோ
𝑑𝑥ᇱ𝑑𝑦′


  

Fresnel-Kirchhoff: 𝐸ሺ𝑥,𝑦, 𝑧ሻ ൌ

          െ


ఒ
∬ 𝐸ሺ𝑥ᇱ,𝑦ᇱ, 0ሻ

ೖೃ

ோ
ቀ
ଵାୡ୭ୱሺ𝐑,𝐳ොሻ

ଶ
ቁ 𝑑𝑥ᇱ𝑑𝑦′


  

Fresnel:  𝐸ሺ𝑥, 𝑦, 𝑧ሻ ൌ െ
ೖೖ൫ೣ

మశమ൯/మ

ఒ௭
ൈ  

∬ 𝐸ሺ𝑥ᇱ,𝑦ᇱ, 0ሻ𝑒ሺ௫
ᇲమା௬ᇲమሻ/ଶ௭𝑒ିሺ௫௫

ᇲା௬௬ᇲሻ/௭𝑑𝑥ᇱ𝑑𝑦′


  

Fraunhofer: 𝐸ሺ𝑥,𝑦, 𝑧ሻ ൌ െ
ೖೖ൫ೣ

మశమ൯/మ

ఒ௭
ൈ  

∬ 𝐸ሺ𝑥ᇱ,𝑦ᇱ, 0ሻ𝑒ିሺ௫௫
ᇲା௬௬ᇲሻ/௭𝑑𝑥ᇱ𝑑𝑦′


  

𝐼 ൌ 𝐼|2d FT of aperture function|ଶ  

Single slit:  𝐹𝑇 ൌ
ଵ

√ଶగ
 𝑎 sincሺ𝑘௫𝑎/2ሻ  

Rectang.:  𝐹𝑇 ൌ
ଵ

ଶగ
 𝑎𝑏 sincሺ𝑘௫𝑎/2ሻ sinc൫𝑘௬𝑏/2൯  

Double: 𝐹𝑇 ൌ ඥ2/𝜋  𝑎 sincሺ𝑘௫𝑎/2ሻ cosሺ𝑘௫𝑑/2ሻ  

Top hat:  𝐹𝑇 ൌ
మ

ଶ
 
ଶ భ൫ഐ൯

ഐ
ൌ

మ

ଶ
 jinc൫𝑘ఘ𝑎൯ 

𝑘௫ ൌ 𝑘𝑋/𝑧, 𝑘௬ ൌ 𝑘𝑌/𝑧, 𝑘ఘ ൌ 𝑘𝜌/𝑧 

Spectrometer:  𝜆 ൌ
௫

௭
,  Δ𝜆 ൌ

ఒ

ே
 

Rayleigh:  𝜃 ൎ
ଵ.ଶଶఒ


 

  
  



Polarization: Jones and Stokes   
 

LIGHT Jones Stokes 
unpolar n/a 

൮

1
0
0
0

൲ 

Horiz 
linear 

ቀ1
0
ቁ 

൮

1
1
0
0

൲ 

Vert 
linear 

ቀ0
1
ቁ 

൮

1
െ1
0
0

൲ 

45° 
linear 

1

√2
ቀ1

1
ቁ 

൮

1
0
1
0

൲ 

–45° 
linear 

1

√2
ቀ 1
െ1

ቁ 
൮

1
0
െ1
0

൲ 

Linear 
at 𝜃 

ቀcos𝜃
sin 𝜃

ቁ 
൮

1
cos 2𝜃
sin 2𝜃

0

൲ 

RCP 1

√2
ቀ 1
െ𝑖
ቁ 

൮

1
0
0
1

൲ 

LCP 1

√2
ቀ1
𝑖
ቁ 

൮

1
0
0
െ1

൲ 

Ellip-
tical 

ቀ 𝐴
𝐵𝑒ఋ

ቁ 

with 
𝐴ଶ 
𝐵ଶ ൌ 1 

1
𝐸
ଶ

⎝

⎜
⎛

𝐸
ଶ

𝐸௫
ଶ െ 𝐸௬

ଶ

2𝐸௫𝐸௬ cos 𝛿
2𝐸௫𝐸௬ sin 𝛿⎠

⎟
⎞

 

𝛿 is the phase shift 
of vert relative to 
horiz 

 
Jones: 

Angle of elliptical: 𝛼 ൌ
ଵ

ଶ
tanିଵ ቀ

ଶ ୡ୭ୱఋ

మିమ
ቁ  

𝐸ఈ ൌ ห𝐸ห ൈ

√𝐴ଶ cosଶ 𝛼  𝐵ଶ sinଶ 𝛼  𝐴𝐵 cos𝛿 sin 2𝛼  

𝐸ఈേଽ° ൌ ห𝐸ห ൈ

√𝐴ଶ sinଶ 𝛼  𝐵ଶ cosଶ 𝛼 െ 𝐴𝐵 cos𝛿 sin 2𝛼  

 
Stokes: 

Amount polarized: ඥ𝑆ଵ
ଶ  𝑆ଶ

ଶ  𝑆ଷ
ଶ 

Amount unpolarized: 𝑆 െ ඥ𝑆ଵ
ଶ  𝑆ଶ

ଶ  𝑆ଷ
ଶ 

Deg of polarization ൌ
ටௌభ

మାௌమ
మାௌయ

మ

ௌబ
  

 

 

OPTIC Jones Mueller (Stokes) 
Horiz  
linear   
polar 

ቀ1 0
0 0

ቁ 1
2
൮

1 1 0 0
1 1 0 0
0 0 0 0
0 0 0 0

൲ 

Vert  
linear  
polar 

ቀ0 0
0 1

ቁ 1
2
൮

1 െ1 0 0
െ1 1 0 0
0 0 0 0
0 0 0 0

൲ 

45°  
linear  
polar  

1
2
ቀ1 1

1 1
ቁ 1

2
൮

1 0 1 0
0 0 0 0
1 0 1 0
0 0 0 0

൲ 

–45°  
linear  
polar 

1
2
ቀ 1 െ1
െ1 1

ቁ 1
2
൮

1 0 െ1 0
0 0 0 0
െ1 0 1 0
0 0 0 0

൲ 

angle 𝜃  
linear  
polar 

ቀ cosଶ 𝜃 sin 𝜃 cos𝜃
sin 𝜃 cos𝜃 sinଶ 𝜃

ቁ 1
2
൮

1 cos 2𝜃 sin 2𝜃 0
cos 2𝜃 cosଶ 2𝜃 cos 2𝜃 sin 2𝜃 0
sin 2𝜃 cos 2𝜃 sin 2𝜃 sinଶ 2𝜃 0

0 0 0 0

൲ 

𝜆/4 
fast axis  
horiz 

ቀ1 0
0 𝑖

ቁ 
൮

1 0 0 0
0 1 0 0
0 0 0 1
0 0 െ1 0

൲ 

𝜆/4 
fast axis  
vert 

ቀ1 0
0 െ𝑖

ቁ 
൮

1 0 0 0
0 1 0 0
0 0 0 െ1
0 0 1 0

൲ 

𝜆/4 
fast axis  
45° 

1
2
ቀ1  𝑖 1 െ 𝑖

1 െ 𝑖 1  𝑖
ቁ 

൮

1 0 0 0
0 0 0 െ1
0 0 1 0
0 1 0 0

൲ 

𝜆/4 
fast axis  
angle 𝜃 

൬
cosଶ 𝜃  𝑖 sinଶ 𝜃 ሺ1 െ 𝑖ሻ sin 𝜃 cos𝜃
ሺ1 െ 𝑖ሻ sin 𝜃 cos𝜃 sinଶ 𝜃  𝑖 cosଶ 𝜃

൰ 

⎝

⎜⎜
⎛

1 0 0 0

0 cosଶ 2𝜃
1
2

sin 4𝜃 െ sin 2𝜃

0
1
2

sin 4𝜃 sinଶ 2𝜃 cos 2𝜃

0 sin 2𝜃 െcos 2𝜃 0 ⎠

⎟⎟
⎞

 

𝜆/2 
fast axis  
horiz 

ቀ1 0
0 െ1

ቁ 
൮

1 0 0 0
0 1 0 0
0 0 െ1 0
0 0 0 െ1

൲ 

𝜆/2 
fast axis 
vert 

ቀെ1 0
0 1

ቁ 
൮

1 0 0 0
0 1 0 0
0 0 െ1 0
0 0 0 െ1

൲ 

𝜆/2 
fast axis 
at 𝜃 

ቀcos 2𝜃 sin 2𝜃
sin 2𝜃 െ cos 2𝜃

ቁ 
൮

1 0 0 0
0 cos 4𝜃 sin 4𝜃 0
0 sin 4𝜃 െ cos 4𝜃 0
0 0 0 െ1

൲ 

Reflect 
൬
െ𝑟 0

0 𝑟௦
൰ 

(not worrying about) 

Transmit 
൬
𝑡 0
0 𝑡௦

൰ 
(not worrying about) 

Rotation 
 

𝑅 ൌ ቀcos𝜃 െ sin 𝜃
sin 𝜃 cos𝜃

ቁ 

 
𝑀௧ ௪௧ 

௫௦ ௧ 
ൌ  𝑅𝑀 ௧ ௪௧ 

௭௧ ௫௦
𝑅ିଵ 

𝑅 ൌ ൮

1 0 0 0
0 cos 2𝜃 െ sin 2𝜃 0
0 sin 2𝜃 cos 2𝜃 0
0 0 0 1

൲  

𝑀௧ ௪௧ 
௫௦ ௧ 

ൌ  𝑅𝑀 ௧ ௪௧ 
௭௧ ௫௦

𝑅ିଵ 

 


