
ANNOTATED HIGHER RELATIONSHIPS SHEET 
 

𝒅 = �̅�𝒕 

𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (𝒎) = 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒔𝒑𝒆𝒆𝒅 (𝒎𝒔−𝟏) × 𝒕𝒊𝒎𝒆 (𝒔) 

𝒔 = �̅�𝒕 

𝒅𝒊𝒔𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 (𝒎) = 𝒂𝒗𝒆𝒓𝒂𝒈𝒆 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏) × 𝒕𝒊𝒎𝒆 (𝒔) 

𝒗 = 𝒖 + 𝒂𝒕 

𝒇𝒊𝒏𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏) = 𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏) + 𝒂𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏 (𝒎𝒔−𝟐) × 𝒕𝒊𝒎𝒆 (𝒔)  

𝒔 =  𝒖𝒕 +
𝟏

𝟐
  𝒂𝒕𝟐 

𝒅𝒊𝒔𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 = 𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 × 𝒕𝒊𝒎𝒆 +
𝟏

𝟐
× 𝒂𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏 (𝒎𝒔−𝟐) × 𝒕𝒊𝒎𝒆𝟐 (𝒔𝟐) 

𝒗𝟐 = 𝒖𝟐  +  𝟐𝒂𝒔 

𝒇𝒊𝒏𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝟐 (𝒎𝒔−𝟏)
𝟐
= 𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝟐(𝒎𝒔−𝟏)

𝟐
+ 𝟐 × 𝒂𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏 (𝒎𝒔−𝟐) × 𝒅𝒊𝒔𝒑𝒂𝒄𝒆𝒎𝒆𝒏𝒕 (𝒎)  

𝒔 =
𝟏

𝟐
(𝒗 + 𝒖)𝒕 

𝒅𝒊𝒔𝒑𝒍𝒂𝒄𝒆𝒎𝒆𝒏𝒕 (𝒎) =
𝟏

𝟐
× (𝒇𝒊𝒏𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏) + 𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏)) × 𝒕𝒊𝒎𝒆 (𝒔) 

𝑭 = 𝒎𝒂 

𝒇𝒐𝒓𝒄𝒆 (𝑵) = 𝒎𝒂𝒔𝒔 (𝒌𝒈) × 𝒂𝒄𝒄𝒆𝒍𝒆𝒓𝒂𝒕𝒊𝒐𝒏 (𝒎𝒔−𝟐) 

𝑾 = 𝒎𝒈 

𝒘𝒆𝒊𝒈𝒉𝒕 (𝑵) = 𝒎𝒂𝒔𝒔 (𝒌𝒈) × 𝒈𝒓𝒂𝒗𝒊𝒕𝒂𝒕𝒊𝒐𝒏𝒂𝒍 𝒇𝒊𝒆𝒍𝒅 𝒔𝒕𝒓𝒆𝒏𝒈𝒕𝒉 (𝑵 𝒌𝒈−𝟏) 

𝑬𝒘 = 𝑭𝒅 

𝒘𝒐𝒓𝒌 𝒅𝒐𝒏𝒆 (𝑱) = 𝒇𝒐𝒓𝒄𝒆 (𝑵) × 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (𝒎) 

𝑬𝒑 = 𝒎𝒈𝒉 

𝒈𝒓𝒂𝒗𝒊𝒕𝒂𝒕𝒊𝒐𝒏𝒂𝒍 𝒑𝒐𝒕𝒆𝒏𝒕𝒊𝒂𝒍 𝒆𝒏𝒆𝒓𝒈𝒚 (𝑱) =  𝒎𝒂𝒔𝒔 (𝒌𝒈) × 𝒈𝒓𝒂𝒗𝒊𝒕𝒂𝒕𝒊𝒐𝒏𝒂𝒍 𝒇𝒊𝒆𝒍𝒅 𝒔𝒕𝒓𝒆𝒏𝒈𝒕𝒉 (𝑵 𝒌𝒈−𝟏) ×

𝒗𝒆𝒓𝒕𝒊𝒄𝒂𝒍 𝒉𝒆𝒊𝒈𝒉𝒕 (𝒎)   

𝑬𝒌 =
𝟏

𝟐
𝒎𝒗𝟐 

𝒌𝒊𝒏𝒆𝒕𝒊𝒄 𝒆𝒏𝒆𝒓𝒈𝒚 (𝑱) =  
𝟏

𝟐
×𝒎𝒂𝒔𝒔 (𝒌𝒈) × 𝒔𝒑𝒆𝒆𝒅𝟐(𝒎𝒔−𝟏)𝟐 

𝑷 = 
𝑬

𝒕
 

𝒑𝒐𝒘𝒆𝒓 (𝑾) =  
𝒆𝒏𝒆𝒓𝒈𝒚 (𝑱)

𝒕𝒊𝒎𝒆 (𝒔)
 

𝒑 = 𝒎𝒗 

𝒎𝒐𝒎𝒆𝒏𝒕𝒖𝒎 (𝒌𝒈𝒎𝒔−𝟏) = 𝒎𝒂𝒔𝒔(𝒌𝒈)  × 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏) 

𝑭𝒕 = 𝒎𝒗−𝒎𝒖 

𝑰𝒎𝒑𝒖𝒍𝒔𝒆 (𝑵𝒔 ) = 𝒎𝒂𝒔𝒔 (𝒌𝒈) × 𝒇𝒊𝒏𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏) −𝒎𝒂𝒔𝒔 (𝒌𝒈) × 𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏) 

𝑰𝒎𝒑𝒖𝒍𝒔𝒆 (𝑵𝒔 ) = 𝒄𝒉𝒂𝒏𝒈𝒆 𝒊𝒏 𝒎𝒐𝒎𝒆𝒏𝒕𝒖𝒎 (𝒌𝒈 𝒎𝒔−𝟏) 

𝑭 = 𝑮
𝒎𝟏𝒎𝟐

𝒓𝟐
 

𝑭𝒐𝒓𝒄𝒆 (𝑵) = 𝑼𝒏𝒊𝒗𝒆𝒓𝒔𝒂𝒍 𝒈𝒓𝒂𝒗𝒊𝒕𝒂𝒕𝒊𝒐𝒏𝒂𝒍 𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕 (𝒎𝟑𝒌𝒈–𝟏𝒔–𝟐)
𝑴𝒂𝒔𝒔𝟏(𝒌𝒈) ×𝑴𝒂𝒔𝒔𝟐(𝒌𝒈)

𝒔𝒆𝒑𝒂𝒓𝒂𝒕𝒊𝒐𝒏 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆𝟐 (𝒎𝟐)
 

𝐍𝐁 𝐓𝐡𝐞  𝐔𝐧𝐢𝐯𝐞𝐫𝐬𝐚𝐥 𝐆𝐫𝐚𝐯𝐢𝐭𝐚𝐭𝐢𝐨𝐧𝐚𝐥 𝐂𝐨𝐧𝐬𝐭𝐚𝐧𝐭 = 𝟔. 𝟔𝟕  𝟏𝟎−𝟏𝟏 𝒎𝟑𝒌𝒈–𝟏𝒔–𝟐 



𝒕′ =
𝒕

√𝟏 − (
𝒗
𝒄
)
𝟐

 

𝒓𝒆𝒍𝒂𝒕𝒊𝒗𝒊𝒔𝒕𝒊𝒄 𝒕𝒊𝒎𝒆 (𝒔) =
𝒕𝒊𝒎𝒆 (𝒔)

√𝟏 − (
𝒔𝒑𝒆𝒆𝒅 (𝒎𝒔−𝟏)

𝒔𝒑𝒆𝒆𝒅 𝒐𝒇 𝒍𝒊𝒈𝒉𝒕 𝒊𝒏 𝒗𝒂𝒄𝒖𝒖𝒎 (𝒎𝒔−𝟏)
)
𝟐

 

NB time can be in other units as this is a ratio, but both times must be in the same unit. 

c = 3.0  108 ms-1 

𝒍′ = 𝒍√𝟏 − (
𝒗

𝒄
)
𝟐

 

𝒓𝒆𝒍𝒂𝒕𝒊𝒗𝒊𝒔𝒕𝒊𝒄 𝒍𝒆𝒏𝒈𝒕𝒉 (𝒎) = 𝒍𝒆𝒏𝒈𝒕𝒉 (𝒎) × √𝟏 − (
𝒔𝒑𝒆𝒆𝒅 (𝒎𝒔−𝟏)

𝒔𝒑𝒆𝒆𝒅 𝒐𝒇 𝒍𝒊𝒈𝒉𝒕 𝒊𝒏 𝒗𝒂𝒄𝒖𝒖𝒎 (𝒎𝒔−𝟏)
)

𝟐

 

c  = 3.0  108 ms-1 

𝒇𝒐 = 𝒇𝒔 (
𝒗

𝒗+𝒗𝒔
) 

𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅
(𝑯𝒛)

 =
𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 𝒐𝒇 𝒔𝒐𝒖𝒓𝒄𝒆  

(𝑯𝒛)
 ×

(

 
𝒔𝒑𝒆𝒆𝒅  𝒐𝒇 𝒔𝒐𝒖𝒏𝒅 (𝒎𝒔−𝟏)

𝒔𝒑𝒆𝒆𝒅 𝒐𝒇 𝒔𝒐𝒖𝒏𝒅

(𝒎𝒔−𝟏)
 
±
𝟎
 
𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 𝒐𝒇 𝒔𝒐𝒖𝒓𝒄𝒆  

(𝒎𝒔−𝟏) )

  

DD when the object moves WAY from the observer and 

AKE AWAY (subtract) when the object comes OWARDS the observer  

 

𝒛 =
𝝀𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 − 𝝀𝒓𝒆𝒔𝒕

𝝀𝒓𝒆𝒔𝒕
 

𝑹𝒆𝒅𝒔𝒉𝒊𝒇𝒕 (𝒏𝒐 𝒖𝒏𝒊𝒕) =  
𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒅 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉 (𝒎) − 𝒓𝒆𝒔𝒕 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉 (𝒎) 

𝒓𝒆𝒔𝒕 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉 (𝒎)
 

𝒛 =
𝒗

𝒄
 

𝑹𝒆𝒅𝒔𝒉𝒊𝒇𝒕 (𝒏𝒐 𝒖𝒏𝒊𝒕) =
𝒓𝒆𝒄𝒆𝒔𝒔𝒊𝒐𝒏𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚 (𝒎𝒔−𝟏)

𝒔𝒑𝒆𝒆𝒅 𝒐𝒇 𝒍𝒊𝒈𝒉𝒕 𝒊𝒏 𝒗𝒂𝒄𝒖𝒖𝒎 (𝒎𝒔−𝟏)
 

𝒗 = 𝑯𝒐𝒅 

𝒓𝒆𝒄𝒆𝒔𝒔𝒊𝒐𝒏𝒂𝒍 𝒗𝒆𝒍𝒐𝒄𝒊𝒕𝒚

(𝒎𝒔−𝟏)
 =
𝑯𝒖𝒃𝒃𝒍𝒆’𝒔 𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕  

(𝒔−𝟏)
×
𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒇𝒓𝒐𝒎 𝒈𝒂𝒍𝒂𝒙𝒚 𝒕𝒐 𝒐𝒃𝒔𝒆𝒓𝒗𝒆𝒓

(𝒎)
  

NB for this course the Hubble Constant Ho is given as 2·3 x 10-18 s-1 

𝑾 = 𝑸𝑽 

𝑾𝒐𝒓𝒌 𝒅𝒐𝒏𝒆 𝒎𝒐𝒗𝒊𝒏𝒈 𝒂 𝒄𝒉𝒂𝒓𝒈𝒆 𝒂𝒄𝒓𝒐𝒔𝒔 𝒂 𝒑. 𝒅. (𝑱) = 𝒆𝒍𝒆𝒄𝒕𝒓𝒊𝒄𝒂𝒍 𝒄𝒉𝒂𝒓𝒈𝒆 (𝑪) × 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 (𝑽) 

𝑬 = 𝒎𝒄𝟐 

𝑬𝒏𝒆𝒓𝒈𝒚 (𝑱) = 𝒎𝒂𝒔𝒔 (𝒌𝒈) × 𝒔𝒑𝒆𝒆𝒅 𝒐𝒇 𝒍𝒊𝒈𝒉𝒕 𝒔𝒒𝒖𝒂𝒓𝒆𝒅 (𝒎𝒔−𝟏)𝟐 

NB the speed of light squared is equal to 9.0  1016  m2s-2 

𝑰 =
𝑷

𝑨
 

𝒊𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆 (𝑾𝒎−𝟐) =
𝒑𝒐𝒘𝒆𝒓 (𝑾)

𝒂𝒓𝒆𝒂 (𝒎𝟐)
 



𝑰 =
𝒌

𝒅𝟐
 

𝒊𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆 (𝑾𝒎−𝟐) =  
𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕 (𝑾)

𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆𝟐(𝒎𝟐)
 

This is more easily understood as  

𝒊𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆(𝑾𝒎−𝟐) × 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆𝟐(𝒎𝟐) = 𝒄𝒐𝒏𝒔𝒕𝒂𝒏𝒕 𝒗𝒂𝒍𝒖𝒆 (𝑾) 

 

𝑰𝟏𝒅𝟏
𝟐 = 𝑰𝟐𝒅𝟐

𝟐 

𝒊𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆𝟏 (𝑾𝒎
−𝟐) × 𝒊𝒏𝒊𝒕𝒊𝒂𝒍 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝟐(𝒎𝟐) = 𝑰𝒓𝒓𝒂𝒅𝒊𝒂𝒏𝒄𝒆𝟐 (𝑾𝒎

−𝟐) × 𝒇𝒊𝒏𝒂𝒍 𝒅𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝟐(𝒎𝟐) 

𝑬 = 𝒉𝒇 

𝒆𝒏𝒆𝒓𝒈𝒚 (𝑱) = 𝑷𝒍𝒂𝒏𝒄𝒌′𝒔 𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕 (𝑱𝒔) × 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 (𝑯𝒛) 

NB Planck’s constant = 6.63 x 10-34 Js 

𝑬𝒌 = 𝒉𝒇 − 𝒉𝒇𝒐 

𝑲𝒊𝒏𝒆𝒕𝒊𝒄 𝑬𝒏𝒆𝒓𝒈𝒚
(𝑱)

= ( 
𝑷𝒍𝒂𝒏𝒄𝒌′𝒔 𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕

(𝑱𝒔)
 ×
𝒊𝒏𝒄𝒊𝒅𝒆𝒏𝒕 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 

(𝑯𝒛)
) − (

𝑷𝒍𝒂𝒏𝒄𝒌′𝒔 𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕
(𝑱𝒔)

 ×
𝒕𝒉𝒓𝒆𝒔𝒉𝒐𝒍𝒅 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚

(𝑯𝒛) 
)  

NB Planck’s constant = 6.63 x 10-34 Js 

hfo is also known as the work function (J), hf is the energy of the incident photon (J) 

𝒗 = 𝒇𝝀 

𝒔𝒑𝒆𝒆𝒅 (𝒎𝒔−𝟏) = 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 (𝑯𝒛) × 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉 (𝒎) 

𝑬𝟐 − 𝑬𝟏 = 𝒉𝒇 

𝒎𝒐𝒔𝒕 𝒆𝒙𝒄𝒊𝒕𝒆𝒅 𝒆𝒏𝒆𝒓𝒈𝒚(𝑱) − 𝒍𝒆𝒂𝒔𝒕 𝒆𝒙𝒄𝒊𝒕𝒆𝒅  𝒆𝒏𝒆𝒓𝒈𝒚 (𝑱) =  𝑷𝒍𝒂𝒏𝒄𝒌′𝒔 𝑪𝒐𝒏𝒔𝒕𝒂𝒏𝒕 (𝑱𝒔) × 𝒇𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 (𝑯𝒛) 

𝒅 𝐬𝐢𝐧𝜽 = 𝒎𝝀 

𝑺𝒍𝒊𝒕 𝒔𝒆𝒑𝒂𝒓𝒂𝒕𝒊𝒐𝒏 (𝒎) 𝒔𝒊𝒏 𝒐𝒇 𝒂𝒏𝒈𝒍𝒆 𝒇𝒓𝒐𝒎 𝒄𝒆𝒏𝒕𝒓𝒆 𝒕𝒐 𝒕𝒉𝒆 𝒔𝒑𝒐𝒕 
=  𝒎  𝒂 𝒘𝒉𝒐𝒍𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉𝒔 (𝒎) 

Slit separation (m)  sin of angle from centre to the spot = m no. of whole number of wavelengths (m) 

NB This equation is for constructive interference 

𝒏 =
𝐬𝐢𝐧𝜽𝟏
𝐬𝐢𝐧𝜽𝟐

 

𝑹𝒆𝒇𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝒊𝒏𝒅𝒆𝒙 =  
𝒔𝒊𝒏𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒂𝒏𝒈𝒍𝒆 𝒊𝒏 𝒗𝒂𝒄𝒖𝒖𝒎/𝒂𝒊𝒓

𝒔𝒊𝒏𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒂𝒏𝒈𝒍𝒆 𝒊𝒏 𝒕𝒉𝒆 𝒎𝒂𝒕𝒆𝒓𝒊𝒂𝒍
 

𝒔𝒊𝒏𝜽𝟏
𝒔𝒊𝒏𝜽𝟐

=
𝝀𝟏
𝝀𝟐
=
𝒗𝟏
𝒗𝟐

 

𝑹𝒆𝒇𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝒊𝒏𝒅𝒆𝒙 =  
𝒔𝒊𝒏 𝒐𝒇 𝒕𝒉𝒆 𝒂𝒏𝒈𝒍𝒆 𝒊𝒏 𝒗𝒂𝒄𝒖𝒖𝒎/𝒂𝒊𝒓

𝒔𝒊𝒏 𝒐𝒇 𝒕𝒉𝒆 𝒂𝒏𝒈𝒍𝒆 𝒊𝒏 𝒕𝒉𝒆 𝒎𝒂𝒕𝒆𝒓𝒊𝒂𝒍
=

𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉 (𝒂𝒊𝒓)(𝒎)

𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉 (𝒎𝒂𝒕𝒆𝒓𝒊𝒂𝒍)(𝒎)
 

=  
𝒔𝒑𝒆𝒆𝒅  (𝒂𝒊𝒓) (𝒎𝒔−𝟏)

𝒔𝒑𝒆𝒆𝒅 (𝒎𝒂𝒕𝒆𝒓𝒊𝒂𝒍)(𝒎𝒔−𝟏)
   

𝒓𝒆𝒇𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝒊𝒏𝒅𝒆𝒙 = 𝒓𝒂𝒕𝒊𝒐 𝒐𝒇 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉𝒔 𝒊𝒏 𝒗𝒂𝒄𝒖𝒖𝒎/𝒂𝒊𝒓 𝒂𝒏𝒅 𝒎𝒂𝒕𝒆𝒓𝒊𝒂𝒍 

𝒓𝒆𝒇𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝒊𝒏𝒅𝒆𝒙 = 𝒓𝒂𝒕𝒊𝒐 𝒐𝒇 𝒕𝒉𝒆 𝒔𝒑𝒆𝒆𝒅𝒔 𝒊𝒏
𝒗𝒂𝒄𝒖𝒖𝒎

𝒂𝒊𝒓
𝒂𝒏𝒅 𝒕𝒉𝒆 𝒎𝒂𝒕𝒆𝒓𝒊𝒂𝒍 

This formula really applies to material 1 being a vacuum, but there is not much difference between the refractive 

indexes of air and a vacuum  we assume for Higher they have the same value. 

 



𝐬𝐢𝐧𝜽𝒄 =
𝟏

𝒏
 

𝑺𝒊𝒏𝒆 𝒐𝒇 𝒕𝒉𝒆 𝒄𝒓𝒊𝒕𝒊𝒄𝒂𝒍 𝒂𝒏𝒈𝒍𝒆 =
𝟏

𝒓𝒆𝒇𝒓𝒂𝒄𝒕𝒊𝒗𝒆 𝒊𝒏𝒅𝒆𝒙
 

The critical angle is the angle in the material when the angle in air is 90 

𝑽𝒓𝒎𝒔 =
𝑽𝒑𝒆𝒂𝒌

√𝟐
 

𝒓𝒐𝒐𝒕 𝒎𝒆𝒂𝒏 𝒔𝒒𝒖𝒂𝒓𝒆 𝑨. 𝑪. 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 (𝑽)  =
𝒑𝒆𝒂𝒌 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 (𝑽)

 𝟏. 𝟒𝟏𝟒
 

𝒍𝒓𝒎𝒔 =
𝑰𝒑𝒆𝒂𝒌

√𝟐
 

𝒓𝒐𝒐𝒕 𝒎𝒆𝒂𝒏 𝒔𝒒𝒖𝒂𝒓𝒆 𝑨. 𝑪. 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 (𝑨)   =
𝒑𝒆𝒂𝒌 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 (𝑨)

𝟏. 𝟒𝟏𝟒
 

𝑻 =
𝟏

𝒇
 

𝑷𝒆𝒓𝒊𝒐𝒅 (𝒔) =
𝟏

𝑭𝒓𝒆𝒒𝒖𝒆𝒏𝒄𝒚 (𝑯𝒛)
 

𝑽 = 𝑰𝑹 

𝑽𝒐𝒍𝒕𝒂𝒈𝒆(𝑽) = 𝑪𝒖𝒓𝒓𝒆𝒏𝒕 (𝑨) × 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆(Ω) 

𝑷 = 𝑰𝑽 = 𝑰𝟐𝑹 =
𝑽𝟐

𝑹
 

𝑷𝒐𝒘𝒆𝒓 (𝑾) = 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 (𝑨) × 𝒗𝒐𝒍𝒕𝒂𝒈𝒆(𝑽) = 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝟐(𝑨𝟐) × 𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (Ω) =
𝑽𝒐𝒍𝒕𝒂𝒈𝒆𝟐 (𝑽𝟐)

𝑹𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (Ω)
 

For resistors in series 

𝑹𝑻 = 𝑹𝟏 + 𝑹𝟐 +⋯ 

𝒕𝒐𝒕𝒂𝒍 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (Ω) = 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝟏(Ω) + 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝟐(Ω) +⋯ 

For resistors in parallel 

𝟏

𝑹𝑻
=
𝟏

𝑹𝟏
+
𝟏

𝑹𝟐
+⋯ 

𝟏

𝒕𝒐𝒕𝒂𝒍 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (Ω)
=

𝟏

𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝟏(Ω)
+

𝟏

𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝟐(Ω)
+⋯ 

𝑽𝟏 = (
𝑹𝟏

𝑹𝟏 + 𝑹𝟐
)𝑽𝒔 

𝒗𝒐𝒍𝒕𝒂𝒈𝒆 𝒂𝒄𝒓𝒐𝒔𝒔 𝒄𝒐𝒎𝒑𝒐𝒏𝒆𝒏𝒕 𝟏 𝒊𝒏 𝒑𝒐𝒕𝒆𝒏𝒕𝒊𝒂𝒍 𝒅𝒊𝒗𝒊𝒅𝒆𝒓(𝑽) = (
𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆𝟏 (Ω)

𝒕𝒐𝒕𝒂𝒍 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆(Ω)
) × 𝒔𝒖𝒑𝒑𝒍𝒚 𝒗𝒐𝒍𝒕𝒂𝒈𝒆 (𝑽) 

For resistances in series (potential divider circuits) 

𝑽𝟏
𝑽𝟐
=
𝑹𝟏
𝑹𝟐

 

Ratio of the voltages in series = ratio of the resistance in series  

𝑽𝒐𝒍𝒕𝒂𝒈𝒆 𝒂𝒄𝒓𝒐𝒔𝒔 𝒓𝒆𝒔𝒊𝒔𝒕𝒐𝒓𝟏 (𝑽)

𝒗𝒐𝒍𝒕𝒂𝒈𝒆𝒂𝒄𝒓𝒐𝒔𝒔 𝒓𝒆𝒔𝒊𝒔𝒕𝒐𝒓 𝟐 (𝑽)
=  
𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒐𝒇 𝒓𝒆𝒔𝒊𝒔𝒕𝒐𝒓𝟏 (Ω)

𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 𝒐𝒇 𝒓𝒆𝒔𝒊𝒔𝒕𝒐𝒓 𝟐 (Ω)
 

𝑬 = 𝑽 + 𝑰𝒓 

𝒆.𝒎. 𝒇 (𝑽 ) =  𝒕𝒆𝒓𝒎𝒊𝒏𝒊𝒂𝒍 𝒑𝒐𝒕𝒆𝒏𝒕𝒊𝒂𝒍 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 (𝑽) +  𝒄𝒖𝒓𝒓𝒆𝒏𝒕 (𝑨)  𝒊𝒏𝒕𝒆𝒓𝒏𝒂𝒍 𝒓𝒆𝒔𝒊𝒔𝒕𝒂𝒏𝒄𝒆 (Ω) 

This can also be written as   
𝑬 = 𝑰(𝑹 + 𝒓)    𝒐𝒓      𝑬 = 𝑰𝑹 + 𝑰𝒓 

I is the total current in the circuit, r is in series with the combined circuit resistance 



𝑪 =
𝑸

𝑽
 

𝑪𝒂𝒑𝒂𝒄𝒊𝒕𝒂𝒏𝒄𝒆 (𝑭) =
𝑪𝒉𝒂𝒓𝒈𝒆 (𝑪)

𝑽𝒐𝒍𝒕𝒂𝒈𝒆 (𝑽)
 

𝑸 = 𝑰𝒕 

𝑪𝒉𝒂𝒓𝒈𝒆 (𝑪)  =  𝒄𝒖𝒓𝒓𝒆𝒏𝒕 (𝑨)  𝒕𝒊𝒎𝒆 (𝒔) 

𝑻𝒉𝒊𝒔 𝒊𝒔 𝒃𝒆𝒕𝒕𝒆𝒓 𝒆𝒙𝒑𝒍𝒂𝒊𝒏𝒆𝒅 𝒂𝒔 𝒄𝒖𝒓𝒓𝒆𝒏𝒕 𝒊𝒔 𝒕𝒉𝒆 𝒓𝒂𝒕𝒆 𝒐𝒇 𝒇𝒍𝒐𝒘 𝒐𝒇 𝒄𝒉𝒂𝒓𝒈𝒆 (𝑰 =
𝑸

𝒕
) 

𝑬 =
𝟏

𝟐
𝑸𝑽 =

𝟏

𝟐
𝑪𝑽𝟐 =

𝟏

𝟐

𝑸𝟐

𝑪
 

𝑬𝒏𝒆𝒓𝒈𝒚 𝒔𝒕𝒐𝒓𝒆𝒅 𝒊𝒏 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓
(𝑱)

 =  
𝟏

𝟐
  
𝒄𝒉𝒂𝒓𝒈𝒆 𝒔𝒕𝒐𝒓𝒆𝒅 𝒊𝒏 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓

(𝑪)
   
𝒗𝒐𝒍𝒕𝒂𝒈𝒆 𝒂𝒄𝒓𝒐𝒔𝒔 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓 

(𝑽)
 

𝑬𝒏𝒆𝒓𝒈𝒚 𝒔𝒕𝒐𝒓𝒆𝒅 𝒊𝒏 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓
(𝑱)

 =  
𝟏

𝟐
  
𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒂𝒏𝒄𝒆

(𝑭)
   
𝒗𝒐𝒍𝒕𝒂𝒈𝒆 𝒂𝒄𝒓𝒐𝒔𝒔 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓𝟐 

(𝑽)𝟐
 

𝑬𝒏𝒆𝒓𝒈𝒚 𝒔𝒕𝒐𝒓𝒆𝒅 𝒊𝒏 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓
(𝑱)

 =  
𝟏

𝟐
 
(𝒄𝒉𝒂𝒓𝒈𝒆 𝒔𝒕𝒐𝒓𝒆𝒅 𝒊𝒏 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓)𝟐 (𝑪𝟐)

𝒗𝒐𝒍𝒕𝒂𝒈𝒆 𝒂𝒄𝒓𝒐𝒔𝒔 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒐𝒓
 
(𝑽)

   

𝑷𝒂𝒕𝒉 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 = 𝒎𝝀 𝒐𝒓 (𝒎 +
𝟏

𝟐
)𝝀,𝒘𝒉𝒆𝒓𝒆 𝒎 = 𝟎, 𝟏, 𝟐… 

𝑷𝒂𝒕𝒉 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆

(𝒎)
 =
𝒘𝒉𝒐𝒍𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉𝒔
(𝒄𝒐𝒏𝒔𝒕𝒓𝒖𝒄𝒕𝒊𝒗𝒆 𝒊𝒏𝒕𝒆𝒓𝒇𝒆𝒓𝒆𝒏𝒄𝒆)

  

𝒑𝒂𝒕𝒉 𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆 
(𝒎)

=
𝒘𝒉𝒐𝒍𝒆 𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉𝒔 +

𝟏

𝟐
 𝒂 𝒘𝒂𝒗𝒆𝒍𝒆𝒏𝒈𝒕𝒉 

(𝒅𝒆𝒔𝒕𝒓𝒖𝒄𝒕𝒊𝒗𝒆 𝒊𝒏𝒕𝒆𝒓𝒇𝒆𝒓𝒆𝒏𝒄𝒆) 
  

𝑹𝒂𝒏𝒅𝒐𝒎 𝑼𝒏𝒄𝒆𝒓𝒕𝒂𝒊𝒏𝒕𝒚 =
𝑴𝒂𝒙 𝒗𝒂𝒍𝒖𝒆 −𝐦𝐢𝐧𝒗𝒂𝒍𝒖𝒆

𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒗𝒂𝒍𝒖𝒆𝒔 
 

 

𝒐𝒓 ∆𝑹 =
𝑹𝒎𝒂𝒙 − 𝑹𝒎𝒊𝒏

𝒏
 

 

NB for the random uncertainty in a value the units of the random uncertainty are the same as for the quantity 
you are finding the uncertainty for. 

𝑹𝒂𝒏𝒅𝒐𝒎 𝑼𝒏𝒄𝒆𝒓𝒕𝒂𝒊𝒏𝒕𝒚(𝒖𝒏𝒊𝒕𝒔 𝒐𝒇 𝒕𝒉𝒆 𝒒𝒖𝒂𝒏𝒕𝒊𝒕𝒚) =
𝑴𝒂𝒙 𝒗𝒂𝒍𝒖𝒆 −𝐦𝐢𝐧𝒗𝒂𝒍𝒖𝒆

𝒏𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒗𝒂𝒍𝒖𝒆𝒔 
 

 

 


