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Kinematics and Mechanics  

𝑥 = 𝑥0 + 𝑣0𝑡 +
1

2
𝑎𝑡2  

𝑣 = 𝑣0 + 𝑎𝑡  

𝑣2 = 𝑣0
2 + 2𝑎Δ𝑥  

𝑎𝑐 =
𝑣2

𝑟
  

𝐹 = 𝑚𝑎 

𝐸tot = 𝐾 + 𝑈  

𝐾 =
1

2
𝑚𝑣2 =

𝑝2

2𝑚
   

𝑝 = 𝑚𝑣  

𝑊𝐹 = 𝐹𝑑cos𝜃 

𝑃 = 𝐹𝑣cos𝜃
 

Electrostatics  

𝐹12 = 𝑘
𝑞1𝑞2

𝑟2          𝐸 =
𝐹

𝑞0
   

 𝑈12 = 𝑘
𝑞1𝑞2

𝑟
        𝑉 ≡

𝑈

𝑞0
   

 𝑊𝐸 =  −Δ𝑈 =  −𝑊you  

 

 

Gauss’ Law  

Φ𝐸 = 𝐸𝐴𝑆 =
𝑞enc

ϵ0
 

Point  Charge  

𝐸 =
𝑘𝑞

𝑟2     𝑉 =
𝑘𝑞

𝑟
  

 

Electric Dipole  

𝑝 = 𝑞𝑑  

𝜏dip = 𝑝𝐸sin𝜃 

 𝑈dip = −𝑝𝐸cos𝜑

Resistance  

𝑅 =
𝑉

𝐼
 𝐼 =

Δ𝑞

Δ𝑡
  

Physical  Resistance  𝑅 =
𝜌𝐿

𝐴
  

𝑃 = 𝐼𝑉 = 𝐼2𝑅 =
𝑉2

𝑅
  

𝑅𝑆 = 𝑅1 + 𝑅2 + ⋯  

1

𝑅𝑃
=

1

𝑅1
+

1

𝑅2
+ ⋯ 

 

Capacitance 

𝐶 =
𝑄

𝑉
   

𝐸 =
𝑄

𝜖0𝐴
  

𝑉 = 𝐸𝑑 

Parallel  Plate  Capacitor   

𝐶 =
𝜅𝜖0𝐴

𝑑
  

𝑈 =
1

2
𝑄𝑉 =

1

2
𝐶𝑉2 =

1

2

𝑄2

𝐶
   

𝐶𝑃 = 𝐶1 + 𝐶2 + ⋯  
1

𝐶𝑆
=

1

𝐶1
+

1

𝐶2
+ ⋯ 

Circuits  

ΣΔ𝑉 = 0 

Σ𝐼in = Σ𝐼out 

𝑞(𝑡) =  𝑞∞(1 − 𝑒−𝑡/𝜏) 

𝑞(𝑡) =  𝑞0𝑒−𝑡/𝜏 

𝐼(𝑡) =  𝐼0𝑒−𝑡/𝜏 

𝜏 = 𝑅𝐶 

Magnetism 

𝐹 =  𝑞𝑣𝐵 sin 𝜃 

𝑟 =
𝑚𝑣

𝑞𝐵
 

𝐹wire =  𝐼𝐿𝐵 sin𝜃 

𝜏loop =  𝑁 𝐼𝐴𝐵 sin 𝜑 

Magnetic  dipole: µ = 𝑁𝐼𝐴 

𝜏dip = µ𝐵sin𝜑 

𝑈dip  = µ𝐵 cos𝜑 

 

𝐵wire  =
µ0𝐼

2𝜋𝑟
 

𝐵sol  =  µ0𝑛𝐼 

𝐹12  =
µ0𝐼1𝐼2𝐿

2𝜋𝑟
 

 

Right-hand Rule (RHR) 

Find the force on a  moving positive charge:  

1.  Fingers point along the velocity 
direction  

2.  Curl  f ingers toward the magnetic field  

3.  Magnetic  force points in the direction of 
your thumb  

Find the direction of a magnetic field due to 
a current:   

1.  Thumb points along the (positive) 
current  

2.  The curl  of  your fingers shows the 
orientation of  the magnetic field around 
the current
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Electromagnetic Induction  

ℇ =  −
𝑁𝛥𝛷

𝛥𝑡
  

|ℇbar| =  𝐵𝐿𝑣 

Φ =  𝐵𝐴cos𝜑 

ℇgen =  ℇmaxsin𝜔𝑡 = 𝜔𝑁𝐴𝐵sin𝜔𝑡  

 

𝜔 = 2𝜋f  

𝑉rms =
𝑉max

√2
 

 

𝐼rms =
𝐼max

√2
 

 

𝑉p

𝑉𝑠
=

𝐼s

𝐼𝑝
=

𝑁p

𝑁s
 

Electromagnetic Waves 

𝜆 =
𝑐

𝑓
  

𝐸 = 𝑐𝐵 

𝑢𝐸 =
1

2
𝜖0𝐸2 

𝑢𝐵 =
1

2𝜇0
𝐵2 

𝑢̅ =
1

2
𝜖0𝐸rms

2 +
1

2𝜇0
𝐵rms

2  

=  𝜖0𝐸rms
2 =

1

𝜇0
𝐵rms

2  

 

𝑆 = 𝐼 =  𝑢̅𝑐 =
𝑃

𝐴
   

𝑓0 = 𝑓𝑒√
1+

𝑣rel
𝑐

1−
𝑣rel

𝑐

≈ 𝑓𝑒 (1 +
𝑣rel

𝑐
)  𝐼 =

𝐼0 cos2 𝜃 

Reflection and Refraction  

𝜃𝑟 =  𝜃𝑖   
1

𝑑𝑜
+

1

𝑑𝑖
=

1

𝑓
  

𝑓 =  ±
𝑅

2
  

𝑚 =
ℎ𝑖

ℎ𝑜
=  −

𝑑𝑖

𝑑𝑜
 

𝑛1sin𝜃1 = 𝑛2 sin 𝜃2  

𝑣 =
𝑐

𝑛
   

sin 𝜃𝑐 =
𝑛2

𝑛1
   

𝑀 =
𝜃′

𝜃
≈

𝑑near

𝑓
 

Compound Microscope:  

𝑚obj =
𝐿tube

𝑓obj
   

𝑀𝑒𝑦𝑒 =
𝑑near

𝑓eye
 

𝑀tot = 𝑀eye𝑚obj 

 

Interference and Diffraction  

Double-slit  Interference: 
𝑑 sin 𝜃 = 𝑚𝜆    

𝑑 sin 𝜃 = (𝑚 +
1

2
) 𝜆                

𝑚 =  0, ±1, ±2, …  

Single-slit  Diffraction: 
𝑎 sin 𝜃 = 𝑚𝜆   𝑚 =  0, ±1, ±2, … 

 

 

Circular Aperture :  

𝐷 sin 𝜃 ≈ 1.22𝜆

 

Constants and Unit Conversion  

𝑔 = 9.8 m/s2 

𝑒 = 1.60 × 10−19 C 

𝜖0 = 8.85 × 10−12
C2

Nm2
 

𝑘 ≡
1

4𝜋𝜖0
= 8.99 × 109  

Nm2

C2
 

𝜇0 = 4𝜋 × 10−7
m

A
  

𝐶 =
1

√𝜖0𝜇0

= 3 × 108 m/s  

ℎ = 6.626 × 10−34 J ⋅ s 

ℎ𝑐 = 1240 eV ⋅ nm 

1 eV = 1.60 × 10−19 J 

𝑚proton = 1.673 × 10−27kg 

= 938 MeV/c2 

𝑚electron = 9.11 × 10−31kg 

= 511
keV

c2
 

𝑚neutron = 1.675 × 10−27kg 

= 939.5 MeV/c2 
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SI Prefixes  

Power Prefix Symbol 

109 giga G 

106 mega M 

103 ki lo K 

100   

10−3 milli  m 

10−6 micro 𝜇 

10−9 nano n 

10−12 pico p 

 


