
Physics 121 Formula Sheet 

 
Electrostatics & Electricity       

�⃗� =
𝑘𝑄1𝑄2

𝑟2 �̂� =
1

4𝜋𝜀0

𝑄1𝑄2

𝑟2 �̂�;    �̂� =
𝑟𝑜 − 𝑟𝑠
|𝑟𝑜 − 𝑟𝑠|

 

�⃗⃗� =
�⃗�

𝑞
= ∫𝑑�⃗⃗� = ∫

𝑘𝑑𝑞

𝑟2 �̂� =
1

4𝜋𝜀0
∫

𝑑𝑞

𝑟2 �̂� 

�⃗⃗� =
𝑘𝑄

𝑟2 �̂� =
1

4𝜋𝜀0

𝑄

𝑟2 �̂� 

|�⃗⃗�∥| =
2𝑘𝑄𝑠

𝑟3 ;   dipole 𝑟 ≫ 𝑠 

|�⃗⃗�⊥| =
𝑘𝑄𝑠

𝑟3 ;   dipole 𝑟 ≫ 𝑠 

Rod:  |�⃗⃗�⊥| =
1

4𝜋𝜀0

[
 
 
 

𝑄

𝑟√𝑟2 + (
𝐿
2)

2

]
 
 
 

;    |�⃗⃗�∥| =
1

4𝜋𝜀0
[

𝑄

𝑟(𝐿 + 𝑟)
] ;      |�⃗⃗�∥|~

1

4𝜋𝜀0
[
𝑄

𝑟𝐿
]  for 𝐿 ≫ 𝑟;  

Ring:  |�⃗⃗�𝑟𝑖𝑛𝑔| =
1

4𝜋𝜀0
[

𝑄𝑧

(𝑟2 + 𝑧2)
3
2

] 

Disk:  |�⃗⃗�𝑑𝑖𝑠𝑘| =
𝑄

2𝜋𝜀0𝑅
2
[1 −

𝑧

√𝑅2 + 𝑧2
] ;   |�⃗⃗�𝑑𝑖𝑠𝑘|~

𝑄

2𝜀0𝐴
[1 −

𝑧

𝑅
]~

𝑄

2𝜀0𝐴
 for 𝑧 ≪ 𝑅 

Capacitor:   |�⃗⃗�|~
𝑄

𝜀0𝐴
;     |�⃗⃗�𝑓𝑟𝑖𝑛𝑔𝑒|~

𝑄

2𝜀0𝐴
(
𝑠

𝑅
)      

𝑊 = −𝑞∆𝑉 = −∆𝑈𝑒 = ∆𝐾 

∆𝑉 = ∫ �⃗⃗� ∙ 𝑑𝑟 → �⃗⃗� = − 〈
𝑑𝑉

𝑑𝑥
,
𝑑𝑉

𝑑𝑦
,
𝑑𝑉

𝑑𝑧
〉 

𝑉𝑝𝑜𝑖𝑛𝑡 𝑐ℎ𝑎𝑟𝑔𝑒 =
𝑘𝑄

𝑟
=

1

4𝜋𝜀0

𝑄

𝑟
 

𝑄 = 𝐶𝑉;     𝐶𝑝𝑙𝑎𝑡𝑒𝑠 =
𝜅𝜀0𝐴

𝑑
;     𝐶𝑐𝑦𝑙𝑖𝑛𝑑𝑟𝑖𝑐𝑎𝑙 =

2𝜋𝜀0𝐿

ln (
𝑟𝑜𝑢𝑡𝑒𝑟
𝑟𝑖𝑛𝑛𝑒𝑟

)
;     𝐶𝑠𝑝ℎ𝑒𝑟𝑖𝑐𝑎𝑙 = 4𝜋𝜀0 (

𝑟𝑜𝑢𝑡𝑒𝑟 × 𝑟𝑖𝑛𝑛𝑒𝑟

𝑟𝑜𝑢𝑡𝑒𝑟 − 𝑟𝑖𝑛𝑛𝑒𝑟
) 

Capacitors:     𝐶𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 = ∑𝐶𝑖

𝑁

𝑖=1

;      
1

𝐶𝑠𝑒𝑟𝑖𝑒𝑠
= ∑

1

𝐶𝑖

𝑁

𝑖=1

 

𝑈𝑒 =
1

2
𝑞𝑉 =

1

2
𝐶𝑉2 =

𝑞2

2𝐶
 

𝐼 =
𝑑𝑄

𝑑𝑡
= 𝑛𝑒𝐴𝑣𝑑;      𝑛 =

𝜌

𝑀
𝑁𝐴 

Charging:   𝑄(𝑡) = 𝑄𝑚𝑎𝑥 (1 − 𝑒− 
𝑡

𝑅𝐶) ;      𝐼(𝑡) =
𝑑𝑄(𝑡)

𝑑𝑡
=

𝑄𝑚𝑎𝑥

𝑅𝐶
𝑒− 

𝑡
𝑅𝐶 = 𝐼𝑚𝑎𝑥𝑒− 

𝑡
𝑅𝐶  

Discharging:   𝑄(𝑡) = 𝑄𝑚𝑎𝑥𝑒− 
𝑡

𝑅𝐶 ;      𝐼(𝑡) =
𝑑𝑄(𝑡)

𝑑𝑡
=

𝑄𝑚𝑎𝑥

𝑅𝐶
𝑒− 

𝑡
𝑅𝐶 = 𝐼𝑚𝑎𝑥𝑒− 

𝑡
𝑅𝐶  

𝐽 = 𝜎�⃗⃗� =
1

𝜌
�⃗⃗� → 𝑉 = 𝐼𝑅;      𝑅 =

𝜌𝐿

𝐴
;     𝜌 = 𝜌0(1 + 𝛼∆𝑇) 

𝑃 = 𝐼𝑉 = 𝐼2𝑅 =
𝑉2

𝑅
 

Resistors:   𝑅𝑠𝑒𝑟𝑖𝑒𝑠 = ∑𝑅𝑖

𝑁

𝑖=1

;      
1

𝑅𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙
= ∑

1

𝑅𝑖

𝑁

𝑖=1

 



Magnetism 

�⃗�𝐵 = 𝑞𝑣 × �⃗⃗� → |�⃗�𝐵| = 𝑞𝑣𝐵 sin 𝜃 ;      �⃗�𝐵 = 𝐼�⃗⃗� × �⃗⃗� → 𝐼𝐿𝐵 sin 𝜃 

�⃗⃗� =
𝜇0

4𝜋
(
𝑞𝑣 × �̂�

𝑟2 ) 

𝑑�⃗⃗� =
𝜇0𝐼

4𝜋
(
𝑑𝐼 × 𝑟

𝑟2 ) → �⃗⃗� = ∫𝑑�⃗⃗� 

|�⃗⃗�𝑤𝑖𝑟𝑒| =
𝜇0𝐿𝐼

4𝜋𝑟√𝑟2 + (
𝐿
2)

2
;      |�⃗⃗�𝑤𝑖𝑟𝑒|~

𝜇0𝐼

2𝜋𝑟
   for  𝐿 ≫ 𝑟 

|�⃗⃗�𝑟𝑖𝑛𝑔| =
𝜇0𝐼𝑅

2

2(𝑧2 + 𝑅2)
3
2

;      |�⃗⃗�𝑟𝑖𝑛𝑔|~
𝜇0𝐼𝑅

2

2𝑧3    for  𝑧 ≪ 𝑅 

𝜙𝐵 = ∫ �⃗⃗� ∙ 𝑑𝐴 

𝜀 = −𝑁
𝑑𝜙𝐵

𝑑𝑡
 

𝑉𝐻𝑎𝑙𝑙 = 𝑤𝑣𝑑𝐵 =
𝐼𝑤𝐵

𝑛𝑒𝐴
 

Vectors 

𝐴 ∙ �⃗⃗� = 𝐴𝐵 cos 𝜃 

|𝐴 × �⃗⃗�| = 𝐴𝐵 sin 𝜃 

𝐴 × �⃗⃗� = 〈𝐴𝑦𝐵𝑧 − 𝐴𝑧𝐵𝑦 , 𝐴𝑧𝐵𝑥 − 𝐴𝑥𝐵𝑧 , 𝐴𝑥𝐵𝑦 − 𝐴𝑦𝐵𝑥〉 

Constants     Common Metric Prefixes 

𝑔 = 9.8𝑚

𝑠2
      𝑛𝑎𝑛𝑜 (𝑛) =  10−9    

1𝑒 = 1.6 × 10−19𝐶    𝑚𝑖𝑐𝑟𝑜 (𝜇) =  10−6  

𝑘 =
1

4𝜋𝜖0
= 9 × 109𝑁𝑚2

𝐶2     𝑚𝑖𝑙𝑙𝑖 (𝑚) =  10−3 

𝜖0 = 8.85 × 10−12 𝐶2

𝑁𝑚2                                               𝑐𝑒𝑛𝑡𝑖 (𝑐) =  10−2    

1𝑒𝑉 = 1.6 × 10−19𝐽          𝑘𝑖𝑙𝑜 (𝑘) =  103 

𝜇0 = 4𝜋 × 10−7𝑇𝑚

𝐴
                                    𝑚𝑒𝑔𝑎 (𝑀) =  106 

𝑐 = 3 × 108𝑚

𝑠
                                                         

ℎ = 6.63 × 10−34𝐽𝑠 = 4.14 × 10−15𝑒𝑉𝑠       Geometry/Algebra 

𝑁𝐴 = 6.02 × 1023                            Circles:  𝐴 = 𝜋𝑟2  𝐶 = 2𝜋𝑟  

1𝑢 = 1.66 × 10−27𝑘𝑔 = 931.5𝑀𝑒𝑉

𝑐2   Cylinders: 𝐴 = 2𝜋𝑟𝐿 + 2𝜋𝑟2 𝑉 = 𝜋𝑟2𝐿  

𝑚𝑝 = 1.67 × 10−27𝑘𝑔 = 937.1𝑀𝑒𝑉

𝑐2   Spheres: 𝐴 = 4𝜋𝑟2  𝑉 =
4

3
𝜋𝑟3 

𝑚𝑛 = 1.69 × 10−27𝑘𝑔 = 948.3𝑀𝑒𝑉

𝑐2   Triangles:          𝐴 =
1

2
𝑏ℎ 

𝑚𝑒 = 9.11 × 10−31𝑘𝑔 = 0.511𝑀𝑒𝑉

𝑐2   Quadratics: 𝑎𝑥2 + 𝑏𝑥 + 𝑐 = 0 → 𝑥 =
−𝑏±√𝑏2−4𝑎𝑐

2𝑎
  

Useful Physics 120 Formulas 

�⃗� = 𝑚�⃗�;    �⃗�𝐺 =
𝐺𝑀1𝑚2

𝑟2 �̂�;    𝐹𝑠 = −𝑘𝑦;  𝑎𝑐 =
𝑣2

𝑟
 

𝑊 = −∆𝑈𝑔 − ∆𝑈𝑠 = ∆𝐾 

𝑈𝑔 = 𝑚𝑔𝑦 

𝑈𝑠 = 1

2
𝑘𝑦2  

𝐾 = 1

2
𝑚𝑣2     

𝑟𝑓 = 𝑟𝑖 + 𝑣𝑖𝑡 +
1

2
�⃗�𝑡2;     𝑣𝑓 = 𝑣𝑖 + �⃗�𝑡;    𝑣𝑓

2 = 𝑣𝑖
2 + 2𝑎𝑟∆𝑟  


