
 

  

Temperature 
 (𝑥 °𝐹 − 32°) * 5

9 = 𝑦 °𝐶

 𝑥 °𝐶 + 273. 15 = 𝑦 °𝐾
1 𝑃 = 𝐴 + 𝐵𝑇

 𝑃 = 𝑃
0

+ 𝑝𝑔ℎ

Ideal Gas Law 
2 𝑃𝑉 = 𝑛𝑅𝑇

 𝑅 = 8. 314 𝐽
𝑚𝑜𝑙·°𝐾  𝑜𝑟 𝑚3·𝑃𝑎

𝑚𝑜𝑙·°𝐾

 𝑅 = 0. 0821 𝐿·𝐴𝑡𝑚
𝑚𝑜𝑙·°𝐾

Thermal Expansion 
3 ∆𝐿 = α∆𝑇𝐿

𝑖

[ ]4 ∆𝐴 = 2α∆𝑇𝐴
𝑖

[ ]5 (𝛽 = 3𝛼) ∆𝑉 = β∆𝑇𝑉
𝑖

 

Heat Capacity 
6  𝑄 = 𝑚𝑐∆𝑇 𝑐

𝑤𝑎𝑡𝑒𝑟
= 4186 𝐽

𝑘𝑔·°𝐶( )
7 𝑄 = 𝐿𝑚

 ∆𝐸
𝑖𝑛𝑡

= 𝑄 + 𝑊

 1 𝑐𝑎𝑙
𝑔 = 4186.8 𝐽

𝑘𝑔

Work from Pressure 

 𝑊
𝑤𝑜𝑟𝑘

=−
𝑉𝑖

𝑉𝑓

∫ 𝑃𝑑𝑉

 𝑊
𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙

= 𝑛𝑅𝑇 * 𝑙𝑛
𝑉

𝑖

𝑉
𝑓

( )
 𝑊

𝑖𝑠𝑜𝑏𝑎𝑟𝑖𝑐
=− 𝑃 𝑉

𝑓
− 𝑉

𝑖( )
 𝑄

𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙
= 𝑛𝑅𝑇 * 𝑙𝑛

𝑃
𝑖

𝑃
𝑓

( )

Rate of Energy Transfer 
8 𝑃 = 𝑘𝐴

𝑇
ℎ
−𝑇

𝑐

𝐿( )
 𝑊

𝑤𝑎𝑡𝑡
= 1 𝐽

𝑠

 𝐸
𝑙𝑜𝑠𝑠

= 𝑄∆𝑇

 

Remember 

 𝐾 = 1
2 𝑚𝑣2

 𝑈
𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙

= 𝑚𝑔ℎ

,  𝑉
𝑠𝑝ℎ𝑒𝑟𝑒

= 4
3 π𝑟2 𝑉

𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟
= π𝑟2ℎ

 𝑃 = 𝐹
𝐴

 ρ
𝑑𝑒𝑛𝑠𝑖𝑡𝑦

= 𝑚
𝑉

●​ Isobaric: pressure is constant 
●​ Isovolumetric: volume is constant 

       W=0 ∆𝐸
𝑖𝑛𝑡

= 𝑄

●​ Isothermal: temperature is constant 
●​ Adiabatic: Q is 0  𝑊 = ∆𝐸

𝑖𝑛𝑡

 

8 heat transfer rate = thermal conductivity * surface area * (difference in temperature: hot - cold)/thickness 
(conductivity sourced from table) 

7 Latent heat during a state change 
6 heat energy = mass* constant c * delta temperature (c is specific heat capacity, sourced from table) 
5 change in length = coeff. of linear expansion * change in temperature * initial length (𝛼 sourced from table) 
4 change in length = coeff. of linear expansion * change in temperature * initial length (𝛼 sourced from table) 
3 change in length = coeff. of linear expansion * change in temperature * initial length (𝛼 sourced from table) 
2 pressure * volume = moles * molar gas constant R * temperature 
1A and B are constants 

 



 

9 𝑃𝑉 = 𝑁𝑘𝑇

 𝑃 = 2
3

𝑁
𝑉( ) 1

2 𝑚
0
𝑣2( )
 𝑇 = 2

3𝑘
𝐵

1
2 𝑚

0
𝑣2( )

 𝐾
𝑎𝑣𝑔

= 3
2 𝑘

𝐵
𝑇 = 1

2 𝑚
0
𝑣2

  𝑊
𝑜𝑛 𝑔𝑎𝑠

= 𝑃∆𝑉

 𝐹
𝑎𝑣𝑔

= ∆𝑝
∆𝑡

 𝐹
𝑎𝑣𝑔

=
−2 𝑁·𝑚 𝑉

𝑥

∆𝑡
10  ∆𝐸

𝑖𝑛𝑡
= 𝑛𝑐∆𝑇

​𝑊
𝐽𝑜𝑢𝑙𝑒𝑠

= 𝐹𝑑
 𝑚 = 𝑛

𝑚𝑜𝑙𝑒𝑠
* 𝑛

𝑚𝑎𝑠𝑠

11 𝑣
𝑟𝑚𝑠

=
3𝑘

𝐵
𝑇

𝑚

12 𝑣
𝑟𝑚𝑠

= 3𝑅𝑇
𝑀

 𝑣
𝑎𝑣𝑔

= 8𝑘𝑇
π·𝑚

 𝑃
𝑓

= 𝑃
𝑖

𝑉
𝑖

𝑉
𝑓

( )γ

 𝑇
𝑓

= 𝑇
𝑖

𝑉
𝑖

𝑉
𝑓

( )γ−1

 𝑐 = 1
1−γ 𝑅

 𝑆 = 𝑘 * 𝑙𝑛(𝑊)
 ∆𝑆 = ∆𝑄

𝑇

Conversions & Constants 

 1 𝐽𝑜𝑢𝑙𝑒 = 1 𝑘𝑔·𝑚2

𝑠2

13 𝑘 = 1. 38 ∗ 10−23 𝐽
𝐾

 𝐴𝑣𝑜𝑔𝑎𝑑𝑟𝑜'𝑠:  6. 022 * 1023 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠
𝑚𝑜𝑙𝑒

 1 𝑇𝑜𝑟𝑟 =  133 𝑃𝑎
 1 𝑚3 = 1000 𝐿

 1 𝑃𝑎 = 9. 87 * 10−6 𝑎𝑡𝑚
 1 𝑘𝑔 = 1 𝐿 𝑤𝑎𝑡𝑒𝑟

 745. 7  𝑊
𝑤𝑎𝑡𝑡

= 1 ℎ𝑝
 
Energy Required for Phase Changes 

 𝐼𝑐𝑒 ⇋ 𝑤𝑎𝑡𝑒𝑟:  334 𝐽
𝑔

 𝑊𝑎𝑡𝑒𝑟 ⇋ 𝑠𝑡𝑒𝑎𝑚:  540 𝑐𝑎𝑙
𝑔

 Monatomic14 Diatomic (  γ = 1. 4)  𝐶𝑂𝑃 =
𝑄

ℎ| |
𝑊

 𝐶𝑂𝑃 = 𝐻𝑒𝑎𝑡 𝑒𝑥𝑝𝑒𝑙𝑙𝑒𝑑
𝐻𝑒𝑎𝑡 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑

 𝐶𝑂𝑃 = ℎ𝑒𝑎𝑡 𝑜𝑢𝑡
ℎ𝑒𝑎𝑡 𝑜𝑢𝑡− ℎ𝑒𝑎𝑡 𝑖𝑛

 𝑊 = |𝑄
ℎ
| − |𝑄

𝑐
|

 𝐸
𝑝𝑟𝑒−𝑙𝑜𝑠𝑠

= 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑔𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑
𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦

15 η = 1 −
𝑇

𝐶

𝑇
𝐻

 𝐶
𝑣  3

2 𝑅  5
2 𝑅

 𝐶
𝑃  5

2 𝑅  7
2 𝑅

 
 

15 Thermodynamic efficiency: 1 - (Cold temperature/Hot temperature) 
14 Monatomic elements: He, Ne, Ar, Kr, Xe, Rn, H, F, Og, O, S 
13 Boltzmann constant 
12 T is temperature (°K), M is the molar mass kg/mol 
11 T is temperature (°K), m is molecular mass (Daltons) 
10 where c is either Cv, Cp 
9 P is pressure, V is volume, N is number of molecules, k is the Boltzmann constant, and T is temperature 

 



 

 

Electric Forces16 
17 𝐹

𝑒
= 𝑘

𝑒

𝑞
1| | 𝑞

2| |
𝑟2

18 𝐹
𝑒

= 𝑘
𝑒

𝑞
𝑠𝑜𝑢𝑟𝑐𝑒| |
𝑟2

 ∆𝐸 = 𝑘
𝑒

∆𝑞

𝑟2

  𝐹 = 𝑞| |𝐸 (𝐹 = 𝑒𝐸)
19 ∆𝑉| | = 𝐸𝑑

 
Constants20 

 𝑘
𝑒

= 8. 988 * 109 𝑁 * 𝑚2

𝐶2

 𝑒 = 1. 602 * 10−19 𝐶

 ε
0

= 8. 85 *  10−12 𝑠4𝐴2

𝑚3𝑘𝑔

 𝑚
𝑝𝑟𝑜𝑡𝑜𝑛

= 1. 67 * 10−27 𝑘𝑔

 𝑚
𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛

= 9. 11 * 10−31 𝑘𝑔

 
Units 

 𝐶𝑜𝑢𝑙𝑜𝑚𝑏𝑠 = 𝐴 * 𝑠

𝑉𝑜𝑙𝑡𝑠 = 𝑘𝑔 * 𝑚2

𝐴 * 𝑠3 ,  1 𝐽𝑜𝑢𝑙𝑒
1 𝐶

  𝐽𝑜𝑢𝑙𝑒 = 𝑁 * 𝑚
 Φ

𝑓𝑙𝑢𝑥
= 𝑉 * 𝑚

,  µ ≫ 10−6 𝑛 ≫ 10−9

 𝑚𝑚 = 10−6 | 𝑐𝑚 = 10−3

Electric Flux 
21 Φ = 𝐸𝐴

 Φ = 𝐸𝐴 𝑐𝑜𝑠(θ)

  Φ =
𝑠𝑢𝑟𝑓𝑎𝑐𝑒

∫ 𝐸 · 𝑑𝐴

22 Φ = 𝑄
ε

0

23 as  Φ =
ρ

𝑣
𝑉

ε
0

𝑄 = ρ
𝑣
𝑉

 
 for  𝐸 = 𝑄

4πε
0
𝑟2 𝑟 > 𝑎

 for  𝐸 = 𝑘
𝑒

𝑄

𝑎3 𝑟 𝑟 < 𝑎

 
Electric Potential Energy 

 𝑉 ≡
𝑈

𝐸

𝑞

 ∆𝑉 ≡
∆𝑈

𝐸

𝑞 ≡ 𝑉
𝐵

− 𝑉
𝐴

 𝑉 = 𝑘
𝑒

𝑞
𝑟

 𝑊 = 𝑞∆𝑉

 𝐾 = 1
2 𝑚𝑣2

 𝑈
𝐸

= 𝑘
𝑒

𝑞
1
 𝑞

2

𝑟
1&2

 𝑈
𝐸

= 𝑞𝑉

 ∆𝐾 + ∆𝑈 = 0
 

Conversions24 
 |  |  ρ ≡ 𝑄

𝑉 σ ≡ 𝑄
𝐴 λ ≡ 𝑄

𝑙

 |  | 𝑑𝑄 = ρ 𝑑𝑉 𝑑𝑄 = σ 𝑑𝐴
 𝑑𝑄 = λ 𝑑𝑙

 
Capacitance 
 

25 𝑄 = 𝐶𝑉
26 𝐶 = 2πε

0
𝐿

𝑙𝑛 𝑏
𝑎( )

 𝑄 = 𝐸𝐴ε
0

 𝐸 = 1
2 𝐶

𝑒𝑞
𝑉2

 𝐶
𝑒𝑞 𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙

= 𝐶
1

+ 𝐶
2

+ 𝐶
𝑛

 1
𝐶

𝑒𝑞 𝑠𝑒𝑟𝑖𝑒𝑠
= 1

𝐶
1

+ 1
𝐶

2
+ 1

𝐶
3

 
Classic Equations 
 

 𝑉𝑜𝑙𝑢𝑚𝑒 = 𝐴𝑟𝑒𝑎 * ℎ𝑒𝑖𝑔ℎ𝑡
 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠 = 𝐶

𝑒
 𝑉

𝑓
= 𝑉

𝑖
+ 𝑎𝑡

 ∆𝑥 = 𝑉
𝑖
𝑡 + 1

2 𝑎𝑡2

 𝑉
𝑓

2 = 𝑉
𝑖
2 + 2𝑎∆𝑥

 ∆𝑥 = 1
2 𝑉

𝑖
+ 𝑉

𝑓( )𝑡

   𝐹
𝑐𝑒𝑛𝑡

= 𝑚𝑣2

𝑟 | ω
𝑎𝑛𝑔 𝑣𝑒𝑙

= 𝑣
𝑟

 

26 Capacitance of a cylindrical capacitor 
25 Charge = Capacitance * Voltage 
24 Charge per volume (volume charge density), charge per area (surface cd), charge per length (linear cd) 

23 The total electric flux through the surface of a given object is equal to the object’s density times the object’s 
volume over the electric constant 

22 Gauss’ Law: The total electric flux through a closed surface of a volume is given by dividing the total charge 
enclosed in the volume divided by the electric constant 

21 The electric flux of a surface is the strength of the electric field passing through it times its area 
20 e is the elementary charge of a proton and electron. 
19 ΔV is the difference in voltage, E is the electric field strength, and d is the distance between the points 

18 k is Coulomb's constant, q is the magnitude of the source charge, and r is the distance from the source, use this 
equation for when the affected particle is uncharged. 

17 k is Coulomb's constant, q are the magnitudes of particles’ charges, and r is the distance between the particles 
16 C (Coulombs), V (Volts), ɸ (Electric flux), Q (Particle charge), A (Ampere) 

 



 

Current and Resistivity 
 ∆𝑉 = 𝐼𝑅 |  𝐼 = ∆𝑉

𝑅  | 𝑅 = ∆𝑉
𝐼

,  𝑃
𝑤𝑎𝑡𝑡𝑠

= 𝑉2

𝑅 𝑃
𝑤𝑎𝑡𝑡𝑠

= 𝐼2𝑅

      𝐼 = ∆𝑄
∆𝑡 𝑃 = 𝐼∆𝑉

 where  𝑣
𝑑𝑟𝑖𝑓𝑡

= 𝐼
𝑛𝑒𝐴 𝑛 = 6.022*1023 * ρ

𝑚
𝑎𝑡𝑜𝑚𝑖𝑐

,  𝐶𝑢𝑟𝑟𝑒𝑛𝑡 = 𝐼 = 𝑄
𝑡 𝐼

𝑎𝑣𝑔
= ∆𝑄

∆𝑡

 𝑅 = 𝑅
0
(1 + α∆𝑇)

 𝑅 = ρ𝐿
𝐴
27 𝐽 = 𝐼

𝐴
28  ∆𝑄 = (𝑛𝐴 * ∆𝑥)𝑞

 ∆𝑄 = (𝑛𝐴 * 𝑣
𝑑

* ∆𝑡)𝑞
 
Conversions 

 1Ω = 1𝑉
1𝐴

 
Rolling without slipping (only) 

​𝑣
𝑐𝑒𝑛𝑡𝑒𝑟 𝑜𝑓 𝑚𝑎𝑠𝑠

= 4𝑎∆𝑥
3

 𝐹∆𝑥 = 3
4  𝑚 (𝑣

𝑐𝑚
)2

Biot-Savart Law 

29 𝐵 =
µ

0
𝐼

4π  ∫ 𝑑𝑠 × 𝑟

𝑟2

 µ
0

= 4π * 10−7

30 𝐵 =
µ

0
𝐼

2π𝑎
 

Curved wire segments:  𝐵 =
µ

0
𝐼

4π𝑎 θ

Circular current loops31:  𝐵
𝑥

=
µ

0
𝐼𝑎2

2(𝑎2+𝑥2)
3/2

32 
𝐹

𝐵

𝑙 =
µ

0
𝐼

1
𝐼

2

2π𝑎
 
Ampére’s Law 

 ∮ 𝐵 · 𝑑𝑠 = µ
0
𝐼

33 𝐵
𝑠𝑜𝑙𝑒𝑛𝑜𝑖𝑑

= µ
0
𝑛𝐼

;  𝑛 = 𝑁
𝐻𝑒𝑙𝑖𝑥 𝑙𝑒𝑛𝑔𝑡ℎ 𝑁

𝑡𝑢𝑟𝑛𝑠/𝑙𝑒𝑛𝑔𝑡ℎ
= 𝐻𝑒𝑙𝑖𝑥 𝑙𝑒𝑛𝑔𝑡ℎ

2𝑟
𝑤𝑖𝑟𝑒

 𝑙
𝑤𝑖𝑟𝑒

= 𝑁 * 2π𝑟
ℎ𝑒𝑙𝑖𝑥

 Φ
𝐵

= ∫ 𝐵 · 𝑑𝐴

 1 𝑇𝑒𝑠𝑙𝑎 = 1 𝑁
𝐶·𝑚/𝑠 = 1 𝑁

𝐴·𝑚
34 𝐹

𝐵
= 𝑞𝑣 × 𝐵

 |𝐹
𝐵

| = |𝑞|𝑣𝐵 𝑠𝑖𝑛(θ)
35 𝐹

𝐿
= 𝑞𝐸 + 𝐹

𝐵
 𝐹

𝐵
= 𝐼𝐿 × 𝐵

36 𝐹
𝐵

= 𝐼∫ 𝑑𝑠 × 𝐵

Faraday’s Law 

 ε =−
𝑑Φ

𝐵

𝑑𝑡

  ε =− 𝑁
𝑑Φ

𝐵

𝑑𝑡

  ε =− 𝐵𝑙 𝑑𝑥
𝑑𝑡 ≫ ε =− 𝐵𝑙𝑣

 
 𝑣 = 𝐸

𝐵

 

36 The magnetic force on a length ∫ ds of wire 
35 The Lorentz Force is used when the particle is affected by both an electric field and a magnetic field 
34 The vector expression for magnetic force: q is charge, v is the velocity vector, B is the magnetic field vector 
33 The magnetic field inside an ideal solenoid (a wire wound as a helix) where n is the number of turns/unit length 
32 Magnetic force between two wires 
31 a is the radius of the loop while x is the distance from the center the magnetic force is being solved for 
30 The magnetic field a distance a away from an infinite (or very long) wire 
29 The Biot-Savart Law finds the magnetic field created by the charges that make up a flowing current 
28 n is mobile charge carriers per unit volume, A dx is cross sectional area, q is charge 
27 Current density is charge over cross sectional area 

 


