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Summer 2017 Equation Sheet 

Values and Conversions 

𝑔 = 9.8 N/kg 𝐺 = 6.67 × 10−11 N⋅m2/kg2 𝜖0 = 8.85 × 10−12 C2/N⋅m2 𝑚Earth = 5.97 × 1024 kg 

𝑒 = 1.6 × 10−19 C 𝑘 = 8.99 × 109 N⋅m2/C2 𝜇0 = 4𝜋 × 10−7 N A2⁄  𝑟Earth = 6371 km 

𝑓violet = 750 THz 𝑐 = 3 × 108 m/s 𝑓red = 400 THz 65 MPH = 29.1 m/s 

Electron: 𝑚𝑒 = 9.11 × 10−31 kg 𝑞𝑒 = −𝑒 1 eV = 1.6 × 10−19 J 

Proton: 𝑚𝑝 = 1.67 × 10−27 kg 𝑞𝑝 = +𝑒 ℎ = 6.626 × 10−34 J/Hz 

Neutron: 𝑚𝑛 = 1.67 × 10−27 kg 𝑞𝑛 = 0 𝑣sound ≈ 343 m/s 

Review: 

Math:  SOH-CAH-TOA   𝐴𝑥2 + 𝐵𝑥 + 𝑐 = 0  𝑥 =
−𝐵±√𝐵2−4𝐴𝐶

2𝐴
 

 Small-angle Approx  (𝜃 < 0.1 rad)   cos 𝜃 ≈ 1 sin 𝜃 ≈ tan 𝜃 ≈ 𝜃 (in radians)  

SI Prefixes: T=1012 G=109 M=106 k=103  c=10-2 m=10-3 μ=10-6 n=10-9 p=10-12 

Phys1401: 𝐹 = 𝑚𝑎 𝑎 = Δ𝑣 Δ𝑡⁄  𝑣ave = Δ𝑠 Δ𝑡⁄   Δ𝑥 = 𝑣𝑖𝑡 + 1

2
𝑎𝑡2 𝑣2 = 𝑣0

2 + 2𝑎Δ𝑥 

  𝐹𝑔 = 𝑚𝑔 𝐹spring = −𝑘𝑥 𝑃𝐸spring =
1

2
𝑘𝑥2 KE =

1

2
𝑚𝑣2 𝑃𝐸𝑔 = 𝑚𝑔ℎ 𝐹𝐵 = 𝜌𝑉disp𝑔  

Electrostatics: 𝑞 = 𝑁𝑒 

Gravity: 𝐹𝑔 = 𝐺
𝑚𝑀

𝑟2  𝐹𝑔 = 𝑚𝑔 𝑔 = 𝐺
𝑀

𝑟2 𝑃𝐸𝐺 = −𝐺
𝑚𝑀

𝑟
   𝐹𝑥 = −ΔPE/Δ𝑥 

Electric: 𝐹𝐸 = 𝑘
𝑞𝑄

𝑟2  �⃗�𝐸 = 𝑞�⃗⃗� 𝐸 = 𝑘
𝑄

𝑟2 PE𝐸 = 𝑘
𝑞𝑄

𝑟
 𝑉 = 𝑘

𝑄

𝑟
  𝐸𝑥 = − Δ𝑉 Δ𝑥⁄  

𝐸 =
2𝑘𝜆

𝑟
=

𝜆

2𝜋𝜖0𝑟
 𝐸 = 2𝜋𝑘𝜎 =

𝜎

2𝜖0
   or  𝐸 = 4𝜋𝑘𝜎 =

𝜎

𝜖0
         ΔPEE = 𝑞Δ𝑉 |Δ𝑉| = 𝐸avgℓ 

Magnetism: 

Magnetic: �⃗�𝐵 = 𝑞�⃗� × �⃗⃗� = 𝑞𝑣⊥𝐵  𝐹𝐵 = 𝐼𝐿⊥𝐵  𝜏max  = 𝑁𝐵𝐴𝐼 

PE𝐵 = −𝜇𝐵 cos 𝜃 𝐵wire =
𝜇𝐼

2𝜋𝑟
 𝐵coil = 𝑁

𝜇𝐼

2𝑟
  𝐵sol = 𝜇0𝑛𝐼 = 𝜇0𝑁𝐼/ℓ  𝑟 =

𝑚𝑣⊥

𝑞𝐵
 

Mag. Flux: Φ𝐵 = 𝑁𝐵𝐴 cos 𝜃 Φ𝐵 = (𝜇0𝑁2𝐴/ℓ)𝐼 Φ𝐵 = 𝐿𝐼 

EMF:  ℰ = − (
ΔΦ𝐵

Δ𝑡
)  ℰ = 𝑣𝐵ℓ ℰ = −𝐿

Δ𝐼

Δ𝑡
 ℰmax = 𝑁𝐵𝐴𝜔  

DC and AC Circuits 
Definitions:  𝐼 = Δ𝑄 Δ𝑡⁄   𝑃 = Δ(Energy) ∕ Δt 𝑃 = 𝐼𝑉 = 𝐼2𝑅  𝑅 = 𝑉/𝐼 

Series:  𝐼 = 𝐼1 = 𝐼2 = ⋯ 𝑉tot = 𝑉1 + 𝑉2 + ⋯ 𝑅eq = 𝑅1 + 𝑅2 + ⋯ 

Parallel:  𝐼tot = 𝐼1 + 𝐼2 + ⋯ 𝑉 = 𝑉1 = 𝑉2 = ⋯ 𝑅eq = (
1

𝑅1
+

1

𝑅2
+ ⋯ )

−1
 

Kirchoff:  ∑𝐼in = ∑𝐼out  ∑Δ𝑉 = 0  Transformer:  𝑁2/𝑁1 = 𝑉2/𝑉1 

Physical RLC: 𝑅 =
𝜌𝐿

𝐴
   𝐶 =

𝜖𝐴

𝑑
   𝐿 = 𝜇𝑁2𝐴/ℓ 

Voltage Laws: 𝑉𝑅 = 𝐼𝑅  𝑄 = 𝐶𝑉𝐶  𝑉𝐿 = 𝐿(Δ𝐼/Δ𝑇) 

Energy:  Energy = 1
2
𝑄𝑉 = 1

2
𝐶𝑉2 = 1

2
𝑄2/𝐶  Energy = 1

2
𝐿𝐼2 

RC Circuit:  𝐼 = 𝐼0𝑒−𝑡/𝜏  𝑉 = 𝑉0𝑒−𝑡/𝜏  𝜏 = 𝑅𝐶  𝑉 = 𝑉𝑓(1 − 𝑒−𝑡/𝜏) 

AC Average-ish: 𝑉RMS =
𝑉max

√2
  𝐼RMS =

𝐼max

√2
  𝑃ave =

𝑃max

2
   

AC Impedances: 𝑍𝑅 = 𝑅   𝑋𝐶 = 1 (2𝜋𝑓𝐶)⁄  𝑋𝐿 = 2𝜋𝑓𝐿 𝑉RMS = 𝐼RMS𝑍 

AC Power:  𝑃𝑅,ave = 𝐼RMS𝑉RMS 𝑃𝐶,ave = 0  𝑃𝐿,ave = 0 

Series Impedance: 𝑋 = 𝑋𝐿 − 𝑋𝐶  𝑍eq = √𝑅2 + 𝑋2 Resonance: 𝑓𝑅 = 1/(2𝜋√𝐿𝐶) 

AC Waveform: 𝑉(𝑡) = 𝑉max sin(2𝜋𝑓𝑡)    
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Oscillations/Waves: 

Fundamental:  𝑣 = 𝑓𝜆 =
𝜆

𝑇
  𝑓 = 1 𝑇⁄  𝜔 = 2𝜋𝑓 𝑥(𝑡) = 𝑥max cos(2𝜋𝑓𝑡 + 𝜙) 

Specific Cases:  𝑓 =
1

2𝜋
√

𝑘

𝑚
  𝑓 =

1

2𝜋
√

𝑔

𝐿
   𝑣 = √

𝐹𝑇

𝜇
   

Intensity:  𝐼 =
power

area
=

𝑃

𝐴
  𝐼point source =

𝑃

4𝜋𝑅2  𝐼 ∝ (Amplitude)2 

Intensity Level: 𝛽 = 10 log (
𝐼

𝐼0
)  𝐼 = 𝐼010𝛽 10⁄   

Phase Shifts:  Δℓ = 𝑚𝜆  Δ𝑡 = 𝑚𝑇  (𝑚 = integer for constructive) 

Standing Waves: Similar Ends:   2𝐿 = 𝑚𝜆  𝑓 = 𝑖𝑓0, 𝑖 = integer 

   Different Ends:  4𝐿 = 𝑖𝜆   𝑓 = 𝑖𝑓0, 𝑖 = odd 

        

Beat Frequency: 𝑓beat = |Δ𝑓| = |𝑓2 − 𝑓1|  Diffraction Grating: 𝑚𝜆 = 𝑑 sin 𝜃         tan 𝜃 =
𝑦

𝐿
 

Doppler:  
Δ𝑓

𝑓
=

𝑣rel

𝑣wave
 (× 2 if reflected)       Polarizer: 𝐼 = 𝐼0 cos2 𝜃 

Light and Optics 
Nature of Light: 𝐸𝛾 = ℎ𝑓  𝑣𝑛 = 𝑐 𝑛⁄   𝜆𝑛 = 𝜆0/𝑛   

Reflection:  𝜃𝑖 = 𝜃𝑟    Refraction:  𝑛1 sin 𝜃1 = 𝑛2 sin 𝜃2 

Brewster’s Angle: tan 𝜃𝑝 = 𝑛2 𝑛1⁄    Tot. Int. Refl.:  sin 𝜃2 ≥ 1   (reflected)  

Lenses/Mirrors: 
1

𝑝
+

1

𝑞
=

1

𝑓
   Linear Mag.:  𝑀 =  

ℎ
′

ℎ
= −

𝑞

𝑝
  

Configurations: Projector: Converging  Real Object outside focal point Real Image 

 Magnifier: Converging  Real Object inside focal point Virtual Image 

 Reducer: Diverging  Real Object anywhere Virtual Image 

Angular Size:  𝜃 = tan−1 (
ℎ′

𝑞
) ≈

ℎ′

𝑞
  Angular Mag.:    𝑚 =

𝜃with

𝜃without
 

Optical Instruments: Angular mag. (𝑚) of the instrument is the important magnification. 

Mag. Glass:  𝜃without = ℎ/𝑑np   (Assume 𝑑np = 25 cm) 𝜃with = ℎ 𝑓⁄   (relaxed eyes) 

   𝑚 =
25 cm

𝑓
  (relaxed eyes) 𝑚 =

25 cm

𝑓
+ 1  (maximum mag) 

Microscope:  𝑚 = 𝑚eyepiece𝑀objective = − (
25 cm

𝑓𝑒
) (

𝐿

𝑓𝑜
) 

Telescope:  ℎ′ = 𝜃object𝑓𝑜  𝜃without = ℎ′ 𝑓𝑜⁄  𝜃with = ℎ′ 𝑓𝑒⁄   𝑚 =
𝑓𝑜

𝑓𝑒
 

 


