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Measure the Universe: All Units, Constants (v4.1 added volt-amp) 

 

No formulas. Just one unit per phenomenon to be measured. Named fundamental relationships for 

conceptual understanding of the units. Plus constants, because they are constant like units. 
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1: Basic Units 

Energy, scalar, conserved in 1st Law of Thermodynamics 

𝐸 𝑖𝑛 𝐽𝑜𝑢𝑙𝑒𝑠 = 𝐽 =  N · m = kg ·
m2

s2
= 𝑊𝑎𝑡𝑡 · 𝑠 = 𝑉𝑜𝑙𝑡𝑠 · 𝐴𝑚𝑝𝑠 · 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 

𝐸𝑛𝑒𝑟𝑔𝑦 = 𝑓𝑜𝑟𝑐𝑒 · 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 = 𝑚𝑎𝑠𝑠 · 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦2 = 𝑝𝑜𝑤𝑒𝑟 · 𝑡𝑖𝑚𝑒 = 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 · 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 · 𝑡𝑖𝑚𝑒 

𝑒𝑉 = 1.602 × 10−19 𝐽   ||   𝐵𝑇𝑈 = 1055 𝐽  | |𝐶𝑎𝑙𝑜𝑟𝑖𝑒 = 𝑘𝑖𝑙𝑜𝑐𝑎𝑙𝑜𝑟𝑖𝑒 = 𝑓𝑜𝑜𝑑𝑐𝑎𝑙𝑜𝑟𝑖𝑒 = 4184 𝐽 

Joules are also used to measure total internal energy and enthalpy. 

Power, scalar, also conserved because Energy must be conserved 

𝑃 𝑖𝑛 𝑊𝑎𝑡𝑡𝑠 = 𝑊 =
𝐽

𝑠
=

𝑁 · 𝑚

𝑠
=

𝑘𝑔 · 𝑚2

𝑠3
= 𝑉𝑜𝑙𝑡𝑠 · 𝐴𝑚𝑝𝑠 = 𝐼2 · 𝑅 =

𝑈2

𝑅
   ||   𝐻𝑃 = 745.7 𝑊 

𝑃𝑜𝑤𝑒𝑟 =
𝐸𝑛𝑒𝑟𝑔𝑦

𝑡𝑖𝑚𝑒
= 𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 · 𝑐𝑢𝑟𝑟𝑒𝑛𝑡 = 𝑐𝑢𝑟𝑟𝑒𝑛𝑡2 · 𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 =

𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙2

𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒
  

Efficiency, Ratio of Useful Energy Obtained to Energy Consumed 

𝜂 = [ 𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠, 𝑢𝑠𝑢𝑎𝑙𝑙𝑦 % ] =
𝐸𝑜𝑢𝑡

𝐸𝑖𝑛
=

𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
=

𝐸𝑖𝑛 − 𝐸𝑙𝑜𝑠𝑠

𝐸𝑖𝑛
=

𝑃𝑜𝑢𝑡 − 𝑃𝑙𝑜𝑠𝑠

𝑃𝑖𝑛
  

Efficiency is the only place where energy or power – in any form – can be “lost.” Even if “lost” in 

efficiency, energy and power become heat or some other form of energy or power (yeah OK, or E=mc2). 

Mass, m, scalar 

𝑚 𝑖𝑛 𝑘𝑖𝑙𝑜𝑔𝑟𝑎𝑚𝑠 = 𝑘𝑔 || 𝑝𝑜𝑢𝑛𝑑𝑜𝑛−𝑒𝑎𝑟𝑡ℎ = 𝑙𝑏 = 0.4536𝑘𝑔 | 𝑀𝑔 = "𝑡𝑜𝑛𝑛𝑒" 

Length or Distance, scalar 

𝑚𝑒𝑡𝑒𝑟 = 𝑚 ||  𝑖𝑛𝑐ℎ = 0.0254𝑚 | 𝑓𝑜𝑜𝑡 = 0.3048𝑚 (𝑏𝑜𝑡ℎ 𝑖𝑛𝑐ℎ 𝑎𝑛𝑑 𝑓𝑜𝑜𝑡 𝑎𝑟𝑒 𝑒𝑥𝑎𝑐𝑡, 𝑏𝑦 𝑑𝑒𝑓𝑖𝑛𝑖𝑡𝑖𝑜𝑛) 

Area, scalar, squared length 

𝑚2 = 𝑠𝑞𝑢𝑎𝑟𝑒 𝑚𝑒𝑡𝑒𝑟 = 𝑙𝑒𝑛𝑔𝑡ℎ2 || ℎ𝑒𝑐𝑡𝑎𝑟𝑒 = 104𝑚2 || 𝑎𝑐𝑟𝑒 = 4046.86𝑚2| 

Volume, V, scalar, cubed length 

𝑚3 = 𝑐𝑢𝑏𝑖𝑐 𝑚𝑒𝑡𝑒𝑟 = 1000 𝑙𝑖𝑡𝑒𝑟𝑠 (~𝑡ℎ𝑜𝑢𝑠𝑎𝑛𝑑 𝑘𝑔 𝑤𝑎𝑡𝑒𝑟)  

𝑔𝑎𝑙𝑙𝑜𝑛 = 0.0037854𝑚3 = 128 𝑓𝑙𝑢𝑖𝑑 𝑜𝑢𝑛𝑐𝑒𝑠 

Time 

𝑠𝑒𝑐𝑜𝑛𝑑𝑠 𝑎𝑙𝑤𝑎𝑦𝑠 𝑓𝑜𝑟 𝑡𝑖𝑚𝑒 

Force, vector, conserved in Newton’s 2nd Law 

𝐹⃗ 𝑖𝑛 𝑁𝑒𝑤𝑡𝑜𝑛𝑠 = 𝑁 =
𝑘𝑔 · 𝑚

𝑠2
= 𝑘𝑔 ·

𝑚

𝑠2
   || 𝑝𝑜𝑢𝑛𝑑𝑓𝑜𝑟𝑐𝑒 = 𝑙𝑏𝑓 = 4.448𝑁 

Momentum, vector, conserved in Newton’s 2nd Law 

𝑝⃗ = 𝑚 · 𝑣⃗ = 𝑘𝑔 ·
𝑚

𝑠
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Frequency, Cycles, or Revolutions per Time or Rotational Speed 

𝑓 𝑖𝑛 𝐻𝑒𝑟𝑡𝑧 =
1

𝑠
 𝑓𝑜𝑟 𝑐𝑦𝑐𝑙𝑒𝑠 𝑎𝑛𝑑 

𝑟𝑒𝑣

𝑠
 𝑓𝑜𝑟 𝑟𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝑠𝑝𝑒𝑒𝑑  ||  𝝎 = 𝟐𝝅 · 𝒇𝒓𝒆𝒒 = 2𝜋 ·

𝑟𝑒𝑣

𝑠
 𝑟𝑎𝑑𝑖𝑎𝑛𝑠 

Angle 

𝑟𝑎𝑑𝑖𝑎𝑛 =>
2 · 𝜋 𝑟𝑎𝑑𝑖𝑎𝑛𝑠

𝑓𝑢𝑙𝑙 𝑐𝑖𝑟𝑐𝑙𝑒
   ||  𝑑𝑒𝑔𝑟𝑒𝑒 =

𝜋

180
𝑟𝑎𝑑𝑖𝑎𝑛𝑠 

“Solid angle” = fractional portion of surface of sphere with radius of one, see Nuclear 5 slide 75… 

Torque 

𝜏 𝑖𝑛 𝑁 · 𝑚 = 𝑁𝑒𝑤𝑡𝑜𝑛 · 𝑚𝑒𝑡𝑒𝑟 => [ 𝐽𝑜𝑢𝑙𝑒 ] 

the Energy (or Joule) relationship makes sense when considering the power of a rotating shaft: 

𝑃𝑠ℎ𝑎𝑓𝑡 = 𝜏 × 𝜔 [ 𝑊𝑎𝑡𝑡𝑠 ] 

Pressure, p or P, scalar (vector is considered normal to the area on which it acts) 

𝑝 𝑖𝑛 𝑃𝑎𝑠𝑐𝑎𝑙𝑠 = 𝑃𝑎 =
𝑁

𝑚2
=

𝑘𝑔 · 𝑚

𝑠2
=> 𝑎𝑙𝑠𝑜 

𝐽

𝑚3
 || 𝑎𝑡𝑚𝑜𝑠𝑝ℎ𝑒𝑟𝑒 = 101325 𝑃𝑎 || 𝑃𝑆𝐼 = 6895 𝑃𝑎  

𝑚𝑚𝐻2𝑂 = 9.81 𝑃𝑎 || 𝑚𝑚𝐻𝑔 = 133.3 𝑃𝑎 

Temperature, T, scalar 

T in Kelvins. Water, at Pwater = 1.013x105 Pa, melts at 273.15 Kelvins and boils at 373.15 Kelvins. 
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E1: Electromagnetism Units 

Electric Potential, scalar, energy per charge 

𝑈 𝑖𝑛 𝑉𝑜𝑙𝑡𝑠 = 𝑉 =
𝐸𝑝𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙

𝑞
=

𝐽

𝐶
=

𝑘𝑔 · 𝑚2

𝑠3 · 𝐴
= 𝐴 · Ω =

𝑊

𝐴
= 𝐸⃗⃗ · 𝑚 

Electric Field, vector, potential per distance, and Force, gradient of potential 

𝐸⃗⃗ =
𝑉𝑜𝑙𝑡𝑠

𝑚𝑒𝑡𝑒𝑟
=

𝑘𝑔 · 𝑚

𝑠3 · 𝐴
=

𝑁𝑒𝑤𝑡𝑜𝑛𝑠

𝐶𝑜𝑢𝑙𝑜𝑚𝑏
=

𝑁

𝐶
 

Electric Flux, vector with scalar, “electric field through a surface” 

Φ⃗⃗⃗⃗𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 = 𝐸⃗⃗ · 𝑆 = 𝐸 · 𝑆 · cos 𝜃 => 𝑖𝑛  𝑉 · 𝑚 =
𝑉

𝑚
· 𝑚2 =  

𝑁 ·  𝑚2

𝐶
=

𝑘𝑔 · 𝑚3

𝑠3 · 𝐴
 

Electric Charge, scalar, energy per potential, quantized 

𝑞 𝑖𝑛 𝐶𝑜𝑢𝑙𝑜𝑚𝑏𝑠 = 𝐶 =
𝐽𝑜𝑢𝑙𝑒𝑠

𝑉𝑜𝑙𝑡
= 𝐴 · 𝑠 

𝑒 = 1.602 × 10−19 𝐶 = 𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑐ℎ𝑎𝑟𝑔𝑒 (𝑝𝑟𝑜𝑡𝑜𝑛 𝑎𝑛𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝑐ℎ𝑎𝑟𝑔𝑒) 

Electric Current, charge per time 

𝐼 𝑖𝑛 𝐴𝑚𝑝𝑠 = 𝐴 =
𝐶𝑜𝑢𝑙𝑜𝑚𝑏𝑠

𝑠
=

𝐶

𝑠
 

Current Density, vector, charge per time per area 

𝑗  𝑖𝑛 
𝐴𝑚𝑝𝑠

𝑚2
=> 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑖𝑠 𝑜𝑓 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑐ℎ𝑎𝑟𝑔𝑒𝑑 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 

Magnetic Field Strength, vector (AKA “Magenetic Field”) 

𝐻⃗⃗⃗ =
𝐴𝑚𝑝𝑠

𝑚𝑒𝑡𝑒𝑟
=

𝐴

𝑚
=

𝐵⃗⃗

𝜇
 

Magnetic Flux, vector with scalar 

Φ⃗⃗⃗⃗𝐵 = 𝐵⃗⃗ · 𝑆 = 𝐵 · 𝑆 · cos 𝜃 => 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑖𝑠 𝑛𝑜𝑟𝑚𝑎𝑙 𝑡𝑜 𝑡ℎ𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 

𝑊𝑒𝑏𝑒𝑟 = 𝑊𝑏 = Ω · 𝐶 = 𝑉 · 𝑠 = 𝐻 · 𝐴 = 𝑇 · 𝑚2 =
𝐽

𝐴
=

𝑘𝑔 · 𝑚2

𝑠2 · 𝐴
 

Magentic Flux Density, vector (also AKA “Magnetic Field”) 

𝐵⃗⃗ = 𝑇𝑒𝑠𝑙𝑎 =
𝑁

𝑚 · 𝐴
=

𝑘𝑔

𝑠2 · 𝐴
= 𝜇 · 𝐻⃗⃗⃗ => 𝑖𝑠 𝑚𝑢𝑐ℎ ℎ𝑖𝑔ℎ𝑒𝑟 𝑖𝑛𝑠𝑖𝑑𝑒 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙  

𝑇𝑒𝑠𝑙𝑎 = 𝑇 =
𝑊𝑏

𝑚2
=

𝑉 · 𝑠

𝑚2
=

𝑁

𝐴 · 𝑚
=

𝐻 · 𝐴

𝑚2
=

𝑘𝑔

𝐶 · 𝑠
=

𝑁 · 𝑠

𝐶 · 𝑚
=

𝑘𝑔

𝐴 · 𝑠2
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E2: Electric Circuit Units 

Resistance, R, scalar 

𝑂ℎ𝑚 = Ω = R =
I

U
=

𝐴𝑚𝑝𝑠

𝑉𝑜𝑙𝑡
=

𝐴

𝑉
 

Impedance, Z, complex phasor, where X is Reactance 

𝑍 = 𝑅 + 𝑗 · 𝑋   𝑤ℎ𝑒𝑟𝑒   𝑋 = 𝑋𝐿 − 𝑋𝐶 = 𝑋𝑖𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑒 − 𝑋𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑖𝑣𝑒 

Inductance, scalar: L is inductance, XL is inductive reactance 

𝐻𝑒𝑛𝑟𝑦 = 𝐻 =
𝑉 · 𝑠

𝐴
=

𝑘𝑔 · 𝑚2

𝑠2 · 𝐴2
=

𝑁 · 𝑚

𝐴2
=

𝑘𝑔 · 𝑚2

𝐶𝑜𝑢𝑙𝑜𝑚𝑏2
=

𝐽

𝐴2
=

𝑇 · 𝑚2

𝐴
=

𝑊𝑒𝑏𝑒𝑟

𝐴
=

Ω

𝐻𝑧
= Ω · 𝑠 =

𝑠2

𝐹
 

𝑣(𝑡) = 𝐿 ·
𝑑𝑖

𝑑𝑡
 

𝑍𝑖𝑛𝑑𝑢𝑐𝑡𝑜𝑟 = 𝑍𝐿 =  𝑗 ·  𝑿𝑳 = 𝑗 · 𝝎 · 𝑳 = 𝜔 · 𝐿 · 𝑒𝑗·
𝜋
2 = 𝑗 · 2𝜋 · 𝑓𝑟𝑒𝑞 · 𝐿   𝑎𝑛𝑑   𝑳 =

𝑿𝑳

𝟐𝝅 · 𝒇𝒓𝒆𝒒
 

Capacitance, scalar: C is capacitance, XC is capacitive reactance 

𝐹𝑎𝑟𝑎𝑑 = 𝐹 =
𝐶𝑜𝑢𝑙𝑜𝑚𝑏𝑠

𝑉𝑜𝑙𝑡
=

𝐴 · 𝑠

𝑉
=

𝐽

𝑉2
=

𝑁 · 𝑚

𝑉2
=

𝐶2

𝐽
=

𝑠

Ω
=

1

Ω · 𝐻𝑧
=

𝑠2

𝐻
=

𝑠4 · 𝐴2

𝑚2 · 𝑘𝑔
=

𝑠2 · 𝐶2

𝑚2 · 𝑘𝑔
 

𝑖(𝑡) = 𝐶 ·
𝑑𝑣(𝑡)

𝑑𝑡
 

𝑍𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑜𝑟 = 𝑍𝐶 = −𝑗 · 𝑿𝑪 = −𝑗
𝟏

𝝎 · 𝑪
=

1

𝜔 · 𝐶
· 𝑒𝑗·(−

𝜋
2

) = −𝑗 ·
1

2𝜋 · 𝑓𝑟𝑒𝑞 · 𝐶
   𝑎𝑛𝑑   𝑪 =

𝟏

𝟐𝝅 · 𝒇𝒓𝒆𝒒 · 𝑿𝑪
 

Magnetic Reluctance, opposition to magnetic flux, inverse is Magnetic Permeance 

ℛ =
ℱ

ΦB
=

𝑀𝑀𝐹

𝑀𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝐹𝑙𝑢𝑥
=

𝐴 · 𝑡𝑢𝑟𝑛𝑠

𝑊𝑒𝑏𝑒𝑟
=

𝑡𝑢𝑟𝑛𝑠

𝐻𝑒𝑛𝑟𝑦
   ||   Ƥ =

1

ℛ
 

Possibly add an image of IPSE book Table C.1 here. Very useful for magnetic circuits. 

Apparent Power, scalar: S is apparent power, P is real power, Q is reactive power 

𝑣𝑜𝑙𝑡 ⋅ 𝑎𝑚𝑝 = 𝑉𝐴 = 𝑉𝑅𝑀𝑆 × 𝐼𝑅𝑀𝑆 =  𝑆 =  √(𝑟𝑒𝑎𝑙 𝑝𝑜𝑤𝑒𝑟)2 + (𝑟𝑒𝑎𝑐𝑡𝑖𝑣𝑒 𝑝𝑜𝑤𝑒𝑟)2 =  √𝑃2 + 𝑄2 

𝑃 = √𝑆2 − 𝑄2 = 𝑆 × 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝑆 × cos 𝜙 = 𝑆𝐷𝐶 
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E3: Electrical Properties of Materials and Fluids, and Constants 

Resistivity, Conductivity of a material 

𝜌 = Ω · 𝑚 =  𝑅
𝐴

𝑙
=> 𝑅 = 𝜌 ·

𝑙

𝐴
=> 𝑟𝑒𝑠𝑖𝑠𝑡𝑖𝑣𝑖𝑡𝑦 

𝜎 = 𝜌−1 =
1

Ω · 𝑚
=

𝑙

𝑅 · 𝐴
=> 𝑅 =

𝑙

𝜎 · 𝐴
=> 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 

Permittivity, Vacuum AKA “distributed capacitance of the vacuum” 

𝜖0 = 8.854 × 10−12
𝐹𝑎𝑟𝑎𝑑𝑠

𝑚𝑒𝑡𝑒𝑟
 

Relative Permittivity and Permittivity of a Medium 

𝜖𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒(𝜔) =
𝜖(𝜔)

𝜖0
  ||   𝜖(𝜔) = 𝜖𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒(𝜔) · 𝜖0  ||  𝜖𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒  𝑜𝑓 𝑡𝑒𝑓𝑙𝑜𝑛 𝑖𝑠 2.1 [𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠] || 𝑎𝑙𝑠𝑜 𝜅 

Magnetic Permeability, Vacuum (“Magnetic Permeability” = “Permeability”) 

𝜇0 = 4 · 𝜋 × 10−7
𝐻𝑒𝑛𝑟𝑦

𝑚𝑒𝑡𝑒𝑟
= 1.257 × 10−6

𝐻

𝑚
=>

𝐻

𝑚
=

𝑁

𝐴2
  

Relative Permeability and Permeability of a Medium 

𝜇𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 =
𝜇

𝜇0
 ||  𝜇 = 𝜇𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 · 𝜇0  ||  𝜇𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑜𝑓 𝑖𝑟𝑜𝑛 𝑖𝑠 ~200,000 [𝑑𝑖𝑚𝑒𝑛𝑠𝑖𝑜𝑛𝑙𝑒𝑠𝑠] 

Planck Constant, relates photon frequency to photon energy 

ℎ = 6.626 × 10−34 𝐽 · 𝑠   ||   𝐸𝑝ℎ𝑜𝑡𝑜𝑛 = ℎ · 𝑓𝑝ℎ𝑜𝑡𝑜𝑛 

Speed of Light 

𝑐0 = 3.0 × 108  
𝑚

𝑠
=

1

√𝜇0 · 𝜖0
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E4: Electromagnetism, Named Laws and Equations 

Maxwell’s equations go here. 

 

Lorentz Force Law 

𝐹⃗𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 =  𝐹⃗𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐 + 𝐹⃗𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 = 𝑞 · (𝐸⃗⃗ + 𝑣⃗ × 𝐵⃗⃗) 

Coulomb’s Law 

𝐹𝐶𝑜𝑢𝑙𝑜𝑚𝑏 𝐿𝑎𝑤 =
1

4 · 𝜋 · 𝜖0

𝑞1 · 𝑞2

𝑟2
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F1: Fluids, Properties of Fluids and Materials 

Density, mass per volume: 

𝜌 =
𝑘𝑔

𝑚3
 

Density inverse is specific volume: 

𝜈 = 𝜌−1 =
𝑚3

𝑘𝑔
 

Speed of Sound, c, in Ideal Gases and Air 

𝑐 = √
𝐾𝑆

𝜌
= √𝜆 ·

𝑃

𝜌
  =>    𝑐𝑎𝑖𝑟 = 20.05 · √𝑇 

𝑚

𝑠
 

Viscosity (dynamic viscosity and kinematic viscosity) 

𝜇 = 𝑃𝑎 · 𝑠 =
𝑁 · 𝑠

𝑚2
=

𝑘𝑔

𝑚 · 𝑠
=> 𝑑𝑦𝑛𝑎𝑚𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 𝝁 = 𝝆 · 𝝂 

𝜈 =
𝑚2

𝑠
=> 𝑘𝑖𝑛𝑒𝑚𝑎𝑡𝑖𝑐 𝑣𝑖𝑠𝑐𝑜𝑠𝑖𝑡𝑦 𝝂 =

𝝁

𝝆
  ||  𝑠𝑡𝑜𝑘𝑒𝑠 =

𝑐𝑚2

𝑠
= 0.0001

𝑚2

𝑠
  

Bulk Modulous, K: Resistance to Compression of a substance. 

𝐾 = −𝑉 ·
𝑑𝑃

𝑑𝑉
= 𝜌

𝑑𝑃

𝑑𝜌
 

𝐾𝑆 = 𝜆 · 𝑃 (𝑖𝑠𝑒𝑛𝑡𝑟𝑜𝑝𝑖𝑐)  ||   𝐾𝑇 = 𝑃 (𝑖𝑠𝑜𝑡ℎ𝑒𝑟𝑚𝑎𝑙) 

 

F2: Fluids, Named Laws and Equations 

Need Navier-Stokes etc. here 
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T1: Thermodynamics, Materials, Fluids, Constants 

Heat Energy 

𝑄 𝑖𝑛 𝐽𝑜𝑢𝑙𝑒𝑠 

Heat Energy Flow 

𝑄̇ 𝑖𝑛 
𝐽𝑜𝑢𝑙𝑒𝑠

𝑠
= 𝑊𝑎𝑡𝑡𝑠 

Enthalpy, internal energy plus “work required to establish the system’s physical dimensions” 

𝐻 𝑖𝑛 𝐽𝑜𝑢𝑙𝑒𝑠 = 𝑈 + 𝑝 · 𝑉 

Internal Energy, energy contained within the system excluding kinetic and potential energy 

𝑈 𝑖𝑛 𝐽𝑜𝑢𝑙𝑒𝑠 

Heat Flux, heat flow per area 

𝑞 =
𝑄̇

𝐴𝑟𝑒𝑎
 𝑖𝑛

𝑊𝑎𝑡𝑡𝑠

𝑚2
=> 𝑖𝑛 𝑡ℎ𝑖𝑠 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒, 𝑎𝑙𝑤𝑎𝑦𝑠 𝑄̇ 𝑖𝑛 𝑊𝑎𝑡𝑡𝑠 𝑜𝑟 𝑄 𝑖𝑛 𝐽𝑜𝑢𝑙𝑒𝑠. 𝑁𝑜 "𝑙𝑖𝑡𝑡𝑙𝑒 𝑞. " 

Specific heat (often given for either constant pressure or constant volume) 

𝑐𝑃 𝑎𝑛𝑑 𝑐𝑉 𝑎𝑟𝑒 𝑏𝑜𝑡ℎ 𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑖𝑛 
𝐽

𝑘𝑔 · 𝐾
 

𝑐𝑃 = 𝑐𝑉 + 𝑅𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 

𝜆 =
𝑐𝑃

𝑐𝑉
= ℎ𝑒𝑎𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑟𝑎𝑡𝑖𝑜 

cP is always larger [almost always larger, water?] than cV conceptually because “constant volume” means the 

pressure increases as energy is added and “helps” heat the substance. “Constant pressure” implies the gas is 

allowed to expand while energy is added and expanding materials cool. Thus constant pressure requires 

more energy per temperature to make up for the cooling that would have happened. 

Thermal Conductivity, heat transfer of a material 

𝜅 =
𝑄̇

𝐴𝑟𝑒𝑎
·

𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠

Δ𝑇
 𝑖𝑛 

𝑊𝑎𝑡𝑡𝑠

𝑚 · 𝐾
=

𝑊𝑎𝑡𝑡𝑠

𝑚2
·

𝑚

Δ𝑇
  =>  𝑠𝑜𝑚𝑒𝑡𝑖𝑚𝑒𝑠 𝜆 𝑜𝑟 𝑘 => 𝑄̇ = 𝜅 ·

𝐴𝑟𝑒𝑎 · Δ𝑇

𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠
 

Heat Transfer Coefficient, of a surface 

ℎ =
𝑄̇

𝐴
·

1

Δ𝑇
=

𝑊𝑎𝑡𝑡𝑠

𝑚2 · 𝐾
 =>   𝑄̇ = ℎ · 𝐴 · Δ𝑇  𝑎𝑛𝑑  ℎ𝑠𝑢𝑟𝑓𝑎𝑐𝑒 = 𝜅𝑠𝑢𝑟𝑓𝑎𝑐𝑒 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 · 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 

Steffan-Boltzmann Constant, radiant heat of a black body 

𝜎 = 5.670 × 10−8
𝑊

𝑚2 · 𝐾4
 

can also be directly related to the Boltzmann constant, Planck constant, and c0 (= speed of light) 
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Boltzmann Constant, relates average kinetic energy of particles in a gas to thermodynamic 

temperature 

𝑘𝐵 = 1.381 × 10−23
𝐽

𝐾
 

Gas Constant and Specific Gas Constant 

𝑅 = 𝑅𝑚𝑜𝑙𝑎𝑟 = 8.314
𝐽

𝐾 · 𝑚𝑜𝑙
 

𝑅𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 =
𝑅

𝑀
 𝑢𝑛𝑖𝑡 𝑖𝑠 

𝐽

𝑘𝑔 · 𝐾
 (𝑛𝑜𝑡𝑒: 𝑀 𝑢𝑠𝑢𝑎𝑙𝑙𝑦 𝑔𝑖𝑣𝑒𝑛 𝑖𝑛

𝑔

𝑚𝑜𝑙
 𝑠𝑜 𝑚𝑢𝑠𝑡 𝑐𝑜𝑛𝑣𝑒𝑟𝑡 𝑡𝑜

𝑘𝑔

𝑚𝑜𝑙
) 

Ideal Gas 

𝑃𝑉 = 𝑛𝑅𝑇 𝒂𝒏𝒅 𝑃𝑉 = 𝑚 · 𝑅𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 · 𝑇 

 

T2: Thermodynamics, Named Laws and Equations 

1. Conservation of Energy. The energy gained (or lost) by a system is equal to the energy lost (or 

gained) by its surroundings. Cannot produce work without energy input. 

2. In a natural thermodynamic process, the sum of the entropies of the interacting thermodynamic 

systems never decreases. Heat does not spontaneously pass from a colder body to a warmer body. 

Cannot spontaneously convert thermal energy into mechanical work. 

3. A system’s entropy approaches a constant value as the temperature approaches absolute zero. With 

the exception of non-crystalline solids (glasses) the entropy of a system at absolute zero is typically 

close to zero. 

named thermodynamics equations here 
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N1: Nuclear Units 

Nuclear 

Energy 

𝑀𝑒𝑉 = 1.602 × 10−13 

Area, Tiny 

𝑏𝑎𝑟𝑛 = 10−28𝑚2 

Radioactivity, various forms 

𝑏𝑒𝑐𝑞𝑢𝑒𝑟𝑒𝑙 = 𝐵𝑞 =
1 𝑑𝑒𝑐𝑎𝑦

𝑠𝑒𝑐𝑜𝑛𝑑
=

1

𝑠
=> 𝑜𝑛𝑒 70𝑘𝑔 ℎ𝑢𝑚𝑎𝑛 𝑒𝑚𝑖𝑡𝑠 8000 𝐵𝑞 𝑛𝑜𝑟𝑚𝑎𝑙𝑙𝑦 𝑓𝑟𝑜𝑚 ____ 

𝐶𝑢𝑟𝑖𝑒 𝐶𝑖 = 3.7 × 1010𝐵𝑞 = 37 𝐺𝐵𝑞  ||  𝑅𝑢𝑡ℎ𝑒𝑟𝑓𝑜𝑟𝑑 𝑅𝑑 = 106𝐵𝑞 = 1 𝑀𝐵𝑞 

𝐺𝑟𝑎𝑦 = 𝐺𝑦 =
𝐽𝑜𝑢𝑙𝑒

𝑘𝑔
 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 =

𝑚2

𝑠2
 

𝑆𝑖𝑒𝑣𝑒𝑟𝑡 = 𝑆𝑣 =
𝐽𝑜𝑢𝑙𝑒

𝑘𝑔
=> 𝑖𝑠 𝐺𝑟𝑎𝑦 𝑎𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝑓𝑜𝑟 𝑠𝑡𝑜𝑐ℎ𝑎𝑠𝑡𝑖𝑐 ℎ𝑒𝑎𝑙𝑡ℎ 𝑟𝑖𝑠𝑘, 𝐿𝑁𝑇 𝑖𝑠 "linear no threshold" 

𝑁𝑜𝑟𝑚𝑎𝑙 𝑖𝑛 𝐵𝑒𝑙𝑔𝑖𝑢𝑚 𝑖𝑠 0.005
𝑆𝑣

𝑦𝑒𝑎𝑟
 𝑓𝑟𝑜𝑚 _____ 

 

Geez, how many v’s are there? Volume, velocity, volts, Greek nu for viscosity. Some form of v for specific 

volume. 

 


