
Official Starting Equations (OSEs) for Engineering Physics 1 (Physics 1135) 

Component versions of vector OSEs are also OSEs.  

Kinematics:   𝑟 = 𝑥𝑖̂ + 𝑦𝑗̂  �⃗� =
𝑑𝑟

𝑑𝑡
  �⃗� =

𝑑�⃗⃗�

𝑑𝑡
  

Constant �⃗�:   𝑥 = 𝑥0 + 𝑣0𝑥𝑡 +
1

2
 𝑎𝑥𝑡2 𝑣𝑥 = 𝑣0𝑥 +  𝑎𝑥𝑡 𝑣𝑥

2 = 𝑣0𝑥
2 + 2 𝑎𝑥(𝑥 − 𝑥0) 

   𝑦 = 𝑦0 + 𝑣0𝑦𝑡 +
1

2
 𝑎𝑦𝑡2 𝑣𝑦 = 𝑣0𝑦 +  𝑎𝑦𝑡 𝑣𝑦

2 = 𝑣0𝑦
2 + 2 𝑎𝑦(𝑦 − 𝑦0) 

Newton’s Laws: 𝛴�⃗� = 𝑚�⃗�  ∑ 𝐹𝑥 = 𝑚𝑎𝑥  ∑ 𝐹𝑦 = 𝑚𝑎𝑦  �⃗�𝐵𝐴 = −�⃗�𝐴𝐵 

Weight:   �⃗⃗⃗⃗� = (𝑚𝑔, 𝑑𝑜𝑤𝑛) = −𝑚𝑔𝑗̂  if 𝑦 − axis is up   

Spring force:   𝐹𝑆,𝑥 = −𝑘𝑥 

Friction:   𝑓𝑆 ≤ 𝜇𝑆𝑁  𝑓𝑘 = 𝜇𝑘𝑁     

Circular motion:  𝑎𝑐 =
𝑣2

𝑅
 

Dot Product:  𝐴 ∙ �⃗⃗� = 𝐴𝐵𝑐𝑜𝑠𝜃𝐴𝐵 = 𝐴𝐵||𝐴 = 𝐴||𝐵𝐵 = 𝐴𝑥𝐵𝑥 + 𝐴𝑦𝐵𝑦 + 𝐴𝑧𝐵𝑧 

Work:   𝑊 = ∫ �⃗� ∙ 𝑑𝑟
𝑓

𝑖
  �⃗� =constant ⟹ 𝑊 = �⃗� ∙ �⃗⃗⃗�  Power: 𝑃 =

𝑑𝑊

𝑑𝑡
 𝑃 = �⃗� ∙ �⃗� 

Work-KE:  𝐾 =
1

2
𝑚𝑣2  ∆𝐾 = 𝑊𝑛𝑒𝑡  

Mechanical Energy: 𝐸 = 𝐾 + 𝑈  𝐸𝑓 − 𝐸𝑖 = 𝑊𝑜𝑡ℎ𝑒𝑟 

Potential Energy:  𝑈𝑓 − 𝑈𝑖 = −𝑊𝑖→𝑓 𝑈𝑔𝑟𝑎𝑣 = 𝑚𝑔𝑦 (near surface, y-axis up) 𝑈𝑠𝑝𝑟𝑖𝑛𝑔 =
1

2
𝑘𝑥2

 𝐹𝑥 = −
𝜕𝑈

𝜕𝑥
     

Universal Gravitation:  𝐹𝐺 =
𝐺𝑚𝑀

𝑟2   𝑈𝐺 = −
𝐺𝑚𝑀

𝑟
 

Momentum:  �⃗� = 𝑚�⃗� �⃗�𝑛𝑒𝑡 =
𝑑�⃗�

𝑑𝑡
  

Impulse:  𝐽 = ∫ �⃗� 𝑑𝑡  �⃗�𝑓 − �⃗�𝑖 = 𝐽𝑛𝑒𝑡 

System: �⃗⃗� = ∑ �⃗�𝑛  �⃗⃗�𝑓 − �⃗⃗�𝑖 = 𝐽𝑛𝑒𝑡 𝑒𝑥𝑡 

Center of mass:  𝑀𝑡𝑜𝑡�⃗⃗�𝐶𝑀 = ∑ 𝑚𝑛𝑟𝑛   𝑀𝑡𝑜𝑡�⃗�𝐶𝑀 = ∑ 𝑚𝑛�⃗�𝑛 = ∑ �⃗�𝑒𝑥𝑡 

Angular kinematics: 𝜔𝑧 =
𝑑𝜃

𝑑𝑡
 𝛼𝑧 =

𝑑𝜔𝑧

𝑑𝑡
 𝑣𝑡𝑎𝑛 = 𝑅 𝑎𝑡𝑎𝑛 = 𝛼𝑅 𝑎𝑟𝑎𝑑 = 𝑅𝜔2 

Constant 𝛼𝑧:   𝜃 = 𝜃0 + 𝜔0𝑧𝑡 +
1

2
 𝛼𝑧𝑡2 𝜔𝑧 = 𝜔0𝑧 +  𝛼𝑧𝑡 𝜔𝑧

2 = 𝜔0𝑧
2 + 2 𝛼𝑧(𝜃 − 𝜃0) 

Rotational KE:  𝐾𝑟𝑜𝑡 =
1

2
𝐼𝜔2       Rolling: 𝑣𝐶𝑀 = 𝜔𝐶𝑀𝑅 



Moment of inertia: 𝐼 = ∑ 𝑚𝑖𝑖 𝑟𝑖
2  𝐼𝑃 = 𝐼𝐶𝑀 + 𝑀𝑑2  

Cross product: 𝐴 × �⃗⃗� = (𝐴𝐵𝑠𝑖𝑛𝜃𝐴𝐵 , 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 𝑏𝑦 𝑟𝑖𝑔ℎ𝑡 ℎ𝑎𝑛𝑑 𝑟𝑢𝑙𝑒) 

Torque:  𝜏 =  𝑟 × �⃗� 𝜏 = 𝑟𝐹┴ = 𝑟┴𝐹 = 𝑟𝐹 𝑠𝑖𝑛𝜃  ∑ 𝜏𝑧 = 𝐼𝛼𝑧  

Angular momentum: Particle: 𝑙 =  𝑟 × �⃗�    𝑙 = 𝑟𝑝┴ = 𝑟┴𝑝 = 𝑟𝑝 𝑠𝑖𝑛𝜃  Rigid rotation: �⃗⃗� = 𝐼�⃗⃗⃗�  

System: ∑  𝜏𝑒𝑥𝑡 =
𝑑�⃗⃗�

𝑑𝑡
  �⃗⃗�𝑖 = �⃗⃗�𝑓 𝑖𝑓 ∑  𝜏𝑒𝑥𝑡 = 0 

Fluids:   𝑝 = 𝑝𝑜 + 𝜌𝑔ℎ   𝐵 = 𝜌𝑓𝑙𝑔𝑉𝑑𝑖𝑠𝑝    

SHO:   𝑎𝑥(𝑡) =
𝑑2𝑥

𝑑𝑡2 = −𝜔2𝑥(𝑡) 𝑥(𝑡) = 𝐴 cos (𝜔𝑡 + 𝜑)    𝜔 = 2𝜋𝑓 =
2𝜋

𝑇
     

Mass-spring: 𝜔 = √
𝑘

𝑚
  Simple pendulum: 𝑇 = 2𝜋√

𝐿

𝑔
     Physical pendulum:  𝑇 = 2𝜋√

𝐼

𝑚𝑔𝑑
 

Traveling waves: 𝑦 = 𝐴 sin( 𝑘𝑥 ± 𝑡 + 𝜑) 𝑘 =
2𝜋


  𝑣 = 𝑓 =



𝑘
             String:   𝑣 = √

𝑇

𝜇
    

Standing wave:  𝑦 = 2𝐴 sin(𝑘𝑥) cos( 𝑡) Interference: 𝛥𝐿𝑐𝑜𝑛𝑠𝑡 = 𝑛     ∆𝐿𝑑𝑒𝑠𝑡 = (𝑛 +
1

2
)    

Doppler:  𝑓′𝑜 = 𝑓𝑆
𝑣−𝑣𝑜𝑥

𝑣−𝑣𝑠𝑥
    𝑥 − 𝑎𝑥𝑖𝑠 𝑆 → 𝑂 

Heating Processes: 𝑄 = 𝑚𝑐∆𝑇 = 𝑛𝐶∆𝑇  𝑄𝑝ℎ𝑎𝑠𝑒 𝑐ℎ𝑎𝑛𝑔𝑒 = 𝑚𝐿𝑝ℎ𝑎𝑠𝑒 𝑐ℎ𝑎𝑛𝑔𝑒  

Heat Transfer: 𝐻 =
𝑑𝑄

𝑑𝑡
   𝐻 = 𝑘𝐴(𝑇𝐻 − 𝑇𝐶)/𝐿   

Ideal Gas:   𝑝𝑉 = 𝑛𝑅𝑇  𝑐𝑣 =
3

2
𝑅, 𝑐𝑝 =

5

2
𝑅 (𝑚𝑜𝑛𝑜𝑎𝑡𝑜𝑚𝑖𝑐)       𝑐𝑣 =

5

2
𝑅, 𝑐𝑝 =

7

2
𝑅 (𝑑𝑖𝑎𝑡𝑜𝑚𝑖𝑐)   

   ∆𝑈 = 𝑛𝑐𝑣𝛥𝑇   𝑎𝑑𝑖𝑎𝑏𝑎𝑡𝑖𝑐: 𝑝𝑉𝛾 = 𝑐𝑜𝑛𝑠𝑡, 𝛾 = 𝑐𝑝/𝑐𝑉 

Thermo:    ∆𝑈 = 𝑄 − 𝑊    𝑊 = ∫ 𝑝𝑑𝑉       𝑒 =
|𝑊𝑛𝑒𝑡|

|𝑄ℎ𝑜𝑡|
≤ 1 −

𝑇𝑐𝑜𝑙𝑑

𝑇ℎ𝑜𝑡
 


