
Equa%on Sheet 
 

Kinema%cs 

𝑣 = 𝑥̇𝚤̂ + 𝑦̇𝚥̂	
= 𝑣𝑒̂-	
= 𝑟̇𝑒̂/ + 𝑟𝜃̇𝑒̂1	 

 

𝑎⃗ = 𝑥̈𝚤̂ + 𝑦̈𝚥̂	

= 𝑣̇𝑒̂- +
𝑣4

𝜌 𝑒̂6	

= 7𝑟̈ − 𝑟𝜃̇49𝑒̂/ + 7𝑟𝜃̈ + 2𝑟̇𝜃̇9𝑒̂1 
 
𝑣; = 𝑣< + 𝑣;∕<	

= 𝑣< + 𝜔??⃗ × 𝑟; <⁄ 	
= 𝑣< + 7𝑣; <⁄ 9/BC + 𝜔??⃗ × 𝑟; <⁄  

 
𝑎⃗; = 𝑎⃗< + 𝑎⃗;∕<	

= 𝑎⃗< + 𝛼⃗ × 𝑟; <⁄ − 𝜔4𝑟; <⁄ 	
= 𝑎⃗< + 7𝑎⃗; <⁄ 9/BC + 𝛼⃗ × 𝑟; <⁄ + 2𝜔??⃗ × 7𝑣; <⁄ 9/BC

+ 𝜔??⃗ × 7𝜔??⃗ × 𝑟; <⁄ 9 
𝑑𝑣
𝑑𝑡 = 𝑣

𝑑𝑣
𝑑𝑠 

 
Kine%cs 
∑𝐹⃗ = 𝑚𝑎⃗K	;			∑𝑀??⃗ < = 𝐼<𝛼⃗ + 𝑚𝑟K <⁄ × 𝑎⃗< 
𝑇P + 𝑉P + 𝑈P→4

(6U) = 𝑇4 + 𝑉4 

𝑉W/ = 𝑚𝑔ℎ	

𝑉Z[ =
1
2𝑘Δ

4	

𝑇 =
1
2𝑚𝑣<

4 +
1
2 𝐼<𝜔

4 + 	𝑚𝑣< ⋅ (𝜔??⃗ × 𝑟K <⁄ )	

𝑈P→4
(6U) = ` 7∑𝐹⃗ ⋅ 𝑒̂-9𝑑𝑠

4

P
= 	` 7𝐹a𝑑𝑥 + 𝐹b𝑑𝑦9

4

P
 

Kine%cs (con$nued) 

𝑒 = −c
𝑣;64 − 𝑣<64
𝑣;6P − 𝑣<6P

d 

` ∑𝐹⃗Ba-
4

P
𝑑𝑡 = 	ef𝑚g𝑣g

g

	h
4

− ef𝑚g𝑣g
g

	h
P

 

 

` ∑𝑀??⃗ <
4

P
𝑑𝑡 = 	if7𝐻??⃗<9g

g

k

4

− if7𝐻??⃗ <9g
g

k

P

 

7𝐻??⃗ <9g = 	 𝑟g/< × (𝑚g𝑣<)	
= 𝐼<𝜔??⃗  

 
Vibra%ons 

𝑀𝑥̈ + 𝐶𝑥̇ + 𝐾𝑥 = 𝐹(𝑡) = 𝐹o𝑠𝑖𝑛𝜔𝑡			𝑶𝑹			𝐹o𝑐𝑜𝑠𝜔𝑡 

𝑥̈ + 2𝜁𝜔6𝑥̇ + 𝜔64𝑥 =
1
𝑀𝐹(𝑡) 

𝑥U(𝑡) = 𝑒wxy-(𝐶	𝑐𝑜𝑠𝜔z𝑡 + 𝑆	𝑠𝑖𝑛𝜔z𝑡)		; 			0 ≤ 𝜁 < 1 

𝜔z = 𝜔6�1 − 𝜁4 
𝑥[(𝑡) = 𝐴𝑠𝑖𝑛𝜔𝑡 + 𝐵𝑐𝑜𝑠𝜔𝑡 
 

Other 
𝐼< = 𝐼K +𝑚𝑑4 
𝐼< = 𝑚𝑘<4 


