
Problem H1.Ha – solution using projection onto polar unit vectors 

 

 

                     

Velocity	

𝑟𝜃̇ = 𝑣⃗ ⋅ 𝑒̂! = (𝑣𝑒̂") ⋅ (𝑠𝑖𝑛𝜃𝑒̂" − 𝑐𝑜𝑠𝜃𝑒̂#) = 𝑣𝑠𝑖𝑛𝜃			 ⇒ 		𝑣 =
𝑟𝜃̇
𝑠𝑖𝑛𝜃 =

√2(8)(4)
√2 2⁄

= 64	𝑖𝑛 𝑠⁄  

𝑟̇ = 𝑣 ⋅ 𝑒̂$ = (𝑣𝑒̂") ⋅ (−𝑐𝑜𝑠𝜃𝑒̂" − 𝑠𝑖𝑛𝜃𝑒̂#) = −𝑣𝑐𝑜𝑠𝜃 = −64(√2 2⁄ ) = −32√2 𝑖𝑛 𝑠⁄  
 

Acceleration 

𝑟𝜃̈ + 2𝑟̇𝜃̇ = 𝑎⃗ ⋅ 𝑒̂! = >𝑣̇𝑒̂" +
𝑣%

𝜌 𝑒̂#@ ⋅
(𝑠𝑖𝑛𝜃𝑒̂" − 𝑐𝑜𝑠𝜃𝑒̂#) = 𝑣̇𝑠𝑖𝑛𝜃 −

𝑣%

𝜌 𝑐𝑜𝑠𝜃			 ⇒	

 𝑣̇ = &
'(#!

A2𝑟̇𝜃̇ + )!

*
𝑐𝑜𝑠𝜃B = &

√% %⁄
A2C−32√2D(4) + -.!

/
(√2 2⁄ )B = 0 

𝑟̈ − 𝑟𝜃̇% = 𝑎⃗ ⋅ 𝑒̂$ = >𝑣̇𝑒̂" +
𝑣%

𝜌 𝑒̂#@ ⋅
(−𝑐𝑜𝑠𝜃𝑒̂" − 𝑠𝑖𝑛𝜃𝑒̂#) = −𝑣̇𝑐𝑜𝑠𝜃 −

𝑣%

𝜌 𝑠𝑖𝑛𝜃				 ⇒	

 𝑟̈ = 	𝑟𝜃̇% − 𝑣̇𝑐𝑜𝑠𝜃 − )!

*
𝑠𝑖𝑛𝜃 = 	√2(8)(4)% − 0 − (-.)!

/
C√2 2⁄ D = 	−128√2	𝑖𝑛/𝑠%	 

 
  



Problem H1.Hb – solution using projection onto path unit vectors 

 

 

                     

Velocity	
0 = 𝑣⃗ ⋅ 𝑒̂# = C𝑟̇𝑒̂$ + 𝑟𝜃̇𝑒̂!D ⋅ (−𝑠𝑖𝑛𝜃𝑒̂$ − 𝑐𝑜𝑠𝜃𝑒̂!) = −𝑟̇𝑠𝑖𝑛𝜃 − 𝑟𝜃̇𝑐𝑜𝑠𝜃			 ⇒	
	 𝑟̇ = −𝑟𝜃̇𝑐𝑜𝑡𝜃 = −C8√2D(4)(1) = −32√2 𝑖𝑛 𝑠⁄  

𝑣 = 𝑣⃗ ⋅ 𝑒̂" = C𝑟̇𝑒̂$ + 𝑟𝜃̇𝑒̂!D ⋅ (−𝑐𝑜𝑠𝜃𝑒̂$ + 𝑠𝑖𝑛𝜃𝑒̂!) = −𝑟̇𝑐𝑜𝑠𝜃 + 𝑟𝜃̇𝑠𝑖𝑛𝜃	
= −C−32√2DC√2 2⁄ D + C8√2D(4)C√2 2⁄ D = 64 𝑖𝑛 𝑠⁄  

 
Acceleration 
𝑣%

𝜌 = 𝑎⃗ ⋅ 𝑒̂# = IC𝑟̈ − 𝑟𝜃̇%D𝑒̂$ + C𝑟𝜃̈ + 2𝑟̇𝜃̇D𝑒̂!J ⋅ (−𝑠𝑖𝑛𝜃𝑒̂$ − 𝑐𝑜𝑠𝜃𝑒̂!)	

= −C𝑟̈ − 𝑟𝜃̇%D𝑠𝑖𝑛𝜃 − C2𝑟̇𝜃̇D𝑐𝑜𝑠𝜃			 ⇒	

 𝑟̈ = − &
'(#!

A)
!

*
+ C2𝑟̇𝜃̇D𝑐𝑜𝑠𝜃B + 𝑟𝜃̇% = −128√2	𝑖𝑛/𝑠% 

𝑣̇ = 𝑎⃗ ⋅ 𝑒̂" = IC𝑟̈ − 𝑟𝜃̇%D𝑒̂$ + C𝑟𝜃̈ + 2𝑟̇𝜃̇D𝑒̂!J ⋅ (−𝑐𝑜𝑠𝜃𝑒̂$ + 𝑠𝑖𝑛𝜃𝑒̂!)	
= −C𝑟̈ − 𝑟𝜃̇%D𝑐𝑜𝑠𝜃 + C2𝑟̇𝜃̇D𝑠𝑖𝑛𝜃 = 0	 



Problem H1.Hc – solution using balancing coe<icients using polar unit vectors 

 

 

                     

Velocity	
𝑣⃗ = 𝑟̇𝑒̂$ + 𝑟𝜃̇𝑒̂! = 𝑣𝑒̂" = 𝑣(−𝑐𝑜𝑠𝜃𝑒̂$ + 𝑠𝑖𝑛𝜃𝑒̂!) 			⇒	
	 𝑒̂!:		𝑟𝜃̇ = 𝑣𝑠𝑖𝑛𝜃			 ⇒ 				𝑣 = 𝑟𝜃̇ 𝑠𝑖𝑛𝜃⁄ = 8√2(4) (√2 2⁄L ) = 64 𝑖𝑛 𝑠⁄ 	

𝑒̂$:		𝑟̇ = −𝑣𝑐𝑜𝑠𝜃 = −(64)C√2 2⁄ D − 32√2 𝑖𝑛 𝑠⁄  

Acceleration 

𝑎⃗ = C𝑟̈ − 𝑟𝜃̇%D𝑒̂$ + C𝑟𝜃̈ + 2𝑟̇𝜃̇D𝑒̂! = 𝑣̇𝑒̂" +
𝑣%

𝜌 𝑒̂#		

= 𝑣̇(−𝑐𝑜𝑠𝜃𝑒̂$ + 𝑠𝑖𝑛𝜃𝑒̂!) +
𝑣%

𝜌
(−𝑠𝑖𝑛𝜃𝑒̂$ − 𝑐𝑜𝑠𝜃𝑒̂!) 		⇒	

 𝑒̂!:		2𝑟̇𝜃̇ = 𝑣̇𝑠𝑖𝑛𝜃 − )!

*
𝑐𝑜𝑠𝜃			 ⇒ 			 𝑣̇ = &

'(#!
A2𝑟̇𝜃̇ + )!

*
𝑐𝑜𝑠𝜃B = &

√% %⁄
A2(−32)(4) + -.!

/
√%
%
B = 0	

 𝑒̂$:		𝑟̈ − 𝑟𝜃̇% = −𝑣̇𝑐𝑜𝑠𝜃 − )!

*
𝑠𝑖𝑛𝜃			 ⇒				

  𝑟̈ = 𝑟𝜃̇% − )!

*
𝑠𝑖𝑛𝜃 = C8√2D(4)% − -.!

/
C√2 2⁄ D = −128√2	𝑖𝑛/𝑠%	   

	



Problem H1.Hd – solution using balancing coe<icients using path unit vectors 

 

 

                     

Velocity	
𝑣⃗ = 𝑣𝑒̂" = 𝑟̇𝑒̂$ + 𝑟𝜃̇𝑒̂! 		

= 𝑟̇(−𝑐𝑜𝑠𝜃𝑒̂" − 𝑠𝑖𝑛𝜃𝑒̂#) + 𝑟𝜃̇(𝑠𝑖𝑛𝜃𝑒̂" − 𝑐𝑜𝑠𝜃𝑒̂#) 		⇒	
	 𝑒̂#:		0 = −𝑟̇𝑠𝑖𝑛𝜃 − 𝑟𝜃̇𝑐𝑜𝑠𝜃				 ⇒ 			 𝑟̇ = −𝑟𝜃̇𝑐𝑜𝑡𝜃 = −32√2 𝑖𝑛 𝑠⁄ 	
	 𝑒̂":		𝑣 = −𝑟̇𝑐𝑜𝑠𝜃 + 𝑟𝜃̇𝑠𝑖𝑛𝜃 = 64 𝑖𝑛 𝑠⁄  

Acceleration 

𝑎⃗ = 𝑣̇𝑒̂" +
𝑣%

𝜌 𝑒̂# = C𝑟̈ − 𝑟𝜃̇%D𝑒̂$ + C𝑟𝜃̈ + 2𝑟̇𝜃̇D𝑒̂! 	

= C𝑟̈ − 𝑟𝜃̇%D(−𝑐𝑜𝑠𝜃𝑒̂" − 𝑠𝑖𝑛𝜃𝑒̂#) + C𝑟𝜃̈ + 2𝑟̇𝜃̇D(𝑠𝑖𝑛𝜃𝑒̂" − 𝑐𝑜𝑠𝜃𝑒̂#) 		⇒	

 𝑒̂# :		
)!

*
= −C𝑟̈ − 𝑟𝜃̇%D𝑠𝑖𝑛𝜃 − C2𝑟̇𝜃̇D𝑐𝑜𝑠𝜃			 ⇒				

  𝑟̈ = − &
'(#!

A)
!

*
+ C2𝑟̇𝜃̇D𝑐𝑜𝑠𝜃B + 𝑟𝜃̇% = −128√2 (#'!	

 𝑒̂":		𝑣̇ = −C𝑟̈ − 𝑟𝜃̇%Ḋ 𝑐𝑜𝑠𝜃 + C2𝑟̇𝜃̇D𝑠𝑖𝑛𝜃 = 0     

 


