
ME 274: Basic Mechanics II
Lecture 4: Point Kinematics, Joint Description



Kinematic Descriptions

Path description:
• Distance along path: 𝑠(𝑡)
• 𝑒̂௧, 𝑒̂௡ depend on path 

geometry
• 𝑣⃗ = 𝑣𝑒̂௧

• 𝑎⃗ = 𝑣̇𝑒̂௧ +
௩మ

ఘ
𝑒̂௡

Cartesian description:
• Position: 𝑟 = 𝑥𝚤̂ + 𝑦𝚥̂
• Fixed direction basis 

vectors 𝚤̂, 𝚥̂
• 𝑣⃗ = ẋ𝚤̂ + 𝑦̇𝚥̂
• a = 𝑥̈𝚤̂ + 𝑦̈𝚥̂

Polar description:
• Position: 𝑟 = 𝑟𝑒̂௥

• 𝑒̂௥, 𝑒̂ఏ change with particle 
motion

• 𝑣⃗ = 𝑟̇𝑒̂௥ + 𝑟𝜃̇𝑒̂ఏ

• 𝑎⃗ = 𝑟̈ − 𝑟𝜃̇ଶ 𝑒̂௥

+ 𝑟𝜃̈ + 2𝑟̇𝜃̇ 𝑒̂ఏgood for horizontal
& verticalmotion

move
trotate

good for speed/
turning

→ ⊖
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Different Descriptions – Same Motion

𝑃

𝑂

Velocity:  𝑣⃗   =   𝑥̇𝚤̂ + 𝑦̇𝚥̂   =   𝑣 𝑒̂௧   =  𝑟̇𝑒̂௥ + 𝑟𝜃̇𝑒̂ఏ

𝑣⃗

𝑎⃗

Acceleration: 𝑎⃗   =   𝑥̈𝚤̂ + 𝑦̈𝚥̂   =   𝑣̇𝑒̂௧ +
௩మ

ఘ
𝑒̂௡  =   𝑟̈ − 𝑟𝜃̇ଶ 𝑒̂௥ + 𝑟𝜃̈ + 2𝑟̇𝜃̇ 𝑒̂ఏ
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convert between descriptions



Joint Description: Combined Usage of Kinematic Descriptions

Example: Car moving around a turn

The motion of a car is described in Cartesian 
coordinates

Questions we care about:

• Is the car speeding up or slowing down?

• How hard is the car turning?

Example: Cheering for a runner

Tracking app gives path information:
• Distance along course
• Current speed and split times

Questions we care about:
• Where to stand to cheer – runner’s 

absolute position at a time

GPS coords:
(39.2, −84.7)
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Solution: 
Write target basis vectors in terms of given basis vectors

Converting between descriptions: Projection

Calculate velocity components by finding projection of 𝑣⃗ onto 𝚤,̂ 𝚥̂
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Component extraction via projection

Cartesian:
𝑣⃗   =   𝑥̇𝚤̂ + 𝑦̇𝚥̂
𝑎⃗   =   𝑥̈𝚤̂ + 𝑦̈𝚥̂ 

 

Polar:
𝑣⃗  =  𝑟̇𝑒̂௥ + 𝑟𝜃̇𝑒̂ఏ

𝑎⃗   =   𝑟̈ − 𝑟𝜃̇ଶ 𝑒̂௥ + 𝑟𝜃̈ + 2𝑟̇𝜃̇ 𝑒̂ఏ

1) target basis in terms of given

2) take projection



Solution: 
Write given basis vectors in terms of target basis vectors

Converting between descriptions: Coefficient Balancing

Directly substitute into expression for 𝑣⃗:

- 0.82+0.65
= -0.62 - 0.8J

T-(loer-2020) = 10 (0.82+0.65) - 20L-0.6A 0.81)

= 82 + 6j + 122 - 165-200-10 jus

[(3ér+zéo)- 3(0.si + Obj) +2 (-0.62+0.85)

= 1. 28 + 345 m/s



Example 2

V-/V1=

* = vet- e.
I = 302-405

302 4405 =

^

50m's

F- vet → I- T so
v. a.ee-f- 10j)-(0.60-0.85) = 8m/s"

lot: v2-(E)" → (55-lat-v2
→ p = V2 = 502

0.60 - 0.8J

lap-v2 10" - 8"

= 2500 m

6



Example 1.C.2

V

↳ given cartes: an

Z path coord.

J: Xi-jj- VAT-⅓J
E- i-gj-int-i. J

J = vé, → -g.&-I = KE-VBI

V12 → Vβ²

a) E-vet. a
V-E. In = (Vas-r, j). (VAT-V5

VA² + VB'

I
- vievi (VAVA-V, ⅓) ← sub-solve



Example 1.C.2.cont
b) /a/"= v3. (I)" → p = V2

F- v2

/ a/2- Vit v}
p- v2

+ + v3-v2} from
part A



Example 1.C.4
Vp-O

it

^en g,
e

target: Erie ⊖

from geometry:
&-costée-sine in
éo=-sinfee + costen

given: Et, In

I = vi. = iér-rééa
i-i.ir-(vet). (cosoe, + sin ⊖ E) = vcoso

r = T.ee = (vet). (-sinfée-as ⊖ in) = -usin⊖
Sub & solvegiven 0, r

if



Example 1.C.4.cont
a- = vée + Yen = -role. + (r + in ) %

given
a ye-

(i-ro)-ñér = (jen). (costel + sintin)

= v,2SING(i-ro

(ré+zré) - area (Fin)/-sinode-costen)

(r +280)- ⅓ cost
>

Zegn, 2 unknowns → sub & solve
for , 


