
ME 274: Basic Mechanics II
Lecture 3: Point Kinematics, Polar Description



From Last Lecture…
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Kinematic Descriptions

Path description:

• Distance along path: 𝑠(𝑡)
• Ƹ𝑒𝑡, Ƹ𝑒𝑛 depend on path 

geometry

• Ԧ𝑣 = 𝑣 Ƹ𝑒𝑡

• Ԧ𝑎 = ሶ𝑣 Ƹ𝑒𝑡 +
𝑣2

𝜌
Ƹ𝑒𝑛

Cartesian description:

• Position: Ԧ𝑟 = 𝑥 Ƹ𝑖 + 𝑦 Ƹ𝑗
• Fixed direction basis 

vectors Ƹ𝑖, Ƹ𝑗
• Ԧ𝑣 = ሶx Ƹ𝑖 + ሶ𝑦 Ƹ𝑗
• a = ሷ𝑥 Ƹ𝑖 + ሷ𝑦 Ƹ𝑗

Polar description:

• Position: Ԧ𝑟 = 𝑟 Ƹ𝑒𝑟

• Ƹ𝑒𝑟, Ƹ𝑒𝜃 change with particle 

motion

• Ԧ𝑣 = ሶ𝑟 Ƹ𝑒𝑟 + 𝑟 ሶ𝜃 Ƹ𝑒𝜃

• Ԧ𝑎 = ሷ𝑟 − 𝑟 ሶ𝜃2 Ƹ𝑒𝑟

 + 𝑟 ሷ𝜃 + 2 ሶ𝑟 ሶ𝜃 Ƹ𝑒𝜃

Today



Polar Kinematics
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𝑑 Ԧ𝑟

𝑑𝑡

𝑑 Ԧ𝑟

𝑑𝑡
=

𝑑

𝑑𝑡
𝑟 Ƹ𝑒𝑟 = ሶ𝑟 Ƹ𝑒𝑟 + 𝑟

𝑑 Ƹ𝑒𝑟

𝑑𝑡

Ƹ𝑒𝑟

Ƹ𝑒𝜃

Ƹ𝑖

Ƹ𝑗

𝜃

𝑑 Ƹ𝑒𝑟

𝑑𝜃
= 𝑐𝑜𝑠𝜃 Ƹ𝑖 − 𝑠𝑖𝑛𝜃 Ƹ𝑗 = Ƹ𝑒𝜃

𝑑 Ƹ𝑒𝑟

𝑑𝜃

𝑑𝜃

𝑑𝑡

Velocity: Ԧ𝑣 = ሶ𝑟 Ƹ𝑒𝑟 + 𝑟 ሶ𝜃 Ƹ𝑒𝜃

Writing Ƹ𝑒𝑟, Ƹ𝑒𝜃 in terms of Ƹ𝑖, ෡𝑗: 



Polar Kinematics
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= Ԧ𝑣 = ሶ𝑟 Ƹ𝑒𝑟 + 𝑟 ሶ𝜃 Ƹ𝑒𝜃

Acceleration: Ԧ𝑎 =
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+ ሶ𝑟 ሶ𝜃 Ƹ𝑒𝜃 + 𝑟 ሷ𝜃 Ƹ𝑒𝜃 + 𝑟 ሶ𝜃

𝑑 Ƹ𝑒𝜃

𝑑𝑡

Ƹ𝑒𝑟

Ƹ𝑒𝜃

Ƹ𝑖

Ƹ𝑗

𝜃

Ԧ𝑎 = ሷ𝑟 Ƹ𝑒𝑟 + ሶ𝑟 ሶ𝜃 Ƹ𝑒𝜃 + ሶ𝑟 ሶ𝜃 Ƹ𝑒𝜃 + 𝑟 ሷ𝜃 Ƹ𝑒𝜃 + 𝑟 ሶ𝜃 − ሶ𝜃 Ƹ𝑒𝑟

= ሷ𝑟 − 𝑟 ሶ𝜃2 Ƹ𝑒𝑟 + 𝑟 ሷ𝜃 + 2 ሶ𝑟 ሶ𝜃 Ƹ𝑒𝜃
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Polar Kinematics – important considerations
• The values of the vector components depend on the location of your 

reference point and your angle convention

• When the path of P is given as 𝑟 = 𝑟 𝜃 , you will need the chain rule of differentiation 

to find time derivatives in terms of ሶ𝜽, ሷ𝜽

ሶ𝑟 =
𝑑𝑟

𝑑𝑡
=

𝑑𝑟

𝑑𝜃

𝑑𝜃

𝑑𝑡
=

𝑑𝑟

𝑑𝜃
ሶ𝜃, ሷ𝑟 =

𝑑2𝑟

𝑑𝜃2
ሶ𝜃 +

𝑑𝑟

𝑑𝜃
ሷ𝜃

• Polar description of motion is useful in cases where there is an observer of motion



Conceptual question: C.6
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Solution:

ሶ𝑟 =
𝑑𝑟

𝑑𝑡

=
𝑑𝑟

𝑑𝜃

𝑑𝜃

𝑑𝑡
𝑑𝑟

𝑑𝜃
=

𝑑

𝑑𝜃
2𝑐𝑜𝑠𝜃 = −2𝑠𝑖𝑛𝜃

𝑑𝜃

𝑑𝑡
= ሶ𝜃

ሶ𝑟 = −2 ሶ𝜃𝑠𝑖𝑛𝜃 = −2 −3 sin
𝜋

3
= 3 3 𝑓𝑡/𝑠



Conceptual question: C1.6
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Solution:

ሷ𝑟 =
𝑑

𝑑𝑡
ሶ𝑟 =

𝑑

𝑑𝑡
(−2 ሶ𝜃𝑠𝑖𝑛𝜃)

= −2 ሷ𝜃𝑠𝑖𝑛𝜃 + ሶ𝜃
𝑑

𝑑𝑡
𝑠𝑖𝑛𝜃

𝑑

𝑑𝑡
𝑠𝑖𝑛𝜃 = 𝑐𝑜𝑠𝜃 ሶ𝜃

ሷ𝑟 = −2 ሷ𝜃𝑠𝑖𝑛𝜃 + ሶ𝜃2𝑐𝑜𝑠𝜃

⟹ −2 0 sin
𝜋

3
+ −3 2 cos

𝜋

3
= −9 ft/s2



Solution: 

Remember Ԧ𝑎 = ሷ𝑟 − 𝑟 ሶ𝜃2 Ƹ𝑒𝑟 + 𝑟 ሷ𝜃 + 2 ሶ𝑟 ሶ𝜃 Ƹ𝑒𝜃 

Calculate derivatives of r:

𝑟 = cos 3𝜃 = cos
3𝜋

3
= −1 𝑓𝑡

ሶ𝑟 =
𝑑𝑟

𝑑𝑡
=

𝑑𝑟

𝑑𝜃

𝑑𝜃

𝑑𝑡
= ሶ𝜃 −3𝑠𝑖𝑛3𝜃 = 0 𝑓𝑡/𝑠

ሷ𝑟 =
𝑑 ሶ𝑟

𝑑𝑡
= −3 ሷ𝜃𝑠𝑖𝑛3𝜃 + 3 ሶ𝜃2𝑐𝑜𝑠3𝜃 = −3 0 sin 𝜋 + 3 2 2 cos 𝜋 = 36𝑓𝑡/𝑠2

Plug known values into expression for Ԧ𝑎
Ԧ𝑎 = 36 − −1 2 2 Ƹ𝑒𝑟 + −1 0 + 2 0 2 Ƹ𝑒𝜃

a = 40 Ƹ𝑒𝑟 𝑓𝑡/𝑠2

Conceptual question: C1.8

0



Given: Particle P travels along an elliptical path shown with ሶ𝜃 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

Find: for the position of P corresponding to 𝜃 =
𝜋

2

a) Determine ሶ𝑅 and ሷ𝑅. Use b = 2m, ሶ𝜃 = 3
𝑟𝑎𝑑

𝑠

Additional lecture Example 1.3

Solution: 

Path defined by: 𝑅 2 + 𝑐𝑜𝑠𝜃 = 𝑏

At 𝜃 =
𝜋

2
,

𝑅 =
𝑏

2 + 𝑐𝑜𝑠𝜃
=

2

2 + cos
𝜋
2

= 1𝑚

Solve for ሶ𝑅:
𝑑

𝑑𝑡
: ሶ𝑅 2 + 𝑐𝑜𝑠𝜃 + 𝑅 − ሶ𝜃𝑠𝑖𝑛𝜃 = 0

Rearranging: ሶ𝑅 =
R ሶ𝜃𝑠𝑖𝑛𝜃

2+𝑐𝑜𝑠𝜃

Plug in: ሶ𝑅 =
1 3 sin

𝜋

2

2+cos
𝜋

2

=
3

2
𝑚/𝑠 

Ƹ𝑒𝑟Ƹ𝑒𝜃



Given: Particle P travels along an elliptical path shown with ሶ𝜃 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

Find: for the position of P corresponding to 𝜃 =
𝜋

2

a) Determine ሶ𝑅 and ሷ𝑅. Use b = 2m, ሶ𝜃 = 3
𝑟𝑎𝑑

𝑠

Additional lecture Example 1.3

Solution: 

Path defined by: 𝑅 2 + 𝑐𝑜𝑠𝜃 = 𝑏

At 𝜃 =
𝜋

2
, 𝑅 = 1𝑚, ሶ𝑅 =

3

2
𝑚/𝑠

Path eqn. derivatives:
𝑑

𝑑𝑡
: ሶ𝑅 2 + 𝑐𝑜𝑠𝜃 + 𝑅 − ሶ𝜃𝑠𝑖𝑛𝜃 = 0

𝑑2

𝑑𝑡2 : ሷ𝑅 2 + 𝑐𝑜𝑠𝜃 + ሶ𝑅 − ሶ𝜃𝑠𝑖𝑛𝜃 + ሶ𝑅 − ሶ𝜃𝑠𝑖𝑛𝜃

+ 𝑅(− ሷ𝜃𝑠𝑖𝑛𝜃) + 𝑅(− ሶ𝜃2𝑐𝑜𝑠𝜃) = 0

Simplify: 2 ሷ𝑅 − 2 ሶ𝑅 ሶ𝜃 = 0

Rearrange and solve: ሷ𝑅 = ሶ𝑅 ሶ𝜃 =
9

2
𝑚/𝑠2

Ƹ𝑒𝑟Ƹ𝑒𝜃
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