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Where's the Pair?
Only two of the shapes below are exactly the same - can you find
the matching pair?
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Mechanics: Shifting to higher dimensions....

von Baeyer

Ø Perhaps for a ball confined to a track, 
a one-spatial-dimensional (1-D) 
description is sufficient....

Ø ... but for the 
cannonball, a higher 
dimensionality is needed 
(e.g., both horizontal and 
vertical position matters)
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Niccolò Tartaglia (1499-1557)

Question: What angle of elevation would a 
cannon achieve its greatest range? 

“Tartaglia’s correct theoretical answer of 45o

surprised the experts; they thought it would be 
smaller [...] but he refrained from publication. The 
reason for his diffidence is highly creditable: He 
felt it would be immoral to use science to help 
[soliders] slaughter [soliders] more efficiently” 

von Baeyer

à As we will see later on, 45o is 
not technically correct for “real” 
cannonballs....
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Review: Vector Representations

Ø Vectors are very useful for representing various physical quantities....

Wolfson

Position, 
velocity, 
acceleration

Forces



Review: Vector Components & Unit Vectors

Ø Choose a coordinate system (such 
provides a key frame of reference)

Wolfson

Knight

à Cartesian system is a good starting 
choice for 2-D problems

Note: 3-D pictures can 
appear a bit crowded



Ø Unit vectors stem directly from the 
chosen frame and allow a compact 
way to express vectors via 
components

Ø “Components” can be vectors or 
scalars combined w/ the unit vectors

Knight

Review: Vector Components & Unit Vectors



To summarize:
[2-D] Two pieces of information can be 
expressed in different ways:
• x—y coordinates
• magnitude & direction (i.e., phase)
• component vectors
• components tied to unit vectors

Knight

A dummy’s guide to “component vectors”:

Review: Vector Components & Unit Vectors
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Connecting Vectors to Mechanics

Wolfson

à Obvious implication here is that 
our "vector math" also needs to 
include vector calculus



Ex.

Knight

A classic example: “Maria” riding a Ferris wheel

George Washington Gale Ferris Jr.
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Fowles & Cassidy

Ex./Review: Projectile Motion

Niccolò Tartaglia (1499-1557)

“Tartaglia’s correct theoretical answer of 45o

surprised the experts; they thought it would be 

smaller [...] but he refrained from publication. The 

reason for his diffidence is highly creditable: He 
felt it would be immoral to use science to help 

[soliders] slaughter [soliders] more efficiently” 



Ex./Review: Projectile Motion

Knight

Vector representation of the problem

Breaking it up into components

Two Approaches we could take:
1) Pair of 1-D calculations
2) Vector calculation
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Wolfson

à Practice these sorts of  “projectile motion” problems, keeping 
careful track of what assumptions are stated (or need to be presumed!)



Projectile Motion

A harder problem: What happens if there is “drag” (i.e., air resistance)?
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Ex.

Shaskol’Skaya & El’Tsin (1963)



Ex. (SOL)

Knight (2013)

Shaskol’Skaya & El’Tsin (1963)


