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Changing unitsChanging units
ChainChain--link link conversion conversion -- an example:an example:

1 mintherefore 1
60 sec

=
60 secor 1
1 min

=

1 minute = 60 seconds

Note: this does not imply 60 = 1, or 1/60 = 1!Note: this does not imply 60 = 1, or 1/60 = 1!

2 min ( ) ( )2 min 1= × ( ) 60 s2 min
1 min
⎛ ⎞

= ×⎜ ⎟
⎝ ⎠

120 s=
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Constant acceleration formulaeConstant acceleration formulae
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Components of vectorsComponents of vectors

cos

sin

x

y

a a

a a

θ

θ

=

=

Resolving vector componentsResolving vector components

The inverse processThe inverse process
2 2
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x y
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Unit vectorsUnit vectors
, and  are unit veˆ ˆ ˆi j k ctors

They have length equal to unity, and They have length equal to unity, and 
they point respectively along the they point respectively along the xx, , yy
and and zz axes of a axes of a right handed orthogonal right handed orthogonal 
coordinate systemcoordinate system

ˆ ˆi jx ya a a= +

ˆ ˆi jx yb b b= +

Note: Note: θθ is always measured in a right is always measured in a right 
handed sense around the handed sense around the zz--axis.axis.



The scalar product, or dot productThe scalar product, or dot product
cosa b ab φ⋅ =

( )( cos ) ( cos )( )

cos cos( )

a b a b

a b b a

φ φ

φ φ

=

= −

⇒ ⋅ = ⋅

••They scalar product represents the product of the They scalar product represents the product of the 
magnitude of one vector and the component of the magnitude of one vector and the component of the 
second vector along the direction of the firstsecond vector along the direction of the first

If 0 , then o a b abφ = ⋅ =

If 90 , then 0o a bφ = ⋅ =



The scalar product in component formThe scalar product in component form

( ) ( )ˆ ˆ ˆ ˆ ˆ ˆi j k i j kx y z x y za b a a a b b b⋅ = + + ⋅ + +

x x y y z za b a b a b a b⋅ = + +

Because:Because:

ˆ ˆ ˆ ˆ ˆ ˆi i j j k k 1

ˆ ˆ ˆ ˆ ˆ ˆi j j k k i 0

⋅ = ⋅ = ⋅ =

⋅ = ⋅ = ⋅ =

This is the property of This is the property of orthogonalityorthogonality



The vector product, or cross productThe vector product, or cross product
, where sina b c c ab φ× = =

( )a b b a× = − ×

Direction of  to both  and c a b⊥

ˆ ˆ ˆ ˆ ˆ ˆi i j j k k 0

ˆ ˆ ˆ ˆ ˆ ˆi j k j i k

ˆ ˆ ˆ ˆ ˆ ˆj k i k j i

ˆ ˆ ˆ ˆ ˆ ˆk i j i k j

× = × = × =

× = × = −

× = × = −

× = × = −



î

ĵk̂ j
+ve

î

ĵk̂ j
-ve

( ) ( )ˆ ˆ ˆ ˆ ˆ ˆi j k i j kx y z x y za b a a a b b b× = + + × + +

( )ˆ ˆ ˆ ˆ ˆi j i j kx y x y x ya b a b a b× = × =

( ) ( ) ( )ˆ ˆ ˆi j ky z y z z x z x x y y xa b a b b a a b b a a b a b× = − + − + −
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sin 2 4 24
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=

− = − −
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Projectile equations of motionProjectile equations of motion



Uniform circular motionUniform circular motion

••Although Although vv does not change, the does not change, the 
direction of the motion does, direction of the motion does, i.e.i.e. the the 
velocity (a vector) changes.velocity (a vector) changes.
••Thus, there is an acceleration Thus, there is an acceleration 
associated with the motion.associated with the motion.
••We call this a centripetal We call this a centripetal 
acceleration.acceleration.

2 2Acceleration: Period:v ra T
r v

π
= =

••Since Since vv does not change, the acceleration must be does not change, the acceleration must be 
perpendicular to the velocity.perpendicular to the velocity.



cos sin

ˆ ˆi j

p p

p p

x r y r

r x y

θ θ= =

= +

sin cos

ˆ ˆ ˆ ˆi j i j

x y

p p
x y

v v v v

vy vx
v v v

r r

θ θ= − =

⎛ ⎞ ⎛ ⎞
= + = − +⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠

Analyzing the motionAnalyzing the motion



AccelerationAcceleration

2 2

ˆ ˆi j

ˆ ˆ= i j

ˆ ˆ= cos i sin j

p p

y x

dy dxdv v va
dt r dt r dt

v vv v
r r

v v
r r

θ θ

⎛ ⎞ ⎛ ⎞
= = − +⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠

⎛ ⎞ ⎛ ⎞− +⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

⎛ ⎞ ⎛ ⎞
− + −⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠

ˆ ˆ ˆ ˆi j i j; sin cosp p
x y x y

vy vx
v v v v v v v

r r
θ θ

⎡ ⎤⎛ ⎞ ⎛ ⎞
= + = − + = − =⎢ ⎥⎜ ⎟ ⎜ ⎟

⎝ ⎠ ⎝ ⎠⎣ ⎦

( ) ( )
2 2

2 22 2 cos sinx y
v va a a
r r

θ θ= + = + =



Relative motionRelative motion

PA PB BAr r r= +

PA PB BA
PA PB BA

dr dr drv v v
dt dt dt

= = + = +

PA PB BA
PA PB

dv dv dva a
dt dt dt

= = + =

Position:Position:

Velocity:Velocity:

Acceleration:Acceleration:


