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“Never confuse motion with action.”
- Benjamin Franklin

David J. Starling
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Generalize to 3D

Position, displacement, velocity and acceleration

can be generalized to 3D using vectors.

x(1) = (1) = x(0)i + y(2)] + z(t)k
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Generalize to 3D

Position, displacement, velocity and acceleration

Projectile Motion

can be generalized to 3D using vectors. Uniform Circular Motion

Relative Motion

x(f) — 7(t) = x(0)i + y(1)] + z(0)k
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Generalize to 3D

Position, displacement, velocity and acceleration

can be generalized to 3D using vectors.

) ) = (0 + (0 + 0k

Ax — AF = F(1) — (1)
1) = Tagl) = 5

V)0 = D 0 0]+ ek
Aag(1) = Gang(t) = i—f

a) > ) =L = avi+ o)+ a0k
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Generalize to 3D

We can also generalize two of our constant

acceleration equations.

v(t) = vo + at — V(1) = Vo + at

1 1
x(t) = xo + vot + Eatz — F(t) = 7o + Vot + 55’2
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Generalize to 3D

Projectile Motion

We can also generalize two of our constant Uniform Circular Motion

] ] Relative Moti
acceleratlon equal’lons‘ elative Motion

v(t) = vo + at — V(1) =V +at
1 1
x(t) = xo + vot + Eatz — F(t) = 7o + Vot + 55’2
— v = V%,x + 2a,Ax
— Vv, = Vay + 2a,Ay

-V = v&z + 2a;Az
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Lecture Question 4.1 Relative Motion
When an object is thrown (ignoring air drag), after it has left

the thrower’s hand,

(a) vy and v, are constant.

(b) v, and v, change with time.

(¢) v, changes with time but vy is constant.

(d) v, is constant but v, changes with time.
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Projectile Motion

Projectile motion is a very common example of
2D motion where objects move under the

influence of gravity.

This ball is also rotating — we’ll get to that later (Ch 10).
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Projectile Motion

In projectile motion, the acceleration in the

horizontal direction is 0 7/s>.
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Projectile Motion

In projectile motion, the acceleration in the

horizontal direction is 0 7/s>.

If we pick +x as right, a, = 0 m/s>.
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Projectile Motion

In projectile motion, the acceleration in the

vertical direction is g = 9.81 m/s”.
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Projectile Motion

In projectile motion, the acceleration in the

vertical direction is g = 9.81 m/s”.

If we pick +y asup, a, = —9.8 m/s?.
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Y Vertical motion + Horizontal motion =» Projectile motion
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Y Vertical motion + Horizontal motion =» Projectile motion
_—— This vertical motion plus 7
_—""~this horizontal motion 7
" / Wrracieee tie proiactie metionl— =2 Launch velocity
L / produces this projectile motion. — Wt
‘m‘ Verticalvelocity  / | [
6 Lounch andle
9 _a .\ | Launch angle )
4 0 ‘ Vox <)| Yoz
Lanch Launch

We use our standard equations:
L
x(t) = xo+vout+ Eaxt

1
y(t) = yo+vout+ ed

2




Projectile Motion

Lecture Question 4.2

A bullet is aimed at a target on the wall a distance L away
from the firing position and the bullet strikes the wall a
distance Ay below the mark. If the distance L was half as
large, and the bullet had the same initial velocity, how
would Ay change?

Target

Bullet\ /

() Ay = 2Ay
(b) Ay — 4Ay
(c) Ay — Ay/2
(d) Ay — Ay/4

(e) Need more information.
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Uniform Circular Motion

An object is in uniform circular motion when its

speed is constant and it travels in a circle.

The speed of
the particle is
constant

Uniform

circular
motion

A particle
travels around
a
circle/circular
arc
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Uniform Circular Motion

An object moving in a circle experiences
acceleration (even if it’s moving at constant

speed!).
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Uniform Circular Motion

An object moving in a circle experiences
acceleration (even if it’s moving at constant
speed!).

The acceleration vector

always points toward the
center.

The velocity \‘;

vector is always
tangent to the path.
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Uniform Circular Motion and 3D

Generalize to 3D

An object moving in a circle experiences

Projectile Motion

acceleration (even if it’s moving at constant

Uniform Circular Motion
Speed/). Relative Motion

The acceleration vector
always points toward the
center.

The velocity \‘;

vector is always
tangent to the path.

If the object moves faster, should the acceleration be larger
or smaller?




Uniform Circular Motion

For uniform circular motion, we can find the
centripetal acceleration a, using geometry and

calculus.
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Uniform Circular Motion

For uniform circular motion, we can find the

centripetal acceleration a, using geometry and

calculus.
¥ ¥ ¥
v v
\%l w: ﬂl\l
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Uniform Circular Motion

For uniform circular motion, we can find the

centripetal acceleration a, using geometry and

calculus.
¥ ¥ y
v v
\%l w: ﬂl\l
Ve 1w
'/4\\9 x x -
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Uniform Circular Motion

For uniform circular motion, we can find the

centripetal acceleration a, using geometry and

calculus.
¥ ¥ y
v v
\%l ‘:\ 9[\‘
' y 1w
/\\9 X x -
Vo= vty

— [—vsin(8)]i + [veos(9)]j
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Uniform Circular Motion

For uniform circular motion, we can find the

centripetal acceleration a, using geometry and

calculus.
¥ ¥ y
v v
\ﬂ V: 9[\‘
' y 1w
'\\B X x -
Vo= vty

— [—vsin(8)]i + [veos(9)]j

- (i)
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Uniform Circular Motion

For uniform circular motion, we can find the

centripetal acceleration a, using geometry and

calculus.
¥ ¥ y
v v
\ﬂ ti 9[
1w
fa . -

<!

QU

vxi + vy}'

[—vsin(8)]i 4 [vcos()]j
()i (5

av

dr
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Uniform Circular Motion

x
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Uniform Circular Motion

¥ y ¥
v v
A alvy
) a,
/ Vx
v/ a
’ y Lo la

{
QN
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Uniform Circular Motion and 3D

y ¥ ¥
v 9 Generalize to 3D
a s n
T, - Projectile Motion
7 x
’ a i ~ .
4: y Lo 1O Uniform Circular Motion
/\\9 T
- x x x Relative Motion

Vo= (i)
av

- v 4 A
a = EZ;(—vyl-i-VX])

y




Uniform Circular Motion

¥ y ¥

7 7

v\%l v: 9[

4 o
- av % ( 4 + A.)
a — — Vyl v

dt r ) +

a az +a?
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Uniform Circular Motion and 3D

¥ y y
v 9 Generalize to 3D
¥ & Projectile Motion
7 x
}") ¥ ." @ D Uniform Circular Motion
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' \\.r * * * Relative Motion
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Lecture Question 4.3

Uniform Circular Motion

A steel ball is whirled on the end of a chain in a horizontal Relative Motion
circle of radius R with a constant period 7. If the radius of
the circle is then reduced to 0.75R, while the period remains

T, what happens to the centripetal acceleration of the ball?

(a) Centripetal acceleration increases.
(b) Centripetal acceleration decrease.
(c) Centripetal acceleration stays the same.

(d) Not enough information.




Relative Motion

The velocity of an object depends on the reference

Jframe from which it is measured.

y y
Frame A Frame B
Qr
Vpa  PB _
T = T X x

XBA XPA =XpR+ XpA
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Relative Motion

The velocity of an object depends on the reference

Jframe from which it is measured.

y y
Frame A Frame B
Qr
Vpa  PB _
T = T X x
ABA XpA=Xpp+ XpA

» frame A (Alice) is stationary

» frame B (Bob) moves with some constant velocity

> object P (Parakeet) is measured
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Frame A Frame I Uniform Circular Motion
0 r Relative Motion
xpp
1

— x
T x

‘.‘M XpA=Xpp+ Xpa

v *I

> Xxpa: position of Bob relative to Alice
> xpp: position of Parakeet relative to Bob

> Xxpy: position of Parakeet relative to Alice
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1

— x
T x

‘.‘M XpA=Xpp+ Xpa

v *I

> Xxpa: position of Bob relative to Alice
> xpp: position of Parakeet relative to Bob

> Xxpy: position of Parakeet relative to Alice

XpA = Xpp -+ XBA
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1

— x
T x

‘.‘M XpA=Xpp+ Xpa

v *I

> Xxpa: position of Bob relative to Alice
> xpp: position of Parakeet relative to Bob

> Xxpy: position of Parakeet relative to Alice

XpA = Xpp -+ XBA

vpA = Vpp+ Vg
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Frame A Frame I Uniform Circular Motion
0 r Relative Motion
xpp
1

X
T x
‘.‘M XpA =Xpp+ Xpy

v *I

> Xxpa: position of Bob relative to Alice
> xpp: position of Parakeet relative to Bob

> Xxpy: position of Parakeet relative to Alice

XpA = Xpp+ XBA
VPA = VPB T VBA

apy = app+apa




Chapter 4 - Motion in 2D

Relative Motion and 3D

Generalize to 3D

Projectile Motion

Uniform Circular Motion

Relative Motion

Frame A

> Fga: position of Bob relative to Alice
> Fpg: position of Parakeet relative to Bob

> 7ps: position of Parakeet relative to Alice
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> Fga: position of Bob relative to Alice
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> 7ps: position of Parakeet relative to Alice

rpa = Trpp+7Fpa
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Frame A

> Fga: position of Bob relative to Alice

> Fpg: position of Parakeet relative to Bob

> 7ps: position of Parakeet relative to Alice
Fpa = Tpp+Tpa

VvpA = Vpp+Vpa
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Frame A

> Fga: position of Bob relative to Alice

> Fpg: position of Parakeet relative to Bob

> 7ps: position of Parakeet relative to Alice
Fpa = Tpp+Tpa

VPR + Vpa

7\

dpa = dapp+dpa
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