Motion In a Plane

Readings: Chapter 4



Kinematics in Two Dimensions
Average velocity: vV —A—F
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Kinematics in Two Dimensions:

Instantaneous Velocity

The instantaneous Point B moves closer
velocity v is tangent  to point A as Ar — 0.
to the curve at A. "
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As Ar — 0, A¥ becomes

tangent to the curve at A.
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Kinematics in Two Dimensions

~Don't confuse these two graphs! ..,

.
Position-versus-time graph

]

The value of the
velocity v 1s the

-

(motion along aline)

slope of the curve.
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Trajectory

'I.._.'

The direction of the
velocity 18 tangent
to the curve.
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Kinematics in Two Dimensions:
Instantaneous Acceleration

Average acceleration:

y v )
b 5 AV
Instantaneous acceleration:
L AV
a=——
At At—0

Average
acceleration




Kinematics in Two Dimensions: Instantaneous Acceleration

Motion along a line: acceleration results in change of speed (the
magnitude of velocity)

Motion in a plane: acceleration can change the speed (the
magnitude of velocity) and the direction of velocity.

The parallel
component results in

a change of speed. ,
: Instantaneous velocity
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/ The perpendicular
Instantaneous component results in
acceleration a change of direction.
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3. The acceleration
vector points in the
direction of Av.

2. Both speed and direction ~
" are changing. a has components a,
parallel and perpendicular to v. G g

: da

1. On the straight sections,
“** where only the speed changes,
a 1s parallel or opposite to v.

5. Only the direction is changing ...
at this point, not the speed. Thus 4. The acceleration vector can
a 1s perpendicular to v, be decomposed into @ and a .



under the influence of only the gravitational force.

A Projectile is an object that moves in two dimensions (in a plane)
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A Projectile is an object that moves in two dimensions with free fall

acceleration
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a, = O - motion along x-axis — with zero acceleration — constant velocity

v, = constant

M - motion along y-axis — free fall motion with
y "~ g? constant acceleration

w

V. =v.Ccosf
1.X 1




Example: Find the distance AB

v, =constant=v, , =V, cosé X=v; t=vtcosd

m -
a,=-g=-98 v, =V, — gt vV, =V;siné

PointA- Y =Y,=0
2

. — AB
PointB- y. =Yy, =0 then Y =Vi,tas—9-" Vi A

2
. 2Viy _2v;sing
AB
g g
then

Xpg = Vil,5 COSH =

X AT
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=—Lsin@cosf = VE‘sin 20
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y (m) Launch angles of 6 and
500 - 750 U —? give the same range.
400 - I.':.. :

!  Maximum range
300 - s achieved at 45°.
200 -
100 - . 750
' —x (m)

0\ 200 400 600 800 1000
v, = 99 m/s
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Motion in a Circle
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Kinematics in Two Dimensions: Uniform Circular Motion:
Motion with Constant Speed

The speed (magnitude of velocity) is the same

The velocity is tangent to the
_circle. The velocity vectors
© are all the same length.

Period:

_I_=27zr

Vv
y v The position of the particle is characterized by

angle (or by arc length)
Particle
piclength Arclength: S=1r6
Angular : s
position - ) where angle 9 IS in RADIANS
O|™ Center of * 3600
circular motion 1rad = = 5730 13
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Example:

What is the arc length for 8 =45",90°,10° if r=1m

! 45° = 45° 2”0 rad =~ rad = 0.78 rad
360 4

LN 90° = 90° 2”0 rad =~ rad = 1.57 rad
Arc length 360 2

posiion- S 10° =10° 2”0 rad = -— rad = 0.174 rad
0 360 18
O|™ Center of *
circular motion
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Kinematics in Two Dimensions: Uniform Circular Motion:
Motion with Constant Speed

The speed (magnitude of velocity) is the same S =Vt
The velocity is tangent to the
.circle. The velocity vectors
“" are all the same length. e —_ a)t
' Vv 27y
W =— T=—
r Vv
Then
27
= ——
T
Particle
Arc length
Angular r s
position
0
X
O | ™ Center of
circular motion 15




. . . - 272'
Uniform Circular Motion S=Vi w=——
-
y
V
»=—
Particle I
S Arc length e = a)t
Angular 4 s

position 3
7}
%
O™ Center of 0el /\ /\ /\ /\ /\ /
circular motion
Then | | | | |

X =1rcosé =rcos(wt)

—
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y=rsin@ =rsin(wt) o

X* +y? =r’sin’(wt) +r’cos’(mt)=r° o \j \/ \/ v v
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w 18 positive for a

counterclockwise rotation. 6 = a)t
0 (rad)
67 @ <0
@ >0
471
@ =0
27T -
0 I | | 1 | | t(S)
0 1 2 3 4 5 6
: g & w (rad/s)
w 1s negative lor a
clockwise rotation. 2ar ]
; |
7 I
[
Particle [
Arc length 0 I I I I I —1(8)
) 1 2 3 4 5 6
Angular \s I l
Eesens , Positive angle T ' '
X
O™ Center of
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Uniform Circular Motion: Acceleration

_ AV . Ar
a=— V=—o
At At—0 At At—0
AT, =V, At
AT, =V, At
-_V,-V, _ AL -AT
At (At)?

Direction of acceleration is the same as
direction of vector (toward the center)

CB = AF, — A
The magnitude of acceleration:
CB Arg Ar(r-2a) Arf vAtwAt V°

a= = = = = =V
(At)>  (At)’ (At)? (At)®  (At)? ris



Uniform Circular Motion: Acceleration @ =

= | <

The instantaneous
velocity v is perpendicular
centripetal acceleration to a at all points.

The magnitude of acceleration:
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