Free Fall Acceleration

* One main reason we focus on uniform acceleration:
Earth gravity provides a constant acceleration.

* Free-fall 1s the most 1mportant case of constant
acceleration. Magnitude: |a| = g = 9.8 m/s?

* Direction: always downward, so a, 1s negative if we
define “up” as positive, a; = —g = —9.8 m/s?

* Free-fall 1s independent of mass.

* Try to pick origin so that y; = 0, and use the previously ,— v,+at Ax=v +Liar’
derived equations, we get:

- 2 Begin with t, =0, vy =0, y, = 0
V=v,—8f y—y, =Vt 58 so 1 = 2y/g same for any objects.
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An apple falls from the apple tree, and it strikes the ground in 1.0 s.
You may ignore air resistance, what is the height of the apple on the
tree? What 1s the magnitude of the apple’s velocity just before it
reached the ground? |a| = g = 10.0 m/s?

Example:

Q1: What quantities are given, and which are unknown?
Given quantities Unknow quantities
g =10 m/s? t=1.0s v =7m/s y=7m
vy = 0m/s Yo =0m
Q2: Draw a diagram?

1
v=y,— gl —y =vit——gt’
Q3: Choose the appropriate kinematic equation? 078 IV =V 2 &

Q4: Solve unknown quantity? v =0-(10)x1= - 10 m/s
y-0=0x1-05%(10)x12= - 5m
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Up-And-Down Motion 1n Free Fall (Basic)

On rooftop of Tiernan Hall (20 m tall) I throw an apple upward with an initial speed of 15.0 m/s.

a) The time needed for the apple to reach its maximum height? y (m)

Before t = 1.53 s the
. . . 15 :ballmovcs upward.
Q1: What quantities are given, and which are unknown? 10 | /TN After = 153
.. | the ball moves
Given quantities Unknow quantities S/ 1\ downward
0 11 1 | t(S)
g=10m/sz v0=+15m/s f =9 y =7 1 2 3\ 4
_5 s
Yy =0m v =29 ok
Q2: Meaning of maximum height? v =0 ~15 -
_20 -

Q3: Draw a diagram?

Q4: Choose the appropriate kinematic equation? v=v,—gf y—y, =vt _% ot

Use v=v,—gt, 0 m/s =15 m/s — (10 m/s?)x¢, we get t = 1.5 s.
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Up-And-Down Motion 1n Free Fall (Basic)

On rooftop of Tiernan Hall (20 m tall) I throw an apple upward with an 1nitial speed of 15.0
m/s.

a) The maximum height?

Given quantities Unknow quantities
g=10m/s* v, =+15m/s y =7
Yy =0m v=20 t=1.5

Q4: Choose the appropriate kinematic equation? v=v,—gf y—y, =vt —; at’

Use y-y,= vyt — (1/2)gt?, y = (15 m/s)*(1.5 s) — 0.5%(10 m/s?)x(1.5 s)?,
we gety=11.25 m.
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Physics 111: Mechanics
Chapter 3

Junjie Yang
Department of Physics, NJIT
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Summary: 1D motion

Kinematic variables in one dimension

v" Position x(2) m L
v" Velocity v(?) m/s L/T
v" Acceleration a(?) m/s? L/T?

v" All depend on time
v" All are vectors: magnitude and direction vector

Equations for motion with constant acceleration: missing quantities
4 v=vy+at X — X
4 x—x0=v0t+%at2 v
4 v? = v¢ + 2a(x — x,) t
v x—x0=%(v+v0)t a
4 x—x0=vt—%at2 Vo
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2D & 3D motion

* If an object 1s going around a
curve, 1s 1t accelerating?

* We need to extend our
description of motion to two
and three dimensions.

¥ The component vectors of A
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Motion in 2D and 3D

 Kinematic variables in one dimension

v" Position: x(t) m o
v" Velocity: v(t) m/s x
v" Acceleration: a(t) m/s?
* Kinematic variables 1n three dimensions ,
v" Position: r(t) = xi + yj + zk m jl
v" Velocity: v(t) = v i+ v,j+ v,k m o J\
v' Acceleration: a(t) = a,i+ a,j+ a,k  m/s? ik
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Position and Displacement

Positive direction

. . )
 In one dimension —
Negative direction
. Y | | | | | L x (m)
Ax = xf(tf) — x;(t;) S 2 -1 0 1 2 3
Ol'ig'illJ
* In two or three dimension ——
y QSI[IOT]E\ ime f:
v" Position: the position of an object is *Pog”

described by its position vector 7(t)
always points to particle from origin.

\
I Displacement

v!....vector AF points

from P, to P5.

v' Displacement: A7 = 77 (¢t) — 7 (¢;) a4

- %,

7’ wn at tlmC I]
/

| X
Particle’s path
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Average velocity

* The average velocity between two points Av X, —x
is the displacement divided by the time T A
interval between the two points.

Ar  Axi+ Ayj + Azk

Yav = Ap At

= _Ar
vav‘&r

—_—

Displacement
vector Ar points
from P, to P.

= —1+ _] T —] = vav,xi + Ugy, J +vav,zk

-~

|

* The average velocity has the same
X
Particle’s path

direction as the displacement
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Instantaneous velocity

The instantaneous velocity 1s the instantaneous rate

of change of position vector with respect to time

. . Ar dr
V= A ar T
The component of the instantaneous velocity are
by
Xoode? Y de’ F dt

The instantaneous velocity of a particle is
always tangent to its path.

The instantaneous velocity vector U

y 1s always tangent to the path.

Particle’s path in
the xy-plane

X

O| v anduv, are the x- and y-
components of v.
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Average acceleration

e The average acceleration: the velocity change Av divided by time interval At
v, —V; Av

aav

t,—t, At

2%}
__.--""'—>

’ This car accelerates by slowing
while rounding a curve. (Its By
instantaneous velocity changes in /

: . ; 1 #
both mdgn]mde and direction.) To find the car’s average acceleration between

P, and P,, we first find the change in velocity ] I -‘[_ _— om——
; - e , ; he average acceleration has the same direction
Av by subtracting v, from v,. (Notice that ey " b .
o, + AG = B,.) as the change in velocity, Av.
1 = ¥y
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Instantaneous acceleration

The instantaneous acceleration 1s the
instantaneous rate of change of the velocity
with respect to time.

Any particle following a curved path is
accelerating, even if it has constant speed.

The component of the instantaneous
acceleration are

__dvy _dvy __dvy,
Qe =g W T 3 42 = 1

(a) Acceleration: curved trajectory

To find the instantaneous T, -
acceleration P, ki

s —

a at_P1 v, P2

7 ... we take the limit of @,
"... as P, approaches P, ...

———
PV

. .- Acceleration points to

*  concave side of path.
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Example: The motion diagram shows an object moving along a
curved path at constant speed. At which of the points 4,
C, and £ does the object have zero acceleration?

A. point A only

lzfpoint C only
C. point £ only

D. points 4 and C only
E. pomnts 4, C, and £
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Direction of the acceleration vector

* The direction of the acceleration vector depends on whether the
speed 1s constant, increasing, or decreasing.

(@) When speed is constant along a curved
path ...

... acceleration is
205, normal to the path.

Normal at P

(b) When speed is increasing along a curved
path ...

... acceleration points
ahead of the normal.

(c) When speed is decreasing along a curved
path ...

... acceleration points
behind the normal.

Normal at P
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Direction of the acceleration vector

* Another useful way to think about instantaneous
acceleration 1s in terms of component parallel
or perpendicular to the velocity.

* Parallel component tells us about changes in the
particle’s magnitude of velocity.

* Perpendicular component tells us about
changes in the particle’s direction of motion.

(a) Acceleration parallel to velocity
Changes only magnitude Ag

of velocity: speed changes;

direction doesn’t.

<_|

© 2012 Pearson Education, Inc

(b) Acceleration perpendicular to velocity

Changes only direction of S Av
velocity: particle follows
curved path at constant
speed.

Component of
a parallel to

the path ™ A

a [ Normal to

%

: path at P
Component of a
perpendicular to the path

© 2012 Pearson



EXample: This 111.ustrat10n. shqws the path of a robotic vehicle, or rover.
What i1s the direction of the rover’s average acceleration
vector for the time interval fromt=0.0sto r=2.0 s?

A _.up and to the left
ey

B. up and to the right
C. down and to the left

1.0 Rover’ h .
‘S D. down and to the right
0.5 | TA
) \
"[/ =Eoe E. none of the above
| x (m)

0 0.5 1.0 1l 2D
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Example: Calculating Average Velocity

A rover 1s exploring the surface of Mars, which we represent as a point. It has x- and y-
coordinates that vary with time:

x =2.0m — (0.25m/s?)t?
y = (1.0 m/s)t + (0.025 m/s3)t3
Find the displacement and average velocity vectors for the interval t=0.0 sto 1= 2.0 s.

Q1: Definition of displacement and average velocity?
Ar

-_— -_

By = 7= AF = 7, — 7y = (0.0 m)i + (0.2 m)j

Q2: Vectors of ry and 7,? 1o = (2.0 m)i + (0.0 m)j r, = (1L.0m)i + (2.2 m)j
LA (—10m)i+ (22m)jf

Vav = 7Ar = 2s —0s

= (—-05m/s)i+ (1.1m/s)j
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Example: Calculating Instantaneous Velocity

 Find a general expression for the rover’s x =2.0m — (0.25m/s?)t?
instantaneous velocity vector v. y = (1.0 m/s)t + (0.025 m/s3)t3
dx , _
Uy = = —(0.25 m/s?)(2t) U =1l +1v,]
dy ,
vy =— =10m/s+ (0.025 m/s%)(3t?)
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Example: Calculating Instantaneous Velocity

* What is the rover’s instantaneous velocity at 1 =2 s x = 2.0m — (0.25m/s?)¢t?

(magnitude and direction, angle to +x)? y = (1.0 m/s)t + (0.025 m/s3)¢t3
dx
Uy = oo = —(0.25 m/s?)(2t)
dy 3\ (32
vy =—-=10m/s+ (0.025 m/s%)(3t?)

v(t=25)=(-1.0m/s)i+ (1.3 m/s)j

v = /(=10 m/s)2+(1.3 m/s)? = 1.64 m/s tand = vy, /vy = —1.3

6 = 128°
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