One Dimensional
Motion
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+ The motion of an object can be described
mathematically by using equations
showing the displacement, velocity, and
acceleration of an object at a given time.

* We will derive these equations for motion
in one dimension with the assumption that
acceleration is constant.

Aqpg = a = constant




* Notation and assumptions:
* ty =0, so t will represent the final time.
» We will use the x direction for
convenience.

« Position and velocity will be represented
as follows:

* xo,x — initial and final position
* vy, v — initial and final velocity

+ First, we rearrange the equation defining
acceleration.
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* Now, rearrange the equation defining
velocity.
For constant acceleration
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Set the equations equal to each other.
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+ Substitute equation (1) into (2) and solve
for x.
x_xO _Ux0+vx0+axt
t 2
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X — Xy = vx0t+zaxt

1 2
X =X+ vx0t+5axt

+ Solve the equation (1) for time and then
substitute it into equation (2).

¢ Uy — VUxo X — Xo Uxo + Uy
T a, t 2
(x — x0) _ Uxo t Uy
(v — Vx0) x 2

« Simplify and solve for v2.
(Vx + Vx0) (U — Vxo) = 2a5(x — %)

i — V3o = 2a,(x — xo)

‘v,? = vy + 2a,(x — xo)‘

Example 1

A rolling ball starts with a speed of 2.0 m/s
and slows at a constant rate of 0.50 m/s2.
Calculate its velocity after 2.0 s.

Uy = Uy + ayt
vy =2+ (=0.5)2




Example 2

A car accelerates at a constant rate from
15 m/s to 25 m/s while it travels 125 m. How
long does it take to achieve this speed?

v2 = v + 2a,(x — x¢) Uy = Uxo t Gyt
_vi-vi 252 —157 t=vx_va:25_15
BT 2—x) | 2(125) . 16
a, = 1.6m/s?
|

Vertical Motion
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Misconceptions About Falling Objects
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* When air resistance is not a factor, all
objects near Earth’s surface fall with an
acceleration of about 9.8 m/s2.

» Although this value decreases slightly
with increasing altitude, it may be
assumed to be essentially constant.

» The value of 9.8 m/s? is labeled g and is
referred to as the acceleration due to
gravity.

+ Since gravity pulls objects towards the
earth’s surface, this acceleration is
always down (negative).

What happens when a ball is
thrown straight up in the air?

* On its way up, the ball slows down

» The acceleration due to gravity
is in the opposite direction of
the velocity of the ball
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* On its way down, the ball speeds
up
» The acceleration due to gravity is
in the same direction as the
velocity of the ball
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+ What happens to the ball at the very
top of its path?
* |t stops

» What is the acceleration at that point?

« ltis still the acceleration due to
gravity and it is still down

» The direction of the ball is
changing instead of the speed.

v=0 a
@ o
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Example 1

A ball is dropped from a height of 4.0 m.
What is its velocity just before it hits the
ground?

v = V3o + 2ax(x = o)

Uy = /20, x = +/2(—9.8)(—4.0)

\vx =-89 m/s\ or \vx =89m/s down\

+ Graphing the motion.

velocity, v(m/s)

time, t(s)
1

acceleration, a(m/s/s)

Example 2

A ball is thrown straight up in the air with a
velocity of 5.0 m/s from a height of 2.0 m.

a) How high above the ground does the ball
go?

b) How long is the ball in the air?




a) How high above the ground does the ball go?
v2 = vZ; + 2a,(x — x¢)
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b) How long is the ball in the air?

2

X
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X = Xo + Vgt +5axt

1
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49t?2 —5t—2=0
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t= 2049) =13, 31

+ Graphing the motion.
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Straight-line Graph

y=mx+Db

Intercept

N

The position-time graph of an object with
constant velocity (a = 0).
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+ Substituting into the equation of a line
gives

y=mx+b
x =vt+ xg
+ Since velocity is constant 7 = v,

X = Xg + Uyot

Note: This is the equation that
we derived earlier with a = 0.




+ If the acceleration is zero, then a velocity-
time graph is a constant line.
* In this example,

Ax 100 -20

velocity, v(m/s)
B
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time, t(s)

The position-time graph of an object that has
a constant acceleration not equal to zero.
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+ The velocity at any point (instantaneous
velocity) is the slope of the tangent line at
that point.
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+ Calculating the velocity at each point and
plotting it against time gives us a velocity-
time graph.

velocity, v(m/s)

time, t(s)

+ The slope of the graph is the acceleration.

Relative Motion

» Suppose a person is sitting in a train
moving east at 10 m/s.

* If we choose east as the positive direction
and Earth as the reference frame, then
the train has a velocity of 10 m/s east
relative to the earth (vyg).

» Now say the person walks towards the
back of the train (east) at 2 m/s (vpr).

+ This is the velocity relative to the
reference frame of the train.

+ To calculate the passenger’s velocity
relative to the earth (vpg), we add the two
vectors.

vpg = Vrg + Vpr
vpp =10 =2
vpp = 8 m/s east




