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' Chapter 2 - Motion in1 D

Chapter Outline:

1- Position and Displacement

2- Velocity

3- Acceleration

4- Motion of objects traveling with Constant

Acceleration
5- Free Falling Objects
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- 2.1 Position, Velocity, and Speed:

A particle’s position x is the location of the particle with respect to a chosen
reference point that we can consider to be the origin.
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- 2.1 Position, Velocity, and Speed:

TABLE 2.1

« The table gives the actual data  pigition of the Car

collected during the motion of the  at Various Times

object (car) Position t(s) x (m)
® 0 30

 Positive is defined as being to the 10 59
right © =l 38
® 30 0

® 40 —37

® 50 —53
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- 2.1 Position, Velocity, and Spged:_

The displacement Ax of a particle is defined as its change in position in some time interval. As

the particle moves from an initial position x; to a final position x; , its displacement is given by
Ax = xp — x; (D

* We use the capital Greek letter delta (A) to denote the change in a quantity.

* Ax is positive if x; is greater than x;.

* Axisnegative if x¢is less than x;.

Sl units are meters (m)

» Displacement is an example of a vector quantity.

* we use positive(+) and negative (-) signs to indicate vector direction. For example, for
horizontal motion the right is the positive direction. It follows that any object always moving

to the right undergoes a positive displacement Ax>0
» Any object moving to the left undergoes a negative displacement so that Ax<0.
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- 2.1 Position, Velocity, and Speed:

The average velocity v, 4,,,0f a particle is defined as the particle’s displacement

Axdivided by the time interval Atduring which that displacement occurs:
Ax
Vx,avg = At (2)

The average speed v,,,, of a particle, a scalar quantity, is defined as the total distance
dtraveled divided by the total time interval required to travel that distance:

_d
vavg = E (3)
The SI unit of average speed is the same as the unit of average velocity: meters per

second.
Unlike average velocity, however, average speed has no direction and is always expressed
as a positive number.
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Example

Examplel
Aparticle at t1 =-2.0sis at x1=3.4 cm and at t2 = 4.5 s is at x2= 8.5 cm. What is its average
velocity? Can you calculate its average speed from these data?

Example 2

An airplane travels 3100 km at a speed of 790 km/h and then encounters a tailwind that boosts its
speed to 990 km/h for the next 2800 km. What was the total time for the trip?

What was the average speed of the plane for this trip?
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2.2 Instantaneous Velocity and Speed':

* The instantaneous velocity is the velocity of an object at some instant or at a specific point
in the object’s path.

* The instantaneous velocity at a given time can be determined by measuring the slope of the
line that is tangent to that point on the position-versus-time graph.

The instantaneous velocity v, is .

. Ax dx
v, = lim ==—= 4
x At—0 At dt ( )

The instantaneous velocity can be positive, negative, or zero. (.
The instantaneous speed of a particle is defined as the
magnitude of its instantaneous velocity.

v
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2.2 Instantaneous Velocity and Speed.:

A particle moves along the xaxis. Its x coordinate varies with time according to the expression x= -4f +2¢., where x
is in meters and ¢is in seconds. The position—time graph for this motion is shown in the Figure. Note that the particle
moves in the negative x direction for the first second of motion, is at rest at the moment ¢ =1 s, and moves in the
positive x direction for £ >1 s.

(a) Determine the displacement of the particle in the time intervals f=0to f=1sand f=1sto t=3s.

(b) Calculate the average velocity during these two time intervals. o

(c) Find the instantaneous velocity of the particle at £ =2.5 s. 10

&

(]

Slope = 4m /s )]
Slope =-2m/s
® / e

b L s}
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2
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Particle Under Constant \elocity

If the velocity of a particle is constant, its instantaneous velocity at any
instant during a time interval is the same as the average velocity over
the interval. That is, v, = vy gyg.

Therefore, Equation (2) gives us an equation to be used in the
mathematical representation of this situation:

Ax
Uy = E (6)
Remembering thatAx = x; — x;, we see that v,= (x; — x;)/At, or

Xp = X + VAt
In practice, we usually choose the time at the beginning of the interval
to be ¢; = 0 and the time at the end of the interval to be ¢t = ¢, so our
equation becomes

Xp = X; + Uyt (7)
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2 3 Acceleration:

The average acceleration of the particleis defined as the change in
velocity nv . divided by the time interval At during which that change

occurs:
Av,
Gam = 5

Uy Vs

-t

As with velocity, when the motion being analyzed is one dimensional,
we can use positive and negative signs to indicate the direction of the

acceleration. g =5

v =0 Acceleration

Em'h

= i

atr=1.0s
v = 15kmfh
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deceleration
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negative
acceleration

speeding up ()

Sloveng down (-)

+ velocity

+a

- velocity

-a

When the object’s velocity and acceleration are in the same direction, the object is speeding
up. On the other hand, when the object’s velocity and acceleration are in opposite directions,
the object is slowing down.
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2.3 Acceleration:

the instantaneous acceleration as the limit of N\

- [ 4 i
the average acceleration as At approaches zero:. | * \®

The acceleration at any time

equals the slope of the line
,&.‘U dﬂ tangent to the curve of o,
a. = lim fd — L wversus { at that dme.
x ey,
Arsa At dt 7
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2.3 Acceleration.

Example 2.6

Average and Instantaneous Acceleration

Tﬁet:zlmh’m::.@iscqualln
the slope of the green tmngent
line at ¢ = 2 5, which iz —20 m/s2

o, (m/s) T
40

Figura 2.9 (Example 2.6} -lo

The velocity—time graph fora _ag

particle moving along the xaxis

according to the expression —50

o = 4 — %, o 1 2 3 4
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2.4 Motion Diagrams:

motion diagram is sometimes useful to describe the velocity
and acceleration while an object is in motion.

This car moves at

7y — —- — —- —
constant velocity (zero

acceleration). O &e s #ie s &9
This car has a constant TEE R . —
acceleraton in the ] w @ @
direction of its velocity. B

q - -
This car has a —

constant acceleration b G m ﬁ @im

in the direction
opposite its velocity. e e el e
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Position. Vs. Time graphs
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Velocity-time graphs

Velocity vs. Time
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Velocity vs. Time
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2.6 1D Montion Under Constant Acceleration.
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2.6 1D Montion Under Constant Acceleration:

When acceleration is constant. The average acceleration ax,avg Over
any time interval is equal to the instantaneous acceleration ax at
any instant within the interval.

_ v
ax—E

Uxf — Uxi
i

or
Uyxr = Uxi + axt (for constsnt ay) (1)
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2.6 1D Montion Under Constant Acceleration.

In addition, as the velocity is increasing at a constant rate, we know
that

Vi t Uxs

Ux,avg = -

Notice that this expression for average velocity applies only if the

acceleration is constant.
To obtain the position of an object as a function of time, Recalling
that Ax in vy qg = i—’; represents xf — xi and recognizing that At

=tf —ti =t — 0 = t, wefind that:

(for constsnt ay)

1
Xf — Xi = Uy apgl = E(vxl- + vxf)t

1
Xp=x; + 3 (vui + vxf)t (for constant a,)  (2)
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2.6 1D Montion Under Constant Acceleration:

We can obtain another useful expression for the position of a particle
under constant acceleration by substituting Equation (1) into Equation
(2):

1
Xp=x; + E[U’Ci + (vy; + ayt)]t

1
Xp = X; + Uyt + Eaxt2 (for constant a,) (3)

Finally, we can obtain an expression for the final velocity that does
not contain time as a variable by substituting the value of ¢t from
Equation (1) into Equation (2):

1 Uxf — Uyi
X=X +5 (vai + Vi) (a—x

vf = v} +2a,(x —x;) (for constant ay) (4)
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2.6 1D Montion Under Constant Acceleration.

For motion at zero acceleration, we see from Equations (1) and (3) that:
Y= % T %l hena, =0
X = X + 0y *

That is, when the acceleration of a particle is zero, its velocity is constant

and its position changes linearly with time.

WL Kinematic Equations for Motion of a Particle

Under Constant Acceleration

Equation

Number Equation Information Given by Equation

2.13 V= U + a,d Velocity as a function of time

2.15 X=X+ %(vﬂ + ﬂxf)ﬂ Position as a function of velocity and time
2.16 Xp= X+ vt + %axie Position as a function of time

2.17 vxf? =, + E'Qx(xf - x;) Velocity as a function of position

Note: Motion is along the x axis,
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2.6 1D Montion Under Constant Acceleration.

Example 2.7 Carrier Landing
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2.7 Free Fall

The acceleration of a freely falling body is called the acceleration due to gravity, g.

The acceleration due to gravity is directed downward, toward the center of the earth.
Near the earth's surface, g= 9.80 m/s2.

Gravitational
force

- -7

~..
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2.7 Free Fall

Heavy and light objects fall at the same rate

e In air...
— A stone falls faster than a paper
« Air resistance affects stone less

* In a vacuum
— A stone and paper will fall at the same speed
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2.7 Free Fall

Any freely falling object experiences an acceleration directed downward,
regardless of its initial motion.\We shall take the vertical direction to be the y

axisand called positive yupward.
a,=-g=-080m/’,
v=v,—gf
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