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Motion along aLine

 Describing Motion:

— Displacement

— Velocity

— Acceleration
» Uniformly Accelerated Motion
* Free Fal
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Describing Motionalong aLine

What is the position, velocity, and acceleration of the blue dot
at each instant of time during its motion?

What would a graph of position vs. time look like?
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Linear kinematicsvariables

t: time \A average velocity

t: initial time a average acceleration
t final time a acceleration at t

X: position at t Vi velocity at t

Xp:  positionatt=0 Vo: velocityatt=0

X position at t; A velocity at t;

X¢: position at t; \ velocity at t;

These are the variables we use to refer to position,
velocity and time for describing motion along aline.
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Displacement
postion(m)  position vs. time
B IAX
time(s)
tf

Displacement: AX = X; — X;
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Displacement

Displacement is a vector quantity. It has a dir-
ection associated with it. The direction is
implied by the algebraic sign of the displacement

+X

negative Ax ) positive Ax
e displacement  ——
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position(m) position vs. time
! = Bl px  Theaveragevelocity
~“IoF = of the motion over an
IR 3 interval of timeisthe
- slopeof theline con-
At necting the endpoints
of the motion.
time(s)
tf
q Xg =X _ AX
averagevelocity: v =" % &
t, -t At
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Instantaneous Vdocity
position(m)  position vs. time ’_,,—"'
D time(s)

tt

If we look at successively smaler timeintervals, we can obtain a
better estimate of the velocity at a particular instant in time.
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Instantaneous Vdocity

ition vs. time W0e
position(m) [ e{\\\\“
e

time(s)

t

Graphi caly, the instantaneous velocity, v, at time, t, isgiven by the
sopeof the tangent line to the position vs. time graph
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Instantaneous Vdocity

Mathematically, the instantaneous velocity, v, at time, t, is
expressed as the limiting value of Ax/At as At shrinks to

zero around a particular time, t

Mathematicians express this formally as ...

IAY ¢
v=Ilim—
At-0 At
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Displacement & Velocity

Like displacement, velocity is also a vector
guantity. The direction of the velocity vector
implied by the algebraic sign of the velocity

I T e e e I e +X
negative Ax ) positive Ax
——e displacement —
negative v velocity positive v
e —
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Concept Check

A ladybug walks along a x(cm)
meter stick. Hereisagraph
of the position of the ladybug
as afunction of time.

Q: What is the ladybug's
displacement fromt=0sto t=5s?

Ax=10cm-0.0cm = +.0cm
—

Q: What is the ladybug's average
velodty romt=0sto t=5s?

Q: What is the ladybug'’s instantaneous velocity at:
point (a) v = *30 U%.Ds = +3.0 t:m/s —_—
point (b) v =00amg =00,

paint (c) — (L0cm-30cm)/  — -
R
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Concept Tests

An object goes from one point in sp
anotheAfter it arrives at its idesti
di spl acenent is:

A personinitially at point P in theillustration
staysthere amoment and then movesalong
theaxisto Q and staysthere amoment. She
then runsquickly to R, staysthere amoment,

and then strolls Sowly back to P. Which of L.either greater than or equal to
the position vs time graphs below correctly 2. always greater than
represents this motion? 3. always equal to
4.either snaller than or equal to
LR 5. always snuller than
CI] 4 iy g 6. either smaller or |arger
L than the distance it traveled.
oo o
_— ]‘ — T
I [ .
Ri Ri
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Concept Tests

A narathon runner runs at a stead
ki hrWhen the runner is 7.5 km frorf
finishbird begins flying fromthe rup
the finish at 30Wdrérnrt he bird reach
es the finishitime ns around and flI
back to the rymmer then turns aroun
agai nrepeating the back-and-forth
until the runner reaches theHbiwi sh
many kilometers does the bird travel

Lo 30 kit
finsh
—15 kin

7.5 km
o Tskm

1.10 km 3.20 km
2.15 km 4.30 km
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Average Acceleration

velocity(m/s) velocity vs. time

= Theaverageaccele

T d -+ — ration of the motion
over aninterval of
e A timeistheslope of the
line connecting the
endpointsof the
motion on thev vs. t
graph

time(s)

AN

]

\
Y
7
5

t [
. Vi =V, _ Av

average acceleration: a=——="—
t, -t A

5/22/01 Physics 11, Summer 2001- Linear Motion

I nstantaneous Acceleration

velocity vs. time

V3

velocity(m/s)

7

fi

V20 5 S S Nt A g e e

# ay

time(s)

t f

If we look at successively smaller timeintervals, we can obtain a
better estimate of the acceleration at a particul ar instant i ntime.
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| nstantaneous Acceleration
velocity(m/s) UETEY U e
v]{-EJ-L - _;‘(___ |- ____:T - T —
Zedh:
S !
E time(s)

t
Graphi caly, theinstantaneous acceleration, a, at time, t, isgiven by
the slope of the tangent line to the vel ocity vs. time graph
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| nstantaneous Acceleration

Mathematically, the instantaneous velocity, a, at time, t, is
expressed as the limiting value of Av/At as At shrinks to
zero around a particular time, t

Mathematicians express this formally as ...

. Av
a=lim—
At-0 At
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Displacement, Velocity & Accderation

Like displacement and velocity, accelerationisalso a
vector quantity. The direction of the acceleration
vector isimplied by the sign of the acceleration

I T e e e I e +X
negative Ax displacement positive Ax
negative v velocity positive v
negative a acceleration positive a
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Interpreting position vs. time graphs

postion(m)  position vs. time

T~~~
I Ax

time(s)

a<—o‘—>V

a
Vet

Itispossibletolook at theslope of the position vs time graph and how
the slope changes with time to determine the velocity and acceleration.
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Concept Tests

1.If the acceleration isin thesame direction
as thevelocity, the object is

(A) speading up.

(B) slowing down.

2.1f the acceleration isin theopposite
direction to the velocity, the object is
(A) speading up.
(B) slowing down.

3. “Negative acceleration” and

The graph shows position as a funct
time for two trains running on pa
track@hich is true:

posiion

1. At timg,both trains have the same
vel oci.ty

h - ! 2.Both trains speed up all. the tinme
deceleration” always mean the same thing. 3.Both trains have the same vel ocity
(A) True. sone time befge
(B) False. 4. Sonewhere on the grhphh trains
: have the same accel eration.
Ri
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Concept Test

Match the correct
acceleration vs. time
t t H
- o graph to each velocity
v graph.
¢
(b) (&)
. L
(© ®
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Constant acceleration meansa= a Displacement is equal to
doesn't change with time, the shaded area under thev
therefore: vs t graph, shown below.
_Av_v-y v
AT v
And so:
VD
V=V, +tat
~ (V) (Y + (v +at) .
O time
t
i+l 1
—vut+zatz Ax:vnt+5(v—v0)t
Ax=—(v°2+v—)t= (V(];V)L_VU) ax=teMV =gy
a 2
VW) g @ ozamx e btV
2a 2
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Uniformly Accelerated Motion

Equations of uniformly accelerated motion
(after Serway, Table 2-3)
Equation missing variable

@D [v=y, +at X=X,

P

® X=X, =Vt +%at2 v

(4) |v2 =V +2a(x - %,) t
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Free Fall

A freely falling object isan object moving under the influence of
gravity only, regardless of itsinitial motion. Objectsthrown
upward or downward and those objects released from rest ae all
falling freely once they are released.

ty

Once they arein freefall, all objects hare adownward acceleration
towards the ground which is thefree fall acceleration, g.

4 l ‘ Magnitude of g = 9.8 m/s? (or nealy so, in most places) ‘

g If we erect alinear y-coordinate axis sothat y increases a one
T+ moves upward from the surface of the earth, then the free fall
acceleration hasa negdive sgn in this coordinate system.

T -9.8 m/s?
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Free Fal
ty
+ ‘ Free Fall Equations
: Equation missing variable
T ) [v=v gt Y=Y
| | e Y=Y =3t 9
¢}
T ® Y= Yo = Vot _%gtz v
1 (4) |V* =5 ~29(y ~¥o) t
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Free Fall- example

tall building at 20.0 m/s.

launch point onthe way down?

before it contacts theground?
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A stone isthrown straight upfrom a50.0 m

A) How much time isrequired for the stone to
reach the highest point of motion

B) How high does the stone go?

C) How much time until the gone passes its

D) What is the stone's velocity when it passes
its launch point on the way down?

E) What is the gone's velocity att=5.0 s ?

F) What is the gone’ svelocity at the instant
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