Physics 11- Summer 2001

Motion along aLine

 Describing Motion:
— Displacement
— Velocity
— Acceleration
» Uniformly Accelerated Mation

e Free Fdl
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Describing Motion along aLine

What is the position, velocity, and acceleration of the blue dot
at each instant of time during its motion?
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What would a graph of position vs. time look like?
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Linear kinematics variables

t: time A average velocity

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

X: position at t V: velocity at t

Xp:  positionatt=0 Vo: Vvelocityatt=0

X position at t; 7 velocity at t;

X position at t; Vi 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
position(m)  pOSition vs. time
yi % — BRss ~ A
AX
At >
5 » time(s)

t t,
Displacement: AX = X; — X,

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

Chapter 2 Material 2



Physics 11- Summer 2001

Displacement

Displacement is avector quantity. It has adir-
ection associated with it. The direction is

implied by the algebraic sign of the displacement

negative Ax _ positive Ax
—— displacement —
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Average Velocity

position(m) position vs. time
Y | I -1~ =
T % 1-F- F~ [y

CoF= The average velocity
- AX ;
- of the motion over an
v interval of timeisthe
— = slope of the line con-
necting the endpoints
of the motion.

1
X

5 » time(s)
t t,

. X, — X
average velocity: v =" o
t, -t At
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| nstantaneous V elocity

position(m)  position vs. time PPt
X = :
JAY I~
\(I P »
- - A\l
5 » time(s)

t

t;

If we look at successively smalle timeintervds, we can obtain a
better estimate of the velodty at a particular instant in time.
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| nstantaneous V elocity

o position vs. time Wwe
t \9
position(m) . ?;(\Qe(\/
L1

— ——

5 » time(s)
t

Graphically, the instantaneous vdocity, v, at time, t, isgiven by the
slope of the tangent line to the position vs. time graph
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| nstantaneous V elocity

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 thisformally as ...

AV ¢
v=I|lim—
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 thevelocity

T T ke

+X

negative Ax _ positive Ax
—— displacement —
negative v velocity positive v
5/22/01 Physics 11, Summer 2001- Linear Motion

Chapter 2 Materid

5/21/01



Physics 11- Summer 2001

Concept Check

A ladybug waks dong a
meter gick. Hereisagrgph
of the position of the ladybug
as afunction of time

Q: What is the ladybug' s 2
displacement fromt =0 sto t=5 s?

Ax=1.0cm-0.0cm = +1.0 cm

x(cm)

A

—

Q: What is the ladybug's average
velocity fromt =0 stot=5s?

__Ax _+10cm
v=—=

At

N+
y

1 2 3

= +0.2o°—;n —

50s

Q: What is the ladybug' s instantaneous velocity at:

point (a)
point (b)
point (c)

5/22/01

v = 30y = +30cmy —
v =00cmy = 00cm/

V= (1.0 cm-3.0 cm%OS = -20 C% —
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Concept Tests

A personinitially at point P intheillustration
stays there a moment and then movesalong
the axisto Q and staysthere amoment. She
then runsquickly to R, staysthere amoment,
and then strolls sowly back to P. Which of
the position vs time graphs below correctly
represents this motion?

. L, padon
0 1 2 3 &  larbitray units)

position pasition position

e N Vam
1 2
4 5 [
=¥
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An obj ect goes from one point

anotheAfter it arrives at its idestin

di spl acenent is:

.either greater than or equal
.always greater than

.al ways equal to

.either smaller than or equal
.always snaller than

.either smaller or |arger

OO WNPRE

than the distance it travel ed.

Ri
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Concept Tests

A marathon runner runs at a stead)
km hr.When the runner is 7.5 kmfrom
finishbird begins flying fromthe rut
the finish at 30Wdndrhrt he bird reach
es the finishitliterns around and fl
back to the rymmer t hen turns aroung
agai nrepeating the back-and-forth
until the runner reaches theHbiwni sh
many kil ometers does the bird travel

Sb 30 kinh

finish
—15 krhh

\ 7.5 km |
I 1
1.10 km 3.20 km
2.15 km 4.30 km
R
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Average Acceleraion

velocity(m/s) velocity vs. time

. |4 =~ "  Theaverageaccele
T pd 1lLrF —— ration of the motion
v AN vaY - over aninterval of
_TTEETD A i timeis the slope of the
line connecting the
endpoints of the
motion on thev vs. t
graph
» time(s
B «(9)
! t;
. __ ViV _ Av
average acceleration: a = =
t -t At
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| ntstantaneous A cceleration

velocity vs. time

velocity(m/s) S

e

VA ISy Sy TR PR [ A S P iy S PR gy my—y P R

5 » time(s)
tt

If we look at successively smalle timeintervds, we can obtain a
better estimate of the acceleration at a particular instant in time
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| nstantaneous A cceleration

velocity(m/s) velocity vs. time

VI -+-F--4-4 ",ﬂ{‘"‘ Lo dod L T —
1

\0 o

7

K

D

i » time(s)
t

Graphically, the instantaneous acceleration, a, attime, t, isgiven by
the slope of thetangent line to the vdocity vs. time graph
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| nstantaneous A cceleration

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 thisformally as ...

. AV
a=|im—
At -0 At
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Displacement, Velocity & Acceleration

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

negative Ax displacement positive Ax
negative v velocity positive v

negative a : positive a
— acceleration —_——
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| nterpreting position vs. time graphs

position(m)  pOSition vs. time

Y — ———
T % ~ A
AX
X1 A4
it
5 » time(s)
t a tf

a «—eo—»V V>

Itis possible to look at the dope of the position vs. time grgph and how
the slope changes with time to determine the velodity and accel eration.
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Concept Tests

1. If the acceleration isin the sasmedirection The graph shows position as a funct
asthevelocity theobjectis time for two trains running on pa
' ) E—— track®hich is true:
(A) speeding up.
(B) slowing down. position

2. If the acceleration isin the opposite
direction to the velocity, the object is
(A) speeding up.
(B) slowing down.

time

1. At ting,both trains have the sane

3. “Negative acceleration” and vel oci.ty _
2.Both trains speed up all. the tine

deceleration alwaysmean the&amethmg. 3.Both trains have the same velocity
(A) True. some tine befge
(B) False. 4. Somewhere on the graphh trains

have the sanme accel eration.

Ri
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Concept Test
[ | Match the correct
L 4 acceleration vs. time
t t .
(a) (d) graph to eaCh Vel OCI ty
v a graph.
Lt ,
(b) (e)
YA
(c) )
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Constant acceleration means a=a t?]i Sizcdeer;‘e”t is eq(l;al ttr?
doesn’t change with time, e areaunderthe v
therefore vs. t graph, shown below.
_Av_voy, v, —
At t
And so:
VO
v=y, +at
Ax= MotV _ (Vo + (Vo +al))  time
t
_ 1 1
-v[,t+5at2 Ax:v0t+§(v—v0)t
AX:(V0+V)t:(Vo+V)(V_Vo) AXZ(V0+V)t=\7t
2 2 a 2
V%) g2 2aax nge MV
2a 2
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Uniformly Accelerated Motion

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

Equation missing variable
(1) [v=y, +at X=X,
2 x—xozé(v+vo)t a
3 x-x, =vot+%at2 v
(4) |V* =V +2a(x —x,) t
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Free Fall

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

Oncethey arein free fall, all objects have a downward acceleration
towards the ground which is thefree fdl acceleration, g.

4 l | Magnitude of g = 9.8 m/s? (or nearly o, in mast places) |

g If we erect alinear y-coordinate axis so that y increases asone
- moves upward from the surface of the earth, then the free fall
acceleration has anegative sgn in this coordinate system.

T a=-g=-9.8m/&
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Free Fall

Y,

T Free Fall Equations

1 Equation missing variable

T l (1) V=V, —at Y=Y

T 1

4 (2) Y=Y =E(V+Vo)t 9

9 1
T Q) |y-y, =yt —Egt2 v
1 @) |V* =5 —29(Y ~¥o) t
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A stone is thrown straight up froma50.0 m
tall building & 20.0 nvs.
_ A) How much time is required for the stone to
t=oy=0 A reach the highest point of motion
v = 2o.nTmIs bl
B) How high doesthe sone go?
C) How much time until the stone passes its
launch point on the way down?
o D) What is the stone' s velocity when it passes
som itslaunch point on the way down?
E) What is the stone' svelocity at t=5.0s ?
H F) What is the stone’ s velocity at the instant
before it contacts the ground?
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