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of the action ol velocity. The sails are drven
Py air In motien - by wind.

-- Hermann von Helmholtz
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* In non-uniform motion, the change In position during
equal time Intervals Is different (increases or
decreases).




Comparing Uniform & Non-Uniferm Maetion

Uniform motion
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* The displacements between
successive frames are the
same. Dots are equally
spaced. v_is constant.

Position graph is a
straight line. The slope
of the lineisv_ .

displacements
t

Nonuniform motion

0
B
s

= The displacements between
successive frames are not the
same. Dots are not equally
spaced. v_is not constant.

x  Position graph
is curved.

Ax

Unequal
A displacements
t




I ORienn euen; e VEIOCIW: IS the

UMES (Constant):

I Nep=Yriiiefan rriesilenl,
constantly changing.
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' the velocit y a at ANY Mnrm
g non-uniform motion?
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- Consider a Jet plane taking off frem the deck of an
alrcrait carrier.




(a) The spacing between the dots
increases as the jet speeds up.

The jet’s horizontal motion is
~.shown as the vertical axis of the
* position-versus-time graph.

The slope of the straight-line
connection 1s the average
velocity v

The increasing separation of the
dots in the motion diagram means
that Ax increases and the graph
curves upward.

e motien; diagrams 1n Palri
(@) cleanlys shews: that the
VEIGCIY oIt ther plane s
INCreasing  durng: €each
SUCCESSIVE time intenval.

e position graph inpart (o)
shows hew: the change In
posItion’ IS Increasing In
time.

The average velecity in 1 D
between two positions Is:

AV
V =
At

(the slope of the line that passes
through both points)
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Analyze the Velocity ofithe plane at the polInt marked With an e

(a)

We want to find the
instantaneous velocity
at this point. .
0 1 % 4
' € e e e
30-frames-per-second motion diagram

(@) A motion diagram: made
using a normalt 30° ps
camera.

The green velocity vector
between points 2 & 3
represents  the  average
velocity during that time
interval.



We want to find the
instantaneous velocity
at this point.

(b)

Vv

/

2" b ¢
HH%

100-frames-per-second motion diagram

()" A Motion diagram made
using a 100 fps camera
filming just the segment
Petween points 2 & 3.

This * ” VIew
shows another set of average
velocities between points 2 &
3, but these are a little closer
to being uniform in length.



We want to find the
instantaneous velocity
at this point.
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100-frames-per-second motion diagram
. \
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300-frames-per-second motion diagram

At this magnification, -
the velocity vectors are
almost the same length.

(€)) A motion diagram: made
using a 300 fps camera
filming Just the segment
petween points it & Iii.

At this magnification, all of
the average velocity arrows
are nearly identical. Thus,
the Instantaneous velocity
would have the same value
as any one of the average
velocity vectors within this
Interval!



Vistiallys eurranalySISHeeKSHIKE IS

(a) (b) (c)

The slope between The slope between The velocity at X is
Jand 3isv . ¢ and d s a beuer approx. the slope.
g approximation to '

: the \clm:it_\' at x.

The only way to ever have the correct value for the m
Instantaneous velocity is for At to become very, very g
small. In mathematical terms, At = O.
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* But from Calculus, we knew: that:

» Thus, the model for calculating instantaneous velocity
In 1-D Is:

AX dx . :
v(t) = lim —= dx = instantaneous velocity
At—>0 At d

=




EXample
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e POSIHERN eI =D PaICIENIE
101OWING POSION TURCHONE

» \What is the particles velocity as a function of time?
» (-3t? + 3) m/s

« What is the particles velocity att = 2 s?
* -Om/s
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the slope of the line that Is tangent to a

position vs. time curve on
graph AT time t.

a position




Videe effthe Imiting PreCESS:




Pitfall Prevention

SAVETCY EFSPEEU = aV el ENVEI OCIYAIRRGERENAITIOUT
tErMagnitide: o1 theNNSTeRicEGUS SPEEUTALLVWAYS
eguals the magnitude of the ]rJS'tarJtarJe

Us valaginy

REaAson: Distance = Displacement at infinitesimal scales




EXample

TheieliewWingiSiapesiion graphreiiarcalr:
* [Determine the car's Velocity Vs, time graph
* [DesScrine thermoetien e thercar




DeternminingihercarS\Velocily Vs timergrapi

SINCE HE car'S pPeSsItion graph Is; ar SENES ol straight
INES, the caris mMeving N PEABAS o URIferM motien:

Slope from OIS 1012 S:
=200 101/S

Slope from 2 s to 4's:
0:0'my/s

Slope from 0 s to 6 s:
5.0 m/s




Graphing theservelecity Valles ior thelF CeieSPeRCIng
ime peneds yield:

v, (m/s)
6 Value = 5.0 m/s

.
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Value = —2.0 m/s




[DESCHBINGNENMBUOANGIINEICAL,

v (mls) Friem 0r'Site 2'S

6 Value = 5.0 m/s S VS OTE CalISIACKING
Uprat a constant veloeity

From 2sto4s

* vV = 0, the car Is at rest
O stationary

From4sto6s

« v >0, the car IS moving
forward at a constant
velocity

Value = —2.0 m/s




Example

TThHeNeleWIRnGNSIaPeSIlieR grapn Gl PatICIE:
o Atwhichiiaheled point(s) s the panticlermoeving the slewest?
o At whichilalbeled point(s)is the particlermoeving the fastest?

Slowest: A& C

The magnitude of the slope
at these points Is zero, which
means the velocity Is zero.

Fastest: B

The magnitude of the slope
IS max at this point.




KeWIedeEN RVERTGYY

Which Vvelecity Vs, time graph Best relates ter the
fellowing pesition grapn?

hY




FIiRcIRG Pesitien Frem Vel eeity,
SUPPOSE WE ale given a Veloelty ilnction: or VEIGCItY VsS.

time graph, hew: could we determine the pPoesition of
ain GbJECt?

EXample:

The velocity varies
with time.




POSIUORNIOm 2 VEIOCI/AFURCHoNn
V(1) = VEIOCItY at* iy IRSTanE b

=

Rearranging and using some calculus ...




ReSsIteRNema\Veleeiiy Graph

USIng this appreximation:

The displacement during
step k'would be:

As, = (V,), At

The velocity curve is

approximated by constant-
velocity steps of width At.

The total displacement

would be:
N

As, = Z (v, )i At

k=1




Viswially;

As, = (v ) At is the area
v of the shaded rectangle.

This approximation for the total displacement gets
better the smaller you make At.



2 e Conrect Valle ol the aISplacEMERT OCCUrRS WiER

Example
3

v(t)=3t > x(t)=[3t dt=§t2+C




KeWIedeEN RVERTGYY

WhICh pesitien” Vs. e grapna Best relates ter the
fellowing Velecity graph?




ARGINERIMPONANICONCEPFIONIEI R EUESCHIENIBIE
Leiiforsr sratorl. ..




SOMEtimes Written:




1 SINCE VEIOCIW ISt el VECTON It aSia mdgnittide ANIDra

* The mac JmuJe only / hanges (linear)
direction only changes (circular

» Both magnitude and direction change (complex)




Acceleration from a velocity graph

1 On a velocity vs. time
graph, the average
acceleration would be
equal to the slope of the
blue line through points
V, [igiicie =i e P, &P,.

change in velocity : | AV
| slope = N Qg
AV =V, -V, :
I
|
l Instantaneous acceleration
Vi LY _ . ) )
time ) at time t is the slope of the
A £ _line that is tangent to the
0 t, t, ¢ Curve on a velocity graph
At=t, -t AT time t and is found

using:
_ dv

a=—
dt



Acciienal commentSHeEgaeingiaCCEIENALION

4

As with velocity, we will drop the avg Subscript for
inear mof

ion achJ refer to oz average acceleration
SImply as a, or a,.

Alternate method for calculat
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CAUTION: It may take time to fully understand/grasp

the concept of acceleration
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=» USt compare Signs ofi Both VvV and a

An object Is slowing down Iffand only if'v and a
point In opposite directions

Velocity is constant if and only ifa =0
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classroom Exercise

L

Find the displacement from t = 3 te 5 Sec.

- L

nd

- Lo I
v ~ y \l

2 average velocity over
Find the Iinstantaneous Vvelocity att = 5 sec.

Find the average acceleration during this time

Find the Instantaneous acceleration att = 5 sec.



SURMIRIER
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N EREURIEENIOUER thEVEIOCIW Off e ORJECH IS
constantly:changing.

The magnittde of the \ /&‘JJQJF/ VECTON at a SPECITC
pomtinitime s caliea thiennsianianeECUSVEIBCILY

Acceleration Is the rate of change of the velocity.

The sign of the acceleration may NOT always directly
Indicate whether an objects velocity IS increasing or

decreasing. Must compare signs of both v and a.
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