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How do we describe
motion?

L

v'Position
v'Displacement
v'Traveled distance
v Speed

v'Velocity



Position

» The position of a point mass would be defined
VS an origin.

= The positive direction can be chosen as desired.

= The position is a vector quantity. It means that
it has both a direction and a magnitude.

Positive direction >
X>0
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Displacement is independent of origin.
Displacementis dependenton the direction
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AXap= XD—XA=140—0=140m

Traveled Distanceap= |AXap| + | AXpc| + | AXcp|

=180 + 140 + 100 = 420 m




Average velocity vs Average Speed
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Average Velocityar = Var = (Xg = Xa) / (1 = 1a)
= (-50-30) / (50-0) = -1.6 m/s

Average Speedar (path1)= (length of Path1) /(1 —ta )
(path2)= (length of Path2)/(t; —tA )
(path3)= (length of Path3)/(t; —tA )

The Average Speed depends on the path.
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The spontaneous veloci

Va =lima; o (Xieat— Xi)/At

dX(t)/dt



The spontaneous speed

The Speed of a
particle is
ALWAYS positive,
while its velocity
— can be both
Speed, = [V, | - Positive or
negative.

Ex. V,=-80m/s Vg =20 m/s

VA< Vg Speed, > Speed;
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A tennis ball drops ...

What's the impact acceleration?

1.Make a reasonable guess...

|IVb| = |Vs| =5m/s 2. Choose a positive direction

Ai'impcu:’r =102 sec 3. aimp<:|<:’r =[VB - VD] /At
=[5-(-5)1/ 102 =103 m/s?

>

What if we change the
positive direction?

Qimpact = [5-5] / 10-2=-103m/s

Bounce

Positive direction




sign would be,
an egg can not
folerate such an

acceleration
and it would be
smashed.

No matter what the

.......

Drop an egg and a tomato!

They will not bounce back...

What's the impact acceleration?

|Vdrop| =5m/s |, Vipa =0
Ai'impc:ct =0.25s

Qimpact=[Viinal = Vbropl /At = 20 m/s2

The sign depends
on the choose of
positive direction




Spontaneous acceleration

a; =limaio (Vieat — Vi)/At
=dV(t)/dt

Figure 1 : Displacement, Velocity, and Acceleration Curves
Red curve = displacement = x(t)
Blue curve = velocity = u(t)
Magenta curve = acceleration = a(t)

Sraled Samyple Sitmasoidal Functions

Ex.

VAN

X(t)=asin(pt)

Sealed Functons

V(t)=dX(1)/d(t)=apcos(pt)
Nl

a(t)=dV(t)/dt=-ap2sin(pt)

t
Tirne {sec)

acygoge.webege.com
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The equations of constant acceleration.

velodity (v) Vx/ms? Constant acceleration
vs time (t)

v = jadt = at + constant

t=0—=v=vy so:
-2 -1 0 1 t/s

displacement (x)
vs-time-(t)

Vv = V0+ﬂt (I)

v dt

-Vﬂ+ﬂtdt

vt + %at2 + constant

at t =0, X = Xxg so:

X = xu+vﬂt+%at2 (1)



The equations of constant acceleration.

velocity (v)
vs time (1)

Constant acceleration

-2 -1
displacement (x)
vsi-time-(t)

X = Xg+vot+ %.ﬂt2 (i1)

-2 -!L 0 1 t/s



velogity (v)
vs time (t)

-2 -1
displacement (x)
vsi-time-(t)

Constant acceleration

Definition of constant a —
vV = vt at (1]
Integration of (i) —

X = Xg+vot+ ~at2 (i)

Eliminatet —

2a(x - Xg) = v2 —vg2
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1 /20[(V-Vo)/q]2 +V0(V-Vo)/q +X0

(V2-Vo?)/2a +X,

X(1)
-> X(i')=1 /2[(V'V0)/|']|'2 +Vo|'+X0

>

X(1)=(V+Vo)t/2+X,

V; = at; +V,
Vi = af; +V,

V()
V(t)
t=(V-Vyo)/a
X('I')= 1 /201’2+V0'|'+X0
a=(V-Vy)/t
1 /201'2+V01'+X0

V('l') = at +V,
V('l') =at +V,
V(f) = at +V,

X(f)=




ourensiyd

slope of tangent slope of tangent
(derivative) (derivative)

displacement-time velocity-time

acceleration-time

displacement-time velocity-time acceleration-time

area under curve area under curve

http://www.physics.info
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velocity (v)
vs time (t)
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2 t/s
displacement (x)
vs-time |(t)

velocity (v)
vs time ()

displacement (x)
vst-time-(t)




o, Which
should |
use???

equation

1 /201'2+V01'+X0

==
S | [ Nt
X || >

ai+ VO

X(1)=(V+Vo)t/2+X,




It depends on the problem.

Included Not included | Appropriate equation:
quantities: quantities:
given/asked)
X(i'), a,t, Vo, Xo V('l') X(i')=‘|/2q'|'2+V0'|'+Xo
v(), a,t, Ve X(1) . Xo V(t)=at+V,
% ‘ Ve, V; , a, At X('l') , Xo Vf=C|A'|'+Vi
N AX(H), a.,V, V, t V2=V,2 +2aAX

A i RARiAEADiRARiER

X(H, V(). t, Vo, Xo a X(H)=(V+Vo)t/2+X,




Before starting to solve make sure you've checked following points:
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Find a woodpecker’s
hamming acceleration:

Contactspeed :7.49m/s
Peneiration length : 1.87 mm




X=1.87 mm= 1.87x103m

The beak
stops.

Vo=7.49m/s V=0
—

[A— »

The beak makes
its first contact
with the free

Given quantities | Asked quantity | Appropriate equation

Vo, Vi AX

a V2=V,2 +2aAX

0=7.492+2ax 1.87x103 => = -1.5x104 m/s?

Q\L@hﬂnég cnmoabaqtqrs&sﬂmmc

How can the

cceleration?




Free Fall : a constant acceleration motion.

|la|=g=9.8 m/s?2

discovermagazine.com

By the dimensional analysis,
we found out that the the
time of drop for free fall is
independent of the mass

We are going to reach the
same result by

the equations of motion.

Ex2. Finding a formula for o quantity by using its dimension.

t~m™-h" -g~¥ t: time of drop
m: mass of the ball
h: height of drop

g: gravitational acceleration of the Earth

o =0
M=M]= LA L7/ e 5+ =0 sssmp 1~ (h/g)

1=-27
- 6
T=Cy (h/g)
n w |
L Cls a dimensionless constant o=
Which can be found by experiment. | I ~I

'''''''''''''




Free Fall : a constant acceleration motion.
|la|=g=9.8 m/s?2

1/2at? + Vol + Yo

-9.8/212+0+ 2.5

a=-9.8 m/s?

y

0.714 s

discovermagazine.com







**38 You are driving toward a traffic signal when it turns
yellow. Your speedis the legal speed limit of ug: 55 km/h;
your best deceleration rate has the magnitude a = 5.18 m/s2.
Your best reactiontime to begin braking is T = 0.75 s. To
avoid having the front of your car enter the intersection after
the light turns red, should you brake to a stop or continue to
move at 55 km/h if the distance to the intersection and the duration
of the yellow light are (a) 40 mand 2.8 s, and (b) 32 m
and 1.8 s? Give an answer of brake, continue, either (if either
strategy works), or neither (if neither strategy works and the
yellow duration is inappropriate).

Vo = 55km/h = 55x1000/3600 m/s =15.27 m/s

Abreak = a = -5.18 m/s?

Treactioo = Tt =0.75 s

Din’rerseciion Di = (CI) 40m (b) 32 m
Tyelowiight =Ty = (a)2.8s (b)1.8s
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32 m it can Not break.

40 m it can break.

Ion

Constant Acceleration

tersect

n

o

q) D’rE 34 m < Dintersection
34m>D

Constant Speed
REACTION
b) D;

Reaction
Breaking




Constant Speed
CONTINUE

If you continue to drive:

Dintersecﬁon

D;

Tintersecﬁon = Ti .

Intersection:

x= vt + X,

2.61 s < Tye;is=2.8s it can pass.

2.09s > Tyeyyw=1.8 s it can Not pas.




Chapter 1:

problems
#11 #17

Chapter 2 :
problems
#12 #30 #40






