
kinematics

Meghdadi Fall 2016



How do we describe 
motion?

Position

Displacement 

Traveled distance

Speed

Velocity 

Acceleration



Position
 The position of a point mass would be defined 

vs an origin.

Positive direction
Xa>0

Xb<0

 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.



Displacement vs Traveled distance
ΔX1= ΔX2= ΔX3 = XB – XA

Displacement is independent of path.

ΔXO=   ΔXO’

Displacement is independent of origin.

O
O’

Displacement is dependent on the direction

ΔXO= - ΔXO’’

O’’



XD – XA = 140 – 0 = 140 m

Traveled DistanceAD=

ΔXAD= 

|ΔXAB| + |ΔXBC| + |ΔXCD|

=180 + 140 + 100 = 420 m

Traveled Distance is an scalar quantity.

Example



Average VelocityAF = VAF = (XF – XA) / (tF – tA)
= (-50-30) / (50-0) = -1.6 m/s

Average SpeedAF (path1)= (length of Path1)/(tF –tA )
(path2)= (length of Path2)/(tF –tA )
(path3)= (length of Path3)/(tF –tA )

The Average Speed depends on the path.

Average velocity vs Average Speed





The spontaneous velocity

VAF = (XF – XA) / (tF – tA) <0
VAE = (XE – XA) / (tE – tA) <0
VAD = (XD – XA) / (tD – tA)<0
VAC = (XC – XA) / (tC – tA)=0
VAB = (XB – XA) / (tB – tA)>0

VA =limΔt→0 (Xt+Δt – Xt)/Δt

=dX(t)/dt



The spontaneous speed

SpeedA = |VA|

The Speed of a
particle is 

ALWAYS positive,
while its velocity
can be both 
Positive or 
negative.

Ex.                 VA = -80 m/s            VB = 20 m/s

VA < VB                               SpeedA > SpeedB





Average acceleration
āt2,t1 = ( V2 – V1)/(t2 – t1)

VA > 0 VB = 0

āAB = ( VB – VA)/(tB – tA) < 0

VE < 0 VF = 0
āFE = ( VF – VE)/(tF – tE) > 0

āBF= ( VF – VB)/(tF – tE) = 0



A tennis ball drops …
Po

sit
iv

e 
di

re
ct

io
n

VD VB

What’s the impact acceleration?

2. Choose a positive direction

3. āimpact =[VB – VD] /Δt

|VD| ≈ |VB| = 5 m/s

Δtimpact = 10-2 sec

1.Make a reasonable guess...

What if we change the 
positive direction?

āimpact = [5-5] / 10-2 = -103 m/s 

=[5-(-5)] / 10-2 = 103 m/s2



Drop an egg and a tomato!
They will not bounce back…
What’s the impact acceleration?

|Vdrop|   ≈ 5 m/s     , Vfinal =  0

āimpact=[Vfinal – VDrop] /Δt

Δtimpact ≈ 0.25 s

= ±20 m/s2

The sign depends
on the choose of
positive direction

No matter what the
sign would be, 
an egg can not
tolerate such an 

acceleration
and it would be 

smashed.



Spontaneous acceleration
at =limΔt→0 (Vt+Δt – Vt)/Δt

=dV(t)/dt

Ex.

X(t)=αsin(βt)

V(t)=dX(t)/d(t)=αβcos(βt)

a(t)=dV(t)/dt=-αβ2sin(βt)
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The equations of constant acceleration.



The equations of constant acceleration.





V(t) = at +V0
V(ti) = Vi = ati +V0
V(tf) = Vf = atf +V0

Vf-Vi= a(tf – ti) Vf=aΔt+Vi

X(t)=1/2at2+V0t+X0

t=(V-V0)/aV(t) = at +V0 X(t)=1/2a[(V-V0)/a]2 +V0(V-V0)/a+X0
=(V2-V02)/2a +X0

V2=V02 +2aΔX

X(t)=1/2at2+V0t+X0

a=(V-V0)/tV(t) = at +V0
X(t)=1/2[(V-V0)/t]t2 +V0t+X0

X(t)=(V+V0)t/2+X0
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V(t)=at+V0

X(t)=1/2at2+V0t+X0

Vf=aΔt+Vi

V2=V02 +2aΔX

X(t)=(V+V0)t/2+X0

So, Which 
equation 
should I 
use???



It depends on the problem.

Included
quantities:

(given/asked)

Not included 
quantities:

Appropriate equation:

X(t), a , t , V0 , X0 V(t) X(t)=1/2at2+V0t+X0

V(t), a , t , V0 X(t) ,  X0 V(t)=at+V0

Vf ,  Vi ,  a , Δt X(t)   ,  X0   Vf=aΔt+Vi

ΔX(t), a , V , V0 t V2=V02 +2aΔX

X(t), V(t), t , V0 , X0 a X(t)=(V+V0)t/2+X0



Before starting to solve make sure you’ve checked following points:



Find a woodpecker’s 
hamming acceleration :

Contact speed      : 7.49 m/s
Penetration length : 1.87 mm



1.87 mm

1. Make sure that 
units are consistent

X=1.87 mm= 1.87×10-3 m

Choose a coordinate system;
Draw a diagram;
Find the initial and final points;
Choose a positive direction.

The beak makes 
its first contact  
with the tree

The beak
stops.

+

V0 = 7.49 m/s

Given quantities Asked quantity Appropriate equation
V0 , Vf , ΔX a V2=V02 +2aΔX

Vf=0

Make a list of given and asked 
Quantities. Think about the physical

concepts and restrictions  of the
problem  and then choose
the appropriate equation

0 = 7.492 + 2 a × 1.87×10-3    a= -1.5×104 m/s2

Check the answers to be 
reasonable. 

How can the woodpecker withstand such a huge acceleration?
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Free Fall : a constant acceleration motion.
|a|= g = 9.8 m/s2

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.



Free Fall : a constant acceleration motion.
|a|= g = 9.8 m/s2

+

V0 = 0   ,  y0 = 2.5 m

yf = 0

a= -9.8 m/s2

t=?

y(t) = 1/2at2 + V0t + y0

0     =  -9.8/2 t2 + 0 + 2.5

t     =   0.714   s
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**38 You are driving toward a traffic signal when it turns
yellow. Your speed is the legal speed limit  of u0 : 55 km/h;

your best deceleration rate has the magnitude a =  5.18 m/s2.
Your best reaction time 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 m and 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).

V0          = 55km/h = 55×1000/3600 m/s ≅15.27 m/s

abreak = ab = -5.18 m/s2

Treaction = Tr = 0.75 s

Dintersection=Di     = (a) 40m            ,         (b) 32 m
Tyellowlight = Ty =  (a)2.8s             ,          (b)1.8 s



If you break:

Dr = ?
Tr

Db = ?
ab

V0 V0 V=0
REACTION BREAK

Constant Speed Constant Acceleration

Reaction:

x=vt + x0                                              x-x0 = Dr = V0 Tr

Breaking:

V2 – V02 = 2 a ΔX                0 – v02 = 2ab Db Db=-v02/2ab

a) Dt≅ 34 m < Dintersection = 40 m it can break.
Dtotal = Dr + Db

b) Dt≅ 34 m > Dintersection = 32 m it can Not break. 



If you continue to drive:

Constant Speed
CONTINUE

V0 V0Dintersection = Di
Tintersection = Ti =?

Intersection:

x= vt + x0                               x – x0  =  Di =v0 Ti Ti = Di/ v0

a) Ti ≅ 2.61 s < Tyellow= 2.8 s   it can pass.

b) Ti ≅ 2.09 s > Tyellow = 1.8 s  it can Not pas. 
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