CHAPTER I. 

DESCRIBING MOTION

· motion is related with CHANGE

· CHANGE is a common property of everything in the Universe (time would be meaningless without change)

· MOTION:  Change of spatial position with time

· Time: a very tough philosophical  problem……
    (for us: it is what we measure by clocks….)

· SPACE: Is where the material word exist

· SPATIAL POSITION: Coordinates which totally characterize the location of the object relative to a reference frame.

· the concept of motion developed slowly beginning with ancient Greek philosophy 

· many paradoxes:  (The arrow paradox, Achilles and the turtle….)
AVERAGE  SPEED

· answers the question: How fast we were going? , looking at the total trip 
· Example: We drive from Chicago to South-Bend

(approx. s=100 miles) in t=2 hours. We define:
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  = 50 miles/hour; the average speed of the trip

· this quantity gives no information on how fast we were driving on different parts of the route.

· The general formula:

average speed = distance traveled / time taken 

MEASURING  SPACE  AND  TIME

- for measuring anything we need a unit       
[image: image2.wmf]
· the measure: how many times the given quantity contains the unit.

· Distance in SI:  meter (m)( kilo meter=1000 meter, 

Cm=1/100 meter, mm=1/1000 meter)

    In USA:  mile, yard, feet (ft) , inches (in)

1 in=2.54 cm; 1m=39.37in=3.28 ft; 1 ft=0.3048 m

1 km=0.621 mile; 1 mile=.609 km

· Time: seconds (s), minutes (min), hours (h)

· Speed: miles/hour (mph); km/hours (km/h); m/s…

IMAGES  OF  SPEED

· The blurred image of an object on the photography suggest something was moving

· Multiple exposure photographs

(stroboscope illumination + camera with an open shutter)

· Exercise for measuring the average speed with the

strobe  photo from Fig.1-2

INSTANTANEOUS  SPEED

-  Characterizes how fast the motion is on an elementary short distance

· It is what the SPEEDOMETER shows in Your car!

· Answers the question: “How fast you are going at a specific point”

· Definition similar to the instantaneous speed, only apply it for very tinny “t”

V=s/t  when t -> 0 

· Instantaneous speed is equal to the average speed over a time interval that is infinitesimally small

· Instantaneous speed can vary during a realistic motion. 

SOME  LIMITS FOR SPEED

· no lower limit

· upper limit: “c”: the speed of light (300.000.000m/s,  186.000 miles/s)

Examples:

    particles approaching 0.99 c in accelerators

    drifting of oceans: 1 cm/year

SPEED WITH DIRECTION = velocity

-  Direction of motion is also important !!

· Average and instantaneous speed tells us how fast the motion is, but has no information on the direction

· We introduce VELOCITY a term combining speed and direction in one single concept.

· Velocity is a: VECTOR (characterized by magnitude and direction)
    V = displacement (vector) / time taken

the MAGNITUDE of velocity is a SCALAR: 

    V = magnitude of displacement / time taken

· We can define again instantaneous and average velocity 
· In 1 dimension displacement = change in the coordinate, we need not work with vectors
(velocity becomes a scalar…., sign deciding his

direction) 

· Average velocity for 1dimensional movement:

V= (x/(t  (( is used to represent change, x: position)

-  Instantaneous velocity for 1 dimensional movement:

V= (x/(t (when (t - > 0 )

· Relation  between average speed, instantaneous speed and magnitude of average and instantaneous velocity?

ACCELARATION

· describing how fast the velocity changes

· we can define again average and instantaneous acceleration 

· acceleration is again a vector quantity 

(becomes scalar in 1d) 

· average acceleration for 1 d case:
a= (v/ (t (where v is the instantaneous speed)

· instantaneous acceleration is the limit of average

acceleration when (t -> 0 

· acceleration in everyday life

· deceleration is a negative acceleration

· units for acceleration: speed/ time

(SI : m/s2    or mph/s,  mph/h ….)

Home-work assignments I : 22/1-4; 22/7; 22/8; 22/13;  22/17;  22/19;  22/23;  22/27

+ solve the Achilles and turtle problem , i.e. determine how much time Achilles needs to catch up the turtle, if V(Achilles)=8miles/h; V(turtle)=1mile/h; 

initial distance between them is: d=1 mile. (they both

run in the same direction)  
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