CH 2 – One Dimensional Motion

Displacement and distance
Displacement is the change in position.  In 1-D it can be positive or negative.  Distance is a measure of “how much ground an object has covered” and is non-negative.

Example:  An object travels east for 10 m and then west for 3 m.  

Displacement is (x = 10 m – 7 m = 3 m.  (Assumes east is positive and west is negative.)  Distance is d = 10 m + 3 m = 13 m.
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Velocity

Velocity is a measure of how fast something is going and the direction in which it is going.  Speed is just how fast something is going and doesn’t indicate direction.

Average velocity is displacement divided by time.  Average speed is distance divided by time.

Average velocity = vavg = 
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  (bar over v means ‘average’).

Example:  In the above example, assume that it took 3 s to go 10 m east and 2 s to come back 3 m west.  Then
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    (+sign means direction of v is east.)

Average speed = 
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Instantaneous velocity is the average velocity determined for an infinitesimally short time interval:
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Example:  The position of a runner is given as a function of time as x = ct2, where c = 1 m/s2.  What is the instantaneous velocity at t = 1 s?

Solution:  You can estimate v by calculating the average velocity during a time interval near t = 1 s using smaller and smaller time intervals.  From x = ct2, the following values of position versus time can be calculated.

	t (s)
	x (m)

	1.00
	1.00

	1.01
	1.02

	1.10
	1.21

	1.20
	1.44

	1.50
	2.25

	2.00
	4.00

	3.00
	9.00


From the above, one can calculate the average velocity over smaller and smaller time intervals to get the following:

	Time interval (s)
	(t (s)
	(x (m)
	v (m/s)

	1.00 to 3.00
	2.00
	8.00
	4.00

	1.00 to 2.00
	1.00
	3.00
	3.00

	1.00 to 1.50
	0.50
	1.25
	2.50

	1.00 to 1.20
	0.20
	0.44
	2.20

	1.00 to 1.10
	0.10
	0.21
	2.10

	1.00 to 1.01
	0.01
	0.02
	2.00


The calculation in the last row uses the shortest time interval and is the best estimate of instantaneous velocity at t = 1.00 s.  Even better estimates can be made by using smaller and smaller time intervals.  (Note:  If you know calculus, you can get the instantaneous velocity by differentiation of x = ct2.)
Graphical interpretation of velocity  

Instantaneous velocity is the slope of the line tangent to the x versus t curve.

[image: image1.emf] 

 x 1  = 10 m  

 x 1  =  - 3 m    x = 7 m  

W   E  


 [image: image17.wmf] 

t

 

x

 

1

 

2

 

D

x

 

D

t

 

 

(x/(t = average velocity from 1 to 2

(x/(t = instantaneous velocity at 1

Acceleration
Acceleration is the rate at which the velocity changes.  In 1-D, it can be positive or negative.

Average acceleration = 
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Instantaneous acceleration = 
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  (= slope of velocity versus time curve)

1-D motion with constant acceleration
If the acceleration is constant (which is not always true), then
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By combining the two equations above that include t, one can also get
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Free Fall
A freely falling object near the surface of the earth falls with nearly constant acceleration if air resistance can be neglected.  (Air resistance can be neglected if speeds are sufficiently small.)  The acceleration is approximately 9.8 m/s2 in the downward direction.

We can use constant acceleration equations above with the changes x ( y and a ( -g, where g = 9.8 m/s2, to get
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Example:  A ball is dropped from rest.  How far does it fall in 3 seconds?

(y = v0t - ½ gt2 = - ½ (9.8 m/s2)(3 s)2 = -44.1 m

Example:  A ball is thrown up with a speed of 20 m/s.  How long does it take to reach its peak height?


v = v0 – gt = 0,  t = v0/g = 20/9.8 = 2.04 s

Example:  A ball is thrown up from the edge of a 50 m tall building with a speed of 20 m/s and falls to the street below.  

What is the speed of the ball just before it hits the street?


v2 = v02 – 2g(y = (20)2 – 2(9.8)(-50) = 400 + 980 = 1380


v = (1380)1/2 = 37.1 m/s  (including direction, velocity = -37.1 m/s)

How long was the ball in the air?


vavg = ½ (v0 + v) = ½ (20 – 37.1) = -8.57 m/s


t = (y/vavg = -50/(-8.57) = 5.8 s
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