AP Physics  -  One Dimensional Kinematics

Velocity and speed are two closely related words.  You might think that they are the same thing, but in physics we find that they are very different.

Speed is a measure of how fast something moves.  It is a rate.  Rates are quantities divided by time.  In addition, speed is a scalar quantity. 

Velocity is also a rate – the rate that displacement changes with time.  The really key thing here is that velocity is a vector.   It has magnitude – just as speed does – but it also has a direction.  When we talk about speed, we don’t care what about the direction of motion.  The car went at a speed of 50 miles per hour.  We don’t care if it went south, north, east, west, whatever.  With velocity we do care about the direction.  Velocity would be the motion of a car that is going south at 35 mph.

A  vector is a quantity that has both magnitude and direction.




A toy train traveling around a circular track is moving at a constant speed.  It does not have a constant velocity, however, because its direction is constantly changing.  

Distance is a scalar – just how far you are from some point. Displacement, on the other hand, is a vector – distance and direction. 

Instantaneous velocity is the velocity of an object at any given instant of time.  A car traveling from  A to B does not always travel at a constant velocity -  it stops, speeds up, slows down, &tc.  The speedometer on the dashboard reads out the instantaneous speed.  At a stop sign it reads 0 mph, later on after the light turns green it might read 36 mph, and so on.

Average velocity is the velocity for an entire trip.  It is the total distance divided by the total time.
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The symbol v is used for velocity (and is also used for speed).  Some texts use 
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, where a little bar is placed over the "v" indicating that it is a vector.  We won't do that.

Average velocity is defined mathematically as:
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(x means the change in x, the displacement, (t is the change in t. 
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The subscript "o" means initial (it actually stands for “zero”, representing the condition that you begin with).  So (x is the final displacement (or distance) minus the initial displacement.  Other conventions can be used;  t2 - t1, tf – ti, &tc.

If the initial conditions are zero, in other words, the motion started at time = 0 and at distance = 0, then the equation for average velocity can be shortened to:  
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        This is also used when an object has a constant velocity.

We end up with three equations for average velocity, but they’re all just variations of the same equation.
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It is very common to use other letters for displacement.  For example, you might use s for some general displacement.  You might use y if the motion is in the y direction.  h is sometimes used if the distance is a vertical distance and r might be used if we’re talking about the radius of a circle.

· In the 1988 Summer Olympics, Florence Griffith-Joyner won the 100 m race in a time of 10.54 s.  Assuming the distance was laid out to the nearest centimeter so that it was actually 100.00 m, what was her average velocity in m/s and km/h?

Use the velocity equation:
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Converting to km/h:
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· You begin a trip and record the odometer reading.  It says 45 545.8 miles.  You drive for 35 minutes.  At the end of that time the odometer reads 45 569.8 miles.  What was your average speed in miles per hour?
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· A high speed train travels from Paris to Lyons at an average speed of 227 km/h.   If the trip takes 2.00 h, how far is it between the two cities?
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All Motion Is Relative:  Motion, i.e. velocity, is said to be relative.  This is an important concept.  What it means is that when we say that something has a given velocity, that velocity is relative to something else (these are called reference frames).  So a car traveling to the east at 125 km/h is doing so relative to the earth.  Sitting in the Kahuna Physics Institute, one is not moving - has no motion.  This is true with respect to the room.  However, the room and everything in it is rotating around the center of the earth.  Not only that, but the earth itself is moving around the sun in its orbit!  The solar system is moving around the center of the galaxy!  The galaxy (and everything in it) is also moving away from the center of the universe!  

If you are a passenger in an aircraft traveling at 500 mph over the earth, you are moving at 500 mph relative to the earth, but have no motion relative to the plane, unless you get up and go walking in the aisle, then you might have a motion, relative to the plane, of, say, 3 mph.  Depending on which way you go, your motion relative to the earth could be 503 mph or 497 mph.
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Position vs Time Graphs: Let’s look at a graph of position vs time:

Displacement is plotted on the y axis and time is plotted on the x axis.   The curve is a straight line.  No doubt you recall that the equation for a straight line is:
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m is the slope and b is the y intercept

The slope is the change in y divided by the change in x.  (Otherwise known as “the rise over the run”.)
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Since we are graphing displacement on the y axis, the change in y is simply the change in displacement, or (y.  We have (t for the x axis.  So the slope is:
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But   
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  is the velocity v!

Therefore the slope of the displacement Vs time graph is the velocity.

· What is the velocity of the object whose motion is depicted in this graph?
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Acceleration:  When the velocity of an object is not constant, the rate at which it changes is defined as the acceleration. The symbol for acceleration is a.
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Acceleration is a vector quantity, just like velocity.  

· A plane goes from rest to speed of 235 km/h in 15.0 s.  Find the acceleration.
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4.35 m/s2 means that the velocity changes by 4.35 m/s every second.  At the end of the first second it is 4.35 m/s, after two seconds it is 8.70 m/s, after three seconds it is 13.0 m/s, after four seconds it would be 17.4 m/s, &tc.

· A car slows from 85.5 m/s to a speed of 33.2 m/s in 1.25 s.  Find the acceleration.
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The minus sign means that the acceleration is in the opposite direction from the velocity.
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We will always use m/s2 for the units for acceleration.  This is because things on earth don’t accelerate for long periods of time.  Very few things can actually accelerate for more than a few seconds.

Let us now look at another position vs time graph.

In this graph, the slope of the graph changes from section ab to bc and then cd.  This means that the velocity has to change along these paths.  The object moves at a constant velocity from zero displacement to a displacement of 4 m (this is from a – b).  This takes 4 seconds.  Its velocity is a constant 1 m/s (the slope, right?).  After the 4 seconds the object stops.  It remains at rest for five seconds  (b – c) and moves with a constant speed from time 9 s to time 14 s (c – d).    Its velocity from 10 s to 15 s is: 
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Here’s another example.  This time we’re looking at a velocity Vs time graph. During a baseball game a player runs after a fly ball.  What is the player’s acceleration from a to b, b to c, and c to d?

The slope of the curve represents the acceleration (the Physics Kahuna asks you to convince yourself of this please). 

a  to b:    
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The player is initially at rest, the ball is hit and the player takes off to catch it.  He accelerates from rest for four seconds.  At the end of the four seconds, his velocity is 4 m/s.

b to c:   the slope is  zero,  so a is zero.  The player is moving at a constant speed of 4 m/s for this portion of the graph.

c to d: 
  
[image: image32.wmf]2

1

2.04.0   1.0 

5.03.0

o

o

vv

mmm

a

ttssss

s

æö

-

æö

==-=-

ç÷ç÷

--

èø

èø





The player is slowing down.  He ends up moving at 2 m/s when he finally catches the ball.

· Here’s another example; look at this graph:

Using this graph, find (a) the velocity from start to a, (b) the velocity from a to b, (c)  the velocity from b to c, (d) the velocity from c to d, (e) the velocity from d to e, (f) find the displacement after 7.0 s, (g)  make a velocity Vs time graph for this system.

(a)  0  to  a:   v = 1.3 m/s
(b)   a to b:  
v  =  0

(c)  b to c:    v = 1.3 m/s
(d)   c to d:
v =  -  2.0 m/s

(e)  d to e:      v  =  - 2.0 m/s

(f)  Displacement =   5.3 m

(g)  

One Dimensional Motion, Constant Acceleration:

If a body is undergoing a constant acceleration, we can analyze the motion and come up with several equations that will describe the motion.

Start with the equation for acceleration:
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Here are two more important equations:
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So here are our three kinematic motion equations.  These will be provided to you on the AP Physics Test.  This is their form on the test equation sheet.
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v as function of time
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x as a function of time 
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x as function of  velocity

These equations simplify if initial conditions are zero.  It is perfectly acceptable to use the simplified equations when solving problems.
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or
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· A car undergoes an average acceleration of 3.55 m/s2.  If the car is accelerated for 8.50 seconds, how far has it traveled?
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· A truck undergoes an average acceleration of 2.50 m/s2 as it speeds up.  If it starts from rest, and accelerates for a distance of 875 m, how much time did it take to cover the distance?  
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· A car accelerates at 7.55 m/s2.  If it accelerates for 4.25 s, what speed does it reach? 
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· A car accelerates at 9.00 m/s2.  If its initial velocity was 35.5 m/s and its final velocity is 107 m/s, what distance does it cover during the acceleration? 
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Dear Cecil:


Why do old black-and-white movies and newsreels move so fast? With our modern technology, can't we slow them down to make them look normal? --Karl M., Richardson, Texas





Cecil replies:


Karl, we need to examine our premise here. You think the Keystone Kops ever looked normal? But more on this in a sec.





One thing you need to know about the old silent movies. Sure, they were shot at slower speeds than today's movies. But the main thing was that the camera was hand cranked. The only form of speed regulation was the cameraman going "one one thousand, two one thousand" as he rotated the handle. As a result, there wasn't any such thing as a standard silent speed. Old flicks ran at anywhere from 12 to 22 frames per second, with 16-20 fps being about average up through the early 1920s.





Many old movie hands, far from being annoyed by this, kind of liked it. They thought of the speed of the movie as being like the tempo in music. Near-normal speed might be OK for your basic dramatic exposition. But during the comedy or chase scenes you wanted things to really rip.





With the advent of sound in the late 1920s the industry switched to a standard speed of 24 frames per second. There were two reasons for this. First, it was the average speed of most silents then being made--there had been a steady increase in projection speeds during the 20s as theatre owners tried to cram in more showings per night and movie directors speeded up their cameras to compensate. Second, 24 fps was the minimum necessary to produce decent sound quality. The faster the film's sound track ran through the projector, the more sound information you got per second, and the better the fidelity.














Some movie projectors made right after the switch had two speeds, 16 (or 18) fps and 24 fps, and the operator could use whichever speed best suited the movie being shown. But nowadays many projectors have only one speed, 24 frames per second. Run a 16 fps silent through a 24 fps projector and the action gets speeded up 50 percent.





Today it's possible to produce normal-speed versions of the older silents through a process known as stretch printing, in which roughly every other frame is printed twice. The result is slightly jerky but watchable and has been used in contemporary films to achieve a period feel. But it's tedious and expensive and many film labs hate to do it, so it's mostly reserved for special projects.





Better results can be achieved with less trouble when transferring silents to videotape. In fact, some of the best versions we have of the old silents (that is, that most closely approximate the way they were meant to be seen) are those specially prepared for TV.





Which brings me back to my original point. The old silents weren't necessarily meant to move at the same speed as today's flicks. In some old silents, comedies in particular, things were supposed to be speeded up, the better to enhance the comic effect. Chase scenes in the Keystone Kops flicks, for example, were often shot at 8-12 fps but projected maybe twice as fast. Today the frantic action in these films strikes us as hilarious--but people thought the same thing in 1915.


--CECIL ADAMS











Dear Doctor Science, 


You're driving down the highway behind a vehicle that's doing only 50 mph. When you try to pass this vehicle, it speeds up to keep pace with you. Even if you're now going 100 mph, you still can't seem to pass this car. What's going on? 


-- Karin S from Woodland Park, CO





Dr. Science responds:


Every slow moving car emits a force field that extends from the rear bumper of the car back to the car directly behind it.  When you accelerate and approach the slow car, you compress the field. DeSoto's Third Law demands that a decrease in bumper force field size be compensated by an increase in axle rotation.  So stop blaming the other guy; it's you who's in the driver's seat.





The Quitter





When you're lost in the Wild, and you're scared as a child, 


And Death looks you bang in the eye, 


And you're sore as a boil, it's according to Hoyle 


To cock your revolver and . . . die. 





But the Code of a Man says: "Fight all you can," 


And self-dissolution is barred. 


In hunger and woe, oh, it's easy to blow . . . 


It's the hell-served-for-breakfast that's hard. 





"You're sick of the game!" Well, now, that's a shame. 


You're young and you're brave and you're bright. 


"You've had a raw deal!" I know -- but don't squeal, 


Buck up, do your damnedest, and fight.





It's the plugging away that will win you the day, 


So don't be a piker, old pard! 


Just draw on your grit; it's so easy to quit: 


It's the keeping-your-chin-up that's hard. 





It's easy to cry that you're beaten -- and die; 


It's easy to crawfish and crawl; 


But to fight and to fight when hope's out of sight -- 


Why, that's the best game of them all!








 And though you come out of each gruelling bout, 


All broken and beaten and scarred, 


Just have one more try -- it's dead easy to die, 


It's the keeping-on-living that's hard. 





--- Robert Service








1
25

_1080834428.unknown

_1080834466.unknown

_1080834483.unknown

_1080834957.unknown

_1082007135.unknown

_1082008260.unknown

_1082008416.unknown

_1082008417.unknown

_1082008300.unknown

_1082007495.unknown

_1080835108.unknown

_1080834492.unknown

_1080834496.unknown

_1080834500.unknown

_1080834502.unknown

_1080834498.unknown

_1080834494.unknown

_1080834487.unknown

_1080834490.unknown

_1080834485.unknown

_1080834475.unknown

_1080834479.unknown

_1080834481.unknown

_1080834477.unknown

_1080834471.unknown

_1080834473.unknown

_1080834468.unknown

_1080834445.unknown

_1080834454.unknown

_1080834458.unknown

_1080834464.unknown

_1080834456.unknown

_1080834449.unknown

_1080834452.unknown

_1080834447.unknown

_1080834437.unknown

_1080834441.unknown

_1080834443.unknown

_1080834439.unknown

_1080834433.unknown

_1080834435.unknown

_1080834431.unknown

_1080834409.unknown

_1080834418.unknown

_1080834422.unknown

_1080834424.unknown

_1080834420.unknown

_1080834414.unknown

_1080834416.unknown

_1080834412.unknown

_1080834401.unknown

_1080834405.unknown

_1080834407.unknown

_1080834403.unknown

_1080834397.unknown

_1080834399.unknown

_961656010.unknown

