AP Physics – Momentum
Momentum is a common word – you hear it every so often, but not like every day, normally.  Sportscasters will say that a team has a “lot of momentum”.    Or a news anchor person might say “the need for federal regulation of the qualification of physics teachers is gaining momentum”.  A kind of related thing would be the idea that something is momentous (which would mean that it was important).

Momentum sounds important too.  If something has momentum, well, that’s got to be a big deal.  It has MOMENTUM!

Well, forget all that!  In physics momentum is simply the velocity of an object multiplied by its mass.  

When something is at rest it has a certain quality which is very different from the one it has when it is moving.  You would feel safe stepping in front of a locomotive and pushing on its nose – if it were at rest.  But you would not want to do this if it was moving.  Especially if it was moving fast.  This is because of its momentum.

Momentum can be thought of as sort of like inertia in motion.  Recall that inertia is the property of matter that is responsible for Newton’s first law.  It resists changes in a system’s motion. Anyway, the thing with momentum is that  when things are moving, the inertia seems to get amplified or something.    See, when something gets underway, the faster it goes the more it seems to want to keep moving.  

Here’s an important thing about momentum:

Momentum is a vector quantity.  

Momentum in mathematical terms is:
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Momentum Equation
Where p is momentum, m is mass, and v is velocity.  

Momentum has units of:
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To have momentum, an object must have a velocity - be moving.  A strand of spider web silk drifting on the air currents has more momentum than a mile long coal train that is waiting on a siding.

· What is the momentum possessed by a car with a mass of 2 350 kg if it is traveling at 125 km/h?

The velocity must be expressed in units of m/s, so we do the conversion:
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  =
34.72 m/s
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Because momentum is a vector, we can always break it down into its horizontal and vertical components:
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Impulse:  Today, we use F = ma  as a quick definition of the second Law of motion.  But Newton did not express it in that form.  Instead he said that a force was the rate of change of momentum.  Instead of  F = ma he said:
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It turns out that this is the same as F = ma   –   if you do some algebra type fiddling around.
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Recall that  
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We can plug this into the equation we developed:

So  
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Thus:
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Now let’s go back to Newton’s original equation:
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Multiply both sides by (t:
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Which is:   
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The quantity on the left,  F(t, is called impulse.
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The AP Test has this equation which is used for impulse:
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Here J is the impulse, F(T, and (p is the change in momentum.
The impulse is the applied force multiplied by the time over which it acts.  This quantity is equal to the change in momentum of a system.

We can say that impulse changes momentum.  

We can look at two events, both involving a car, a 1 200 kg car.  We’ve got this car that is traveling along at 75 mph on the interstate.  That’s about 125 km/h or roughly 35 m/s.  We want to stop the car.  This means that the car will undergo a change in momentum of:
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This will be the change in momentum no matter what.  Now we’ll bring in the impulse, J recall that it is really (F(t).  If we use the brakes to come to a nice, controlled stop, it will take a fairly long time to stop the car – maybe 12 seconds.  But if we run into a humungous, massive boulder that has rolled down the mountain onto the roadway, the car will come to a stop in an extremely short amount of time.  Less than a second.

In both cases the car will have the same change in momentum.  It will also undergo the same impulse.  The difference will be in the time and force that it takes to stop the car.

Using the brakes, the force acting on the car will be small.  Using the boulder, the force that acts on the car will be enormous.  Can you see why this is so?

Let’s use some numbers with our car example.

Case 1:
  Using the brakes:    
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Case 2:  Hitting the boulder:
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Stopping the car with brakes requires 3 500 N, stopping the car with the boulder has a force of  over  four  million newtons!  Thee force is about 12 000 time bigger!  This is why stopping a car with brakes is a safe, rational thing to do, but running into a boulder to effect the same velocity change is crazy.  

So, if we apply a large force for a short time we can generate a momentum change of the same magnitude as having a small force for a long time.
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· What impulse is required to stop a 0.25 kg baseball traveling at 52 m/s?  (b) If the ball is in the fielder’s mitt for 0.10 seconds as it is being stopped, what average force was exerted on the ball?

(a)     
[image: image25.wmf](

)

0.2505213

o

mm

JFtpJmvvkgkg

ss

æö

æö

=D=D=-=--=

ç÷

ç÷

èø

èø









(b)  Now we can find the force:
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Legal Trivia:





Jaguar images and costumes were outlawed by the Catholic church in the seventeenth century because of their association with Indian religion, militia, and politics.


The minimum age for marriage of Italian girls was raised by law to 12 years in 1892.


Japanese bowing carries different meanings at different angles.�- A bow at an angle of five degrees means "Good day" (simple greeting).�- A bow at an angle of fifteen degrees is also a common salutation, a bit more formal it means "Good morning."�- A bow at an angle of thirty degrees is a respectful bow to indicate appreciation for a kind gesture.�- A bow at a forty-five-degree angle is used to convey deep respect or an apology.


The State of Nevada first legalized gambling in 1931. At that same time, the Hoover Dam was being built and the federal government did not want its workers (who earned 50 cents an hour) to be involved with such diversions, so they built the town of Boulder City to house the dam workers. To this day, Boulder City is the only city in Nevada where gambling is illegal. Hoover Dam is 726 feet tall and 660 feet thick at its base. Enough rock was excavated in its construction to build the Great Wall of China. Contrary to old wives' tales, no workers were buried in the dam's concrete.








Japanese rules for the proper use of chopsticks are many. Improper use includes wandering the chopsticks over several foods without decision, and is called mayoibashi. The unforgivable act of licking the ends of chopsticks is called neburibashi. Lack of chopstick etiquette is strictly taboo. 


King James VI and the Privy Council issued an edict in 1603 banning the use of the surname MacGregor.


The penalty for conviction of smuggling in Bangladesh is death.


In Russia, buying carnations or roses is a prerequisite for a first date. They must be given in odd numbers, because flowers given in even numbers are reserved for funerals.


A 1989 law in Florida forbids the release of more than ten lighter-than-air balloons at a time. This is to protect marine creatures that often mistake balloons for food and can suffer intestinal injuries if they eat the balloons.


A bride stands to the groom’s left at a wedding so that his sword hand would be free. Apparently Anglo-Saxon brides were often kidnapped before a wedding and brawls were common. That’s also why the best man stands with the groom; the tribe’s best warrior was there to help the groom defend the bride.


A charming wedding custom in early Yorkshire, England, involved a plate holding wedding cake. It was thrown out of the window as the bride returned to her parental home after the wedding. If the plate broke, she would enjoy a happy future with her husband. If the plate remained intact, her future was bleak.


A couple living together for two years in Russia is considered married. This is called a citizen marriage.


A law in Illinois prohibits barbers from using their fingers to apply shaving cream to a patron's face.


The U.S. interstate highway system requires that 1 mile in every 5 must be straight. These sections can be used as airstrips in a time of war or other emergencies.


The United States Supreme Court once ruled Federal income tax unconstitutional. Income tax was first imposed during the Civil War as a temporary revenue-raising measure.


The wedding custom of “something old, something new, something borrowed, something blue” dates to the Middle Ages.  The “old” thing was a personal gift from the bride’s mom to make a bond to the bride’s old life. The “new” item symbolized hope for the future and the newly formed family. The “borrowed” item was a gift from a happily married woman that would carry some of the woman’s happiness into the new marriage. The something “blue” came from two sources that had similar meanings. To ancient Romans, maidens wore blue to show fidelity and modesty, and to Christians, blue was linked to the purity of the Virgin Mary.


Tourists need to be aware that, when traveling in Germany, a screwing gesture at one's head is a strong symbol, meaning "You're crazy." Often used by drivers on the autobahn to comment on the driving skills of other travelers, this gesture can get you arrested. The same gesture is used in Argentina.


Trap regulations in California for lobster fisherman require an escape port for undersized lobsters.


A local ordinance in Atwoodville, Connecticut, prohibits people from playing Scrabble while waiting for a politician to speak.
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