The Physics of


How I learned to quit worrying and drop the bomb


When a bomb is dropped from a speeding plane, there is actually a lot of physics going on.  Some of it, the bomb dropper has to take into account.  Some of it only effects the dropee (the bomb itself).  Let’s take a ride into the twisted mind of Mr. D. A. Young (guided by Matt Sandlin) and examine some of those phenomenon…
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Let’s say you have a plane traveling due east (or positive on the x-axis…that’s a funny coincidence…) at 400 meters per second (from now on known as m/s).  It is flying at an altitude of 2000 meters above the surface of the earth.  It is carrying in its bomb bay a bomb with a mass of 2000 kg.  Now suppose you wanted to…

To do this, you will have to explore the world of parametric graphs and come to grips with something called the truth.  When you know the truth, you can exert a powerful influence on your surroundings.  There are many truths.  In this case, the truth is in the form of two equations:
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where:

x,y = the position in meters

t = the time in seconds

vo  = the initial speed in m/sec

 xo,yo  = the initial position relative to the origin in meters

g = the acceleration due to gravity (9.81 m/sec/sec)

( = the direction of the velocity


( = the direction of the acceleration 

So, for us, our equations would be

Y = .5(9.81)*sin(270o)*t^2 + (0)sin(0)*t + 2000

X = .5(9.81)*cos(270o)*t^2 + 400cos(0)*t + 0

I know they don’t look like much now, but put them into a parametric graph and you get the side view of the position of the bomb at any time.  Note when y = 0: that means the bomb hit the ground.
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Remember hearing of a guy who was sitting out in his garden when an apple fell on his head?  It turns out, that was Issac Newton, the inventor of gravity.  He will also help us answer this question.  Along with gravity, he also invented force, and he chose to describe it by F=ma, where m is the mass, and a is the acceleration the mass is experiencing.  So, in our case F=2000(9.81)=19620 Newtons (hey, the guy invented force, so it’s only fair it’s named after him).
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When I say mechanical energy, I’m really talking about 2 kinds; potential energy, caused by gravity, and near earth’s surface can be found by mgh where h is the height above the ground, and kinetic, which is a property of a moving body, and given by .5mv^2.  While on the plane, our bomb has both potential and kinetic energy, because it is moving at some distance above the earth.  This bomb has 2000*9.81*2000=39240000 Joules of potential energy stored in it, and .5*2000*400^2=160000000 J of kinetic energy being given to it by the plane.  So, even though all it’s doing is resting in the belly of some aircraft, our bomb already has 199240000 J of energy in it.  That’s not even counting the explosives in it!
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Wow.  Now here’s a difficult problem.  We’re gonna have to use Vf^2=Vo^2+2as to find the final velocity and there’s gonna be a bunch of trig and…waitaminute!  That’s too hard!  Did you think physics was about work?  It’s all about the short cuts baby!  There’s a wonderful little rule in physics called the Conservation of Energy.  It states that energy is never created or destroyed, and that the total energy of a system will always equal some constant.  So let’s see…we already know that the bomb has 160000000 J of kinetic energy just because it’s moving with the plane.  Neglecting air resistance (as physicists love to do), that should stay the same throughout its entire flight, because the sideways velocity should stay the same.  While it’s dropping, it will have less and less potential energy as it gets closer to the ground, but it’s kinetic energy would be increasing because it’s falling faster and faster.  So, its kinetic energy at the ground should be the same as the potential energy in the plane, namely, 32940000 J.  So the total energy of the bomb when it hits the ground is still 199240000 J.

Now suppose the bomb is a dud and just hits the ground with a big thud: what happens there?


Believe it or not, work happens.  No, there’s no punch card.  The bomb actually does work on the ground, and visa versa.  By digging a crater in the ground, the bomb does work.  There are two ways to determine how much.  One definition of work is W=change in KE.  Since the bomb had 199240000 J of energy just before it hit the ground, all of it kinetic, then the ground did 199240000 J of work on the bomb before it came to a stop.  Another way to figure out work is by using W=Fd, where d is the distance the force is applied.  Suppose our bomb gauged out a 10 meter deep crater, uniformly decelerating the whole way down, in the sand before stopping.  Work would then be W=19620(calculated earlier using F=ma)*10=196200 J.  But if we found work both times, how come it’s not the same?  Earlier, we found the work the ground did on the bomb.  This time, we found the work the bomb did on the ground.  Now what if, on its way through the ground, our bomb struck a water pipe, causing it to not decelerate uniformly, and therefore not exert a constant force on the ground?  Then we have to use calculus…
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I know we didn’t get an answer, but we don’t actually have the force equation.
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Go below to see my links!!!
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http://www.howstuffworks.com/ - not exclusively physics, but just a neat site!

http://www.physicscentral.com/ - much like howstuffworks, but this one is dedicated to physics!  Very interesting stuff!

http://scienceworld.wolfram.com/physics/ - a great physics dictionary!

http://www.physics.ohio-state.edu/~dvandom/Edu/newcor.html - this one is just for Mr. Young!

http://www.goodfelloweb.com/nature/cgbi/index.html - makes for an interesting read!  Just hope it’s not right, or I’ll have to learn the truth all over again!

http://www.vast.org/vip/book/home.htm - maybe some of you fun lovers can relate to this better!  Or you’ll learn how to build a rollercoaster!

http://www.britneyspears.ac/lasers.htm - perfect for the teenaged aspiring electrician!  Maybe not so great for Mr. Young!

Keep going down!

Further!

Almost there!

So why did you make such an awesome site?

My name is Matt Sandlin.  This site was done as required for my 12th grade AP Physics C class at Fayetteville (AR) High School, taught by Mr. Young.  In this site, I attempted not to concentrate on one area of mechanics, the core of the curriculum for our class, and bog you down with a bunch of numbers you wouldn’t understand.  I tried to touch on many simple areas and try and show you how much info you could amass about your world with just a few simple calculations.  Hopefully, by doing that, you might get over your physics phobia (if you have one) and start thinking about physics and it’s implications.  Who knows, you may even find it interesting (if you don’t already)!  If you have any questions, comments, or just wanna say hi, email me at baldbeachbum@aol.com.  I promise I check it often!

I know, I forgot to take into account the spinning of the earth while this bomb is being dropped.  I’m sure back in prehistoric times, they had to sit there and calculate all of that mess before they could throw their spear, but nowadays, what with the GPS and all…
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