
Physics II

Test Review and Take-Home Test:  Pressure, Drag, and Projectiles

Questions: 

1.
Write the drag equation and tell what each variable represents.


drag = 1/2 A Cd p v^2


A = cross-sectional area of object; area exposed to wind


Cd = drag coefficient (tells how aerodynamic the object is)


p = density of fluid through which object is moving


v = object velocity

2.
Define "center of mass." the average position of all of the mass in an object; an 
object's balance point.

3.
Define "center of pressure."  

a line dividing an object into two parts such that the force of drag acting on the object to one side of the line is equal to the force of drag acting on the object to the other size of the line; OR the point in an object where, if you stick a pivot pin through the object and place the object in a wind, the object will not rotate as the wind direction changes.

4.
Explain how to stabilize a rocket's flight by altering its center of pressure.  Give concrete directions and explain what those actions will do to the center of pressure.


Shift the center of pressure backward by adding more surface area (such as fins) to the back of the rocket or removing surface area from the front.  Do this without significantly changing the rocket's mass distribution.  For example,  fins should be light.

5.
Explain how to stabilize a rocket's flight by altering its center of mass.  Give concrete directions and explain what those actions will do to the center of mass.


Shift the center of mass forward by adding weight to the front or by removing mass from the back.

6.
Suppose you want to create a sled that will always point directly down a snowy hill, regardless of the steering skill of its occupant.  Draw a sketch of a sled that would do this, and explain how it works.


The sled should have a lightweight fin or tail sticking out the back.  Since the tail is light, it will not change the sled's CM.  The CM will remain near the front.  Gravity will pull the sled directly down hill, and as it does so, the longer tail will be pushed by the snow with more force than the sled's short nose.  The tail will become oriented uphill, and the nose will point downhill.

7.
All other factors being equal, a rocket that wobbles will not travel as high as one that does not wobble.  Explain why this is true, in terms of the drag equation.


You can answer this in one of two ways -- or both:


Option A:  The wobble changes the angle at which the air hits the rocket, so that the air is not always hitting the rocket "straight on."  If the rocket hits the air at an angle, a larger cross-sectional area is exposed to the wind.


Option B: If the rocket wobbles and the air is therefore hitting the rocket at a different angle, the rocket's drag coefficient changes.  For example, a cube has a different Cd depending on whether the wind is hitting it on a face, an edge, or a corner. 

8.
A rocket's thrust is equal to 2PA, where P is the gauge pressure of the rocket and A is the area of the nozzle through which the propellant escapes.  Rocket thrust is independent of the propellant density.


a.
...explain why a rocket that is 90% full of water will not travel as high as one that is 50% full of water.   There are at least two ways to approach this question…  



Option 1:   If a rocket is 90% full of water, the air inside the rocket increases its volume ten-fold as the water is expelled.  A ten-fold increase in air volume means the air pressure gets reduced to 1/10 its original value.  That's not enough pressure to give significant thrust.  In the 50% full rocket, the air volume only doubles as the water is pushed out, so a higher pressure is maintained through the entire thrust phase.


Option 2:  Like a spring, compressed air provides storage for potential energy.  The more air is pressurized to a given pressure, the more potential energy is stored.  A rocket with 90% water has a volume that is only 10% compressed air, so that compressed air represents only 1/5th of the energy stored in a rocket that is 50% compressed air.

b.
...explain why a rocket that has no water will not fly as high as one that is 10% full of water.



Air is less dense than water.  When the waterless rocket is launched, all of the air will escape very quickly.  When there is water in the rocket, the air escapes more slowly; thrust lasts much longer.  Since the thrust is approximately the same magnitude either way, a longer period of thrust will make the rocket go higher.

9.
Water aside, the weight of the non-water rocket parts can affect rocket performance.


a.
Explain why a very light rocket will not fly very high.



A rocket that is too light has very little inertia and is therefore slowed down more rapidly by the force of drag (like a whiffle ball)


b.
Explain why a very heavy rocket will not fly very high.



A rocket that is too heavy has so much inertia that its thrust cannot lift it.


Problems:

A potato gun is pressurized to a gauge pressure of 50psi.  The potato "bullet" has a mass of 0.08kg.  The barrel has an inner diameter of 0.02m and a length of 1.8m.

1.
What is the gauge pressure in pascals (pa)? 344,750pa

2.
Upon firing, what area of the potato is exposed to the chamber pressure? 


pi*10^-4

3.
What force is applied to the potato as it begins to exit the barrel? 108.3N

4.
Assuming that this pressure (from previous question) is applied to the potato on its entire trip down the barrel, how much work is done on the potato as it exits the barrel? 195j

5.
If we assume 100% efficiency, how much kinetic energy will the potato have as it exits the barrel? 69.8m/s


6-13.  
An object is launched.  The information below relates to the object and the launch.  Use that information to answer the questions that follow.

· launch angle = 50°

· Initial Speed = 30m/s

· Drag Coefficient = 0.4

· Shape = sphere with 0.05m radius

· Mass = 0.2kg

· Density of Air = 1.19kg/m3

· Interval time = 0.2 seconds

6.
Initial X velocity = 19.28m/s

Initial Y velocity = 22.98m/s

7.
X drag =
 -0.695N



Y drag = -0.987N

8.
X Fnet =
-0.695N



Y Fnet = -2.95N

9.
X acceleration =
-3.48m/s^2

Y acceleration = -14.7m/s^2

10.
X Δv = -.068m/s



Y Δv = -2.98m/s

11.
Current X velocity = 18.6m/s

Current Y velocity = 20.0m/s

12.
X displacement =
3.79m


Y displacement = 4.30m

13.
Assuming that the object falls far enough, what will be its terminal velocity? 32.8m/s


