	PHYSICS  Worksheet
Rocket Demo - Computer Simulation
	
[image: image1.jpg]





Simulation 1
Run #1

Do not change any of the input variables and launch the rocket (Start button).  

Q) Why does the rocket explode?

___The thrust is pushing up and the weight is pulling down.  The thrust is less than the weight, therefore the rocket’s acceleration is negative.
Run #2
Reset the rocket (Restart button). Set the input variables (rocket mass, rocket thrust, and time) to random values, making sure that there is enough thrust.  Calculate the output variables of total weight, acceleration, velocity, and distance.  Show all calculations below.  After your instructor shows you the correct answer, check the boxes of the calculations you got correct.
m = __30 kg ___
F = __2890 N_
t = __5 sec___

( Total Weight __-294 N___
Fg = mg = (30 kg)(-9.8 m/s2) = -294 N
(  Acceleration _86.5 m/sec2
FNET = F +  Fg = 2890 N – 294 N = 2596 N
(  Velocity _432 m/sec____

FNET = ma       2596 N = 30 kg a         a = 86.5 m/s2
(  Distance __1081 m ____

vf = vi + at          vf = 0 + (86.5 m/s2)(5 sec) = 432 m/sec





d = vi t + ½ at2 = 0 + ½ (86.5 m/s2)(5 sec)2 = 1081 m
Run #3
Again, set random input variables and calculate the output variables showing all work. After your instructor shows you the correct answers, check the boxes of the calculations you got correct.  
m = __60 kg_____
F = __4900  N____
t = ___15 sec___
(  Total Weight __-588 N__

Fg = mg = (60 kg)(-9.8 m/s2) = - 588 N
(  Acceleration _71.8 m/sec2

FNET = F +  Fg = 4900 N – 588 N = 5312 N
(  Velocity __1078 m/sec__

FNET = ma       5312 N = 60 kg a         a =  71.9 m/s2
(  Distance __8085 m ____

vf = vi + at          vf = 0 + (71.9 m/s2)(15 sec) = 1078 m/sec





d = vi t + ½ at2 = 0 + ½ (71.9 m/s2)(15 sec)2 = 8089 m

Run #4

Scenario 1: Assume that the mass is 10 kg, the thrust 210 N, and the time 10 sec.  Scenario 2: If the mass is changed to 100 kg, what must the thrust be to get the rocket to the same height in 10 sec? Set the thrust as close to the calculated number as possible.
Show calculations below.

Fg = mg = (100 kg)(-9.8 m/s2) = - 980 N

d = vi + ½ at2 

560 m = 0 + ½ a (10 sec)2
a = 11.2 m/sec2
FNET = F + mg = F – 980 N = ma
F – 980 N = (100 kg)(11.2 m/sec2) 
F = 2100 N
Run the simulation for the two scenarios.  

Distance Scenario 1 = _560 m____ 
Distance Scenario 2 = _555 m____   Used 2090 N instead of 2100 N
Derivation
Develop an equation that will allow you to calculate the thrust if rocket 2 to make the distances of two rockets the same even when their masses are different but the times are the same.  Assume that you know the masses, the thrust of rocket 1, and the time.
d = vi + ½ at2

a = 2d / t2
FNET  = F + mg = ma

F + mg = m (2d/t2)
F = (2md/t2) - mg
Check the equation by calculating the thrust found in Run #4. Show work below.

F = ( 2md/t2 ) –  mg  = [2(100 kg)(560 m)/100 sec2) ] – (100 kg)(-9.8 m/sec2)

F = 2100 N
Run #4 Calculated Thrust = _2100 N____
Calculation #1 Thrust      =  _2100 N____
_Yes_ Q) Did the derived equation make the calculation  easier? 
Simulation 2
Run #1

Reset the rocket (Restart button). Set the input variables (rocket mass, rocket thrust, acceleration of gravity, and time) to random values, making sure that there is enough thrust and the acceleration of gravity is above 5 and not 9.8 m/s2.  Calculate the output variables of total weight, acceleration, velocity, and distance.  Show all calculations below.  After your instructor shows you the correct answer, check the boxes of the calculations you got correct.

m = __30 kg____
F = __1620 N__
t = __5 sec__

g = __15.8 m/sec2_
(  Total Weight __- 474 N__
Fg = mg = (30 kg)(-15.8 m/s2) = - 474  N
(  Acceleration __38.2 m/sec2_
FNET = F +  Fg = 1620 N – 474 N = 1146 N
(  Velocity _191 m/sec____

FNET = ma       1146 N = 30 kg a         a =  38.2 m/s2
(  Distance __477 m___

vf = vi + at          vf = 0 + (38.2 m/s2)(5 sec) = 191 m/sec
`



d = vi t + ½ at2 = 0 + ½ (38.2 m/s2)(5 sec)2 = 477 m

__No_ Q3) Were there any major differences in these calculations from those in Simulation 1?

Run #2

Let’s say that your rocket from Run #1 was transported to Mars where the g = 3.8 m/s2.  How much time would it take the same rocket to reach the same height? Show your calculations below.
Fg = mg = (30 kg)(-3.8 m/s2) = - 114  N
FNET = F +  Fg = 1620 N – 114 N = 1506 N
FNET = ma       1506 N = 30 kg a         a =  50.2 m/s2
d = vi t + ½ at2

t2 = 2 d / a = 2(477 m)/(50.2 m/sec2)

t = 4.36 sec
Calculated t = __4.36 sec__

Run the simulation with the given values where g = 3.8 m/sec2 and find the distance at the calculated time.

Run #1 distance = ___477 m___
Measured Run #2 distance = __474 m__ at 4.35 sec
Find the % error between the calculated and measured distances.  Show work below.
% Error = [(474 m – 477 m) / 477 m] 100 = - 0.629 %
Derivation:  Find an equation that would let you calculate the time for a 2nd rocket to reach the same height as a 1st with the same mass and thrust, but a different acceleration of gravity.

d = vi t + ½ at2

t2 = 2d / a
FNET = F + mg = ma

a = F + mg / m
t2  = 2d / a = (2d) /[( F + mg )/ m ] = 2dm / (F + mg)

t = sqrt[2dm / (F + mg)]
Use the equation to calculate the time for the 2nd rocket for Run #2.
New Calculated t = __________
t = sqrt[2(477 m) (30 kg)/ [1620 N + (30 kg)(-3.8 m/sec2)]

t = 4.36 sec

_Yes_ Q) Did the derived equation make the calculation significantly easier? 

Run #3
Reset the rocket (Restart button). Set the input variables (rocket mass, rocket thrust, acceleration of gravity, and time) to random values, making sure that there is enough thrust and the acceleration of gravity is above  5 m/s2.  Write down the values from the simulation below.

m = __90 kg__   F = __5780 N_    t = __8 sec _
   g = __6.6 m/sec2_
   d = _1843 m___
Calculate the thrust that would be required to reach ½ of the distance in the same time. Show your calculations below.

d = ½ at2
a = 2d / t2 = 2(922 m) / (8 sec)2 = 28.8 m/sec2
FNET  = F + mg = ma

F + (90 kg)(- 606 m/sec2) = (90 kg)(28.8 m/sec2)  
F = 3186 N
Run the simulation and find d using the calculated thrust.    d = __912 m_  at F = 3160 N
Derivation: Find an equation that would calculate the thrust F to find the answer to the problem above.  Show your work.
F + mg = ma

d = ½ at2
a = 2d/t2
substituting  a
F + mg = m (2d/t2)

F = 2dm/t2 - mg
Use the equation to find the New F
.

F = 2dm/t2 – mg = [2(922 m )(90 kg)/(8 sec)2] – (90 kg)(-6.6 m/sec2)  
F = 3187 N

Calculated New F = __3187 N__
_Yes_   Q) Did the derived equation make the calculation  easier? 
Simulation 3
Run #1

Choose the same input variables from Simulation 1, Run #2, making the total mass of the rocket and fuel equal to the original mass of the rocket.  Predict whether each of the output variables will, at the input time, go up or down and why.

m = __10 kg____
F = __2890 N_
t = _5 sec___    m (fuel) = __20 kg___
Predictions:

a = __up_____
_As the rocket uses fuel, the mass will go down, increasing the acceleration_________

v = __up_____
__As the acceleration increases, the velocity will also increase.   __________________

d = ___up____
___With higher velocity, the distance travel will increase.________________________

Initial Values: a = _86.5 m/sec2_     v = _432 m/sec__      d = __1081 m__
Final Values:  a = _117 m/sec2 _     v = __508 m/sec_     d = ___1231 m__
Compare the initial and final values and explain the differences:

__The final values of a, v, and d went up for the reasons stated above______________                                      _____________________________________________________________________
Discussion & Calculation: 
Set the input values to m = 100 kg and m(fuel) = 30 kg.  Discuss how you could calculate the thrust required to have the rocket stop at the 10 km marker, in other words have a final velocity of zero.  List some of the variables you might have to consider.  How could this be done quickly using the simulation?

There are many variables that could be considered:
Efficiency of the rocket versus thrust

Change in air resistance with height

Change in g with height

Solid versus liquid fuel

Specific impulse (see Wikipedia)

Calculus

Without any data on these variables, the only way to come up with a solution is to use the simulation.  Here is data of thrust versus distance.
	Thrust F (N)
	Distance d (m)

	1350
	1881

	1750
	4672

	2290
	6914

	3090
	8781

	3500
	9380

	3630
	9568

	4440
	10500
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The graph of the data shows that a distance (or height) or 10000 m will be with a thrust of 

4000 N.
Running the simulation with a thrust of 4030 N yields a distance of 10008 m.  
_______________________________________________________________________

 When I first took the data, I was very surprised that the distance versus thrust was not linear.  This puzzled me for quite a while.  Why was this happening?  I kept looking for the answer in the equations or by using calculus with the equations.  Finally, I went back to the simulation itself.  I based the fuel use directly on the thrust expended.  BUT, I calculated this change every 0.02 sec.  Since the lower thrusts took more time for the fuel to burn, the simulation was taking more 0.02 cuts out of the fuel.   So, in a way, it was a calculus solution.

