
How the Universe Works  -- side 44
example #51 : Determine 
the final velocity over a 120. 
m vertical displacement of a 
rocket initially moving at 
5m/s straight up in the 
atmosphere with an average 
mass (m)of 17.0 Mg if the 
fuel is escaping at rates of 
500. m/s and 350. kg/s 
and the average 
air drag is 1100 N.  

example #52: A 
variable force acting on 
an 50 kg object drops 
off linearly from a 
maximum of 450 N to a 
minumum of 300 N over 
a 80 m displacement.  If 
the object is moving at 
15 m/s at the time the 
force first encounters 
the object, how fast is 
the object moving at the 
end of the 80m?

The 4 Laws of Thermodynamics:     
1st Law:  Ei = Ef  The energy of a system changes forms and transfers around within 
the system, but it is never lost from the system.
2nd Law:  The natural direction of this energy form change or transfer is towards  a 
higher entropy  (∆S>0) which means that the free energy of a closed system becomes 
more chaotic (higher disorder) and therefore, less useful as time moves forward.
3rd Law:  There is a theoretical absolute zero temperature (-273.15°C)  at which the 
kinetic energy of atoms and the system’s entropy is minimized
The Zeroth Law:  This one seems pretty trivial, but is necessary in certain 
derivations:  It has to do with equilibium of heat flow between bodies. It states that if 
two systems are at the same time in thermal equilibrium with a third system, they 
are in thermal equilibrium with each other.

Drawing:

                   m = 17 Mg

500 m/s
350 kg/s

So, we first need to determine the thrust.      
      FT = (dm/dt) ve

   = (350 kg/s)(500m/s) = 175,000 N
Now let's employ the W-K Theorem:
ΣW = WFT + Wmg + WRa = 175,000N * 120m(cos0)

 + (17,000)(9.81m/s2)(120m)(cos180) + 1100N*120m(cos180)
21,000,000Nm - 20,012,400Nm -132,000Nm = 855,600Nm

855,600Nm = (½)m〖vf
2 - vi

2〗

100.7 m/s = vf
2 - (5.0m/s)2  ∴  vf = 8.66 m/s

The fastest way I can think of to work this problem is by turning 
work into a graph. Remember that Work equals the area under                                  
                 the F (x) graph. The graph is just a trapizoid on its side.
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  Area = ½(b1+ b2)h = ½(450N + 300N)(80m)
30,000 Nm = ½mvf

2 - ½mvo
2

           vf = 《〖2(30,000Nm) + mv0
2〗/ m 》½

  
 vf = 《〖2(30,000Nm) + (50kg)(225m2/s2〗/ 50kg 》½
                       vf = 37.7 m/s

Let' s revisi t Gravi ty:   


