
November 18, 2010 



 covers especially: 
 Frautschi chapters 11-14 
  lectures/sections through Monday (Nov. 15) 
 homework #6-7 
 topics:  momentum, collisions, oscillatory motion, 

angular momentum, rotational motion 



  Internal forces within a system of objects “cancel” due to 
Newton’s third law: 
  Internal forces do not change total linear momentum. 
  Internal forces do not change total angular momentum. 

  Therefore, if no forces act from outside the system, linear 
momentum is conserved. 

  And, if no torques act from outside the system, angular 
momentum is conserved. 

  If internal collisions are elastic, internal forces are 
conservative (gravity, springs), and outside forces are 
conservative and accounted with a potential, then 
mechanical energy (K + U) is conserved. 
  Static friction does not violate conservation of mechanical energy. 
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•  lin. momentum:  not conserved 
during collision, not conserved 
afterward 

•  ang. momentum:  conserved 
•  mech. energy:  not conserved 

during collision, conserved 
afterward 
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•  (lin. momentum:  not relevant) 
•  ang. momentum:  conserved 
•  mech. energy:  not conserved 
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•  lin. momentum:  conserved 
•  ang. momentum:  conserved 
•  mech. energy:  not conserved 
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•  lin. momentum:  

conserved during 
collision, but not 
conserved 
afterward 

•  (ang. momentum:  
not relevant) 

•  mech. energy:  not 
conserved during 
collision, but 
conserved 
afterward 





•  lin. momentum:  conserved 
during ball-ball collision, not 
during ball-ground collision 

•  (ang. momentum:  irrelevant) 
•  mech. energy:  conserved 





•  (lin. momentum:  not 
relevant) 

•  ang. momentum:  
conserved during collision 

•  mech. energy:  conserved 
before and after collision, 
but not during 



 Continuity Equation (mass conservation) 
 For fluid flow in a pipe, ρvA = constant along pipe 

 ρ is the fluid density 
 v is the fluid speed (average) 
 A is the pipe cross-sectional area 

 The “pipe” could be virtual – for example, the 
boundary of a bundle of stream lines. 
 When the streamlines get closer together, the cross-

sectional area decreases, so the speed increases. 

v1 v2 

A1 

A2 

ρ1A1v1 = ρ2A2v2 

ρ1 

ρ2 



 Bernoulli’s Equation (energy conservation) 
½ ρv2 + ρgz + p = constant along streamline 

 ρ is the density 
 v is the fluid velocity 
 g is the acceleration due to gravity 
 z is the vertical height 
 p is the pressure 

 Applies to certain ideal flows, especially in an 
incompressible/low-viscosity fluid like water: 
 Density is approximately constant for water, nearly 

independent of pressure. 



 Archimedes’ Principle (buoyant force) 
 For a solid in a fluid, the upward buoyant force on 

the solid is the weight of the displaced fluid. 
 Example: 

 Two forces on solid are: 
Fgravity = mg downward, m = mass of solid 
Fbuoyant = ρfluidVg upward, V = volume of solid 

ρfluid 

Fgravity 

Fbuoyant 



Final Problem 22 

Make the simplifying assumption that water flow rate at input of hose is 
independent of size of nozzle. 



Make the simplifying assumption that water flow rate at input of hose is 
independent of size of nozzle. 

•  Answer:    0.75 cm 

Final Problem 22 



Final Problem 21 



Final Problem 21 

•  Answer: 
a) ρ1 < ρ3 < ρ2 
b) D/H = (ρ3-ρ1)/(ρ2-ρ1) 



 orbits 

Monday, November 22: 


