1999 Physics C – Mechanics
1.  Ballistic Pendulum 


Use conservation of momentum for the inelastic collision of dart with block.


P0 = Pf  
[image: image1.wmf]Þ

  mv0 + M0(0) = (m+M​0)vf  We’ll have to come back to this equation.


Then use conservation of energy as the dart & block swing to their highest point.


Ef = Eff  (where the ‘final’ velocity of our first equation is now the initial velocity.
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 (but what is ‘h’? Here we need some geometry!)
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 It doesn’t look like it here, but the arc is supposed to be part
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    of a circle. Hence, 
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Substituting for h, we obtain:  

                     h   
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The masses cancel out and we get 
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(a) Finally substituting into our first equation we get v0.

mv0 = = (m+M​0)vf = (m+M​0)
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(b) Here we use:  Fc = mac = m
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      T – mg = m
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 T = m
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(c) A couple of possibilities…



(i) Fire the dart into a block attached to a spring. Use the meter stick to 



measure how much the spring depresses. (Use a hanging block to minimize



friction on a table top. Assume gravitational force is negligible.) 



     Use 
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 to determine v0. (x is the vertical displacement.)


     Also measure the stretch of the spring when the block was originally 

 

     attached. Using Hooke’s Law, we can find the spring constant, k.



     Fs = k
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(ii) Fire the dart horizontally off the table. Use dy = 
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 for time in air.


     Use the meter stick to measure the horizontal (range) of the projectile.



     Use dx = v0t  and solve for v​0  

(d) F = ma 
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 -bv = m
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 Integrate velocity from t = 0 to get distance, L.
     Using variable separable technique we get:  
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     Integrating… 
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. Find C using: t = 0, v = v0 
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     Exponentiating both sides to solve for v, we get:  
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    Finally we have:  
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2. Density is mass/volume. We write:  
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     Recall the outer mass has zero effect on an inside object. Consider only the 

     inner mass (mi).  mi = 
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     Fg = 
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   (Hooke’s Law? F = -kx)
     (b)  
 
             F
                                   R      2R             

     (c) 
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(Compare this with elastic potential energy? Ue = 
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     (d) E0 = Ef  
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     (e) Simple Harmonic Motion. Oscillating like a spring-mass system (assuming  

           no friction or melting!)

     (f) Point P to the center would be 
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3. Rotational Dynamics

(a) Equilibrium with respect to the center of the disk:  
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(b) Angular Acceleration (
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(i) If T = 0N (string is cut), then:
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where I = ID​ + IR + IB = 
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I = 
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(ii) Linear acceleration for the Block:  (using at = R
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     a = (2R)
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(c) 
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