Final Review Problems.


9 December, 2004

Physics 131

Combining Concepts.

Now that we have discussed all of the main concepts in classical mechanics, we can handle a wide variety of problems that combine different concepts.  For example, consider the situation below.
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A block of mass 1 kg comes sliding in from the left with speed 15 m/s and impacts a block of mass 2 kg that is initially at rest.  The surface on which the blocks slide is frictionless.  

(i) If the blocks stick together after colliding and then fly off of the table, determine their horizontal distance from the edge of the table at the instant that they impact the ground.

We may use conservation of momentum to determine the speed of the blocks after they stick.  This gives us:  (1 kg)(15 m/s) + (2 kg)(0 m/s) = (3 kg)V.  Solving for V gives   V = 5 m/s.  So, the two blocks slide off the edge of the table with horizontal speed 5 m/s.  

We can now use our constant acceleration equations to determine how long the blocks are in the air.  Remember, when we do this, we need consider only vertical motion.  
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Plugging in 2 meters for Δx and (9.8 m/s2) for a, we find that t = 0.64 seconds.  We then multiply this time of flight by the horizontal speed of 5 m/s to find that the blocks fly 3.19 meters before hitting the ground.

(ii) Suppose now that, instead of sticking together, the two blocks collide elastically.  Will the 1 kg block fly off of the table?  Will the 2 kg block make it farther horizontally than the two blocks together did?

This time, the blocks don’t stick together, so their final velocities are different.  To determine them, we (I) conserve momentum:  (1 kg)(15 m/s) = (1 kg)V1 + (2 kg)V2 and

(II) conserve kinetic energy [because it is an elastic collision!]:  (1/2)(1kg)(15 m/s)2 = (1/2)(1 kg)V12 + (1/2)(2 kg)V22 .

Solving these equations for V1 and V2 gives:  V1 = -5 m/s and V2 = 10 m/s.  Therefore, the 1 kg block does not fly off of the table, and the 2 kg block makes it farther than it did before.

(iii) Determine how far the 2 kg block travels horizontally before impacting the ground.

The time of flight for the 2 kg block is still the same [again, remember that it depends only on the vertical motion], so we simply multiply our new speed of 10 m/s by 0.64 seconds to get 6.4 m.

Making the Right Choice.

We know that F = ma (or its rotational equivalent) will always work in any problem.  Often, however, it is not the easiest way to proceed.  Using a conservation law to solve a problem is almost always easier.  Consider the following situation:
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A block is released from rest at the top of a decline of height 2 meters.  The surface of the decline is frictionless, but the horizontal surface at the bottom of the decline is not.  The coefficient of kinetic friction between the block and the horizontal surface is μk = 0.33.  

How far does the block slide after reaching the bottom of the decline?

Method 1:  Use F = ma.

(i) Determine the net force acting on the block while it is on the decline.  Note that this requires us to use an angle that wasn’t given to us!

This is FNET = mgSin(θ), where θ is the angle of the decline.  The direction of the net force is down the decline.
(ii) Use the answer to part (i) to determine the acceleration of the block down the plane.

We use a=(FNET / m) to get a = gSin(θ).

(iii) Use the constant acceleration equations to determine the speed of the block at the bottom of the decline.  Note that this requires us to use a length that wasn’t given to us.
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We can use 

We know that Vi = 0, a=gSin(θ), and Δx=(2m/Sin(θ)).  In this last expression, Δx is the length of the ramp, and we have used a bit of trig.

Plugging these values in gives us Vf2 = (4 m)*g , or Vf = 6.26 m/s.
(iv) Determine the force acting on the block when it is on the horizontal surface.

This force is the frictional force, which is simply F = μkN = μkmg.

(v) Use the answer to part (iv) to determine the acceleration of the block while sliding along the horizontal surface.

The acceleration is F/m = μkg = 3.23 m/s2
(vi) Use the constant acceleration equations to determine how far the block slides before coming to rest.

Again, we use 
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with Vf = 0, Vi2= (4 m)g , and a=-μkg.  Plugging in gives Δx = (2m/μk) = 6.06m

Method 2:  Use Conservation of Total Energy.

(i) Determine the total energy of the block at the top of the incline.

ETOT = PEgrav = mgh

(ii) Determine the force exerted on the block by friction when it is on the horizontal surface.

Ffric = μkN=μkmg

(iii) Use the fact that W = F||d , where F|| comes from part (ii), to determine how far the block slides.

W = FfricΔx = -μkmgΔx

Now, set this equal to –ETOT to get Δx = (2m/μk) = 6.06m

*** When you choose to use a conservation law, make sure that you pick a quantity that is actually conserved!  That is, pick MOMENTUM or ANGULAR MOMENTUM or TOTAL ENERGY!  Don’t conserve kinetic energy unless you are told to (i.e., in the case of an elastic collision)!! ***

Rolling.

We will reproduce the scenario of the previous problem, with a few changes.  First of all, instead of a block that slides we will have a hollow sphere that rolls.  Secondly, in order to get the sphere to roll without slipping, we will suppose that there is infinite friction on both the decline and on the horizontal surface.  Finally, we shall choose the angle of the decline to be 30°.
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What is the acceleration of the ball as it rolls down the ramp?

Method 1:  Use F = ma and its rotational equivalent.

(i) Determine the net force accelerating the ball down the ramp.

FNET = mgSin(30˚)-Ffric
(ii) Use the result from part (i) to determine the acceleration of the ball.

a = (FNET/m) = gSin(30˚) – Ffric/m

(iii) Determine the net torque acting on the ball.

τ = RFfric
(iv) Use the result from part (iii) to determine the angular acceleration of the ball.

α = τ/I = (RFfric)/((2/3)mR2) = (3Ffric)/(2mR)

(v) Use the fact that the ball rolls without slipping to relate the answers to parts (ii) and (iv), and hence solve for a.

For rolling without slipping, we have a = Rα.  Plugging in our values for a and α that we found above, we get Ffric = mg/5.  Plugging back in to solve for a, we find that a = (3g/10) = 2.94 m/s2 

Method 2:  Use conservation of total energy and the constant acceleration equations.

(i) Determine the energy of the ball at the top of the ramp.

The energy at the top is all gravitational potential energy:  Etop = mgh.

(ii) Use conservation of energy to determine the speed of the ball at the bottom of the ramp.

At the bottom, the sphere has both rotational and translational kinetic energy.  Thus, Ebottom = KEbottom = (1/2)mv2 + (1/2)Iω2 .  Using the facts that I=(2/3)mR2 for a hollow sphere and Rω = v for a rolling object, we find that Ebottom = (5/6)mv2 .  Equating these, we find that vbottom2 = (6gh)/5.

(iii) Use the result of part (ii) along with the constant acceleration equations to determine a.
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We again use 


with VI = 0 and Δx = (h/Sin(30˚)) to find that a = (3g/10) = 2.94 m/s2 , as before.

( How does this result compare with the acceleration of the sliding block in the previous problem?

With an angle of 30˚, the acceleration of the sliding block would be (g/2)=4.9 m/s2.  The acceleration of the hollow sphere is less simply because some of the energy must go into getting the sphere to rotate.  There is therefore less left for translational acceleration.


Sliding Coaster.

A block is sent sliding toward a loop with speed V, as shown below.  There is no friction on any of the surfaces, and the radius of the loop is 15 meters.


[image: image4]
( What is the minimum speed V such that the block will make it all of the way around the loop?

One temptation in solving this problem is to use conservation of energy, which is a temptation you should give in to.  Running with this idea, we are tempted to do the following:


KEi = (1/2)mV2

PEi = mgh = 0

And thus….Ei = KEi + PEi = (1/2)mV^2


KEf = 0


PEf = mgh = mg(2R) = mg(30 m)

And thus….Ef = KEf + PEf = mg(30 m)

Equating Ei and Ef then leads immediately to:   
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( So, armed with this knowledge, you go to try it out and find that, at 24.2 m/s, the block falls off the track before reaching the top.

So…where did we go wrong??

We have set things up so that the speed of the block at the top of loop is zero [KEf = 0].  This clearly makes no sense if we want the block to make it around the loop.  Instead, we should set things up so that the Normal Force at the top of the loop is zero.

What now???

The block is traveling on a circular path!  Hence, we need a centripetal force of exactly 
[image: image6.wmf]r

mv

2

.

To do things correctly, we….

(i) Determine the minimum speed possible at the top of the loop by setting N = 0.

If N = 0, then gravity alone must be providing all of the centripetal force.  Hence, (mv2/R) = mg, and we find that
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(iii) Conserve total energy in order to determine the speed at the bottom of the loop that gives this result at the top.

(1/2)mvbottom2 = (1/2)mvtop2 + mg(2R)

vbottom2 = gR + 4gR = 5gR

Our answer is:  
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Rolling Coaster.

Now let’s roll the disc toward the loop.

( Will this have to be rolled faster or slower to make it around?

You might guess that, since the disc has rotational kinetic energy as well as translational kinetic energy, you need not roll it as fast.  Let’s check this.

(i) The minimum speed at the top is the same as before.
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(iii) Again conserve total energy to determine the speed at the bottom, but don’t forget the rotational kinetic energy now!

(1/2)mvbottom2 + (1/2)Iωbottom2 = (1/2)mvtop2 + (1/2)Iωbottom2 + mg(2R)

Looking up the moment of inertia for a disc, we find that this equation becomes

Vbottom2 = vtop2 + (8gR)/3 = gR+(8gR)/3 = (11gR)/3

Our answer is:    
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( Rank the minimum necessary speeds for the four objects shown above from smallest to largest.

The larger the moment of inertia for the object, the slower it need go.  Therefore, the ranking is as follows:  VRing < VDisc < VSolid Sphere < VBlock .
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