Chapter 2 (p.50) – Solutions - #3
                                    p.1
57. Start with the position function from the Law of Falling Bodies, 
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Let y = 0 and calculate the total falling time: t = 2.26 sec. Now be careful on the next step. 

When the distance fallen is d = 15m, the y-coordinate or position is y = 10m. When y = 10, t = 1.75 sec which gives Wile E. 0.51 sec. (Or use the modified form of kinematics equation #1, 
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 when the object starts from rest and you want distance.)
58. Rate of increase of a rate! The derivative of a derivative! Acceleration is the rate of change of velocity which is the rate of change in the position of an object.
Here, a = .132 mm per day per week. Let’s express acceleration as mm per day per day, so  divide by ‘7’ to get: a = .0189 mm/day2. Also, note that v0 = 1.04 mm/day. Now let x represent the dog’s hair length or 
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 (mm) where t is in days. 

Now t = 5 weeks = 5(7) = 35 days. Although we don’t know x0, we’re only asked to find the change in length or 
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 = 48.0 mm.
59. Pretty tough to picture a well and a catapult? Well, here’s my interpretation of this problem. Let y0 = 0 and v0 = 80 m/s and the net acceleration (rockets overcoming gravity) will be a1 = 4 m/s2. When y = 1000m, the engines fail and a2 = -g = -9.8 m/s2. 
Part I – Find (y1) how high we are and (v1) how fast we’re going when (t1) the engines fail!  Equation #1: 
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Equation #2: v1 = 4t + 80 = 
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Eq. #3: (1202 = 802 + 2(4)
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) or Eq. #1: y = 2(10)2 + 80(10) = 
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 (we knew that!)
Part II – We can now restart our stopwatch and use the Law of Falling Bodies for 
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. We’re now ready to start answering some questions!

First (b) To find the maximum height, we can just use Part II. Take the derivative and set velocity equal to zero (at the top). 
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. Now plug this back into the y-equation to get ymax = 1730 m. Or use Equation #3: 02 = 1202 + 2(-9.8)
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(a) Here we’ll use Part II to find t2 (the time to ‘fall’), setting y = 0 and hmm… using the quadratic formula. (Make sure you have a quadratic formula ‘app’ in your calculator or at least know how to solve equations with your calculator.) t2 = 31.1 sec. ttotal = t1 + t2 = 41.1s.
(c) From Part II, use eq. #2 (the derivative) to get: 
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Chapter 2 (p.50) – Solutions - 3 
                         p.2
60. Okay, this is the old ‘follow that car’ problem! We’ll need two x-functions.
Car: 
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. When are the two x-coordinates equal?
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(b) Taking the derivative, dx/dt, we get: 
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(c) 
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61. (See Fig. 2.10a on p.35) The area of the rectangle, A1 = vxit, is the distance covered at a constant velocity equal to the initial velocity, vxi. It’s simply the algebra formula, d = rt.

The area of the triangle is the distance or displacement due to the increasing velocity. 

From v = at + vi , we see that the change in velocity is: 
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. However, we gradually increased our velocity, so we’ll divide by 2 (Merton Rule?) to get an average increase of 
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 which we multiply by ‘t’ to get this second area, A2 = 
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 or displacement. The sum of these two areas (displacements) is then Equaton 2.11 (p.36): 
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 which is just kinematics equation #1.

62. Okay, you can forget this ‘red’ problem. Some red problems are more instructive than others. This one is similar to a puzzle which you might never see again. Anyway, here’s how I solved it:  I first thought, “Oh, a calculus max/min problem. I’ll try to minimize time,  t = t1 + t2 .” I also was playing around with d1 + d2 = 1000 m. It was getting ugly when I decided to try equation #3: Here’s what happened. 
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 since we started from rest and 
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 since we came to rest at the end of the trip. What’s neat about this was that v1f = v2i , so I could solve for d1 and d2 and add them to get 1000. Watch:
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. Add them: d1 + d2 = 
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.
Now I used equation #2: v1f = a1t + 0 or 12.9 = (.1)t1 to get t1 = 129 sec.

I used equation #2 again for the 2nd part of the trip: 0 = (-.5)t2 + 12.9 to get t2 = 25.8 sec.

So the total time was t = t1 + t2 = 155 sec with t1 = 129 sec.
Chapter 2 (p.50) – Solutions - 3 
                                    p.3

63. This is another red problem which you would only tackle if you’ve got no life! (Hmm… what does that say about me?) Oh well, you might take a look and learn a trick or two. (1) The maximum velocities for each are obtained at different times, 2 & 3 sec: 
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. (2) We’ll need piecewise x-functions for both Maggie and Judy, but that’s not all. If we don’t plan to start our stopwatches over then their accelerations change we’ll have to learn a new trick! Watch this…
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     and  
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(3) First of all, note the trick with the (t – 2) for Maggie and (t – 3) for Judy. That’s the part about not starting our stopwatch over or using two different stopwatches!

(4) Also, look at Maggie’s 2am term. ? It’s x(2) =
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. For Judy we found x(3).

Let’s go ahead and take some derivatives (ie, find some velocity functions).
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Note that that this time the 2am for Maggie is her maximum velocity. Judy’s is 3aj.

(a) 
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(b) From above: 
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 so Maggie was ahead by 2.6 m.     
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