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Bonus D – REAL Problem Solving

One of the goals of this course is to introduce the concept of systematic problem solving.  We have discussed the “Driven By Need” method as being appropriate for closed-end problems, those with a single well defined solution.  
Any example of a closed-end problem is:
A sphere 1 m in diameter has a specific gravity which varies linearly (with respect to radius) from 1.0 at the center to 2.0 at the outer surface.   Determine the weight of this sphere.

You will notice that the related exam problem “told you” how to proceed… normally (as in the above case) you will not be given hints about intermediate steps, hence the true value of the DBN method.

On the other hand, many problems encountered by chemical engineers are “open-ended” or “unconventional.”  Some problems may have a single correct answer yet cannot be verified because the event is not reproducible or there may be many possible solutions given the assumptions made and approach given.  

The problem proposed here is as follows:

One day while I was working in our yard, I allowed Lilly, our 8 year old Fluffy Welsh Pembroke Corgi, to be with me.  I tethered her to a stake in the ground via her collar.  Once I started to work she settled down to watch me from a shady location.

Suddenly, in the street a woman came by walking her Pekinese dog.  Lilly took off in a flash to great the dog, however, she forgot about the cable tethering her and the cable drew out to its full length and suddenly she was “off” and with the other dog.  After reclaiming Lilly from the street, I was able to sort out what happened.

I accidently attached the cable to a split ring which held her dog tags on the collar rather than the solid heavy gauge ring meant to be attached to a lead.

Attached, please find reference pictures.

Question:  How fast was Lilly traveling when she was at the “end” of the cable.  You will be providing an explanation of how you would solve this problem to get a numerical answer, that is, how would you go about conducting any experiments necessary to get required parameters to tie together the available information with the needed answers.  You are NOT allowed to subject Lilly to an equivalent experience.  We are interested in THAT ONE DAY’S events.
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Analysis:

As has been discussed many times during the term, visualization of the problem is an essential element of problem solving.

One should see the role of all the various “components” of the problem and afterward try to simplify the real-world problem into an equivalent conceptual problem.  For example, the problem is not particularly about a “dog” since we can envision that any animal or even a motorized device with the same mass and velocity would produce the same effect.  

Component and Properties:

(1) Dog – The dog has a weight, a mass, and a velocity at the time the leash (lead) is fully extended. 
(2) Lead – The cable attaching Lilly’s collar ring (split ring in this case) to the ground stake is inelastic and serves only to transmit tension forces to the collar when the cable is fully extended.  
(3) Split Ring – The split ring in its original configuration consists of a “twice wound” steel ribbon with considerable tensile strength.  During the action of interest, the split ring “unwinds”.

Observations:

(1) The dog’s weight is not a component of this problem since we are interested only in horizontal activities.
(2) The dog’s mass IS a significant variable and can be established without repeating the event.  We can assume a mass of 25 lb (24-28).  

Reflections:

(1) We do not have complete information about the velocity of Lilly during the event.  It is unknown what the velocity versus time data might look like or how long the event of pulling open the ring took.
(2) The situation is “dynamic” in that changes are occurring during the event.  What we see at the end of the event is the distorted ring.  We do not know Lilly’s velocity at this point but we assume it has been significantly diminished.
(3) A somewhat related physical situation would be to hang a mass from a spring.  Starting at a zero vertical velocity (releasing the weight from rest) we recall from physics that there is a relationship between the distortion of the spring and the applied force.  The basic phenomena is related to Hooke’s Law where the force caused by the distortion is proportional to the distance the string distorts.  Fresist=kx where “k” is the “spring constant”.  
(4) In the case of a mass hanging from a spring, the motion will be oscillatory.
a. Initially the weight will accelerate due to the weight being greater than the force of the spring.  Fnet=mg.  This will be associated with downward movement.  
b. As the spring continues to stretch, the restraining force continues to get greater and the rate of acceleration diminishes (Fnet=ma) where a<g.
c. After a certain distance the weight of the mass and the resisting force of the spring will be equal (Fnet=0) and therefore the acceleration will be zero.  At this point, the mass still has velocity and kinetic energy (as opposed to potential energy).  
d. As the spring continues to stretch the restraining force exceeds the weight and the Fnet is negative (that is, Fnet = ma) where a is negative.  Thus, the weight will be decelerating and loosing velocity.  
e. Eventually, the velocity of the mass becomes zero and the weight has reached the maximum displacement.  The force of the spring now greatly exceeds the weight so the subsequent movement is to accelerate upward.  
f. (The remaining details are left for the reader). 
(5) The case presented in (4) assumes an elastic deformation.
(6) In our case, the deformation is not completely elastic (and in fact is mostly plastic).  That is, the energy cannot be recovered as useful work and is, instead, dissipated as heat.  However, most of the issues discussed in (4) have counterparts in our case.

Development of an Experiment:

(1) We first  dismiss any experiment which is based on the concept

	(1)

Equation (1) is completely unsustainable.  There is no such concept in physics or engineering.  The units are unmatched.  Any solution presented based on this equation must be dismissed as UNACCEPTABLE.
(2) The “non-equation” (1) is a badly rendered version of the fluid mechanics principle called the Momentum Equation which states:

	(2)

	(3)

(3) Clearly, Lilly has a “mass” (25 lb) and not a “mass flowrate” (25 lb/s).
(4) In developing the Momentum Equation, we made use of Newton’s Second Law of Motion:

	(4)

(5) You will recall, I began the course with the admonition,  “one of the hardest concepts to visualize is MOMENTUM.”  In reviewing the classes proposed experiments, most are UNACCEPTABLE due to this misunderstanding.  Forewarned is forearmed.  (Prov. This expression originated as a Latin proverb, Praemonitus, praemunitus.  If you know about something beforehand, you can prepare for it.)

(6) One form of a valid experiment would be to consider that the kinetic energy (KELilly = m.vLilly/2) that Lilly possessed at the instant of the lead being fully extended provided the work necessary to deform the split ring.

a. Obtain a supply of split rings
b. Obtain a series of lengths of lead.
c. Obtain a weight (this can be arbitrary and we will assume W= 5 lbf weight will be employed unless proved inadequate.
d. Attach one of the leads to the mass and anchor the free end above open space.
e. Release the weight and examine the split ring
i. If the weight is still attached to the split ring and the deformation is identical, then equate the kinetic energy of a freefalling W (KEw=mW.vW) to KELilly = mLilly.vLilly/2.  Use the length of the lead to calculate the fall-time and velocity of W.  In this case, we can assume that Lilly’s entire KW was employed to deform the ring and that her “exit velocity” was slowed to near zero.
ii. If the weight pulls the split ring open and keeps falling but the deformation is the same, repeat the above.  This may be a solution where Lilly still possessed some kinetic energy after opening the split-ring.  However, this can also lead to unreasonable velocities.
iii. If the weight does not deform the ring sufficiently, increase the length of the lead to increase the work the weight can perform.  In the case of “ii.” above, it may be necessary to reduce the lead length. 
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