MATH 201 CALCULUS I
STEADY STATE PROBLEMS

1.  Glucose in the Bloodstream  A physician decides to give a patient an infusion of glucose at a rate of c grams per hour.  The body of the patient simultaneously converts the glucose and removes it from the bloodstream at a rate proportional to the amount present in the bloodstream, say, at r grams per hour per gram of glucose present.

(a) Explain why the amount 
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 of glucose present at time t can be modeled by a differential equation of the form 
[image: image2.wmf]rG

c

dt

dG

-

=

.
(b) Given an initial amount 
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 of glucose in the bloodstream at time 0, find an explicit formula for the amount present at any time t.

(c) What rate of infusion would keep the glucose level in the bloodstream constant?
(d) A physician orders an infusion of 10 grams of glucose per hour for a patient.  Laboratory technicians determine that the patient has 2 grams of glucose in his bloodstream and that his body will remove glucose from the bloodstream at a rate of 3 grams per hour per gram of glucose.  How much glucose will be in the bloodstream t hours after the infusion is started?  In particular, how much after 2 hours?  How long will it take for the glucose level in the bloodstream to reach 3 grams?

(e) Suppose a patient’s bloodstream has 2 grams of glucose, and her physician wants to raise this amount to 3.5 grams in 3 hours.  It is determined that her system removes glucose from the bloodstream at a rate of 4 grams per hour per gram of glucose.  How fast should the physician order the glucose to be infused into the patient’s body?
2.  RL Circuits  The figure to the right is a diagram of an electrical circuit with a resistance of R ohms, and inductance of L henries, and a battery (i.e., a constant voltage source) of V volts.  If the current (in amperes) at time t (in seconds after closing the switch) is 
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, then the voltage drop at the resistor is 
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, and the voltage drop at the inductor is 
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.  According to Ohm’s Law, the voltage input V must balance the voltage drops, that is,
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(a) Find the current as a function of time.  (Assume that at time 0, the current is 0.)
(b) If the switch is left closed for a long time, what is the limiting value of the current?
3.  A Falling Body with Air Resistance  Suppose we consider air resistance in our model for the falling marble.  Then the total force F acting on the marble has two components, the gravitational force and the retarding force.  If we write 
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 for the gravitational force and 
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 for the retarding force (air resistance), then 
[image: image10.wmf]r

g

F

F

F

+

=

.  For purposes of this project, we assume that 
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 is proportional to the velocity, say, 
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(a) Why is the coefficient of v negative?

(b) Use Newton’s Second Law of Motion to argue that v must satisfy a differential equation of the form 
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 for some constant c.  How is c related to k and the mass of the object?

(c) Under the assumptions stated above, set up an initial value problem for the velocity of the marble dropped from the Washington Monument.

(d) Assume further that the numerical values of k and of the mass are such that c turns out to be 0.08.  Solve the initial value problem to find an explicit formula for velocity as a function of time.

(e) Your explicit formula for velocity in part (d) also provides a differential equation for the position function 
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.  Set up and solve an initial value problem for the position function.

(f) Under the assumptions stated above, how long would it take a marble dropped from the Washington Monument to reach the ground?  How fast would it be going when it hit the ground?
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