
MA205 - Integral Calculus
Lesson 46: Analytic Solutions I

Mechanics Based Problems For problems 1-3 find solutions first without technology then use
the DSolve command to check your work.

1. Find a general solution for dy
dx = sin(5x)

2. Find a general solution for dS
dr = kS

3. Find a general solution for dQ
dt = k(Q− 70)
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4. Find a particular solution for dP
dt =

√
Pt, P (1) = 2

5. Find a general solution for dN
dt + N = Net+2
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Problem Solving Problems

1. Freshly brewed coffee, with a temperature 95◦C, is poured into a cup in a room with an
ambient temperature of 20◦C. If it is known that the coffee cools at a rate of 1◦C per minute
when its temperature 70◦C, how long does it take for the coffee to cool to room tempera-
ture? Determine an analytical solution, then compare your most recent analytic analysis to
both your graphical (Lesson 38) and your numerical (Lesson 39). Discuss the similarities or
differences in your conclusion.

2. A glucose solution is administered intravenously into the blood stream at a constant rate r.
As the glucose is added, it is converted into other substances and removed from the blood
stream at a rate that is proportional to the concentration at that time. Let C(t) be the
concentration of glucose in the blood stream at any time t and k is a positive proportionality
constant.

(a) Suppose that the initial concentration of glucose at time t = 0 is C0. Determine the
concentration at any time t.

(b) Assuming that C0 < r/k, find the limiting amount of glucose in the blood stream?
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3. In a previous lesson, we formulated a model for learning in the form of the differential equation
dP
dt = k(M − P ) where P (t) measures the performance of someone learning a skill after
training time, t, M is the maximum level of performance and k is a positive constant. Solve
this differential equation to find an expression for P (t). What is the limit of this expression?

4. A thermometer reading 70◦ F is placed in an oven preheated to a constant temperature.
Through a glass window in the oven door, an observer records that the thermometer reads
110◦ F after 30 seconds and 145◦ F after a minute. How hot is the oven?
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5. A tank contains 200 liters of fluid in which 30 grams of salt is dissolved. Pure water is then
pumped into the tank at a rate of 4 L/min; the well mixed solution is pumped out at the
same rate. Find the number A(t) of grams of salt in the tank for any time t.
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