Miscellaneous Differential Equations Practice

A rumor spreads among a population of N people at a rate proportional to the product of the
number of people who have heard the rumor and the number of people who have not heard
the rumor. If p denotes the number of people who have heard the rumor, which of the

following differential equations could be used to model this situation with respect to time 1,
where & 1s a positive constant?
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Newton’s Law of Cooling

Tomo works at a restaurant and prepares soup each evening before closing time to serve the next day. He
wishes to place the soup pot in the refrigerator but the soup is too hot immediately after cooking to adequately
cool. The soup is 100C when it is ready to cool. The fridge cannot cool a pot that large if it is any warmer
than 20C. To help speed up the cooling process to then use the refrigerator overnight, Tomo places the pot in
a sink full of running cold water with a constant temperature of 5C. He finds that with occasional stirring, the
soup would drop to 60C after 10 minutes in the water bath. How long before closing time should Tomo finish
cooking the soup so he can cool it with the sink and keep it in the fridge overnight?
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Solutions to the differential equation % = xy’ also satisfy Zx% =y (l +3x° yz). Let y = f(x) be a particular

solution to the differential equation % = xy* with f(1) = 2.

(a) Write an equation for the line tangent to the graph of y = f(x) at x = 1.

(b) Use the tangent line equation from part (a) to approximate f(1.1). Giventhat f(x) >0 for 1 < x < 1.1, is
the approximation for f(1.1) greater than or less than f(1.1) ? Explain your reasoning.

(c) Find the particular solution y = f(x) with initial condition f(1) = 2.
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Consider the differential equation % = (y —1)* cos(nx).

(a) On the axes provided, sketch a slope field for the given differential equation at the nine points indicated.
(Note: Use the axes provided in the booklet.)

(b) There is a horizontal line with equation y = ¢ that satisfies this differential equation. Find the value of c.

(c) Find the particular solution y = f(x) to the differential equation with the initial condition f(1) = 0.
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Consider the differential equation % = :%y_" Let y = f(x) be the particular solution to this differential

equation with the initial condition f(-1) = 2.

(a) On the axes provided, sketch a slope field for the given differential equation at the twelve points indicated.
(Note: Use the axes provided in the test booklet.)
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(b) Write an equation for the line tangent to the graph of f at x = -1.
(c) Find the solution y = f(x) to the given differential equation with the initial condition f(-1) = 2.



