
Quiz, Chapter 4, Math 112 Sections 9 and 309, Jason Grout, 31 October 2003
No help from other people is allowed. Happy Halloween!

1. (4 pts) A light is to be mounted directly the center of a circle of radius r, pointing directly
downward. The heat from the light is inversely proportional to the cube of the distance from
the light. The intensity of the light is directly proportional to the sine of the angle at which
the rays strike the object and inversely proportional to the square of the distance from the
light. The light is red (it’s for Halloween :), and the circle is white. Neglect all effects of
massive solar discharges and falling snow in the solution of this problem. How high should
the light be mounted to provide the maximum illumination to the circumference of the circle?

2. (4 pts) A container in the shape of an inverted cone has height H and radius R at the top. It
is partially filled with a liquid that oozes through the sides at a rate proportional to the area
of the container that is in contact with the liquid. If we pour the liquid into the container
at a rate of 2 cubic cm per minute, then the height of the liquid decreases at a rate of 0.3
cm/min when the height is 10 cm. If our goal is to keep the liquid at a constant height of
10cm, at what rate should we pour the liquid into the container? (Hint: The surface area of
a cone is πrl, where r is the radius and l is the slant height—the length along the slanted
side. The volume of a cone is πr2h. The area of the base of a cone is πr2. The average ice
cream cone has a volume of roughly 16π cubic cm.)

3. (6 pts) Figure 1 shows a rotating wheel with radius r and a connecting rod AP with length
b. The pin P slides back and forth along the x-axis as the wheel rotates counterclockwise at
a rate of 360 revolutions per minute.

(a) Find the angular velocity of the connecting rod, dα/dt, in radians per second, when
θ = π/3.

(b) Express the distance x = |OP | in terms of θ.
(c) Find an expression for the velocity of the pin P in terms of θ.
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Figure 1: Problem 3


