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(20 points) 1. Calculate the following. Be sure to show all of your work.

(a)
dm

dv
where m(v) =

m0√
1− v2/c2

(b) lim
x→0

∫ x

0
(cos t − 1) dt

x3

(c) lim
x→0

sin (πx)
x

(d) lim
x→+∞

3
√

8x2 + 3x + 1
x − 5
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(15 points) 2. A population of frogs in a swamp is found to grow at a rate propor-
tional to the square root of the population size. The initial population
P is 400 frogs, and 5 years later there are 900 of them. Write the differ-
ential equation for the frog population P (t) with the two corresponding
conditions, and find the particular solution which incorporates both
conditions.

(10 points) 3. Use the differential to approximate
√

26.
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(15 points) 4. Suppose a ball is thrown upward from the ground x0 = 0 with an
initial velocity of v0 = 32 feet/second. Then its position x(t) after t

seconds is given by x(t) = −16t2 + 32t.

(a) What is the maximum height reached by the ball?

(b) When does the ball hit the ground after falling back to earth?
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(20 points) 5. Find the dimensions of the rectangle with maximum area inscribed in
a circle of unit radius. Be sure to show all your work, and verify your
result using the 1st or 2nd derivative test.
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(20 points) 6. (a) For a given spring, the force required to keep it stretched x feet is
given by F = 9x pounds. How much work in ft·lb is done in stretching
the spring 1 foot from its unstretched equilibrium state? Be sure to
show all you work.

(b) Suppose there is a positive electrical charge at the origin r = 0 and
an equal but opposite negative electrical charge 1 cm away at r = 1.
If the Coulomb force of attraction on the negative charge is given by

Fcoul(r) = −40
r2

dynes,

find how much work in dyne·cm you must do to move the negative
charge from 1 cm away at r = 1 to 5 cm away at r = 5.
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(10 points) 7. Find the area of the finite region bounded by the graphs of y = −x+2
and y = x2.

(15 points) 8. Find the volume of the solid generated by revolving about the x−axis
the region bounded by the x−axis and the upper half of the ellipse

x2

a2
+

y2

b2
= 1.
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(10 points) 9. Find the arc length of the curve

y(x) =
∫ x

0

√
sin4 t − 1 dt, 0 ≤ x ≤ π.

(15 points) 10. Use Pappus’s Theorem to find the volume of the solid obtained when
the region bounded by the graph of y(x) = sinx and the x−axis, for
0 ≤ x ≤ π, is revolved about the y−axis.
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