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M171 F2017: First Examination Practice Problems.

Problem 1. For what value of c is 2x− 3cy = 10 parallel to y = 5x+ 2?

Problem 2. A hot air balloon takes off from the edge of a mountain lake. Impose
a coordinate system as show below and assume that the path the balloon follows is the
graph of the quadratic function

f(x) = − 2

2500
x2 +

6

5
x

The land rises at a constant incline from the lake at the rate of 1 vertical foot for each
5 horizontal feet. Answer the following questions:

a. Find a formula for the height above the land as a function
of x.

b. At what x value does the balloon hit the ground?

c. At what x value does the balloon have maximum height
above the ground? x

y

Lake

Problem 3. If the alleles A and B of the cystic fibrosis gene occur in a population
with frequencies p and 1− p (where p is a fraction between 0 and 1), then the frequency
of heterozygous carriers (carriers with both alleles) is 2p(1− p). Which value of p gives
the largest frequency of heterozygous carriers?

Problem 4. Find all values of c so that f(x) =
x

x2 + cx+ 4
has as its domain all

real numbers.

Problem 5. Given f(x) = ln(x), g(x) = x2 + 3 and h(x) = sin(x) find f ◦ g ◦ h:
(f ◦ g ◦ h)(x) =

Problem 6. a. Find all angles between 0 and 2π for which sin(θ) = 1√
2

=
√
2
2

.

b. If tan(θ) = c and 0 ≤ θ ≤ π/2, then find sin(θ).

Problem 7. Simplify the following leaving no answer in terms of a trigonometric
function.

a. sin−1
(

sin(
2π

3
)

)
b. tan

(
sin−1(x)

)
c. sin2

(
cos−1(x)

)
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Problem 8.

The radar tracks the satellite and computes the
distance r, the angle θ.

A. Find the altitude A as a function of ONLY θ and
r.

B. Find x as a function of ONLY θ and r.

Problem 9. An auditorium with
a flat floor has a large flat panel tele-
vision on one wall. The lower edge of
the television is 3 ft above the floor,
and the upper edge is 10 ft above
the floor. Express θ in terms of x.

Problem 10. Consider the jack
in as shown, use the Law of Cosines
to find the length of S when θ = 60o

Problem 11. In 1941 British physicist G.I. Taylor noted that the radius R of the
blast of a nuclear explosion should initially depend only on the energy E of the explosion,
the time t after the detonation, and the density of the air. The only number having
dimensions of length that can be constructed from these quantities is:

R = S

(
Et2

ρ

) 1
5

where S is a dimensionless parameter.

Assuming the above function for the radius of the blast as a function of time t, R(t),
find the inverse function function t(R) and explain what it means. Be sure to give the
domain of the inverse function.

Problem 12. Show the function f(x) = 1
x+2
− 2 is its own inverse.
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Problem 13. Consider the function whose graph appears below.

1. f−1(2) =

2. f−1(f(2)) =

3. Sketch the graph of f−1 on the same
axis.

Problem 14. The Monod growth function is a model that gives the growth rate, µ
for microorganisms in a bath with substrate concentration S and is given by

µ(S) =
mS

K + S

where m and K are parameters and S is the concentration of the limiting substrate for
growth. If you want to find the substrate that gives a given growth rate you need the
inverse of this function, S(µ). Find this function and its domain. Note the domain of µ
is [0,∞) and the range of µ is [0,m).

Problem 15.

a. Express the quantity as a single logarithm: 5 ln(x1/2) + ln(9x).

b. Solve the equation for x: ln(x4)− ln(x2) = 9

c. Calculate ln(e4)− ln(e−2).

Problem 16. Recall that cosh(x) =
ex + e−x

2
, simplify cosh(ln(2)).

Problem 17. Recall that cosh(x) =
ex + e−x

2
and sinh(x) =

ex − e−x

2
.

Find A and B that satisfies the following equation.

3eαx cosh(βx) + 5eαx sinh(βx) = Ae(α+β)x +Be(α−β)x

Problem 18. According to the collision theory of bimolecular gas reactions, a reaction
between two molecules occurs when the molecules collide with energy greater than some
activation energy, Ea, referred to as the Arrhenius activation energy. Ea > 0 is constant
for the given substance. The fraction of bimolecular reactions in which this collision
energy is achieved is

F = e−( Ea
RT )

where T is temperature (in degrees Kelvin) and R > 0 is the gas constant. Solve this
equation for the activation energy, Ea in terms of F , R, and T .

Problem 19. The velocity of a skydiver (in m/s) t seconds after jumping from a plane

is v(t) =
a(1− e−kt/60)

k
where k > 0 and a > 0 are physical constants. The terminal

velocity of the skydiver is the value of v(t) approaches as t becomes large. Find the
terminal velocity (vT ).


