
Calculus in the Natural World
Calculus  ·  Answer Key  ·  15 Questions

1. The growth rate of a bacterial population in a petri dish can often be modeled by
an exponential function. If the population size at time 't' is P(t), which calculus
concept is fundamental to describing its instantaneous rate of change?

A) Integration

B) Differentiation
C) Limits

D) Series Expansion

2. In population dynamics, the logistic growth model describes how a population's size
changes over time, accounting for carrying capacity. The rate of population increase,
dN/dt, is proportional to N * (1 - N/K), where K is the carrying capacity. This
formula represents a derivative, illustrating a rate of change. What calculus
operation would be used to find the population size N(t) given this rate?

A) Calculating a determinant

B) Finding a limit

C) Performing integration
D) Evaluating a partial derivative

3. The spread of a forest fire can be modeled by the rate at which its area increases.
If the radius of a circular fire is increasing at a constant rate, what is the
relationship between the rate of change of the area (dA/dt) and the rate of change of
the radius (dr/dt)?

A) dA/dt is constant

B) dA/dt is proportional to r
C) dA/dt is proportional to r^2

D) dA/dt is inversely proportional to r

4. The rate at which a predator population consumes prey can be described by a
functional response. Type II functional response often models a situation where the
consumption rate per predator increases with prey density but then levels off due to
saturation. This saturation effect can be represented by a function where the
derivative approaches zero as prey density increases. What calculus concept describes
this approach to a value?

A) Maximum value

B) Minimum value

C) Limit
D) Inflection point
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5. The concentration of a pollutant in a lake can change over time due to inflow,
outflow, and degradation. If the rate of change of pollutant concentration is
described by a differential equation, what calculus technique is used to find the
concentration as a function of time?

A) Matrix inversion

B) Trigonometric expansion

C) Solving the differential equation
D) Geometric series summation

6. Biodiversity can be measured by various indices. One common index relates to
species richness and evenness. If we consider the rate at which new species are
discovered as a habitat is explored, this rate can be modeled. The total number of
species found after exploring a certain area would be obtained by performing what
calculus operation on the rate of discovery?

A) Differentiation

B) Integration
C) Finding a tangent

D) Calculating a gradient

7. The rate of cooling of a dead organism (like a mammal after death) is often modeled
by Newton's Law of Cooling, which states that the rate of heat loss is proportional to
the difference between the object's temperature and the ambient temperature. This is a
differential equation. What calculus operation is used to determine the temperature of
the organism at any given time 't'?

A) Finding the maximum

B) Applying L'Hôpital's Rule

C) Integrating the differential equation
D) Calculating the area under the curve

8. The flow rate of a river can vary seasonally. If the volume of water in a reservoir
is being filled by a river, and we know the rate of flow (dV/dt), what calculus
operation would give us the total volume of water accumulated over a specific period?

A) Finding the slope

B) Differentiating the flow rate

C) Integrating the flow rate
D) Calculating the average value
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9. The dispersion of seeds by wind can be modeled. If we know the probability density
function for the distance a seed travels, what calculus operation would be used to
find the probability that a seed lands within a certain range?

A) Finding a derivative

B) Calculating a limit

C) Integrating the probability density function
D) Evaluating an indefinite integral

10. The rate at which a glacier melts can be influenced by factors like temperature
and surface area. If the rate of melting is given by a function A'(t), what calculus
operation would be performed to find the total amount of ice that has melted over a
period from time t1 to t2?

A) Finding the second derivative

B) Calculating the derivative of the rate

C) Performing a definite integral
D) Finding the slope at a point

11. In animal foraging, the optimal foraging theory suggests animals maximize their
net energy intake. If the energy gained per unit time is a function of time spent
foraging, finding the maximum energy intake per unit time involves finding where the
derivative of that function is zero. What is this point called?

A) Inflection point

B) Minimum point

C) Critical point
D) Asymptote

12. The rate of change of atmospheric CO2 concentration is a critical environmental
concern. If we have a function C(t) representing CO2 concentration at time t, the
instantaneous rate of change is represented by C'(t). This rate of change itself can
change. What calculus operation would be used to find the rate at which the rate of
change of CO2 is changing?

A) Integration

B) Finding the limit

C) Second derivative
D) Calculating the area
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13. The migration patterns of birds often involve covering vast distances. If we model
the distance traveled by a flock of birds as a function of time, the velocity of the
flock at any instant is the derivative of the distance function. What does the
integral of the velocity function over a period of time represent?

A) Average acceleration

B) Total distance traveled
C) Maximum velocity

D) Instantaneous displacement

14. The growth of a tree's trunk diameter over its lifespan can be approximated by a
growth function. The rate of diameter increase at a specific age is given by the
derivative of this function. To find the total increase in diameter over several
years, one would apply what calculus operation?

A) Finding the inverse function

B) Calculating the determinant

C) Integrating the rate of increase
D) Finding the root of the function

15. The concentration of dissolved oxygen in a river can fluctuate. If the rate of
change of dissolved oxygen is described by a differential equation, what calculus
technique is essential for determining the concentration of dissolved oxygen at any
given point in the river's flow?

A) Finding eigenvalues

B) Solving the differential equation
C) Calculating the trace of a matrix

D) Performing complex integration
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