MATH 111: CALCULUS
HOMEWORK DUE FRIDAY WEEK 5

Make sure to review the homework instructions in the syllabus before writing your solutions. In particular,
show your work and write in complete sentences (but also aim for concise explanations).

Problem 1. Let d denote the day of the year (with d = 0 corresponding to January 1, d = 31 corresponding

to February 1, etc.), and write SR(d) and SS(d) for the time of sunrise and sunset in Portland on day d,

measured in hours after midnight. For instance, SR(0) = 7.567 and SS(0) = 17 mean that on January

1, sunrise is at 7:34A.m. and sunset is at 5:00p.Mm. For simplicity, assume that all times are Pacific Standard

Time (no daylight savings).

(a) Let DL(d) denote the amount of daylight on day d. Express DL(d) as a linear combination' of SR(d)
and SS(d).

(b) Find an equation involving SR’(d) and SS’(d) that is equivalent to DL'(d) = 0.

(c) Later in the course, we will observe that a differentiable function’s largest and smallest values occur
at the endpoints of its domain or where its derivative equals 0. Given that the longest day of the year
occurs on Summer Solstice (June 20, d = 170), what has to be true about SR’(170) and SS’(170)?

(d) When is the amount of daylight changing (either decreasing or increasing) most quickly? What should
be true about SR (d) and SS”(d) on these days?

Problem 2. Let a > 0 be an arbitrary but fixed positive real number, and define

f(z) =a”".

The goal of this problem is to justify our formula for the derivative of f,

As such, you may not assume this formula here.

(a) Use the limit definition of differentiation to demonstrate that

h
F(w) = a® - Jim ©
— 7(0) - a".

(b) Use desmos or another graphing utility to plot the line y = In(a) and y = L}:l as functions of h for
several values of a (e.g., a = 1/2, 2, 3). Draw or screenshot the plots and use them to conjecture the
value of f/(0).

(c) Based on your answers to (a) and (b), what should the formula for f’(z) be?

Problem 3. Explain what’s wrong with the following argument:

For = # 0, we have
l==2a-

T .

1A linear combination of quantities A, B is an expression of the form aA + bB for some real numbers a, b.
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Differentiating both sides of the equation, we see that

— 0= —z
-1
= 0= —.
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Multiplying both sides by 22, we deduce that 0 = —1.

Problem 4. Find all real numbers = for which the graph of f(z) = x + 2sin z has a horizontal tangent line.
(Remember that you need to explain your reasoning and show your work!)



