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Question 1. Consider the function f(x) = x(x + 1)(x + 2)(x + 3) which is defined for all
x in R. Show that the equation f ′(x) = 0 has three distinct solutions. Answer:

The function f(x) is continuous and differentiable on R.
Furthermore, f(0) = f(−1) = f(−2) = f(−3) = 0. Therefore, according to Rolle’s theorem:
There is some α ∈ (−3;−2) such that f ′(α) = 0.
There is some β ∈ (−2;−1) such that f ′(β) = 0.
There is some γ ∈ (−1; 0) such that f ′(γ) = 0.

.

Question 2. Use Newton’s method to approximate a solution of the equation

2 cos(x) − x = 0.

To that end, follow the steps outlined below:

a) Use the intermediate value theorem in order to show that there is a solution between 0
and π

2 .

Consider the function h(x) = 2 cos(x) − x. Then h(0) = 2 > 0 and h(π
2 ) = −π

2 < 0.
By the intermediate value theorem, there exists c between 0 and π

2 such that h(c) = 0.
.

b) Perform four iterations of Newton’s method with initial value x0 = π
4 . (Use 8 decimal

places).

n xn xn+1

0 0.785398163 1.04586203

1 1.04586203 1.02991392

2 1.02991392 1.02986653

3 1.02986653 1.02986653
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Question 3. Follow the steps below to graph the function

f(x) = e−
x2−2x+1

2 .

a) Find the domain of f(x).

Answer: R

b) Give all vertical asymptotes:

There are no vertical aymptotes.

c) Give all horizontal asymptotes:

lim
x→+∞ f(x) = lim

x→+∞ e−
x2−2x+1

2 = 0

lim
x→−∞ f(x) = lim

x→−∞ e−
x2−2x+1

2 = 0

Answer: y = 0 is a horizontal asymptote.

d) Find the zeros of the function and the y-intercept.

Answer: The zeros are ∅ . Answer: y-intercept = e−
1
2 .

e) Find the critical points. Indicate in the table where f(x) is increasing or decreasing, and
where the sign of f ′(x) is positive or negative:

Find the first derivative and simplify: f ′(x) = (1 − x)e−
x2−2x+1

2 .

Find the critical points. Answer: x = 1 .

x −∞ 1 +∞

f ′(x) + 0 –

f(x) ↗ ↘

f) Find the inflection points. Indicate in the table where f(x) is concave up or down, and
where the sign of f ′(x) is positive or negative: Find the second derivative and simplify

f ′′(x) = x(x − 2)e−
x2−2x+1

2 .
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x −∞ 0 2 +∞

f ′′(x) + 0 – 0 +

f(x)
⋃ ⋂ ⋃

Find the inflection points of f .
Answer: x1 = x = 0 and x2 = x = 2 .

g) Graph the function f(x):
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