
MATH 131: CALCULUS I SYLLABUS

Prerequisites: Proficiency in high school algebra, plane geometry, trigonometry, and analytic
geometry. Students enrolling in Math 131 should already:

• be able to do long sequences of algebraic manipulations quickly and without error;
• be able to write down with little hesitation the value of trig functions at standard angles,

and to recall quickly fundamental trig identities;
• be able to recall and use with facility laws of exponents and laws of logarithms.
• be comfortable at using and understanding function notation f(x), etc.;
• be able to recall quickly basic algebraic formulas such as the quadratic formula and the

factorization x2 − a2 = (x + a) (x − a), and geometric formulas such as for the area of a
circle and the volume of a cylinder.

Required Text: Calculus: Early Transcendentals, vol. 1, Customized for University of Massachusetts-
Amherst, by James Stewart, Brooks/Cole-Thompson Learning, 2005.

General Course Description: Math 131 begins the three-semester sequence Math 131-132-
233 covering standard material on differential and integral calculus. The focus is on basic concepts,
methods, and applications suitable for students majoring in engineering, natural sciences, computer
science, mathematics, etc. Math 131 deals with single-variable differential calculus. The central con-
cept is rate of change, as realized by the mathematical notion of derivative. The concept of a definite
integrals as the limit of Riemann sums, as well as the uses of both definite and indefinite integrals
is introduced at the end of the course. The emphasis is on on problem-solving and understanding
concepts rather than on proving theorems.

Learning goals for Calculus I (Math 131):

(1) Become a competent user of differential calculus
(2) Develop problem-solving skills, especially in formulating verbal descriptions as mathemat-

ical problems and in constructing long, multi-step solutions.
(3) Develop ability to write well-organized, coherent solutions to problems.
(4) Understand the concept of derivative as representing rate of change and slope.
(5) Know basic differentiation formulas and rules and be adept at computing derivatives of

elementary functions symbolically.
(6) Understand the concept of definite integral, especially as representing area and distance,

and to be able to approximate a definite integral by Riemann sums.

Required topics:

A. Functions (rapid review)
1. Trig functions.
2. Exponential functions including ex.
3. Inverse functions; logarithmic and inverse trig functions.

B. Limits and derivatives
1. The tangent and velocity problems.
2. Notation and notion of limit of a function.
3. Calculating limits by using the limit laws.
4. The precise definition of a limit analytically and graphically, and its use in finding δ for a

specific, numerical ε graphically for an arbitrary function and analytically for a linear function.
5. Continuity.
6. Limits at infinity and horizontal asymptotes.
7. Tangents, velocities, and other rates of change
8. Derivative of a function at a number.
9. The derivative as a function.

C. Differentiation rules
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1. Derivatives of constant and power functions; constant multiplier and sum/difference rules;
derivatives of polynomials and exponential functions.

2. Derivatives as rates of change.
3. Derivatives of trigonometric functions.
4. The Chain Rule.
5. Implicit differentiation
6. Derivatives of inverse trigonometric and logarithmic functions.
7. Second (and higher-order) derivatives; acceleration.

D. Applications of differentiation
1. Related rates problems
2. Linearization, linear approximation, and differentials.
3. Maximum and minimum values; Extreme Value Theorem; locating maxima and minima of a

continuous function on a closed interval.
4. Rolle’s Theorem and the Mean Value Theorem analytically and graphically; their corollaries

that f ′ = 0 =⇒ f is constant and that f ′ = g ′ =⇒ f = g + C.
5. How derivatives affect the shape of a graph: tests for increasing/decreasing; concavity; local

extrema; and inflection points.
6. L’Hospital’s Rule.
7. Optimization problems.
8. (Optional in short semesters.) Newton’s method: understanding it graphically and analyti-

cally; applying it.
E. The definite integral

1. Areas and distances: approximation by sums, leading to. . .
2. The definite integral as a limit of Riemann sums.

• Left-endpoint, right-endpoint, and midpoint Riemann sums.
• Definition of definite integral as limit of Riemann sums. Applying the definition for a

linear function.
• Calculating integrals of special functions by using geometry, e.g.,

∫ b

a
(m x + k) dx and∫ r

−r

√
r2 − x2 dx.

• Linearity, endpoint-additivity, and comparison properties of definite integrals.
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Representative problems to solve: These problems are intended strictly to suggest the
level and coverage of the course; they are not meant as a template for exam questions.

(1) (a) Determine the domain of f(x) =
√

(1− 2 x)/x.
(b) Derive a formula for the inverse function f−1 of f and then determine f

(
f−1

(
2
π

))
.

(c) If g(y) = y2 for all y, then what is (g ◦ f)(3x)?
(2) Through decay, Chemical Q loses one-third of its mass every 7 years. Twenty-five years

ago, a container of Chemical Q was buried. The EPA has just dug it up and found 1,000
grams remaining. How much Chemical Q was originally buried?

(3) Find each of the following limits. If the limit does not exist, say so.

(a) lim
x→ 2

x2 + x− 6
x2 − 4

(b) lim
s→∞

7 s3 − 4 s + 2
3 + s2 − 6 s3

(c) lim
x→ 0

2 x
√

x + 4− 2

(d) lim
t→ 0

et − 3
5− cos t

(e) lim
x→0

tan 2 π x

3 ln(1 + x)

(f) lim
x→1

x2 − 1
2 x− 1

(g) lim
x→0+

(
1

sinx
− 1

x

)

(4) Find all horizontal and vertical asymptotes of the graph of f(x) = (
√

x2 + 1)/(2 x− 1).
(5) Let f(x) = 3 x − 5. Illustrate the precise, (ε, δ), definition that lim

x→ 2
f(x) = 1 by finding

algebraically a suitable δ for ε = 0.01.
(6) If f(x) = x2 − 3 x + 5, use the definition of derivative to express f ′(x) as the limit of a

quotient; then evaluate that limit (without using L’Hospital’s Rule) to find f ′(x).
(7) The temperature of a freshly poured cup of coffee was measured at two-minute intervals.

Here is some of the data collected for the coffee’s temperature T , measured in degrees
Celsius, as a function of the elapsed time t, in minutes, after the coffee was poured.

t 0 2 4 6 8 10 12 14 16
T 93.99 84.18 76.23 68.60 62.21 56.64 51.96 48.08 44.56

(a) Using only this data, find the best estimate you can for the rate, in degrees Celsius
per minute, at which the coffee’s temperature was changing at the time t = 8 minutes.

(b) Actually, the rate at time t = 8 at which T was changing with respect to t was exactly
−3.15 oC. Write an equation for the tangent line to the graph of the function T of t
at the point where t = 8.

(8) Calculate symbolically the following derivatives:

(a) d
d x

(
4 x11 − 131 x + 131x + 4131

)
(b) d

d x

(
cos 4x + sin4 x

)
(c) d

d x

(
x4 e−x

)
(d) d

d t
1

4√
16−t2

(e) d
d u

(
e4 u−a

e− 4 u+b

)
(f) d

d θ ln(sin k θ)
(g) d

d t

[
(t2 + 4 et)

(
1− 1

t2

)]
(h) d

d x (sec 4 x + 4 arctanx2)

(9) A magnetic field is induced by electrical current moving through a wire. The strength B
of the magnetic field at a distance r from the center of a wire is given by:

B(r) =

{
B0 r/r0 if r ≤ r0,

B0 r0/r if r > r0

for certain non-zero constants B0 and r0.
(a) Is B(r) continuous at r0? Why or why not?
(b) Is B(r) differentiable at r0? Why or why not?

(10) (a) Cite and use an appropriate theorem to explain why ex + x5 = 5 has at least one
solution in the interval (1, 2).

(b) Cite and use an appropriate theorem to explain why it has only one solution (any-
where).
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(11) Find an equation of the tangent line to ex y = y at the point where y = 1.
(12) The derivative f ′ (x) of a certain function f(x) is given by f ′ (x) = x2−2 x. Where is f(x)

increasing? decreasing? Where is f(x) concave upward? concave downward? At which x,
if any, does f have an inflection point? At which x, if any, does f have a local maximum?
a local minimum?

(13) Find the linearization of f(x) = 3
√

x at a = 8. Use it to approximate 3
√

8.1.
(14) A particle is moving along an axis according to the law of motion s = t3−12 t2 +36 t where

its position s is in meters and the time t is in seconds.
(a) (a) Find the velocity function v(t) and the acceleration function a(t) for this motion.
(b) When is the particle speeding up? slowing down? When is the particle moving for-

ward? moving backward?
(15) Where in [−2, 3] does f(x) = 2 x3 + 3 x2 + 12 x − 4 attain its maximum and minimum

values? What are these values?
(16) At 3:00 p.m., the B43 bus starts at Smith College and travels due East at 30 miles per

hour. At the same time of 3:00 p.m., the R38 bus leaves Amherst and travels due South to
Mt. Holyoke at 36 miles per hour. Amherst is 15 miles due East of Smith. How fast is the
distance between the two buses changing at 3:20 p.m.?

(17) You are going to construct a rectangular box with open top and square base. The material
for the base costs $2 per square foot, but the material for the sides costs $1 per square foot.
You can spend at most $96, total, on these materials. What dimensions will allow the box
to hold the greatest amount?

(18) A particle moving along the x-axis is at rest at the origin at time t = 0. The particle has
a constant acceleration of 5 m/sec2. Where will the particle be when it reaches a speed of
10 m/sec?

(19) Evaluate without technology:

(a)
∫ 1

0

(3x2 + 5x− π) dx

(b)
∫ π

0

(x−3 + cos x + 3) dx

(c)
∫ π/2

−π/2

(cos x + 5 sinx) dx

(d)
∫ 2

−1

(√
x +

1√
x

)2

dx

(e)
∫ 0

0

√
2x + 4 dx

(f)
∫ −1

1

ex dx

(20) Approximate
∫ 1

0
e− x2

dx by the Riemann sum with n = 4 subintervals and left endpoints
as sample points. Is this Riemann sum an over-estimate or an under-estimate of the exact
value?


