
MA 123 Recitation Activity Sheets

You will need to bring this packet with you to recitation each week.

Some of the exercises included in this packet closely follow the lecture material and homework prob-
lems.

Some of the exercises in this packet will appear before that material is covered in lecture. The intent
is to preview certain ideas before they are discussed in lecture.

Some of the exercises in this packet are significantly harder than the problems appearing in the lecture
or homework, so don’t despair if you can’t solve all of these problems on your own. The only way to
really learn calculus is by trying to solve interesting problems that are just beyond your current ability!
Try working on these problems in groups during your recitation.

Some of the exercises in this packet can be solved in several ways. If your solution is very long and
tedious, you may want to try to find a more clever way of looking at the problem. Alternatively, solve
the problem on your own, then ask around to see if somebody else found a quicker solution. Sometimes,
however, a long and tedious calculation is the only method that works, so don’t be afraid to roll up your
sleeves and work.

If you finish the activity early, try helping some of your fellow students. The most effective way to
learn something is to try to explain it to someone else.
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Algebra and Geometry Review

We will make use of the Pythagorean Theorem repeatedly throughout the semester. We will also
occasionally use facts about similar triangles. The following problems preview some of the ways we will
use these geometric facts.
1. A man is six feet tall. The man stands a distance of x feet from a lightpost. The top of the light is
12 feet from the ground.

(a) How long is the man’s shadow when the man is 10 feet from the lightpost?

(b) How long is the man’s shadow when the man is x feet from the lightpost? Your answer will be a
function of x.

(c) How far is the man from the lightpost when his shadow is 15 feet long?

2. A ladder is 13 feet long. One end of the ladder is on the ground and the other end rests along a
vertical wall.

(a) How far is the base of the ladder from the wall when the top of the ladder is 12 feet from the
ground?

(b) How far is the base of the ladder from the wall when the top of the ladder is y feet from the ground?

(c) Let f(y) denote the distance between the wall and the base of the ladder when the top of the ladder
is y feet from the ground. Find the domain of f(y). What is the physical meaning of this domain?

3. Train A travels at 60 miles per hour. Train B travels at 80 miles per hour. The trains leave the same
station at the same time. Find the distance between the trains t hours later supposing

(a) train A and train B each travel east.

(b) train A travels east and train B travels west.

(c) train A travels east and train B travels north.

(d) In each case, determine how long until the trains are 50 miles apart.

HINT: You may want to find the distance travelled after 1 hour, then after 2 hours, etc., until you can
see the pattern for general time t hours.
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4. The diagram below shows two towns, a river and a pumping station (located on the river). Determine
the total length of pipe needed to connect each town to the pumping station.

5. The diagram shows a circular arc, BDC. This arc is part of a circle with center at A and radius r.
Determine r, given that length of segment BC is 2 inches and the length of segment DE is 0.05 inches.
(The figure is not drawn to scale. Hint: Triangle AEB is a right triangle. How are the lengths of the
segments AE and ED related?)
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Average and Instantaneous Rates of Change

1. A train travels from city A to city B, pauses, then travels from city B to city C. The train leaves city
A at time 10:00 am and arrives at city B at 12:15 pm. The train leaves city B at 2:00 pm and arrives
at city C three hours later. The average velocity of the train, while travelling from A to B, was 45 miles
per hour. The distance between city B and city C is 240 miles. What is the average velocity of the train
from city A to city C (including the stop)?

2. A train leaves city A at 8:00 am and arrives at city B at 10:00 am. The average velocity of the train
from A to B was 60 miles per hour. The train leaves city B at 10:00 am and arrives at city C at 1:00 pm.
Find the average velocity of the train from city B to C, given that the average velocity from A to C was
50 miles per hour.
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3. Let

f(x) =
3

x2 + 1

(a) Find the average rate of change of f(x) from x = 0 to x = 2.

(b) Draw the graph of y = f(x). (A graphing calculator may be useful.) Explain how the rate of change
found in part (a) can be represented on this graph.

4. Find a positive number A so that the average rate of change of

g(x) = 3x2 − 1

from x = 2 to x = A is equal to 33

5. An object is launched up in the air. The height of the object after t seconds is H(t) feet, where
H(t) = −16t2 + 256t+ 64.

(a) When is the object at its greatest height? (Hint: What must be true about the velocity of the
object when it is at the greatest height?)

(b) What is the maximum height of the object?

6. Let g(x) = x2 − 4x.

(a) Find the value of x for which the tangent line to y = g(x) has slope equal to 6.

(b) Find the value of g(x) at the point where the tangent line to y = g(x) is parallel to y = 2x+ 5.

(c) Find a value of x so that the instantaneous rate of change of g at x is equal to the average rate of
change of g from x = −1 to x = 3.

7. Suppose q(x) = 3x2 − 12x+ 8 and p(x) = 3x2 − 12x+ 5.

(a) Find q ′(x) and q ′(1).

(b) Find the equation of the tangent line to y = q(x) at x = 1. Write the equation of the tangent line
in slope-intercept form.

(c) Find p ′(x) and p ′(1).

(d) Find the equation of the tangent line to y = p(x) at x = 1. Write the equation of the tangent line
in slope-intercept form.

(e) Discussion: What do you notice about your answers? Why is this to be expected, given the graphs
of y = p(x) and y = q(x)?
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Limits

This worksheet focuses on limits and the related idea of continuity. Many limits can be computed
numerically (through a table of values), graphically, and algebraically. When possible, try to compute
each of the limits below using all three methods. For a given limit, decide if one method is more efficient
than the other methods.

1. Compute each of the limits. Which limits can be computed by evaluating the expression at the
limiting value of the independent variable?

(a) lim
t→3

(4t+ 7) (b) lim
x→2

x2 − 5x+ 6

x2 − 3x+ 2

(c) lim
x→1

x2 − 5x+ 6

x2 − 3x+ 1
(d) lim

t→0

(
2

t
+

7t− 4

2t

)
(e) lim

h→0

(5 + 2h)2 − 25

h
(f) lim

h→0

(x+ h)2 − x2

h

2. Each of the limits below is of the form 0/0.

(a) lim
x→2

x2 − 4x+ 4

x2 − 4
(b) lim

x→2

x2 − 5x+ 6

x2 − 4x+ 4

(c) lim
x→2

x2 − 3x+ 2

x2 − 7x+ 10
(d) lim

x→2

x2 − 3x+ 2

x2 − 4

Discussion: In each of the above limits, both the numerator and denominator have (x − 2) as a factor,
but possibly with different multiplicities. How are the multiplicities related to your final answers?

3.

f(x) =

{
x2 + 2, x ≤ 1

−3x+ 1, x > 1

(a) Sketch the graph of f(x) (b) Find f(1)

(c) Find lim
x→1−

f(x) (d) Find lim
x→1+

f(x)

(e) Find lim
x→1

f(x) (f) Is f(x) continuous at x = 1?

4. Use f(x) from the previous problem.

(a) Sketch the graph of f(x) (b) Find f(2)

(c) Find lim
x→2−

f(x) (d) Find lim
x→2+

f(x)

(e) Find lim
x→2

f(x) (f) Is f(x) continuous at x = 2?
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5.

g(x) =

{
x− 1, x < 2;

x2 − A2, x ≥ 2

(a) Sketch the graph of g(x) using A = 0. Is g(x) continuous?

(b) Sketch the graph of g(x) using A = 1. Is g(x) continuous?

(c) Sketch the graph of g(x) using A = 2. Is g(x) continuous?

(d) Do you think there is a real value of A which makes g(x) continuous? If so, what is A? If not, why
not?

6.

(a) Graph y = |x|. Is y = |x| continuous? What is lim
x→0
|x|? If the limit does not exist, then find the

one sided limits.

(b) Graph y = |x|
x
. Is y = |x|

x
continuous? What is lim

x→0

|x|
x

? If the limit does not exist, then find the

one sided limits.
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Derivatives From Graphs

1. The graph of the function y = f(x) is shown below, along with the graph of the tangent line to this
curve at x = 2. Determine f ′(2).

2. Determine the x coordinates of all points of nondifferentiability for the function graphed below.

3. Let g(x) = |x2 + 2x− 15|. Determine all points where g(x) is not differentiable.
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4. You would like to know f ′(2). Suppose you don’t have a formula for f(x) (Thus, none of the shortcut
formulas can be applied ) but you happen to know

f(x+ h)− f(x) =
3x2 h + 15

√
xh2 + 19h

x2 + 7h3

Find f ′(2).

5. If g(x) = x3 + 2x, find constants A, B, C, D, E, and F so that

g(x+ h)− g(x)

h
= Ax2 + Bxh + Ch2 + Dx + Eh + F

6. If f(x) =
√

2x+ 3, find constants A, B, C, D, and E so that

f(x+ h)− f(x)

h
=

2√
Ax+Bh+ C +

√
Dx+ E

7. For any postive real number a, it can be shown that

lim
h→0

ah − 1

h
= ln (a),

where ln (a) is the natural logarithm of a. Use this result and the identities an+m = anam for all real
numbers n and m and a0 = 1 to compute the derivative of the function f(x) = ax.
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Formulas for Derivative

This worksheet focuses on computing derivatives using the shortcut formulas, including the power
rule, product rule, and quotient rule. We will make constant use of these techniques throughout the rest
of the semester. Invest the time now so that these calculations become automatic!

1. For each of the functions below, find the derivative of the function with respect to the appropriate
variable. Compare your solutions with those of your classmates. Who has the “best” solution? (Some of
these can be computed very quickly if you can find the appropriate simplification.)

(a) h(x) = x319 (b) f(s) = 4sπ

(c) F (x) =
1√
x

(d) G(s) =
3
√
s5

(e) f(t) = (t+ 1)(t+ 2) (f) s(t) = (t2 + 6t+ 5)(t2 − 2t+ 9)

(g) H(z) =
z2

z2 + 1
(h) g(x) = (x− 2) · 5

x2 − 4

2. Assume that f(x), g(x), h(x), F (x), G(x), and H(x) satisfy the following statements.

- g(3) = 17, g ′(3) = −2

- The tangent line to y = h(x) at x = 3 is given by equation y = 5− 3(x− 3)

- F (x) = 3g(x) + 2h(x)

- G(x) = g(x)h(x)

- H(x) = h(x)/g(x)

- K(x) = xg(x)

Find each of the following values.

(a) F ′(3) (b) G′(3)

(c) H ′(3) (d) K ′(3)
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3. (Motivating the Product Rule) An investor currently owns n = 200 shares of a stock. Each share is
currently worth s = $25. The value of the investor’s portfolio at any time, t, is V (t) = n(t)s(t), where
n(t) is the number of shares held at time t and s(t) is the price per share at time t.

(a) Suppose the value per share holds steady, but the investor is buying stock at the rate of 50 shares
per year. (i.e, n′(t) = 50.) Find the rate of change of V (t). (i.e., V ′(t))

(b) Now suppose the value per share is increasing at the rate of $3 per share per year, but the number
of shares is fixed at 200 shares. Find the rate of change of V (t).

(c) Now suppose the investor is buying shares at the rate of 50 shares per year and the value of the
stock is increasing at $3 per share per year. Find the rate of change of V (t).

4. (Preview of an idea) Can you find a function f(x) whose derivative is

5x4 − 7x3 + 15?

Can you find more than one such function? (Hint: first find a function with derivative equal to 5x4, then
find a function with derivative equal to 7x3, then find a function with derivative equal to 15. Now piece
these functions together in an appropriate way.)
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More Derivative Formulas

This worksheet focuses on computing derivatives using the shortcut formulas, including the power
rule, product rule, quotient rule, chain rule, and exponential functions. We will make constant use of
these techniques throughout the rest of the semester. Invest the time now so that these calculations
become automatic!

1. For each of the functions below, find the derivative of the function with respect to the appropriate
variable. Compare your solutions with those of your classmates. Who has the “best” solution? (Some of
these can be computed very quickly if you can find the appropriate simplification.)

(a) h(x) =
√
x+ 5x2 (b) f(s) = s

√
s+ 7

(c) F (x) = (x− 2) · 5

x2 − 4
(d) G(x) = xe−x

2

(e) f(t) = e5t
2−3t+1 (f) s(t) = (t+ 1)(t+ 2)

(g) H(z) = ze
√
z (h) g(x) = e8x

2. Discussion: Suppose f(2) = 3, f ′(2) = 4, g(1) = 3, g′(1) = 5, g(2) = 4 and g′(2) = −5. Suppose

F (x) =
f(2x)

g(x)
. Find F ′(1). Is the answer 1, or − 1

3
?

3. For each of the following functions, determine x so that f ′(x) = 0.

(a) f(x) = xe−x

(b) f(x) = xe−4x

(c) f(x) = xe−7x

(d) f(x) = xe−rx where r is an arbitrary constant.

4. Let f(x) = xe−x. Find

(a) f ′(x)

(b) f ′′(x)

(c) f (328)(x) (Use parts a and b, and compute the third, fourth, etc. derivatives until you notice the
pattern.)
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5. Let f(x) = e0.5x.

(a) Find the equation of the tangent line to y = f(x) at x = 0.

(b) On the same set of axes, draw the graph of y = f(x) and the tangent line found above.

(c) Suppose you need a good approximation to f(0.1) = e0.05, but your trusty calculator is not available.
Explain how you might use your answers to parts a and b to find such an approximation.

(d) Now use a calculator to evaluate e0.05. How good is your approximation in part (c)?
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Exponential Function Word Problems

Exponential growth is modelled by
y = y0e

kt

There are four variables, the initial amount, y0, the time t, the growth factor k, and the current amount
y. You should be comfortable with finding any one of these four, given the other three. You should also
try to understand how changing any one of these affects the others. (For instance, if k is increased, and
y0 and t are both fixed, will y increase, decrease, stay the same, etc?)

1. $10, 000 is invested at an annual interest rate of 5% compounded continuously.

(a) How long will it take for this initial investment to double in value?

(b) How long will it take for this initial investment to triple?

(c) How long will it take for this initial investment to quadruple?

(d) Can you see the pattern? How long to reach 5 times the initial amount? 7 times the initial amount?
etc.

2. Repeat the previous problem, but this time with an initial investment of $500. Also, do it with an
initial investment of $250, 000. How do your answers change? Can you see why?

3. A recent college graduate decides he would like to have $20, 000 in five years to make a down payment
on a home.

(a) How much money will he need to invest today in order to have $20, 000 in five years, given that he
can invest at an annual interest rate of 4% compounded continuously?

(b) Suppose instead he can invest at an annual interest rate of 6%. How much does he need to invest?
Will he need to make a larger or a smaller initial investment than in part (a)? (First think through
this without calculations. Then find the exact answer. Be sure to check that these are consistent.)

(c) Suppose the interest rate is 4% again, but now he would like to have the $20, 000 in four years.
How much does he need to invest? Will he need to make a larger or a smaller initial investment
than in part (a)? (Again, first do this without calculations, then find the exact answer.)

(d) Suppose the interest rate is 4% again, but now he would like to have $30, 000 in five years. How
much does he need to invest? Will he need to make a larger or a smaller initial investment than in
part (a)? (Again, first do this without calculations, then find the exact answer.)
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4. The half-life of caffeine is 5 hours. This means the amount of caffeine in your bloodstream is reduced
by 50% every 5 hours. A grande French Roast has 330 milligrams of caffeine. Let Q(t) denote the amount
of caffeine in your system t hours after consuming your grande French Roast. For simplicity, assume the
entire grande French Roast is consumed instantly.

(a) How many milligrams of caffeine will be in your system after 5 hours? After 10 hours? After 15
hours? (Think! This part should not require a lot of work.)

(b) Q(t) = Q0e
−kt. Find Q0 and k.

(c) How many milligrams of caffeine will be in your system after 2 hours?

5. A bacteria culture triples in size every 7 hours. Three hours from now, the culture has 8, 000 bacteria.
If Q(t) denotes the number of bacteria, then Q(t) = Q0e

kt for some number Q0 and some number k.

(a) Determine Q0 and k.

(b) How many bacteria are there at time t = 0?

(c) How many bacteria are there after ten hours? Do you see the “easy” way to solve this part?
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Maximum and Minimum Values

1. On the same graph, plot both f(x) = x3 − 3x − 5 and its derivative. What do you notice? (In
particular, what appears to be true about f(x) when the derivative is zero? What appears to be true
about f(x) when the derivative is positive?, etc)

2. Determine the maximum and minimum values of f(x) = x3 + 3x2 − 45x+ 18 on the interval [3, 5].

3. Determine the maximum and minimum values of g(x) = ln(x2 − 8x+ 20) on the interval [0, 10].

4.

g(x) =

{
x2 + 2x+ 3, x ≤ 1

x2 − 4x+ 9, x > 1

(a) Find the maximum and minimum of g(x) on the interval [0, 2].

(b) Find the maximum and minimum of g(x) on the interval [−2, 5].
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Increasing and Decreasing Functions, Concavity

1. Suppose f(x) = (x− 1)(x− 4)(x− 9) = x3 − 14x2 + 49x− 36.

(a) Find the intervals on which f(x) is increasing and the intervals on which f(x) is decreasing.

(b) Find the intervals on which f(x) is concave up and the intervals on which f(x) is concave down.

2. Suppose g ′(x) = (x− 1)(x− 4)(x− 9) = x3 − 14x2 + 49x− 36.

(a) Find the intervals on which g(x) is increasing and the intervals on which g(x) is decreasing.

(b) Find the intervals on which g(x) is concave up and the intervals on which g(x) is concave down.

3. Discuss the similarities and the differences between the last two problems.
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Optimization Word Problems

1. The product of two positive real numbers, x and y, is 24.

(a) Find the minimal sum of these two numbers.

(b) Find the minimal value of the expression 3x+ 2y.

2. Find the point on the curve y =
√
x which is closest to the point (3, 0). (To get started, you may

find it helpful to find a formula for the distance between (3, 0) and a general point (x, y) on the curve
y =
√
x.)

3. Find the dimensions of the largest rectangle which has one side on the positive x-axis, one side on the
positive y-axis, one vertex at the origin, and the opposite vertex on the curve y = e−x. (To get started,
you may find it helpful to draw a picture.)
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Related Rates

1. Two trains leave a train station at 1:00 PM. One train travels north at 70 miles per hour. The other
train travels east at 50 miles per hour. How fast is the distance between the two trains changing at 4:00
PM?

2. Suppose the height of a certain right triangle is always twice its base. Suppose the base of the triangle
is expanding at a rate of 5 inches per second.

(a.) How fast is the height of the triangle increasing?

(b.) How fast is the length of the hypoteneuse of the triangle increasing?

(c.) How fast is the area of the triangle increasing when the base is 15 inches long?

3. A spherical balloon is being filled at a rate of 100 cubic centimeters per minute. How fast is the radius
increasing when the radius is 50 centimeters? How fast is the surface area increasing when the radius is
50 centimeters? (Hint: Volume of a sphere is V = 4

3
πr3, surface area of a sphere is S = 4πr2)

4. The price of a share of stock is increasing at a rate of $7 per year. An investor is buying stock at a
rate of 20 shares per year. Find the rate at which the value of the investor’s stock is increasing when the
current price of the stock is $40 per share and the investor owns 100 shares. (To get started, let s denote
the number of shares and p the price per share. The total value of the investor’s stock is related to both
s and p. How? Also, notice that both s and p are assumed to be changing.)

5. The total value of an investor’s stock portfolio is currently $20, 000. The investor has 500 shares of
stock.

(a) What is the current cost per share?

(b) Suppose the price of the stock is decreasing at $2 per share per year. At what rate must the investor
purchase new shares so that the value of the portfolio grows at a rate of $1000 per year?
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Introduction to Integration

1. Estimate the area under the curve y = x2 on the interval [0, 4] in four different ways:

(a) Divide [0, 4] into four equal subintervals, and use the left endpoint on each subinterval as the sample
point.

(b) Divide [0, 4] into four equal subintervals, and use the right endpoint on each subinterval as the
sample point.

(c) Divide [0, 4] into eight equal subintervals, and use the left endpoint on each subinterval as the
sample point.

(d) Divide [0, 4] into eight equal subintervals, and use the right endpoint on each subinterval as the
sample point.

(e) For each of the above, draw a rough sketch. Use your sketch to determine which estimates will give
areas that are larger than the desired area and which will give areas smaller than the desired area.

2. A train travels in a straight westward direction along a track. The velocity of the train varies, but is
measured at regular time intervals of 1

10
hour. The measurements for the first half hour are

time 0 0.1 0.2 0.3 0.4 0.5
velocity 0 8 13 17 20 22

Estimate the distance travelled by the train over the first half hour assuming that the speed of the train
is a linear function on each of the subintervals.

3. A Mustang can accelerate from 0 to 88 feet per second in 5 seconds. (i.e., 0 to 60 miles per hour in 5
seconds.) The velocity of the Mustang is measured each second and is recorded in the table below. You
should assume the velocity is increasing throughout the entire 5 second period. The distance travelled
equals the area under the velocity curve. You can estimate this area using left endpoints or right end-
points.

t 0 1 2 3 4 5
v(t) 0 22 52 73 81 88

(a) Draw a picture to help you decide which will give an overestimate of the distance travelled and
which will give an underestimate of the distance travelled.

(b) What is the longest distance the Mustang could have traveled from t = 0 to t = 5?

(c) What is the shortest distance the Mustang could have traveled from t = 0 to t = 5?
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Enrichment: An Alternative Method for Computing Areas

This problem is a derivation of the familiar formula for the area of a circle. This derivation will make
use of the formula for the circumference of a circle, C = 2πr, and will also make use of derivatives.

Let A(r) denote the area of a circle with radius. (We know this is πr2, but since we are trying to
prove that this is the area of a circle, we cannot use this.)

(a) For h > 0, A(r + h) − A(r) describes the area of a geometric object. What is this object? Find
a rough approximation for this area. As h shrinks to zero, do you think the approximation gets
better or worse.

(b) Write down the limit definition for A′(r). Then explain why this derivative must be equal to the
circumference of the circle.

(c) Now find an algebraic function f(r) satisfying f ′ = 2πr.

The above calculation is more profound than it first appears: Parts (a) and (b) are special cases of
the Fundamental Theorem of Calculus (Chapter 10), which says the rate of change of an area is equal
to the perimeter of part of the boundary of the shape. Part (c) illustrates anti-differentiation, finding
a function when its derivative is known. A function has lots of antiderivatives, which can complicate
calculations like the above. We’ll deal with this technicality in chapter 10.
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Summation Notation and Summation Formulas

You may find the summation formulas useful:

n∑
k=1

k =
n(n+ 1)

2

n∑
k=1

k2 =
n(n+ 1)(2n+ 1)

6

1. Write the sum
1 + 4 + 9 + 16 + 25 + · · ·+ 196 + 225

in summation notation. Then use a summation formula to find the value of the sum.

2. Write the sum
15 + 20 + 25 + 30 + 35 + 40 + 45 + 50

in summation notation. Then use a summation formula to find the value of the sum.

3.

(a) Write the sum
10∑
k=4

(2k + 1)

in expanded form.

(b) Write the sum
7∑

k=1

(2k + 7)

in expanded form.

(c) The above two parts show that a sum can be written in Σ notation in different ways. Find b so
that

8∑
k=2

(2k + b)

is the same as the sums in parts (a) and (b).

4. (Challenge) Evaluate the sum
40∑
k=1

(2k − 3)2

(Hint: You may need to write the expression (2k − 3)2 in a different form in order to make use of the
summation formulas.)
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Computing Some Integrals

1. Compute the integral ∫ 5

0

3x2 dx

via the following steps:

(a) Write down a sum which approximates the integral. The sum should use n rectangles of equal
width and the height of each rectangle should be determined by the right endpoint of the rectangle.
(Your answer should be a summation involving the variables k and n.)

(b) Use the summation formulas to express the summation in part (a) in simpler terms. (This should
be a variable expression only involving n.)

(c) Compute the limit as the number of rectangles increases to infinity.

2. Consider the integral ∫ x

3

(2t+ 5) dt

where the upper limit of integration is variable.

(a) Find the value of the integral for x = 5, x = 6, x = 7, and variable x. (Hint: The integral is the
area under the curve y = 2t+ 5. Is this a familiar geometric object?)

(b) Let I(x) denote the above integral. Thus, in part (a) you found I(5), I(6), I(7), and an algebraic
formula for I(x). Now compute I ′(x). What do you notice?

3. Suppose

f(t) =


0, t < 0;

1, 0 ≤ t < 3;

2, 3 ≤ t

Find

g(x) =

∫ x

0

f(t) dt

HINT: Assume x ≥ 0. You’ll need to consider two cases, 0 ≤ x < 3 and 3 ≤ x. Drawing a graph of
y = f(t) may help.
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Using the Fundamental Theorem of Calculus

1. Compute the integrals

(a) ∫
9√
t
dt

(b) ∫ 5

3

9√
t
dt

2. Compute the integrals

(a) ∫ (
t3 + t2 + t+ 1

)
dt

(b) ∫ 3

−3

(
t3 + t2 + t+ 1

)
dt

3. Find the derivative F ′(x) where

F (x) =

∫ x

0

e5s

(s2 + 2s+ 19)
ds

4. Find the derivative G ′(x) where

G(x) =

∫ x

5

e−s
2

ln (s2 + 18) ds
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5. Suppose

f(t) =


0, t < 0;

1, 0 ≤ t < 3;

2, 3 ≤ t

(a.) Find

g(x) =

∫ x

0

f(t) dt

(You won’t be able to compute this integral using the Fundamental Theorem of Calculus since we
don’t know how to compute antiderivatives of piecewise defined functions. Instead, interpret the
integral in terms of areas. Use the sketch to help. You will need to consider 0 ≤ x < 3 and x ≥ 3
separately. )

(b.) Compute g′(x). Do this in two ways. First by taking the derivative of the explicit formula you
found in part (a). Then compute the derivative using one version of the Fundamental Theorem of
Calculus.

(c.) (Challenge) f(t) is discontinuous at t = 3. Is g(x) continuous or discontinuous at x = 3?
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Using the Fundamental Theorems of Calculus Some More

1. Compute the definite integral ∫ 2

1

6x5

x6 + 1
dx

(Hint: You’ll need to use a substitution)

2. Compute the definite integral ∫ 2

−1
3x2ex

3

dx

(Hint: You’ll need to use a substitution)

3. Compute the integral ∫ 5

−5
(x9 + x7 + x5 + x3 + x) dx

(Hint: There are couple long ways to do this. It can also be computed in one step....)

4. Consider the function F (x) defined on the interval [−2, 10], given by

F (x) =

∫ x

−2

1

1 + t2
dt

(a) Determine the intervals on which F (x) is increasing.

(b) Find the value of x which gives the maximum value of F (x) on the interval [−2, 10].

5. Find the average value of g(x) = e2x on the interval [1, 4].
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6. A rock is dropped from a cliff. The velocity of the ball, measured in feet, after t seconds is v(t) = −32t.
The rock hits the ground 10 seconds later. How high is the cliff?

29


