
Math 19500-BC Exam 1 Spring 2023

Name:

Each question is worth 5 points. Show your work in the space provided
and write your final answer neatly on the answer line. Good luck!

1. Simplify

(
1

3
+

3

4

)(
1− 1

7

)
.

1.

2. Simplify

(
15

2 + 1
2

)2

.

2.
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3. Simplify

(
−4x5y−7

3x−3y

)−1

and eliminate any negative exponents.

3.

4. Perform the multiplication 9x3/2

(
7
√
x− 6√

x

)
and simplify.

4.
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5. Evaluate

(
27

8

)−2/3

.

5.

6. Factor −2x4 + 28x3 − 64x2 completely.

6.
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7. Perform the division
9x2 − 1

x2 + 2x + 1
÷ 3x2 − 2x− 1

x2 − 1
and simplify.

7.

8. Perform the addition/subtraction
1

2
− 2

x + 2
+

4

(x + 2)2
and simplify.

8.
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9. Find all real solutions of the equation x2 − 8x = −13.

9.

10. Find all real solutions of the equation
9

x
+ 4 =

7

x− 2

10.
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11. Solve the equation P =
nRT

V
for V .

11.

12. Solve the nonlinear inequality 6(x− 1) ≤ x(x− 1). Express your answer using interval notation.

12.
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13. Find all real solutions of the equation
√

8− x + 2 = x− 4.

13.

14. Find the center and radius of the circle with the equation x2 + y2 + 4x = 9 + 12y.

14.
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15. Give an equation for the line that passes through the points (−1,−2) and (4, 3).

15.

16. Evaluate and simplify
f(a + h)− f(a)

h
when f(x) = 4x2 − 3x + 9.

16.
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17. Find the domain of the function g(x) =

√
x

x2 − 25
. Express your answer using interval notation.

17.

18. The graph y = f(x) is shown below. Use interval notation to state the interval(s) on which f is increasing
and find the average rate of change in f from 3 to 7.

204 CHAPTER 3  Applications of Di!erentiation

Some of the most important applications of differential calculus are optimization prob-
lems, in which we are required to !nd the optimal (best) way of doing something. Here 
are examples of such problems that we will solve in this chapter:

•	  What is the shape of a can that minimizes manufacturing costs?

•	  What is the maximum acceleration of a space shuttle? (This is an important 
question to the astronauts who have to withstand the effects of acceleration.)

•	  What is the radius of a contracted windpipe that expels air most rapidly during 
a cough?

•	  At what angle should blood vessels branch so as to minimize the energy  
expended by the heart in pumping blood?

These problems can be reduced to !nding the maximum or minimum values of a func-
tion. Let’s !rst explain exactly what we mean by maximum and minimum values.

We see that the highest point on the graph of the function f  shown in Figure 1 is the 
point s3, 5d. In other words, the largest value of f  is f s3d − 5. Likewise, the smallest 
value is f s6d − 2. We say that f s3d − 5 is the absolute maximum of f  and f s6d − 2 is 
the absolute minimum. In general, we use the following de!nition.

1   De!nition Let c be a number in the domain D of a function f. Then f scd is 
the
•	 	absolute	maximum value of f  on D if f scd > f sxd for all x in D.

•	 	absolute	minimum value of f  on D if f scd < f sxd for all x in D.

An absolute maximum or minimum is sometimes called a global maximum or mini-
mum. The maximum and minimum values of f  are called	extreme	values of f .

Figure 2 shows the graph of a function f  with absolute maximum at d and absolute 
minimum at a. Note that sd, f sddd is the highest point on the graph and sa, f sadd is the 
lowest point. In Figure 2, if we consider only values of x near b [for instance, if we 
restrict our attention to the interval sa, cd], then f sbd is the largest of those values of f sxd 
and is called a local maximum value of f. Likewise, f scd is called a local minimum value 
of f  because f scd < f sxd for x near c [in the interval sb, dd, for instance]. The function f  
also has a local minimum at e. In general, we have the following de!nition.

2   De!nition The number f scd is a

•	 	local	maximum value of f  if f scd > f sxd when x is near c.

•	 	local	minimum value of f  if f scd < f sxd when x is near c.

In De!nition 2 (and elsewhere), if we say that something is true near c, we mean that it 
is true on some open interval containing c. For instance, in Figure 3 we see that f s4d − 5 
is a local minimum because it’s the smallest value of f  on the interval I. It’s not the abso-
lute minimum because f sxd takes smaller values when x is near 12 (in the interval K,  
for instance). In fact f s12d − 3 is both a local minimum and the absolute minimum. 
Similarly, f s8d − 7 is a local maximum, but not the absolute maximum because f  takes 
larger values near 1.
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19. Sketch the graph y = |2x| − x− 2 by first completing the table of values below and then plotting points.

x y
-4
-3
-2
-1
0
1
2
3
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20. Sketch the graph of the following piecewise defined function.

f(x) =


1

3
x + 1 if x < 3

4 if x = 3

1 if x > 3
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