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ABSTRACT
Type 2 diabetes is characterized by reduced insulin secretion from the pancreas and over-
production of glucose by the liver. GLP-1 promotes glucose-dependent insulin secretion
from the pancreas, while glucagon promotes glucose output from the liver. Taking advan-
tage of the homology between GLP-1 and glucagon, we identified a GLP-1 / glucagon
hybrid peptide, dual-acting peptide for diabetes (DAPD), with combined GLP-1 receptor
agonist and glucagon receptor antagonist activity. DAPD binds to the GLP-1 (IC50 = 2.2 nM)
and glucagon (IC50 = 174.2 nM) receptors, activating the GLP-1 receptor (EC50 = 15.1 nM)
but not the glucagon receptor at concentrations up to 3 µM. To overcome its short plasma
half-life, DAPD was PEGylated with a branched 43 kD polyethylene glycol (PEG). PEGylated
DAPD (PEG-DAPD) has dramatically prolonged activity in vivo. It decreases blood glu-
cose in a glucose tolerance test in multiple species, with a significant decrease (18±2%)
in the glucose area under the curve (AUC) observed when PEG-DAPD is dosed up to 65
hours prior to administration of glucose to rats. In this model, elevated insulin provides
evidence of increased insulin secretion in response to GLP-1 receptor agonism. PEG-
DAPD demonstrates glucagon receptor antagonism by reducing the glucose AUC (36±9%)
in mice following a glucagon challenge. An antidiabetic effect of PEG-DAPD is observed
in db/db mice with a decrease in fasting blood glucose. Furthermore, PEGylation of
DAPD eliminates the inhibition of gastrointestinal motility observed with GLP-1 and its ana-
logues, most likely due to the inability of PEG-DAPD to cross the blood brain barrier. Thus,
PEGylated DAPD represents a novel dual-acting peptide potentially suitable for once-
weekly administration to treat type 2 diabetes without the gastrointestinal side effects
observed with current GLP-1 agonists.

BACKGROUND
■ Glucagon-like peptide-1 (GLP-1) is a potent endogenous modulator of insulin secretion.

■ GLP-1 does not provoke hypoglycemia because it stimulates insulin secretion only if
the plasma glucose concentration is greater than 5 mM.

■ So far there are no small molecule activators of the GLP-1 receptor and GLP-1 itself has
a very short half-life due to degradation by dipeptidyl peptidase-IV (DPP-IV) and clear-
ance by the kidneys.

■ GLP-1 peptide-based therapeutics are being developed, but one observed side effect
is nausea and vomiting correlating with inhibition of gastrointestinal (GI) motility.

■ Glucose output from the liver is elevated in type 2 diabetics.

■ Glucagon is a peptide which, in response to reduced blood glucose, activates the
glucagon receptor to increase glucose output from the liver.

■ GLP-1 and glucagon act as opposing dual controls for glucose homeostasis.

OBJECTIVES
■ Take advantage of the homology between GLP-1 and glucagon to construct a hybrid

GLP-1/glucagon peptide that acts as both a GLP-1 receptor agonist and glucagon
receptor antagonist.

■ Modify this dual-acting peptide for diabetes (DAPD) to increase its half-life.

RESULTS
DAPD synthesis and PEGylation

DAPD was created by mutating the glucagon peptide progressively from the C-termi-
nus to the corresponding residues on GLP-1 until a peptide which bound to both the GLP-1
and glucagon receptors was identified. A number of additional mutations were incorpo-
rated to impart glucagon antagonist activity (shown in blue). DAPD was then PEGylated
on a C-terminal cysteine with 43 kD PEG-maleimide.

Glucagon HSQGTFTSDYSKYLDSRRAQDFVQWLMNT

GLP-1 HAEGTFTSDVSSYLEGQAAKEFIAWLVKGR-NH2

* * * * * * *
DAPD HSQGTFTSDYARYLDARRAREFIKWLVRGRC

Receptor activation was measured by assessing intracellular cAMP levels determined
using the cAMP Scintillation Proximity Assay (Amersham).

a) RINm5F / GLP-1 b) Rat hepatocytes / Glucagon

c) d)

■ DAPD and GLP-1 have a similar affinity for the rat GLP-1 receptor (Figure 1a). PEG-
DAPD has a reduced GLP-1 receptor affinity (IC50 values in nM: GLP-1, 0.8; DAPD,
2.2; PEG-DAPD, 44.4).

■ DAPD and PEG-DAPD maximally activate the GLP-1 receptor but with lower potency
compared to GLP-1 (EC50 values in nM: GLP-1, 0.5; DAPD 15.1; PEG-DAPD, 351.4)
(Figure 1b).

■ DAPD and PEG-DAPD have lower affinities for the glucagon receptor compared to
glucagon (IC50 values in nM: glucagon, 3.5; DAPD, 174.2; PEG-DAPD, 459.3) but they
almost completely block glucagon binding at concentrations >1 µM (Figure 1c).

■ DAPD and PEG-DAPD do not significantly activate the glucagon receptor at concen-
trations below 3 µM and 10 µM, respectively, and only weakly activate the glucagon
receptor at 10 µM concentration (Figure 1d).

■ DAPD and PEG-DAPD are GLP-1 receptor agonists and are only weak partial agonists
of the glucagon receptor, and may antagonize glucagon action.

Insulin secretion from dispersed rat islets was measured at the indicated concentra-
tions of glucose in the presence of increasing concentrations of FA-GLP-1 or PEG-DAPD
(a) and glucagon antagonist activity was assessed in rat hepatocytes by measuring
intracellular cAMP (b). ***P<0.001.

a) b)

Figure 2: Effect of PEG-DAPD on GLP-1 agonist activity in dispersed rat islets
and glucagon antagonist activity in rat hepatocytes.

■ FA-GLP-1 is a fatty acid derivative of GLP-1, which has shown a prolonged biological
activity in humans. PEG-DAPD is equipotent to FA-GLP-1 in promoting glucose-depend-
ent insulin secretion from rat islets at 8, and 15 mM glucose which represent normo-,
and hyperglycemia, respectively (Figure 2a).

■ In rat hepatocytes, PEG-DAPD showed 30% and 44% inhibition of glucagon activity at 10
and 100 nM glucagon, respectively, while the well-characterized glucagon antagonist
Des-His1[Glu9] showed 85% and 51% inhibition at these concentrations (Figure 2b).

■ PEG-DAPD increases insulin secretion and has glucagon antagonist activity in vitro.

The effect of PEG-DAPD on plasma insulin (a), and plasma glucose (b) was measured in
an IPGTT following an overnight fast of BALB/c mice. For insulin measurements, blood
was collected by retro-orbital puncture and plasma insulin levels were determined with
a mouse insulin ELISA kit. Blood glucose was measured from tail-tip blood. Data are
the mean ± SEM for 8-16 mice/group. **P<0.01, ***P<0.001.

a) b)

Figure 3: Insulin-increasing and glucose-lowering activity of PEG-DAPD in an IPGTT
in mice.

■ PEG-DAPD (30 µg/kg ) causes a significant increase (88±16%) in insulin AUC when
administered 3 hours before an IPGTT (Figure 3a).

■ This is accompanied by a significant decrease (50±2%) in IPGTT glucose AUC (Figure
3b).

■ PEG-DAPD increases plasma insulin and decreases plasma glucose in vivo.

BALB/c mice were fasted overnight and the animals were then injected sc with either
vehicle, FA-GLP-1, DAPD, or PEG-DAPD. Fasting blood glucose was measured from tail-
tip blood. An IPGTT was performed 3 or 17 hours after peptide dosing. Data are the mean
± SEM for 8-16 mice/group. *P<0.05, ***P<0.001.

Figure 4: Glucose-lowering activity in an IPGTT in mice at 3 and 17 hours post-dose.

■ DAPD, PEG-DAPD, or FA-GLP-1 decreases blood glucose AUC by 20±6%, 40±6%,
and 29±2%, respectively, when administered sc 3 hours before an IPGTT.

■ Neither FA-GLP-1 nor DAPD have any significant effect on glucose AUC when admin-
istered sc 17 hours before an IPGTT, whereas PEG-DAPD decreases blood glucose
AUC by 48±5%.

■ PEGylation increases DAPD half-life because 17 hours post-injection PEG-DAPD retains
activity while FA-GLP-1 and DAPD are inactive.

The dose-response effect of FA-GLP-1 or PEG-DAPD on glucose AUC in an IPGTT and
on GI motility was assessed 3 hours after peptide administration in BALB/c mice. GI motil-
ity was measured by giving mice a charcoal meal, sacrificing the animals 5 minutes later,
and dissecting out the small intestine. The percentage distance traveled was calculated
by dividing the distance traveled by the total length of the small intestine, multiplied by 100.
Data are the mean ± SEM for 6 mice/group. **P<0.01.

Figure 5: Dose response analysis of glucose-lowering activity and gastrointesti-
nal (GI) motility effects in mice.

■ FA-GLP-1 dose-dependently reduces both the IPGTT glucose AUC during a 3-hour
IPGTT and GI motility with similar potency.

■ PEG-DAPD dose-dependently reduces the IPGTT glucose AUC to a greater degree
than FA-GLP-1, but has no significant effect on GI motility.

■ PEG-DAPD is more potent and efficacious than FA-GLP-1 in reducing the IPGTT glu-
cose AUC and has no significant effect on GI motility. The increased potency/efficacy
of PEG-DAPD may reflect its additional glucagon antagonist activity.

Fed male BALB/c mice were given sc injection of either vehicle, PEG-DAPD, or PEG-
GLP-1 followed by glucagon (Glg) 3 hours later, in the absence (b) or presence (c and
d) of somatostatin (SRIF). Blood glucose was measured from tail-tip blood and the AUC
was calculated. **P<0.01, ***P<0.001, NS - not significant.

a)

b) c)

d)

Figure 6: Effect of PEG-DAPD and PEG-GLP-1 on glucagon-induced increase in
blood glucose in mice.

■ PEG-DAPD but not PEG-GLP-1 suppresses the glucagon-induced increase in blood
glucose (Figure 6b).

■ In the presence of somatostatin, PEG-DAPD reduces the glucagon-mediated increase
in blood glucose (Figure 6c).

■ In the presence of somatostatin PEG-GLP-1 has no significant effect on glucagon-medi-
ated increase in blood glucose (Figure 6d).

■ The PEG-DAPD mediated reduction in glucose levels in a glucagon challenge, in the
absence or presence of somatostatin, most likely reflects direct glucagon receptor
antagonist activity of PEG-DAPD in vivo.

Overnight fasted BALB/c mice were given a sc injection of either vehicle, PEG-DAPD,
or FA-GLP-1 and plasma glucagon was measured 3 hours later (a), or mice were given
an IPGTT in the presence or absence of the GLP-1 receptor antagonist exendin(9-39)
(b and c). Data are the mean ± SEM of 8-16 mice/group. *P<0.05, **P<0.01. In (a) the
P values indicated by ** refers to PEG-DAPD versus vehicle.

a)

b)

c)

Figure 7: Effect of PEG-DAPD and FA-GLP-1 on plasma glucagon and blood glu-
cose in the presence of the GLP-1 antagonist, exendin(9-39), in mice.

■ PEG-DAPD, but not FA-GLP-1, significantly increases plasma glucagon levels (Figure
7a).

■ (c) Exendin(9-39) almost completely reverses the FA-GLP-1-mediated decrease in
IPGTT glucose AUC (Figure 7c). However, exendin(9-39) only partially reverses the
PEG-DAPD-mediated decrease in glucose at 10 and 30 µg/kg PEG-DAPD and has
no effect at 100 µg/kg PEG-DAPD.

■ PEG-DAPD affects glucose homeostasis beyond that which occurs through GLP-1
receptor activation alone.

Diabetic db/db mice were dosed daily for 2 weeks by sc injection with either vehicle,
PEG-DAPD, or FA-GLP-1 and fasting blood glucose was measured weekly, 24 hours
after dosing. Values are mean ± SEM for 6-8 mice per group. *P<0.05, **P<0.01 ver-
sus vehicle.

Figure 8: Effect of PEG-DAPD on blood glucose in db/db mice.

■ PEG-DAPD produces a significant decrease in fasting blood glucose in 10- to 12-week-
old diabetic db/db mice, while FA-GLP-1 does not.

■ PEG-DAPD is effective in reducing fasting blood glucose in a diabetic animal model. 

CONCLUSIONS
■ DAPD has demonstrated GLP-1 agonist and glucagon antagonist activity in both in vitro

and in vivo models. 

■ PEGylation of DAPD prolongs activity in vivo. 

■ PEGylation eliminates the inhibitory effect on gastrointestinal motility normally associ-
ated with GLP-1.

■ PEG-DAPD has several unique features and the potential to be developed for the treat-
ment of type 2 diabetes.
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Figure 1: Competitive binding and activation of the GLP-1 and glucagon receptors
by DAPD and PEG-DAPD.
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25 Preálgebra Capítulo 7

Lecciones 7-1 a 7-4

Resuelve cada ecuación.

1. 2. 3.

4. 5. 6.

Escribe una ecuación para la siguiente situación y resuélvela.

7. Halla los tres enteros consecutivos cuya suma es 99.

0.4x 1 2.6 5 0.22
3k 2 1 5 5

63(2m 1 8) 5 6

15y 2 7 2 13y 5 172n
3 2 10 5 08x 1 73 5 1

Resuelve cada ecuación o desigualdad.

1. 2. 3.

4. 5. 6.

7. Resuelve para x.

8. En una venta de pasteles, los estudiantes cobraron $.25 por cada galleta,
brownie o pastelillo. Algunos padres donaron dinero en vez de comprar
los productos. Los donativos ascendieron a $18. Los estudiantes ganaron
por lo menos $46. ¿Cuántos productos vendieron como mínimo?

A. 110 B. 112 C. 120 D. 125

y 5 3
4x 2 6

8 2 5a $ 212n
7 2 1 # 43k 1 5 . 17

4(m 2 3) 5 12 2 2m20x 2 7 5 18x 2 39y 5 5y 2 36

Nombre _____________________________________ Clase ____________________ Fecha _____________

Lecciones 7-4 a 7-7

Control 1

Control 2

Evalu
ació

n
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PRENTICE HALL RESEARCH TIME LINE

Exploratory needs assessment
(Quantitative & qualitative)

• Reading research

• Teacher interviews

• Classroom observations

• Mail surveys

• Conference participation

Formative research
(Quantitative & qualitative)

• Field testing of prototypes

• Classroom observations

• Teacher reviews

• Supervisor reviews

• Educator advisory panels

• Prentice Hall sales force input

Summative research
(Experimental and 
quasi-experimental study 
designs & qualitative research)

• Pre-publication learner 
verification research

• Post-publication validation studies

• Classroom observations

• Evaluation of in-market results 
on standardized tests

PRENTICE HALL LITERATURE

RESEARCH-BASED AND CLASSROOM-TESTED FOR PROVEN RESULTS

In a year-long learner verification study,
students using the Prentice Hall Literature:
Timeless Voices, Timeless Themes program
increased their mastery levels in several
diagnostic skill areas for reading/language arts.

All students were tested at the start of
the year with a nationally-normed
standardized test, the TerraNova™
Complete Battery Plus exam. At the end 
of the treatment period, students were
retested with the same standardized test.
Only students who completed both the pre-
and post-tests were included in this analysis.
All tests were scored by CTB/McGraw Hill,
publisher of the TerraNova™.

In the study, students progressed from
the partial mastery level to the mastery level
(as defined by CTB/McGraw Hill)† in
identifying reading strategies, analyzing text,
writing strategies, and editing skills. In the
other two reading objectives, Basic
Understanding and Evaluate/Extend
Meaning, the treatment group maintained
mastery from the pre-test to the post-test.

† Scores between 0 and 49 are regarded as the Non-Mastery level. Scores between
50 and 74 are regarded as indications of Partial Mastery. Scores of 75 and above are
regarded as the Mastery level.
All tests were scored by CTB/McGraw-Hill, the publisher of TerraNova. Statistical
analyses and conclusions were performed by an independent firm, Pulse Analytics Inc.,
Ridgewood, New Jersey.

40

50

60

70

80

90

■  Pre-Test
■  Post-Test

Basic
 U

nders
ta

ndin
g

Analy
ze

 Te
xt

Evalu
ate

 M
eanin

g

Readin
g S

tr
ate

gie
s

W
rit

in
g S

tr
ate

gie
s

Editi
ng S

kill
s

Average Mastery Levels in Instructional Objectives



4

PUTTING RESEARCH INTO PRACTICE

What Research Indicates

To aid comprehension, critical
vocabulary words should be explained with
meanings and background information before
students read selections. To further improve
reading fluency and comprehension, common
prefixes and suffixes should be systematically
introduced and explained (Carnine).

Studies indicate the efficacy of direct
instruction of vocabulary, as well as programs 
that emphasize context. For a comprehensive 
approach, researchers advocate teaching decoding
skills, introducing sight words, emphasizing 
context clues to determine if constructed 
meanings make sense, teaching vocabulary 
meanings explicitly, and extensively 
using comprehension strategies and modeling
(Pressley, “What Should”).

Prentice Hall’s Response

Vocabulary instruction in Prentice Hall Literature utilizes a combination of direct instruction and context-based approaches.
Vocabulary words and their definitions are introduced before the selection, then again at point of use in the minor column of
the selection. Reading strategies model the use of context-based approaches before the selection, then students are encouraged
to use these approaches to answer questions after the selection. Also, students are given opportunities to assimilate new
vocabulary words by applying them in exercises that follow the selection.

What Research Indicates

Schools that “beat the odds” in teaching middle- and high-school students to
read and write well use materials that make overt connections among knowledge,
skills, and ideas across lessons, classes and grades, and across in-school and out-of-
school applications (Langer).

Prentice Hall’s Response

Prentice Hall Literature provides overt connections at the selection level with
the Literature in Context features, and at the unit level with the Connection to
Literature Features. The Teacher’s Edition contains background information about
each selection, author, and genre. Furthermore, students are encouraged  to make
connections between the literature selections and the fine art that illustrates 
the textbook. Extension Activities at the end of each selection and Reading
Instructional Materials selections foster connections between students’ reading 
and the world outside the classroom. 



Math Background

Ratios, Unit Rates and 
Proportional Reasoning

Math Understandings
• A ratio is a multiplicative relationship between 

quantities.
• All ratios can be written in fraction form (�b

a�).
• All fractions are ratios but not all ratios are fractions.
• Equal ratios can be generated using multiplication or

division, just as with equivalent fractions.
• Rates are a special type of ratio. 
• Unit rates and unit prices are special kinds of ratios.

A ratio is a pair of numbers used to show a comparison
between like or unlike quantities, written x to y, �xy�, x ÷ y, 
or x : y (y ≠ 0). The numbers x and y are called the terms 
of the ratio. 

Two ratios are equivalent ratios if their corresponding 
fractions are equivalent or if the quotients of the respective
terms are the same. 

Different Types of Ratios
There are 36 seats in a restaurant for non-smokers and 
24 seats for smokers.

Part to part: The ratio of non-smoking seats to smoking 
seats is 36:24 or �32

6
4�.

Part to whole: The ratio of smoking seats to the total 
number of seats is 36:60 or �36

6
0�.

Whole to part: The ratio of the total number of seats to 
the number of seats for non-smokers is 60:36 or �63

0
6�.

A rate is a ratio comparing quantities involving different
units. Twenty miles per (one) hour is an example of unit 
rate you are familiar with. It is a unit rate because the first
quantity, 20 miles, is compared to one (1) of the second
quantity. A unit price is also a unit rate, for example, $1.75
for 1 pound.

Fractions and Ratios
Students first interpret a fraction as a comparison of a part 
of a whole. Yet all of the ratios above were written as �xy�.
Remember that while all ratios can be written in �xy� form
(fractional form), all ratios do not behave like fractions. 
This is why we use “terms” rather than numerator and
denominator when working with ratios. All ratios do not
behave like fractions.

Example: Suppose a student played softball on two days. 
On each day she got 1 hit for 2 times as bat (�12�), so for the
two days she got 2 hits for 4 times as bat or �24�. So, for the two
days, it is tempting to write �12� + �12� = �24� but this is not correct; 
if we were adding fractions, we know that �12� + �12� = 1. 

So, an important point in developing an understanding of ratios
is that all part to whole comparisons (what we typically think of
as a fraction) represent only one kind of ratio, but there are
other kinds of ratios.

Models and Ratios
Models are very helpful for
understanding unit rate
and unit price. If 8 oz cost
$2.48, the model at the
right shows how we can
think about the unit price.

The model shows why a ratio is a multiplicative relationship.
One ounce costs $.31 and 8 oz costs 8 times as much. 

Draw a Diagram and 
Solve a Simpler Problem

Math Understandings
• Many problems in mathematics can be solved in more

than one way.

Drawing pictures and solving a simpler problem are 
strategies developed here and used in subsequent lessons.

BEFORE Chapter 5
Course 1 or Grade 6 introduced ratio, rates, 
and proportions.

DURING Chapter 5
Course 2 reviews these ideas and then extends
their use to various applications.

AFTER Chapter 5
These ideas are used throughout the remainder
of this book with percent, geometry, 
measurement, and algebra.

▼

▼

Skills Trace

5-1
5-2

5-3

$

$.311 oz

8 oz



As you study mathematics this year, make your own mathematics 
dictionary of new vocabulary terms. Use the following guide for each 
new term.
• Write the vocabulary term and its definition. Include any symbols 

for the term.
• If possible, draw a diagram. Include details, using other related terms 

you know.
• Give one or more examples of the term.
• Give one or more “non-examples,” and explain how they are different.

Write an entry for your dictionary for the term rate. Include the special 
term unit rate.

EXERCISES
Write an entry for your dictionary for each term.

1. proportion 2. similar figures 3. cross products

4. indirect measurement 5. equal ratios 6. divisible

Write an entry for your dictionary for each term. Include the special term.

7. unit price, unit rate 8. exponent, power 9. LCM, multiple

Suppose you have written an entry for your dictionary for each term. What 
“non-example” might you also show? Explain.

10. proper fraction 11. repeating decimal 12. prime number

ratio 20 people
5 people

rate 20 people
5 cars

unit rate 4 people
1 car

A rate is a ratio in which the numerator and
denominator have different units. For a unit rate,
the denominator is 1.

is a rate because the numerator and

denominator have different units.     or

      is a ratio, but it is not a rate because 

the numerator and denominator have the same unit.

    is the unit rate.

20 people
5 cars

20 people
5 people

4 people
car

4 people
1 car

EXAMPLEEXAMPLE

Reading
Math Learning Vocabulary

For Use With Lesson 5-6

274 Reading Math Learning Vocabulary

1-12. Check students’ work.

Reading Math

Learning
Vocabulary
Reading mathematics has both
similarities and differences to
reading in non-math subject
areas. Students can activate prior
knowledge when reading a math
lesson, but they must extend that
knowledge to include symbols
and vocabulary specific to
mathematics. Just as it is necessary
to build a solid and extensive
English vocabulary, it is necessary
to build a specialized math
vocabulary.

Teaching Notes

Have a volunteer read the
opening paragraph aloud. 

Before discussing the Example
with students, have them open
their texts to the English/Spanish
Illustrated Glossary that starts on
page 718 of their texts. Encourage
students to refer often to this
Glossary to build their math
vocabularies.

Read through and discuss the
Example with the class. Call
attention to the clear and concise
sentences that are used. 

Visual Learners
Point out the use of the
explanatory diagram. Encourage
visual learners to include such
diagrams in their work. Call
attention to the fact that the
English/Spanish Illustrated
Glossary in the back of their texts
is an illustrated Glossary.

Exercises
Have students work independently
on the Exercises. Then have them
work with a partner or form small
groups in which they share and
evaluate their written answers.
Students should make adjustments
to their work based upon their
group discussions.

11 EXAMPLEEXAMPLE



Journal Answers

MLA Works Cited.

Tan, Amy. “Two Kinds.” American 24-Karat Gold. 3rd ed. Ed. Yvonne Sisko.
New York: Pearson Longman, 2009. 62–71. 

Main Character(s). The narrator (named once in text as Jing-mei) and her
mother are the central characters here. This is all about mother’s drive and the
narrator’s lack of it.
Supporting Characters. Mr. Chong, or Old Chong, is essential as the deaf piano
teacher. The prideful Auntie Lindo and her daughter Waverly supply tension.
And all the many people the mother invites to the talent show, as well as the
father who only appears at the talent show, all feed into the mother’s disappoint-
ment and the narrator’s embarrassment.
Setting. The specific setting is an apartment building in San Francisco, signifi-
cant for the piano teacher upstairs. The setting changes to the talent show and
ends in the mother’s living room focusing on the piano. The piano, of course, is
the central prop.
Sequence. Here is an informal outline, but answers will vary.

I. The narrator is to become a prodigy.
A. Auntie Lindo and chess champion Waverly set up the challenge.
B. Mother sees possibilities in the movies and on television.

II. The narrator is to become a pianist.
A. Mother hires Mr. Chong to teach the narrator piano.
B. The narrator attends lessons, but is not interested and does not do well.

III. The narrator plays at the talent show.
A. The mother invites all her friends.
B. The narrator, because of poor practice, performs poorly.
C. Both the narrator and her mother are embarrassed.

IV. Life goes on after the talent show.
A. The narrator and her mother argue.
B. Years later, the mother gives the piano to the narrator.
C. The narrator finally relates to the piano.

Plot. With a two sentence limit, answers will vary. A mother wants her daughter
to become a star but the daughter resists, and only after her mother’s death does
the daughter appreciate her mother’s interests.
Conflicts. Human v. human certainly applies to the driven mother and resistant

IM-18



F Further Insights and Challenges 

from Section 8.6, Improper Integrals

Chapter 9 G Further Applications of Integration

F Preliminary Questions

from Section 9.1, Arc Length

F Exercises

from Section 9.1, Arc Length
(This problem requires a computer algebra system.)

from Section 9.2, Fluid Pressure and Force

3. The trough in the figure below is filled with corn syrup,
whose density is 90 lb/ft3. Calculate the fluid pressure
on the front side of the trough.

h

a

b d

Trough filled with corn syrup (density 90 lb/ft3).

2. CAS A merchant intends to produce carpets in the
shape of region A in the figure, bounded by the graph
of y = 1 − xn for 0 ≤ x ≤ 1 (units in feet). Assume
that material costs 50 dollars per square foot and that it
costs 50L dollars to cut the carpet, where L is the length
of the curved side of the carpet. The carpet can be sold
for 150A dollars, where A is the carpet’s area. Find, via
numerical integration with a CAS, the whole number n
for which the merchant’s profits are maximal.

.5 1

.5

1

A

y = 1 - xn

x

y

1.  How do the arc lengths of the curves y = f (x) and
y = f (x)+ C differ (C is a constant)? Explain geomet-
rically and then justify using the arc length formula.

5.  Show that
∫ 1

0

dx

x(ln x)p
converges if and only if p > 1.

page 11



from Section 9.3, Center of Mass

F Further Insights and Challenges

from Section 9.4, Taylor Polynomials

Chapter 10 G Introduction to Differential 
Equations

F Preliminary Questions

from Section 10.2, Graphical and Numerical Methods

1.  True or False: in the slope field for ·y = ln y, the slopes
at points on a vertical line t = C are all equal.

5. The following equation arises in the description of
Bose-Einstein condensation (the quantum theory of
gases cooled to near absolute zero):

A0 = 4A√
π

∫ ∞

0

x2e−x2
dx

1 − Ae−x2

and it is necessary to derive an approximate expression
for A0 in terms of A.
(a) Show that the second Maclaurin polynomial for the

function f (A) = x2e−x2

1 − Ae−x2 (where A is the vari-

able and x is treated as a constant) is:

T3(A) = x2e−x2 + Ax2e−2x2 + A2x2e−3x2

(b) Use the approximation A0 ≈ 4A√
π

∫ ∞

0
T3(A) dx to

show:

A0 ≈ A + 1

2
√

2
A2 + + 1

3
√

3
A3

You may use the formula (valid for λ > 0):∫ ∞

0
x2 e−λx2

dx = 1

4

√
π

λ3

4. Find the centroid of the shaded subset of the semicircle
of radius r in the figure below. What are the coordinates
of the center of mass when r = 1 and h = 1

2 ? Hint: Use
geometry rather than integration to show that the area
of the region is r 2 sin−1(

√
1 − h2/r 2) − h

√
r 2 − h2.

r h

page 12



diagram. Once completed, give students large “Post-It” paper to reproduce their maps and
post on the classroom walls.

Part 2: Improving Your Comprehension

The comprehension skills presented in this unit are the most crucial to efficient and flexible
reading. A student must acquire a foundation of comprehension skills and a familiarity with
the structure of paragraphs, articles, and essays in order to begin to adjust rate to suit purpose
and difficulty. The comprehension skills contained in this section are prerequisite skills for
selective reading and faster reading techniques, presented later in the text.

Chapter 4: Main Ideas and Paragraph Structure

Introduction

• Cut an apple into fourths. Ask students to name the item, and they will answer “an apple.”
Assemble the pieces together and ask students to then name a topic that is more general
than the word “apple,” and they will respond with “fruit.” Explain how this concept relates
to a paragraph. The topic of a paragraph is like the word, “fruit.” The main idea is the
“apple” and the slices are the equivalent of the supporting details. The seeds could be con-
sidered as minor supporting details. 

• Give students a blank sheet of paper and ask them to create their own visual concept of
paragraph structure and ask them to explain the components. This simple exercise allows
the artists to show off their skill, but is also a simple activity to explain the concept and get
the class actively involved. Some ideas to help them get started are as follows:

a chocolate chip cookie; a woman’s purse; a train; a house; a shopping mall; a
baseball team; a pizza

A common reading problem exhibited by college students is that they do not perceive a para-
graph as a separate, distinct unit of meaning. Rather, a paragraph is thought of as a string, or
group, of sentences or one of many parts or pieces of a larger passage or selection. Students

Word Analysis Word Sentence with a Context Clue

Synonyms Antonyms
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482 THIS BUSINESS OF MUSIC

NEGOTIATION CHECKLIST: 

DEMO SHOPPING AGREEMENT

❐ Names, addresses of artist and entity doing shopping (producer or
shopper)

❐ Delivery date of completed demo

❐ Party responsible for initial payment of costs

❐ Recoupment of costs

❐ From first proceeds?

❐ From proceeds allocated to artist or to producer or shopper in
shares advanced by each?

❐ Negotiations/ultimate approval on any resulting contract

❐ Joint approval? Solely determined by artist? Solely deter-
mined by shopper? Determined by shopper subject to meet-
ing stated criteria?

❐ Waiver of right to object if: deal with a major label, an inde-
pendent label distributed by a major label, any label distrib-
uted nationally, any nationally distributed label which has
prior album on Billboard chart, any regionally distributed
label

❐ Expiration (return of rights to artist) terms

❐ Rights revert after stated number of months without suc-
cessful negotiations

❐ Elapse of stated number of months while offer is in process
of being negotiated triggers an additional stated period if
necessary to conclude negotiations (e.g., one month, two
months, or three months)

❐ Continuing rights to have a private-label release subject to
stated artist and producer royalties if parties fail to obtain a
satisfactory customary release within the stated period

❐ Compensation to producer or shopper

❐ Advance payment in cash?

❐ Percentage based on any net advance obtained from pur-
chaser?

❐ Continuing percentage on royalties for all recordings made
under contract obtained by shopper? 

❐ Limited participation to one, two, three, or other number of
albums and/or recordings made for resulting label?



20 THIS BUSINESS OF GLOBAL MUSIC MARKETING

The following chart summarizes associative targeting—the technique of
targeting audiences through comparison of your product with existing products.

ASSOCIATIVE TARGETING

BASIC

Proposed Music Countries of
Product Genre Genre’s Popularity

Example:
New Piano U.S., France,
Pianist Jazz Japan, Canada,

U.K.

REFINED

Descriptors
of Proposed -as in- Proven -bought Product -who Places of
Product Products by- Purchasers live in- Purchase

Genre Music Descriptor 1 Country A
Subgenre Product 1

Product 2 Descriptor 2 Country B
Descriptor 1 Product 3
Descriptor 2 Descriptor 3 Country C
Descriptor 3 Nonmusic
Descriptor 4 Product 1 Descriptor 4 Country D
Descriptor 5 Product 2

Product 3 Descriptor 5 Country E

Example:

Descriptors
of Proposed -as in- Proven -bought Product -who Places of
Product Products by- Purchasers live in- Purchase

Jazz Music 25–65 U.S.
Mainstream jazz Bill Evans
Piano jazz Marian McPartland Educated Japan
Sophisticated Oscar Peterson
Refined Shirley Horn Affluent U.K.
Romantic
Thoughtful Nonmusic Active France
Elegant Evening wear
Luxurious Perfume Tech-savvy Canada
Upscale Beverages
High end Luxury cars

Fine foods




