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Abstract

This text, the fruit of teaching revolution item of higher education in Henan Province, is
completed in English edition according to our country’s curriculum system and education now-
adays. The main contents conclude: Limits and Continuity of Functions, Derivatives and Dif-
ferentials, Mean Value Theorem of Differentials and Applications of Derivatives, Indefinite
Integrals, Definite Integrals, Differential Calculus of Functions of Several Variables, Double
Integrals, Infinite Series, Differential Equations and Difference Equations; also it includes
some useful applications in biology, management of the economy and social science. This text
is abundant in contents; it pays more attention to stuff education and students’ innovation a-
bility as well as mathematics application and develops the modeling ideas in utilizing mathe-
matics. .

As to this text, the structure is precise, the logic is quite clear, and the state is in de-
tail, all of which are easy to understand. Besides, it can be used as a teaching material for
higher education in fields like agriculture, forestry, biology, economics and finance; it also

can be a good reference to all kinds of technicians.
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Preface

This text is the fruit of teaching revolution item of higher education in Henan Province.

At present age, the internationalization of higher education is the main trend of education
development . Certainly, one of our primary goal in China’s higher teaching revolution is to fos-
ter and train more and more highly special talents with international eyes, awareness and associa-
tion abilities; while, the bilingual teaching is just a very good and effective way in realizing such
a big goal.

In light of a document named “Suggestions on strengthening the higher undergraduate edu-
cation and enhancing the quality in teaching”, the ministry of education in 2001 proposed precise-
ly that it is quite necessary in every common and specialized courses to provide conditions for un-
dergraduate education in using English as a tool ; further, it strove in three years to make the
curriculum in foreign language covering 5%~ 16 among all courses being given. In addition, the
evaluating scheme for general higher undergraduate education issued by the ministry of education
in 2002 bring the bilingual teaching an important check index into the assessment index system,
requiring the hour for the bilingual teaching taking up more than 50% of a special course. Then ,
from the year 2002, the bilingual teaching becomes one of the hottest topics in higher teaching
revolution. Therefore, many universities propose policies encouraging teachers to study foreign
teaching materials; accordingly, a new trying and exploration develop quickly in light of the
practical course.

In 2003, we’ve already made some exploration and try on bilingual teaching, which created
an important factor, the environment for applying English, but not merely learn it, also, such
practice is accepted by many students, from which we feel deep that teachers in English well are
fundamental to the bilingual teaching; besides, to the foreign materials, only those contents
satisfying our country’s situation can be a crucial factor and would be more helpful.

Nowadays, the foreign texts introduced generally have common problems as follows:

1. The price is too high;

2. Many cases provided break away from China’s social and life environment;

3. The contents and curriculum systems are quite different from that of our country.

Therefore, the problems referred above always impede the development of our country’s bi-
lingual teaching. In effect; only after making native transformation can the foreign teaching mate-
rials be applied much more effectively. Thus, in terms of the fostering characteristics for univer-
sities in our country combining with nowadays’ curriculum contents and systems, we complete
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this “Higher Mathematics” in English edition after making some digestion, assimilation and rec-
reation to the foreign text.

Accepting sole responsibility for the final manuscript, I would like to thank the following
editors for their plunging: Yaojun Ye, Dang Luo, Dianli Cao, Zhen Chen, Xianmin Hou,
Lina Ji, Jianping Wang, Rui Wang, Keqin Su, Yawie Wang.

In publishing, I warmly thank the vice-headmaster Professor Baoan Cui, Henan Agricultur-
al University, Mingzeng Yu, institution of higher education and Xiaoying Hu, for their highly
support and help.

This edition of the Higher Mathematics in English edition is a big try and exploration, some
mistakes may not be avoided despite of the most carefully arrangement and revision, so it will be

our great pleasure to get criticism and comments from all experts, coteries and readers.

Baosong Liang
Feb. 2008
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Chaptef 1 Limits and Continuity of Functions

Functions which build a correspondence play crucial roles in higher mathematics, for which
our main tool is the limit. Since that the studying on mathematics requires the very basic ideas of
functions, their properties and graphs. Therefore, our book begins with the definition of func-

tions, the limit and the continuity.

1.1 Concept for Functions

From elementary mathematics, we have already known something on the functions, here,

we make further summaries and give some supplements.

1.1.1 Definition

Definition 1 In R, a function f from a nonempty subset D to E is a rule that assigns a unique el-
ement y in E to each element x in D, thatis, for any x€ D, there is a unique value y€ E corre-
sponding to x in terms of a certain rule f, and we say y a function of =, denoted by y= f(x). The
set D is the domain of the function f, z is called independent variable, and y is dependent varia-
ble.

If x takes on 2o € D, then the value correspondingly is called a functional value of y= f(x)
at x¢, denoted f(x). Thus, if only x chooses numbers throughout the domain D, then, all
functional values correspondingly form a set:

W={yly=f(x), z€ D},
which is called to be the range.

Through the definition, we know a function is merely determined by its domain D and the
rule f, so any letter is possible in the expression, and then we get:

The two equal functions have the same domain and corresponding rule.

For example, the functions f(x)=vz'—z and g(x) =x+z—1 have the same domain

(—oo, +o0) and corresponding rule, so we say they are equal. While, f(x)=2zx and g(z)=

r£—x

x—1
(1, +o<). In addition, f(x)=1+42z* and g(z)=1+4 are also express the same function.

do not equal, for the domain of f(x) is (—oo, +o0) and that of g(x) is (—oo, 1)U

From definition 1, we know for every x€ D, the points (x, f(x)) in the plane with coor-
dinates pairs of function f(x) forms the function’s graph. See the following example.
o 1 .
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Example 1 As to any real number x, [x] shows the greatest
integer that less than x, and the corresponding graph is con-
tinuous line segments provided that x chooses successive inte-
gers.

For instance, (v2]=1, [—n]=—4, [x]=3,

[0]=0, the function f(x)=[x] is called integer func-
tion. Easy to see it extends continuously on (—oo, 4o0) ,

and the range is a set of integers (Figure 1.1)
1.1.2 Piecewise Functions

Functions involving more than one rule, as in the follow-

Yy
2__
=
I+
P Lo
(. I
.o 1 2 3 =z
| — —1
Lo
J — - —2
Figure 1. 1

ing examples, are called piecewise functions. Graphing such kinds of functions involves making

each rule over the appropriate portion of the domain.
Example 2 The absolute — value function
The function

y=fx)=|z|=

I 120
— X 1’<O

b

with the domain D=(—oco, +c0) and the range W=[0, —+oo) as-

signing each real number x to a nonnegative number | z | and its

figure is symmetric with the y — axis(Figure 1. 2).
Example 3 The piecewise function
The function
—1+x, =<0
y= f(zx) =<0, r=20
1+ 2%, x>0

v=l

0

Figure 1. 2

whose domain is D=(—oo, +c0) and the range is W=(—1, +oo) (Figure 1. 3) .

What’s common for functions in Example 2 and Example 3 is that the corresponding rules are

distinct in different ranges, such functions we call piecewise
functions.
Example 4 The function
y= £ :{zﬁ , 0<z<1
142, z>1
is a piecewise function, whose domain is D=[0, +oo0).From
which we see the corresponding rule is determined by the range

independent variable lies, which is just a standard for evalua-

ting the corresponding value to the function. Such as for % €

« 2 .

y

L/

1

y=1+z

(0]
y=—1+x\‘
»—1

Figure 1. 3
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[0, 1], we have f(%)ZZJ%:ﬁ and f(4)=1+4=5 because of 4€ (1, +o0) .

1.1.3 The Compositions

Definition 2 Suppose that E and D, the domain of y=f(u) and u=¢(x), are subsets of R, and the
range of the latter is W, if WNE#Q, then, the function y= f[¢(z)] is a composite of y= f(u)
and u=g¢(x) in the order of first g, then f, denoted fog, where u is an intermediate variable.

With the composite function, we can either obtain a new function from several or decompose

a function into finite numbers.
Example 5 Let y= f(w)=u’, u=¢(x)=1—x*, by which we obtain the composite function is
y= fle@] = 1Q—2"% (—oo<x<+co).
Example 6 Let y= f(u)=vu, u=¢(x)=1—z’, then the composite function is
y=flo]=vV1—2 1<z D.

Notice that though the domain of u=¢(z)=1—z* is (—o0, +0o0), to guarantee that the
composite function is well defined, we let u==0, accordingly, the domain of the composite func-
tionis [—1, 1].

Example 7 Let y= f(u)=arcsinu, u=¢(x)=3+z%, then, we have u=>3 regardless of how to
choose the value x, therefore, the range of u=¢(x) is W=[3, +o0), and the domain of
y=f(u) is E=[—1, 1], thatis WNE=, then, y=f[¢(x)] does not be defined actually.
Remark Not any two functions can produce a composite function, and moreover, the domain of
the composite may differ from that of the two given functions.

Generally, the composite functions f[ g(x) | and g[ f(x) ] are not equal, see as follows:
Example 8 Let f(x)=x%, g(x)=3x, then find f [g(x)] and g [ f(x)] .

Solution
fleg(x)] = fBx) = Bx)? = 92%, g [ flx)] = g(z?) = 32°%.
In particular, we may take the composition of three or more functions. For instance, the

composite function fegeh is founded by first A, then g, and finally f as(fogeh) (x) =
fgh(x))) .
Find fogeh where h(z)=vz, g(z)=cot x and f(x) =1+
By definition,
(fogoh) () = f(gh(x))) = f(g/x)) = fleot V) = 1+ (cot vI)©.

So far, applying the composition, we build complicated functions with simpler ones. As to

the composite functions, it is quite helpful to be decomposed into simpler functions.

For instance, given h(x)=v'1+z?, then find functions f and g satisfying A= fog.



