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IpeaucaoBue

[IpennaracMmoe BHMMaHUIO  y4eOHOE TMOcoOWe TMpeHa3HAYCHO IS
ctyaeHToB I u II kypcoB ypoBusi Pre-Intermediate u Intermediate nncruryra
MAaTEMAaTUKU U MEXAHUKHU.

Ieab 1MaHHOrO MOCOOUS COCTOMT B TOM, UYTOObI HAy4YWUTh CTYJEHTOB
paboTath CO CHEIUATHHBIMH MAaTEMAaTHYECKUMU TEKCTAMH CPETHErO ypPOBHS
TPYAHOCTH W PACIIMPUTh KX 3amac CHEHHATbHOW JIEKCUKH, HAYYUTh BECTHU
JUCKYCCUIO MO Hauboyiee aKTyallbHBIM MaTEeMaTUYeCKUM MpodiemMam M
IIPUBUTH HABBIKA TEXHUYECKOTO MEPEBOIA.

IlocoOue cocrour wu3 3 pasgenos, NPWIOKEHUSI M PYCCKO-
AHIJIMICKOIO0 CJIOBApS.

IlepBblii pa3gesa BKIOYAeT B ce0d 5 OJIOKOB, KaXJblil U3 KOTOPBIX
COICPKUT JIEKCUKY OIPEACICHHON MaTeMaTUYeCKOW TEMATUKHU, TEKCTbl M
YIPAXKHEHUS K TEKCTaM.

Pabora ¢ kaXapIM U3 OJIOKOB COCTOMT M3 HECKOJBKHX 3TamoB. [lepBbrit
3Tamn — TEKCTOBbIM. Ha 3TOM 3Tarne nporcxoauT 3HaKOMCTBO ¢ HOBOM JIEKCUKOM,
OCyIIECTBIsIeTCA paboTa ¢ TekcToM. llenmb nmaHHOro STama 3akitodaeTrcss B
aJICKBAaTHOM BOCIPUSITUU TEKCTOB, MX HauOoJiee IOJHOM IOHUMAHUU U
OCO3HaHMHU. BTOpOHN 3Tam — MOCIETEKCTOBBIN, NMpakTUYecKuid. OH CBsI3aH C
BBITIOJIHECHUEM JIEKCUKO-TPAMMATUYEKUX YIPAKHEHHUM, HAUECJICHHBIX Ha
3aKpEIUICHUE HOBOW CHEUUAIM3UPOBAHHOW JIEKCUKM W TPAMMATHYECKUX
KOHCTPYKIIMH, HA PA3BUTHE HABBIKOB MOHOJIOTHYECKOW U THAJIOTHYECKOW PEYH,
a TAaKX€ HABBIKOB IIEPEBOJA C AHIVIMMCKOTO HA PYCCKHM M C PYCCKOrO Ha
AHTIIMMCKUM  A3bIKH. B OCHOBY  MOCJIEIOBATEIBLHOCTH  PACIOJIOKECHUS
npeajiaraeMbIX YIPaKHEHUH TOJ0XKEH TMPUHINI YCIOXKHEHHs: OT Oolee
MPOCTBIX YNPaKHEHUN K OoJiee CIOXHBIM. J[Jis Oojiee yCHemHoro yCBOCHHS
CIEeMAIbHON MaTeMaTH4YeCKOW JIEKCUKHM B Hauaje Kaxjaoro Unit mpuBOAUTCS
CIIUCOK TEPMHUHOB, KOTOpbIE OTpabaTHIBAIOTCS B JIAHHOM OJIOKE, YTO
HECOMHEHHO 00Jier4aeT paboTy Kak CTyJIEHTaM, TaK U MPEnoiaBaTeIsiM.

Bropoii pa3zaen npeacraBisier cO00M CMMCOK MaTEMAaTUYECKUX 3HAKOB U
CHUMBOJIOB C OOBSICHEHHEM MX MTPOUYTEHUS HA aHTITUHCKOM SI3BIKE.

Tpernii pasagen paccuuTaH Ha CaMOCTOSATENIBHYIO Pa0OTYy CTYJICHTOB H
COCTOUT W3 14 TEKCTOB ISl JTOMOJHUTEIBHOIO YTEHUS M3 AyTEHTUYHBIX U
OTEUYECTBEHHBIX MOHOTpaduil pa3IMUHON MAaTEMATUUECKON TEMATHUKH.

IIpuioxkenue BriovaeT B cedst oopazery GMAT (Graduate Management
Admission Test), 4TOo JaeT BO3MOXHOCTh CTYJCHTaM IIO3HAKOMHUTBLCA C
dbopmMaToM JaHHOTO 3K3aMEHa, CJlaya KOTOPOro HeoOXoauma JJig ydacTus B
nporpammax PhD mo MarematndeckuM U SKOHOMUYECKUM CTICIIHATBHOCTSIM.

B koHIie yue6HOT0 MocoOus MpeCTaBIeH PYCCKO-AHIIMICKUI CJI0Bapb
MaTeMaTUYeCKUX TEPMHUHOB, BCTPEYAIOIIMXCS B  JAHHOM  IOCOOHH.
HeobxogumMoCcTh  BKJIIOYEHHS  MMEHHO  PYCCKO-aHTJIMHCKOrO  CloBaps
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OOBSCHSIETCSI OTCYTCTBUEM TAKOTO POJia CJIOBApEl U OCTPOM HEOOXOAUMOCTHIO
MOCJEAHEr0 MPU BBINOJHEHUH MEPEBOAA C PYCCKOrO SI3bIKa HA AHTJIMHCKUUN
S3BIK.

[Ipu cocraBieHUHM METOJAMYECKOrO0 MOCOOUs ObUIM  HCHOJIb30BaHbI
CJICAYIOIUE HCTOYHUKM

1. JleoutbeB B.B., bynaroB B.B. AHriauickuil si3bIK JI1 MaT€MaTUKOB:
Yyebnoe mocobue. - Bomrorpan: WszmarensctBo Bosrorpaackoro
rocyaapcTBeHHOro yHuBepcurera, 2001. — 156 c.

2. ManmmeBa C.A. AHITIMIUCKUN S3BIK JJIi MAaTEMAaTUKOB (MHTEHCUBHBIN
KypC [l HAUMHAIOMKX): Y4YeOHUK. — 2-€ u3., JOM. U rnepepad. — M.:
N3n-Bo MI'Y, 1991 —400c.

3. Eugene D. Jaffe, M.B.A., Ph.D., Stephen Hilbert, Ph. D. Barron’s
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12™ edition.
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UNIT 1
NUMBERS

BASIC TERMINOLOGY
9658 ABSTRUCT NUMBER OTBJICUCHHOC YHCJIIO
A FOUR FIGURE NUMBER  {4-x 3Ha4uHOE 4YHCIIO
9 thousands THICSTYH
6 |hundreds COTHHU
5 ens ICCATKHU
8 units € TUHHUIIBI
5 KG. CONCRETE NUMBER MMEHOBAHHOE YHCJIO
2 |CARDINAL NUMBER KOJIMYECTBEHHOE YHCJIO
2nd ORDINAL NUMBER MOPSKOBOE YMCIIO
+5 POSITIVE NUMBER [MOJI0KUTEIIBHOE YHCII0
-5 NEGATIVE NUMBER OTPULIATEJIBHOE YUCIIO
a, b, c...... ALGEBRAIC SYMBOLS QIreOpandeckue  CHMBOJIBI
31/3 MIXED NUMBER CMEIIAHHOE YHCJI0
3 WHOLE NUMBER EI10€ HHCITO
(INTEGER)
1/3 FRACTION TPOOk
2,4,6,8 EVEN NUMBERS YETHBIC YUCJia
1,3,5,7 ODD NUMBERS HEUYCTHBIC YMCIIa
2,3,5,7 PRIME NUMBERS MPOCTHIC YUCJIa
3+2-1 COMPLEX NUMBER KOMIIJIEKCHOE YMCIIO
3 REAL PART e CTBUTEIILHOE YHCIIO
2-1 IMAGINARY PART MHHUMas 4acTh
2/3 PROPER FRACTION paBUJibHAs 1POOh
2 NUMERATOR UHCIINTEIIb
3 DENOMINATOR BHAMCEHATEb
3/2 IMPRORER FRACTION HEnpaBuWIbHAs APOObH

TEXT I. INTRODUCTION TO REAL - NUMBER SYSTEM

Mathematical analysis studies concepts related in some way to real
numbers, so we begin our study of analysis with the real number system.
Several methods are used to introduce real numbers. One method starts with
the positive integers 1,2, 3 ..... as undefined concepts and uses them to
build a larger system, the positive rational numbers (quotients of positive

integers), their negatives, and zero. The rational numbers, in turn, are then
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used to construct the irrational numbers, real numbers like \2 and 7 which
are not rational. The rational and irrational numbers together constitute the real
number system.

Although these matters are an important part of the foundations of
mathematics, they will not be described in detail here. As a matter of fact, in
most phases of analysis it is only the properties of real numbers that concerns
us, rather than the methods used to construct them.

For convenience, we use some elementary set notation and terminology.
Let S denote a set (a collection of objects). The notation xeS means that the
object x is in the set, and we write x ¢ S to indicate that x is not in S.

A set S is said to be a subset of T, and we write SCT, if every object in
S is also in T. A set is called nonempty if it contains at least one object.

We assume there exists a nonempty set R of objects, called real numbers,
which satisfy ten axioms. The axioms fall in a natural way into three groups
which we refer as the field axioms, order axioms, completeness axioms (also

called the upper-bound axioms or the axioms of continuity

I. Translate the definitions of the following mathematical terms.
1. mathematics - the group of sciences (including arithmetic, geometry, algebra,
calculus, etc.) dealing with quantities, magnitudes, and forms, and their
relationships, attributes, etc., by the use of numbers and symbols;
2. negative - designating a quantity less than zero or one to be subtracted;
3. positive - designating a quantity greater than zero or one to be added;
4. irrational - designating a real number not expressible as an integer or as a
quotient of two integers;
5. rational - designating a number or a quantity expressible as a quotient of two

integers, one of which may be unity;



6. integer - any positive or negative number or zero: distinguished from
fraction;

7. quotient - the result obtained when one number is divided by another
number;

8. subset - a mathematical set containing some or all of the elements of a given
set;

9. field - a set of numbers or other algebraic elements for which arithmetic
operations (except for division by zero) are defined in a consistent manner to
yield another element of a set.

10. order - a) an established sequence of numbers, letters, events, units,

b) a whole number describing the degree or stage of complexity of an algebraic
expression;

c¢) the number of elements in a given group.

(From Webster's New World Dictionary).

II. Match the terms from the left column and the definitions from

the right column:

1. negative a) designating a number or a quantity expressible as
a quotient of two integers, one of which may be

unity
2. positive b) a set of numbers or other algebraic elements for

which arithmetic operations (except for division by
zero) are defined in a consistent manner to yield

another element of a set

3. rational c) designating a quantity greater than zero or one to
be added

4. irrational d) the number of elements in a given group

5. order e) designating a real number not expressible as an

integer or as a quotient of two integers
6. quotient f) a mathematical set containing some or all of the

elements of a given set




7. subset g) a quantity less than zero or one to be subtracted
8. field h) any positive or negative number or zero:

distinguished from fraction
9. order 1) the result obtained when one number is divided by

another number

II1. Read and decide which of the statements are true and which are false.
Change the sentences so they are true.
1. A real number x is called positive if x> 0, and it is called negative if x < 0.
2. A real number x is called nonnegative if x=0.
3. The existence of a relation > satisfies the only axiom: If x <y, then for every
zwehavex+z < y+z

4.  The symbol > is used similarly as the symbol <.

IV. Translate the following sentences into English.
1. B aToli cucteme ucnoJib3yrTCs HOJIOKUTEIbHBIE U OTPUIIATEIIBHBIE YUCTIA.
2. llonoxkuTenbHble WM OTpHUIIATENIBHBIC YHWCIA TpPEACTaBleHbl (to represent)
OTHOUIECHUSIMHU LEIBIX MOJIOKUTEIBHBIX YUCEIL.
3. PamumonanbHbie (rational) uyucima, B CBOIO oOYepenb, HCIOJB3YIOTCSA s
CO3JaHusl UppallMOHANBHBIX (irrational) uncen.
4. B COBOKYITHOCTM pallMOHAJIbHBIE W HPPALMOHAIBHBIE YHUCIA COCTABJISIIOT
CHUCTEMY JEHUCTBUTEIBHBIX YUCEIL.
5. MareMaTuuecKuii aHalu3 - 3TO pa3/esl MaTeMaTUKH, U3yJaromui (QYHKIIUH
Y TIPEICIIBL.

6. MHO)kecTBO X SBIISIETCS MOJMHOKECTBOM JAPYTrOro MHOXKECTBAa ¥ B TOM
ClIydae, €CIM BCE DJIJIEMEHTBl MHOXECTBA X OJHOBPEMEHHO SBISIOTCSA
AJIEMEHTaMHU MHOXECTBA V.

7. AKCUOMBI, YOBJIETBOPSIOIINE MHOKECTBY ICMCTBUTEIBHBIX YHCEI, MOKHO

YCJIOBHO Pa3aC/IMThL Ha TPHU KaTCI'OPHH.



TEXT II. RATIONAL AND IRRATIONAL NUMBERS

Quotients of integers a/b (where b#0) are called rational numbers. For
example, 1/2, -7/5, and 6 are rational numbers. The set of rational numbers,
which we denote by Q, contains Z as a subset. The students of mathematics
should note that all the field axioms and the order axioms are satisfied by Q.

We assume that every student of mathematical department of universities
is familiar with certain elementary properties of rational numbers. For
example, if a and b are rational numbers, their average (a+b)/2 is also rational
and lies between @ and b. Therefore between any two rational numbers there
are infinitely many rational numbers, which implies that if we are given a
certain rational number we cannot speak of the "next largest" rational number.

Real numbers that are not rational are called irrational. For example, e, =,
e” are irrational.

Ordinarily it i1s not too easy to prove that some particular number is
irrational. There i1s no simple proof, for example, of irrationality of e".
However, the irrationality of certain numbers such as V2 is not too difficult to
establish and, in fact, we can easily prove the following theorem:

If n is a positive integer which is not a perfect square, then \n is

irrational.

Proof. Suppose first that n contains no square factor > 1. We assume that
Vn is rational and obtain a contradiction. Let \n = a/b, where a and b are
integers having no factor in common. Then nb° = @’ and, since the left side of
this equation is a multiple of 7, so too is a’. However, if @’ is a multiple of n, a
itself must be a multiple of n, since n has no square factors > 1. (This is easily
seen by examining factorization of a into its prime factors). This means that a
= cn, where c is some integer. Then the equation nb’ = a’ becomes nb’ = c’n’,

or b* = nc’. The same argument shows that » must be also a multiple of n. Thus
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a and b are both multiples of n, which contradicts the fact that they have no

factors in common. This completes the proof if #» has no square factor > 1.

If n has a square factor, we can write n = m’k, where k > 1 and k has no square

factor > 1. Then Vn = mVk; and if Vn were rational, the number Vk would also be

rational, contradicting that was just proved.

| Match the terms from the left column and the definitions from

the right column:

1. perfect square

a) any of two or more quantities which form a product when

multiplied together
2. factor b) the numerical result obtained by dividing the sum of two or
more quantities by the number of quantities
3. multiple c) the process of finding the factors
d) a number which is a product of some specified number and
4. average

another number

5. factorization

¢) a quantity which is the exact square of another quantity

II. Translate into Russian.

An irrational number is a number that can't be written as an integer or as

quotient of two integers. Thee irrational numbers are infinite, non-repeating

decimals. There're two types of irrational numbers. Algebraic irrational

numbers are irrational numbers that are roots of polynomial equations with

rational coefficients. Transcendental numbers are irrational numbers that are

not roots of polynomial equations with rational coefficients; m and e are

transcendental numbers.

III. Give the English equivalents of the following Russian words and

word combinations:

OTHOLICHHUA LCJIBIX, MHOXMTCIIb, a0COIIOTHBIN KBaJpaT, aKCHoOMa IIOpsdKa,
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Pa3JI0KCHUEC Ha MHOXHUTCIH, YPABHCHHC, YaACTHOC, pPAIUMOHAJIBHOC YHCIIO,
OJICMCHTAPHBIC CBOﬁCTBa, OIIPCACIICHHOC PAIIMOHAJIBHOC YHCIIO, KBaﬂpaTHBIﬁ,

MIPOTHUBOPEYHE, J0KA3aTeIbCTBO, CpeaHee (3HAUCHHE).

IV. Translate the following sentences into English and answer to
the questions in pairs.
1. Kakue yncna Ha3bIBalOTCS palliOHAIbHBIMA?
2. Kakue akCuoMbl UCTIOIB3YIOTCS JIJI1 MHOYKECTBA PAllMOHATIbHBIX YHCEN?
3. CKOJIbKO pariMOHaIbHBIX YUCEJI MOXKET HaXOUThCSI MEXKIY ABYyMS
JT0OBIMU palIMOHAIBHBIMU YUCTaAMU?
4. JIeiCTBUTEIIbHBIEC YHCIIA, HE SIBISIOMINECS PALIMOHAIIBHBIMHU, OTHOCSITCS K

KaTErOpyuy UPPALUOHAIIBHBIX YUCEN, HE TaK JIA?

V. Translate the text from Russian into English.

OOBIYHO HEJIErKO [J0Ka3aTh, YTO ONPEIACICHHOE YHUCIO SBISETCS
uppauuoHaipHbIM. He cyimiecTByeT, Hampumep, NPOCTOrO JI0KA3aTeNIbCTBA
UppauuoHaIbHOCTH  4yucna € .  OnHako, HETPYyOHO  YCTaHOBUTH
UPPaOHAIbHOCTD
OIIPENEICHHBIX YHCEI, TAKUX KaK V2 , i, QAKTHUECKH, MOXKHO JICTKO JOKA3aTh
CJIIENYIOLIYI0 TEOPEMY: €CIM 71 SIBISAETCA IIOJIOKUTEJBHBIM LEJIbIM YHUCIIOM,
KOTOpOE HE OTHOCHTCS K aOCONIOTHBIM KBajparaM, To n sBIseTcs

VppalrOHAIbHBIM.

TEXT III. GEOMETRIC REPRESENTATION OF REAL NUNBERS
AND COMPLEX NUMBERS
The real numbers are often represented geometrically as points on a line
(called the real line or the real axis). A point is selected to represent 0 and

another to represent 1, as shown on figure 1. This choice determines the scale.
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Under an appropriate set of axioms for Euclidean geometry, each point on the
real line corresponds to one and only one real number and, conversely, each real
number is represented by one and only one point on the line. It is customary to
refer to the point x rather than the point representing the real number x.

Figure 1
| | [x v

10 1
The order relation has a simple geometric interpretation. If x < y, the

point x lies to the left of the point y, as shown in Figure 1. Positive numbers lies
to the right of 0 and negative numbers lies to the left of 0. If @ < b, a point x
satisfies a< x < b if and only if x is between a and b.

Just as real numbers are represented geometrically by points on a line, so
complex numbers are represented by points in a plane. The complex number x
= (x’,x?) can be thought of as the “point” with coordinates (x*,x?).

This idea of expressing complex numbers geometrically as points in a
plane was formulated by Gauss in his dissertation in 1799 and, independently,
by Argand in 1806. Gauss later coined the somewhat unfortunate phrase
“complex number”. Other geometric interpretations of complex numbers are
possible. Riemann found the sphere particularly convenient for this purpose.
Points of the sphere are projected from the North Pole onto the tangent plane
at the South Pole and, thus there corresponds to each point of the plane a
definite point of the sphere. With the exception of the North Pole itself, each
point of the sphere corresponds to exactly one point of the plane. The

correspondence is called a stereographic projection.

L. Match the terms from the left column and the definitions from the

right column:

1. an axis a) a prescribed collection of points, numbers

or other objects satisfying the given
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condition

2. ascale b) the act or result of interpretation;
explanation, meaning

3. an axiom c) a straight line through the center of a
plane figure of a solid, especially one
around which the parts are symmetrically
arranged

4. complex d) a system of numerical notation

5. a point e) not simple, involved or complicated

6. an inequality

f) a statement or proposition which needs
no proof because its truth is obvious, or

one hat is accepted as truee without proof

7. a set

g) the relation between two unequal
quantities, or the expression of this

relationship

8. interpretation

h) an element in geometry having definite

position, but no size, shape or extension

II. Read and decide which of the statements are true and which are false.

Change the sentences so they are true.

1. A fraction is the indicated quotient of two expressions.

2. A fraction in its lowest terms 1s a fraction whose numerator and denominator
have some common factors.

3. Fractions in algebra have in general the same properties as fractions in

arithmetic.

4. The numerator of a fraction i1s the divisor and the denominator is the

dividend.

5. In order to reduce a fraction to its lowest terms we must resolve the numerator

and denominator by the factors common to both.
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III Match the terms from the left column and the

definitions from the right column:

' a) the number or quantity by which the dividend is divided to
1. fraction .
produce the quotient

b) any quantity expressed in terms of a numerator and

2. expression

denominator
3. divisor ¢) a showing by a symbol, sign, figures
4. dividend d) the term above or to the left of the linee in a fraction
5. common
factor e) the term below or to the right of the line in a fraction

f) to change in denomination or form without changing in
6. numerator

value
7. denominator | g) factor common to two or more numbers
8. to reduce h) the number or quantity to be divided

IV. Write a short summary to the text.

A fraction is a quotient of two numbers usually indicated by a/b. The
dividend a is called the numerator and the divisor b is called a denominator.
Fractions are classified into 5 categories: common (simple, vulgar) fractions,
complex fractions, proper fractions, improper fractions and mixed fractions.

In common fractions both numerator and denominator are integers. In
complex fractions the numerator and denominator are themselves fractions. In
proper fractions the numerator is less than the denominator. In improper
fractions the denominator is greater than the denominator. And, at last, a mixed

fraction is an integer together with a proper fraction.

V. Translate the paragraphs into Russian.

A) Stereographic projection is a conformal projection of a sphere onto a
plane. A point P (the plane) is taken on the sphere and the plane is
perpendicular to the diameter through P. Points on the sphere, 4, are mapped by
straight line from P onto the plane to give points A",

B) A tangent plane is a plane that touches a given surface at a particular
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point. Specifically, it is a plane in which aall the lines that pass through the
point are tangents to the surface at the point. If the surface is a conical or
cylindrical surface then the tangent plane will touch it along a line (the element
of contact).

C) Argand's diagram or complex plane is any plane with a pair of mutually
perpendicular axes which is used to represent complex numbers by identifying
the complex number a + ib with the point in the plane whose coordinates are (a,
b). It's named after Jean Robert Argand (1768 - 1822), although the method's
first exposition, in 1797, was by Casper Wessel (1745 - 1818), and the idea can
be found in the work of John Wallis (1616 - 1703).

D) Complex numbers can be represented on an Argand diagram using two
perpendicular axes. The real part is the x-coordinate and the imaginary part is
they y - coordinate. Any complex number is then represented either by the point
(a, b) or by a vector from the origin to this point. This gives an alternative
method of expressing complex numbers in the form 7(cos © + 1 sin ©), where r
is the length of the vector and O is the angle between the vector and the positive

direction of x-axis.
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UNIT 2
FUNDAMENTAL ARITHMETICAL OPERATIONS

BASIC TERMINOLOGY

I. ADDITION CJIOKEHH e
3 + 2=5 — B 3TOM IIpUMEpE:
3&2 ADDENDS cJjaraemple
+ PLUS SIGN 3HAK IUIKOC
= EQUALS SIGN BHAK paBEHCTBA
5 THE SUM cyMMa
II. SUBTRACTION BbIYUTAHHUE

3 -2 =1 — B 3TOM IIpUMEpE:

3 THE MINUEND YMEHBIIAEMOE
- MINUS SIGN 3HaK MUHYC

2 THE SUBTRAHEND BBIUNTAEMOE

1 THE DIFFERENCE a3HOCTh

1. MULTIPLICATION

YMHOKCHUE

3 x2 =6 — BO3TOM IIpUMeEpE:

3 THE MULTIPLICAND | MHOXHMOE
. MULTIPLICATION 3HAK YMHOKCHH
SIGN
2 THE MULTIPLIER MHOKHUTEIb
6 THE PRODUCT MPOU3BEICHUE
3&2 FACTORS COMHOKHUTEIIN
IV. DIVISION nejieHue

6:2 = 3 — B 9TOM NpPUMEDE:

23

578
3578
7425629

6 THE DIVIDEND JETMMOE
DIVISION SIGN 3HAK JICJICHUS
2 THE DIVISOR JIEJIUTENb
3 THE QUOTIENT YacTHOE
Note:

is read “twenty three”
is read “five hundred (and) seventy eight”
is read “three thousand five hundred (and) seventy eight”

is read “seven million four hundred twenty five thousand six hundred

and twenty nine”

a (one) hundred books

hundreds of books
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is read seven plus five equals
twelve
or seven plus five is equal
T45=12 to twelve .
or seven plus five is (are)
twelve
or seven added to five
makes twelve
is read seven minus five equals
two
or seven minus five is equal
two
7-5=2 or five from seven leaves
two
difference between five
or and seven is two
is read five multiplied by two is
equal to ten
5x2=10 or five multiplied by two
equals ten
or five times two is ten
ten divided by two is equal
is read to five
0:2=5 . .
or ten divided by two equals

five

I. Read and write the numbers and symbols in full according to the way they are

pronounced:

76,13, 89, 53,26, 12, 11,71, 324, 117, 292, 113, 119; 926, 929, 735, 473, 1002,
1026, 2606, 7354, 7013, 3005, 10117, 13526, 17427, 72568, 634113, 815005,
10725514, 13421926, 65409834, 815432789,

905027, 65347005, 900000001,

76509856, 1000000, 6537.

425 -25=400
730 - 15=715
222 -22=200
1617+ 17=1634

1215+ 60 = 1275
512+-8=64
1624 +~4 =406
456 -2 =228
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135 x 4 =540 1634986 - 1359251 = 275735

450 x 3=1350 1000 = 100 =10
107 x 5 =535 810 +5=162
613 x 13 =7969 100 x 2 =200

1511 +30 = 1541
34582 + 25814 = 60396
768903 - 420765 = 348138

TEXT I. FOUR BASIC OPERATIONS OF ARITHMETIC

We cannot live a day without numerals. Numbers and numerals are
everywhere. On this page you will see number names and numerals. The
number names are: zero, one, two, three, four and so on. And here are the
corresponding numerals: 0, 1, 2, 3, 4, and so on. In a numeration system
numerals are used to represent numbers, and the numerals are grouped in a
special way. The numbers used in our numeration system are called digits. In
our Hindu-Arabic system we use only ten digits: 0, 1, 2, 3, 4. 5, 6, 7, 8, 9 to
represent any number. We use the same ten digits over and over again in a
place-value system whose base is ten. These digits may be used in various
combinations. Thus, for example, 1, 2, and 3 are used to write 123, 213, 132
and so on.

One and the same number could be represented in various ways. For
example, take 3. It can be represented as the sum of the numbers 2 and 1 or
the difference between the numbers 8 and 5 and so on.

A very simple way to say that each of the numerals names the same number is
to write an equation — a mathematical sentence that has an equal sign ( =)
between these numerals. For example, the sum of the numbers 3 and 4 equals
the sum of the numbers 5 and 2. In this case we say: three plus four (3+4) is
equal to five plus two (5+2). One more example of an equation is as follows:

the difference between numbers 3 and 1 equals the difference between
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numbers 6 and 4. That is three minus one (3—1) equals six minus four (6—4).
Another example of an equation is 3+5 = 8. In this case you have three
numbers. Here you add 3 and 5 and get 8 as a result. 3 and 5 are addends
(or summands) and 8 is the sum. There is also a plus (+) sign and a sign of
equality ( =). They are mathematical symbols.

Now let us turn to the basic operations of arithmetic. There are four basic
operations that you all know of. They are addition, subtraction, multiplication
and division. In arithmetic an operation is a way of thinking of two numbers
and getting one number. We were just considering an operation of addition. An
equation like 7—2 = 5 represents an operation of subtraction. Here seven is
the minuend and two is the subtrahend. As a result of the operation you get
five. It is the difference, as you remember from the above. We may say that
subtraction is the inverse operation of addition since 5+ 2 =7 and 7 — 2 = 5.
The same might be said about division and multiplication, which are also
inverse operations. In multiplication there is a number that must be multiplied.
It is the multiplicand. There is also a multiplier. It is the number by which
we multiply. When we are multiplying the multiplicand by the multiplier we get
the product as a result. When two or more numbers are multiplied, each of them
is called a factor. In the expression five multiplied by two (5%2), the 5 and the 2
will be factors. The multiplicand and the multiplier are names for factors.

In the operation of division there is a number that is divided and it
is called the dividend; the number by which we divide is called the divisor.
When we are dividing the dividend by the divisor we get the quotient. But
suppose you are dividing 10 by 3. In this case the divisor will not be
contained a whole number of times in the dividend. You will get a part of
the dividend left over. This part is called the remainder. In our case the
remainder will be 1. Since multiplication and division are inverse

operations you may check division by using multiplication.
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There are two very important facts that must be remembered about
division.

a) The quotient is 0 (zero) whenever the dividend is 0 and the
divisor is not 0. That is, 0+ n is equal to 0 for all values of n except n=
0.

b) Division by 0 is meaningless. If you say that you cannot divide
by 0 it really means that division by 0 is meaningless. That is, n: 0 is
meaningless for all values of x.

I. Translate the definitions of the following mathematical terms.

1. To divide — to separate into equal parts by a divisor;

2. Division — the process of finding how many times (a number) is contained in
another number (the divisor);

3. Divisor — the number or quantity by which the dividend is divided to produce
the quotient;

4. Dividend — thee number or quantity to be divided,

5. To multiply — to find the product by multiplication;

6. Multiplication — the process of finding the number or quantity (product)
obtained by repeated additions of a specified number or quantity;

7. Multiplier — the number by which another number (the multiplicand) 1s
multiplied;

8. Multiplicand — the number that is multiplied by another (the multiplier);,

9. Remainder — what is left undivided when one number is divided by another
that 1s not one of its factors;

10. Product — the quantity obtained by multiplying two or more quantities
together;

11. To check — to test, measure, verify or control by investigation, comparison
or examination.

(From Webster's New World Dictionary).
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I. Match the terms from the left column and the definitions from

the right column:

. algebra a) a number or quantity be subtracted

from another one

. to add b) to take away or deduct (one number

or quantity from another)

. addition c) the result obtained by adding

numbers or quantities

. addend d) the amount by which one quantity

differs from another

. to subtract e) to join or unite (to) so as to increase
the quantity, number, size, etc. or

change the total effect

. subtraction f) a number or quantity from which

another is to be subtracted

. subtrahend g) equal in quantity value, force,
meaning
. minuend h) an adding of two or moree numbers

to get a number called the sum

. equivalent 1) a mathematical system using
symbols, esp. letters, to generalize

certain arithmetical operations and

relationships

o a) to test, measure, verify or control by investigation,
. to divide . o
comparison or examination

b) the process of finding the number or quantity (product)

. division obtained by repeated additions of a specified number or
quantity
3. dividend c¢) the number by which another number is multiplied
. d) what is left undivided when one number is divided by
4. divisor
another that is not one of its factors
5. to multiply e) to separate into equal parts by a divisor
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6.

o f) the process of finding how many times a number is
multiplication S
contained in another number

7.

multiplicand | g) the number or quantity to be divided

8.

o h) the quantity obtained by multiplying two or more
multiplier -
quantities together

9.

remainder 1) the number that is multiplied by another

10.product

j) the number or quantity by which the dividend is divided

to produce the quotient

11. to check k) to find the product by multiplication

II.

A G

V.

Read the sentences and think of a word which best fits each space.
Subtraction is ... of addition.

Addition and subtraction are arithmetical ... .

Positive and negative numbers are known as ... numbers.

Minuend is a number from which we ... subtrahend.

The process of checking subtraction consists of adding subtrahend to ....
In arithmetic only ... numbers with no ... in front of them are used.

The multiplicand is a number, which must be ... by a multiplier.

The number y which we divide is ... .

. Division and multiplication as well as addition and ... are inverse.
10.
11.
12.
13.

Division by ... is meaningless.

The multiplicand and ... the names for factors.

The product is get as the result of multiplying multiplicand and ... .

The ... 1s the part of the dividend left over after the division if the ... 1sn’t

contained a whole ... of times in the dividend.

Complete the following definitions.

a) Pattern: The operation, which is the inverse of addition is subtraction.

1. The operation, which is the inverse of subtraction ... .

2. The quantity, which is subtracted ... .

3. The result of adding two ot more numbers ... .
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. The result of subtracting two oT more numbers ... .
. To find the sum ... .
. To find the difference ... .

~N O n A

. The quantity number or from which another number (quantity) is subtracted

8. The terms of the sum ... .
b) Pattern: A number that is divided is a dividend.
. The process of cumulative addition ... .
. The inverse operation of multiplication ... .
. A number that must be multiplied ... .
. A number by which we multiply ... .
. A number by which we divide ... .

. A part of the dividend left oover after division ... .

N O O AW

. The number which is the result of the operation of multiplication ... .
V. Numbers and Fundamental Arithmetical Operations.
Choose the correct term corresponding to the following definitions:

a) A quotient of one number by another.

square root  mixed number division
integer fraction divisor
b) The inverse operation of multiplication.

addition fraction subtraction
quotient division integer

c) A whole number that is not divisible by 2.

integer prime number odd number
complex number even number negative number
d) A number that divides another number.

dividend division divisor

division sign quotient remainder
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¢) The number that is multiplied by another.
multiplication remainder multiplicand

multiplier product dividend

VI. Read and translate the following sentences. Write two special
questions to each of them. Then make the sentences negative.
1. Everybody can say that division is an operation inverse of addition.
2. One can say that division and multiplication are inverse operations.
3. The number which must be multiplied is multiplicand.
4. We multiply the multiplicand by the multiplier.
5. We get the product as the result of multiplication.
6. If the divisor is contained a whole number of times in the dividend, we won't
get any remainder.
7. The remainder is a part of the dividend left over after the operation is over.

&. The addends are numbers added in addition.

VII. Give the English equivalents of the following Russian words and
word combinations:
BBIYMTAEMOE, BEJIMYMHA, YMEHbIIAEMOE, ajreOpanveckoe  CIOXKEHUE,
SKBHUBAJICHTHOE BBIPAXKECHUE, BBIYUTATh, PA3HOCTh, CJIOKEHUE, CKJIAJbIBATh,
claraeMoe, CyMMa, YUCIUTEIbHOE, YHCia CO 3HAKaMHU, OTHOCUTEIbHBIEC YHCIA,
JICJICHUE, YMHOXKEHHUE, IEIUTh, OCTATOK, YaCTHOE, MPOU3BEIACHUE, BBIPAXKECHUE,
oOpaTtHast  omepanus, JeIuTeNb, JEIUMOE, MHOXWUTENIb, MHOXHUMOE,

COMHOKHTCIIN, CYMMaA, 3HAK YMHOXCHUA, 3HAK ICJICHUA.

VIII. Translate the text into English.
CrnoxeHnuemM B  MaTeMaTHUKE HMEHYeTcs  JelcTBue  (operation),

BBITIOJTHSIEMOE HaJ IBYMs YMCJIaMH, UMEHyeMbIMU (named) ciaraemMpIMu, s
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MOJIyYEHUSI UCKOMOT'0 4YMclia, CyMMBI. J[aHHOE NeliCTBHME MOXKHO OIpPEACNIUTh
yBEJIMYEHUE BEJIUYMHBI OHOTO YKCIIa HA APYTroe YUCIIO.

[Ipu cnoxenun AByX ApoOel HE0OXOAUMO MPUBECTU 00€ IPoOU K 00IIEMY
3HAMEHATEJI0, a 3aTE€M CIOXHUTh yhcanuTenu. CIoKeHre 4Ynucesl 0JHOBPEMEHHO
¥ KOMMYTaTUBHO, U acCOIMATUBHO. [IpH ClI0XeHNH KOMIUIEKCHBIX YHCENl HAJ0
CKJIJbIBaTh AEUCTBUTENBHYIO (real) u MHUMYIO (Imaginary) 4acTu pa3iaeiabHO
(separately).

JletictBue, obOpatHoe (inverse to) CIOXKEHHUIO B MaTEMaTHKE Ha3bIBACTCS
BBIYMTAaHUEM. JTO MPOLECC, B KOTOPOM JaHbl JBa YUCJIA U TpeOyeTcs HaWTu
TpeThe, UCKOMOe uuciio. Ilpu 3Tom, mpu npuOaBIEHUH HCKOMOTO TPETHETO

qucila K OJHOMY U3 JAaHHBIX, JOJIZKHO ITOJYYUTBHCA BTOPOC U3 JaHHBIX YU CCII.

IX. Write a summary to the text.
PRIMES

A prime is a whole number larger than 1 that is divisible only by 1 and itself.
So 2,3,5,7,..,101, ..., 1093 ... are all primes. Each prime number has the
following interesting property: if it divides a product, then it must divide at least
one of the factors.

No other number bigger than I have this property. Thus 6, which is not a
prime, divides the product of 3 and 4 (namely 12), but does not divide either 3 or
4. Every natural number bigger than 1 is either a prime or can be written as a
product of primes. For instance 18 =2 x 3 x 3, 37 is a prime, 91 =7 x 13.

The term can also be used analogously in some other situations where
division is meaningful. For instance, in the context of aall integers, an integer n
other than 0, +1, is a prime integer, if its only integer divisors are +1 and +n.

The positive prime integers are just the ordinary natural prime numbers 2, 3,

5 and the negative prime integers are -2, -3, -5.
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UNIT 3

ADVANCED OPERATIONS
BASIC TERMINOLOGY
I. RAISING TO A POWER BO3Be/IeHUE B CTENEeHb
32=9
3 THE BASE OCHOBAaHUE
2 THE EXPONENT (INDEX) [MOKA3aTeJIb CTENCHU
9 VALUE OF THE POWER BHAYCHUE CTEIIEHU
II. EVOLUTION (EXTRACTING A ROQOT) - u3BjieueHue KOPHs
8 =2
THE INDEX (DEGREE) OF
3 [MOKA3aTeb KOPHS
THE ROOT
[MOJKOPEHHOE
8 THE RADICAND
BbIPAKEHUE
2 VALUE OF THE ROOT BHAYCHUE KOPHS
\ RADICAL SIGN BHAK KOPHSI
IHI. EQUATIONS YpaBHEHUSH
1. [3x+2=12 SIMPLE EQUATION  |mneiiHoe ypaBHeHHE
3&2 THE COEFFICIENTS KO2(pPUIIHEHTBI
THE UNKNOWN
HEWU3BECTHAS BEIMYMHA
X QUANTITY
IDENTICAL TOXJIECTBEHHOE
2. |4a+ 6ab-2ac=2a(2+3b-c¢)
EQUATION pPABHEHUE
CONDITIONAL
3. [2:50 =4:x YCJIIOBHOE YpaBHEHUE
EQUATION
x =100 SOLUTION CLICHUE

IV. CALCULATIONS LOGARITHMIC norapu¢muyecKkue BbIYMCICHUS
Log103 =0.4771

Log ILOGARITHM SIGN  BHak joraprdma
10 THE BASE OCHOBAHUE
0. THE CHARACTERISTIC XapAKTEPUCTUKA
4771 THE MANTISSA MaHTHCCA

TEXT I. EQUATIONS
An equation 1s a symbolic statement that two expressions are equal.
Thus x + 3 = 8 is an equation, stating that x + 3 equals 8. There are two
kinds of equations: conditional equations, which are generally called
equations and identical equations which are generally called identities.
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An identity is an equality whose two members (sides) are equal for all
values of the unknown quantity (or quantities) contained in it.

An equation in one unknown is an equality which is true for only
one value of the unknown.

To solve an equation in one unknown means to find values of the
unknown that make the left member equal to the right member.

Any such value which satisfies the equation is called the solution or
the root of the equation.

Two equations are equivalent if they have the same roots. Thus, x - 2
= 0 and 3x - 6 = 0 are equivalent equations, since they both have the
single root x = 2.

In order to solve an equation it is permissible to:

a) add the same number to both members;

b) subtract the same number from both members;

C) multiply both members by the same number;

d) divide both members by the same number with the single
exception

of the number zero.

These operations are permissible because they lead to equivalent
equations.

Operations a) and b) are often replaced by an equivalent operation
called transposition. It consists in changing a term from one member of
the equation to the other member and changing its signs.

An equation of the form ax + b = 0 where a # 0 is an equation of the
first degree in the unknown x. Equations of the first degree are solved by
the permissible operations listed in this text. The solution is incomplete
until the value of the unknown so found is substituted in the original

equation and it is shown to satisfy this equation.
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Example: Solve: x+3x=6

Solution: Divide both members by 3 +x =2

Check: Substitute 2 for x in the original equation: 3(2) = 6, 6 = 6.
g =2 is read | the cube root of eight is two
2:50=4: isread |two is to fifty as four is to x
X

Log 103 isread |logarithm of three to the base of

ten

I. Read and decide which of the statements are true and which are false.
Change the sentences so they are true.

1. An equation is a symbolic statement that two expressions are equal.
2. There' s only one kind of equations. It is called an identical equation.
3. An equation in one unknown is an equality which is true for various values of
the unknown.
4. Two or more equations are equivalent if they have the same roots.
5. To solve an equation in one unknown means to find values of the unknown
such that make the left member equal to the right member.
6. An equation of the form ax + b =0, where a#0 is an equation of the first
degree in the unknown x.
7. In order to solve an equation it is permissible to add the same number to
both members, to subtract the same number from both members, to multiply
both members by the same member and divide both members be the same

number with the single exception of the number one.

II. Give the Russian equivalents of the following English words and
word combinations.
1. equation

1. statement
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2. conditional equation
3. 1identical equation

identity

wn

. unknown quantity
solution (root)

simple equation

© = @

permissible operation
9. transposition
10. equation in one unknown
11. equation of the first degree
12. substitution
13. equivalent equations
III. Give the English equivalents of the following Russian words and
word combinations:
TOXJIECTBO, IEPECTAHOBKA, KOPEHB, pEIICHNE, HEM3BECTHAs! BEJIMYMHA, OCHOBA,
YCIOBHOE ypaBHEHHE, CTENEHb, IOKa3aTellb CTENEeHH, BBICKA3bIBAHHE
(popmynupoBKa), SKBUBAJICHTHAS ONEPALUs, TOKICCTBEHHOE YPaBHEHHE,
yYpaBHEHUE C OJTHUM HEU3BECTHBIM, YPABHEHUE [IEPBOM CTENEHU, IOJICTAHOBKA,
MOJIKOPEHHOE BbIpaKEHUE, INHEUHOE ypaBHEHUE.
IV. Translate the following sentences into English.
1. MaTtemaTnka Kak HayKa COCTOUT M3 Takux oOjacTtei, kak apudmeruka,
anredpa, reoMeTpus, MaTeEMaTUUYECKUI aHaU3 U T.J.
2. Marematnueckoe BeIpaxeHue x + 3 =& - 3TO ypaBHEHUE, MTOKA3bIBAOIIEE YTO
x + 3 m 8 pauel. Takum 00pa3oM, CUHMTAETCS, YTO YpPaBHEHUE - 3TO
CUMBOJIMYECKOE BBICKA3bIBAHHUE, IMOKA3BIBAIOIEE PABEHCTBO JBYX WIH Ooliee
MaTEeMaTUYECKUX BbIPAKEHUH.
3. YpaBHeHnue tumna x + 3 = 8§ COOEep>KUT OJHO HEU3BECTHOE.

4. JInst TOro 4TOOBI PEIINTh ypaBHEHUE; HEOOXOIUMO BBITIOTHUTH OTPE/ICTICHHBIC
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MaTE€MaTHYECKUE ONEPALMHU, TAKHE KAK CII0)KCHUE W BBIYWTAHHE, YMHOKECHHE U
JEJICHUE.

5. PemmuThs ypaBHEHHME O3HA4acT HAUTU 3HAYEHHUS HEU3BECTHBIX, KOTOPBIE
YIAOBJIETBOPSIOT YPABHEHHUIO.

6. YpaBHEHHE - 3TO BBIPA)KEHNE PABEHCTBA MEXKAY JIBYMS BEIMUNHAMMU.

7. Bce ypaBHEeHUS 2-11, 3-i1 U 4-1 CTENEHU PELIAIOTCA B PAJIUKAJIAX.

8. JIuHeitHOe ypaBHEHHE MOXKET OBITH 3amucano B popme 3x + 2 = 2.

I11. Summarize the major point of the text.

Girolamo Cardano was a famous Italian mathematician, physician and
astronomer who lived in the 16 century. He was born in 1501 and died in 1576
at the age of 75. He was noted for the first publication of the solution to the
general cubic equation in his book on algebra called "Ars magna" ("The Great
Art"). The book also contained the solution of the general biquadrate equation
found by Cardano's former assistant Ferrari.

Cardano was also known for his speculations on philosophical and
theological matters, and, in mathematics, for his early work in the theory of

probability, published posthumously in "A Book on Games of Chance".

VI. Read and translate the text.

An equation is a statement that two mathematical expressions are equal. A
conditional equation is true only for certain values of the variables. Thus,
3x + y = 7 is true only for certain values of x and y. Such equations are
distinguished from identities, which are true for aall values of the variables.
Thus,
(x +y) = x? + 2xy + y? which is true for aall values of x and y, is an identity.
Sometimes the symbol = 1s used to distinguish an identity from a conditional

equation.
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VII. Translate the text into English.

VOCUBALARY
BBIPAXKATHCS be expressed
b depennman differential
MCKOMasi BEJINYMHA an unknown quantity
HE3aBUCUMas MepeMeHHas an independent variable
oOpaillaemblii making into
nepeMeHHast a variable
TIOPSIJTOK an order
IPUJIOKEHHE an application
MIPOU3BOIHAS a variable
CBOMCTBO a property, a characteristics
COOTHOIIICHHE a correlation
TOXIECTBO an identity
ypaBHEHHE B YACTHBIX MPOU3BOIHBIX an equation in quotient variables
byHKIHUS a function

B anrebpe s HaXOXICHUS HEU3BECTHBIX BEJIMYMH TMOJIB3YIOTCS
ypaBHeHHsIMH. Ha OCHOBaHMM YyCIOBHM 3aJayd COCTABIISIIOT COOTHOLUEHHE,
CBSI3bIBAIOIIEE HEM3BECTHYIO BEJIMYUHY C JIAHHBIMHU, COCTABJISIIOT YPAaBHEHUE U,
3aTeM, pelas €ro, HaxoJsT MCKOMYK BeJIHWYHMHY. AHAJOTMYHO 3TOMY B
aHanIu3e i1 HAXOXKIEHUS HEU3BECTHOW (PYHKIMU MO JAaHHBIM €€ CBOMCTBAM
COCTaBJISIIOT YPAaBHEHHE, CBSI3bIBAIOIIECE HEU3BECTHYIO (YHKIIMIO U BEITUYUHBI,
3a/Ial0lIMe €€ CBOWMCTBA, U, MOCKOJBKY 3TH IOCJIEIHHE BBIPAKAKTCH Yepe3
npou3BoaHbIe (Wi AuddepeHnuaIbI) TOrO UK UHOTO MOPAIAKA, TPUXOST K
COOTHOIIIEHUIO, CBA3BIBAIOIIEMY HEU3BECTHYIO (YHKUIHIO M €€ MPOU3BOAHBIC
win nuddepeHnuansl. ITO ypaBHEHHUE HasbiBaeTcs auddepeHIuaIbHbIM
ypaBHeHueM. Pemias ero, Haxomar uMcKoMmyr (QyHKIuo. M3 Bcex OTaesoB
aHanu3a auddepeHnranbHbple ypaBHEHUS SBISIOTCS OJHUM M3 CaMbIX Ba)KHBIX
110 CBOMM NPHJIOKEHHMSIM; U 9TO HE yAUBUTEIIbHO: pemmas nuddepeHIuaibHbie
ypaBHEHUS, T.€., HAXOJI1 HEU3BECTHYIO (PYHKIIMIO, Mbl YCTaHABIMBAE€M 3aKOH,

1O KOTOPOMY ITPOUCXOJAHUT TO WJIINM MHOC SBJICHHUC.
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He cymectByer kakux-nuO0 oOOHmMX TMpaBWi IS  COCTaBIEHUSA
mudepeHInaIbHBIX YPABHEHHUM MO YCIOBUSM KOHKPETHOW 3ajayu. Y CIOBHUS
3a/ladyd JIOJHKHBI OBITh TAaKOBBI, YTOOBI IMO3BOJISIIA COCTABUTH COOTHOIICHHE,
CBS3BIBAIOIECE HE3aBUCHMOE NepeMeHHoe, GYyHKINIO U €€ MPOU3BOIHYIO (WK
MIPOU3BOJIHBIC).

[Topsinkom auddepeHnnaTbHOTO YpaBHCHHUSI HA3bIBACTCS HAWBBICIIHKA W3
MOPSIIKOB  BXOASIIMX B HEro NPOU3BOAHBIX. Eciam B ypaBHEHHE BXOIAT
HEn3BeCTHas (QYyHKIHS HECKOJIBKHUX MEPEMEHHBIX U €€ TPOU3BOAHBIC (YACTHBIE
NMpOM3BOAHBIE), TO YypaBHEHHWE HA3BIBACTCS yPABHEHHEM B YACTHBIX
MPOU3BOTHBIX.

OOBIKHOBEHHBIM U (epeHIIHAILHBIM YpaBHeHHeM |-ro mopsaka
HA3bIBACTCSI  COOMHOUIEHUE,  C8A3blealowee  He3A8UCUMOe  NepeMEeHHOe,
HeUu38ecmuy10 (OYHKYuio 5mo20 nepemenHo20 u ee npou3eoonyto 1-20 nopsoxa.
PemienneM nuddepeHimaibHOro ypaBHEHHsT Mbl OyJieM Ha3bIBaTh BCAKYIO
nuddepeHunpyemyio GyHKIHIO, YIOBIECTBOPSIONIYIO 3TOMY YPAaBHEHHIO, T.€.
o0pamaemMyo €ro B TOXKAeCTBO (110 KpaliHel Mepe, B HEKOTOPOM IPOMEKYTKe
WU3MEHEHHS X);

VIII. Match the words and the definitions:
fraction, geometry, complex number, algebra, positive number, conditional
equation, mantissa, identical equation, characteristic, square root, cube root,
equation
1. awhole part of a logarithm;
2. anumber that when multiplied by itself gives a given number;
3. astatement that two mathematical expressions are equal; ,
4. a statement that two mathematical expressions are equal for all values of
their variables;
5. the branch of mathematics that deals with the general properties of

numbers;
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6. anumber of the type a + ib;
X. Read and decide which of the statements are true and which are
false. Change the sentences so they are true.
1. For a positive number 7, the logarithm of n (written log n) is the power to
which some number » must be raised to give n.
2. Common logarithms are logarithms to the base e (2.718 ...).
3. Common logarithms for computation are used in the form of an integer
(the characteristic) plus a positive decimal fraction (the mantissa).
4. Logarithms don't obey any laws.
XI. Match the terms from the left column and the definitions from
the right column:
1. logarithm a) to put (facts, statistics; etc.) in a table of columns
2. base b) the decimal part of a logarithm to the base 10 as dis-
tinguished from the integral part called the charac-
teristic
3. antilogarithm c¢) a logarithm to the base e
4. characteristic d) any number raised to a power by an exponent
5. mantissa e) the exponent expressing the power to which a fixed
number (the base) must be raised in order to produce a
given number (an antilogarithm)
6. natural logarithm | ) the resulting number when a base is raised to power
by a logarithm
7. to tabulate g) a) the act of computing, calculation, b) a method of
computing.
8. computation h) the whole number, or integral part, of a logarithm as
distinguished from the mantissa
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XI. Translate the text into English.
HarypasabHble Jiorapupmbl
Yucno e uMmeer ouyeHb BaxkHOe 3HadueHue (to be of great importance) B
BBICIIE MaTeMaTHKE, €r0 MOXXHO CPaBHUTh CO 3HAuU€HUEM P B T'€OMETPHH.
Uucno e mpuMEHsIETCsl KaK OCHOBAaHWE HATypajbHBIX, WIM HETEPOBBIX JIOTaA-
pudMOB, UMEIOIINUX IHMPOKOE MpuMeHeHue (application) B MareMaTHuecKoM
aHanuze. Tak, ¢ UX MOMOIIBI0O MHOTHE (OPMYJIBI MOTYT OBITH MPEJCTABICHHI B
Ooyee MpPOCTOM BUJE, YEM MpPH MOJb30BAHUHU JAECCATUYHBIMH JIorapupmMamu.

Hatypanbnblii norapudm nMeetr cuMmBoil In.

35



UNIT 4
HIGHER MATHEMATICS

BASIC TERMINOLOGY

1. SERIES psa

2+4+6+8 ARITHMETICAL apu(pMeTHYeCKuil psij
SERIES

2+4+8+16 GEOMETRIC SERIES F€OMETPUYECKHUM P

2,4,6,8, 16 ..... ELEMENTS 3JICMEHTHI

I1. INFINITESIMAL CALCULUS ncuncijienne 6€CKOHEYHO MAJIbIX BeJIHYHH

dy/dx DERIVATIVE MPOU3BOIHAS

dy, dx THE DIFFERENTIALS | nudgdepenumansl

d DIFFERENTIAL SIGN | 3nak nuddepennuana

Jaxdx=a fxdx= | INTEGRAL MHTErpa

ax?2 +c

X THE VARIABLE nepeMeHHas (BeJIMYrHa)

dx THE DIFFERENTIAL muddepeHiman

c CONSTANT OF | nocTosiHHAsi UHTETPUPOBAHUS
INTEGRATION

S THE INTEGRAL SIGN | 3Hak unTerpana

TEXT L INTEGRAL AND DIFFERENTIAL CALCULUS

Calculus is a branch of mathematics using the idea of a limit and
generally divided into two parts: integral and differential calculus.

Integral and differential calculus can be used for finding areas, volumes,
lengths of curves, centroids and moments of inertia of curved figures. It can
be traced back to Eudoxus of Cnidus and his method of exhaustion.
Archimedes developed a way of finding the arrears of curved by considering
them to be divided by many parallel line segments, and extended it to
determine the volumes of certain solids; for this he is sometimes called “father
of the integral calculus”.

In the early 17" century interest again developed in measuring volumes
by integration methods. Kepler used a procedure for finding the volumes of
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solids by taking them to be composed of an infinite set of infinitesimally small
elements. These ideas were generated by Cavalieri in his “Geometria
indivisibilibus continuorum nova” and a volume of indivisible areas; i.e., the
concept used by Archimedes in “The Method’. Cavalieri thus developed what
became known as his “method of indivisible”. John Wallis, in “Arithmetica
infinitorum” arithmetized Cavalieri’s ideas. In this period infinitesimal
methods were extensively used to find lengths and areas of curves.

Differential calculus is concerned with the rates of changes of functions
with respect of changes in the independent variable. It came out of problems of
finding tangents to curves, and an account of the method is published in Isaac
Barrow’s “Lectiones geometricae”. Newton had discovered the method and
suggested that Barrow include it in his book. In his original theory Newton
regarded a function as a changing quality — a fluent — and the derivative or
rate of change he called a fluxion. The slope of a curve at a point was found by
taking a small element at the point and finding the gradient of a straight line
through this element. The binomial theorem was used to find the limiting
case, i.c., Newton’s calculus was an application of infinite series. He used the
notation x’ and y’ for fluxions and x> and y”’ for fluxions of fluxions. Thus, if
x=f(t), where x is the distance and t — the time for a moving body, then x’ is the
instantaneous velocity and x’’ — the instantaneous acceleration. Leibniz had
also discovered the method by 1676 publishing it in 1684. Newton did not
publish until 1687. A bitter dispute arose over the priority for the discovery. In
fact it is now known that the two made their discoveries independently and that
Newton made his about ten years before Leibniz, although Leibniz published
first. The modern notation of dy/dx and the elongated s for integration is due
to Leibniz.

From about this time integration came to be regarded simply as the

inverse process of differentiation. In the 1820s Cauchy put the differential and
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integral calculus on a more secure footing by using the concept of a limit.
Differentiation he defined by the limit of a ratio and the integration by the limit
of a type of sum. The limit definition of integral was made more general by
Riemann.

In the 20™ century the idea of an integral has been extended. Originally
integration was concerned with elementary ideas of measure (i.e., lengths, areas
and volumes) and with continuous functions. With the advent of set theory
functions came to be regarded as one-to-one mapping, not necessarily
continuous, and more general and abstract concepts of measure were
introduced. Lévesque put forward a definition based on the L.évesque measure
of a set. Similar extensions of the concept have been made by other

mathematicians.

NOTE! dx 1s read “differential of x”

dy/dx is read “derivative of y with respect to x”

I. Read and translate the sentences.
1. Integral and differential calculus can be used for finding areas, volumes,
lengths of curves.
2. In the early 17th century interest again developed in measuring volumes by
integration methods.
3. Kepler used a procedure for finding the volumes of solids by taking them to
be composed of an infinite set of infinitesimally small elements.

4. Cauchy put the calculus on a more secure footing by using the concept of a

limit.
I1. Match the terms from the left column and definitions from
the right column:
| 1. calculus | a) a fixed quantity or value which a varying quantity is |

38



regarded as approaching indefinitely

2. differential

calculus

b)the rate of continuous change in variable quantities

3. integral calculus

c¢) the point in a body, or in a system of bodies, at which,
for certain purposes, the entire mass may be assumed to

be concentrated

d) the branch of mathematics dealing with derivatives

4. limit . o
and their applications
e) having the three dimensions of length, breadth and
5. volume . . .
thickness (prisms and other solid figures)
f) a) a part of a figure, esp. of a circle or sphere, marked
' off or made separate by a line or plane, as a part of a
6. centroid . .
circular area bounded by an arc and its chord, b) any of
a finite sections of a line
g) the path of a moving point, thought of as having
7. curvee .
length but not breadth, whether straight or curved
8 solid h) the combined methods of mathematical analysis of
. soli
differential and integral calculus
9. line 1) the limiting value of a rate of change of a function
with respect to variable; the instantaneous rate of
change, or slope, of a function
j) the sum of a sequence, often infinite, of terms usually
10. segment

separated by plus or minus signs

11. derivative

k) the slope of a tangent line to a given curve at a

designated point

12. fluxion

1) the branch of higher mathematics that deals with
integration and its use in finding volumes, areas,

equations of curves, solutions of differential equations

13. slope

m) a one-dimensional continuum of in a space of two or

more dimensions

14. series

n) any system of calculation using special symbolic

notation

15. infinitesimal

calculus

0) the amount of space occupied in three dimensions;

cubic contents or cubic magnitude
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III. Read the sentences and think of a word
which best fits each space.
l. The branch of mathematics dealing derivatives and their applications is
called ... .
Differential calculus deals with ... and their applications.
We must measure all three dimensions of a solid if we want to find its ... .

The idea of a ... is the central idea of differential calculus.

A

The method of ... which is the combine methods of mathematical analysis
of differential and integral calculus is very popular in modern
mathematics.

6. There are a lot of ... around us in our everyday life.

IV. Give the Russian equivalents of the following words and word combinations:

. 4. differential
3. integral
1. calculus 2. limit calculus
calculus
5. area 6. volume 7. length 8. curve
9. centroid 10. moment of  |11. curved figure |12. exhaustion
inertia
15. infinitesimal
13. line segment | 14. solid 16. rate of change
method
17. independent | 18. tangent 19. fluent 20. derivative
variable
21. fluxion 22.slope of a 23. gradient 24. straight line
curve
27. infinite series | 28. distance
25. binomial 26. limiting case
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theorem

29. instantaneous | 30. instantaneous | 31. integration | 32. limit of ratio

velosity acceleration
o 34. continuous 35.one-to-one
33.limit of sum _ . 36. measure of a set
function mapping

37. differenitation | 38. infinitesimal

calculus

V. Complete the sentences.

1. The branch of mathematics dealing with derivatives and their applications is
called ... .
2. Differential calculus deals with ... and their applications.
3. We must measure aall three dimensions of a solid if we want to find its... .
4. The idea of a ... 1s the central idea of differential calculus.

5. There're a lot of ... around us in our everyday life.
6. The method of ...., which is the combined methods of mathematical analysis

of differential and integral calculus is very popular in modem mathematics.

VI. Read and translate the following sentences. Write 3-4 special
questions to each of them:

1. The derivative of a function f at a point x is defined as the limit.

2. The derivative is denoted in the following way:

f'(x) = lim Ay= lim /(x+~) - JIX)  (which is read: f' primed of x is
equal to the limit of delta y over delta x with delta x tending to zero).
3. That notation of the derivative is commonly used by aall mathematicians.

4. The notion of derivative is justly considered to be one of most important in
mathematical analysis.
5. Usually when we say that a function has a derivative f'(x) at point x it is

implied that derivative is finite.
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6. The function f has a derivative at aall points of the closed interval.
7. In order to compute f ' (x+) (or f' (x-) ) one must remember that the
function f must be defined at the point x and on the right of it in a certain

neighborhood.

VII. Give the English equivalents of the following words
and word combinations:
KOHEYHAsl MPOMU3BOJIHAS, 3aKPBIThII WHTEpPBAJI, HAadallbHasi W KOHEYHAas
TOYKH, OKPECTHOCTb, OTKPBITHIN WHTEpBaj, BHYTPEHHSSI TOUKa, OECKOHEYHas
MPOU3BOJIHASL, OCCKOHEYHO Majoe NpupalieHue, HUHTErpajl, CTPEMUThCA K

HYJII0, KO3 (GUIIMEHT OECKOHEYHO MaJIoT0 MpUPAIECHUS.

VIIL. Match the words and the definitions:
segment, point, open interval, positive number, equality, infinity, absolute
value, end points, closed interval, derivative, increment, integration,

differentiation.

p—

. numbers defining an interval;

. the interval which contains the end points;

. the interval which doesn't contain the end points;

. a positive and negative change in a variable;

. an element of geometry having position but no magnitude;

. the idea of something that is unlimited;

<N N »n B~ W DN

. the process of finding a function with a derivative that is a given number;

IX. Translate the definitions of the following

mathematical terms:
argument - a variable whose value can be determined freely without

f—

reference to other variables;

2. increment - the quantity, usually small, by which a variable increases or is
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increased;
integral - a) the result of integrating a fraction, b) a solution of a differential
equation;
interior - situated within; on the inside; inner;
neighborhood - the set of aall points which lie within a stated distance of a
given point.
TEXT II. A SEQUENCE AND A SERIES

A sequence is a succession of terms ai, a,, a;, a,, formed according to
some rule or law.

Examples are: 1) 1,4,9, 16, 25 ...

2D1,-1,1,-1,1 ...

3) x/11, x%/2!, x°/3!, x*/4! ...

It is not necessary for the terms to be distinct. The terms are ordered by
matching them one by one with the positive integers, 1, 2, 3, ...The n- th term
1s thus «n, where 7 is a positive integer. Sometimes the terms are matched with
the non-negative integers, 0, 1, 2, 3, .... A finite sequence has a finite (i.e.
limited) number of terms, as in the first example above. An infinite sequence
has an unlimited number of terms, i.e. there is no last term, as in the second
and third examples. An infinite sequence can however approach a limiting
value as the number of terms n becomes very great. Such a sequence is
described as a convergent sequence and is said to tend to a limit as » tends to
infinity.

With some sequences, the n-th term (or general term) expresses directly
the rule by which the terms are formed. This is the case in the three examples
above, where the n-th terms are n?, (-1)™', x"/n! n, 1 respectively. A sequence
is then a function of n, the general term being given by a, =f(n) and having as
its domain the set of positive integers (or sometimes the set of non-negative

integers). A sequence with general term a, can be written (a,) or { a,}.
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A series is the indicated sum of the terms of a sequence. In the case of a

finite sequence ai, a,, as, ..., a,. the corresponding series is

n
ai, a, a3 t... ta,-y a,

1
This series has a finite or limited number of terms and is called a finite

series. The Greek letter S is the summation sign, whose upper and lower
limits indicate the values of the variable n over which the sum is calculated; in
this case the set of positive integers 1, 2,... N.
In the case of an infinite sequence a; + a> + a; + ... + a, =) a..
this type of series has an unlimited number of terms end is called an infinite
series.
The n-th term, a,, of a finite or infinite series is known as the general
term. An infinite series can be either a convergent series or a divergent
series depending on whether or not it converges to a finite sum. Convergence

important characteristic of a series.

I. Read and decide which of the statements are true and which are
false.
Change the sentences so they are true.

1. A sequence is a succession of terms a1, az, as, a4, ... formed according

to some rule or law.
2. There're three types of sequences: finite sequence, infinite sequence and
infinitesimal sequence.
An infinite sequence has a finite (i.e. limited) number of terms.
An infinite sequence can however approach a limiting value.

A convergent sequence tends to a limit as the number n tends to infinity.

A

A series is the indicated sum of the terms of a sequence.
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7. The Greek letter ) which is used for indicating series is the summation
sign.
8. Only a finite series can be either a convergent series or a divergent series

depending on whether or not it converges to a finite sum.

II. Match the terms from the left column and the definitions from

the right column:

a) an ordered set of quantities or elements an oordered set of
1. to converge o
quantities or elements

b) a) indefinitely large; greater than any finite number

2. sequence
however large

b) capable of being put into one-to-one correspondence with

a part of itself
c¢) the sum of a sequence, often infinite, of terms usually

3. finite . . .
separated by plus sign or minus sign

d) 1) capable of being reached, completed or surpassed by

4. infinite counting (said of numbers or sets),

2). neither infinite nor infinitesimal (said of magnitudes)
5. series e) to fit (things) together; make similar or corresponding
f) to approach a definite limit, as the sum of certain infinite

6. to match .
series of numbers

II1. Give the Russian equivalents of the following words and word

combinations:

non-negative integer, general term, upper limit, finite sequence, divergent
series, lower limit, finite series, infinite sequence, domain, infinite series,

summation, convergent, limiting value, convergent series.

IV. Give the English equivalents of the following words and word
combinations:

CXOJISIIIUMCS paa, MNOpCACIbHOC 3HAUCHUC, KOHCYHASA IIOCIICHOBATCIBHOCTD,
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00JlacTh OMpeNeNICHUs,, CYMMHUPOBAHHUE, PACXOIAIIMICSA psAl, OCCKOHEUHAs
MOCJIE0BATEILHOCTh, KOHEUHBINA s, OECKOHEYHBIN PsJl, CXOAIAACS MOCTe-
JIOBAaTEILHOCTh, BEPXHUM TIpenesl, OOmMN 4JieH, HIKHUW Tpener,

HCOTPHULIATCIbHOC ICJIIOC YHUCJIO.

V. Read and translate the following sentences, write 3-4 special

questions to each of them.

1. The terms are ordered by matching them one by one with the positive
integers.

2. A finite sequence has a finite number of terms.

3. An infinite sequence can approach a limiting value.

4. Upper and lower limits indicate the values of the variable.

5. An infinite series can be either a convergent or a divergent series.

VI. Translate the text into English.
Paan1
Bripaxxenue Buna w1 + w2 + uz + ... +tun + .l rae ui, uz, us -

YJICHBbI HCKOTOpOfI OCCKOHEUHOM IIOCJICEA0BATCIIBHOCTH, Ha3bIBACTCA

OCCKOHCUYHBIM pAAOM HJIH IIPOCTO PALAOM. YineH u Ha3bIBaeTCs O6IHI/IM YJICHOM

psaa. O003HaAUMM CyMMY 7 MEPBBIX WICHOB psila yepe3 Sn, T.€. Sv= u1 + uz2 + us3
+... T Un

CymMa Sn HaspIBaeTcsi 4acTUYHOM cymMou psga. [Ipm uzmeHenuu n
MEHSIETCA U Sn; IPA 3TOM BO3MOXHBI JBa CIy4Yasi:

). Bennuuna Sn ipu n — oo umeet npeaen S, T.e. limSn=S

n — o0
2) BennurHa Snipu n — o0 Tpejiesia He UMEET WU MIPEeIl €€ PaBeH.
B nepBoM ciydae psi Ha3bIBAE€TCS CXOASAIMIMMCS, a YUCIIO S = [im Sn ero
n— o0

cymMMmou. Bo BTOpOM cilydae psii Ha3bIBACTCS PACXOASAIIMMCA. Takou psif
CyMMBI HE UMEET.
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CHECKING VOCABULARY IN
ADVANCED OPERATIONS & HIGHER MATHEMATICS

I. Choose the appropriate answer.

1. A variable whose limit is zero:

(A) infinitesimal (D) unknown quantity
(B) derivative (E) constant
(C) absolute value (F) limit

2. A positive and negative change in a variable:

(A) increment (D) derivative
(B) argument (E) infinity
(C) function (F) series

3. The interval which doesn't contain the end points:

(A) segment (D) partly open interval
(B) closed interval (E) straight line
(C) open interval (F) curve

4. An equation which is true for aall values of the variable:

(A) conditional equation (D)simple linear equation
(B) identical equation (E) differential equation
(C) integral equation (F) quadratic equation

5. The indicated sum of the terms of a sequence:

(A) finite sequence (D) general term
(B) series (E) summation
(C) infinite sequence (F) I don't know
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II. Give the English equivalents of the following words and word
combinations:
OECKOHEUHO Majiasi BEJIMYMHA, W3BJICYCHUE KOPHS, 3HAYEHUE CTEICHH,
MOJIKOPEHHOE BBIPAKEHHUE, BO3BEJACHUE B CTETICHB, TEJIO, KPUBOJUHEHHbBIE (-

I'YpbI, KaCaTCJIbHAA, 6eCKOHCIIHOCTB, cxoaAamasacs 1mocjacaoBaTCIIbHOCTSD.

III. Translate the text without using a dictionary.
INTEGRAL EQUATIONS
It is an equation that involves an integral of an unknown function. A

general integral equation of the third kind has the form

b
ux)g(x)=fx) + 1] Kx.y)g()dy a
where the functions u(x), f(x) and K(x, y) are known and g is the unknown

function. The function K is the kernel (1) of the integral equation and is the

parameter.

The limits of integration may be constants or may be functions of x. If u(x)
is zero, the equation becomes an integral equation of the first kind - 1.e. it can be

put in the form:

b
fx) = 21K (xy)g (v) dy
a
If u(x)=1, the equation becomes an integral equation of the second kind:

b
g(x) =f(x) + 2] K(x, y)g(»)dy
a
An equation of the second kind is said to be homogeneous (2) if f(x) is
Zero.
If the limits of integration, a and b, are constants then the integral equation
is a Fredholm integral equation. If a is a constant and b is the variable x, the

equation is a Volterra integral equation.
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UNIT 5

GEOMETRY
BASIC TERMINOLOGY

POINT TOYKA

LINE JINHWSI

ANGLE yroJl

POINT OF INTERSECTION TOYKA NIEPECCUCHUS
ANGULAR POINT YIJ10Basi TOYKA, BEPIIMHA
STRAIGHT LINE npsiMast (JTUHHUS)

RAY Iy4

PENCIL OF RAYS MY4YOK JIy4YEH

CURVED LINE KpHBas JINHUS

RIGHT ANGLE IPSIMOM YT OJI

REFLEX ANGLE yroia B npegenax 180° u 360°
ACUTE ANGLE OCTPBIN YIOJI

OBTUSE ANGLE TYIION Yo
CORRESPONDING ANGLE COOTBETCTBEHHBIN yTOJ
ADJACENT ANGLE TIPUJICKAITUM YTOJI
SUPPLEMENTARY ANGLE JIOTIOJTHUTEJbHBIN yroa [10 180°]
COMPLEMENTARY ANGLE JONOJIHUTENBHBIN yroi [110 90°]
INTERIOR ANGLE BHYTPEHHUN YToOJI

EXTERIOR ANGLE BHEIIHHUM yIoJI

PLANE TRIANGLE TJIOCKUU TPEYTOJIbHUK
EQUILATERAL TRIANGLE PaBHOCTOPOHHUM TPEYTOJIbHUK
ISOSCELES TRIANGLE PaBHOOEIPEHHBIN TPEYTOJbHUK

ACUTE-ANGLED TRIANGLE

OCTPOYTOJIBHBIN TPEYTOJIbHUK

OBTUSE-ANGLED TRIANGLE

TYNOYTOJIbHBIN TPEYTOJIbHUK

RIGHT-ANGLED TRIANGLE

PSIMOYTOJIbHBIN TPEYTOJIBHUK

QUADRILATERAL YETHIPEXYTOJbHUK
SQUARE KBaJIpat
RECTANGLE MPSIMOYTOJIBHHUK
RHOMBUS pomO
RHOMBOID poMOou
TRAPEZIUM Tpanenus
DELTOID JIEITBTOU/T

IRREGULAR QUADRILATERALS

HENPABUJIbHBIN YETHIPEXYTOJIBHUK

POLYGON

MHOI'OYT'OJIbHHK

49




REGULAR POLYGON

MIPABUJIbHBI MHOTOYTOJIBHUK

CIRCLE OKPYKHOCTb, KPYT

CENTER LIEHTP

CIRCUMFERENCE (PERIPHERY) OKPY>KHOCTb, iepudepust
DIAMETER JMaMeTp

SEMICIRCLE MIOJIYKPYT, MOJIYOKPYKHOCTh
RADIUS paguyc

TANGENT KacaTesabpHasl

POINT OF CONTACT TOYKA KAaCaHUsI

SECANT cexyuas

CHORD xopja

SEGMENT CEIrMEHT

ARC Jyra

SECTOR CEKTOP

RING (ANNULUYS) KOJIBIIO

CONCENTRIC CIRCLES KOHIICHTPUYECKUE OKPYKHOCTHU
AXIS OF COORDINATES KOOpJIMHATHAs OCh

AXIS OF ABSCISSAE

0Ch a0CIUCCHI

AXIS OF ORDINATE

OCh OPAMHATHI

VALUES OF ABSCISSAE AND

ORDINATES 3HAYCHUS aOCIIUCCHI OpIMHAT
CONIC SECTION KOHMYECKOE CCYCHHE
PARABOLA napaboJia

BRANCHES OF PARABOLA BETBU 1apadOJIbl

VERTEX OF PARABOLA BEPIIMHA TTApaOOJIb
ELLIPSE AJIJTATIC

(sing. FOCUS) FOCI OF THE ELLIPSE

(hOKyCHI 2JTHIICa

TRANSVERSE AXIS (MAJOR AXIS)

nepeceKkaronasi och (rjaBHasi OCh)

CONJUGATE AXIS (MINOR AXIS)

conpsiKeHHas och (Majias 0Cb)

HYPERBOLA

runepooa

ASYMPTOTE aCUMINTOTA

SOLIDS TBEPAbIC TEJa
CUBE Ky0

PLANE SURFACE (A PLANE) TIJIOCKAasi IOBEPXHOCTH (TIOCKOCTH)
EDGE rpaHb
PARALLELEPIPED napasIesICIuIe/1
TRIANGULAR PRISM TpeXrpaHHasl Mpu3Ma
CYLINDER HUAJTUHAD
CIRCULAR PLANE IJIOCKOCTh Kpyra
SPHERE chepa

CONE KOHYC
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TEXT L.
THE MEANING OF GEOMETRY

1. Geometry is a very old subject. 2. It probably began in Babylonia and
Egypt. 3. Men needed practical ways for measuring their land, for building
pyramids, and for defining volumes. 4. The Egyptians were mostly concerned
with applying geometry to their everyday problems. 5. Yet, as the knowledge of
Egyptians spread to Greece the Greeks found the ideas about geometry very
intriguing and mysterious. 6. The Greeks began to ask "Why? Why is that
true?" 7. In 300 B. C. all the known facts about Greek geometry were put into a
logical sequence by Euclid. 8. His book, called Elements, is one of the most
famous books of mathematics. 9. In recent years men have improved on
Euclid's work. 10. Today geometry includes not only the study of the shape
and size of the earth and all things on it, but also the study of relations between
geometric objects. 11. The most fundamental idea in the study of geometry is
the idea of a point. 12. We will not try to define what a point is, but instead
discuss some of its properties. 13. Think of a point as an exact location in
space. 14. You cannot see a point, feel a point, or move a point, because it has
no dimensions. 15. There, are points (locations) on the earth, in the earth, in the
sky, on the sun, and everywhere in space. 16. When writing about points, you
represent the points by dots. 17. Remember the dot is only a picture of a point
and not the point itself. 18. Points are commonly referred to by using capital
letters. 19. The dots below mark points and are referred to as point 4, point B,

and point C.

.C

Lines and Line Segments
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20. If you mark two points on your paper and, by using a ruler, draw a
straight line between them, you will get a figure. 21. The figure below is a

picture of a line segment.

22. Points D and F are referred to as endpoints of the line segment. 23. The
line segment includes point D, point E, and all the points between them.

24. Imagine extending the segment indefinitely. 25. It is impossible to
draw the complete picture of such an extension but it can be represented as

follows.

26. Let us agree on using the word line to mean a straight line. 27. The

figure above is a picture of line DE or line ED.

I. Read and decide which of the statements are true and which are false.
Change the sentences so they are true.

1. A curve can be considered as the path of a moving point.
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2. There're two types of curves: algebraic curves and transcendental curves.

3. Open curves have no end points and closed curves have a lot of end points.

4. A curve that does not lie in a plane is a skew or twisted curve.

5. A curvature is the rate of change of direction of a curve at a particular point
on that curve.

6. The angle oy through which the tangent to a curve moves as the point of
contact moves along an arc PQ is the total curvature of this arc.

7. We define the mean curvature of any arc taking into account both the total
curvature and the arc length.

8. At any point on a surface the curvature doesn't vary with direction.

I. Match the terms from the left column and definitions

from the right column:

1. curvature |a) 1) any straight line extending from the center to the periphery

of a circle or sphere, 2) the length of such a line

2. graph b) the rate of deviation of a curve or curved surface from a
straight line or plane surface tangent to it

3. arc c) a curve or surface showing the values of a function

4. radius d) any part of a curve, esp. of a circle

I1. Read the sentences and think of a word which best fits each space.

a) 1. The Egyptians were mostly concerned with applying ... to their everyday
problems.
2. In 300 B.C. all the known facts about Greek geometry were put into a logical
sequence by ... .
3. Today geometry includes not only the study of the ... and ... of the earth and
all things on it, but also the study of relations between geometric ... .
4. The most fundamental idea in the study of geometry is the idea of a ... .

5. You cannot see a ... , feel a ... , or move a ... , because it has no

dimensions.
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For ideas: shape, point (4), size, geometry, Euclid, object.

b) 1. ... are generally studied as graphs of equations using a coordinate

systems.

2. Only ... curves (or arcs) have end points.

3. A curve that does entirely in a plane is a ... curve.

4. A curve that does not lie in ... is a skew or twisted curve.

5. The rate of change of direction of a curve at a particular point on that curve
is called a ...

6. The angle oy through which the tangent to a curve moves as the point of
contact moves along any arc is the ... of this arc.

7. The ... of any arc is defined as the total curvature divided by the arc length.
8. The circle of curvature at any point on a curve is the circle that is ... to the
curve at that point.

9. There are two ... in which the radius of curvature has an absolute maximum
and absolute minimum.

10. The principal curvatures at the point are the curvatures in two ... directions.

TEXT II.
ANGLES

An angle is a configuration of two lines (the sides or arms) meeting at a
point (the vertex). Often an angle is regarded as the measure of rotation
involved in moving from one initial axis to coincide with another final axis
(termed a directions angle). If the amount and sense of the rotation are
specified the angle is a rotation angle, and is positive if measured in an
anticlockwise sense and negative if in a clockwise sense.

Angles are classified according to their measure:

-Null (or zero) angle - zero rotation (0°).
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-Right angle - a quarter of a complete turn (90°)

-Flat (or straight) angle - half a complete turn (180°).

-Round angle (or perigon) - one complete turn (360°),

-Acute angle - between 0° and 90°.

-Obtuse angle - between 90° and 180°.

-Reflex angle - between 180°and 360°.

- The angle of elevation of a point 4 from another point B is the angle
between the line AB and the horizontal plane through B, with 4 lying above the
plane. The angle of depression is similarly defined with A lying below the

plane. The angle at point B made by lines A8 and CB is denoted by LABC.

I. Read and decide which of the statements are true and which are false.
Change the sentences so they are true.

1. An angle is often regarded as the measure of rotation involved in moving

from one initial axis to coincide with another final axis.

2. There’re eleven types of angles in their classification according to their

measure.

3. 90° - it is the measure of an acute angle.

4. An angle is positive if it is measured in a clockwise sense.

5. The measure of a reflex angle is between 180°and360°.

6. The main difference of an angle of elevation of a points and its angle of
depression is the following one: in the case of the angle of elevation the
point A4 lies above the plane and in the case of the angle of depression -
below the plane.

IL. Match the terms from the left column and definitions

from the right column:

1. an angle a) formed by, or with reference to, a straight line or plane

perpendicular to a base
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2. null b) of less than 90 degrees

3. right c) designating an angle greater than a straight angle (180
degrees)

4. obtuse d) height above a surface, as of the earth

5. flat e) the shape made by two straight lines meeting at a
common point, the vertex, or by two planes, meeting
along an edge

6. acute f) a decrease in force, activity, amount, etc. - a decrease in
force, activity, amount, etc.

7. reflex g) greater than 90 degrees and less than 180 degrees
greater than 90 degrees and less than 180 degrees

8. elevation h) designating of, or being zero, as: a) having all zero
elements (nul/l matrix), b) having a limit of zero (null
sequence), ¢) having no members whatsoever (null set)

9. depression 1) absolute, positive

II1. Give the Russian equivalents of the following words and word

combinations:

[E—

e o

10.

11.

12.

13.

. side (arm)

acute angle
angle of depression
direction angle
sense of rotation
clockwise sense
vertex
obtuse angle
rotation
reflex angle
rotation angle
angle of elevation

right angle
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14. flat (straight) angle
15. round angle (perigon)

16. null (zero) angle

III. Give the English equivalents of the following words
and word combinations:
TYIOW YTOJ, Pa3BEPHYTHIM YTOJ, HYJEBOM YIOJI, YrOJd BO3BBILICHUS, YTOJ
MOHWKEHHUSI, NPSIMOM YTroJj, MOJHBIA yTroj, CTOPOHA, HANpaBJICHUE BpaICHUS,
BeplrHa, yroua B npeaenax ot 180° 360, BpamieHue (MOBOPOT), OCTPBIM Yro,
0 4YacoBOM CTpelKe, MPOTUB YAaCOBOW CTPENKH, YroJl BpalleHHs,

HaIPABJISIOIINANA YTOJI.

IV. Translate the sentences into English.
1. Ecnii 1Be CTOPOHBI U yTOJ MEXKTy HUMH OJTHOT'O TPEYTOJIbHUKA PABHBI
COOTBETCTBEHHO JBYM CTOPOHAM U yTIIy MEXK]Iy HUMH JIPYTOro TPEyroabHUKA,
TO TaKUE TPEYTOJIbHUKHU PaBHBI.
2. JIBe mpsiMble Ha3bIBAIOTCS MEPIICHIUKYIISIPHBIMU, €CIIU OHU TIEPECEKAI0TCs
MO/, IPSIMBIM YTJIOM.
3. Kako#i yros Ha3bIBaeTCs MpUiIeKaIuM?
4. JlokaxxuTe, YTO BEPTUKAIBHBIC YTJIbl PABHBI.

5. CyMma Tpex 3Tux yrioB paBHa 270°.

VI. Read the sentences and think of a word which best fits each space.
l. An angle is a ... of two lines (the sides or ...) meeting at a point called the
vertex.
2. Flat (or ...) angle means half a ... turn.
3. An obtuse angle is greater than an ... angle.
4. The measure of a ... angle is between 180°and 360°.

5. Angles are classified according to their....
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6. Clockwise means the ... in which the hands of a clock rotate.

7. The largest angle is the ... angle being 360 degrees.

VII. Answer the questions on the text ""Angles''.
1. What is an angle?
2. Can one say that an angle is regarded as the measure of rotation involved
in moving from one initial axis to coincide with another final axis?
What are characteristics of a null angle?
An acute angle is an angle between 0° and 90°, isn't it?
What are characteristics of an obtuse angle?

What are characteristics of a reflex angle?

N o kW

Is there any difference between the angle of depression and the angle of

elevation?

TEXT III.
A POLYGON
A polygon is a figure formed by three or more points (vertices) joined by line
segments (sides). The term is usually used to denote a closed plane figure in
which no two sides intersect. In this case the number of sides is equal to the
number of interior angles. If all the interior angles are less than or equal to
180°, the figure is a convex polygon; if it has one or more interior angles
greater than 180°, it is a concave polygon, A polygon that has all its sides equal
is an equilateral polygon; one with all its interior angles equal is an
equiangular polygon. Note that an equilateral polygon need not be equiangular,
or vice versa, except in case of an equilateral triangle. A polygon that is both
equilateral and equiangular is said to be regular. The exterior angles of a

regular polygon are each equal to 360° /n, where n 1s a number of sides.
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The distance from the center of a regular polygon to one of its vertices is called
the long radius, which is also a radius of the circumcircle of the polygon. The
perpendicular distance from the center to one of the sides is called the short
radius or apothem, which is also the radius of the inscribed circle of the
polygon.

A regular star polygon is a figure formed by joining every m-the point, starting
with a given point, of the n points that divide a circle's circumference into n
equal parts, where m and n are relatively prime, and n is equal two or greater
than 3. This star polygon is denoted by {m/n}. When m = 1, the resulting figure
is a regular polygon. The star polygon {5/2} is the pentagram.

I. Read and decide which of the statements are true and which are
false.
Change the sentences so they are true.
. A polygon is a figure formed only by three vertices joined by line segments.
. No sides of a polygon usually intersect.

. All the interior angles of a convex polygon are greater than or equal to180°.

1
2
3
4. An equilateral polygon is a polygon whose no sides are equal.
5. An equiangular polygon is a polygon whose all interior angles are equal.
6. The regular polygon is both equilateral and equiangular.

7. The perpendicular distance from the center to one of the sides is called the
long radius.

8. The long radius is also the radius of the inscribed circle of the polygon.

9. The star polygon is usually denoted by {m/n}.

II. Match the terms from the left column and definitions from the right

column:

1. apothem a) to draw a figure inside another figure so that their
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boundaries touch at as many points as possible

2. circle b) a) at right angles to a given plane or line,

b) exactly upright; vertical; straight up or down
3. convex ¢) a) any of the four angles formed on the inside of

two straight lines when crossed by a transversal, b)

the angle formed inside a polygon by two adjacent

sides

4. concave d) any figure of five lines

5. equilateral e) a geometrical figure having three angles and three
sides

6. equiangular f) a) the point of intersection of the two sides of an

angle, b) a comer point of a triangle, square, cube,
parallelepiped, or other geometric figure bounded by

lines, planes, or lines and planes

7. exterior angle g) curving outward like the surface of a sphere
8. to inscribe h) having all angles equal
9. interior angle 1) a closed plane figure, esp. one with more than four

sides and angles
10. pentagram ) @) any of the four angles formed on the outside of

two straight lines when crossed by a transversal,
b) an angle formed by any side of a polygon and the

extension of the adjacent side
11. perpendicular k) a plane figure bounded by a singly curved line,

every point of which is equally distant from the

point at the center of the figure

12. polygon 1) hollow and curved like the inside half of a hollow
ball

13. triangle m) having all sides equal

14. vertex n) the perpendicular from the center of a regular

polygon to any one of its sides

III. Give the Russian equivalents of the following words and word
combinations:

1. exterior angle
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. circumcircle
. perpendicular
. apothem

. inscribed circle

2

3

4

5

6. star polygon

7. relatively prime
8. regular star polygon
9. pentagram
10. closed plane figure

11. interior angle

12. convex polygon

13. concave polygon

14. equilateral polygon
15. equiangular polygon
16. equilateral triangle

17. regular polygon

18. long radius

IV. Give the English equivalents of the following words and word
combinations:

PaBHOCTOPOHHHUIM  TPEYrOJIbHUK, MPAaBWIbHBIA TPEYTrOJbHUK, 3aMKHYyTas
mwiockass ¢urypa, amodema (paauyc BIHCAHHOTO Kpyra), BIIMCaHHAs
OKPY>KHOCTb, BHYTPEHHUH yTO0J, B3AUMHO MPOCTHIE, paUyC OMMCAHHOTO KPyTa,
BBIYKJIBII ~ MHOTOYIOJIbHUK,  ONMCaHHas  OKPY)KHOCTb, IEHTarpaMmma
(msaTUyronbHash ~ 3B€3/a), PABHOYTOJbHBIH  MHOTOYTOJIBHMK,  BOTHYTBIN
MHOTOYTOJbHUK, MHOTOYTOJIbHUK B BUJIE 3BE€3/1bl, IPABUIBHBIN MHOTOYTOJIBHUK
B BHMJAE 3B€3/bl, BHEIIHUA Yrojl, NEPHEHAUKYJSP, PABHOCTOPOHHUN

MHOI'OYT'OJIbHHK.
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V. Answer the questions on the text.
1. What figure is usually understood in geometry as a polygon?
2. No two sides in a polygon intersect, do they?
3. What is the usual measure of the interior angles of a convex polygon and of
a concave polygon respectively?
4. A polygon that has all its sides equal is an equiangular polygon, isn't it?
5. A polygon in which all its interior angles are equal is an equilateral polygon,
isn't it?

6. Must an equilateral polygon be equiangular?

VI. Read and translate the sentences and the questions.
This figure is formed by three points.
This term is usually used to denote a closed plane figure.
This polygon has only one interior angle.
This polygon is said to be regular.
The points divide a circle's circumference into equal parts.

What are the main characteristics of a regular polygon?

NS kL=

The distance from the center of a regular polygon to one of its vertices is
called the long radius, isn't it?

8. Is the apothem also the radius of the inscribed circle of the polygon?

9. What figure is called a regular star polygon?

10. What figure is usually understood in geometry as a polygon?

VII. Match the words and the definitions:
interior angle, convex polygon, exterior angle, circumcircle, pentagram,
concave polygon, inscribed circle, regular polygon, long radius.
1) An angle formed outside a polygon.

2) A circle circumscribed about a given polygon.
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3) A polygon that has all its angles less than or equal to 180°.
4) An angle between two sides of a polygon lying within the polygon.
5) A symmetrical five-pointed star polygon.

6) A polygon that has at least one interior angle greater than 180°.

VIII. Translate the text into English.
TPEYI'OJIbHUKMH.

BrInyKiiblii TpeyroJIbHUK Ha3bIBACTCS ITPABWIBHBIM, €CIIU BCE €TI0 CTOPOHBI
PaBHBI U PABHBI BCE €0 YIJIBL.

MHOroyroJibHuK Ha3bIBaeTCs BIMCAHHBIM B OKPY’KHOCTD, €CJIM BCe
€ro BEPILIMHBI JIEKAT HA HEKOTOPOH OKPYKHOCTH. MHOroyrojabHUK
HA3bIBACTCH ONMHMCAHHBIM 0KOJIO OKPYKHOCTH, €CJI BCE €r0 CTOPOHBI
KACAKTCH JaHHON OKPY’KHOCTH.

IIpaBUIBHBIM ~ BBINYKIBIA  MHOTI'OYTOJIBHUK SIBIIIETCSI  OJHOBPEMEHHO
BIIMCAHHBIM B OKPYXHOCTb U OIMCAHHBIM OKOJIO HEE.

YoM  BBIIYKJIONO MHOTOYTOJBHHUKA  NPH ONPENECIECHHONM BEPIIMHE
Ha3bIBAETCSl YIroJl, 0Opa30BaHHBI €ro CTOPOHAMH, KOTOpPBIE CXOISATCA B 3TOU
BEpIIMHE. BHEIIHMM  yIJIOM  BBIIYKJIONO MHOTOYTOJBHHKA IIPH  JTAaHHOM
BEPILIVHE HA3bIBAETCS YIOJI, CMEXKHBIM C BHYTPEHHHM YTIJIOM MHOTOYTOJbHUKA

IIPY DTOU BEPILIUHE.

TEXT IV.
THE CARTESIAN COORDINATE SYSTEM
The Cartesian coordinate system is a coordinate system in which the
position of a point is determined by its distances from reference lines (axes). In
two dimensions two lines are used; commonly the lines are at right angles,
forming a rectangular coordinate system. The horizontal axis is x-axis and the

vertical axis is the y-axis. The point of intersection O is the origin of the
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coordinate system. Distances along the x-axis to the right of the origin are
usually taken as positive, distances to the left - as negative. Distances along the
y-axis above the origin are positive; distances below are negative. The position
of a point anywhere in the plane can then be specified by two numbers, the
coordinates of the point, written (x,y). The x-coordinate (or abscissa) is the
distance of the point from the y-axis in a direction parallel to the x-axis (i.e.
horizontally). The y-coordinate (or ordinate) is the distance of the point from the
x-axis in a direction parallel to the y-axis (vertically). The origin O is the point
(0,0). The two axes divide the plane into four quadrants, numbered anticlockwise
starting from the top right (positive) quadrant.

Cartesian coordinates were first introduced in the 17th century by Rene
Descartes. Their discovery allowed the application of algebraic methods to
geometry and the study of hitherto unknown curves. As a point in Cartesian
coordinates is represented by an order pair of numbers, so is a line represented
by an equation. Thus, y = x represent a set of points for which the x-coordinate
equals the y-coordinate; i.e. y = x is a straight line through the origin at 45° to
the axes. Equations of higher degree represent curves; for example, x* + y* = 4
is a circle of radius 2 with its center at the origin. A curve drawn in a Cartesian
coordinate system for a particular equation or function is a graph of the
equation or function.

The axes in planar Cartesian coordinate system need not necessarily be at
right angles to each other. If the x- and y- axes make an angle than 90° the
system is said to be an oblique coordinate system. Distances from the axes are
then measured along lines parallel to the axes.

Cartesian coordinate system can also be for three dimensions by including
a third axis - z-axis - through the origin perpendicular to the other two. The
position of point is then given by three coordinates (x,y,z). The coordinate axes

may be left-handed or right-handed, depending on the way positive directions
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are given to the axes. In a right-handed system if the thumb of the right hand
points in the positive direction of the x-axis, the first and second fingers can be
pointed 1n the positive direction of the y- and z-axes respectively. A left-handed

system is the mirror image of this (i.e. determined by using the left hand).

[. Read and decide which of the statements are true and
which are false. Change the sentences so they are true.

1. The Cartesian coordinate system is a coordinate system in which the position
of a point is determined by its distances from axes.
2. The vertical axis on the coordinate system is x-axis and the horizontal
axis is the y-axis.
3. The point of intersection O is the origin of the coordinate system.
4. Distances along the x-axis to the right of the origin are usually taken as
negative and distances to the left - as positive.
S. The position of a point anywhere in the plane is specified by at least four
numbers.
6. The abscissa is the distance of the point from the y-axis in the vertical
direction.
7. The ordinate is the distance of the point from the x-axis in the horizontal
direction.
8. The two axes divide the plane into four quadrants numbered clockwise
starting from the top left (negative) quadrant.
9. If a point in Cartesian coordinates is represented by an order pair of
numbers, but a line is represented by an equation.
10. The axes in planar Cartesian coordinate system can be at various right
angles to each other (right, obtuse, etc.).
1. Cartesian coordinate system can also be for three dimensions by

including a third axis - z-axis - through the origin perpendicular to the other two
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axes.

12. The coordinate axes may be left-handed or right-handed, depending on

the way positive directions are given to the axes.

II. Match the terms from the left column and the

definitions from the right column:

1. abscissa

a) the vertical Cartesian coordinate on a plane, measured from the x-

axis along a line parallel with the y-axis to point P

2. axis (axes)

b) perpendicular, or at a right angle, to the plane of the horizon;

upright, straight up or down, etc.

3. Cartesian

coordinates

c) a) of or pertaining to a point on a surface at which the curvature is

zero, b) of or lying in the plane

4. horizontal

d) any of the four parts formed by rectangular coordinate axes on a

plane surface

5. oblique e) the horizontal Cartesian coordinate on a plane, measured from the
y-axis to point P

6. ordinate f) a) a straight line through the center of a plane figure or a solid, esp.
one around which the parts are symmetrically arranged, b) a straight
line for measurement or reference, as in a graph

7. origin g) with its axes not perpendicular to its base

8. planar h) parallel to the plane of the horizon, not vertical

9. quadrant 1) in a system of Cartesian coordinates, the point at which the axes
intersect; base point where the abscissa and the ordinate equal zero

10. vertical j) a pair of numbers that locate a point by its distances from two
fixed, intersecting, usually perpendicular lines in the same plane

III. Read and translate the sentences.

1. Two lines are used in this system.

2. These axes divide the plane into four quadrants.

3. The Cartesian coordinate system was introduced in the 17th century.
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4. This particular discovery allowed the application of algebraic methods
to the geometry.

5. The coordinates can be used for three dimensions.

6.  The axes may be left-handed or right-handed, depending on the way
positive directions are given to the axes.

7. The system is said to be an oblique coordinate system.

IV. Give the English equivalents of the following words and

word combinations:
OaszucHasi mpsiMas, MNOPSIMOYTOJbHasi KOOpPAWMHATHAs CUCTEMa, CHUCTEMa
OPSIMOYTOJIBHBIX ~ (IE€KapTOBBIX)  KOOPAMHAT, CHUCTEMA  KOCOYTOJBHBIX
KOOpAMHAT, CHUCTEMa IUIOCKOCTHBIX JEKapTOBBIX  KOOpPAWHAT,  HAdalio
KOOpJIMHAT, KBaJ[paHT, BEPTUKAIBHOE OTOOpa)keHue, OpAMHara, adcumcca,

JICBOCTOPOHHSAA KOOPAUMHATHAA OCh, BEPTUKAJIbHASA OChb, TOPU30HTAJIbHAA OCh.

V. Read the sentences and think of a word which best fits
each space.
1. The position of a point in the ... system is determined by its distances
axes.
2. The point O of ... of two axes is the ... of the coordinate system.

3. ... 1s the distance of the point from the y-axis in a direction parallel to the x-

axis.

4. ... 1s the distance of the point from the x-axis in a direction parallel to
the y-axis.

5. The two axes divide the plane into four ....

6. A point in Cartesian coordinates is represented by an ... of numbers

7.... in Cartesian coordinates are represented by equations of higher degree.
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8.The ... in planar Cartesian coordinate system can be both at right and

obtuse ... to each other.

9. Cartesian coordinate system can also be for two and three .... . Three
imensions include a third axis - z-axis — through ....to the other two axes.

10. The coordinate axes may be left-handed or right-handed, depending on the

way ... are given to the axes.

VI. Translate the paragraphs into English.

1. IIpsambie X, y, Z HA3BIBAIOTCA KOOPAUHATHBIMU OCSIMH, TOUKA UX MEPECCUCHUS
0 - HayagoOM KOOpAMHAT, a IUIOCKOCTH Xy, y3I, XZ — KOOPAWHATHBIMU
MJIOCKOCTSIMHU.

2. B gekapToBOl cuUCTeME MPSIMOYTOJbHBIX KOOPAWHAT HA MJIOCKOCTH KaXKIOM
TOYKE COOTBETCTBYET Mapa JCUCTBUTEIBHBIX YHCET X U J, ONPEICIISIOMINX
MOJIOKCHUE JAaHHOM TOYKM Ha IUIOCKOCTH, H, HA00OpOT, KaXKIOH Iape
JIEUCTBUTEIBHBIX YHCEII X U Yy COOTBETCTBYET TOJIBKO OJIHA TOYKA HA IJIOCKOCTH.
3. KoopauHaToit y Touku M Ha3bIBAETCS YHCIIO, U3MEPSIOUIEE PACCTOSHUE OT
JTAHHOW TOYKH 110 mpsiMor OX U B3ATOE CO 3HAKOM «ILTKOC», €CIIM JJaHHAsI TOUKa
M pacnonoxena Bbiie npssMort OX, ¥ CO 3HAKOM «MHUHYC», eciau Touka M
pacrionokeHa Hwmwke npsamor Ox. KoopauHaTy y Ha3bpIBalOT OpJAMHATOM,

a ocb Oy - OCbIO OpJMHAT.

VII. Read and translate the following sentences. Write 2-3

special and tag questions to each of them.

1. It is surface composed of plane polygonal surfaces.
2. This term is used for closed solid figures.
3. These figure played a significant part in Greek geometry.

4. That polyhedron has identical polyhedral angles.
5. Other polyhedra can be generated by truncated the other regular polyhedra.
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6. He used them in his complicated model.

7. These solids were known to Plato.

8. There are some possible convex regular polyhedra in this text.
9. A plane cuts other faces.

10. The vertices lie at the centers of the edges of the original cube.

VIII. Put the words in the correct order to make the sentences.

1. were, ancient, solids, known, Greeks, these, to.

2. meeting, points, are, the vertex, two, there, at.

3. a figure, formed, a polygon, three or more, is, by, points.

4, figure, 1s, three-dimensional, this, a, geometric.

5. an angle, one quarter, turn, right angle, equal to, compete, is, a, of, a.
6. the eccentricity, the conic, of, the constant, is.

7. central conics, the hyperbola, known, and, are, the ellipse, as.

8. by, a, three, is, a triangle, figure, line, formed, closed, plane, segments.

IX. Give the English equivalents of the following words
and word combinations:

MHOTOTPAaHHBIM  Yroj, 3aMKHyTas IPOCTpaHCTBEHHass (Qurypa, Telo
r€OMETPUYECKU TMpPaBUIIbHOW (POopMbI, MpsiMasi Mpu3Ma, apXUMEIOBO TEIO,
KyO0OOKTasap, rpaHb (MJI0OCKas MOBEPXHOCTH), aHTUIIPU3MA, MKOCOAOJEKAIIP,
pebpo, ycedeHHBIN KyO, MOJYINpaBHIbHBI MHOTOTPAHHHK, TUIATOHOBO TEJO
BOCBMUIPaHHUK (OKTa’Ap), KyO, YETbIpEXTpaHHUK (TETpa3qp), BBITYKJIbIH
MHOTOTPAHHUK, BOTHYTBHIII MHOTOTPaHHUK, JABAJIATUTPAHHUK (MKOCA3p), OJI-
HOPOJIHBIA MHOTOTPaHHUK.

X. Read and decide which of the statements are true and which are false.

Change the sentences so they are true.

1. A polyhedron is a surface composed of plane triangular surfaces.
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2. The sides of the polygons, joining two faces, are its edges.

3. There're two types of polyhedra: concave and convex ones.

4. The faces of a regular polyhedron are formed by identical (congruent)
regular polygons.

5. A tetrahedron has got six square faces.

6. An octahedron has got eight triangular faces.

7. A dodecahedron has got twenty triangular faces.

8. The five regular solids were known to Plato and so they're often called

Platonic solids.

9.

A uniform polyhedron is a polyhedron that has identical polyhedral

angles at all its vertices and has all its faces formed by regular polygons.

10.

An icosidodecahedron, a cuboctahedron and truncated cube represent

the so called "semiregular polyhedra".

XI. Match the terms from the left column and
the definitions from the right column:

1. congruent a) a solid figure with twenty plane surfaces

2. cube b) a solid figure with eight plane surfaces

3. dodecahedron |c) a plane figure with five angles and five sides

4. icosahedron d) a solid figure, esp. one with more than six plane surfaces

5. identical e) a solid figure whose ends are parallel, polygonal, and
equal in size and shape, and whose sides are
parallelograms

6. octahedron f) a solid figure with four triangular faces

7. pentagon g) a solid figure with twelve plane faces
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8. polyhedron h) 1. a) cut off or replaced by a plane face (said of the angles
or edges of a crystal or solid figure), b) having its angles or
edges cut off or replaced in this way (said of the crystal or
solid figure); 2. having a vertex cut off by a plane that is not

parallel to the base(said of a cone or pyramid).

9. prism 1) of figures, having identical shape and size

10. tetrahedron  |j) a solid with six equal, square sides

11. truncated k) 1. the very same; 2. exactly alike or equal;

XII. Read the definitions and decide what terms are defined.
a) A solid figure that has four triangular faces.
b) One of the plane regions bounding a polyhedron.
C) A solid figure that has six identical faces.
d) A line joining two vertices of a geometric figure.
e) A polyhedron that has eight faces.
f) A polyhedron that has twelve pentagonal faces.

XIII. Translate the text into English.
MHOI'OI'PAHHUK

MHOTrOrpaHHMKOM HAa3bIBAETCA TEJIO0, OTPAHMYEHHOE KOHEUYHBIM YHCIIOM
IJIOCKOCTEW. DTO 3HAYMT, YTO BCSI €r0 MOBEPXHOCTh PACIIOI0KEHA B KOHEYHOM
YHUCJIE MIOCKOCTEN. MHOrOrpaHHUK HAa3bIBAETCS BBIMYKJIIBIM, €CIIA OH JIEXKUT I10
OJIHy CTOPOHY Ka)X[OM M3 OrpaHWUYMBAIONIMX €ro Iiockocreid. OOmas 4acTh
IMOBEPXHOCTHU BBIMYKIION0O MHOTOTPAHHUKA U OTPAHUYMBAIOIICH €r0 IMIOCKOCTH
HaszbIBaeTCs rpaHbio. CTOPOHBI TpaHEl Ha3bIBAlOTCS peOpaMy MHOTOIpaHHUKA,
a BEPILMHBI - BEpUIMHAMHA MHOTOTPAHHUKA.

[losicaum nmanHOe ompeneneHue Ha mpumepe Kyda. KyO ecTh BBITyKIIBIiM

MHOTOTpaHHUK. Ero moBepXHOCTh CcOCTOMT W3 miecTH KBajpatoB: ABCD,
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BEFC, ... Onu aBusitorcs ero rpansamu. Pedpamu kyOa sSIBISIOTCS CTOPOHBI ATHUX
kBagpaToB; AB, BC, BE, ... . Bepmmnamu ky0a sSBISIFOTCSI BEPIITUHBI KBAIPaTOB

A, B,C,D,E,.... VY ky0a mectb rpaHei, ABeHaAIaTh PeOEp U BOCEMb BEPIIIHH.

XIV. Read and translate the following sentences.
Write 2-3 special and tag questions to each of them:
1. The given figure is formed from two congruent polygons with their
corresponding sides parallel and the parallelograms formed by joining the

corresponding vertices of the polygons.

2. A right prism is one in which the lateral edges are at right angles to the
bases.

3. One base is displaced with respect to the other, but remains parallel to it.
4, The term "cone" is often used loosely for "conical surface".

5. The common vertex isn't coplanar with the base.

6. The pyramid which has its axis perpendicular to its base is a right
pyramid.

7. The given surface is composed of plane polygonal surfaces.

8. This term is used for closed solid figures.

9. Greeks thought that these figures played a significant part in geometry.
10. That polyhedron has identical polyhedral angles.
11. Other polyhedra can be generated by truncated the other regular

polyhedron.

12. Kepler used these solids in his complicated model.

13. These solids were already known to Plato.

14. The given plane cuts other faces.

15. We see that all vertices lie at the centers of the edges of the original
cube.
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XV. Read the definitions and decide what terms are defined.
1) A solid figure that has four triangular faces.
2) One of the plane regions bounding a polyhedron.
3) A solid figure that has six identical faces.
4) A line joining two vertices of a geometric figure.
5) A polyhedron that has eight faces.
6) A polyhedron that has twelve pentagonal faces.

XVI.  Read and decide which of the statements are true
and which are false. Change the sentences so they are true.
1. A prism is a solid figure formed from three congruent polygons with

their corresponding sides perpendicular.

2. Prisms are named according to the base, thus, a triangular prism has two
triangular bases.

3. There're only two types of prisms: right and regular.

4. A cone is a solid figure formed by a circle and curve on a plane and all

the lines joining points of the base to a fixed point

5. The curved area of the cone forms its lateral surface.

6. A cone that has its axis perpendicular to its base is an oblique cone.

7. The altitude of a cone is the line parallel to the plane of the base.

8. A pyramid is a solid figure formed by a polygon (the base) and a number
of triangles (lateral faces) with a common vertex that is coplanar with the base.
9. A pyramid that has its axis perpendicular to its base is a right pyramid.
10. The volume of any pyramid is 1/3Ah, where A is the area of the base.

11.  The slant height of the pyramid is the altitude of a face and the total
surface area of the lateral faces is 1/2sp, where p is the perimeter of the base

polygon.
12.
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XVII. Translate the definitions of the following

mathematical terms.
1. altitude — the perpendicular distance from the base of a figure to its

highest point or to the side parallel to the base;

2. circular — in the shape of a circle; round;

3.  cone — a flat-based, single-pointed solid formed by a rotating straight line
that traces out a closed-curved base from a fixed vertex point that is not in the
same plane as the base; esp. one formed by tracing a circle from a vertex
perpendicular to the center of the base;

4.  coplanar — in the same plane: said of figures, points, etc;

5. generator (generatrix) — a point, line or plane, whose motion generates

a curve, plane, or figure;

6. height — the distance from the bottom to the top;

7. hexagon — a plane figure with six angles and six sides;

8. hexagonal — having a six-sided base or section: said of a solid figure;

9. lateral — of, at, or toward the side; sideways;

10. parallelogram — a plane figure with four sides, having the opposite

sides parallel and equal;
11. pyramid — a solid figure having a polygonal base and four sloping,

triangular sides meeting at the top;

12. quadrangle — a plane figure with four angles and four sides;

13. rectangle — any four-sided plane figure with four right angles;

14. slant — an oblique or inclined surface, line, direction, etc; slope;
incline;

15.  triangular — of or shaped like a triangle; three-cornered;
16. volume — the amount of space occupied in three dimensions; cubic

contents or cubic magnitude.
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XVIII. Translate the sentences into English.
1. OTpe3ku, COeNMHSIONINE BEPIIMHY KOHYCa C TOYKAMH OKPYKHOCTH
OCHOBaHUs1, HA3bIBAIOTCSA 00pa3yIOLUIMMHU KOHYCA.
2. O0bem 000N TPEYTOJIBHOM THPAMHUABI paBEH OIHOW TpeTH

MMPOU3BCACHUA IIJIOIIAAN OCHOBAHUA HA BBICOTY.

3. Ochl0 MPABUJIBHON THpPaMUIbl HA3bIBACTCSA MpsiMas, COJAEprKallas ee
BBICOTY.
4. Pebpa mpu3Mmbl, coeauHSIONINE BEPIIMHBI OCHOBAHWM, HAa3bIBAIOTCS

OOKOBBIMH pedpamu.

5. MHOrorpaHHMKOM Ha3bIBA€TCS TEJIO, OTPAHUYEHHOE KOHEYHBIM YUCIIOM
IUIOCKOCTEH,
6. bokoBasi TMOBEPXHOCTh NPSMOM TMPU3MBI pPaBHA IPOU3BEICHUIO

MEpUMETPA OCHOBAHUS HA BBICOTY MPU3MBI.
7. [Tupamuaoil uMeHyeTcsl reoMeTpuueckas (purypa ¢ MHOTOYTOJbHBIM
OCHOBAaHHEM M YETBIPbMSI CTOPOHAMU B BUJIE TPEYTOJIBHUKOB, CXOASIIUMUCS B
BEPIINHE MUPAMUJIBI.

8. IIpoTuBOMOIOKHBIE CTOPOHBI rnapasieaorpaMmma paBHBI 51
napajuiesibHbI.

9. KoHyC — 3TO TBEpAOE TEIO C OJHOW BEPIIMHOM U OCHOBAHUEM B BHUJIC
TJIOCKOCTH.

10. IlpaBwibHOW cyWTaeTcss MNHPAMUIA C OCBIO, MEPIEHAUKYISIPHON

OCHOBAHHIO.
11. KonycCpl, npu3Mbl 1 TUpaMU/Ibl HA3BAHBI IO TUITY KX OCHOBAHHM.
12. BricoToll KOHyca MMEHYETCA NEPIECHAUKYJISIPHOE PACCTOSTHUE OT €ro

BCPIIMHEI J0 IIJIOCKOCTH OCHOBAHUSI.
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XIX. Translate the text into English.
IHPU3MA

[Ipu3moii Ha3bIBa€TCS MHOTOIPaHHUK, OOPa30BAHHBIN 3aKIIFOYECHHBIMU
MEXy BYMs TMapajjIeIbHBIMU TUIOCKOCTSIMH OTPE3KaMU BCEX MapaliieiIbHbIX
NpSIMBIX, KOTOpPBIE TMEPECEKAIOT IUJIOCKUM MHOTOYIOJbHUK B OJIHOM U3
I0CKOCTe. ['paHW MpU3MBI, Jexalmue B 3THX IUIOCKOCTAX, Ha3bIBAKOTCS
OCHOBaHUSIMU TpU3MbIL. J[pyrue rpaHu Ha3bIBalOTCsi OOKOBBIMHU rpaHsMu. Bce
OOKOBBIE I'paHU - MapajiieJorpaMmbl. Pedpa rnpusmbl, COSAUHSIONIUE BEPIINHBI
OCHOBaHM, Ha3bIBalOTCA OOKOBBIMH peOpamu. Bce OokoBbie pedpa mpU3MBbI
NapajuieyibHBI.

BricoToli mpu3Mbl HA3bIBAETCS PACCTOSIHUE MEXJY IUIOCKOCTSMH €€
ocHOBaHMH. OTpe30K, COCAWHSIONIMIA JBE BEPIIUHBI, HE IPUHAJICKAIINAC
OIHOW T'paHM, HA3bIBAECTCS IMArOHAJIbIO Npu3Mbl. [Ipu3ma Ha3pIBaeTCs NpsiMOH,
eciu ee OOKOBBIE pedpa MEPHEHIUKYJISIPHBI OCHOBaHUSAM. B IPOTHUBHOM cllyyae
MpU3Ma Ha3bIBACTCA HAKIOHHOMW. lIpsimas mpusma Ha3bIBaeTCs NPABUIBHOM,

CCJIN €C OCHOBAHM:A ABJIAKOTCA IIPABHUIJIBHBIMH MHOI'OYT'OJIbHHUKAMM.
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CHECKING VOCABULARY IN
GEOMETRY

I. Choose the correct variant of the answer.

1. An angle equal to one-half of a complete turn:
(A) flat angle (D) obtuse angle

(B) right angle (E) reflex angle

(@) round angle (F) acute angle

2. A type of conic that has an eccentricity greater than 1:
(A) parabola (D) focus

(B) hyperbola (E) transverse axis

©) ellipse (F) circle

3. A plane figure formed by four intersecting lines:
(A) angle (D) quadrilateral

(B) cube (E) star polygon

(C) triangle (F) square

4. A surface composed of plane polygonal surface:
(A) polyhedron (D) quadrilateral

(B) polygon  (E) circle

(©) 1sosceles  (F) dodecahedron

5. A line either straight or continuously bending without angles:
(A) curvature (D) curve

(B) straight line (E) height
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(©) ray (F) circle

II. Give the English equivalents of the following words and word
combinations:
COOTBETCTBEHHBIN YI'OJI, TYHOYIOJbHBIM TpPEYTOJbHUK, KacaTeilbHas .Iyra,
XOpJia, KOJbLO, OKPYKHOCTh, IPOCTPAHCTBO, YPABHEHUE MPSMOU B OTPE3KaX,
BEKTOP TMIOJIOKEHHUS TOYKH, HPOCTPAHCTBEHHAs KpHUBas, MPSIMOJMHEUHAs
KOOpAMHATA, [0 YaCOBOM CTPEJIKE, MPOTUB YaCOBOM CTPEJIKU, YIOJl BpAIICHHUS,

BBIHYKHBIﬁ MHOI'OYT'OJIBHHK, paBHOYFOHBHBIfI MHOI'OYT'OJIbHHK.

III. Give the Russian equivalents of the following words and word

combinations:

—

edge;

origin of coordinates;
reference line;

mirror image;

translation of axes;
generating angle;
semi-regular polyhedron;

truncated cube;

A SN S o

oblique cone;

10. slant height.

IV. Write special questions using the words in brackets.
1. This figure is formed from two congruent polygons. (What, How many)
2. The polyhedron has got identical polyhedral angles. (What angles)
3. Rene Descartes used these; equations in his complicated model. (Who,

Where)
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4. The vertices lie at the centers of the edges. (What, Where)
5. They could be formed by different section. (What...by, What)
6. Cavaliery had discovered this system by 1774. (Who, What system)

V. Translate the text without using a dictionary.
PARABOLA

Parabola is a type of conic that has an eccentricity equal to 1. It is an open
curve symmetrical about a line (its axis). The point at which the curve cuts the
axis is the vertex. In a Cartesian coordinate system the parabola has a standard
equation of the form "y* = 4ax".

Here, the axis of the parabola is the x-axis, the directrix is the line x = -a,
and the focus is the point (a,0). The length of the chord through the focus
perpendicular to the axis is equal to 4a.

The focal property (1) of the parabola is that for any point P on the curve,
the tangent at P (APB) makes equal angles with a line from the focus F to P and
with a line parallel to the x-axis. This is also called the reflection property (2),
since for a parabolic reflector light from a source (3) at the focus would be
reflected in a beam (4) parallel to the x-axis and sound (5) would be similarly

reflected.

Notes:
1)focal property - poxanbHOE CBOWCTBO
2)reflection property - CBOMCTBO OTpaKEHHUS
3)source - HICTOYHUK
4)beam - nyy

5)sound — 3ByK
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VI. Use the figure for completing the following statements.

~— N~
K =
I.RMiscalleda................... of the circle.

2. KN is twice as long as.........ccccceeeevvveeeennnenn.

3.LMiscalleda...................ooiil of a circle.

4. RL has the same length as ............................

5. A MRNis an.........ccceceveeennenennee. triangle.

6. Point R is called the ..o of the circle
the ... oo of L KRL

7.MNiscalled ......ccooeveiiiinniiennnne, of a circle.

8. MN iscalled an .....c..ccceeeeviiiiieiniiinieiee

9. LMRN 1S Q..o angle.

10. LMRK 1S @i angle.

11. No matter how short an arc is, it is.................... at least slightly.

12. The term circumference mMeans. .......eeeveeeeeeeeeeeeeeennnneens
13. A diameter 1s a chord which.........coooevvvieeiiieeeennnn, )
14. A circle is a set of points in a plane each of which......................... :

15. We cannot find the circumference of a circle by adding......................

VII. Translate the following sentences.
1. Cymma yrnoB TpeyroiabHuKa paBHa 180e°.
2. B TpeyroibHUKE MOXKET OBITH TOJIBKO OJIUH TYHOU YroJl U IBa OCTPHIX.
3. B paBHOCTOPOHHEM TPEYTOJIbHUKE BCE YIJIbl PABHBI.

4. Yrael Ipy OCHOBAaHUU B PaBHOOEAPEHHOM TPEYTOJIbHUKE PABHBI.
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5. B npsAMOYyrojapHOM TPEYrOJIbHHUKE CyMMa KBaJpaTa KaTeTOB paBHA KBAJAPATY

TUIIOTEHY3E.

6. B npsAMOyroiapHHUKE MPOTUBOIIOJI0KHBIE CTOPOHBI PABHBI U MTAPAJIICIIBHBI.
7. TlapaitenbHbIE TUHAN HE MEPECEKAIOTCHL.

8. IIpu nmomoiu UUpKyJIsi MOKHO HAYEPTUTh OKPYKHOCTb.

9. Ilnmomanp kpyra paBHa nMR2.

10.  Jlro6as Touka nexarias Ha OKPY>KHOCTH paBHOY/IaJIeHa OT IIEHTpa.

11.  MBpI Bcerjia MO>XKEM BBIYMCIIUTD IUIOIIAAb KPUBOJIMHEHHON TpaeIUM.

12. Cunycouay MOHO PacTSHYTb BIOJIb OCH KOOPJMHAT.

VIII. Complete the sentences with the following words:
legs, a ray, polygon, a radius, a center, a hypotenuse, triangles, 1, a diameter, a
circle, circumference, an angle, an obtuse, a chord, an acute, an equilateral.
1. You certainly remember that by extending a line segment in one direction
we obtain ... .
2. The following symbol L is frequently used in place of the word ... .
3. Since PD (except for point P) lies in the exterior of L APB, we say that
L APD is greater than a right angle and call it ... .

4. A simple closed. Figure formed by line segments is called... .
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9.

10.

11.

12.

13.

. This is true of..... — geometric figures having three sides.

A DEF is called .... which means that its two sides have the same
measure.
A ABC is referred as .... triangle.

C L F

d

A K M D

. In AMKL, L M is the right angle sides MK and ML are called the..., and

side KL is called the... .

A .... 1s a set of points in a plane each of which is equidistant, that is the
same distance from some given point in the plane called...

A line segment joining any point of the circle with the center is called....
of a circle is a line segment whose endpoints are points on the circle.

....1s a chord which passes through the center of the circle.

Instead of speaking of the perimeter of a circle, we usually use the term...

The number c¢/d or ¢/2*r which is the same for all circles, is designated

by ....
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PART II

MATHEMATICAL SYMBOLS AND EXPRESSIONS

+ addition, plus, positive — B3HAK CJIOXKCHHUS WIH IOJOKUTECIBHOM
BEJIMYHHBI

— subtraction, minus, negative — 3HaK BBIYMTAHHUS WIA OTPHUIIATEILHON
BEJIMYMHBI

+ plus or minus — IUIFOC MUHYC

Xwnmm - multiplication sign, multiplied by — 3Hak yMHOXXEHMSI, YMHOKEHHBIN
Ha ...

+~ wm/ division, divided by — 3Hak neneHus, JeJIEHHBIN HA ...

a/b a divided by b — a nenennoe Ha b

dividied by, ratio sign — aenéHHoOE; 3HaK OTHOIICHUS
equals; as — 3HaK TIPOTIOPITUH

< less than — menee
% not less than — He MeHee
> greater than — Oosee
* not greater than — He Gonee
~ approximately equal — npuOIU3UTENHHO PaBHO
- similar to — moxo0HBIH
= equals — paBHO
# not equal to — He paBHO
= approaches — qocTUTraeT 3HaYCHHUS
~ difference — pa3Hoctb
o0 infinity — 6ECKOHEUYHOCTh

therefore — ciegoBarensHO

since, because — Tak Kak

\ square root — KBaJ[paTHbIA KOPEHb
3 cube root — KyOUYHBIN KOPEHb
| nth root — KOpeHb n-1i CTENEHH
< equal to or less than — MeHbI1Ie UK paBHO
> equal to or greater than — GosbIIe WK paBHO
ar the nth power of a — a B n-ii crenenu
ai asub 1 — anepsoe
an asubn— an-e
L angle — yron
L perpendicular to — mepHeHAUKYIIPHO K

I parallel to — mapamiensHo
log umn logio common logarithm, or Briggsian logarithm necsituunblit torapudm
loge umu In  natural logarithm, or hyperbolic logarithm, or Naperian logarithm —
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HATypaJbHBIN Torapudm
e base (2.718) of natual systems of logarithms — ocHOBaHWE HATypaJbHBIX

sin

cos

tan

ctn UJu cot
sec

csc

vers
covers

sin =

cos'"

sinh

cosh

tanh

J(x) wnu (x)
A

Ax

2

J
J

b

ounu ®

O 1.1}

CKOOKM

AB

U
myt

norapumMoB

sine — CUHyc (sin)

cosine — KOCHUHYC (cOs)

tangent — TaHreHc (tg)

cotangent — KoTaHTeHC (Ctg

secant — ceKaHC (sec)

cosecant — KOCeKaHC (cosec)

versine, versed sine — CHUHYC-Bep3yc

coversine, coversed sine — KOCHHYC-BEp3ycC
antisine — apKcuHYyc (arcsin)
anticosine — apKKOCHHYC (arccos)

hyperbolic sine — cunyc runep6onuueckuii (sh)
hyperbolic cosine — kocunyc runepoonnueckuii (ch)
hyperbolic tangent — Tanrenc runepoonnueckuit (th)
function of x — pyHKIUA OT X

fprimed — npou3BogHas

increment of x — mpupailenue x

summation of — 3HaK CyMMHUpOBaHUS

integral of — uaTETpaN OT

integral between the limits @ and b — unterpan B npezenax ot a 10 b

circle; circumference — Kpyr; OKpY>KHOCTh

parentheses, brackets, and braces — kpyribie, kBagpaTHbIe U GUTrypHbIE

length of /ine from A to B — nnuna otpe3ka AB

micron = 0,001 mm — mukpoH (/0°~ mm)

millimicron = 0,001 — MmummumukpoH (107 = cm)

#

degree — rpamyc
minute — MHUHYyTa
second — cekyHa

1. No (HoMep), eciiu 3HaK OPEAIIeCTBYET YUCIY; 2. aHTJl. (DYHT, €CIu

3HaK ITOCTABJICH ITOCJIC YHCJIa
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& centre line — LeHTpanbHas JIMHUSL, TUHUS LEHTPOB

Ist first — mnepBbIi

2nd second — BTOpOH

3rd third — Ttperuit

4th fourth — yeTBepThIl (Bce OTHO3HAUHBIE MTOPSIKOBBIC OT 4

10 9 UMEIOT OKOHYaHUE th)

5’ 1. matb GyToB; 2. yroa B 5 MUH

9" 1. neBsATH AHOUMOB; 2. yroJi B 9 cek

5 (a"HrTMYaHe ¥ aMEepPUKAHIIBI MHOT/IA HE TTUIIYT HYJIb UEJBIX)

1.5 (aHTIMYaHe W aMEPUKAHIIBI OTACIISIOT 3HAKU JECATUIHBIX APOOCi
HE 3aIsTOM, a TOYKOMW, CTaBsl €€ BBEPXY, B CEPEIMHE WIM BHU3Y
CTPOKH)

7,568 = 7568, 1,000,000= 10°(anrinyaHe U aMEpHUKaHIIbl B MHOTO3HAYHBIX YHMCIIAX
OTJICIISIOT KaXKJIbIe TPH ITUQPHI 3aIISITOM )

.0°103 = 00000103 = 0,00000103 (aHTIMYaHEe ¥ aMEPUKAHIIBI MHOT/Ia 3alIMCHIBAIOT,
TakiuM 00pa3oM, JUIsi KPaTKOCTH Majible IpoOu, BIPOUYEM, B OOJBUIMHCTBE CIy4aeB

OHU TIOJIB3YIOTCS O0IIenpUHATON 3anmuchio /03 x 10°)
2/0, 3/0 v T. 1. 03HAYAIOT HOMEpa pazMepoB MpoBooB 00, 000 u T.11, COTIACHO
OpUTAaHCKOMY CTaHJapTHOMY KanuOpy npoBoioB (SWG)
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READING OF MATHEMATICAL EXPRESSIONS

X >y «xis greater than y»

x <y «1s less than y»

x =0 «xisequal to zero»

x <y «isequal or less than y»

x <y<z «yis greater than x but less than z»

xv  « times or x multiplied by y»

a+ b «a plus b»

7+ 5 =12 «seven plus five equals twelve; seven plus five is equal to twelve;
seven and five is (are) twelve; seven added to five makes twelvey

9. a— b «aminus b»

10. 7—-5 = 2 «seven minus five equals two; five from seven leaves two; difference
between five and seven is two; seven minus five is equal to two»

11. ax b «amultiplied by b»

12. 5x 2= 10 «five multiplied by two is equal to ten; five multiplied by two equals
ten; five times two 1s fen»

13. a:b «adivided by b»

14. a/b «a over b, or a divided by b»

15.10 : 2 =5 «ten divided by two is equal to five, ten divided by two equals five»

16. a =b «aequals b, or aisequal to b»

17.b# 0 «b is not equal to O»

18. m: ab «m divided by a multiplied by b»

19. Nax «The square root of ax»

20. %> «one second»

21. s «one quarter»

22. -7/5 «minus seven fifth»

o NS N W~

23. a?® «a fourth, a fourth power or a exponent 4»
24. a* «a nth, a nth power, or a exponent n»

25. T

€  «eto the power 7 »
26. b «The nth root of b»
27. 38 «The cube root of eight is two»
28. Log 10 3 «Logarithm of three to the base of ten»

29. 2:50 =4 : x «two 1s to fifty as four is to x»
30. 4! «factorial 4»

31. (a+b)? =a?+2ab + b? «The square of the sum of two numbers is equal to the
square of the first number, plus twice the product of the first and second, plus the
square of the second»

32. (a-b)? =a?- 2ab+ b? «The square of the difference of two numbers is equal to
the square of the first number minus twice the product of the first and second, plus
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the square of the second»

33. Ax «Increment of x»

34. Ax —0 «delta x tends to zero»

35. ). «Summation of ...»

36. dx «Differential of x»

37. dy/dx «Derivative of y with respect to x»

38. d3/dx? «Second derivative of y with respect to x»
39. dry/dx «nth derivative of y with respect to x»

40. dy/dx «Partial derivative of y with respect to x»
41. dry/dx" «nth partial derivative of y with respect to x»

42. j «Integral of ...»

a

43.§ «Integral between the limits a and b»
b

44.%d" «The fifth root of d to the nth power»
45Na+b/a—b «The square root of a plus b over @ minus b»
46. a’*=loged «a cubed is equal to the logarithm of d to the base c»

t

47. f 1S, o(S)] ds «The integral of f of § and ¢ of S, with respect to S from ¢
T to t»

d?y

48. + (I + b (S))y = 0 «The second derivative of y with respect to s,

ds?
plus y times the quantity / plus b of s, is equal to zero»
t
49. X a-b =e¢  «X sub a minus b is equal to e to the power ¢ times /»
50. f(z) =Kab «fofzisequal to K sub ab»
d*u
51.

= () «The second partial (derivative) of u with respect to ¢ is
dr?
equal to zero»
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PART III
ADDITIONAL READING

I. MATRICULATION ALGEBRA
DEFINITIONS

1. ALGEBRA is the science which deals with quantities.
These quantities may be represented either by figures or by letters. Arithmetic also
deals with quantities, but in Arithmetic the quantities are always represented by
figures. Arithmetic therefore may be considered as a branch of Algebra.

2.In Algebra it is allowable to assign any values to the letters used; in Arithmetic
the figures must have definite values. @ We are therefore able to state and prove
theorems in Algebra as being true, universally, for all values; whereas in
Arithmetic only each particular sum is or is not correct. Instances of this will
frequently occur to the student of Algebra, as he advances in the subject.

3.This connection of  Arithmetic and  Algebra  the student
should recognize from the first. He may expect to find
the rules of  Arithmetic included 1in the rules of  Algebra.
Whenever he is in a difficulty in an algebraical question,
he will find it useful to take a similar question in Arithmetic with simple figures, and
the solution of this simple sum in Arithmetic will often help him to solve correctly his
algebraical question.

4.All the signs of operation used in Arithmetic are used in Algebra with the same
significations, and all the rules for arithmetical operations are found among the
rules for elementary Algebra. Elementary Algebra, how ever, enables the student to
solve readily and quickly many problems which would be either difficult or impos-
sible in Arithmetic.

5. Signs and abbreviations. — The following signs and abbreviations are used in
Algebra :—
+ plus, the sign of addition.
— minus, the sign of subtraction.
X into, or multiplied by, the sign of multiplication.
+ by, or divided by, the sign of division.
~ the sign of difference ; thus, a~6 means the difference between a and b, whichever
is the larger.
= is, or are, equal to.
.. therefore.

6. The sign of multiplication is often expressed by a dot placed between the two
quantities which are to be multiplied together.
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Thus, 2.3 means 2x3; and a. b means a X b.
This dot should be placed low down, in order to distinguish it from the decimal
point in numbers. Thus 3.4 means 3x4; but 3-4 means 3 decimal point 4, that is 3 +
4.
More often between letters, or between a number and a letter, no sign of
multiplication is placed.
Thus 3a means 3 % a,; and bcd means b X ¢ X d.

1. The operation of division is often expressed by writing the dividend over the
divisor, and separating them by a line.

a
Thus — means a+ b.  For convenience in printing this line is sometimes

b a
written in a slanting direction between the terms ; thus a/b = —.

b
The words sum, difference, multiplier, multiplicand, product, divisor, dividend, and

quotient are used in Algebra with the same meanings as in Arithmetic.

8. Expressions and terms. — Quantities in Algebra are represented by figures and

by letters. The letters may have any values attached to them, provided the same
letter always has the same value in the same question.
The letters at the beginning of the alphabet are generally used to denote known
quantities, and the letters at the end of the alphabet are used to denote quantities
whose values are unknown. For example, in the expression ax + by — ¢, it is
generally considered that a, b, and ¢ denote known values, but x and y denote
unknown values.

An algebraical expression is a collection of one or more signs, figures, and letters,
which are used to denote one quantity.

Terms are parts of an expression which are connected by the signs + or —.

A simple expression consists of only one term.
A compound expression consists of two or more terms.

Thus a, bc, and 3d are simple expressions; and x + 3yz — 2xy is a compound
expression denoting one quantity ; and x, 3yz, and 2xy are terms of the expression.

A binomial expression is a compound expression consisting of only two terms;
e.g., a+b is a binomial expression.

A trinomial expression is a compound expression consisting of only three terms;
e.g., a— b + cis a trinomial expression.

A multinomial expression is a compound expression consisting of more than three
terms.

Positive terms are terms which are preceded by the sign +.

Negative terms are terms which are preceded by the sign —.

When a term is preceded by no sign, the sign + is to be understood. The first term in
an expression is generally positive, and therefore has no sign written before it.

Thus, in a + 2b — 3¢, a and 2b are positive terms, and 3¢ is a negative term.
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Like terms are those which consist of the same letter or the same combination of
letters. Thus, a, 3a, and 5a are like terms; bc, 2bc, and 6bc are like terms ; but ab and
ac are unlike terms.

9. The way in which the signs of multiplication and division are abbreviated or
even omitted in Algebra will serve to remind the student of the important rule in
Arithmetic that the operations of multiplication and division are to be performed
before operations of addition and subtraction.

For example — 2x3+4+2—5=6+2—5= 3.
A similar sum in Algebra would be
ab+ —e.

From the way in which this is written, the student would expect that he must
multiply a by b, and divide ¢ by d, before performing the operations of addition and
subtraction.

10. Index, Power, Exponent.—When several like terms have to be
multiplied together, it is usual to write the term only once, and to indicate the
number of terms that have to be multiplied together by a small figure or letter
placed at the right-hand top corner of the term.

Thus:—

a’ means a.a, or a X a.

a’ means a.a. a, or axaxa.

a* means a.a.a.a, or ax ax a x a.

a’ is read a square; o’ is read a cube ; ' is read a to the fourth power, or,
more briefly, a to the fourth; a’ is read a to the seventh power, or a to the
seventh; and so on.

Similarly, (3a)* = 3a x 3a x 3a x 3a= 8la’; and a” means that b a's are to be
multiplied together.

11. Instead of having several like terms to multiply together, we may have a
number of like expressions to multiply together. Thus, (b + ¢)’ means that b + ¢
is to be multiplied by b + (b + c). This will be explained more fully when the use
of brackets has been ¢, and the product multiplied again by b+c; i.e, (b +c¢)’ =
(b +¢) x (b + ¢) x explained.

12. The small figure or letter placed at the right-hand top corner of a quantity
to indicate how many of the quantities are to be multiplied together is called an
index, or exponent. This index or exponent, instead of being a number or letter,
may also be a compound expression, or, in fact, any quantity; but we, at first,
restricts ourselves to positive integral indices. We say, therefore, that an index
or exponent is an integral quantity, usually expressed in small characters, and
placed at the right-hand top corner of another quantity, to express how many of
this latter quantity are to be multiplied together. A power is a product
obtained by multiplying some quantity by itself a certain number of times.
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13. Notice carefully that an index or an exponent expresses how many of a
given quantity are to be multiplied together. For example, ¢’ means that five a's
are to be multiplied together. In other words, the index expresses how many
factors are to be used. The index, if a whole number, is always greater by one
than the number of times that the given quantity has to be multiplied by itself.
For example, the 5 in a’ expresses the fact that five factors, each equal to a, are
to be multiplied together; or, in other words, that a is to be multiplied by itself
four times. Thus, a° = a X a X a xa % a. This fact is often overlooked by
beginners.

14. Factor, Coefficient, Co-Factor. — A term or expression may consist of a
number of symbols, either numbers or letters, which are multiplied together. For
example, the term 15a’bc consists of the numbers 3 and 5 and the letters a, a, b,
c all multiplied together.

A factor (Lat. facere, to make) of an expression is a quantity which, when
multiplied by another quantity, makes, or produces, the given expression. In the
above example 3, 5, a, b, ¢, and also 15, ab, ac, &c., are all factors of 15a°hc.
For we may consider that

15a°bc =3 x5a xa x b xc;
or that 15a*bc = 15 % ab x ac;
or that 15a*bc = 15 x a? bc;
or that 15a* bc = ab < 15ac ; &c.

15. It is evident that the term 15a* bc may be broken up into factors in several
ways. Sometimes the factors of a quantity may be broken up again into
simpler factors. Thus the factors 15 and a* bc may be broken up again into 5
and 3 and into ab and ac; and ab and ac may be broken up again into a and b,
and into @ and c. When a quantity has been broken up into its simplest factors,
these factors are called the simple or prime factors of the quantity. In whatever
way we begin to break up a given integral quantity into factors, if we continue
to break each factor into simpler factors as long as this is possible, we shall
always arrive at the same set of simple factors from the same integral quantity.
There is therefore only one set of simple or prime factors for the same integral
quantity. In the above example the simple factors of 15a’hc are 3, 5, a, a, b, c.

16. When a quantity 1is broker up into only two factors,
either of these factors may be called the  Coefficient or
Co-Factor of the other factor. For example, in 15a’hc we may call 15 the coefficient
of a’bc, or 154° the coefficient of bc, or 3ab the coefficient of Sac, &c. It is
convenient, however, to use the word coefficient in the sense of numerical
coefficient, and to speak of 15 as the coefficient of a* bc in 15a’bc. In this sense the
coefficient of a quantity is the numerical factor of the quantity.

17. In  Arithmetic the factors of a  whole number or
integer are always taken to be whole numbers or integers.  The factors of a

91



fraction may be either integers or fractions. For example, the factors of 6/5 may be
either 3 and 2/5, or 2 and 3/5, or 6 and 1/5; or, again, the factors of 3/4 may be taken
as 72 and 2/3, or as 3 and 1/4. In the case of fractions, a fraction can be broken up
into  different sets of simple factors in an infinite number of
ways.

18. The coefficient of a quantity may be either integral or fractional. =~ Thus in
5/6a’b the coefficient is 5/6.  When no coefficient is expressed, the coefficient one
is to be understood. Thus ab means once ab, just as in Arithmetic 23 means once
23.

19. Roots. — We have seen that axa = a*>. Here we multiply the quantity a by
itself and so get a’.  Suppose we reverse this process; that is, we have a quantity
given us, and we try to find some quantity which, when multiplied by itself, will
produce the given quantity. For example, what quantity multiplied by itself will give
a*? Evidently, a is the required answer. Again, what number multiplied by itself will
produce 16? Here 4 is the answer. In these cases we are said to find a root of @’, and
of 16.

A root of a given quantity is a quantity which, when multiplied by itself a certain
number of times, will produce the given quantity.

20. The square root of a given quantity is that quantity which, when two of them
are multiplied together, produces the given quantity. Thus, the square root of a’is a;
because two a's multiplied together produce a’. Again, the square root of 16 is
4, because two fours multiplied together produce 16.

The square root of a quantity is indicated by the sign V, which was originally the
first letter in the word radix, the Latin for root. Thus, V16 = 4 ; N&* =a.

21.The cube root of a given quantity is that quantity which, when three of the latter
are multiplied together, produces the given quantity. The cube root of a quantity is
indicated by the sign 3V.  Thus, V64 = 4, because 4 x 4 x 4 = 64. Similarly, 3Va® =
a, because a X a X a= a’.

22.1n like manner v , 5\/, 6 &ec., are used to indicate the fourth, fifth, sixth, &c.,
roots of a quantity.  Thus, V64 = 2, because 2x2x2x2x2x2 = 64. Similarly,

Na®=a; 7Vd =a; WNx¥'=x; =y

23. With regard to Square and Cube Boot, the student may notice that in
Mensuration, if the area of a square is given, the length of each side of the square is
expressed by the square root of the quantity expressing the area. For example, a
square whose area is 16 square feet has each side 4 feet long.  Similarly, a cube
whose content is 27 cubic feet has each edge 3 feet long.

24. Brackets. — In Arithmetic each number, as, for example, 13, is thought of
as one number. It is true that 13 is equal to the sum of certain other numbers; e.g., 6

92



+ 4 + 3 = 13; but we do not necessarily consider 13 as made up of these numbers, 6,
4, and 3. So also in Algebra each expression must be considered as expressing one
quantity, e.g., @ + b — c represents the one quantity which is obtained by adding 5 to
a and then subtracting ¢ from the sum of @ and b.

So also each of the expressions in Exercises | @ and I b represents one quantity. The
answer to each of these examples is the numerical value of the example when the
letters a, b, ¢, d, e, and /" have the numerical values mentioned.

25. When an  expression is made up of terms  containing
the signs +, —, X, and +, either expressed or understood, we know from Arithmetic
that the operations of multiplication and division are considered as indicating a closer
relation than the operations of addition and subtraction. The operations of
multiplication and division must be performed first, before the operations of addition
and subtraction. For example,

3+8+2—2x3=3+4—6=1.
Exactly the same rule applies in Algebra. For example, consider the expression a +
bc — d+ e + f. Here we must first multiply b by ¢, and divide d by e. Then we add the
product to a, then subtract the quotient, and finally add fto get the result.

26. Frequently, however, it is necessary to break this rule about the order of
operations, and we may wish some part of an expression to be considered as forming
but one term.  This is indicated by placing in brackets that part which is to be
considered as one term.

For example, in Arithmetic, (3 +7) x2=10 x2=20. Here we treat3 + 7 as
one term, and therefore we place it in brackets. If we leave out the brackets,

3+ 7%x2 =3+ 14 = 17. Exactly the same thing is done in Algebra. For example, (a
+ b) xc means that the sum of @ and b is to be multiplied by c¢; whereas a+bxc means
that first of all 4 1s to be multiplied by ¢, and then the product is to be added to a.

27. Negative quantities. — In Arithmetic, in questions
involving subtraction, we are always asked to take a smaller quantity from a
larger quantity. For example, if we have to find the difference between 5 and 7,
we say 7—5 = 2. But suppose we are asked to subtract 7 from 5. Arithmetically
this is impossible. In Algebra such a question is allowable. We say that 5 — 7 =15
—5—2 = —2, and we arrive at a negative answer, namely —2. In Algebra,
therefore, we may either subtract 5 from 7, or 7 from 5; and we consider it
correct to write a — 5, whether a is larger or smaller than 4.

28. Instead of considering abstract numbers like 5 and 7, let us suppose that we have
to deal with concrete quantities such as £5 and £7.  Suppose a tradesman made
a profit of £5 one day, and then lost £7 the next day. How should we express his
total profit? We should say £5 —£7 = —£2; his profits on the two days
amounted to —£2; or, in other words, he lost +£2. It appears then that the
negative result of —£2 profit can be expressed as a positive result of + £2 loss.
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29. Again, suppose a ship sails 5 miles towards a harbour, and then is carried
back by wind and tide 7 miles away from the harbour. We might say that the ship
has advanced (5 — 7) miles, or —2 miles towards the harbour; or that the ship has
retired + 2 miles from the harbour.

30. In both these examples a negative answer can be expressed as a positive
answer by altering the form of the answer. This can always be done with concrete
quantities, and, in Arithmetic, whenever we arrive at a negative result, we
transpose the form of the answer and express the result as a positive answer.  In
Algebra, however, it is convenient to leave a negative result and even to speak of a
negative quantity without expressing any positive quantity. Thus we speak of —
a, or of —3b, &c., as well as of +a or of +3b, &c.

31. The signs, therefore, + and — are used to distinguish quantities of opposite
kinds. Every term in an algebraical expression and also every factor in every term
must be thought of as being preceded by either + or —. If no sign is expressed,
the sign + 1s understood. This use of the signs + and — 1s so constant and so
important that + and — are often spoken of as the signs in an expression, and to
change the signs in an expression means to change all + signs to —, and all —
signs to +. For example, a + b—c is the same expression as -a—b+c with the
signs changed.

This use of + and — before each term must not be confused with the use of the
same signs to mark operations of addition and subtraction.

ADDITION AND SUBTRACTION

32. We know, from Arithmetic, that the operations of addition and subtraction
are mutually opposed. If we add to and subtract from the same number some
other number, we shall not alter the number with which we started. For example,
suppose we start with 7. Add and subtract 3, thus: 7 + 3—3 = 7; adding and
subtracting 3 has not altered the 7. This is true in Algebra.

In Arithmetic we can add together two or more abstract numbers and express
them more shortly as a single number, thus : 2 + 3 + 5 = 10; but in Algebra we
can only add together and express more shortly terms which are alike, thus: 2a +
3a + 5a = 10a. Terms which are unlike cannot be added together; thus @ + b + ¢
cannot be expressed in a shorter form.

33. The rules for addition are as follows: —
(1) Only like terms can be added.
(2)Add together all the like terms that are positive and all the like terms that

are negative; subtract the smaller of these sums from the larger, and prefix the
sign of the larger sum.

Remember that when no numerical coefficient is expressed the coefficient 1 is
understood.
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34. Subtraction. — If we add together —7 and 20, we get 13. If we subtract + 7
from 20, we get 13. Therefore to subtract + 7 from 20 gives the same result as
adding -7 to 20.

Conversely, since +7 added to 20 gives 27, we might infer that —7 subtracted
from 20 would give 27, and this would be correct. Hence we can also infer a
general rule for subtraction, viz.: — Change the signs of all the terms in the express-ion
which has to lie subtracted, and then proceed as in addition.

For example: — Subtract 3a—4b from 8a + 2b.

Set down as in addition, and change the signs in the lower line, thus:

8a +2b
-3a+4b
Sa+6b
By adding, we get 5a + 61 as the difference required.
In working subtraction sums, the signs in the lower lines should be changed

mentally. The above sum would then appear thus:
S8a +2b
3a-4b
Sa+6b.

The actual process of working this sum after setting it down would be as
follows: — Begin with the a's, minus 3 and plus 8; the plus is the larger by 5;
therefore set down 5a, omitting the plus sign because 5a is the first term. Again,
plus 4 and plus 2 give plus 6; therefore set down plus 6b.

35. As in addition, like terms must be arranged under like terms. Take
another example. From 5a° + 54’ — 7a + 3a’—5 take 5a’ — 6a +7 — 2a’ + 2a’.
Arrange in order thus:

3a’+5a*+ 5a° -Ta—5
2a" +2a’ +54°-6a+ 7
S5a’ +3a’ —a—12.

The working of this question was as follows: — Begin with a* plus 2 and plus
3 give plus 5a’. Then, for a’, minus 2 and plus 5, the plus is the larger by 3;
therefore set down + 3a’. Then &> minus 5 and plus 5 give 0; therefore set
nothing down. Then a plus 6 and minus 7, the minus is the larger by 1;
therefore set down —a, the 1 being understood before the a. Lastly, minus 7 and
minus 5 give —12.

36. Notice that in Algebra we do not consider which expression is the larger in a
subtraction sum. The answer may be either a positive or a negative quantity; and so
in Algebra we may subtract either a larger quantity from a smaller, or a smaller
quantity from a larger. Also the letters used in an algebraical expression may have
any value, so that we cannot always tell which, is the larger of two expressions. We
usually, therefore, pay no attention in Algebra to the magnitudes of the quantities we
use.

37. Since subtraction and addition are inverse operations, we can prove the accuracy
of our work in an addition sum by subtracting one or more of the expressions added
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together from the sum; and we can prove the accuracy of a subtraction sum by adding
the expression subtracted to the remainder. To take an example from
Arithmetic: 7+5+3=15; to prove that this is correct, we subtract 3 from 15,
thus: 15— 3 =12; then subtract 5 from 12, thus: 12 — 5 = 7; we have now come
back to 7, which is the number we started with; so we infer that our addition was
correct. In subtraction, 14—5 =9 and 5 + 9 = 14. This will be evident to the
student from his knowledge of Arithmetic.

MULTIPLICATION

38. In Arithmetic we say 2x3 = 6. No notice is taken of signs; but, if this be
expressed fully and correctly, we should say + 2x +3 = +6. Therefore, when two
terms with plus signs are multiplied together the product is plus.

Suppose +2 x -3 or -2 x +3. Evidently the product will not be the same in either of
these cases as in +2 x +3. Therefore we assume that +2 x -3 = -6 and -2 x +3= -6.
Therefore, when one term has a plus sign and the other term has a minus sign the
product is minus.

Again, suppose -2 x -3. This is different from the last two cases, and we assume that
-2 x -3 =+6. Therefore, when two terms with minus signs are multiplied together the
product is plus.

From these results we can infer the rule of signs.

Rule of signs. — Like signs produce plus; unlike produce minus.

39. The application of the rule of signs is very important when we come to deal with
indices or powers, and roots of quantities. For example:

(+a)’ =+a x +a =+a’ = a’.

(-a)’ =-a x -a =+a’ = a’.

(+a)’ =+a x +a x+a =+a’ = a’.

(-a)’ =-a x -a x-a = -a’.

We see that a plus quantity raised to any power produces a plus result; a minus
quantity raised to an even power produces a plus result, e.g., (-a)° = a°; but a
minus quantity raised to an odd power produces a minus result,

e.g., (-a)’ =-a’.

Again, with roots V(a”) = either +a or -a, since + a x +a = ¢, and -a x - a = a’ also.
So that the square root of a positive or plus quantity is either plus or minus; that is,
every positive quantity which is an exact square has two roots, these roots being of
opposite sign — the one plus and the other minus.

Since like signs produce plus, we cannot find the square root of any negative or
minus quantity, e.g., V(-a’) is impossible quantity, for -a x-a=+d’, and
axa=-+a.

Again, 3N(+a¥) = +4°, since +a x +a x +a=+a’;and (-d’) = -¢’, since -a x
-a x-a=-a.

We see, therefore, that apparently there is only one real or possible cube root of a
given quantity, but this given quantity may be either plus or minus.
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Similarly, for higher powers; if we are asked to find the 4th, 6th, 8th, or any even root
of a, given quantity, we can only do so when the given quantity is plus, and then we
can find two real roots, one of each sign. But, if we are asked to find the 5th, 7th, 9th,
or any odd root of a given quantity, we may be able to do so whatever the sign of the
quantity is, but we can only find one real root, and the sign of this root will be the
same as the sign of the given quantity.

40. These conclusions must be understood to be true only in a limited sense. It is
only in a few cases that any root can be obtained exactly; as, for example, the square
roots of 4, 9, 16, &c., of a’, a’, a’, &g. ; the cube roots of 8, 27, &o., and of a’, a’,
a’, &c. But we can calculate roots of numbers to some required degree of accuracy,
or we can express the roots algebraically without actually calculating them, e.g.,
s\N(a*), TN(a@®), 8N(a’), &g. The student also will learn afterwards to consider that
every quantity has just as many roots as the power of the root, e.g., there are 5 fifth
roots of any quantity, 6 sixth roots, 7 seventh roots, and so on. One or more of these
roots will be real, and the rest only imaginary.

41. We have already seen that when any term is multiplied by itself the product may
be expressed in a simple form by the use of an index or power. Thus

axa=a’; bxbxb=b’; cxcxcxe=c’; and so on. By reversing the process, b'=bxbxb
xb and bxb= b’.

Therefore  b*xb’=bxbxb xb xb xb =b°.

Hence we infer that different powers of the same form may be multiplied by writing
the quantity with an index equal to the sum of the indices of the multipliers. In the
above example, 4 + 2 = 6; therefore b*xb* =pS.

Similarly, b°xb’ =b°.

Also, since a= a’, @’ % a= a’, a® x a= a’; and so on.

Also we have seen that when two different terms are multiplied together the product
may be expressed by writing the two terms side by side. Thus: a x b = ab; ¢’ xd’
=c’d’.

42. In Arithmetic the student knows that, if several numbers have to be multiplied
together, the numbers may be taken in any order. For example:

2 x3 x4 =2 x4 x3=3x4x2=4x3x2 &c., for each product is equal to 24. So
also in Algebra the terms in any product may be taken in any order. So that

abc = acb = bca = bac = cab = cba.

If, therefore, in Algebra we have to multiply together two or more simple factors, we
may place the numerical factors all together, and we may gather together any factors
which are powers of the same quantity, and apply the rule for the multiplication of
indices. For example:

3a° b’c? x2a b’ *=3x2 xa’x ax B’x b’x ¢!x ¢ =6x a’x b’ x ¢’=6a’b’c’.

43. In the multiplication of simple expressions like the above, the student will find it
advisable to take the numbers first, then the letters in alphabetical order, and, lastly,
to apply the rule of signs.
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44. Dimension and degree. — If we take a simple expression and write down
separately all the letters used as factors of the expression, and if we then count the
letters, we obtain the number of the dimensions, or the degree of the term. Thus 3a’
b* = 3xaxaxbxbxb, is of five dimensions, or of the fifth degree; or 3a’ b’ is of two
dimensions in a, and of three dimensions in 5. In multiplication, the dimensions of
the product must be equal to the sum of the dimensions of the factors. With integral
indices, the dimension or degree of any term is equal to the sum of all the indices;
thus 3abc’ is of the fourth degree, the indices being 1, 1, 2.

45. The following considerations will enable the student to test the correctness of his
work. Notice that —
(1) There are as many lines as there are terms in the multiplier.
(2) There are as -many terms in each line as there are
terms in the multiplicand

(3) With regard to signs, a plus sign in the multiplier
will leave all the signs the same as in the multiplicand. Conversely, a minus sign in
the  multiplier  will change all the signs of the multiplicand
in the corresponding line of the product.
(4) It 1s advisable to arrange both multiplicand and multiplier in descending powers
of some letter, because by so doing we shall find that the products produced in the
working will be easier to arrange in columns.

46. A compound expression in which all the terms are of the same dimension is
said to be homogeneous.

Since the dimension of every term in a product is equal to the sum of the dimensions
of its factors, it follows that, if we multiply together two homogeneous expressions,
we shall obtain a homogeneous product.

47. The following rules will therefore enable us to read off the product when two
binomial expressions, such as x + 7 and x — 8, are multiplied together.

(1) The first and last terms in the product are obtained by multiplying together the
two first terms, and then the two last terms.

(2) The coefficient of the middle term in the product is obtained by  adding
together, algebraically, the two last terms; e.g.,

(a +6)a+4)=a + 10a+24.

Similar rules will hold if, instead of a number, we use any other kind of term for the
second term in each multiplier; e.g., (a + 2b)(a + 3b) = a’ +5ab+6b°.
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1. BASE TWO NUMERALS

During the latter part of the seventeenth century a great German philosopher and
mathematician Gottfried Wilhelm von Leibnitz (1646—1716), was doing research on
the simplest numeration system. He developed a numeration system using only the
symbols 1 and 0. This system is called a base two or binary numeration system.

Leibnitz actually built a mechanical calculating machine which until recently
was standing useless in a museum in Germany. Actually he made his calculating
machine some 3 centuries before they were made by modern machine makers.

The binary numeration system introduced by Leibnitz is used only in some of
the most complicated electronic computers. The numeral 0 corresponds to off and the
numeral 1 corresponds to on for the electrical circuit of the computer.

Base two numerals indicate groups of ones, twos, fours, eights, and so on. The
place value of each digit in 1101two is shown by the above words (on or off) and also
by powers of 2 in base ten notation as shown below.

The numeral 1101two means (1x2%)* + (1x2%) + (0x2) + (1x1) = (1x8) +
(1x4) +(0x2) + (1x1) =8 +4 + +0+1=13. Therefore 1101, =13

23 224 2 1
Eights Fours Twos Ones
1 1 0 1

A base ten numeral can be changed to a base two numeral by dividing by
powers of two.

From the above you know that the binary system of numeration is used
extensively in high-speed electronic computers. The correspondence between the two
digits used in the binary system and the two positions (on and off) of a mechanical
switch used in an electric circuit accounts for this extensive use.

The binary system is the simplest’ place-value, power-position system of
numeration. In every such numeration system there must be symbols for the numbers
zero and one. We are using 0 and 1 because we are well familiar with them.

The binary numeration system has the advantage of having only two digit
symbols but it also has a disadvantage of using many more digits to name the same
numeral in base two than in base ten. See for example:

476 =111011100 two

It is interesting to note that any base two numeral looks like a numeral in any
other base. The sum of 10110 and 1001 appears the same in any numeration system,
but the meaning is quite different. Compare these numerals:
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10110 two 10110ten 10110seven
+1001 two _+1001ten + 1001 seven

III. CLOSURE PROPERTY

In this lesson we shall be concerned with the closure property.

If we add two natural numbers, the sum will also be a natural number. For
example, 5 is a natural number and 3 is a natural number. The sum of these two
numbers, 8, is also a natural number. Following are other examples in which two
natural numbers are being added and the sum is another natural number. 19+4 = 23
and only 23; 6+6=12 and only 12; 1429+357=1786 and only 1786. In fact, if you add
any two natural numbers, the sum is again a natural number. Because this is true, we
say that the set of natural numbers is closed under addition.

Notice that in each of the above equations we were able to name the sum. That
1S, the sum of 5 and 3 exists, or there is a number which is the sum of 19 and 4. In
fact, the sum of any two numbers exists. This is called the existence property.

Notice also that if you are to add 5 and 3, you will get 8 and only 8 and not some
other number. Since there is one and only one sum for 19+4, we say that the sum is
unique. This is called the uniqueness property.

Both uniqueness and existence are implied in the definition of closure.

Now, let us state the closure property of addition.

If @ and b are numbers of a given set, then a+ b is also a number of that same
set. For example, if a and b are any two natural numbers, then a + b exists, it is
unique, and it is again a natural number.

If we use the operation of subtraction instead of the operation of addition, we
shall not be able to make the statement we made above. If we are to subtract natural
numbers, the result is sometimes a natural number, and sometimes not. 11—6 = 5
and 5 1s a natural number, while 9—9 = 0 and 0 is not a natural number.

Consider the equation 4—7 = n. We shall not be able to solve it if we must have
a natural number as an answer. Therefore, the set of natural numbers is not closed
under subtraction.

What about the operation of multiplication? Find the product of several pairs of
natural numbers. Given two natural numbers, is there always a natural number which
is the product of the two numbers?

Every pair of natural numbers has a unique product which is again a natural
number. Thus the set of natural numbers is closed under multiplication.

In general, the closure property may be defined as follows: if x and y are any
elements, not necessarily the same, of set 4 (4 capital) and * (asterisk) denotes an
operation *, then set A4 is closed under the operation asterisk if (x*y) is an element of
set A.

To summarize, we shall say that there are two operations, addition and
multiplication, for which the set of natural numbers is closed. Given any two natural
numbers x and y, x + y and x x y are again natural numbers. This implies that the
sum and the product of two natural numbers exists. It so happens that with the set of
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natural numbers (but not with every mathematical system) the results of the
operations of addition and multiplication are unique.

It should be pointed out that it is practically impossible to find the sum or the
product of every possible pair of natural numbers. Hence, we have to accept the
closure property without proof, that is, as an axiom.

IV. SOMETHING ABOUT MATHEMATICAL SENTENCES

In all branches of mathematics you need to write many sentences about
numbers. For example, you may be asked to write an arithmetic sentence that
includes two numerals which may name the same number or even different numbers.
Suppose that for your sentence you choose the numerals 8 and 11—3 which name the
same number. You can denote this by writing the following arithmetic sentence,
which is true: 8= 11—3.

Suppose that you choose the numerals 9+6 and 13 for your sentence. If you use
the equal sign ( = ) between the numerals you will get the following sentence
9+6=13. But do 9+6 and 13 both name the same number? Is 9+6= 13 a true sentence?
Why or why not?

You will remember that the symbol of equality ( =) in an arithmetic sentence is
used to mean is equal to. Another symbol that is the symbol of non-equality (#) is
used to mean is not equal to. When an equal sign ( =) is replaced by a non-equal sign
(#), the opposite meaning is implied. Thus the following sentence (9+6+#13) is read:
nine plus six is not equal to thirteen. Is it a true sentence? Why or why not?

An important feature about a sentence involving numerals is that it is either true
or false, but not both.

A mathematical sentence that is either true or false, but not both is called a
closed sentence. To decide whether a closed sentence containing an equal sign (=) is
true or false, we check to see that both elements, or expressions, of the sentence name
the same number. To decide whether a closed sentence containing a non-equal sign
(#) 1s true or false, we check to see that both elements do not name the same number.

As a matter of fact, there is nothing incorrect or wrong, about writing a false
sentence; in fact, in some mathematical proofs it is essential that you write false
sentences. The important thing is that you must be able to determine whether
arithmetic sentences are true or false.

The following properties of equality will help you to do so.

Reflexive: a = a

Symmetric: If a = b, then b — a.

Transitive: If a = b and b = ¢, thena = c.

The relation of equality between two numbers satisfies these basic axioms for
the numbers a, b, and c.

Using mathematical symbols, we are constantly building a new language. In
many respects it is more concise and direct than our everyday language. But if we are
going to use this mathematical language correctly we must have a very good
understanding of the meaning of each symbol used.
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You already know that drawing a short line across the = sign (equality sign) we
change it to # sign (non-equality sign). The non-equality symbol (#) implies either of
the two things, namely: is greater then or is less than. In other words, the sign of non-
equality (#) in 3+4+#6 merely tells us that the numerals 3+4 and 6 name different
numbers; it does not tell us which numeral names the greater or the lesser of the two
numbers.

If we are interested to know which of the two numerals is greater we use the
conventional symbols meaning less than (<) or greater than (>). These are inequality
symbols or ordering symbols because they indicate order of numbers. If you want to
say that six is less than seven, you will write it in the following way: 6<7. If you want
to show that twenty is greater than five, you will write 20>5.

The signs which express equality or inequality (=, #, >, <) are called relation
symbols because they indicate how two expressions are related.

V. RATIONAL NUMBERS

In this chapter you will deal with rational numbers. Let us begin like this.

John has read twice as many books as Bill. John has read 7 books. How many
books has Bill read?

This problem is easily translated into the equation 2n = 7, where n represents the
number of books that Bill has read. If we are allowed to use only integers, the
equation 2n=7 has no solution. This is an indication that the set of integers does not
meet all of our needs.

If we attempt to solve the equation 2n = 7, our work might appear as follows.

2n=7,2n_ 7 2 7 7 1

2=2,2xn=21xn=2,n=2 .
The symbol, or fraction, 7/2 means 7 divided by 2. This is not the name of an
integer but involves a pair of integers. It is the name for a rational number. 4 rational
number 1s the quotient of two integers (divisor and zero). The rational numbers can

be nalmedgby ff)aCtiO:rng' Th9€ following fractions name rational numbers:

2, 3, 5 1, 4,
We might define a rational number as any number named by

where a and n name integers and n # 0.

Let us dwell on fractions in some greater detail.

Every fraction has a numerator and a denominator. The denominator tells you
the number of parts of equal size into which some quantity is to be divided. The

numerator tells you how many of these parts are to be taken.
2

Fractions representing values less than 1, like 3 (two thirds) for example, are

called proper fractions. Fractions which name a number
2 3

equal to or greater than 1, like 2 or2 , are called improper fractions.

a
n

There are numerals like 1 2 (one and one second), which name a whole number
and a fractional number. Such numerals are called mixed fractions.
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Fractions which represent the same fractional number like
1 2 3 4
2, 4, 6, 8, and so on, are called equivalent fractions.

We have already seen that if we multiply a whole number by I we shall leave the
number unchanged. The same is true of fractions since when we multiply both
integers named in a fraction by the same number we simply produce another name

for the fractional number.
1 1

For example, 1 x 2 = 2 We can also use the idea that I can be as

expressed a fraction in various ways: 2, 3, 4, and so on.
1

1 2
II\IOW seelwhat2 happelns Whgnlyou nzlultiply 2 by 2. You will have
X
2= 12=72 x 2 = 2x2 = 4. Asamatter of fact in the above

operation you have change6d the fra%tionzto its6hig2her t3erms.
Now look at this: 8 :1=18 : 2 = 8:2 = 4.
gn both of the above operations the number you have chosen gor 1 is

2 1In the second3examp1e you have used division to change 8 to lower

terms, that is to 4 .The numerator and the denominator in this fraction are
relatively prime and accordingly we call such a fraction the simplest fraction for the
given rational number.

You may conclude that dividing both of the numbers named by the numerator
and the denominator by the same number, not 0 or 1 leaves the fractional number
unchanged. The process of bringing a fractional number to lower terms is called
reducing a fraction.

To reduce a fraction to lowest terms, you are to determine the greatest common
factor. The greatest common factor is the largest possible integer by which both
numbers named in the fraction are divisible.

From the above you can draw the following conclusion®: mathematical concepts
and principles are just as valid in the case of rational numbers (fractions) as in the
case of integers (whole numbers).

VI. DECIMAL NUMERALS

In our numeration system we use ten numerals called digits. These digits are
used over and over again in various combinations. .Suppose, you have been given
numerals 1, 2, 3 and have been asked to write all possible combinations of these
digits. You may write 123, 132, 213 and so on. The position in which each digit is
written affects its value. How many digits are in the numeral 7086? How many place
value positions does it have? The diagram below may prove helpful. A comma
separates each group or period. To read 529, 248, 650, 396, you must say: five
hundred twenty-nine billion, two hundred forty-eight million, six hundred fifty
thousand, three hundred ninety-six.
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5 209, 2 4 8, 6 5 0, 396

But suppose you have been given a numeral 587.9 where 9 has been separated
from 587 by a point, but not by a comma. The numeral 587 names a whole number.
The sign (.) is called a decimal point.

All digits to the left of the decimal point represent whole numbers. All digits to
the right of the decimal point represent fractional parts of 1.

The place-value position at the right of the ones place is called tenths. You
obtain a tenth by dividing 1 by 10. Such numerals like 687.9 are called decimals.

You read .2 as two tenths. To read .0054 you skip two zeroes and say fifty four
ten thousandths.

Decimals like .666..., or .242424..., are called repeating decimals. In a repeating
decimal the same numeral or the same set of numerals is repeated over and over
again indefinitely.

We can express rational numbers as decimal numerals. See how it may be
done.

31 4 4x4 16

100=031. 25= 4x25=100=0.16

The digits to the right of the decimal point name the numerator of the fraction, and the
number of such digits indicates the power of 10 which is the denominator. For example, .
217 denotes numerator 217 and a denominator of 10° (ten cubed) or 1000.

In our development of rational numbers we have named them by fractional
numerals. We know that rational numerals can just as well be named by decimal
numerals. As you might expect, calculations with decimal numerals give the same
results as calculations with the corresponding fractional numerals.

Before performing addition with fractional numerals, the fractions must have a
common denominator. This is also true of decimal numerals.

When multiplying with fractions, we find the product of the numerators and the
product of denominators. The same procedure is used in multiplication with
decimals.

Division of numbers in decimal form is more difficult to learn because there is
no such simple pattern as has been observed for muliplication.
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Yet, we can introduce a procedure that reduces all decimal-division situations to
one standard situation, namely the situation where the divisor is an integer. If we do
so we shall see that there exists a simple algorithm that will take care of all possible
division cases.

In operating with decimal numbers you will see that the arithmetic of numbers
in decimal form is in full agreement with the arithmetic of numbers in fractional
form.

You only have to use your knowledge of fractional numbers.

Take addition, for example. Each step of addition in fractional form has a
corresponding step in decimal form.

Suppose you are to find the sum of, say, .26 and 2.18. You can change the
decimal numerals, if necessary, so that they denote a common denominator. We may
write .26 = .260 or 2.18 = 2.180. Then we add the numbers just as we have added
integers and denote the common denominator in the sum by proper placement of the
decimal point.

We only have to write the decimals so that all the decimal points lie on the same
vertical line. This keeps each digit in its proper place-value position.

Since zero is the identity element of addition it is unnecessary to write .26 as .
260, or 2.18 as 2.180 if you are careful to align the decimal points, as appropriate.

VII. THE DIFFERENTIAL CALCULUS

No elementary school child gets a chance of learning the differential calculus,
and very few secondary school children do so. Yet I know from my own experience
that children of twelve can learn it. As it is a mathematical tool used in most branches
of science, this form a bar between the workers and many kinds of scientific
knowledge. I have no intention of teaching the calculus, but it is quite easy to explain
what it is about, particularly to skilled workers. For a very large number of skilled
workers use it in practice without knowing that they are doing so.

The differential calculus is concerned with rates of change. In practical life we
constantly come across pairs of quantities which are related, so that after both have
been measured, when we know one, we know the other. Thus if we know the distance
along the road from a fixed point we can find the height above sea level from a map
with contour. If we know a time of day we can determine the air temperature on any
particular day from a record of a thermometer made on that day. In such cases we
often want to know the rate of change of one relative to the other.

If x and y are the two quantities then the rate of change of y relative to x is
written dy/dx. For example if x is the distance of a point on a railway from London,
measured in feet, and y the height above sea level, dy/dx is the gradient of the
railway. If the height increases by 1 foot while the distance x increases by 172 feet,
the average value of dy/dx is 1/172. We say that the gradient is 1 to 172. If x is the
time measured in hours and fractions of an hour, and y the number of miles gone,
then dy/dx is the speed in miles per hour. Of course, the rate of change may be zero,
as on level road, and negative when the height is diminishing as the distance x
increases. To take two more examples, if x the temperature, and y the length of a
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metal bar, dy/dx—:—y is the coefficient of expansion, that is to say the proportionate
increase in length per degree. And if x is the price of commodity, and y the amount
bought per day, then -dyldx is called the elasticity of demand.

For example people must buy bread, but cut down on jam, so the demand for
jam 1s more elastic than that for bread. This notion of elasticity is very important in
the academic economics taught in our universities. Professors say that Marxism is out
of date because Marx did not calculate such things. This would be a serious criticism
if the economic "laws" of 1900 were eternal truths. Of course Marx saw that they
were nothing of the kiad and "elasticity of demand" is out of date in England today
for the very good reason that most commodities are controlled or rationed.

The mathematical part of the calculus is the art of calculating dy/dx if y has some
mathematical relations to x, for example is equal to its square or logarithm. The rules
have to be learned like those for the area and volume of geometrical figures and have
the same sort of value. No area is absolutely square, and no volume is absolutely
cylindrical. But there are things in real life like enough to squares and cylinders to
make the rules about them worth learning. So with the calculus. It is not exactly true
that the speed of a falling body is proportional to the time it has been falling. But
there is close enough to the truth for many purposes.

The differential calculus goes a lot further. Think of a bus going up a hill which
gradually gets steeper. If x is the horizontal distance, and y the height, this means that
the slope dy/dx is increasing. The rate of change of dy/dx with regard to y is written
d”/dx’. In this case it gives a measure of the curvature of the road surface. In the same
way if x is time and distance, d” /dx’ is the rate of change of speed with time, or
acceleration. This is a quantity which good drivers can estimate pretty well, though
they do not know they are using the basic ideas of the differential calculus.

If one quantity depends on several others, the differential calculus shows us how
to measure this dependence. Thus the pressure of a gas varies with the temperature
and the volume. Both temperature and volume vary during the stroke of a cylinder of
a steam or petrol engine, and the calculus is needed for accurate theory of their
action.

Finally, the calculus is a fascinating study for its own sake. In February 1917 1
was one of a row wounded officers lying on stretchers on a steamer going down the
river Tigris in Mesopotamia. I was reading a mathematical book on vectors, the man
next to me was reading one on the calculus. As antidotes to pain we preferred them to
novels. Some parts of mathematics are beautiful, like good verse or painting. The
calculus is beautiful, but not because it is a product of "pure thought". It was invented
as a tool to help men to calculate the movement of stars and cannon balls. It has the
beauty of really efficient machine.

VIII. RAYS, ANGLES, SIMPLE CLOSED FIGURES

1. You certainly remember that by extending a line segment in one direction we
obtain a ray. 2. Below is a picture of such an extension.
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3. The arrow indicated that you start at point M, go through point N, and on
without end. 4. This results in what is called ray MN which is denoted by the symbol
MN. 5. Point M is the endpoint in this case. 6. Notice that the letter naming the
endpoint of a ray is given when first naming the ray.

7. From what you already know you may deduce that drawing two rays
originating from the same endpoint forms an angle. 8. The common point of the two
rays is the vertex of the angle.

M

9. Angles, though open figures, separate the plane into three distinct sets of
points: the interior, the exterior, and the angle. 10. The following symbol . is
frequently used in place of the word angle.

11. The angle pictured above could be named in either of the following
ways: a) angle LMN (or £LMN); b) angle NML (or L_ NML).
12. The letter naming the vertex of an angle occurs as the middle letter in

naming each angle. 13. Look at the drawing below.

2 |

P A

v

— —

13. Ray PA (PA) and ray PB (PB) form a right angle, which means

N
that the angle has a measure of 90° (degrees). 15. Since PC
(except for point P) lies in the interior of APB, we speak of ~CPA
being less than a right angle and call it an acute angle with a degree
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N
measure less than 90°. 16. Since PD (except for point P) lies in the exterior of
ZAPB, we say that <APD is greater than a right angle and call it an obtuse angle
with a degree measure greater than 90°.
Simple Closed Figures

17 A simple closed figure is any figure drawn in a plane in such a way that
its boundary never crosses or intersects itself and encloses part of the plane. 18.
The following are examples of simple closed figures. 19. Every simple closed
figure separates the plane into three distinct sets of points. 20. The interior of the
figure is the set of all points in the part of the plane enclosed by the figure. 21.
The exterior of the figure is the set of points in the plane which are outside the
figure. 22. And finally, the simple closed figure itself is still another set of points.

ORVEE

23. A simple closed figure formed by line segments is called a polygon. 24.
Each of the line segments is called a side of the polygon. 25. Polygons may be
classified according to the measures of the

F
C /\ L
/\ 4
A B D E K M

angles or the measure of the sides. 26. This is true of triangles — geometric
figures having three sides — as-well as of quadrilaterals, having four sides.

27. In the picture above you can see three triangles. AABC is referred to as
an equilateral triangle. 29. The sides of such a triangle all have the same linear
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measure. 30. ADEF is called an isosceles triangle which means that its two sides have
the same measure. 31. You can see it in the drawing above. 32. AALMK being
referred to as a right triangle means that it contains one right angle. 33. In AMKL,
M 1s the right angle, sides MK and ML are called the legs, and side KL is called the
hypotenuse. 34. The hypotenuse refers only to the side opposite to the right angle of a
right triangle. Below you can see quadrilaterals.

v
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35. A parallelogram is a quadrilateral whose opposite sides are parallel. 36.
Then the set of all parallelograms is a subset of all quadrilaterals. Why? 37. A
rectangle is a parallelogram in which all angles are right angles. 38. Therefore we can
speak of the set of rectangles being a subset of the set of parallelograms. 39. A square
is a rectangle having four congruent sides as well as four right angles. 40. Is every
square a rectangle? Is every rectangle a square? Why or why not? 41. A rhombus is a
parallelogram in which the four sides are congruent. 42. Thus, it is evident that
opposite sides of a rhombus are parallel and congruent. 43. Is defining a square as a
special type of rhombus possible? 44. A trapezoidal has only two parallel sides. 45.
They are called the bases of a trapezoidal.

\4

IX. SOMETHING ABOUT EUCLIDEAN AND NON-EUCLIDEAN
GEOMETRIES

1. It is interesting to note that the existence of the special quadrilaterals
discussed above is based upon the so-called parallel postulate of Euclidean geometry.
2. This postulate 1s now usually stated as follows: Through a point not on line L, there
is no more than one line parallel to L. 3. Without assuming (ae momyckasi) that there
exists at least one parallel to a given line through a point not on the given line, we
could not state the definition of the special quadrilaterals which have given pairs of
parallel sides. 4. Without the as sumption that there exists no more than one parallel
to a given line through a point not on the given line, we could not deduce the
conclusion we have stated (chopmymupoBanu) for the special quadrilaterals. 5. An
important aspect of geometry (or any other area of mathematics) as a deductive
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system is that the conclusions which may be drawn are consequences (cnenctBue) of
the assumptions which have been made. 6. The assumptions made for the geometry
we have been considering so far are essentially those made by Euclid in Elements. 7.
In the nineteenth century, the famous mathematicians Lobachevsky, Bolyai and
Riemann developed non-Euclidean geometries. 8. As already stated, Euclid assumed
that through a given point not on a given line there is no more than one parallel to the
given line. 9. We know of Lobachevsky and Bolyai having assumed independently of
(ue 3aBucumo oT) one another that through a given point not on a given line there is
more than one line parallel to the given line. 10. Riemann assumed that through a
given point not on a given line there is no line parallel to the given line. 11. These
variations of the parallel postulate have led (npuBenu) to the creation (co3mganue) of
non-Euclidean geometries which are as internally consistent (HempoTUBOpEUYHBEHI) as
Euclidean geometry. 12. However, the conclusions drawn in non-Euclidean
geometries are often completely inconsistent with Euclidean conclusions. 13. For
example, according to Euclidean geometry parallelograms and rectangles (in the
sense (cmbicn) of a parallelogram with four 90-degree angles) exist; according to the
geometries of Lobachevsky and Bolyai parallelograms exist but rectangles do not;
according to the geometry of Riemann neither parallelograms nor rectangles exist. 14.
It should be borne in mind that the conclusions of non-Euclidean geometry are just as
valid as those of Euclidean geometry, even though the conclusions of non-Euclidean
geometry contradict (npotuBopeuatr) those of Euclidean geometry. 15. This
paradoxical situation becomes intuitively clear when one realizes that any deductive
system begins with undefined terms. 16. Although the mathematician forms intuitive
images (06passi) of the concepts to which the undefined terms refer, these images are
not logical necessities (HeoOxoaumocTs). 17. That is, the reason for forming these in-
tuitive images is only to help our reasoning (paccyxnenue) within a certain deductive
system. 18. They are not logically a part of the deductive system. 19. Thus, the
intuitive images corresponding to the undefined terms straight line and plane are not
the same for Euclidean and non-Euclidean geometries. 20. For example, the plane of
Euclid is a flat surface; the plane of Lobachevsky is a saddle-shaped
(cemnoo6pasusiit) or pseudo-spherical surface; the plane of Riemann is an ellipsoidal
or spherical surface.

X. CIRCLES

1. If you hold the sharp end of a compass fixed on a sheet of paper and then turn
the compass completely around you will draw a curved line enclosing parts of a
plane. 2. It is a circle. 3. A circle is a set of points in a plane each of which is
equidistant, that is the same distance from some given point in the plane called the
center. 4. A line segment joining any point of the circle with the center is called a
radius. 5. In the figure above R is the center and RC is the radius. 6. What other radii
are shown? 7. A chord bf a circle is a line segment whose endpoints are points on the
circle. 8. A diameter is a chord which passes through the center of the circle. 9. In the
figure above AB and BC are chords and AB is a diameter. 10. Any part of a circle
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containing more than one point forms an arc of the circle. 11. In the above figure, the
points C and 4 and all the points in the interior of Z4RC that are also points of the

circle are called arc
M M

AC which is symbolized as AC. 12. ABC is the arc containing points 4 and C
and all the points of the circle which are in the exterior of ZABC. 13. Instead of
speaking of the perimeter of a circle, we usually use the term circumference to mean
the distance around the circle. 14. We cannot find the circumference of a circle by
adding the measure of the segments, because a circle does not contain any segments.
15. No matter how short an arc is, it is curved at least slightly. 16. Fortunately
mathematicians have discovered that the ratio of the circumference (C) to a diameter

(d) is the same for all c

circles. This ratio is expressed d 17. Since d = 2r (the length of a diameter is
equal to twice the length of a radius of the same circle), the following denote
the same ratio.

c C

d = 2r since d=2r

c C
18. The number d or 2r which is the same for all circles, is designated by =
19. This allows us to state the following:
C C.
d=r or 2r=m
20. By using the multiplication property of equation, we obtain the following:
C=ndor C=2nr.

XI. THE SOLIDS
A solid is a three-dimensional figure, e.g. a prism or a cone.

A prism is a solid figure formed from two congruent polygons with their
corresponding sides parallel (the bases) and the parallelogram (lateral faces) formed
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by joining the corresponding vertices of the polygons. The lines joining the vertices
of the polygons are lateral edges. Prisms are named according to the base - for
example, a triangular prism has two triangular bases (and three lateral faces); a
quadrangular prism has bases that are quadrilaterals. Pentagonal, hexagonal, etc.
prism have bases that are pentagons, hexagons, etc.

A right prism is one in which the lateral edges are at right angles to the bases
(i.e. the lateral faces are rectangles) - otherwise the prism is an oblique prism (i.e. one
base is displaced with respect to the other, but remains parallel to it). If the bases are
regular polygons and the prism is also a right prism, then it is a regular prism.

A cone is a solid figure formed by a closed plane curve on a plane (the base) and
all the lines joining points of the base to a fixed point (the vertex) not in the plane of
the base. The closed curve is the directrix of the cone and the lines to the vertex are
its generators (or elements). The curved area of the cone forms its lateral surface.
Cones are named according to the base, e.g. a circular cone or an elliptical cone. If
the base has a center of symmetry, a line from the vertex to the center is the axis of
the cone. A cone that has its axis perpendicular to its base is a right cone; otherwise
the cone is a oblique cone. The altitude of a cone (h) is the perpendicular distance
from the plane of the base to the vertex. The volume of any cone is I/3hA, where A is
the area of the base. A right circular cone (circular base with perpendicular axis) has
a slant height (s), equal to the distance from the edge of the base to the vertex (the
length of a generator). The term "cone" is often used loosely for "conical surface".

A pyramid is a solid figure (a polyhedron) formed by a polygon (the base) and
a number of triangles (lateral faces) with a common vertex that is not coplanar with
the base. Line segments from the common vertex to the vertices of the base are
lateral edges of the pyramid. Pyramids are named according to the base: a triangular
pyramid (which is a tetrahedron), a square pyramid, a pentagonal pyramid, etc.

If the base has a center, a line from the center to the vertex is the axis of the
pyramid. A pyramid that has its axis perpendicular to its base is a right pyramid;
otherwise, it is an oblique pyramid, then it is also a regular pyramid.

The altitude (h) of a pyramid is the perpendicular distance from the base to the
vertex. The volume of any pyramid is I/3Ah, where A is the area of the base. In a
regular pyramid all the lateral edges have the same length. The slant height (s) of the
pyramid is the altitude of a face; the total surface area of the lateral faces is 1/2sp,
where p is the perimeter of the base polygon.

XII. POLYHEDRON

A polyhedron is a surface composed of plane polygonal surfaces (faces). The
sides of the polygons, joining two faces, are its edges. The corners, where three or
more faces meet, are its vertices. Generally, the term "polyhedron" is used for closed
solid figure. A convex polyhedron is one for which a plane containing any face does
not cut other faces; otherwise the polyhedron is concave.

A regular polyhedron is one that has identical (congruent) regular polygons
forming its faces and has all its polyhedral angles congruent. There are only five
possible convex regular polyhedra:
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1) tetrahedron - four triangular faces,

2) cube - six square faces,

3) octahedron - eight triangular faces,

4) dodecahedron - twelve pentagonal faces,
5) icosahedron - twenty triangular faces.

The five regular solids played a significant part in Greek geometry. They were
known to Plato and are often called Platonic solids. Kepler used them in his
complicated model of the solar system.

A uniform polyhedron is a polyhedron that has identical polyhedral angles at all
its vertices, and has all its faces formed by regular polygons (not necessarily of the
same type). The five regular polyhedra are also uniform polyhedra. Right prisms and
antiprisms that have regular polygons as bases are also uniform. In addition, there are
thriteen semiregular polyhedra, the so-called Archimedian solids. For example, the
icosidodecahedron has 32 faces - 20 triangles and 12 pentagons. It has 60 edges and
30 vertices, each vertex beeing the meeting point of two triangles and two
pentagons. Another example is the truncated cube, obtained by cutting the corners
off a cube. If the corners are cut so that the new vertices lie at the centers of the edges
of the original cube, a cuboctahedron results. Truncating the cuboctahedron and
"distorting" the rectangular faces into squares yields another Archimedian solid.
Other uniform polyhedra can be generated by truncating the four other regular
polyhedra or the icosidodecahedron.

XIII. THE PYTHAGOREAN PROPERTY

The ancient Egyptians discovered that in stretching ropes of lengths 3 units, 4
units and 5 units as shown below, the angle formed by the shorter ropes is a right
angle. 2. The Greeks succeeded in finding other sets of three numbers which gave
right triangles and were able to tell without drawing the triangles which ones should
be right triangles, their method being as follows. 3. If you look at the illustration you
will see a triangle with a dashed interior. 4. Each side of it is used as the side of a
square. 5. Count the number of small triangular regions 1in the interior of each
square. 6. How does the number of small triangular regions in the two smaller
squares compare with the number of triangular regions in the largest square? 7. The
Greek philosopher and mathematician Pythagoras noticed the relationship and is
credited with the proof of this property known as the Pythagorean Theorem or the
Pythagorean Property. 8. Each side of a right triangle being used as a side of a
square, the sum of the areas of the two smaller squares is the same as the area of the
largest square.
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Proof of the Pythagorean Theorem
9. We should like to show that the Pythagorean Property is true for all right
triangles, there being several proofs of this property. 10. Let us discuss one of them.
11. Before giving the proof let us state the Pythagorean Property in mathematical
language. 12. In the triangle above, ¢ represents the measure of the hypotenuse, and
a and b represent the measures of the other two sides.

a b
C aa?rtbL’
b bﬁb@b
a b
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13. If we construct squares on the three sides of the triangle, the area-measure will
be a’, b’ and ¢*. 14. Then the Pythagorean Property could be stated as follows: ¢’ =
a’ + b’. 15. This proof will involve working with areas. 16. To prove that ¢ = a° +
b’ for the triangle above, construct two squares each side of which has a measure a +
b as shown above. 17. Separate the first of the two squares into two squares and two
rectangles as shown. 18. Its total area is the sum of the areas of the two squares and
the two rectangles.

A=a’+2ab+b’

19. In the second of the two squares construct four right triangles. 20. Are they
congruent? 21. Each of the four triangles being congruent to the original triangle, the
hypotenuse has a measure c. 22. It can be shown that PORS is a square, and its area is
¢’. 23. The total area of the second square is the sum of the areas of the four triangles
and the square PORS. A = ¢’+4 (% ab). The two squares being congruent to begin
with?, their area measures are the same. 25. Hence we may conclude the following:

a’+2ab+b’ = ’+4(Y% ab)

(@’ +b°) + 2ab =’ + 2ab
26. By subtracting 2ab from both area measures we obtain a’+ b° = ¢’ which proves
the Pythagorean Property for all right triangles.

XIV. SQUARE ROOT

1. It is not particularly useful to know the areas of the squares on the sides of a
right triangle, but the Pythagorean Property is very useful if we can use it to find the
length of a side of a triangle. 2. When the Pythagorean Property is expressed in the
form ¢’ = a’+ b*, we can replace any two of the letters with the measures of two sides
of a right triangle. 3. The resulting equation can then be solved to find the measure of
the third side of the triangle. 4. For example, suppose the measures of the shorter
sides of a right triangle are 3 units and 4 units and we wish to find the measure of the
longer side. 5. The Pythagorean Property could be used as shown below:

’=a+b, =3+, F=9+16, =25
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6. You will know the number represented by ¢ if you can find @ number which,
when used as a factor twice, gives a product of 25. 7. Of course, 5x5 =25,s0 c =5
and 5 is called the positive square root (kopenn) of 25. 8. If a number is a product of
two equal factors, then either (mr060i1) of the equal factors is called a square root of
the number. 9. When we say that y is the square root of K we merely (Bcero Jyuiiib)
mean that y’ = K. 10. For example, 2 is a square root of 4 because 2> = 4. 11. The
product of two negative numbers being a positive number, —2 is_also a square root
of 4 because (—2)? = 4. The following symbol V called a radical sign is used to
denote the positive square root of a number. 13. That is VK means the positive
square root of K. 14. Therefore V4 =2 and V25 = 5. 15. But suppose you wish to find
the ¥20. 16. There is no integer whose square is 20, which is obvious from the
following computation. 4>= 16 so V16 = 4; a* = 20 so 4<a<5, 5> =25, so V25 =5. 17.
20 is greater than 4 but less than 5. 18. You might try to get a closer approximation
of V20 by squaring some numbers between 4 and 5. 19. Since V20 is about as near to
4% as! to 5%, suppose we square 4.4 and 4.5.
4.4=1936 a’=20 4.5°=20.25

20. Since 19.36<20<20.25 we know that 4.4<a<4.5. 21. 20 being nearer to 20.25
than to 19.36, we might guess that \20 is nearer to 4.5 than to 4.4. 22. Of course, in
order to make sure’ that V20 = 4.5, to the nearest tenth, you might select values
between 4.4 and 4.5, square them, and check the results. 23. You could continue the
process indefinitely and never get the exact value of 20. 24. As a matter of fact, V20
represents an irrational number which can only be expressed approximately as
rational number. 25. Therefore we say that V20 = 4.5 approximately (to the nearest
tenth).
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APPENDIX
SAMPLE TEST FROM GMAT

1. A trip takes 6 hours to complete. After traveling 4 of an hour, 17 hours,

and 2’5 hours, how much time does one need to complete the trip?
(A) 2 '/** hours
(B) 2 hours, 2% minutes
(C) 2 hours, 5 minutes
(D) 2% hours
(E) 2 hours, 72 minutes

2. It takes 30 days to fill laboratory dish with bacteria. If the size of the bacteria
doubles each day, how long did it take for the bacteria to fill one half of the
dish?

(A) 10 days

(B) 15 days

(C) 24 days

(D) 29 days

(E) 29.5 days

3. A car wash can wash 8 cars in 18 minutes. At this rate how many cars can the
car wash wash in 3 hours?

(A)13

(B)40.5

(©)80

(D) 125

(E) 405

4. If the ratio of the areas of 2 squares is 2 : 1, then the ratio of the perimeters of
the squares is

(A)1:2

(B) 1: 12

) \2:1

(D)2:1

(E) 4:1

There are three types of tickets available for a concert: orchestra, which cost $12

cach; balcony, which cost $9 each; and box, which cost $25 each. There were P
orchestra tickets, B balcony tickets, and R box tickets sold for the concert. Which of
the following expressions gives the percentage of the ticket proceeds due to the sale
of orchestra tickets?
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(A) 100 x
(P+B+R)

12P

(B) 100 x
(12P + 9B + 25 R)

12P

©)

(12P+9B + 25 R)

(9B + 25R)
(D) 100 x

(12P + 9B + 25 R)

(12P + 9B +25R)
(E) 100 x

(12P)

6. City B is 5 miles east of City A. City C is 10 miles southeast of City B. Which of
the following is the closest to the distance from City A to City C?

(A) 11 miles

(B) 12 miles

(C) 13 miles

(D) 14 miles

(E) 15 miles

7. If 3x — 2y =8, then 4y — 6x is:
(A)-16

(B) -8

()8

(D) 16

(E) cannot be determined

8. It costs 10c. a kilometer to fly and 12c. a kilometer to drive. If you travel 200
kilometers, flying x kilometers of the distance and driving the rest, then the
cost of the trip in dollars is:

(A) 20

(B) 24

(C) 24— 2x
(D) 24 — 0.02x
(E) 2.400 — 2x
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9. If the area of a square increases by 69%, then the side of the square increases
by:

(A) 13%

(B) 30%

(©) 39%

(D) 69%

(E) 130%

10. There are 30 socks in a drawer. 60% of the socks are red and rest are
blue. What is the minimum number of socks that must be taken from the
drawer without looking in order to be certain that at least two blue socks have
been chosen?

(A)2

(B)3

(C)14

(D) 16

(E) 20

1. How many squares with sides %2 inch long are needed to cover a
rectangle that is 4 feet long and 6 feet wide?

(A)24

(B)96

(C) 3,456

(D) 13,824

(E) 14,266

12. In a group of people solicited by a charity, 30% contributed $40 each,
45 % contributed $20 each, and the rest contributed $12 each. What
percentage of the total contributed came from people who gave $40?

(A)25%

(B) 30%

(C) 40%

(D) 45%

(E) 50%

13. A trapezoid ABCD is formed by adding the isosceles right triangle BCE
with base 5 inches to the rectangle ABED where DE is t inches. What is the
area of the trapezoid in square inches?

(A)5t+12.5

(B) 5t+25

(C)2.5t+12.5

(D) (t+5)

(E) 2 +25
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D E C

14. A manufacturer of jam wants to make a profit of $75 by selling 300 jars
of jam. It costs 65¢. each to make the first 100 jars of jam and 55c. each to
make each jar after the first 100. What price should be charged for the 300 jars
of jam?

(A)$75

(B)$175

(C) $225

(D)$240

(E) $250

15. A car traveled 75% of the way from town A to town B by traveling for T
hours at an average speed of V mph. The car travels at an average speed of S
mph for the remaining part of the trip. Which of the following expressions
represents the time the car traveled at S mph?

(A) VT/S

(B) VS/AT

(C) 4VT/3S

(D)3S/VT

(E) VT/3S

16. A company makes a profit of 7% selling goods which cost $2,000; it also
makes a profit of 6% selling a machine that cost the company $5,000. How
much total profit did the company make on both transactions?

(A) $300

(B) $400

(C) $420

(D) $440

(E) $490

17. The ratio of chickens to pigs to horses on a farm can be expressed as the
triple ratio 20: 4: 6. If there are 120 chickens on the farm, then the number of
horses on the farm is

(A)4
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(B) 6

(C) 24
(D) 36
(E) 60

18. Ifx? - y? =15andx +y =3, thenx —y s
(A) —3

(B)O0

©)3

(D)5

(E) cannot be determined

19. What is the area of the shaded region? The radius of the outer is a and the
radius of each of the circles inside the large circle is a/3.
(A)0

(B) (5)=a*
(©) (%)=a*
(D) ("fe)=a*

(E) (°/e)=a"

20. If 2x —y = 4, then 6x — 3y is
(A)4
(B)6
(©)8
(D) 10
(E) 12

21. A warehouse has 20 packers. Each packer can load % of a box in 9 minutes. How
many boxes can be loaded in 1% hours by all 20 packers?

(A) 1%

(B) 10%

(O)12%
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(D)20
(E) 25

22. In Motor City 90% of the population own a car, 15 % own a motorcycle, and
everybody owns one or the other or both. What is the percentage of motorcycle
owners who own cars?

(A) 5%

(B) 15%

(C) 33V5%
(D) 50%
(E) 90%

23. Towns A and C are connected by a straight highway which is 60 miles long.
The straight-line distance between town A and town B 1s 50 miles, and the straight-
line distance from town B to town C is 50 miles. How many miles is it from town B
to the point on the highway connecting towns A and C which is closest to town B?

(A)30

(B) 40

(C)30\2

(D)50

(E) 60

24. A chair originally cost § 50.00. The chair was offered for sale at 108% of its cost.
After a week the price was discounted 10% and the chair was sold. The chair was
sold for

(A) $45.00

(B) $48.00

(C) $49.00

(D) $49.50

(E) $54.00

25. A worker is paid x dollars for the first 8 hours he works each day. He is paid y
dollars per hour for each hour he works in excess of 8 hours. During one week he
works 8 hours on Monday, 11 hours on Tuesday, 9 hours on Wednesday, 10 hours on
Thursday, and 9 hours on Friday. What is his average daily wage in dollars for the
five-day week?

(A) x+(7/5)y

(B) 2x+y

(C) (5x+8y)/5

(D) 8x+(7/5)y

(E) 5x+7y
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26.

A club has 8 male and 8 female members. The club is choosing a committee of 6

members. The committee must have 3 male and 3 female members. How many
different committees can be chosen?

(A) 112,896

(B) 3,136

(C) 720

(D) 112

(E)

9

27. A motorcycle costs $ 2,500 when it is brand new. At the end of each year

it is worth */s of what it was at the beginning of the year. What is the
motorcycle worth when it is three years old?

(A)$1,000
(B) $1,200
(C)$1,280
(D)$1,340
(E) $1,430
28. If x + 2y = 2x + y, then x — y is equal to
(A)O
(B) 2
(C) 4
D) 5

(E) cannot be determined

29. Mary, John, and Karen ate lunch together. Karen’s meal cost 50% more

than John’s meal and Mary’s meal cost °/e as much as Karen’s meal. If Mary
paid $2 more than John, how much was the total that the three of them paid?
(A) $2833
(B) $30.00
(C) $35.00
(A) $37.50
(B) $40.00

30. If the angles of triangle are in the ratio 1 : 2 :2, then the triangle
(A) is isosceles

(B) is obtuse

(C) is aright triangle

(D) is equilateral

(E) has one angle greater than 80°

31. Successive discounts of 20% and 15% are equal to a single discount of
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(A) 30%
(B) 32%
(C) 34%
(D) 35%
(E) 36%

32. It takes Eric 20 minutes to inspect a car. Jane only needs 18 minutes to
inspect a car. If they both start inspecting cars at 8:00 a.m., what is the first
time they will finish inspecting a car at the same time?

(A) 9:30 am.

(B) 9:42 am.

(C) 10:00 a.m.

(D) 11:00 a.m.

(E) 2:00 p.m.

33. If x/y = 4 and y is not 0, what percentage (to the nearest percent) of x is
2x—y

(A) 25

(B) 57

(C) 75

(D) 175

(E) 200

34. Ifx>2andy> -1, then
(A) xy>-2

(B) —x <2y

(C) xy<-2

(D) —x>2y

(E) x< 2y

35. If x =y =2z and xeye z = 256, then x equals
(A) 2

(B) 232

(C) 4

(D) 432

(E) 8

36. If the side of square increases by 40%, then the area of the square
increases by

(A) 16%

(B) 40%

(C) 96%
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(D) 116%
(E) 140%

37. If 28 cans of soda cost $21.00, then 7 cans of soda should cost
(A) $5.25

(B) $5.50

(C) $6.40

(D) $7.00

(E) $10.50

38. If the product of 3 consecutive integers is 210, then the sum of the two
smaller integers is

(A) 5

(B) 11

) 12

(D) 13

(E) 18

39. Both circles have radius 4 and the area enclosed by both circles is 28=.
What is the area of the shaded region?

(A) 0
(B) 2=
(C) 4=

(D) 4=
(E) 16=

40. If a job takes 12 workers 4 hours to complete, how long should it take 15
workers to complete the job?

(A) 2 hr 40 min

(B) 3 hr

(C) 3 hr 12 min

(D) 3 hr 24 min

(E) 3 hr 30 min
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41. If a rectangle has length L and the width is one half of the length, then
the area of the rectangle is

(A) L
(B) L2
(C) % L2

(D) v L2
(E) 2L

42. What is the next number in the arithmetic progression 2, 5, § ....... ?
(A) 7

B) 9

(©) 10

(D) 11

(E) 12

43. The sum of the three digits a, b, and ¢ is 12. What is the largest three-
digit number that can be formed using each of the digits exactly once?

(A) 921

(B) 930

(C) 999

(D) 1,092

(E) 1,200

44, What is the farthest distance between two points on a cylinder of height
8 and the radius 8?

(A) 812

(B) 83

(C) 16

(D) 85

(E) 8(2= +1)

45. For which values of x is x? - 5x + 6 negative?
(A) x<0

(B) 0<x<2

(C) 2<x<3

(D) 3<x <6

(E) x> 6

46. A plane flying north at 500 mph passes over a city at 12 noon. A plane
flying east at the same time altitude passes over the same city at 12:30p.m. The
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plane is flying east at 400 mph. To the nearest hundred miles, how far apart are
the two planes at 2 p.m.?

(A) 600 miles

(B) 1,000 miles

(C) 1,100 miles

(D) 1,200 miles

(E) 1,300 miles

47. A manufacturer of boxes wants to make a profit of x dollars. When she
sells 5,000 boxes it costs 5¢ a box to make the first 1,000 boxes and then it
costs y¢ a box to make the remaining 4,000 boxes. What price in dollars should
she charge for the 5,000 boxes?

(A) 5,000 + 1,000y

(B) 5,000 + 1,000y + 100x

(C) 50+ 10y +x

(D) 5,000 + 4,000y + x

(E) 50 +40y +x

48. An angle of x degrees has the property that its complement is equal to /e
of its supplement where x is

(A) 30

(B) 45

(C) 60

(D) 63

(E) 72

49. The angles of a triangle are in the ratio 2 : 3 : 4. The largest angle in the
triangle is

(A) 30°

(B) 40°

(C) 70°

(D) 75°

(E) 80°

50. If x <y, y <z and z > w, which of the following statements is always
true?
(A) x>w
B) x< z
C) y=w
D) y>w
(E) x<w
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51 ABCD has area equal to 28. BC is parallel to AD. BA is perpendicular to AD. If

BC is 6 and AD is &, then what is CD?

B C

A D
(A)272
(B) 23
(C)4
(D)2V5
(E)6

52. Write formulas according to descriptions:

1.
2.
3.

*

a plus b over a minus b is equal to ¢ plus d over ¢ minus d.

a cubed is equal to the logarithm of d to the base c.

a) ¢ of z is equal to b, square brackets, parenthesis, z divided by ¢ sub m plus 2.
close parenthesis, to the power m over m minus 1, minus 1, close square
brackets;

b) ¢ ofzisequal to b multiplied by the whole quantity: the quantity two
plus z over ¢ sub m, to the power m over m minus 1, minusl.
the absolute value of the quantity ¢ sub j of  one, minus ¢ sub;j of 7two, is

less than or equal to the absolute value of the quantity M of #1
minus S over j, minus M of 2 minus [ over .

R 1s equal to the maximum over j of the sum from i equals one to i equals n of
the modulus of aij of ¢, where ¢ lies in the closed interval a b and where j runs
from one to n.
the limit as » becomes infinite of the integral of fof s and @ » of s plus delta n of
s, with respect to s, from 7 to ¢, is equal to the integral of fof s and ¢ of s, with
respect to s, from 7 to z.

w sub n minus 7 sub s plus 1 of ¢ is equal to p sub n minus » sub s plus 1, times e

to the power ¢ times A sub ¢ plus s.

L sub n adjoint of g is equal to minus 1 to the n, times the n-th derivative of a
sub zero conjugate times g, plus, minus one to the » minus 1, times the » minus
first derivative of a sub one conjugate times g, plus ... plus a sub n conjugate times

g.

the partial derivative of F' of lambda sub i of ¢ and ¢, with respect to lambda,
multiplied by lambda sub i prime of ¢, plus the partial derivative of F with
arguments lambda sub i of 7 and ¢, with respect to ¢, is equal to 0.
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10. the second derivative of y with respect to s. plus y, times the quantity 1 plus b of
s, 1s equal to zero.

11.  fof z1s equal to @ sub mk hat, plus big 0 of one over the absolute value of z, as
absolute z becomes infinite, with the argument of z equal to gamma.

12. D sub n minus 1 prime of x is equal to the product from s equal to zero to n of,
paranthesis, 1 minus x sub s squared, close paranthesis, to the power epsilon
minus 1.

13. K of ¢ and x is equal to one over twoi, times the integral of K of # and z, over @
minus o of x, with respect to w along curve of the modulus of @ minus one half, is
equal to rho.

14. The second partial (derivative) of u with respect to ¢ plus a to the fourth power,
times the Laplacian of the Laplacian of u, is equal to zero, where a is positive.

15. D sub k of x 1s equal to one over two i, times integral from ¢ minus 7 infinity to ¢
plus i infinity of dzeta to the £ of, @, x to the w divided by w, with respect to o,
where c is greater than 1.

ACTIVE VOCABULARY

[Ipennaraemslii cioBapb COAEPKUT BBIPAXKEHHUSI, KOTOPbIE OBLIN MIPEICTABIICHbI B
JTAHHOM MOCOOMH Kak HOBas Jiekcuka. Cji0Ba M BbIPaKeHHUsI PACIOJI0KeHbI B
aj(paBUTHOM MOPSAKE.

-A-

a0COJIFOTHAS BEJIUYHMHA,
a0COTFOTHOE 3HAYECHHE

absolute value

a0COJIFOTHBIN, MOJIHBIA  KBaApaT

perfect square

abcrucca abscissa
airedpa algebra
aKcuoMa axiom

AKCHoMa 3aBCPIICHHOCTH

completeness axiom

AKCHOMa IOJIA

field axiom

aKCnoMa 1nopsaaKa

order axiom

aﬂre6panqec1<a>1 KpHuBas1

algebraic curve

aHaJIu3 analysis
aHTIIorapugm antilogarithm
apryMEHT, He3aBUCHMas IEPEMEHHAs argument
apudMeTHKa arithmetic
apka, JIyra arc
aroema apothem
aCCOLIMATUBHBIN associative
-b-
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0e30macHbIN secure
OeCKOHEUYHBIN(0) infinite(ly)
OECKOHEUHO MaJIoe MpHUpaIICHUE increment

OCCKOHEYHBIN Tpeien

infinite limit

OecKOHeYHas MPOU3BOAHAS

infinite derivative

OCCKOHEUHBIN PsiJI

infinite series

OOKOBOM, JlaTepaJIbHBIN lateral

-B-
BBOJUTD to introduce
BEJIMYMHA, 3HAUCHHE value
BEPTUKAJIbHBIN vertical
BepIIMHA (BEPIITUHBI) vertex (vertices)
BETBb (y THIIEPOOJIBI) branch
BHEIITHUH (Yy20.1) exterior
BHOCHUTH BKJIA] to contribute
BHYTPEHHUE TOUKH interior points
BHYTpPEHHUH (yeon) interior
BOTHYTBIN concave
BOOOpaKaeMbIit fictitious
BIIMCAHHBIN KPYT inscribed circle
BpaIllCHUE rotation
BEIOMPATH to select
BBIOOD choice
BBIBOJIUTb, M1OJTy4YaTh, U3BIEKATH (O to derive
3HAHUU)
BBIIAIOIIACS distinguished
BBIITYKJIbII convex
BBIPOKICHHBIH degenerating
BBIPOK/JIAThCSI to degenerate
BBICOTA MOJI HAKJIOHOM slant height
BBICOTA TPEYTOJIbHUKA altitude
BBIYHCJICHUE computation
BBEIYUCIISITD compute

-T-

IrCOMCTPHUICCKOC MCCTO TOUYCK

locus (pl. loci)

TOPU30HTAIbHBIN horizontal
THYTb, CTH0ATh, M3THOATH to bend (bent-bent)
rpaHb face
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rpasb, packa, pedpo edge
TPaguEeHT gradient
rpaduk graph

_I[_

JIBYYJICHHBIN, OMHOMUHAIbHBIN

binomial

JIeHICTBOBATH

to operate

JNICUCTBUTEIILHOE YUCIIO

real number

JIeJIaTh BBIBOJI

to conclude

JETUMOE dividend

TIEJIUTEID divisor
JIECSITUYHBIN JIoTapudm common logarithm
JIETEPMUHAHT, ONPEACITUTEIb determinant

JIMPEKTpHUCa directrix (pl. Dirextrices)
JTUCKPUMHHAHT discriminant
JUCTPUOYTUBHBIN distributive
nuddepeHIaIbHOe HCUHUCIICHUE differential calculus
b depeHnmpoBanue differentiation
JTOAEKa’Ap, JBEHAIIATUTPAHHUK dodecahedron
JpoOb fraction
JTOKa3bIBATh to prove
JI0KA3aTeJIbCTBO proof
JIyTa, apka arc

-E-

| EBKJM10Ba reomMeTpus

| Euclidean geometry

-U-
UAECHTUYHBII 1dentical

M3ru0, HAKJIOH slope

W3MEpPEHUE, Mepa, MPEJIE, CTCIICHb measure
W3HYPEHHE, UCTOIICHHE, HCUEPIIAHUE exhaustion
n300pakeHne, oopas, OTpaKeHHE image

n300peTarh to invent
HMKOCadp, JABAJIATUTPAHHUK 1cosahedron
UKOCHI0ACKAdIP, icosidodecahedron
TPUAIIATHIBYXTPAHHUK

MHTErpal integral
WHTETrpaJIbHOE UCUHUCIICHUE integral calculation
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WHTETPUPOBAHUE integration
WHTEpBAJ interval
WHTEpIpeTaIus interpetation
MppalrOHaJIbHbBIN irrational
UPPAITMOHATHHOCTh irrationality
HCUHCIICHHE calculus

-3-
3aMKHYTBIU, 3aKPBITHIN closed

3aKphITasad KpuBasi

closed curve

3aKpBIThIA UHTEPBAI

close interval

3CPKAJIIBHOC OTPAKCHUC

mirror image

3HAMEHATEIIb denominator
3HAYUTEIbHBIN significant
K-
KacaTeJIbHas tangent
KacareJbHas NJIOCKOCTh tangent plane
KacaTbCs to concern
KPAaTHOE YUCJI0 multiple
KBaJIPAHT, Y€TBEPTh Kpyra quadrant
KBaJpaTHbIN (00 ypaBHEHHUSX) quadratic
KOMMYTaTHUBHBIN commutative
KOMILICKCHOE complex
KOMILICKCHOE YHCJIO complex nuber
KOMIIJIEKTOBATh to complete
KOHI'PYOHTHBIN congruent
KOHEYHBII finite
KOHUYECKUM conic
KOH(UTrypaiusi, o4epTaHue configuration
KOIUIAHAPHBIN, PACIIOJIOKCHHHBIA B coplanar
OJHOM IJIOCKOCTH
KpHUBas curve
KpUBHU3HA curvature
KPYTJIbIi, KpyTrOBOM circular
KyOuueckoe cubic
KyOOOKTadJIp,  TPEXTPaHHUK cuboctahedron
=JI-
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JIMHENHBIN linear
JIUHUS OTCYETA reference line
Jorapubm logarithm

-M-
MaHTHCCa mantissa
MaTeMaTUYECKUIM mathematical
MTHOBEHHBIH, MOMECHTAJIHHBIN instantaneous
METO 0ECKOHEYHO MAJIBIX BEJINYNH infinitesimal method
MHOTOT'PaHHUK polyhedron
MHOTOTPaHHbIN, MOJU3IPUUYECKUM polyhedral
MHOTOYICHHBIN polynomial
MHOTOYTOJIBHUK polygon
MHO>KECTBO set
MHOXHUTEJb, (haKTOD factor
MOMEHT MHEPIUHU moment of inertia

-H-
HaKJIOHHAs JIMHUS, KOcasl JTUHUS oblique
HaIlpaBJICHUE direction
HaIlpaBJICHHBIC YHCIIa directed numbers
HATYpaJbHBIN JIoTapudm natural logarithm
Hayaja0 KOOpJMHAT origin
HadyaJIbHAs OCh initial axis
HE3aBUCHUMBIN independent
HEHU3MEHHBIN unvarying
HeTpepbIBHAS, QYHKIIHS continuous function
HEONpeICTICHHBIN undefined
HEYJIOBUMBIHI elusive
HYJIEBOW YTOJI null angle

-0-
000011aTh to generalize
0003HaYaTh to denote
0003peBaTh to review
o0111ee 3HaYEHUE total
o001 in common
oOpaszyronias MTOBEPXHOCTH generator - generatrix
oOpaTHasi BeTUInHA reciprocal
o0patHO conversely
00beM volume
OJHOBPEMEHHBIN simultaneous
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OJIHO3HAYHOE COOTBETCTBHE, one-to-one mapping
0TOOpaKEHUE
0HO0Opa3HbBIN uniform
OKTadAp, BOCBMUTPAHHUK octahedron
ONPEICIIATh to determine
OpJINHAaTa ordinate
OCHOBHOM, TJIaBHBI principal
OCh axis
OTKPBITBIN open
OTKPBITasi KpUBas open curve
OTHOIIICHUE relation
OTpaXaTh to retlect
OTpPE30K segment
OTPHIIATEIHHBII negative
OYEBUIHBIN obvious

-II-
napajyIeJIorpamMm parallelogram
IICHTarpaMMma pentagram
nepeMeHHas BeJIMUrHa, QyHKIHS fluent
IIepeCceKaThCsA to intersect
NePICHANKYJISIPHBIN perpendicular
ApaMuIa pyramid
ILitatoHOB, oTHOCSIMIACS K [l11aTony Platonic
MJIOCKOCTHAsI KpUBasl plane curve
TIOCKOCTHOM, TNIOCKHM planar
MJIOCKOCTb, IMIJIOCKOCTHOM plane

IJI01A]Tb BCEIl NOBEPXHOCTH total surface area
MTOBEPXHOCTh surface
MOJAMHOKECTBO subset
M0JIpa3ICIISITLCS, paciaaaTbCs Ha to fall (fell,fallen) into
10/Ipa3yMeBaTh to imply

NOAYMHSITHCA MpaBuiaM (3aKoHaM)

to obey laws

ITIO3HAKOMMTBCA C

MIOJIHBIN YTOJI

round angle

MOJI0KUTEIbHBIN positive
MOJyNPaBUIbHBIN semiregular
MIOHSTHE notion
IIOHATHUE, KOHIIENIT concept

110 YaCOBOM CTPEIIKE clockwise
MPOTHUB YaCOBOM CTPEJIKU anticlockwise
MIPaBUJIbHBIN regular
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(0 MH020Y20IbHUKAX U M.O.)
1peJ1eJ1 OTHOIICHUS limit of a ratio
MpECIbHBIN CITy4aid limiting case
npearosiaraTtb to assume, to suppose
IPEACTABIISITh to imagine, to represent
npeoOpa3oBaHue translation
npu3zma prism
PHMEHEHHE application
MIPUIHCHIBATH to credit
POCKIIUSI projection
IPOM3BEICHUE product
IPOM3BOJIHAS derivative
POU3BOIHAS, PITFOKCHS fluxion
MPOCTOM simple
IIPOCTOE (UUCTI0) prime
IPOTHUBOPEUUTD to contradict
IPOTHBOPEYUHE contradiction
npoueaypa procedure
npsiMOi straight
MATUYTOJILHUK pentagon
IS THUYTOJbHBIN pentagonal

-P-
PaBHOCTOPOHHUMU equilateral
PaBHOYTOJILHBIN equiangular
pagnyc radius
pa3BEpPHYTHIN yrou flat angle
pa3BUTHE development
pasyiaraTh to resolve
Pa3I0KECHUE MHOXKUTEICH factorization
pacIojiaraTbCsi MEXXIy to lie between
paccMaTpuBaTh to regard
paccTosiHKE distance
palMOHAIbHBIN rational
peniaTh to solve
pocT growth

-C-
CBOJINTH B TAOJIMITY tabulate
CBOHMCTBO property
CEUYCHHUE section
CHUCTEMA MPSIMOYTOJIbHBIX KOOPAMHAT Cartesian coordinates
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CHCTCMaA 3aIlNCH

notation

CKOPOCTh, OBICTPOTA velociy
CKOPOCTh M3MEHEHHUSI rate of change
CII0KEHHE addition
COKpaniaTh to cancel
COKpaIniaTh, MpeoOpa3oBbIBAThH to reduce
COOTBETCTBOBATH to correspond
CpeIHUI mean
CpeHss BeIMYMHA (3HAUCHUE) average
CCHIIAThCS Ha to refer (to)
CTEICHb degree
crepeorpaduaeckuii stereographic
CTOpOHA (B YPAaBHCHHH) side
cthepa sphere
cymMMma sum
CYIIECTBOBATh to exist

-T-
Ta0IuIa table
TBEP0€ TEJIO0 solid
TETPadIp, YETHIPEXTPAHHUK tetrahedron
TOYKA point
TPaHCIECHICHTHBIN transcendental
TPEYTOJbHbIN, TPEXCTOPOHHUI triangular
TpEXMEPHBIN, 00BEMHBIH, three-dimensional
MIPOCTPAHCTBEHHBIN

-y-
YBEJIMYMBATH to enlarge
yToJ1 TOHMKEHHUS (T1aJICHHS) depression angle
YIOJl BO3BBIIICHUS elevation angle
YUTMHEHHBIN elongated
yI00CTBO convenience
YIOBJIETBOPSITh to satisfy
YKa3bIBaTh to indicate
YMHOXEHUE multiplication
ypaBHEHHUE equation
yCeKaTh, 00pe3aTh; OTCEKATh BEPXYIIKY | to truncate
YCKOPEHHUE acceleration
YCTaHOBHTH to establish

-X-
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XapaKTEPHUCTHKA

| characteristic

-]_I-

1ICJIBIM, BECh, MOJIHBIM entire
1[€JI0€ YHCIIO integer
1EJTb purpose
IIEHTP MacCHI (TSKECTH) centroid
Y-
YacTHOE quotient
4acTh unit
YHclia CO 3HAaKaMHU signed numbers
YUCIIUTEID numerator
qucja o 3HaKaMH signed numbers

-I11-
IIECTUYTOJBHUK hexagon
HIECTUYTOJIbHBIN hexagonal
-
DJIEMEHT, COCTaBHAas 4acThb element
AJIeMEHTapHBIN elementary
AJUINTIC ellipse
AIIMNTAYECKUN elliptical
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