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Unit 1. CARTESIAN COORDINATES

1. Read and translate the text, pay special attention to the words in bold:
Cartesian Coordinates
A Cartesian coordinate system specifies each point uniquely in a plane by a pair of numerical coordinates, which are the signed distances from the point to two fixed perpendicular directed lines, measured in the same unit of length. Each reference line is called a coordinate axis or just axis of the system, and the point where they meet is its origin, usually at ordered pair (0,0).
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Illustration of a Cartesian coordinate
plane. Four points are marked and
labeled with their coordinates: (2, 3) in
 green, (−3, 1) in red, (−1.5, −2.5) in 
blue, and the origin (0, 0) in purple.

The coordinates can also be defined as the positions of the perpendicular projections of the point onto the two axes, expressed as signed distances from the origin.

 One can use the same principle to specify the position of any point in three-dimensional space by three Cartesian coordinates, its signed distances to three mutually perpendicular planes. In general, one can specify a point in a space of any dimension n by use of n Cartesian coordinates, the signed distances from n mutually perpendicular hyperplanes. 
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Cartesian coordinate system with a circle of radius 2 centered at the origin marked in red. The equation of a circle is (x − a)2 + (y − b)2 = r2, where a and b are the coordinates of the center (a, b) and r is the radius.

The invention of Cartesian coordinates in the 17th century by René Descartes (Latinized name: Cartesius) revolutionized mathematics by providing the first systematic link between Euclidean geometry and algebra. Using the Cartesian coordinate system, geometric shapes (such as curves) can be described by Cartesian equations: algebraic equations involving the coordinates of the points lying on the shape. For example, a circle of radius 2 may be described as the set of all points whose coordinates x and y satisfy the equation x2 + y2 = 4.

Choosing a Cartesian coordinate system for a one-dimensional space, that is, for a straight line, means choosing a point O of the line (the origin), a unit of length, and an orientation for the line. An orientation chooses which of the two half-lines determined by O is the positive, and which is negative; we then say that the line "is oriented" (or "points") from the negative half towards the positive half. Then each point p of the line can be specified by its distance from O, taken with a + or − sign depending on which half-line contains p.

A line with a chosen Cartesian system is called a number line. Every real number, whether integer, rational, or irrational, has a unique location on the line. Conversely, every point on the line can be interpreted as a number in an ordered continuum which includes the real numbers.

Cartesian coordinates in two dimensions

The modern Cartesian coordinate system in two dimensions (also called a rectangular coordinate system) is defined by an ordered pair of perpendicular lines (axes), a single unit of length for both axes, and an orientation for each axis. The lines are commonly referred to as the x and y-axes where the x-axis is taken to be horizontal and the y-axis is taken to be vertical. The point where the axes meet is taken as the origin for both, thus turning each axis into a number line. For a given point P, a line is drawn through P perpendicular to the x-axis to meet it at X and second line is drawn through P perpendicular to the y-axis to meet it at Y. The coordinates of P are then X and Y interpreted as numbers x and y on the corresponding number lines. The coordinates are written as an ordered pair (x, y).

The point where the axes meet is the common origin of the two number lines and is simply called the origin. It is often labeled O and if so then the axes are called Ox and Oy. A plane with x and y-axes defined is often referred to as the Cartesian plane or xy plane. The value of x is called the x-coordinate or abscissa and the value of y is called the y-coordinate or ordinate.
Cartesian coordinates in three dimensions
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A three-dimensional Cartesian coordinate system, with origin O and axis lines X, Y and Z, oriented as shown by the arrows. The tick marks on the axes are one length unit apart. The black dot shows the point with coordinates X = 2, Y = 3, and Z = 4, or (2, 3, 4).

Choosing a Cartesian coordinate system for a three-dimensional space means choosing an ordered triplet of lines (axes), any two of them being perpendicular; a single unit of length for all three axes; and an orientation for each axis. As in the two-dimensional case, each axis becomes a number line. The coordinates of a point p are obtained by drawing a line through p perpendicular to each coordinate axis, and reading the points where these lines meet the axes as three numbers of these number lines.

Alternatively, the coordinates of a point p can also be taken as the (signed) distances from p to the three planes defined by the three axes. If the axes are named x, y, and z, then the x coordinate is the distance from the plane defined by the y and z axes. The distance is to be taken with the + or − sign, depending on which of the two half-spaces separated by that plane contains p. The y and z coordinates can be obtained in the same way from the (x, z) and (x, y) planes, respectively.

The coordinate surfaces of the Cartesian coordinates (x, y, z). The z-axis is vertical and the x-axis is highlighted in green. Thus, the red plane shows the points with x=1, the blue plane shows the points with z=1, and the yellow plane shows the points with y=−1. The three surfaces intersect at the point P (shown as a black  sphere) with the Cartesian coordinates (1, −1, 1).

Generalizations

One can generalize the concept of Cartesian coordinates to allow axes that are not perpendicular to each other, and/or different units along each axis. In that case, each coordinate is obtained by projecting the point onto one axis along a direction that is parallel to the other axis. In those oblique coordinate systems the computations of distances and angles is more complicated than in standard Cartesian systems, and many standard formulas do not hold.

(based on https://en.wikipedia.org/wiki/Cartesian_coordinate_system)

2. Using the Mini-dictionary transcribe and translate the key words:

	Word
	Transcription
	Translation

	Cartesian coordinate system
	
	

	plane
	
	

	projection
	
	

	invention
	
	

	rectangular
	
	

	arrow
	
	

	triplet
	
	

	point
	
	

	irrational
	
	

	conversely
	
	

	continuum
	
	

	abscissa 
	
	

	axis 
	
	

	curve
	
	

	dimension
	
	

	equation
	
	

	hyperplane
	
	

	measure
	
	

	numerical
	
	

	ordinate
	
	

	orientation
	
	

	origin
	
	


3. Find in the text the English equivalents of the following words and phrases:

Перпендикулярні лінії; вісь координат; проекція точок на пряму; аналітична геометрія; числова вісь; впорядкований континуум; координатна повехня; систематичний зв'язок; набір точок; пряма лінія; застосовувати той самий принцип; взаємно перпендикулярний.

4. Give the Ukrainian equivalents of the following words and phrases:
Cartesian coordinate system; a plane; numerical coordinates; signed distances; three-dimensional space; three mutually perpendicular planes; algebraic equations; location on the line; a rectangular coordinate system; perpendicular projection; an arrow; tick marks; triplet of lines.
5. Finish translating the sentences into English:
1) (Декартова система координат) specifies each point uniquely (у площині) by a pair of (цифровы координати). 2) The coordinates can be defined as the positions of the (перпендикулярна прекція) of the point onto the two axes, expressed as (задана відстань від початку координат). 3) A line with a chosen Cartesian system is called (числова вісь). 4. (напрямок) chooses which of the two half-lines determined by O is the (позитивний), and which is (негативний). 5. (чорна точка) shows the point with (координатами) X = 2, Y = 3, and Z = 4, or (2, 3, 4). 6. The (сучасний) Cartesian coordinate system (у двох вимірах) is also called (прямокутна система координат).
6. Match the words with corresponding definitons:
1) a number line _____;

2) abscissa ____;

3) ordinate____;

4) origin_____;

5) equation____;

a) the point where axes meet;
b) the value of y;

c) act or process of equating;
d) a line with a chosen Cartesian system is called;

e) the value of x;

7.Translate into English:

Сучасна Декартова система координат в двох вимірах (також знана під назвою прямокутна система координат) задається двома осями, розташованими під прямим кутом одна до одної. Площину, в якій знаходяться осі, називають іноді xy-площиною. Горизонтальна вісь позначається як x (вісь абсцис), вертикальна як y (вісь ординат). В тривимірному просторі до цих двох додається третя вісь, перпендикулярна xy-площині — вісь z. Всі точки в системі Декартових координат, складають  Декартовий простір.

Точка перетину, де осі зустрічаються, називається початком координат та позначається як O. Відповідно, вісь x може бути позначена як Ox, а вісь y — як Oy. Прямі, проведені паралельно до кожної осі на відстані одиничного відрізку (одиниці виміру довжини) починаючи з початку координат, формують координатну сітку.

Точка в двовимірній системі координат задається двома числами, які визначають відстань від осі Oy (абсциса або х-координата) та від осі Ох (ордината або y-координата) відповідно. Таким чином, координати формують впорядковану пару (кортеж) чисел (x, y). В тривимірному просторі додається ще z-координата (відстань точки від ху-площини), та формується впорядкована трійка координат (x, y, z).

8. Write a dialogue using some of the following questions

1. What does a Cartesian coordinate system specify by a pair of numerical coordinates? 

2. What is a coordinate axis? 

3. What is the origin of coordinates? 

4. Who invented Cartesian coordinates? 

5. Wnen did René Descartes invent Cartesian coordinates? 

6. What is a number line? 

7. How many axes are in a three dimensional Cartesian coordinate system?

9. Project Time!

“History of the Cartesian coordinate system.”

10. Did you know that…

· Have you ever noticed that the opposite sides of a die always add up to seven (7).

· Equal sign (=) was first used in 1557 by Robert Recorde, an Englishman.

· 12,345,678,987,654,321 is the product of 111,111,111 x 111,111,111. Notice the sequence of the numbers 1 to 9 and back to 1.

· Plus (+) and Minus (-) sign symbols were used as early as 1489 A.D.

· An icosagon is a shape with 20 sides.

11. Enjoy yourself!
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