
CHAPTER 3 

STRAIGHT LINE AND CIRCLE 

Le Art. 23. Equation of a Straight Line . 

. t Pi (xi, Y1) be a fixed point and p ( . 
line MN. If the lin . . x, y) a variable point on th 
1 . e IS not perpendicula to th . e 
et its slope be m. Since th lin r e x-aXJS (Fig. 23a) 

definition of slope, e e passes through P1 and P, by th~ 

m= Y-Yi. 

This. . X - X¡ 
IS an equat10n satisfied by the .. . 

point p on the line. Conversely if ~~or~~' x and Y, of any 
' e coordinates of any point 

y y 
X p 

M 
o X 

Frn. 23a. 
p ( . . Frn. 23b. 

x, y) satISfy this equation the slo f . 
p lies on MN. It is th f pe o Pi!' 18 m and consequently 
written ere ore the equat1on of MN. It can be 

Y - Y1 = m (x - x1). 

Th · · (23a) 
is is consequenlly the equ.ation of a line thr . 
Let the line MN cross th . ow¡h (x1, Y1) with slope m. 

. e y-aXJS at (O b) R la • 
equation (23a) by O b the eq t· b ' . ep cmg x1, Y1 in , , ua 10n ecomes 

Y =mx+b. 
The q t't b · (23b) 

uan i Y IS called the intercept of the lin th . 54 e on e y-aXIS. It is 

Art. 23 EQUATION OF A STRAIGHT LINE 55 

numerically equal to the distance along the y-axis to the line, is 
positive when the line is above the origin and negative when it is 
below. Equation (23b) represents the line with slope m and inter-

cept b on the y-axis. 
If the Iine is perpendicular to the x-axis (Fig. 23b) its slope is 

infinite and equations (23a) and (23b) cannot be used. In this case 

X= X¡, 

the figure shows that 
(23c) 

Conversely, if the abscissa of a point is xi, it lies on the line. There­
fore (23c) is the equation of a line through (xi, Y1) perpendicular to 

the x-axis. 
Example l. Find the equation of a line through ( -1, 2), the angle 

from the x-axis to the line being 30°. 
The slope of the line is 

m = tan (30°) = ½ V3. 
The equation of the line is then 

y - 2 = ½ V3 (x + 1). 

Ex. 2. Find the equation of the Iine through the points (2, O) 

and (1, -3). 
The slope of the line is 

-3-0 
~=+3. 

Since the Iine passes through (2, O) and has a slope equal to 3, its 

equation is y - O = 3 (x - 2), whenee 

y= 3x - 6. 

Ex. 3. Find the equation of the line through (1, -1) perpen­

dicular to the line through (2, 3) and (3, - 2). 
The slope of the line through (2, 3) and (3, -2) is -5. The 

slope of a perpendicular line is -1 / ( - 5) = ! , The equation of 

the line with this slope passing through (1, -1) is 

y + 1 = ¼(x - 1), 

which is the equation required. 



56 
8Tn.AIGHT LIXE .AXD CIRC'I.E Chap.S 

E~. 4 .. Show that the cquation 
stnught linc. Find its :;Jope. 

2 x - 3 Y= 5 reprcsents a 

Solving for y, 

Y= ix - ~-
Comparing this with thc equation = m . . 
two are equivalcnt if m = ~ b - Y-~ x + b, it IS scen that thc 

tion rcprescnts a straight ~e ;it~ !io T~ercforc_ thc givcn equa­
thc y-axis. pe a and mtercept• -g on 

Exercisea 

• l. The angle from the x-axis to a lin .. 60º . 
(-1, -3). Find its cquation. e i,; • The Ime pru;ses through 

2. F!nd the equation oí the line throu h (2 -
3. F~nd the equation oí the line throu \ (2, 3 1) and (3, 2). 
4. F~nd the equation oí the line throu \ 1 ' ) and (2, -4). 
5. Fmd the equation oí th _g ( ' 2! parallel to the x-axis. 

joining (-3, 5) and (-4, 1). e perpendicular bisector oí the scgment 

6. An equilaternl triangle has its base in th . 
(3, 5). Find the equations oí its sid e x-aXJS and its vertex at 

? 7. A Iine is perpendicular to thcC:~ ment 
(-,. -6) at the point one-third oí the w g í between (-4, -2) and 
pomt. Find its equation. ay rom the first to the second 

8. Find the equation oí thc lin hr 
through (2, 5) an<l (-5, _ 2). e t ough (3, 5) parallel to that 

9. One diagonal of a parallelogram 'oins h . 
(-4, -4). One end oí the other diagon~I is (~ ~)pom!-8 (~, -2) and 
and length. ' · Fmd 1ts equation 

10._ A diagonal oí a square joins the oin . 
equat1ons oí the sides oí the square. P ts (1, 2), (2, 5). Fmd the 

11. The base oí an isoticelcs triangle is the se • . . 
a_nd (3, -1). Its vertex is on the y-axis F' renh t Jo~g (-2, 3) 
&des. · lil t e equations oí its 

. 12._ Show that the cquation 2 X - y = 3 re . 
Fmd its tilope and construct the line. prcsents a strrught line. 

13. Show that the cquntions 

2 X + 3 y = 5, 3 X - 2 y "' 7 

represent two perpendicular straight lines 
14· Perpcndiculars are droppcd from th . • 

oí the triangle whose vertices are the . e pomt (o, O) upon the sidca 
Show that the feet oí the """'endic--'- poli1~ts (4, ~), (-4, 3), (O, -5). 

,--,.. wars e on a line. 
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Art. 24. First Degree Equation 

Any straight line Ül represenled by a1l equation of the first degree 
in rectangular coórdinates. In fact, if the line is not perpendicular 

to the x-axis, its cquation bus bccn shown to be 

y -y1 = m (x - xi), 

xi, Y1 and m being constants. If it is perpendicular to the x-axis 

its equation is 
X= X¡. 

Since both of thcse cquations are of the first dcgrce in x and y, it 
follows that any straight linc has an cquation of thc first degrcc in 

rectangular coordinates. 
Convcrscly, a11y equation of the first degree in rectangular coórdi­

nates represents a straight line. For any equation of the first de­

gree in x and y has the forro 

Ax + By + C = O, (24) 

A, B, C being constant. If Bis not zero, this cquation is equivalent 

to 
A C 

y=-BX-B' 

which represents a line with slope -A/B and intcrcept -C/B on 

the y-axis. If B is zero, the equation is equivalent to 

e 
X= -¡1 

which represents a line perpendicular to the x-axis passing through 
the point (-C/A, O). Hcnce in any CD.Sean cquation of thc fin,t 

degree ~epresents a straight linc. 
Graph of First Degree Equation. - Since a fin,t degrce cquation 

represents a straight line, its graph can be constructed by finding 
two points and drawing thc str:úght line through them. Thc bcst 
points for thi-, purpose are usually the intcrscctions of the linc ;nd 
coordinatc axes. The intcrscction A (Fig. 24a) with thc x-axJ is 
found by lctting y = O and solving thc equation of thc line for thc 
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corresponding value of x. Similarly, the intersection B with the 

y-axis is found by letting x = O and solving for y. The abscissa of 
y .......,~ ,_ 

y 

/ 
I'.. B 

1'- 1/ 
RV 

l's A 
o 1'- X 

t-,._ 

01/ 
V l)J 

1/ 

Frn. 24a. Fra. 24b. 

A and the ordinate of B are called the intercepts of the Iine on the 
coordinate axes. 

If the Iine passes through the origin (Fig. 24b) the points A and B 
coincide at the origin and it is necessary to find another point on the 

Iine. This is done by assigning any value to one of the coordinates 
and calculating the resulting value of the other coordinate. 

Exampl,e l. Plot the Iine 2 x + 3 y = 6 and find its intercepts on 
the axes. 

Substituting y = O gives x = 3 and substituting x = O gives 

Y= 2. Hen~ the Iine passes through the points A (3, O) and 
B (O, 2). Its rntercept on the x-axis is 3 and on the y-axis 2. 

Ex. 2. Construct the line whose equation is 2 x - 3 y = o. 
.""."hen x is zero y is zero. The Iine then passes through the 

ongrn. When. ~ = 1, x = ¾. Hence the line OP1 (Fig. 24b) 
through the or1grn and the point G, 1) is the one required. 

. ~lop~ of a Lin_e. :-- If the line is perpendicular to the x-axis, its slope 
IS infinite. If 1t IS not perpendicular to the x-axis, its equation is 

y =mx+b. 
The slope_ is the c~effi~ient of x in this equation. Consequently, if 
the equation of a !me IS solved for y, its slope is the coefficient of x. 

Exampl,e l. Find the slope of the line 3 x - 5 y = 7. 
Solving for y 

Y=¾x-f. 

The slope of the line is therefore ¾. 
Ex. 2. Find the angle from the Iine x + y = 3 to the Jine 

y= 2x + 5. 
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The slope of the first line is -1, that of the second 2. The angle 

p between the lines is determined by the equation 

2 - (-1) 
tan fJ = 1 + 2 (-l) = -3. 

The negative sign signifies that the angle is negative or obtuse. 
Ex. 3. Find the equation of the Iine through (3, 1) perpendicular 

to the line 2 x + 4 y = 5. 
The given equation can be written y = -½ x + f. Its slope is 

consequently -½. The slope of a perpendicular line is 2. The 
equation of the line through (3, 1) with slope 2 is 

y - 1 = 2 (x - 3), 

which is the equation required. 

E:a:ercises 
Plot the straight linea represented by the following equations, find 

their slopes and intercepts: 
l. 2y - 3 = o. 
2. 5x + 7 = O. 
3. X+ y= 2. 
4. 2 X + 3 y - 5 = Ü. 

, 9. Show that the cquation 

5. 3 X - 6 y + 7 = Ü, 

6. 2 X + 5 y + 8 = 0. 
7. 4x + 3y = o. 
8. 3x - 4y = O. 

(2 X + 3 y - 1) ( X - 7 y + 2) = 0 

represents a pair of lines. 
10. Show that (x + 4 y)2 = 9 represents two parallel lines. 
11. Show that x2 = (y - 1)2 represents two lines perpendicular to 

each other. 
12. Show that the lines 3 x + 4 y - 7 = O, 9 x + 12 Y - 8 = O 

are parallel. 
._ 13. Show that the linea x + 2 y + 5 = O, 4 x - 2 y - 7 = O are 

perpendicular to each other. 
14. Find the interior angles of the triangle formed by the lines 

X = 0, ~ - y + 2 = 0, 2 X + 3 y - 21 = 0. 

15. Find the equation of the line whose intercepts on the x and y 
axes are 2 and -3 respectively. 

16. Find the equation of the line whose slope is 5 and intercept on 
the y-axis -4. . 

17. Find the equation of the line through (3, -1) parallel to the line 
x-y=8. 
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1~. Find the equation of the line through (2, -1) perpendicular to 
the line 9 x - 8 y + 6 = O. 

19. F!-nd the projection of the point (2, -3) on the line x - 4 y = 5. 
20. Fmd the equation of the line perpendicular to 3 x - 5 y = 9 

and bisecting tpe segment joining (-1, 2) and (4, 5). 
21. Find the lengths of the sides oí the triangle formed by the lines 

4 x + 3 y - 1 = o, 3 x - y - 4 = O, x + 4 y - 10 = o. 
22. A line passes through (2, 2). Find its equation if the angle from 

it to 3 X - 2 y = 0 ÍS 45º. 
23. Find the equation of the line through ( 4, t) and the intersection 

of the lines 3 x - 4 y - 2 = O, 12 x - 15 y - 8 = O. 
24. Find the equation of the line through the intersection of the lines 

2 x - Y + 5 = O, x + y + 1 = O, and the intersection oí the lines 
x - y + 7 = O, 2 x + y - 5 = o. 

25. Find the locus oí a point if the tangents from it to two fixed 
circles are oí egua! length. 

26. What angle is made with the axis of y by a straight line whose 
equation is ¼Y+ ½ x = 1? 

Art. 26. The Expression ÁX + By + C 

At each point P of the plane a first degree expression Ax + By + C 
has a definite value obtained by putting for x and y the coi:irdinates 
of P. Thus at the point (1, 2) the expression has the value 

A + 2 B + C. Points where the expression is zero constitute a 
line whose equation is Ax + By + C = O. If the point P moves 
slowly the value of the expression changes continuously. A number 

changing continuously can only change sign by passing through zero. 

L 
"" + Y+ + + + + 

-++ ++++ 
- + ++1-+++t++ 

+ + + + + + + + + + + + + + 
i •l)+ + + 

- + + + + 

K 
Frn. 25a. 

+ ... x 
+ + 

+ + 

If the point P does not cross 

the line the expression cannot 
become zero and so cannot 

change sign. Therefore at all 
points on one su1e of the line 
Ax + By + C = O the expres­
sion Ax + By + Chas the same 
sign. 

Example l. Determine the 

region in which x + y - l > O. 
The equation x + y - 1 = O represents the line LK (Fig. 25a). 
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At all points on one side of LK the expression then has the same . 

sign. At (1, 1) 

which is positive. It is seen from the figure that (1, 1) is above LK. 
Hence, at ali points above LK, x + y - 1 is positive. At the origin 

x+y-l=0+0-1= -1 

which is negative. The origin is below the line. Hence at ali 
points below LK the expression x + y - 1 is negative. The region in 

which x + y - l > O is therefore y 

the part of the plane above the line. 
Ex. 2. Determine the region in 

which x + y > O, x + 2 y - · 2 < O 

and x - y - l < O. 
In Fig. 25b tbe lines x + y = O, 

x + 2 y - 2 = o, x - y - 'l = O 
aremarked (1), (2), (3) respectively. 

Proceeding as in the last exam-
h + O 

Frn. 25b. 

(8) 

(1) 

ple, it is found t at x y > 
above (1), x + 2 y - 2 < O below (2) and x - y - 1 < O ~n thc 
left of (3). Hence the three inequalities hold in the shaded triangle 

which is the part common to the three regions. 

Art. 26. Distance from a Point to a Line 

We wish to find the distance from the point Pi (x1, Y1) to the line 

LK whose equation is Ax + By P, y + C = O. In Fig. 26a let· MP1 
be perpendicular to the x-axis 
and DP1 to the line LK. Let r1> K 

be the angle from OX to LK. 
Then M X 

(a) DP1 = QP1 cos r1> L 

= (MPi - MQ) cos r/>. 

From the figure it is seen that 
Flo. 26a. o 

(b) 

,. 
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Since Q is_ on the line LK, its coordinates, xi and MQ, must satisfy 
the equation of LK. Therefore 

STRAIGIIT LINE AND CmcLE 

Axi + B • MQ + C = O 
' and consequently 

(e) MQ = _ Ax1+C. 
B 

The slope of LK is tan rt, = -A/B, whence 

COSr/> = B 
±-v'A2 +W 

(d) 

Substituting the values from (b), (e), (d) in (a), 

DPi = Ax1 +Byi + C_ 
±v'A2 +W 

(26) 

Equation _(26)_ gives the distance f rom the point (xi, y1) to the line 
whose eq~atwn is Ax + By : C = O. The distance being positive, 
suc~. a s1gn must be used m the denominator that the result is 
pos1tive. 

Exampl,e l. Find the distance from the point (1, 2) to the line 

(2) y 1) 

X 

Fm. 26b. 

2x - 3y = 6. 

The distance from any point 
(xi, Yi) to the line is by (26) 

2x1 - 3y1 - 6 

±'Vl3 
The distance from (1, 2) is then 

2 (1) - 3 (2) - 6 10 

±v'13 = m' 
Ex. 2. The lines (1). y - x :-- 1 = O, (2) x + y _ 2 = o, (3) 

x + 2 Y + 2 = O determme a tria.ngle ABC. Find the bisector of 
the angle A between the lines (1) and (2) (Fig. 26b). · 

The bisector is a locus of points equidistant from the lines (1) 
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and (2). If (x, y) is any point of the bisector, x and y must then 

satisfy the equation 

y-x-1 x+y-2 
= 

±V2 ±V2 
The signs must be so chosen that these expressions are positive at 
points inside the triangle. At the origin these expressions become 

- 1/(±V2), -2/(±VZ). Hence the negative sign must be used 
in both denominators. The bisector required is therefore 

y-x-1 x+y-2 

-V2 -V2 
When simplified this becomes x = ½. 

E:i:ercises 

Determine the region oecupied by points satisfying the inequalities 
in each of the following cases: 

., ¡_ 2 X + 3 y - 6 > 0. 
2. X< 3y. 

\ 3. x - y - 1 > O, 
y - 2x > O. 

l4_ 2 x - y - 2 > O, 
3 x + 4 y - 12 < O, 

2y - 1 > o. 

5. y - 2x > 1, 
y - 2x < 3, 
2y +X> 11 

2y +x < 3. 
6. (X + 2 y - 3) (2 X - y + 3) > 0. 
7. (x + 4 y)2 > 9. 

8. Inside the triangle determined by the lines x + y = O, 2 x - 3 y 
- 1 = O, y - 2 = O, what algebraic signs have the expressions x + y, 
2 X - 3 y - 1, y - 2? 

. 9. Express by inequalities the inside of the triangle determined by 
the points (1, 1), (3, 4), (2, -2). 

-10. Find the distance from the point (3, 5) to the line y = 4 x - 8. 
~ 11. Find the distan ce from (6, -2) to the line through ( -1, 3) and 

(5, -1). 
· - 12. Find the distance between the two parallel lines, 4x+3 y-10 = O 
and 4 x + 3 y - 8 = O. 

13. Find the equation of the bisector of the acute angle between the 
lines 2 X - y = 1, X + 3 y = 2. 

4 14. A triangle is formed by the lines 3 x - 4 y = 5, 4 x + 3 y = 5, 
5 x + 12 y = 13. Find the center of the inscribed circle. 

15. Find the locus of a point whose distance from (2, 3) is equal to 
its distance from the line x + 2 y = 3. 
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16. The sum of the distances from the point P (z, y) to the lines 
y = z, z + y = 4, y + 2 = O, is 4. Find an equation satisfied by the 
coordinates of P. Do all points whose coéirdinates satisfy this equation 
have the required property? 

Art. 27. Equation of a Circle 

A circle is the Iocus of a point at constant distance from a fixed 

y 

X 

FIG. '1:l. 

point. The fixed point is the center of 
the circle and the constant distance is ita 
radius. 

Let C (h, k), Fig. 27, be the center of 
the circle and r its radius. If P (x, y) is 
any point on the circle 

r = CP = v' (z - h)2 + (y - k)2, 

or (x - h)2 + (y - k)2 = r2• (27a) 

This is an equation satisfied by the coordinates of any point on the 
circle. Conversely, if the coordinates x, y satisfy this equation, 
the point P is at the distance r from the center and consequently 

lies on the circle. Therefore it is the equation of the circle. 

Example l. Find the equation of the circle with center ( - 2, 1) 
and radius 3. In this case, h = -2, k = l, r = 3. 

By (27a) the equation of the circle is then 

(x + 2)2 + (y - 1)2 = 9. 

Ez. 2. Find the equation of the circle with center (1, 1) which 
passes through the point (3, -4). 

The radius is the distance from the center to the point (3, -4). 
Consequently 

r = v' (3 - 1)2 + e -4 -1)2 = v'29. 
The equation of the circle is therefore 

(x - 1)2 + (y - 1)2 = 29. 

Fonn of the Equation. - Expanding (27a), 

~+~-2b-2~+~+~-~=Q 
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This is an equation of the form 

A (x2 + y2) + Bx + Cy + D = O, (27b) 

. hich A B e D are constant. 
m w '1 'if A is not zero an equation of the forni (27b) repre-

Converse Y, ' t 11 T how this divide 
sents a circle, if it represents any curve a a . ~ s_ and those 
by A and complete the squares of th~ terms contauung x 

containing y separately. The result IS 

B )2 
( e )2 B2 + C2 - 4 AD. 

(x+2A + y+2A = 4A2 

• · 't' it represents a circle 
If the right side oí this equat1on 18 po~1 lV_) B2 + C2 - 4 AD /2 A. 

'th ter (-B/2 A -C /2 A) and radius . 
wi cen , h · ¡ hrinks to a 
If the right side is zero, the radius is zero and t e erre e s f real 
point. If the right side is ~egative, since the sum of squares o 

numbers is positive, there 18 no real locus. . 
Example l. Find the center and radius of the crrcle 

2x2+2y2-3x+4y=l. 

Dividing by 2 and completing the squares, 

(x _ ¾)2 + (y+ 1)2 = H. 
d . di . !.V33 The center oí the circle is (¾, -1) an its ra us IS 4 • 

Ex. 2. Determine the locus of 

x2 + y2 + 4 X - 6 y + 13 = 0. 

Completing the squares, 

(x + 2)2 + (y - 3)2 == O. 

1 be zero when both are zero. The 
The sum of two squar~ can°~ Y (-

2 3
) The circle shrinks 

only real point on this Iocus IS then ' . 

to a point. 
Ex. 3. Discuss the locus of 

x2 + y2 + 2 y + 3 = O. 

Completing the squares, 

x2 +(y+ 1)2 = -2. 

h. h this · true The locus is There are no real values for w ic IS • 

imaginary. 
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Art. 28. Circle Determined by Three Conditions 

When a circle is given, h, k, r, in equation (27a), have definite 
values. Conversely, if values are assigned to h, k and r, a circle is 
determined. This is expressed by saying that the circle is deter­
mined by three independent constants. Any limitation on the 
circle, such as requiring it to pass through a point or be tangent to a 
line, can be expressed by an equation or equations connecting h, 
k and r. Now three numbers are determined by three independent 
equations. This is expressed by saying a circle can be found satis­
fying three independent conditions. Thus a circle can be passed 
through three points, can touch three lines, etc. Many problems 
consist in finding a circle doing three things. To find the equation 
of such a circle, express the three conclitions by equations connect­
ing h, k and r, solve and substitute the values in equation (27a). 

Example l. A circle is tangent to the x-axis, passes through (1, 1) 
and has its center on the line y = x - I. Find its equation. 

The circle is shown in Fig. 28a. Since the circle is tangent to 

the x-axis, k = ± r. Since it passes y 

Fm. 28a. 

K through (1, 1), the circle lies above the 
x-axis and k is positive. Hence 

X 
(a) k = r. 

Since the center is on the line y = x - 1, 
its coordinates must satisfy that equation. 
Consequently 

(b) k = h -1. 
Since the circle passes through (1, 1), 

(e) (1 - h)2 + (1 - k)2 = r2• 

The solution of (a), (b) and (e) is h = 2, k = 1, r = l. The equa­
tion required is then 

(x - 2)2 + (y - 1)2 = l. 

Ex. 2. Find the equation of the circle through (2, 3), (4, 1) and 
tangent to the line 4 x - 3 y = 15 (Fig. 28b). 

Since the circle is tangent to the line its center is at a distanee r 
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Art, 4 3y-
lin The distanee from the center (h, k) to x - -from the e. 

15 is by equation (26) 

4h-3k-15_ 
±5 (a) 

Since the eircle passes through (2,. 3) its 
ter is on the same side of the line as 

;n 3). To make (a) positive at tb~ een~ 
ru:d therefore at (2, 3), the negative Sl(gn) 

b sed ID. tbe denominator of a . must eu . 
The condition of tangency IS then 

4h- 3k -15 _ 
(b) --_-=5-- - r. 

r 

Since the circle passes through (2, 3) and (4, 1), 

(2 - h)2 + (3 - k)2 = r2_. 
00 k)2 J (4 - h)2 + (1- = ,-. (d) 

K 

X 

Fxo. 28b. 

. t" (b) (e) and (d) simultaneously, we get 

SolVI:~ :ua :o~l, ~ = 2 and h = 1¡j-, k = W-, r = !~--
. ' . 1 satisfyin" the given conditions. These are consequently two erre es º 
Their equations are 

{ - 2)2 + (y - 1)2 = 4, 
(x ~ 1;1•rl'-)2 + (y - \ll)2 = (!W-

. l through the three points (O, 1)' ( -1, -1) Ex. 3. Find the erre e 

and (2, O). . ts ust satisfy the equation of 
The coordinates of the three pom m 

the circle. Hence 
(O - h)2 + (1 - k)2 = r2, 

(-l -h)2+ (-1- k)2 = r2, 
(2 - h)2 + (O - k)2 = r2. 

. first d third of these equations from the second Subtractmg tbe an 

we get 2 h + 4k + 1 = O, 

6h+2k-2 = O. 
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The solution of these equations is h = ½, k = -½. These values 
substituted in eitber of tbe original equations give r2 = \r The 
circle required is therefore 

(x -½)2+ (y+½)2 = \º. 

Exercises 

Find the center and racliliS of each of the following circles. Draw 
the curves. 

l. ;¡;2 + y2 = 25. 5. ;¡;2 + y2 = X + y. 

2. ~ + y2 
= 4 x. 6. x2 - 2 ax + y2 - 2 ay = O. 

3. 2 x
2 + 2 y

2 
- 6 y + 1 = 0. 7. X 2 + y2 - 2 X + 4 y + 2 = 0. 

4. 3 X
2 + 3 y

2 
+ 4 X = l. 8. X2 + y2 - 2 X + 1 = 0. 

9. Wbat locus is represented by the equation x2 + y2 + 2 x + 2 y + 2 = O? 

10. What is the locus of the equation x2 + y2 - 6 x + 6 y + 9 = O? 
11: Find the equation of the circle through (-2, 4) and having the 

same center as the circle x2 + y2 - 5 x + 4 y - 1 = O. 

12. Find the equation of the circle whose cliameter is the segment 
joining (-: 1, - ·2) and (3, 4). 

ta. Find the equations of the circles through (1, 2) and tangent to 
both coorclinate axes. 

14. Find the equations of the circles with centers at the origin and 
tangent to the circle x2 + y2 - 4 x + 4 y + 7 = O. 

15. Find the intersections of the circles ' 

:¡;2 + y2 = 2 X + 2 Y, 
x2 + y2 + 2x = 4. 

16. Find tbe equation of the circle througb the three points (O, 3), 
(3, O) and (O, O). 

17. Find the circles of raclius 5 passing through the points (2, -1) 
and (3, -2). . 

18. The center oí a circle passing through (1, -2) and (-2, 2) is on 
the line 8 x - 4 y + 9 = O. What is its equation? 

19, A circle passes through the points (O, O), (2, -2) and is tangent' 
. to the line y + 4 = O. Find its equation. 

20. A circle passes through the points (-1, O), (O, 1) and is tangent 
to the line x - y = l. Find its equation. 

21. A circle is tangent to the linea x = 3, x = 7, and its center is on 
the line y = 2 x + 4. What is its equation? 

22. Find the equation of the circle circumscribed about the triangle 
formed by the three linea x + y - 2 = O, 9 x + 5 y - 2 = O, y + 2 x 
-1 = o. 

' TaREE CoNDITIONS CIRCLE DETERllINEO BY , • 

Art. SS . . . 'bed in the triangle formed 
23 Find the equation oí the c1rcle mscr1 - 1 
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• - 1 X - 2y - ' . el 
by the lines x + y = 1, Y -. x -f , whieh the tangents to the CII es 

24. Find the loeus º; pomts r~m = 4 are of equal length. 
zl + y2 = 4 and x2 + Y - 2 x +: Y 2 2 - 2 x - 2 y = O from the 

25. By subtracting the equati~n=x-0 ~:e equation of a lin~ is ob­

equation z2 + y2 + 2 ~ - 6 ~ +he eommon chord of the two erre!~. 
tained. Show that this Iine IS t f its distances from two vert1ces 
. 26. A point moves so ~at the s~ o distance from the third vertex. 
Or an equilateral triangle is eq~al to __ itsclinates Do all points whose co-

. ¡¡ d by 1ts coor · 
Find an equation satIS e . h th equired property? 
ordinates satisfy this equatíon ave e r 


