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Problems of 2nd Iranian Geometry Olympiad (Advanced)

I. Two circles wy and wy (with center O; and O, respectively) intersect at A and
B. The point X lies on wy. Let point Y be a point on w, such that ZXBY = 90°.
The line O X intersects wy at X' for second time. If X'Y intersects w, at K, prove
that X lie on the midpoint of arc AK.

Proposed by Davood Vakili

2. Suppose that ABC' be the equilateral triangle with circumcircle w and circum-
center O. Let P be the point on the arc BC ( the arc witch A doesn’t lie ). Tangent
to w in P intersects extension of AB and AC at K and L respectively. Show that:
ZKOL > 90°.

Proposed by Iman Maghsoudi

3. In triangle ABC, H is the orthocenter of triangle. Let [; and [; be two lines
such that pass through H and perpendicular to each other. The line [; intersects
BC' and extension of AB at I and Z respectively and the line I intersects BC' and
extension of AC' at E and X respectively. We draw the Line which passes through 12
and parallel to AC' and we draw the Line which passes through £ and parallel to AB.
Suppose that intersectoin of these lines denote by Y. Prove that X.Y. Z are collinear.

Proposed by Ali Golmakani

1. In triangle ABC, we draw the circle with center A and radius AB. This circle
intersects AC at two points. Also we draw the circle with center A and radius AC' and
this circle intersects AB at two points. Denote these four points by Ay, A, Ay, Ay
Find the points By, By, Bs, By and '), C;, Cs, Cy similarly. Suppose that these 12
points lie on two circles. Prove that the triangle ABC' is isosceles.

Proposed by Morteza Sagha fian

5. Rectangles ABA B, BOB,C,, CAC, A, lie otside triangle ABC. Let €' be
such point that C"A; L A\, and C"By L By, points A', B’ are defined similarly.
Prove that lines AA', BB', CC' concur.,

Proposed by Alexey Zaslavsky (Russia)




Solutions of 2nd Iranian Geometry Olympiad (Advanced)

1. Two circles wy and wy (with center O and O, respectively) intersect at A and B.
The point X lies on w;. Let point Y be a point on wy such that ZX BY = 90°. The
line O, X intersects wy at X' for second time. If X'Y intersects wy at K, prove that
X lie on the midpoint of arc AK.

Proposed by Davood Vakili

Solution.

The center of circle w) denote by Oy. Suppose that the point Z be the intersection
of BX and circle w;. We know that £Y BZ — 90°, therefore the points Y, Q. Z are
collinear.

LOWA=LABX = LAX'X = YAX'O,:cyclic
In the other hand, we know that AQ, = YO, so ZAX'X = ZYX'O, = ZXX'K.

Therefore the point X lie on the midpoint of arc AK.




2. Suppose that ABC' be the equilateral triangle with circumecircle w and circum-
center (). Let P be the point on the arc BC' ( the arc witch A doesn’t lie ). Tangent
to w in P intersects extension of AB and AC' at K and L respectively. Show that:
LKOL > 90°.

Proposed by I'man Maghsoudi

Solution-1.

Suppose that M and N be the midpoints of AB and AC' respectively, We know
that quadrilateral BMNC is cyclic. Also ZBPC = 120° > 90°, so we can say
the point /7 is in the circumeircle of quadrilateral BMNC'. Therefore: ZM PN >
ZMBN = 30°

In the other hand. quadrilaterals TMOP and NOPC are cyclic. Therefore:

IMKQ=ZMPO , ZNLO = 4ZNPOQ = LAKQ + £LALO = ZMPN > 30°

= LKOL = LA+ LAKO + LALO > 90°

A




Solution-2.

Suppose that ZKOL < 90°, therfore KL? < OK? + OL%. Assume that R is the
radius of a circumcircle AABC. Let BK — zand LC' — yand AB — AC' — BC — a.
According to law of cosine in triangle AK L, we have:

KL?* = AK? + AL’ = AK . AL.cos(£A) = KL*=(atx)’+(at+y)’—(atz)(aty)
In the other hand:
KBKA=0OK*-R> = OK?=R*{z(a+tnx)

LCLA=0L*-R*> = OL*=R+yla+t+y)
We know that KL2 < OK? + OL? and a — R/3, therfore:

(at+x+(at+y)?—(atx)aty)<2R+z(atz)+ylaty)

= R<zy (1)

K L is tangent to circumcircle of AABC at P. So we have:
KPP=KBKA=z(a+z)>2* = KP>z (2
LPP=LCLA=yla+y) >y = LP>y (3)

According to inequality 2, 3 we can say: ry < KP.LP (1)

Now According to inequality 1, 4 we have: R! < KP.LP (5)

A




We know that ZKOL < 90°, therefore KOL is acute-triangle. Suppose that H is
orthocenter of AKOL. So the point H lie on OFP and we can say HP < OP.

0

In other hand, ZHKP — ZPOL and ZKHP — ZOLP, therefore two triangles
THP and OPL are similar. So we have:
KP OP

HP i LP KP.LP = HPOPS()[)Z: R'),

But according to inequality 5, we have R? < KP.LP and it's a contradiction.
Therfore ZKOL > 90°.




3. In triangle ABC. H is the orthocenter of triangle. Let [, and I, be two lines
such that pass through /1 and perpendicular to each other. The line [} intersects
BC and extension of AB at D and Z respectively and the line [ intersects BC and
extension of AC at F and X respectively. We draw the Line which passes through
[ and parallel to AC' and we draw the Line which passes through E and parallel to
AB. Suppose that intersectoin of these lines denote by Y. Prove that X,Y,Z are
collinear.

Proposed by Ali Golmakani

Solution.
Suppose that HZ intersects AC' at P and HX intersects AB at Q. According to
Menelaus theorem in two triangles AQX and APZ we can say:

CX AB QE . BZ AC PD _
TN A V N e A

(2)

In the other hand, H is the orthocenter of AABC. So BHLAC and we know that
ZDHE = 90°, therefore ZHXA = ZBHZ = a. Similarly we can say ZHZA =
ZCHX =0.

Y

According to law of sines in AHPC, AHCX and AHPX:




sin(90 —0)  sin(ZHCP) sin(0)  sin(ZHCX) HP  sin(a)
PC  HP ' CX  HX " HX  sin(90—a)

PC  tan(a)
CX  tan(0)

Similarly, according to law of sines in AHBQ. AHBZ and AHQZ, we can show:

BZ  tan(a) % BZ pPC = PC CX
BQ  tan(f) BQ CX BZ  BQ

(3)

According to equality 1. 2 and 3, we can say:

XE PD
EQ 7D (4)

Suppose that the Line witch passes through £ and parallel to AB, intersects ZX at
Y, and the Line witch passes through D and parallel to AC. intersects ZX at Y.
According to thales theorem we can say:

VX XE 43X _PD

zy, EQ ' ZY, ZD

According to equality 4, we show that Y; = Y, therefore the point Y lie on ZX.




1. In triangle ABC', we draw the circle with center A and radius AB. This circle
intersects AC at two points, Also we draw the cirele with center A and radiug AC and
this circle intersects AB at two points. Denote these four points by A, Ay, Aa, Ay,
Find the points By. By, Bs. By and €, Uy, C4, Cy similarly. Suppose that these 12
points lie on two circles. Prove that the triangle ABC is isosceles.

Proposed by Morteza Saghafian

Solution-1.

Suppose that triangle ABC isn't isosceles and @ > b > ¢. In this case, there
are four points (from these 12 points) on each side of AABC. Suppose that these
12 points lie on two circles wy and wy. Therefore each one of the circles wy and wy
intersects each side of AABC exactly at two points. Suppose that (A, w;), P(A, w;)
are power of the point A with respect to circles wy, wy respectively. Now we know
that:

P(A,w).P(A,wy) = bb.(a—c).(a+¢) = cc(a—Db)a+b)

= ba?-F)=cA@-¥) = aAW*-A=0 = b=c

But we know that b > ¢ and it’s a contradiction. Therefore the triangle ABC is
isosceles.

Solution-2.

Suppose that triangle ABC isn't isosceles. In this case, there are four points
(from these 12 points) on each side of AABC. Suppose that these 12 points lie on
two circles wy and wy. Therefore each one of the circles wy and wy intersects each side
of AABC exactly at two points (and each one of the circles wy and w, doesn’t pass
through A, B, (’). We know that the intersections of w, and the sides of AABC is
even number. Also the intersections of wy, and the sides of AABC' is even number.
But Among the these 12 points, just 3 points lie on the sides of AABC and this is
odd number. So it's a contradiction. Therefore the triangle ABC' is isosceles.




3. Rectangles ABA By, BCB,Cy. CACY A; lie otside triangle ABC. Let C' be
such point that C"A; L A,C, and "B, L B,Cy, points A, B’ are defined similarly.

Prove that lines AA’, BB', CC" concur.
Proposed by Alexey Zaslavsky ( Russia)

Solution.

Suppose that [ is the line which passes through A and perpendicular to B,C).
Let g and [ similarly. Suppose that OB, = BC,; = x and BA, = AB; = y and
AC, = CAy = 2. According to angles equality, we can say:

sin{ZA1)  y sin(£B,) x sin{(£Ch) =
'z sin(£By) y 7 sin(4Cy) x

sin(ZA3)

According to sine form of Ceva’s theorem in AABC, 14,1y, o are concur, Suppose
that 14, lp,le pass through the point P. We know that APBC and AA'C,B, are

equal. ( because of BP || A'Cy, CP || A'By, BC || BiCy and BC = B,C; ). So we

have;
PA' = PC'=y,; /PB'=z PA'LBC . PB'1LAC . PC'LAB

Ay

C B,




Suppose that PA', PB', PC' intersects BC, AC. AB at D, E, F respectively and
PD =m, PE =n, PF = t. According to before picture, we have:
_z sin(ZCy)  m

sin(ZC3)  n

Nlw

sin(ZA1)) n _y sin(£By)
sin(ZA;) t  z ' sin(4By) m vy

If n = ky, then: t = kz . m = 5‘,&

Now draw the line from A’ such that be parallel to BC. The intersection of thi:
line and extension AB and AC' denote by By and Cj respectively. Let the point A’
be the intersection of AA” and BC. According to Thales theorem, we have:

BA"  ByA'
CA" ~ CsA'

Let £ZB3sPA" = a and ZC3PA’ = 6. We know that the quadrilaterals PFB3A
and PEC3;A" are cyclic. Therefore ZB3FA' — a and ZO3EA" = 6.

According to law of sines in AP B3 A" and APC3A" and APC3B;:




ByA' tan(a)
Cy A" tan(0)

Also according to law of sines in APF A"
t  sin{£B1+a—-90) cos(£B +a) o s
— e a7 e cos(£B) — tan{a).sin(£B)
 cos(£B) - £
> o= )

Similarly we can say:

cos(LC) -2 - BsA"  BA"  x.cos(LB) —t sin(£C)

tan(6) = “ein(2C0) C3A'  CA"  z.c05(ZC) — n sin(£ZB)

Similarly, two other fractions can be calculated.
According to Ceva's theorem in AABC, we have to that:

z.cos(£LB) —t sin{£C) z.cos(£LC) —m sin(LA) y.cos(LA) —n sin(£B)
2.c08(£C) —n sin(£B) " z.cos{(£ZA) —t “sin(£C) y.cos(£LB) —m sin(£A)

1

r.cos(£B) —t z.cos(LC) —m yeos(LA)—n
2.c08(£C) —n z.cos(£LA) =t y.cos(LB)—m




In other hand, we know that:

n=ky , t=kz , m:@
x
r.cos(£LB) — kz x.cos(LC) — ky x.cos(LA) — kx
x.cos(ZC) — ky z.cos(£LA) — kx x.cos(£LB) — k=

=1

Therfore, we show that AA’. BB', CC" are concur.
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Problems of 2nd Iranian Geometry Olympiad (Elementary)

1. We have four wooden triangles with sides 3. 4, 5 centimeters. How many convex
polvgons we can make by all of these triangles?(Just draw the polvgons without any
proof)

A convex polygon is a polvgon which all of the angles of it are less than 180° and
there isn't any hole in it. For example:

This polygon isn’t convex This polvgon is convex

Proposed by Mahdi Etesami Fard

2. Let ABC be a triangle with ZA = 60°. The points M, N, K lie on BC, AC, AB
respectively such that BK = KM = MN = NC. If AN = 2AK, find the values of
ZB and ZC.,

Proposed by Mahdi Etesami Fard

3. In the picture below. we know that AB = CD and BC = 2AD. Prove that
LBAD = 30°.

g w5 ¢

Proposed by Morteza Saghafian




1. Inrectangle ABC'D, the points M, N, P,Q lie on AB, BC,CD, AD respectively
such that the area of triangles AQM, BMN,CNP. DPQ are equal. Prove that the
quadrilateral M N PQ) is parallelogram.

Proposed by Mahdi Etesami Fard

5. Do there exist 6 circles in the plane such that every circle passes through
exactly 3 centers of other circles?
Proposed by Morteza Saghafian




Solutions of 2nd Iranian Geometry Olympiad (Elementary)

1. We have four wooden triangles with sides 3, 4, 5 centimeters. How many convex
polygons we can make by all of these triangles?(Just draw the polygons without any
proof)

A convex polygon is a polygon which all of the angles of it are less than 180° and
there isn’'t any hole in it. For example:

A
S
N\
This polygon isn’t convex This polygon is convex
Proposed y Mahdi Etesami Fard
Solution.
1 )
1 3
3 3
4 gl rl
1 1
] 1
4 | 3 A
i
) 1 Rl







2. Let ABC' be a triangle with ZA4 = 60°. The points M. N, K lie on BC, AC', AB
respectively such that BK = KM = MN = NC. If AN = 2AK, find the values of
ZB and ZC.

Proposed by Mahdi Ftesami Fard

Solution.

Suppose the point P be the midpoint of AN, Therefore AK = AP = AN and
so we can say AAPK is the equilateral triangle. So ZANK — _!\_2£_A; = 307 Let
LACB = ZNMC = a. Therfore ZABC = ZKMB = 120° —a. So ZKMN = 60°.
Therefore AKMN is the equilateral triangle. Now we know that ZMNA = 90°.
Therefore a = 45°. So we have ZC" = 45° and £B = 75°.




3. In the picture below, we know that AB = CD and BC' = 2AD. Prove that
£ZBAD = 30°.

P =

Solution-1.

Let two points E and F on BC and AB respectively such that DF 1LBC and
DE1LAB. We can say DF - !22(_“ = %.(bemusc of ZBC'D — 30° and ZDFC — 90°)
Also we know that DF — BE, therfore DFE is the perpendicular bisector of AB. So
BD = AD.

Let H be a point on C'D such that BH LCD. therefore BH = %Q = BD, so we
can say D = H and ZBDC = 90°. Therefore ZABD = ZBAD = 30°.




Solution-2.
Suppose that P is the point such that triangle DC P is Equilateral. We know that
PCLBC and PC — C'D — AB, therfore quadrilateral ABCP is Rectangular.

= LAPD = LAPC - £DPC = 90° - 60° = 30°

In other hand, DP = DC and AP = BC. So AADP and ABDC are congruent.
Therfore AD = BD,

Let the point H on C'D such that BH LCD. therefore BH — %(-" = BD, so we
can say D = H and ZBDC = 90°. Therefore ZABD — ZBAD = 30°.




4. Inrectangle ABCD. the points M, N, P,Q lieon AB, BC,.CD, AD respectively
such that the area of triangles AQM, BMN,CN P, DPQ are equal. Prove that the
quadrilateral M N PQ is parallelogram.

Proposed by Mahdi Etesami Fard

Solution.
Let AB =CD = a,AD = BC = b and AM = 2,AQ = 2, PC =y, NC = t. If

x # y, we can assume that r > y. We know that:
y<r = a—-xr<a-y (1)
Saom =Senep = zx=yt = z<t = b-t<b-—z (2
According to inequality 1, 2:

(a—x)b—t)<(a—y)(b—2z2) = Spun < Sppg

it's a contradiction. Therfore  — y. so z = { Now we can say two triangles AMQ
and CPN are congruent. Therefore M) = NP and similarly MN = PQ. So the
quadrilateral M N PQ is parallelogram.

A x 1!1 a—zxr B
b—1
f N
Q f
b-2
D e-=y p y C
Comment.

Il quadrilateral ABC'D be the parallelogram, similarly we can show that quadri-
lateral M N PQ is parallelogram.




3. Do there exist 6 circles in the plane such that every circle passes through ex-
actly 3 centers of other circles?

Proposed by Morteza Saghafian

Solution.
in the picture below, we have 6 points in the plane such that for every point there
exists exactly 3 other points on a circle with radius | centimeter.
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Problems of 2nd Iranian Geometry Olympiad (Medium)

1. In picture below, the points P, A, B lie on a circle. The point @ lie inside the
circle such that ZPAQ = 90° and PQ = B(Q. Prove that the subtract ZAQB from
ZPQA is equal to arc AB.

B

TN
///

‘\\ d/

Proposed by Davood Vakili

2. In acute-angle triangle ABC, BH is the altitude of the vertex B. The points
D and F are midpoints of AB and AC respectively. Suppose that F be the reflection
of H to ED. Prove that the line BF passes through circumeenter of AABC,

Proposed by Davood Vakili

3. In triangle ABC, the points M, N, K are the midpoints of BC, AC, AB respec-
tively. Let wp and we be two semicirculars with diameter AC' and AB outside the
triangle respectively. Suppose that MK and M N intersect we and wp at X and Y
respectively. If the point Z be the intersection of the tangent to we and wp in X and
Y respectively, prove that: AZLBC

Proposed by Mahdi Ftesami Fard




1. Suppose that ABC be the equilateral triangle with circumecirele w and circum-
center ). Let P be the point on the are BC ( the arc witch A doesn’t lie ). Tangent
to w in P intersects extension of AB and AC' at K and L respectively. Show that:
ZKOL > 90°

Proposed by Iman Maghsoudi

5. a) Do there exist 5 circles in the plane such that every circle passes through
exactly 3 center of other circles?

b) Do there exist 6 circles in the plane such that every circle passes through
exactly 3 center of other circles?

Proposed by Morteza Sagha fian




Solutions of 2nd Iranian Geometry Olympiad (Medium)

1. In picture below, the points P, A, B lie on a circle. The point @ lie inside the
circle such that ZPAQ = 90° and PQ = BQ. Prove that the subtract ZAQB from
ZPQA is equal to arc AB. .

Proposed by Davood Vakili

Solution-1.
Let point M be the midpoint of PB. So we can say ZPMQ = 90° and we know
that ZPAQ = 90°, therefore quadrilateral PAMQ is cyclic. Therefore:

LAPM = ZAQM
In the other hand:

LAQB — LAQP = LPQM + LAQM — LAQP = 2LAQM

So we can say that the subtract ZAQB from ZPQA is equal to arc AB.




Solution-2.
Let the point K be the reflection of P to AQ. We have to show:

2/APB = ZAQB - ZAQP

Now we know that AQ) is the perpendicular bisector of PK. So ZAQP = ZAQK
and PQ — KQ — B(), therefore the point () is the circumcenter of triangle PR B.
We know that:

2LAPB = LKQB = LAQB — LAQK = £LAQB — ZAQP
Therefore the subtract ZAQB from ZPQA is equal to arc AB.




2. In acute-angle triangle ABC, BH is the altitude of the vertex B. The points
D and E are midpoints of AB and AC respectively. Suppose that F be the reflection
of H to ED. Prove that the line BF passes through circumcenter of AABC.

Proposed by Davood Vakili

Solution-1.

The circumeenter of AABC denote by O. We know that ZOBA = 90° — ZC,
therfore we have to show that ZFBA = 90° = ZC. We know that AD = BD — DH,
also DH = DF.

Therfore quadrilateral AHFB is cyclic (with circumeenter 1)
= LFBA=/ZFHE =90°-4DEH . DE|BC = (/LDEH=/4LC

= LFBA=%-4C




Solution-2.
The circumeenter of AABC denote by O. We know that quadrilateral ADOF is
cyclic. Also we know that AD = HD = DB, therefore:

LA=ZDHA = 180°— ZDHE = 180° — ZDFE = ADFE : eyclic
So we can say ADFOE is evclic, therefore quadrilateral DFOFE is eyclic.

LC = LDEA = LDEF = LDOF

In the other hand: Z2C' = ZDOB so ZDOF = ZDOB, therefore B, F., O are collinear.




3. In triangle ABC, the points M, N, K are the midpoints of BC, AC, AB respec-
tively. Let wp and we be two semicirculars with diameter AC and AB outside the
triangle respectively. Suppose that MK and M N intersect we and wy at X and Y
respectively. If the point Z be the intersection of the tangent to we and wg in X and
Y respectively, prove that: AZLBC

Proposed by Mahdi Flesami Fard

Solution-1.

Let point H on BC such that AHLBC. Therefore quadrilaterals AXBH and
AYCH are cyclic. We know that KM and MN are parallel to AC and AB respec-
tively. So we can say ZAKX = ZANY = ZA, therefore ZABX = ZACY - —T‘ and
ZXAB =Y AC = 9° - % So X, A Y are collinear.

é.,A ZAHY = LACY = 4—)4 = LXHY = ZXMY = ZA

- -

LAHX = LABX =

Z .

Therefore quadrilateral X HMY is eyelie. Also we know that ZMXZ = ZMY Z =
90°, therefore quadrilateral M X ZY is cyclic. So we can say ZX HMY is eyclic. ther-
fore quadrilateral HX ZY is cyclic.




In the other hand: ZZY X = ZACY = £

LZHX = £2Y X = %4 y ZAHX = 4—24- = LZHX =/ZAHX

So the points Z, A, H are collinear, therefore AZ LBC.

Solution-2.

Let point H on BC' such that AH 1L BC'. We know that KM and M N are parallel
to AC and AB respectively. So we can say ZARKX — ZANY = ZA, therefore
LABX = LACY = =§1 and ZXAB = LY AC = 90° — =2“‘- So X, A Y are collinear.

7 ’ ’, 7 ZA ’, » ”
= LIXY =LY X =— = ZX=2Y
So the point Z lie on the radical axis of two these semicirculars. Also we know that
the line AH is the radical axis of two these semicirculars. Therefore the points Z, A, H
are collinear, therefore AZ LBC'.

Z

B 0 M c




4. Suppose that ABC' be the equilateral triangle with circumeirele w and circum-
center 0. Let P be the point on the arc BC' ( the are witch A doesn’t lie ). Tangent
to w in P intersects extension of AB and AC' at K and L respectively. Show that:
ZKOL > 90°

Proposed by I'man Maghsoudi

Solution-1.

Suppose that M and N be the midpoints of AB and AC respectively. We know
that quadrilateral BMNC is cyclic. Also ZBPC = 120° > 90°, so we can say
the point P is in the circumcircle of quadrilateral BMNC', Therefore: ZM PN >
ZMBN = 30°

In the other hand, quadrilaterals TMOP and NOPC are cyclic. Therefore:

LIMKO = £LMPO , LNLO = LNPQ = ZLAKO 4 LALO = LMPN > 30°
= LKOL = LA+ LAKO + LALO > 90°

A




Solution-2.

Suppose that ZKOL < 90°, therfore KL? < OK? + OL*. Assume that R is the
radius of a circumcircle AABC. Let BK — xand LC = yand AB — AC = BC' — a.
According to law of cosines in triangle AK L. we have:

KL? = AK? + AL - AK. AL.cos(ZA) = KL*=(at+x)*+(at+y)*—(atz)(aty)
In the other hand:
KBKA=0OK*-R* = OK?=R'{z(atx)

LCLA=0I*-R* = OL*=R+tylaty)
We know that KL? < OK? + OL? and a = Rv/3. therfore:

(atx)+(aty?—(ata)aty <2R*+x(atx)tylaty)

= Ri<zxy (1)

K L is tangent to circumcircle of AABC at P. So we have:
KPP =KBKA=z(at+x)>1r = KP>zx (2

LPP=LCLA=ylat+y) > = LP>y (3)

According to inequality 2, 3 we can say: xy < KP.LP (4)
Now According to inequality 1, 4 we have: R* < KP.LP (5)

A

K




We know that ZKOL < 90°, therefore KOL is acute-triangle. Suppose that H is
orthocenter of AKOL. So the point H lie on OF and we can say HP < OP.

0

In other hand, ZHKP — ZPOL and ZKHP — ZOLP, therefore two triangles
THP and OPL are similar. So we have:
KP OP " 3 9 2
— A — 2 o < — ;
0P~ LP = KPLP=HPOP<OP'=R

But according to inequality 5, we have R? < KP.LP and it's a contradiction.
Therfore ZKOL > 90°.




5. a) Do there exist 5 circles in the plane such that every circle passes through
exactly 3 center of other circles?

b) Do there exist 6 circles in the plane such that every circle passes through
exactly 3 center of other circles?

Proposed by Morteza Sagha fian

a)Solution.

There aren’t such 5 circles. Suppose that these circles exists, therefore their centers
are 5 points that each point has same distance from 3 other points and has diffrent
distance from the remaining point. We draw an arrow from each point to it’s diffrent
distance point.,

- lemma 1. We don’t have two points such (J;, O; that each one is the diffrent
distance point of the other one.

proof. If we have such thing then O; and O; both have same distance to the
remaining points, therefore both of them are circumeenter of the remaining points,
which is wrong.

- lemma 2. We don't have 4 points such O,, O;, Oy, O; that O;, O; put their arrow
in O and Oy puts it’s arrow in (.

proof. If we name the remaining point O, then the distances of O; from O;, Oy,
(), are equal and the distances of O; from O;, Oy, O, are equal. Therefore each of
O, O,, is the diffrent distance point of another which is wrong (according to lemma
1).
s0 each point sends an arrow and recives an arrow. Because of lemma 1 we don't
have 3 or 4 points cveles. Therefore we only have one 5 points cycle. So each pair of
these 5 points should have equal distance. which is impossible,

b)Solution.
in the picture below. we have 6 points in the plane such that for every point there
exists exactly 3 other points on a circle with radius 1 centimeter.




