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A problem -Q'om Zhencdlong Totrick Sw

The other week, my student 2hendon3
Ptk Sw. showed me "H')e ollouJinj
Froblem.

Consider +he -gnnowiﬂ uc..c\r‘i\c\’}'er‘af
9 9
with « C\iajcnal, ir\'w}\ic)v the sizes oF
-Hme Qn&)es ore iﬂo\iCo+€d Ra) unﬂ‘s of ?C‘/Bé

R

Y 3
1" 4

2

We ore asked Yo delermine +he omg]e
momke_d lDelow, and Susges']' "'H']o."‘ Dou 'H"Iiﬂ\\-

cbout the Fr‘ob\em be‘?ore
+urv\iv\5 the Pese
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One "H’\i‘ng ‘H’“\C"} s}’r'\kes %e reader is
‘het one o‘? }he sides connecks +wo equcl
o\r\Q\eS (of’ 22 each), and the ques]-'ron is
Lo eq')‘re,r‘ e <can exp]oi‘)‘ "Hﬂo\}' sbmme}r;j.
The Sujjes'}ﬁon s 4o };j o do thet
)33 }nl‘roc\ucins o SJW\ letric ')er)'Dezium *)

F:.”lnﬁ in the o.nsle Sizes, we 3See& thet the
6 ure s vev 5pe.cia\ indeed: the gure
hes been Par¥}+i_9_hed into o suyrmmeltric
-)-r&PeZ}um and o\nrrrrrr‘-]sosce]e.s *j

ricmgle..
The Svmme*f‘j OF) the
be

apezium CoNn
QKD‘Gi‘}‘_Ed by observin
—Hml%- as G r‘é(jsuljr i]-sf)
4 vertices lie on o
circle; conseo‘u«enl'b
Me +huo marked
Qng\es are equal.

) e quadri\c&er‘a} with 1 Patr o() Par‘c.“el sides
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FG. s C¢e n‘-re_
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The isosce\es ‘lﬂ'igngle voith -\0)0 oPSi‘ae 22

‘s exploited \93 Considerinﬁ the circle +hrough
its other 2 vertices ond with +the —1-013 o?ﬁ
Size 2'2’.; Because o? H‘ue o.ngle mor ked

n , the 4H  verlex lies on Hheatk circle, ’”)
we can +hus wark o 3rd Se\(jmeh"‘ V
and we haove %unc\ 2 other isosceles
Yriangles. Either 9(7 Yhem suizﬁces ‘o
conclude that +the size o? Hhe marked
angle , le. the requested answer, is 8
(36~ 2214 or 36-2x3 ~22).
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1 q‘hou }'l‘}‘ '”’16."‘ '”ﬂe ver irs+ S)‘
Wwes o rE?Hwer b:’g r‘c\bbi]-:jbi; whil?
WG S wr{l—fnﬁ +his no**e, m wiTOe /}?iq
‘ried 4o solue this Froblem) ond +the
Pc«*%—i}-ioninﬁ i’n)'o G sjmme}n‘c tra 2i1tum
oncdl an isosceles ‘l‘rianﬁle was ‘H’Te Ver\\j

?‘FS*' M’\ing she did!
That T Wsed }he theorem -I)rovecl in
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EWDI180 - +het e circle is the locus of

‘ooin}'.s @om w‘f\ic\n 2 Si\feﬂ oin)—s are

viewed under o censhtant angle, ete., is

not surPris‘mS: i}' s a S‘@Fkis)-iCc:}ec{

Pockc\éi‘q\? OP the uoal lines ond }he
9 les

equa\ an ofy" the isosceles J-rian&\e.

T wrote Hhis down -For ‘he scke oF)
-Hwe. Preseﬂ¥a¥ima\ ex"berimer\‘)‘ OF Y)OJ'

naming, Yhe ComPonenB o? the P)’C)-ur‘e.
**) and because OF) Vhe ?cc\' VYot the

vertices oF the onales c«f size 1l and 22,
res pec H veb , lie ok ¢ same side ol the
line connec \-iﬂj -\-he other two vertices

in H‘\e TDic bure:

Bustin, 30 Sep}-em]oer 1994

Pmﬁ clr. Ec\.S‘ger‘ W. (-.DS\&S)T‘Q
’DePo\r\-menL og) Compurer Sciences
The L(nivef‘sfb o? excs ot Qusl-fn
AushHn, TX 78712~ 1188
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Supplement | =WDI8Y ~4

An aiternative solution to Zhedong Patrick Su's problem

The solution proposed in EWD1188 exploits the symmetry induced by two
specific angles of size 22.

The solution proposed here exploits the more direct symmetry with respect
to the "major diagonal" bisecting one of these angles. This symmetry is
completed by connecting the mirror image of the vertex with angle of size 21
to all vertices of the quadrilateral, as shown in the following picture:
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The resulting isosceles triangle with top angle marked 11 + 11 obviously has
base angle 18 — 11 =7, as indicated. Since the angle marked 7 equals the angle
marked 3 + 4, the four points highlighted by dots are on a circle. Hence the
angle between the base of the isosceles triangle and the minor diagonal equals
the angle marked 1. Therefore the angle marked ? has size 7+ 1 = 8.

Discussion. Consider the generalization of this problem where the given values
11, 3, 4 are replaced by arbitrary values ¢, f3, y respectively. The condition
for the 4 dots being on a circle is 18 — o= B+ 7, i.e. a+ B+ y = 18. Clearly
the unknown angle = (y+ ) + (y— ) =2 - ¥, resulting in a triangle with
angles 2 - &, 2 - B and 2 - ¥. This generates a family of equivalent problems,
even if we also require that y— 8 = 1 as in the original problem statement.

In EWD1188, the existence of the isosceles triangle used in the derivation
requires 2 - o + (B + ) + (B + ) = 36, hence a + 3 + ¥ = 18 as before. The
symmetry argument based on the equality of two specific angles of the
quadrilateral results in the extra condition @ +2 -+ 3=36,ie.3 -a+ f =
36. If we also require y— 8 = 1, then the only possibility is o, 8, y= 11, 3, 4.

R. Boute, 1995/01/24



