STUDENT PROBLEMS 171

Student Problems

Studentaup to the ageof 19 areinvited to sendsolutionsto eitherof the
following problemsto StanDolan,126A HarpenderRoad,St. AlbansHerts
AL3 6BZ.

Two prizeswill be awarded- afirst prize of £25,anda secondprize of
£20- to the senderof the mostimpressivesolutionsfor eitherproblem. It
is, therefore,not necessarnto submit solutionsto both. Solutionsshould
arrive by May 20th 2015. Pleasegive your Schoolyear, the name and
addresof your Schoolor College,andthe nameof ateachethroughwhom
theawardmaybemade. Pleaseorint your own nameclearly! The namesof
all successful solvers will be published in the July 2015 edition.

Problem 2015.1
Prove thatan20° — tan40° + tan80° = 3v3.

Problem 2015.2

In the diagram,KLMN is a convexquadrilateralthe sidesareextended
and circles inscribed as shown.

(a) ProvethatpointsR, S T andU, the centresof the circles,form a cyclic
quadrilateral.

(b) Apply the same constructionto quadrilateralRSTU and repeatthis
process indefinitely. Describe what happens.
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Solutions to 2014.5 and 2014.6

No correctsolutionswerereceivedfor Problem2014.5.Problem2014.6
was solvedby William Grace(MaidstoneGrammarSchool),JamesMoore
(Sir John Leman High School, Beccles) and Andrew Rout (Maidstone
Grammar School).

Problem 2014.5

The distancesAB, BC and CD appearequalon this photographof the
DeathValley badlandslf the actualdistancesaresuchthatBC : AB=2: 1,
then findCD : AB.

Solution

This problemwas baseduponan
idea suggestedby Tony Robin and
can be solved neatly by using the
cross-ratio of the four points. A
direct proof can be obtained as
follows. The point P representshe
location of the camera.

Let h be the perpendicular
distancefrom P to the line ABCD.
Then the area of triangle PAC is
given by

1AC.h = IPAPC sin(x + y).

Using similar results for other
triangles, we obtain the following
equation.
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AC.BD PAPC.PB.PDsIin(x+Yy)sin(y+ 2
AD.BC  PAPD.PB.PC sin(X+ y+ 2) siny
sin(x+y) sin(y + 2)
~ sin(x+ y+2)siny
This resultis remarkablebecausepreciselythe sameexpressiorwould be

obtained for any set of collinear points on the four lines of sight. In
particular, it is the same for the four points on the photograph.

Ontheground,let AB: BC: CD = 1: 2: k, whereason the photograph
AB:BC:CD=1:1:1. Then

ACBD 2x2 32+K
ADBC 1x3 23+k
Thereforek = 6 andCD: AB=6: 1.

Problem 2014.6

A convex quadrilateralhas sidesof lengthsa, b, c and d as shown.
Provethat the areaof the quadrilateralcannotexceeds (ac + bd). Which
quadrilaterals have an area equaj tac + bd)?

Solution

This problemwasproposedoy Nick Lord. A neatway of proceedings
to first split the quadrilateralinto two triangles and replace one of the
triangles by its mirror image, as shown below.

This transformationhas not changedthe areaof the quadrilateral As
William, Jamesand Andrew all pointedout, it is now easyto expressthe
area of the quadrilateral in the form

3ac sinX + ibd sinY < %(ac + bd).
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For equality,we requireX = Y = 90°. As expressedby William, this
quadrilaterals then‘any shapgormedwhentwo right-angledriangleswith
equal hypotenuse length are placed together, hypotenuse to hypotenuse’.

It is now an easyapplicationof circle geometryto show that equality
holdsif andonly if the original quadrilaterais a cyclic quadrilateralwhose
diagonals intersect at right-angles.

Thefirst prize of £25is awardedto JamesMoore. The secondprize of
£20 is awarded to William Grace.

doi: 10.1017/mag.2015.18 STAN DOLAN

Dr John Frankland Rigby
(22nd April 1933 - 29th December 2014)

John Rigby, who died in December,was an active memberof The
Mathematical Association from the day he joined in 1960, serving as
Presidentof the Cardiff Branch as well as its meticulous Secretary.He
contributedmany articles on EuclideanGeometryto the Gazette which
were distinguishedby their precision, concise style and freedom from
jargon. His elegant solutions to the Problem Corner reflected his
encyclopaedi&knowledgeof resultsthat mostof us werenot evenawareof,
andhisregulartalksat MA Conferencesverealwaysa magnetof attraction.
He was particularly interestedin Japanesdraditional geometrywith its
inherentartistic qualities,aswell asthe mathematicatletail of Islamic and
Celtic art. John became a world expert in the connection between
mathematicsand ornamentalart, creating his own designsand patterns
which appearedn his beautiful Christmascardsaswell ason the hassocks
in Cardiff's Llandaff Cathedral.

Johnwas a pupil at The ManchesteiGrammarSchooland went on to
Trinity College,Cambridge asboth undergraduatand postgraduateAfter
a stint at GCHQ whilst finishing his PhD, he movedto Cardiff in 1959to
teachin the MathematicsDepartmenbf the University andremainedthere
until  his retirement. At the same time he became well-known
internationally, visiting universities in Turkey, Canada, Singapore,the
Philippines and Japan.His former Head of Department,Jeff Griffiths,
remembershis wonderful lectureson complex analysis,with inimitable
freehandsketchef complicatedcurveson the blackboard For manyyears
he ran the University's MathematicsClub for talented sixth-formersin
nearbyschools,alongwith his colleagueandfriend JamesWiegold. In this
context, Jeff Griffiths writes that

‘a worksheetwas circulated to the schoolsa month before each
meeting.At the meetingstudentswere invited to presenttheir solution on
the blackboard Althoughthey often produceda technicallycorrectsolution,
Johnwould inevitably producea far more elegantone, drawing gaspsof
admirationfrom the audience His perfectly-drawncircles were indeeda
wonder to behold’.
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