Illustration of few theorems and definitions
	
	Analytic Centroid Definition:
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	The analytic centroid of a triangle ∆ABC is the point G located at the intersections of the three triangle medians. Its coordinate can also be computed with the sum of the coordinates of the three vertex divided by three.

	[image: image2.bmp] ANATROID.8XV
	Move the points A, B and C.


	
	Figure Animation:
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	Animation of a boat over the sea.

	[image: image4.bmp] BOAT.8XV
	Move the points A and B to calm the sea.


	
	Conic Constructions:

	[image: image5.png]



	This figure shows you how to build conics using CabriJr. The ellipse is the envelope of all perpendicular bisectors of point G with the points on the circle. Point G can be moved in order to change the aspect of the ellipse.
If point G is moved outside the circle, the envelope becomes a hyperbola.

	[image: image6.bmp] CONIC.8XV
	Move the points F and G.


	
	Circumcircle Definition:

	[image: image7.png]



	The circumcircle is a triangle’s circumscribed circle, i.e. the unique circle that passes through each of the triangle three vertices. The center of the circumcircle is called the circumcenter.
The three perpendicular bisectors of a triangle meet at the circumcenter.

	[image: image8.bmp] CIRCUMB.8XV
	Move the points A, B and C.


	
	Dudeney’s Puzzle:
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	This problem consists to dissect an equilateral triangle into a square by three cuts.
This problem was first proposed by Dudeney in 1907.

	[image: image10.bmp] DUDENEY.8XV
	Point M is animated. Stop the animation and move freely point M over the circle.


	
	Circle Equation:

	[image: image11.png]BT =212 YT




	The equation of a circle centered on (xo,yo) with radius r in the Cartesian plane is:
(x-x0)2 + (y-y0)2 = r2

	[image: image12.bmp] EQUACIRC.8XV
	Move the points C and M and drag the circle to observe changes in the equation.


	
	Equilateral Triangle Construction:

	[image: image13.png]



	An equilateral triangle has three sides of equal length and three equal angles of 60 degrees.
To build an equilateral triangle ∆ABC, first draw a segment AB, then draw two circle centered in A and B with a radius equal to the length of AB. The intersection of the two circles is the point C.

	[image: image14.bmp] EUCLID1.8XV
	Move the points A and B.


	
	Euler Line:
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	In a triangle, orthocenter H, circumcenter O and centroid G are aligned on a line called the Euler line.

Many other points lie on this line: Longchamps point, nine-point center, Schiffler point, Exeter point, far-out point, Euler infinity point, etc…

	[image: image16.bmp] EULER.8XV
	Move the points A, B and C.


	
	Finsler-Hadwiger Theorem:

	[image: image17.png]



	Let the squares □ABCD and □AEFG share a common polygon vertex A. The midpoints M and N of the segments BG and DE together with the centers of the original squares O and P then form another square □ONPM.

	[image: image18.bmp] FINSLERH.8XV
	Move the points A, D and E.


	
	Figure Animation:
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	Animation of a propeller.

	[image: image20.bmp] HELIX.8XV
	Move the points A, B and M.


	
	Incircle Definition:
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	The incircle is the inscribed circle of a triangle ∆ABC, i.e. the unique circle that is tangent to each of the triangle’s three sides.
The center I of the incircle is called the incenter.

	[image: image22.bmp] INSCRIB.8XV
	Move the points A, B and C.


	
	Altern/Intern Angles Definition:
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	Having two parallel lines (in the figure: AB and CD) cut by a third line (in the figure: CA), the two angles inside the parallel lines, each on an opposite side of the third line are said to be altern/intern (on the figures: either the two 76º angles or the two 104º angles).
Altern/intern angles are equals.

	[image: image24.bmp] INTALT.8XV
	Move the points A and B.


	
	Johnson's Theorem:

	[image: image25.png]



	Let three equal circles, C1, C2, and C3, intersect in a single point and intersect pair wise in three other points. Then the circle circumscribed to those 3 points (the so-called Johnson circle) is congruent to the original three.

	[image: image26.bmp] JOHNSON.8XV
	Move the centers of circles C1, C2 and C3.


	
	Figure Animation:

	[image: image27.png]



	Animation of a Kaleidoscope.

	[image: image28.bmp] KALEID.8XV
	


	
	Figure Animation:

	[image: image29.png]



	Animation of three fellows.

	[image: image30.bmp] L1GR2.8XV
	


	
	Pascal’s Limacon Construction:

	[image: image31.png]



	This is a demo of the Pascal’s Limacon construction. 

First a circle is traced with a point on it. We trace the circle’s radius through this point with its perpendicular. A second line, perpendicular of the previous one, passing through a point outside the circle is draw. Each points of the limacon correspond to the intersection of the two perpendiculars as the initial point on the circle moves toward the circle.

Use the Locus in CabriJr to see those intersection points.

	[image: image32.bmp] LIMACON.8XV
	Stop the animation and move the point on the circle.


	
	Marion's Theorem:
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	Marion's theorem (Mathematics Teacher 1993, Maushard 1994, Morgan 1994) states that the area of the central hexagonal region determined by trisection of each side of a triangle and connecting the corresponding points with the opposite vertex is given by 1/10 the area of the original triangle.

	[image: image34.bmp] MARION.8XV
	Move the points A, B and C.


	
	Midpoint Line Theorem:
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	If a segment passes trough the midpoints of two sides of a triangle, this segment is parallel to the third side of the triangle (the side which is not cut by this segment) and its length is half the length of the third side.

	[image: image36.bmp] MIDLINE.8XV
	Move the points A, B and C.


	
	Napoleon's Theorem:

	[image: image37.png]



	If equilateral triangles are erected externally on the sides of any triangle (ABC then their centers G1, G2, G3 form an equilateral triangle (the outer Napoleon triangle).

This theorem is generally attributed to Napoleon Bonaparte (1769-1821).

	[image: image38.bmp] NAPOLEON.8XV
	Move the points A, B and C.


	
	Nine-Point Circle Definition:

	[image: image39.png]



	The nine-point circle of a triangle (ABC, also called Feuerbach circle, is the circle that passes through the perpendicular feet dropped from the vertices A, B and C.

Euler shown in 1765 that it also passes through the midpoint of AB, BC and CA. By Feuerbach’s theorem, the nine-point circle also passes through the midpoints of BI, AI and CI. Theses three triples of points make nine in all, giving the circle its name.

	[image: image40.bmp] NINEPTC.8XV
	Move the points A, B and C.


	
	Opposite Angle:
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	Two lines crossing each other at a given points forms two set of two opposite angles. Two opposite angles are equal to each others.
In our figure, angle BOI is opposed to angle AOJ and angle AOB is opposed to JOI.

	[image: image42.bmp] OPPANGLE.8XV
	Move the points A and B.


	
	Orthogonal Lines:

	[image: image43.png]



	Two orthogonal lines are perpendicular. Each line has a slope which value is the inverse and the opposite of the other one. The product of the two slopes is -1.
In the figure, M1 is the slope of D1 and M2 is the slope of D2.

	[image: image44.bmp] ORTHLINE.8XV
	Move the points D1.


	
	Orthocenter Definition:
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	The intersection H of the three altitudes of a triangle is called the orthocenter.

	[image: image46.bmp] ORTHOCEN.8XV
	Move the points A, B and C.


	
	Thebault’s Theorem:

	[image: image47.png]



	Given any parallelogram and the squares placed outwardly on each side, the centers of the four squares together form another square whose center is the center of the parallelogram.

	[image: image48.bmp] THEBAULT.8XV
	Move the points A, C and D.


	
	Parabola’s Construction:

	[image: image49.png]DIRECTRIH




	To build a parabola, first draw a segment. Put a point M on this segment and trace the perpendicular to that segment passing through this point. A point Focus is traced above the segment and the perpendicular bisector between Focus and M is drawn. The parabola is the locus of all intersection points of the perpendicular and the perpendicular bisector while M moves around the segment.

	[image: image50.bmp] PARABOLA.8XV
	Stop the animation and move the point M to see the position of all intersection points.


	
	Parallel Lines:

	[image: image51.png]



	Two parallel lines have the same slope.

	[image: image52.bmp] PARALINE.8XV
	Move the point D1.


	
	Regular Pentagon Construction:

	[image: image53.png]REC 108 3.2,





	The construction of a regular pentagon is easily done using a compass and a rule. This figure shows how to achieve such a construction.

	[image: image54.bmp] PENTAREG.8XV
	In the File menu, select Undo menu item then Explore to see the different steps of the construction.


	
	Non-Euclidean Geometry: The Poincare model for hyperbolic geometry:

	[image: image55.png]FOINCARE




	Look at the aspect of the triangle (ABC when points A, B and C are moved.

	[image: image56.bmp] POINCARE.8XV
	Move the points A, B and C.


	
	Ptolemy's Theorem:

	[image: image57.png]



	For a cyclic quadrilateral, the sum of the products of the two pairs of opposite sides equals the product of the diagonals: 
AB x CD + BC x DA = AC x BD

	[image: image58.bmp] PTOLEMY.8XV
	Move the points A, B, C and D.


	
	Pythagoras's Theorem:

	[image: image59.png]FYTHAGORAS




	For a right triangle with legs AB and AC and hypotenuse CB:

AB2 + AC2 = BC2.
Taking the squares placed outwardly on each side, the sum of the area of legs’ squares is equal to the area of the hypotenuse square.

	[image: image60.bmp] PYTHAG.8XV
	Point A is animated. Stop the animation and move points A, B and C.


	
	Pythagoras’s Visual Demonstration:
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	This figure uses the animation to illustrate the visual demonstration of Pythagoras’s demonstration.

	[image: image62.bmp] PYTHAG1.8XV
	


	
	Graph Transformation:
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	This animation illustrates the transformation of a bipartite graph. It first starts with a cube graph to ends with a K44-p graph.

	[image: image64.bmp] Q3ORK44.8XV
	


	
	Theorem:
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	Consider a convex quadrilateral □ABCD and let points I, J, K, L be the midpoints of the sides AB, BC, CD and DA. Let M be the midpoint of the diagonal AC and N the midpoint of the diagonal BD. Let the parallel line to AC through N intersect the parallel line to BD through M in point O.

Then the line segments OI, OJ, OK and OL divide the quadrilateral in four quadrilaterals of equal area.

	[image: image66.bmp] QUADDIV4.8XV
	Move the points A, B, C and D


	
	Reflection over Axes:
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	The reflection of a point over an axe has the effect to multiply by -1 the value of the coordinate associated to the other axe.

	[image: image68.bmp] REFLAXES.8XV
	Move the point A.


	
	Construction of a Rosace:

	[image: image69.png]



	The construction of a rosace can be done the same way as a regular hexagon would be done: using only circles. Linking up the intersection points on the centered circle will give a regular hexagonal.

	[image: image70.bmp] ROSACE.8XV
	In the File menu, select Undo menu item then Explore to see the different steps of the construction.


	
	Geometrical Construction of the Sine:

	[image: image71.png]



	The sine curve is obtained by projection of the y-coordinate while unrolling a trigonometric circle, starting at the right most position.

	[image: image72.bmp] SINE.8XV
	Move or animate the point X.


	
	Animation:

	[image: image73.png]



	This figure animates a snowman.

	[image: image74.bmp] SNOWMAN.8XV
	


	
	Pythagoras’ Spiral Construction:
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	First a triangle (OPQ is build with a leg OP. The length OP is reported perpendicularly on the hypotenuse of the triangle to form a new triangle, and so on.

	[image: image76.bmp] SPIRAL.8XV
	Move the points P and O.


	
	Symmetry over the Origin:

	[image: image77.png]



	The symmetry of a point over the origin has the effect to multiply by -1 the values of the coordinates of the point.

	[image: image78.bmp] SYMMETRY.8XV
	Move the point A.


	
	System of 2 equations with 2 unknowns:
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	The solution of a system of two equations with two unknowns is the intersection point between the two line representing the two equations.
It can easily be solved using the Intersection point and the Coordinate and Equation tools of CabriJr.

	[image: image80.bmp] SYST2X2.8XV
	Move the point A, B, C and D.


	
	Thales’s Theorem:

	[image: image81.png]



	The Thales Theorem states that giving three points A, B and H on a circle with center O, the angle AOB is twice as large as the and AHB, for angles opened in the same direction..

	[image: image82.bmp] THALES.8XV
	Stop the animation and move the points A, B and H.


	
	Theorem:
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	Given any triangle and the squares placed outwardly on each side, the line segment joining a vertex and the center of the opposite square is perpendicular to the line segment joining the centers of the two other squares.

	[image: image84.bmp] TRI3SQUA.8XV
	Move the points A, B and C.


	
	Van Aubel's Theorem:

	[image: image85.png]



	Given an arbitrary quadrilateral, place a square outwardly on each side, and connect the centers of opposite squares. Then Van Aubel's theorem states that the two lines are of equal length and cross at a right angle.

	[image: image86.bmp] VANAUBEL.8XV
	Move the points A, B, C and D.


	
	Varignon's Theorem:
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	The figure formed when the midpoints of adjacent sides of a quadrilateral are joined is called the Varignon parallelogram. The area of the Varignon parallelogram of a quadrilateral is half that of the quadrilateral, and the perimeter is equal to the sum of the diagonals of the original quadrilateral. 

	[image: image88.bmp] VARIGNON.8XV
	Point A is animated. Stop the animation and move the points B, C and D.


	
	Viviani's Theorem:
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	Given an equilateral triangle and a point P inside it, the sum of the distances from P to the edges of the triangle is equal to the triangle's height.

	[image: image90.bmp] VIVIANI.8XV
	Move the points P, B and C.


	
	Wittenbauer's Theorem:
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	The geometric centroid of a quadrilateral is the center of its Wittenbauer's parallelogram.

To obtain the Wittenbauer’s parallelogram, divide the sides of a quadrilateral into three equal parts. The figure formed by connecting and extending adjacent points on either side of a polygon vertex is a parallelogram known as Wittenbauer's parallelogram.

	[image: image92.bmp] WITTENBA.8XV
	Move the points A, B, C and D.
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