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var board = JXG.JSXGraph.initBoard('jxgbox', {

boundingbox: [-1.5, 2, 1.5, -1], keepaspectratio:true
1

// Triangle ABC

var A = board.create('point', [1, @]),
B = board.create('point', [-1, 8]),
C = board.create('point’', [0.2, 1.5]),
pol = board.create('polygon',[A,B,C], {
fillColor: '#FFFFee',
borders: {
strokeWidth: 2,
strokeColor: '#009256'
}
s

// Perpendiculars and orthocenter i1

var pABC = board.create('perpendicular', [pol.borders[8], C]),
pBCA = board.create('perpendicular', [pol.borders[1], A]),
pCAB = board.create('perpendicular’', [pol.borders[2], B]),
il = board.create('intersection’', [pABC, pCAB, 0]);

// Midpoints of segments

var mAB = board.create('midpoint', [A, B]),
mBC = board.create('midpoint', [B, C]),
mCA = board.create('midpoint', [C, A]);
// Line bisectors and and centroid i2
var ma = board.create('segment', [mBC, A]),
mb = board.create('segment', [mCA, B]),
m¢ = board.create('segment', [mAB, C]),
i2 = board.create('intersection', [ma, mc, ©]);

// Circum circle and circum center

var ¢ = board.create('circumcircle’, [A, B, C], {
strokeColor: '#000000',
dash: 3,
strokeWidth: 1,
center: {
name: 'i_3",
withlabel:true,
visible: true
}
N

// Euler Lline
var euler = board.create('line', [il, i2], {

dash:1,

strokeWidth: 2,

strokeColor: '#981B77"
s
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Features
* Euclidean Geometry:
angles
* Curve plotting: Graphs, parametric curves, polar curves, data

s, lines, circle, intersections, perpendicular lines,

I , normals
* Basic support for charts

http://isxgraph.org/wp/about/index.html




JSXGraph in STACK

a. rand(6)-3; Type in an algebraic expression which has the graph shown below.
fx: sin(x)+a; t
4
3
[lsxgraph]] 2
var board = JXG.JSXGraph.initBoard(divid, \ /\ 1 /\
{boundingbox: [-10, 5, 10, -5], \/ + \y X
axis: true,
showCopyright: false}); =
var f = board.jc.snippet('{#{x#}', true, 'x', true); ~2
board.create('functiongraph’, [f,-10,10]); .
[/isxgraph]] )
—of+t « | 1T o
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Possible pitfall: comments

// boundingbox:[left, top, right, bottom]

« Sometimes caused import/export problems
* |nstead: /* comment */

% g,
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Fundamentals of Algebra and Calculus

Find the equation of the parabola shown in the diagram.

The area under a curve

For the function f(z) = 22, let's try to find the area under the curve y = f(z) between z = 0 and z = 6:

A
/ :
\ |
6
Building on the approach from the Getting Started section, we will approximate the area by rectangles. We can
6
(O -8 \ use 712 rectangles of width —. For the height of the rectangles, we try two different options:

) n

Find the equation of the quintic shown in the graph:

1. Left sums - the height is the value of f(iz) when & is the left edge of the rectangle.

2. Right sums - the height is the value of f(x) when z is the right edge of the rectangle.

You can use the following applet to explore how these approximations change as you increase the value of n:

A

A 4

Show Left Sums
Show Right Sums
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O n=3 Left Sum = 40.0000

Right Sum = 112.0000

Form the definite integral which gives the shaded area under the graph of y = * — 322 +2z+1:

A

7,,

1 w1l
The curve y = — is shown in the diagram, along with the shaded area given by f — dz.
i s Fr

A

dx

The graph of y = f(z) is shown below.

43
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8

Use the area interpretation of the definite integral to evaluate the followin:

/Ullf(:l:) dz =

[ 16 aa

(e,0) (m,0)

Find values of m and M for which m < 21; < Mfore<z<m:

m =

M=

Demo available at; https://eams.ncl.ac.uk/moodle/course/view.php?id=5
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The curve with equation y = —x

From one to many

2

2

is shown in the diagram below.

TD;

y=—x

The line ¢ is a tangent to the curve at x = 2.

(@) Find the gradient of line ¢.

(b) Given that the line through A and B is parallel to /, find the coordinates of A.

X
<
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The curve with equation y = —2 22 — 4 & — 4 is shown in the diagram below.

A

v

The line £ is a tangent to the curve at z = 1.
(a) Find the gradient of line £.

(b) Given that the line through A and B is parallel to £, find the coordinates of A.

Enter your answer as a list, e.g. to enter (1, 2) type [1,2]

The curve with equation y = —2z2 — 82 — 6 is shown in the diagram below.

¢

The line £ is a tangent to the curve atx = —4

(a) Find the gradient of line £.

(b) Given that the line through A and B is parallel to £, find the coordinates of A.

Enter your answer as a list, e.g. to enter (1, 2) type [1,2]

The curve with equation y = 2z — 12 + 16 is shown in the diagram below.

The line £ is a tangent fo the curve atz = 5.

(a) Find the gradient of line £.

(b) Given that the line through A and B is paralle! to £, find the coordinates of A.

Enter your answer as a list, e.g. to enter (1, 2) type [1,2)

The curve with equation y = ° + 2 = is shown in the diagram below.

The line £ is a tangent to the curve atz = 1

(a) Find the gradient of line £

(b) Given that the line through A and B is parallel to £, find the coordinates of A.

Enter your answer as a list, e.g. to enter (1, 2) type [1,2]



Method: transformation

 Start with a known N y=crze |
: O\ 2 5
question and apply a S 7
transformation , — )
— Scaling (c, and c,) | /

— Translating (, and {))

e Transform to new
coordinates: T(x,y) = (Cx(x +to), ¢ (v + ty))

a) points a) T(2-4)=(13)

b) expressions
b) TF(y):=expand(ev(T(0,y)[2],x=x/cx-tx));
NP THE UNIVERSITY of EDINBURGH TF(_X/\2) = xN2+2*x
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Bounding boxes

o 7
\\\O\=2 D
bbTL:T(-5,15); A T,
bbBR:T(6,-35); v
y=-x
N /

BBx:[bbTL[1],bbBR[1],-1.5,1.5];
BBy:[bbTL[2],bbBR[2],-1.5,1.5];
BB:[Imin(BBx),Imax(BBy),Imax(BBx),Imin(BBy)];

var board = JXG.JSXGraph.initBoard(divid, {boundingbox: {#BB#}});

% - :4"5',
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Interactivity
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Sliders

Show Left Sums
Show Right Sums

v

) 6
O— . ; - : n=3 Left Sum = 40.0000

Right Sum = 112.0000
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Sliders with a task

0 (_1)p2ntl 3 5 7
The function f(x) = arctan(z) has Maclaurin series Z L —a- a2

o2n + 1 3 -t

n=0
This applet shows what those polynomials look like, with a slider so you can vary the value of IV:

A

1.5

0.5

A 4

-1.5 O ; , : N =0.00

Here, you should see that as you increase the value of IV, the Maclaurin polynomials do give a better approximation of f(a:)
for some @ values but not for others.

Using the applet, which of the following values appear to be ones for which the Maclaurin series converges?
L] (a) —0.5
_I (b) 0.5
[l (e)—1.5
(d) 1.5
(e)0



Interactive with assessment

Drag the points A and B so that they lie on the line with equation y = 4 — %- P St d t d th
A udents drag tne

i points to give their
: answer
SENEERSEER » JavaScript code
3} returns the answer to
) STACK as a list
RO e Based on code from Mikko Vasko (Hochschule Karlsruhe) at the

N¢N: School of Mathematics 1st STACK conference



Code in HTML editor

Option 1:
Use the plain-text editor in Moodle.

var moveThingsAround = function() { Option 2-
var i;
for (i = 0; i &lt; answer.length; i++) {
answer[i].moveTo([ ans[2¥]] , ans[2¥i+1] ]);

Use alternative JavaScript:

var moveThingsAround = function() {

> vari=0;
% for (let pts of answer) {
Another hack to avoid < pts.moveTo([ ans[27] , ans[27i+1] ]);
function isLessThan(a, b) { i++;
}return Object.is((a-b)%1, -0); % for(let i of [1 ,2’3]) {
g for(i=0; isLessThan(i,sv); i++) { g board.create(‘point’, [i, 0]);

val = val + Math.pow(-1, i)*Math.pow(t,2*+1)/(2*i+1); )



Further examples

Drag the points so that the diagram shows the graph of a function
f:[0,1] — [0, 1] with image [0, %] .

Drag the points uq, . . . , ug so that they show the first 8 terms of an increasing sequence. Drag the points so that the diagram shows the graph of a function
A f:[0,1] — [0, 1] with image [D, %] and that is not one-to-one.

Drag the points so that the diagram shows the graph of a function
f:10,1] — [0, 1] that is onto and not one-to-one.

5
Drag the points so that the diagram shows the graph of a function
f:[0,1] — [0, 1] that is injective, not surjective, and passes through
ut . u2 lu3 ud us _u6 | u7 | u8 (0-2: 0-8) and (0-53 0‘5)—
e & o ¢ ¢ ¢ o o
1 2 3 4 5 6 1 8 @
-5
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Thank youl!

Dr George Kinnear
G.Kinnear@ed.ac.uk

YW @georgekinnear
Example questions:

A —— https://eams.ncl.ac.uk/moodle/course/view.php?id=5
W= School of Mathematics “Demo: JSXGraph"




