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Calculus with Sage
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Laboratory Manual for Calculus with Sage

1. Introduction and Use of Sage-Math 1)

Mathematical tools have lonz held an important place i classrooms. With the imnovabion of information and
communication technolegizs, meny tools have appeared and been adapted for educational purposes. 8age-Math
13 a popular mathematical software which was released in 2005, This software has efficient &atvres which utilize
the internst and can handle most mathematical problems, including linsar alsebm, algebra combinatorics,
numerical mathematics and caleslus. In this book, we will introducs this powerful software and discoss how it
can be used in classss

Sage-Math iz 2 mathematical CAS tool and is bassd on Internst Wab emvironment. This tool was introducsd
in April 2008 at University of Washinston, USA. It is free and has a powerful capability that can be comparad
with empensive commercial softwares such as Mathematica, Magple or Matlah, bot can do more than that without
requiring separate insallations of the program. It iz mor lde Web-Mathematica, but has some batter features.
When vou comnect to army Web browser, you can really solve almost all caleslus problems in the book by wsing
resouress that we are offering. You can easily find pre-existing command to modify for vour own problems.

SCSL. Holabook CTFI N FET 1=
3
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Figure 1 Wz can uvse others =isting codss 2z wall i Saze

Korean Baze-Math modsl was deweloped and relevant experiments ware dons by BE 21 Mathematical
Modelling HRD division at Swvnsloenlowan University. We have boilt Korzan servers that wou can vse as voo
szz below. (Instroctions will be ziven in wvour first class)

1) Mobile SsgaMath for Linear Alssbra and s Application, Duk-Sun Kim Sens-Gu Les¥, Grez Markowdy, Elsctronic
Toumal of Mathematics & Technolosy (sTMT) hitps: /iphp radford edu/'~simt'Contsnfindsx php V4. No. 3, pp. 1-13, Oct 2010
ISSN 1933-2823.

solving this sives,

n>134.3 o that n=135.
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Sy Br f e'dr and the cormeponding smors
|

Eyand g

(b} Comparz the acteal amors in part (2) with the
aror estimates given by [F] and &

{2} Detzrmine how large do we have to choosz so
that the approximations T, M, 2nd 5, to the
integral in patt (3) are accurate to within
0.000017

» Sol
@  Iy=1280262, Sy=1271580
Ep=— 0008275, E;=—0.000312.
(b) Since K= 2e = 76111301 () nd (4) gives
Eql = —rf;[l&:]:l = 0.063426
76111581
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(¢) For T, find 1 so that %¢ 000001, n= 707.
n

£ < 0.00001, n= 564.

For A, find n so that Py
n

For 5, fnd n so that < 000001, n=15.

A
180n*

9. Given the function f at thes following values,

& L3 L3 0 1l 11 13 14

f (g ] 000851 Q020303 Q015334 0013 200742 |0.00E709 | 100407

£
approximate [Z fizldz vsing Simpsen’s Rule.
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Ag=(24-18)/6=01
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= Elsi1.8)af(1.0) +27(20)

+4f(2.1) = 2f(2.2) +47(2.3) + f24)]
= 0.007823

Improper Integrals
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b Sal
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Trigonometric Integrals

CAS| 1. fcosa.zdr

CAS| 2. fsinaxc‘osﬁ:dr
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-1/9*%cos(x)"9 + 2/T*cos(x)"7 -

B2 225e= =AM

T e A
B2 goig2 sAHO

HO|ZE HEHS)..

B ASZC A=A

HoIE E71@

(= 1E e

! [55] sKKU Sage- Math ',f () SKKU Sage Single

€« C  © matrix.skku.ackr/2012-sage/indexhtml? v¢ | W

Za] ol HoXls | Zof~ |2 | wial| |Ha ot

<SKKU : Sage-Math : -5}

» Published Data (Z21= At &) | Click

A

L

| E
2

HE

Ctrl+A

Shift+Ctrl+A

integral(sin(4*x)" 2 x)

1/2*%x - 1/16%sin(8*x)

CAS| 4, fsinai'c‘os_4xda‘

¢
{

N R P T )
mfmm o
L I TR T T
b2t
ER T

= 2

N >IJ -I)t X 1x

)|_| wym

i me

Ja

R

(_]
FHIN
F=HU
pay]

35 E

| integral({sin{x)*G+cos(x)™4, 2]

|
= gt

Boome e me
2| & I
i
)

3

A=
=0
>

(m

%”01‘—"}1

SEE 2| S40)

HE H=A)

e

Sesszion d69abh13-4b8e-472d-bdcO-Cas5 T2 TasTa

B0 S T [ S R

s
a K

i
¥
E

o
il
N
E

Ctrl+B

-1/9+cos(x1"9 + 2/T+cos(x)"7 - 1/5+cos(x)"B
Session d6%9atb13-4b8e-472d-bdcl-c4551021a87a done

Seszzion Files: Fowered by SDOE



http://sage.skku.edu

What's more?
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[14.1] Vector Differentiation

Sketch the vector field £ by drawing a diagram.

[CAS] 1. Flz, p)=3i—4i

x, -5 15, (. -1515),
s 5al) plot_pointa=80;smoathwTrue).show)
hirep://marrix.skku. ac.kr/cal-lab/cal-14-1-1.html

%)
vf=plot_vector_field((3.4). (x-3.3), (y.-3,3). aspect_ratio=1)
show(vf)

€AS] 16.Sketch the region bounded by the surfaces 2~ V# +¥" and &+ =4
for2sz=s4

= Sol)

5 T B
, Fle p)=Fei2i

s] var('x, y
w Sol) z=(x"2
var ('x,y7) plotad(z, (x, -2, 2,2),(z,2,4)
vi=plot_vector_field({1/2*x,-2*y), (x,-3.3), (,-3,3), aspect_ratio=1);
show(vf)

17. Find an equation for the surface obtained by rotating the parabola #=2%"
about the *axis.

ags 30t57 15 chaptar 48 o1 60 1 page laft in this cha |
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Preface

Calculus is the mathemartical foundation for much of university mathematics,
science, and ineeri| i For the student, it is a first

exposure to rigorous mathematics. For the engineer, it is an introduction to the
modeling and approximation techniques used throughout his engineering
curriculum. And for future scientist, it is the mathematical language that will be

used to express many of the most important scientific concepts.

In the first semester, that's for the beginners of calculus, we start with
differential and integral caleulus on functions of single variable and then study

L'Hospital's theorem, concavity, convexity, inflection points, optimization

problems, and ordinary di ial equations as appli of di and

integral caleulus accordingly. In the second semester of calculus, we cover vector

calculus that includes i polar di

F q

, infinite sequences
and infinite series, vectors and coordinate space which uses partial derivatives.
Modeling and approximation in calculus should resemble the techniques and
methods currently in use. Concepts, di logy, and i ion
in calculus should be as current as possible. This bocklet has many problems to

present calculus as the f il of modern h il science and

engineering.

This booklet is a Lab Manual for Calculus with Sage-Math. Most of recent
calculus textbooks are using Computer Algebra System(CAS) including a variety
of visual tols in it. But its use was limited to students in most of cases.
Therefore, in this book, we adapted a wonderful open-source program, SAGE, for
our students. With the new learning environment of universities, students will
1ake a full advantage of 21C state of arts technology to learn calculus more easily
and get better prepared for future job market. We can use the Sage-Math well on
popular web browsers such as Firefox or Chrome.

(htrps://www.google.com/chrome)

s

ua = | Laboratory Manual for Calculus with Sage-Preface 4 A Q[

1) Introduction and Use of Sage-Math

Mathematical tools have long held an important place in classrooms. With the
il jon of i ion and ication tec ies, many tools have

appeared and been adapted for educational purposes. Sage-Math is a popular
mathematical software which was released in 2005. This software has efficient
features which utilize the internet and can handle most mathematical problems,
including lincar algebra, algebra, combinatorics, numerical mathemarics and
calculus. In this book, we will introduce this powerful software and discuss how
it can be used in classes.

Sage-Math is a mathematical CAS tool and is based on Internet Web
environment. This tool was introduced in April 2008 at University of
Washington, USA. It is free and has a powerful capability that can be compared
with expensive commercial softwares such as Mathematica, Maple or Matlab, but
can do more than that without requiring separate installations of the program. It
is more like Web-Mathematica, but has some berter features. When you connect
10 any Web browser, you can really solve almost all calculus problems in the book
by using resources that we are offering. You can easily find pre-existing command
to modify for your own problems.

Figure 1. We can use others existing codes as well in Sage

ans 9017 £18
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[11.7] Cylindrical Coordinates and Spherical
Coordinates

Plot the point whose cylindrical coordinates are given. Then find the
rectangular coordinates of the point.

f2.-Z. 4
casj 73
» Sol)
http://matrix.skku.ac kr/cal-lab/cal-11-7-1.html

Permalink (Alternative permalink; Shortened temporary link)

[, e, &

Powered by SOOEL

T = Cylindrical (Cheight', [radius

T.transform(radius=2, azimuth
(1, -sqre(3), 4)

cight=4)

» Sol)
@ -1,3)

3. (3. = —6)
» Sal)
-3.0 -6

Change from rectangular to cylindrical coordinates. M I . § k-
ulti-tagkin

5.0, =3 4

» Sol)

< - 7

Using Sage Cell Server
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T

find_root (exp (x) ==4"sin(x),0,1)

No definition found.
=
Search Web
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» Sol)
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In mathematical analysis, the

| intermediate value theorem states that

‘ for each value between the least upper ‘

1 bound and greatest lower bound of the

‘ image of a continuous function there is :

| |  atleast one point inits domain that the

Lot TEEI=8 25 Then T1)= —1<0 and f0=3>0 So by the e RS e T 1= —1<0 and /0)=370, 5o by the
Intermediate Value Theorem. There is a number € in (=1, 0) such thar f7c)=0, IR VAl T, There is a number Cin (—1 0) such chat £(0=0,
This implies that @' — ¢ +2e+3=0, This implies that & —¢ +2e+3=0,
25 F—F—4=0 25 F—F—4=0
= Sal) » Sol)
Let f(=) =2 =" =4 Then 7(1)==4<0and f(2)=24>0, 5o by the Intermediate Let flz)=2"=2"~4, Then f(1)==4<0and /(2)=24>0, So by the Intermediate
Value Theorem. There is a number ¢ in (1 2) such that /{€) =0, This implies that Value Theorem. There is a number ¢ in (1. 2) such thar /¢) =€, This implies tha
F—F—4=0 F—F—4=0

Note

We can add our notes in it.
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find_root{exp(x)==4"sin(x),0,1)
0.37055809596982464

find_root(exp(x) 4"sin(x),1.2)
1.3649584337330951

24, F—2"+22+3=0

= Sol)

Let f(@)=7" =2*+2243 Then #(~1)= —1<0 and F©)=3>0, So by the
Intermediate Value Theorem. There is a number ¢ in (—1- 0) such thar f{c)=0,
This implies that ¢ —¢ +2c+3=10,

25. 2 —4=0

» Sal)

Let f{#)=#"~2"~4, Then #{1)=—4 < 0and (2)=24>0, So by the Intermediate
Value Theorem. There is a number € in (1- 2) such that /) =0, This implies that
i

and 7 is

230125

Library Resume  Laboratory Manual for Calculus with Sage-Chapter 2 [~
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So by the Intermediate Value Theorem. 23
In mathematical analysis, the infermediate value theorem states that for each value
between the least upper bound and greatest lower bound of the image of a
eontinuous funetion there ic at least one point in ite domain that the funation mape.

=HY

Then and , and iscontinuous So by the Intermediate Value Theorem. thereis 23
anumber in such that.
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Find the values of & for which / is continuous.
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» Sol)

.
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y= [0 it rational
28. Tl e it

"m
?ii‘;zniinuous at® =C‘_rmuma: * U SA a n d U K }"’7[5;"' % g @ \
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(Modern Mathematicians)
¥ Korean
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had  conse *
mathematics. set theory, linguistcs and

e —
TEokobr] o phatgagha o Wi Commss

phacsaphy. In 1950 he was awardzd the Nobel
Pras in ierature in resognion of s vanes
and sgrfeant wriings.

Johann Carl Friedrich Gauss
1777-1855

S——1

L4704

unvERSITY
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E
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o
X
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Session 2 Linear Algebra  “©“©

| made a preprint of Linear Algebra a year ago.

Linear Algebra

Linear Algebra

i
r2
o
]
z
a
a
]

Preprint




| had a classroom test
- over a year on New L. A. boo

il

Linear Algebra
with Sage

elgaby seaul
96Ds i N1 rvilid

Free Worksheer
Matrix Constructions,
Matm Operaucns
Matriz Spaces
Row Operations

Echeion Foum

COnsStrucling Subspaces
AEHETE S (vector) 2 FF (marrix) Sl = A2 e

A9tk 22 Foldle 2k A, 401, ¥l 53 2]
8% "=7"S g E S A G2 A 9
ZFH|AS 24 ol&E,

Z7h] Sele Sl FAT, guE T oan
F=3 Tk Eal s EAlS 2950 M6 A4 c1ES
e deid Aot 2 I95 3 FaeA 8
Aeis] Bz 2o 8 A fed et E 3
BEE cleEe] Ushdt deis A A= 45w
E8E & slow 29 olng S5Fe] o0 €2
bl

Combinng Matrices

Decompositions

(3

sk

. .
-

St yars vy or
Mathematical Madelling H.R.D. Division




V—l}xl
: =—X

N

[—z.]

(3) x—{ XOIE} AL (—1)x=

(2] (=1,

Students presentation

[YA27H]
1 o] Wl B Al 0]
v w2 MO, 2
X= VT GVt G
- = - — = http//matrix.skkn.ac.kr/2012—LAwithSage/interact 8. #
1 HEHE v, v, . v, Y32 T(linear combination)0|2t FHCE fworksheet itmPPloop=y -2 3 —1-3
1 F "1:[2—3 [20 (':[0—4
cq] T cq T2l 2 0-2 24 4 @, 4B=A4C AT B= DL FAflsedet
E & el
i = = i - 4 r .1
oA 3 ) ARE RUES M2 rep 4 = 202t Bale AARE o2 ol HeX al B Ve ” s t0-10 w9 413 e w2 s
— = =1aqs = pie = HA & S Rl PR A o A
ZSHG), IEEE)E B %t 6 &*E 2hso] W=l 2 SiTh ' F A “] " s
(= pub/ 2750/ 4 I 4+B=B+4 .
=3t 2t o el . e 2 atigec)=(atBi~C 9. 4%—24 3 0. 34°—24"+54—4L
raditional + sFReihE
=81, L= u): = N Sage) [3—4] F3
= Z17F & 3 Ho = a5} [1 ]B-[ ] c= é ?]
S 22 2751 red, green, blue™OI2t AL 02t 1 Afo]E] AE o] E%tHy, r=vector(Qf 471 P 3 o2
B ol a=3Y W, ThEE HQUEHeek http://math3 sklas. ackrspla /CLA-3.1-Exercise-9
f http-//math3 sk ac kr/spls/CLA-3 1-Exercise-10
3. alBci=(4B)C
blue (1, 0, O 4. a(BO) =laB)C=BlaC) Saee)[11-12] e}2] B2 AGATL Aldstadet
(0,0, 1) 100
/.ﬂ( 1 1] -12[0—]. OJ
i 001
“ JE:I—TI— d\'_‘:zll 1. 4% st 12. 4%
Severa GAS< S d ge Examples s
ttpe//math3. skl ac Jx/spla/CLA-3.1-Exercise-3 http://math3 skl ac kr/spla/CLA-3.1-Exercise-12
U_ R e e fo http//math skl ac kr/spla/CLA-3 1 -Exercise I
clrplalCLAS ] Exercse e s,
3
=| -1
4
.00, ns
05 1(B)E Yshi= 98 b AT
il = =
12 Chapter 1 =g # Blue b 95 44 2 &3
0 | p-//math1 skku ac kr/home/pub/331/
o 100
rl=vector([2,3.3])
clr -#MBdhE 050 050 Omvector[2-51])
100 0.00 i=vector([4.2.-3])
ed=vector([1,-1.41)
- $7-4880-0ada- 1136141 1ea0 done show(plot(x1.rgbeolor=(1,0,0))+plot(x2.rgbeolor=(0, 1,0} plot(x3.rgbcolor=(0,0, 1))+ plot(x4 rgb FAG 2L A4 ¢, . S AT
. + | solor=(1.1,03)

Pawsee 4 by SDOE

=¢(1.0.0)+¢ (0. 1.0)+¢;00. 0. 1)

idan ac kr/2012-sage/sage-la‘visual/ 179 htm>
—J



L KMS Spring Confererice 2§12 ===~ "
(4 9 !

. )
N
%
] /
] {1
| 'y
| S ')
L

center pt. (1. 1)

— .L 2,3) T
P i | o B
E 1,2
[ | pt2. [(1.4) o "2
(1/2 - sqrt(3)/2, sqrt(3§2 + 1/2)
Update pt3. (2.3) |
(1,1) NS (L1 2.1

- (sqrt(3)/2 + 1/2, sqrt(3)/2

15 2 25

.. 31
Matrix A= (D 2) 3 0 =2 1.-1) 1 (-1
A=\0 3 -2 ssociated with Ay =3
Determinant @ dof A) =6 0o 1 1

iated with A, =2
Eigenswystem L soclated Wi 5



http://math1.skku.ac.kr/pub

Recorded Lecture
Our Linear Algebra Lec. in You-Tube (2012 Spring)

* SKKU Linear Algebra with Sage, 1. Preface, SGLee http://youtu.be/CbfJYPCkbm8

» SKKU Linear Algebra with Sage, 2. Introduction of CAS, SGLee http://youtu.be/0SQpiNe2l. U8

* SKKU Linear Algebra with Sage, 3. Section 1-1, Vector SGLee http://youtu.be/85kGK6bJLNns

* SKKU Linear Algebra with Sage, 4. Section 1-2, Norm, SGLee http://youtu.be/g55dfkmITHE

* SKKU Linear Algebra with Sage, 5. Section 1-3, Vector Equations, SGLee http://youtu.be/YB976T1wokE

* SKKU Linear Algebra with Sage, 6. Section 2-1, LSE, SGLee, http://youtu.be/AAUQvd|Q-gk

* SKKU Linear Algebra with Sage, 7. Section 2-2, RREF, SGLee, http://youtu.be/HSm69YigRr4

* SKKU Linear Algebra with Sage, 8. Section 2-3, Appl of LSE, SGLee, http://youtu.be/G790BLDSK5¢g

* SKKU Linear Algebra with Sage, 9. Section 3-1, Matrix, SGLee, http://youtu.be/JdANnHGdJBrQ

* SKKU Linear Algebra with Sage, 10. Section 3-2, Inverse Matrix, SGLee http://youtu.be/yeCUPdRx7Bk

* SKKU Linear Algebra with Sage, 11. Section 3-3, Elementary Matrix, SGLee http://youtu.be/oQ2m6SSSquc

* SKKU Linear Algebra with Sage, 12. Section 3-4, Subspace, SGLee http://youtu.be/UTTUg6JUFQM

* SKKU Linear Algebra with Sage, 13. Section 3-5, Solutions Set, SGLee http://youtu.be/O0TPCpKW eY

* SKKU Linear Algebra with Sage, 14. Section 3-6, Special Matrices, SGLee http://youtu.be/jLh775sZ0aM8

* SKKU Linear Algebra with Sage, 15. Section 3-7, LU-Factorization, SGLee http://youtu.be/IKJPnLCIAVU

* SKKU Linear Algebra with Sage, 16. Section 3-6, Theorem of Triangular matrix, SGLee http://youtu.be/UriXEl-xoRk
* SKKU Linear Algebra with Sage, 17. Section 4-1, Determinant, SGLee http://youtu.be/Vf8LIKKKHgg

* SKKU Linear Algebra with Sage, 17-2. Section 4-1, Determinant 2, SGLee http://youtu.be/ 3WRIwDUUQY

* SKKU Linear Algebra with Sage, 18. Section 4-2, Cofactor Expansion, SGLee http://youtu.be/m6lamy6pSwY

* SKKU Linear Algebra with Sage, 19. Section 4-3, Cramer's Law, SGLee http://youtu.be/m2NkOX7gE50

* SKKU Linear Algebra with Sage, 20. Section 4-4, Appl of Determinant, SGLee http://youtu.be/KtkOH5M3_Lc
* SKKU Linear Algebra with Sage, 21. Section 4-5, Eigenvalue & Eigenvector, SGLee http://youtu.be/96Brbkx1cQ4
* SKKU Linear Algebra with Sage, 22. Section 5-1, Power Method, SGLee http://youtu.be/CLxjkZuNJXw

* SKKU Linear Algebra with Sage, 23. Section 5-2, Encryption, SGLee http://youtu.be/umTIADxsEq8

* SKKU Linear Algebra with Sage, 24. Section 5-3, Blackout Game, SGLee http://youtu.be/ bS33Ifa29s

* SKKU Linear Algebra with Sage, 25. Section 5-4, Markov Chains, SGLee http://youtu.be/156ezier6HQ

* SKKU Linear Algebra with Sage, 26. Section 5-5, Google Matrix, SGLee http://youtu.be/WNUoXLh8i E

* SKKU Linear Algebra with Sage, 27. Section 5-6, Project, SGLee http://youtu.be/coNg48CW6Pg

» SKKU Linear Algebra with Sage, 28. Section 6-1, Linear Transformation, SGLee http://youtu.be/Yr23NRSpSoM
* SKKU Linear Algebra with Sage, 29. Section 6-2, Linear Operator, SGLee http://youtu.be/12WP-cb6Ymc

- - ____
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Student’s Activities in Movies, You-Tube (2012 Spring Linear Algebra Class)

Preview : http://matrix.skku.ac.kr/2012-Album/1-CLA-Preview.html

SKKU Linear Algebra with Sage, S1. Section 1-1, Vector, Student http://youtu.be/fbCMyh-iDCQ

SKKU Linear Algebra with Sage, S2. Section 1-2, Norm, Student http://youtu.be/sEFj 7t bqgc

SKKU Linear Algebra with Sage, S3. Section 1-3, Vector Equations, Student http://youtu.be/avVJ)feEoeVs

SKKU Linear Algebra with Sage, S4. Chapter 1 Discuss, Student http://youtu.be/tys3taO5IHs

SKKU Linear Algebra with Sage, S5. Section 2-1, LSE, Student http://youtu.be/N5ltl-bfdvkz

SKKU Linear Algebra with Sage, S6. Section 2-2, RREF, Student http://youtu.be/sJeomjbRFmE

SKKU Linear Algebra with Sage, S7. Section 2-3, Appl of LSE, Student http://youtu.be/vx_6rTJqg5jk

SKKU Linear Algebra with Sage, S8. Section 3-1, Matrix, Student http://youtu.be/LaAAruKbGyc

SKKU Linear Algebra with Sage, S9. Section 3-2, Inverse Matrix, Student http://youtu.be/-MPszmMNvLE

SKKU Linear Algebra with Sage, S10. Section 3-3, Elementary Matrix, Student http://youtu.be/cel8oeXp6xU
SKKU Linear Algebra with Sage, S11. Section 3-4, Subspace, Student http://youtu.be/s7jxVvVAel4

SKKU Linear Algebra with Sage, S12. Section 3-5, Solutions Set, Student http://youtu.be/lygHFdWacds

SKKU Linear Algebra with Sage, S13. Section 3-6, Special Matrices, Student http://youtu.be/rYBsPkeVhQo

SKKU Linear Algebra with Sage, S14. Section 4-1, Determinant, Student http://youtu.be/Fne4gaZtE Q

SKKU Linear Algebra with Sage, S15. Section 4-2, Cofactor Expansion, Student http://youtu.be/nAabf3lpFU4
SKKU Linear Algebra with Sage, S16. Section 4-3, Cramer's Law, Student http://youtu.be/Ygu4 714fGQ

SKKU Linear Algebra with Sage, S17. Section 4-5, Eigenvalue & Eigenvector, Student http://youtu.be/WEyopW5iH6A
SKKU Linear Algebra with Sage, S18. Section 6-1, Linear Transformation, Student http://youtu.be/dNt6NUDwc-Q
SKKU Linear Algebra with Sage, S19. Section 6-2, Linear Operator, Student http://youtu.be/K241IVtU804
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Wihat was Developed 1!

# Sage (embeded)

http://math1.skku.ac.kr/home/pub/534
http://math1.skku.ac.kr/home/pub/535
http://math1.skku.ac.kr/home/pub/583

: SKKU-LA-1.1-(Vector)
: SKKU-LA-1.1-(Vector)
: LA-2.1-(Linear Equations)

http://math1.skku.ac.kr/home/matrix/348 : SKKU-LA-3.2-(inverse)

http://math1.skku.ac.kr/home/pub/730/ : LA-4.4- Volume (Det)

http://math1.skku.ac.kr/home/pub/597
http://math1.skku.ac.kr/home/pub/540

http://math1.skku.ac.kr/home/pub/732
http://math1.skku.ac.kr/home/pub/733
http://math1.skku.ac.kr/home/pub/734

: LA-4.4-Curve Fitting(Det)
: LA-4.4-Equations(Det)

: LA-4.5-(Eigensystem)

: SKKU-LA-5.2-Crypto

: LA-5.2-Math Modeling

*

*

*

http://math1.skku.ac.kr/home/pub/639

: SKKU-LA-6.2- Flag (Rotation)

http://math1.skku.ac.kr/home/pub/598

: SKKU-LA-6.2- (Linear Transformation)

http://math1.skku.ac.kr/home/pub/596

: SKKU-LA-6.2- (Linear Transformation)

http://math1.skku.ac.kr/home/pub/582

: SKKU-LA-6.2- (Linear Transformation)

http://math1.skku.ac.kr/home/pub/580

: SKKU-LA-6.5- (Dilation)

http://math1.skku.ac.kr/home/pub/729/

: SKKU-LA-6.5-Tri (Dilation)

http://math1.skku.ac.kr/home/pub/708

: SKKU-LA-6.5- (Linear Transformation)

http://math1.skku.ac.kr/home/pub/539

: SKKU-LA-7.5- (Projection)
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Wihhat was Developed 2 !

# Sage with Geogebra

)
0’0

Vector Sum : http://mathi.skku.ac.kr/home/pub/534

Scalar Multiplication : http://math1t.skku.ac.kr/home/pub/535

Linear System of Equations : http://mathi.skku.ac.kr/home/pub/583

Matrix Multiplication : http://mathi.skku.ac.kr/home/pub/769

Inverse Matrix : http://mathi.skku.ac.kr/home/pub/731

Area of Triangle : http://mathi.skku.ac.kr/home/pub/730

Line(Plane) Equation : http://math1.skku.ac.kr/home/pub/540

Curve Fitting : http://math1.skku.ac.kr/home/pub/597

Eigenvalue and Eigenvectors : http://mathi.skku.ac.kr/home/pub/732

Matrix Cryption : http://mathi.skku.ac.kr/home/pub/733

Light Out Game : http://matrix.skku.ac.kr/blackwhite2/blackwhite.html

Rotation : http://mathi.skku.ac.kr/home/pub/639

Reflection and Projection : http://mathi.skku.ac.kr/home/pub/598
http://math1.skku.ac.kr/home/pub/582

Shear : http://math1.skku.ac.kr/home/pub/596

Dilation : http://math1.skku.ac.kr/home/pub/580

Quadratic Form : http://math1.skku.ac.kr/home/pub/751

Fourier Series : http://math1.skku.ac.kr/home/pub/752

Jordan Blocks : http://math1t.skku.ac.kr/home/pub/773

e

%

e

%

e

%

e

%

e

%

3

%

3

%

e

%

e

%

e

%

e

%

)
0’0

e

%

e

%

e

%

e

%

)
0’0

A


http://math1.skku.ac.kr/home/pub/534
http://math1.skku.ac.kr/home/pub/535
http://math1.skku.ac.kr/home/pub/583
http://math1.skku.ac.kr/home/pub/769
http://math1.skku.ac.kr/home/pub/731
http://math1.skku.ac.kr/home/pub/730
http://math1.skku.ac.kr/home/pub/540
http://math1.skku.ac.kr/home/pub/597
http://math1.skku.ac.kr/home/pub/732
http://math1.skku.ac.kr/home/pub/733
http://matrix.skku.ac.kr/blackwhite2/blackwhite.html
http://math1.skku.ac.kr/home/pub/639
http://math1.skku.ac.kr/home/pub/598
http://math1.skku.ac.kr/home/pub/582
http://math1.skku.ac.kr/home/pub/596
http://math1.skku.ac.kr/home/pub/580
http://math1.skku.ac.kr/home/pub/751
http://math1.skku.ac.kr/home/pub/752
http://math1.skku.ac.kr/home/pub/773

New LA textbook

Contemporary Linear Algebra with Sage
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Linear algebra with Sage
E-book (Model 1)
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Sage Matrix

Sage Calculator for Matrix
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MathJax

Beautiful math in all browsers

News Demos Resources ship Contact

MathJax is an open source JavaScript LaTeX: \(J_\alpha(x)=
display engine for mathematics that works \sum\limits_{m=0}"\infty \frac{(-1)"mHm! \,
in all modern browsers. \Gamma(m + \alpha + 1)}{\left({\frac{x}

No more setup for readers. No more browser phugins. No t USIng M athJ axin pOpUIa r Web platforms Tah
installations... It just works.
MathJax plugins are available for a growing number of wikis, blogs. and other content-management systems. These include WordPress, *
Blogger, Sphinx, TiddlyWiki, and MathEL-Wiki. A list of these is available in the web applications list of the MathJax web site.

If the program you are using is not one of these, you may still be able fo use MathJax by modifying the theme or template for your wiki or
blog, as explained below.

Pre
Latest news: IOP Publishing continues as MathJ{ | Jgj ng MathJax in a Theme File
The
Nex
Most web-based content-management sysiems include a theme or template layer that determines how the pages look, and that loads
MaﬂlJaX featllres and beneﬁts information common to all pages. Such theme files provide one popular way to include MathJax in your web templates in the absence of Instal
MathJax-specific plugins for the system you are using. To take advantage of this approach, you will need access to your theme files. which
High-quality typography. probably means you need to be an administrator for the site; if you are not, you may need to have an administrator do these steps for Thi
ou.
MathJax™ uses modern CSS and we|
fO‘rltS, instead of Equatiorl images or F]a.sh, s0 equat'lons scale To enable MathJax in your web platform. add the line: e 9
«

surrounding text at all zoom levels. See how this works in the <script type="text/javascript”

Sf_‘al]'_ng math demo. src="http://cdn.mathjax.org/mathjax/latest/MathJax. js fconfig=TeX-AMS-MML_HTMLorMML"></script>

either just before the </head> tag in your theme file, or at the end of the file if it contains no </heads.

The theme files for various popular platforms are:

WordPress

wp-content /themes/ [current _themel Sheader . pho
Movable Type

[current_thene_templates]/htm| _head. mhtml

-



knowl

C' | [ www.aimath.org/knowlepedia/

Introducing the knowl: better browsing on the Web

refarenced from within the body of a web page. But unlike the hyperlink, which simply takes vou to a new web page, the

With a similar click, the knowl then disappears.

"The self-contained nature of knowls makes them useful in many different settings. They can be thought of as 'building

Knowls were developed 10 support research projects in advanced mathematics, but they can be easily incorporated to

old, and the theoretical basis, known as ira or. is more than b0 years old.

Qur contribution is to provide an interd]

In addition 1o the examples in the paragraphs above, Ak has prepared a demor]

The mathematics research projects which led to the development of knowls wer

How to put knowls on your own website

The process is very similar to the way people currently make web pages and by
Step 1: Add the following three lines between the <head> and </head> tags at
<script type="text/javascript” sre="http://code.jquery.con/iquery-latest.min,

<link href="http://ainath.org/knowlstyle.css” rel="stvleshest” tvpe="text/css]
<goript type="text/javascript” src="http://ainath.argsknowl . js =< seripts

C [ www.aimath.org/knowlepedia/

Introducing the knowl: better browsing on the Web

The American Institute of Mathematics (AM) is pleased 1o introduce a new tool to the world of web pages—the knowl.
referenced from within the body of a web page. But unlike the hyperlink, which simply takes you to a new web page, the
With a zimilar click, the knowl then dizappears.

A Knowl is a piece of context-independent information. It is independent of the environment from which it was called
another knowl, forming a document which conveys information in a non-linear fashion.

Knowls were created by Harald Schilly, with the first working version coming online on August 25, 2011, Schilly also ¢
Sciences at the National Science Foundation.

"Knowl" iz pronounced aefd az in A knoll iz a small hill”

In addition to the examples in the paragraphs above, Al has prepared a demonstration page with knowls for a section|

The mathematics research projects which led to the development of knowls were funded by the Division of Mathematic

-



A First Course in Linear Algebra
written by Robert A. Beezer
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Home =

A First Course in Linear Algebra

Home
Preface
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What is Lingar Alaebra?

Solving Systems of Linear
Equations

Reduced Row-Echelon
Form

Twpes of Solution Sets
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Equations

Monsingular Matrices
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Linear Independence
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Spans

Orthogonality

© 2004 by Robert A, Beezer.
Permission is granted to copy, distribute and/or m|
Foundation: with no Invariant Sections, no Front-J

The most recent version of this work can always bj

A First Course in Linear Algebra
by

Robert A. Beezer

Solving Systems of Linear Equations

We will motivate our study of linear algebra by considering the problem of sohing several inear equations simultanecusly, The word “solve” tends to get abused somewhat, as in “sobve this problem.”
When talking about eguations we understand a more precise meaning: find av of the values of some variable quantities that make an equation. or several equations, true,

Systems of Linear Equalions

Example STNE: Sclving two (nonlinear) equations

Example: Solving two (nontinear! equations
Suppoge we desire the simultanecus solutions of the two equations,

24 y’ =1
—z 4y =0
‘iou Can easily check by substitution that o = 3’;‘ L y= : andx= "';x Y= ; ane both solutions. We need to also convince ourselves that these ane the only solutions. To see this. plot

each equation on the ey-plane. which means 1o plot (z, y) pars that make an individual equation true. In this case we get a circke centered at the origin with radius 1 and a straight ine through
the crigin with slope - . The intersections of these two curves are our desired simuttanecus solutions. and 50 we believe from our plot that the two Solutions we know already are indeed the only

ones, We Boe 1o wite solutions as sets, soin this case we wite the set of solutions as

s={(#.1). (-4

Definition SLE (System of Linear Equations) A system of linear sguations is a collection of m equations in the variable quantities =y, =g, z3,..., T, of the fom,
and +81371 + @l -t Hide = b
ag Ty +agdy +apTyt.. . tagty =b

amay +asry tamaat.. . Haants =b

A T + 03Ty + A Tyt o Fgn Ty = by

where the values of ay. by and x4 are from the set of complex numbers, C.

-
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Conclusion
O

We believe you now have an affordable and
inspiring CAS tool for Linear Algebra, and
Calculus.

In this talk, we introduced how and what we
have done on E-books with Sage on Linear
Algebra and Calculus.

Now our students can talk more on
Mathematics and concentrate on Mathematical
concepts, and use very affordable CAS tool
without spending time to learn and typing
programing language.
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