Computer Algebraic.
Systems (CAS) and
Calculators

Edward Shore

., €dspi31415.blogspot.com %




What is CAS?
Calculators with CAS

Some essential CAS functions
Education and CAS

= 2 N =



What i1s CAS?

CAS: Computer Algebra Systems

Symbolic manipulation of algebraic objects and
Interpreting and parsing mathematical
expressions

Display mathematical expressions as “it would be
written” (pretty print instead of one-line
expression)



What i1s CAS?

Symbolic answers are allowed without the
calculator requiring the user to enter numeric
values for each variable

Example:
X"2+a*x—-Db

CAS-enabled calculators are the first to simplify
most rational expressions exactly

Example:
(7 / (6 + V7)) simplifies to (-7 V7 + 42)/29



Casio tx-5500 (1986)

 One of the first, If not the first, calculators with
CAS functions:

* Simplification of Polynomials
* Polynomial Expansion
* Polynomial Factorization

 Range of CAS functions limited to arithmetic
operators, powers, and roots

* Landscape Design, QWERTY Keyboard

* Featured on Ledudu’s Casio page:
https://casio.ledudu.com/pockets.asp?type=79&lg=eng


https://casio.ledudu.com/pockets.asp?type=79&lg=eng

Calculators That Have CAS

 Hewlett Packard
« HP 28S/C Series
« HP 48S/G, 49, 50G Series
« HP Prime
* Texas Instruments
* TI-89/92 Series
* Tl nSpire CAS Series
* Casio
e fx-5500 (NOT 5500L)

« Algebra FX 2.0
* Classpad Series
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CAS Apps on Your Phone!

e Maxima on Android | 007am 107472020

* Wolfram Alpha (also on
computers)

- MathStudio (i0S)




Some Essential CAS Functions

Function

Simplification: Square
Roots, Terms of Pi,
Fractions

~actorization:
ntegers and

) ifactor{1250] 4
Polynomials

fa l:tr.:rr[m3 -7 *xz+1 5*1—9] [1—3]2*[1—1 ]

Sto » SnﬂpﬂHy'IIII.'IIII.'IIII.'IIIIII



Some Essential CAS Functions

Expanding
Polynomials and
Expression with
Combinations

Synthetic Division

Function
2 3
Expand[[x—ﬂ *[x+2] X —3*x+2

2 2
[2x+1] 4xx” dxx 1
x+1 X1 T x+1 X+
Expand[CDMB[x,E]J

expand




Some Essential CAS Functions

Sums: Numeric
and Symbolic - 91

3 2
2E¥ +3%kX +X
)

Sto » [simplify ----

Limits




Some Essential CAS Functions

Function

Derivatives: Numeric .,
and Symbolic 2 X o]

3 2
g 4xx +x —3*x+1

2
12%x +2%x-3

t
2

t

—Z*TAN(Z

2+txTAN (

Integrals: Numeric :

and Symbolic e

2.
J o *COS{x]ax 0.402448017104
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Some Essential CAS Functions

Real and Complex
Numbered
Solutions

[l
)

T T
Tm-ASIN (—] ASIN (E]

n
4
n
4

n
4
n
4 1.57079632679-1.02322747855+i
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Challenges of Using CAS

* User Is dependent on how complete and
complex the CAS system is

* Bugs In the system

* Learning curve: can the user create programs
with CAS functions

e Are CAS calculators allowed in the classroom?

e How to teach mathematics with CAS



Programming with CAS

* Your mileage may vary:

* Limited and complex at best: Casio fx-Algebra
series

* High Learning Curve: HP Prime

* Better integration with calculator features: TI-
89/92 series (TI-Basic), HP 28/48/49/50¢g series
(RPL)

* Programs allow automation with both numeric and
symbolic inputs



CAS Program Example: HP Prime

castest03 Function
+Cd5

castest@3(f,a):= castest03 2*12+1,B

BEGIN 5 2

// type f(x), value of x (a) castest03!2+x” +1,(a-b] )

subst(f,x=a) 4 3 2 2 3 4
END; 2+*a —8*a *b+12*a *b -8+axb +2+b +1
#end 3

2 2
castest0312+x +1.,x

Lcmds Jtmple [ ]




Educational and CAS

* Balance between use of CAS and learning
how to solve problems manually

« How can CAS be used to effectively teach
mathematics

* The use of CAS in presentations.



Educational and CAS

Function

Explore Patterns

Manual Step-by-Step
Solving




Educational and CAS

Function

Verify Trigonometric and expexpande” e xe”

Logarithmic Identities Incollect{LN(a)+LN(b) LN[a*b)
texpand|SIN(2xx]] 2+COS[x)+SIN[x]

texpa nd(SIN [3 *x)]

4*[05[1]2—1 +SIN(x]
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Challenges - Education

» Students may develop an over reliance on
CAS

 Calculators with Test Mode features, so teachers
may turn off the calculator’'s CAS abilities

« Students may not have the skills developed
* Learning curve of CAS commands

* Depending on settings, simplification skips
middle steps

 Depending on the system used, range of
problems may be limited



Future of CAS (in my opinion)

* Eventually every student will have a
calculator with CAS capabilities

» Students will still need to know algebra, but
with a working knowledge rather than hours-
long practice

* CAS capabilities will enhance solving systems
even in non-CAS calculators

 Some calculator apps have a dedicated equation
library, like the HP 48G/49/509g series



Thank You!
Questions?
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