An Introduction to the Symbolic Math Guide

Purpose of Symbolic Math Guide (SMG): To help students learn algebra
and some aspects of calculus by guiding them as they develop correct
textbook-like solutions. SMG can be used when a student first learns a
topic or as quick review.

SMG isatool for learning algebrathat provides additional help to support textbooks and teachers.
It is not a powerful computer algebra system that can solve large classes of difficult problems. If

you wish to expand (X + y)15 or do other complicated problems, you should use the Home screen
of the TI-89, TI-92 Plus, Voyage™ 200, Tl-Interactivel ™, or Derive™.

Features:

*  Work isorganized by problem sets. SVIG comes with sample problems. Teachers, publishers,
and students can create their own sets.

e Students work problems by choosing from problem-solving options that SMG provides based
on the problem and the current solution step.

e Studentslearn strategy in the absence of arithmetic mistakes and lower level algebra

e Studentslearn to think about math objects, how to classify them, and what transformations
apply to them at various stages of solving problems.

* Thetransformations suggested are designed to focus on the new material being |earned.

A Brief Guided Tour

You will need:

» TI-89/TI-92 Plus or Voyage™ 200 with the Advanced M athematics operating system version
2.08 or higher)

e Symbolic Math Guide (ver 1.5 or higher).

» Problem Set Tourps.

Let’sstart solving problemswith Symbolic Math Guide!
1. Press[ON] to start the calculator.

Press[APPS] and highlight Symbolic Math Guide.
PressENTER] (ENTER].
Choose Open and then press [ENTER].

Open Tour ps, which contains the problems we will use for this guided tour. Note that the
first problem isready for you to work.
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MAIN PROCESS: For each step

Think about what you want to do next.

Press[F4] to see alist of possible transformations.

If you see what you want to do, press the corresponding number and follow the instructions.
Anticipate the result produced by your choice.

If you don’t see what you want to do, choose the best choice offered or choose a different part
of the current math object (See below after Problem 5.).

E. If you need help understanding the goal of solving a problem, press [[F7):1].

O ow»

Problem 1: Solve linear equation 3[ X +1=X — 2 for x.

SMG feature: For maximum learning, students should anticipate the result of each
transformation. Writing each step down with pencil and paper helps some students. When in the
TIME TO THINK mode, SMG gives students extra time to write their next step by waiting until
they press(ENTER] to show the result. Students will probably not want to use this mode when they
are using SMG to review materia previoudy learned. To turn TIME TO THINK mode ON and
OFF, go to Format screen ([F1): 9).

1. Press[F4] and choose atransformation that will accomplish this goal. For example, press(F4]
and choose subtract ? from each side and type x when prompted.

Press(ENTER] to clean-up the result.

Move the 1 to theright-side. Press(F4] and choose subtract...
Press(ENTER] to clean-up the result.

Press[F4] and choose divide...

Press(ENTER] to clean-up the result.

Press @ repeatedly to scroll through your solution.

N o g s~ WD

Fiw| Fow fT% & FEw [ FGv [Frw(FB
: SetProb| @b TransTecls|ctrl] 7] v
FliSolwe for = Fl:Soluwe for x

Tw+tl=u-2 F=irmFplity
F subtract = from each side 2-><.= .-3 .
Towdlowzw—T—u Fdivide each =side by 2
Fsimplify 2w _ T3
Zox+l=-2 .

ksirmplify

k subtract 1 from each side

rmdinskoures 141z Solug Lingar E4n rdinstoures 1412 Solue Lingar E4n

SMG Feature: Asyou have just seen, SVIG will show the details of a transformation. To clean-
up the result of atransformation without choosing a transformation from [F4], press(ENTER]. This
allows students to focus on the current new material without having to go through the details of
previous work. If you want your students to handle the details themsel ves, have them choose
appropriate transformations from [F4].

8. To move to the next problem, press(F6):1.
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Problem 2: Simplify monomial y? Gy°.

1.

2
3
4,
5

Press[[F6):1] if you haven't already.

Press(F4] and choose ANU « ANV -> AN (U+V).

Press(ENTER] to clean up the previous result.

Press the up cursor to go up to the original math object y? 0y°.

Choose a different transformation. The old transformation and result are replaced.

P2:Simplify Monomial
'\52"\53

FAM-ATY F ALY
.52"‘3

k arithmetic, @, 1, - & -

:

RMOinhEOUFES EfE Simpliee Monomial

SMG Feature: SMG has ‘quick keys' for certain frequently used transformations. For example
press(+] to add ? to each side of an equation.

SMG Feature: SMG implements domain constraints. When a transformation changes the domain
of definition, new conditions are displayed as part of the result.

6.

To move to the next problem, press(F6):1.

Problem 3: Solve linear equation cIx+3=b for x.

1

o~ W DN

If you are not sure of the goal of solving this problem, press(F7]:1. We want to move the 3 on
the left sideto theright side.

Press quick key [=]. Type 3. Press [ENTER].
Press[ENTER].
Press(+]. Type c. Press(ENTER]. Dialog box “This action ...” shows up.

Press[ENTER] to continue. Please note that the Problems statement has been modified to
include the congtraint ¢ # 0.

Press(ENTER] to simplify the result.

Fiv | Fev |F3 & FE™ | FG™ [FeWa
? 3 SetProb| B fTrans|Toals|ctel| 7] v

F3iSoluve for F3:Solwe for x

cx+3mB T

F subtract 3 from each side b divide each side bu o ¥ zubtract 3 from each side

cox+I-I=b-3 o b-3 cox+3-3=h-3

ksimplify = T & bsimplify

c-w=hb-3 Fsimplify cox=h-3

b-3 b divide each side bu c

HET cox _b-3

MainteUFPS 321 Tolug Lingar Ean FadinEeUrFS 2741 Zolus Lingdr E4n

raginttoures /i1 Folue Linear Ean

7.

Press[F6]:1 to move to the next problem in the current problem set.
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Problem 4: Compute the derivative dicos(x“)
X

Press(F4] and apply derivative of composition.

SMG provides a dialog box which requests definitions for the outside function, f, and the
inside function, g. Enter the information or press(Fi] for Help (SMG will provide possible
choice for the two functions.) Make sure that the choice is the one you want. Changeit if it is
not. Press twice to continue to the display.

Think about the result (or write it down). Then press[ENTER] to see SMG' s result.
Compare results and explain any significant differences.

Press(F4] and look for away to transform the remaining derivative. Choose, for example,

deriuating of Composition

%(F(u)} =f '(u)-%{u) P4 Compute Derivatiuve

Fderivative of composition
. d
%[cos[xﬂ] 'sm[xq:l-ﬁ[x“]

| Lo SRS B Al e

Four=lcosuy |
u=gx=fd ]

CEnter=0K2 CE1=HELP>» (ESC=CRHCEL ¥

MAIN ERD_RUTD FUNC 47 4

6.

MAinSEOUFES 974 ComPURS DeFinating

Press[F6]:1 to move to the next problem in the current problem set.

Next, consider several examples that use subexpression selection.

Experts solve algebra problems by recognizing that they can perform a certain transformation on
aparticular part of a math object and that this transformation moves toward the goal of the
problem. For example, one might want to factor the left-hand side of an equation when trying to
solve the equation.

00>

nm

REVISED MAIN PROCESS: For each step

Think about what part (or whole) of the object you want to change; select it.

Press(F4] (Trans).

If you see what you want to do, press the corresponding number.

If you don’t see what you want to do, choose a different part of the current math object. [See
SUBEXPRESSION SELECTION PROCESS immediately below.]

Press(F4] again to see what you can do with the currently selected math object.

If you are not sure what you are supposed to be doing, check [F7]:1 for ahint or for the goal of
this particular type of problem.
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SUBEXPRESSION SELECTION PROCESS: [Thisinformation is avail able under (F7]:3. ]

moowp

To start press(F3] or [F4): enter subexpr selection.

To move to asmaller part of the object press (O .

To move to an object at the same level press O or ©).

To moveto alarger object press .

To exit subexpression selection press(F3] or F4: exit subexpr selection.

Problem 5: Compute the derivative %s‘n(xz) [Gos(X)

Press(F4) and choose derivative of product.

SMG provides a dialog box which requests definitions for the functions f and g. Enter the
information or press(F1] for Help (SMG will provide possible choices for the two functions.)
Press twice to continue to the display.

Press[F3]. Press (® () to select %sin(xz).

Press(F4] and choose derivative of composition.

SMG provides adialog box which requests definitions for the outside function, f, and the
inside function, g. Enter the information or press(F1] for Help (SMG will provide possible
choice for the two functions.) Make sure that the choice is the one you want. Changeit if it is
not. Press twice to continue to the display.

Press(F4) and choose basic derivatives. Press(ENTER] to clean-up.

derivabive of product

KR & FE H TrATE
& TransTools{:i,r-E Sl

FSiCompute Deriuvatiuve %(f"g) = P'%ﬁg) +%(f‘:l'g

FS:Compute Derivative

L T -y
l[ ) [ 2:'. ) )] l_bc[sun[x ] cos(x)]
e -S10LE Eas Fderivative of product

fixr=[gint="23 | L R
gixislcosixd |

(Enter=0K> CFi=HELFX (ESC=CAMCEL

HMAIN RAD AUTO FUMC £/ E PadifhboUrEs EAC Compubs DeFivative

maintkbourps E/F Corpuke Derivativg

Aekivative 9F SOMBRSitidn

u=gixi=

CEntetr=0k CF1i=HELP»  ESC=CAMCEL X

%Ef‘(u)) =0 -%[u) FS5:Compute Deriwvative FS:Compute Derivative
l[sin(xzj-c,os(x)] b derivative of composition
2 °"* i) L coz(0) + cos(x2) - {x7)  caztoH
E[sin[xzj] kderivative of product S1nLx T BOELHE cosky T cos

sin[xzj-%fcos(x)j+ x sin(x2))} cost Fbasic derivatives

2inlxZ)- -zinGa +coslx2)-2 %2 T Locas
bsimplifu

f‘(u)=|§in(u) |
2 |

PadinEoUFES BT CompUbs Dt

HMAIN

MainhEUFES ECE Carabubs Derivdtive

EAD AUTO FUMC E/ E

7.

Press(F6):1 to move to the next problem in the current problem set.
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Problem 6: Solve quadratic equation X -3x=4.
»  Press[F3] to try subexpression selection. Press (3 followed by ©). Press (). Try your own

arrow choices. Press[F3] or to exit subexpression selection. If x? is selected, how do you
select 4?

» Beforetrying to solve this problem, under [F7]:1, find the goal of solving quadratic equations.

Students should be able to factor the left-hand side of this equation once it isin the proper form.

Press(-] to subtract..., Type 4. Press[ENTER] [ENTER].
Press[F3] to select the left-hand side.

Press[F4] and choose factor. Note how the | eft side remains boxed so that you can tell what
part of the equation was factored.

Press(F4) and choose AB =0->A=00r B=0.

Press(F4) and choose solve linear equation(s). Note that students don’t need to figure out
how to use SMG to finish this problem. A teacher could require students to provide the
details, in which case they finish by selecting the individual equations and choosing
appropriate transformations.

Fiv| Fe* |F2 (] FiwT Fzw Tz

& FEv [ _F&™ |F? & FEv [ _F&™ |F2
? Set |Prob Tr‘ans Tools|ctrl] 2| ¥ SetProb| B fTrans|Toals|ctel| 7] v
PEiSolve for FE:Solue for x FE:Solue for
FoITMPIITS
P G e € -F-x—d4f=0 z _
i b factor i
b zubtract 4 from each side _ » auadratic formula
wl_Tow-d=d-4 [x—dl-(x+11=0 =
b =implify PA-B=0 + A=0 or B=0 - ) S R et
o » - w-—4=0or x+1=0 == Z-1 oF == 2
kP zolue linear eguationisl Fsimplifu

roginkkaures B8 folue Guadratic Ean MAinhteUrEs OB Selue Quadrakic Ean MRS tAUrES BB Selus Guadrakic Ean

Let'stry to solvethisin adifferent way. The quadratic formulais useful for solving quadratic
equations.

SMG Feature: Students can perform legal steps that are not necessarily the best steps and
students can use different methods to solve a given problem. So SMG makes it easy for students
to go back to any previous step and try a different transformation. Press (%) to get back to the step
you wish to change. Then choose a new transformation.

Press (® until you get to the original equation. (Y ou could use the 3 equation.)

2. Check [F4] to seeif we can use the quadratic formula now. It’s not there. We need to modify
the equation first.

Press(-] to subtract..., Type 4. Press[ENTER] [ENTER].
Now, choose quadr atic for mula from [F4]. Press(ENTER] to simplify the answers.

If you wish, you can go back to the first step, press(2nd] () and solve this quadratic equation by
completing the square. (Y ou are on your own.)

5. Press[F6):1 to moveto the next problem in the current problem set.
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X2 —2x% + X
x-1

1. Press(F4] and choose factor numerator.

2. Press[F4] and choose divide like factors. Press[ENTER].

Fiv| Few F3 & FEx | _FG¥ TFrw[ &
cet|Prob| EFbTrans[Tools|ctel) 7]
PriSimplifu Rational

%Y - 2w 4w

w—1
b factor numetrator
welx = 10(x+ 1)
-1

kdivide like factors

=[x+ 1) [EE

mainhtoures 747 Sinielifye Fational

Problem 7: Simplify rational expression

3. Press[F6):1 to moveto the next problem in the current problem set.

Problem 8: Simplify the polynomial X* + x+y+1— (X +V).

1. Press([F4] and choose A-(B+C)->A-B-C.

2. Press[F4] and choose order terms.

3. Press(F4] and choose combine like terms. Press(ENTER] again to clean-up.

FEiSimplify Polunomial

w4 bu+l-(x+y)

» A-CB+C) + A-B-C

x2+x+g+1—x—g

F order terns

¥t —wtu-g+l

FPEiSimplify Polunomial
= I =

b order terms
x2+><—x+g—g+1

b combine like terms

¥Z 41 =11 x+(1-11u+1
b arithmetic, O, 1, - & -
xZ41

mainhtoures BAB Simelife Folvnomial

ragin'toures BB Simelifye Folvnomial

SMG Feature: To give the student flexibility to handle special situations, SMG allows students to
select a subexpression and replace it with an equivalent expression. SMG will test for equivalence
of the two expressions. Select the subexpression to change and press the key.

4. Press(F6):1 to move to the next problem in the current problem set.

Problem 9: Solve the exponential equation 16™ = 4

1. Press[F3]. Press () to select 16. Pressthe [STO») key or choose [F7]): Rewrite. Type 4 2. Press
ENTER].

Press(F3) to select the left-hand side; press(F4) and choose (ANU)MNV -> AN (U*V).
Press[F4] and choose AMU = ANV -> ...

Press(F4) and subtract 2x from each side. Press[ENTER]. Press(ENTER] again to clean-up.
Press(F4) and select factor right side.

Press[F4] and choose A*B=0 -> ...

Press(F4) and choose solve linear equation(s).

© N o 0o A~ WD

Press(F8) to verify solution.
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P _Few [Pz & FEx | FBw [FI¥TE Fiv| Few [T & FEr | _FE™ [Fro %
Set [Praob mTTr*ans Tools|Chrl]| 7| cet|prob| E|trans|rooislctm| 7]
Fo:Soluve for x P3:iSolwve for x

Freurite 2= 42

2

Frewrite as 472
AU+ AL
z

E 2

23 g¥
B ORI+ AU LD . -

F AU=A" U=l

rgintteures 870 £oTus Lod £ Expencntial Ean ragintkeures 849 Solug Lod & ExponentiglEan

et |prob| B|Trans[Tosislchrl| 5] v 4 SR LTI 3
Po:Soluve for = 16><=4><2
B=xd-2-x w=n

k factor right =ide o
B=w-(x-2] 169 =40

bA-B=0 + A=0 or E=0 1=
=0 ok x—-2=0 true

ksoluve linear egquationisl W=7

_ _ a7 a7E - )
madintEoures 949 Solug Lod 4 Expongntiol E4n T TAD AUTD Fu-Nl: Toin

SMG Feature: To give the student flexibility to handle specia situations, SMG alows students to
subgtitute variables for expressions. Select the subexpression to substitute for and press
[F7]: Substitute

9. Press to return to the problem.
10. Press(F6):1 to move to the next problem in the current problem set.

Problem 10: Simplify difference quotient w  where f(X)= X .
1. Press(F4] and choose apply definition of f .
2. Press[F4] and chooserationalize numerator .
3. Press(F4] and choose expand & simplify numerator.
4. Press[F4] and choose divide like factors.
eilprob| Eet|rrans|Taois|chra| 3] Cetlprob| Eeb|TransTasizlctii] 3|

Fill:Simplify Difference Guotient
bl + b+ ]
b expand & simplify numerator

Fli:5
i

bapply fixi=lxD h [%+hz0 and xz0
[wrn-I= he[Jm+ k o+ =) - -
h Fdivide like factars

krationalize numerator

(Hh = [x) (v h + %)

rmdinttoures 11741 Simplife Diffgrence Guakient mdinskeures 11712 Simelify Differencs Guoticnt

5. Press[F6):1 to moveto the next problem in the current problem set.
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Problem 11: Solve the exponentia equation (2*)? +2*2* -3=0.

1.
2.

N o g M~ w

9.

Choose [F5]: Substitute.

SMG provides a dialog box which requests substitution information.definitions. Enter the
information or press(F1] for Help (SMG will provide possible substitution information). Make
sure that the choice is the one you want. Changeit if it is not. Press twice to continue
to the display.

Press[F4] and choose factor |€eft side.

Press(F4) and choose AB=0-> ....

Press(F4] and select solve linear equation.

Press(F5] 4: Back Substitute to back substitute 2 for u.

Press(F3). Press (3 to select 2* =-3 and conclude that there are no solutions for this equation
by pressing [F4] and selecting negative = nonneg ->false.

Pressing [ENTER] will get rid of “false’.
Press(F4) and choose A”U = B -> ... Press[ENTER] to clean-up.

10. Press[F8] to verify solution.

Substituts

Plo:Solve for x

[2F] +22%-3=0
b substitute u for 2%x

ul+zou-3=0

(2 +22%-3=0

Substit?te g b factor left side
or @ (u-13(u+3)=n
Hew expri [U™2+2+y—3=0 »A-B=0 + A=O or B=A
Enter=0K) (FI=HELF» (ESC=CRHCEL u-1=0or u+3=0
radintboures 10740 Solus Lod 2 Exponential Ean FAIN RAD AUTD FUNC 10,10 radintboures 10740 Solus Lod 2 Exponential Ean

Fiv | Fiw

E Fy FEw FE™ 7 (] YERIFY ZOLUTION
Set|prob| BBtrans|tools|ctra| 7| v

PlE:Solve for x PlE:Solve for x [2x]2+2_2><_3=g

u-1=08or u+3I=0

P_solve li_ne_ar* equationcs? S g x= 02
ub_b;czpsab_stiztute 2 for u P ATU=E * U=lncEa-1lncA [0230 +2.29-3=0
2%=1 or %= %:Eg Lrue
P hegative=nonnes * false ¥ simplify
Tadin'boUl s 40240 5 1 Lod G EXFehental Ean Tdin' toUFFs 10712 o0 Lod G EXFehental Ean ?«‘m FAD AUTO FUNC 13714

Fzimplify

SMG Feature: Symbolic Math Guide lets you simplify expressions and solve equations that
contain functions. When you create a problem that contains afunction, adialog box is displayed
that lets you define the function. Transformation “ Apply definition of ...” applies the definition
of the defined function into the expression or equation.

11. Press(F6):1 to move to the next problem in the current problem set.
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Problem 12: Compute the indefinite integral J- x [$in(x)dx

Press(F4) and choose integration by parts.

2. SMG provides a dialog box which requests f(x) and g’ (x). Enter the information or press(Fi]
for Help (SMG will provide possible choice for f(x) and g’ (x)). Make sure that the choiceis

the one you want. Changeit if it is not.

Press(ENTER] until adialog with f(x), f'(x), g(x) and g’ (x) is displayed.

3
4. Press([ENTER].

5. Press[F4] and choose [ (c[F (X))dx - cf (f(X))dx.
6. Press[ENTER] to smplify.

7. Press(F4] and choose _[cos(x)dx - sn(x) .

e S L] 1 ™~

EIRCTT A j.llrﬂ._uh
P raaribE &b ¥
TAOinALoUFPs 12712 Compute Idefinite Inte3ral 4 AT [ 1"

JIFS'] m fof = Jig '3

IR AT T

FLE1 B |
i CleE
I‘"'r-EE -L"'“I:I'-ID mﬁ"’!‘"&“:ﬁ:;

ir T =
Lre-mil o T ;= lza oo

LT BT Flz:Compute Indefinite InLegPal Flz:Compute Indefinite InLegPal
' L T sind)dx %o mcostx) = [ -costx)- 1]dx
fipliam il:l:l:l & ik P ECF-a'y 3 Feg - Slgofy BICC-FOxI, %) 3 c-FOFExD, %)
x 1]dx #emcostxr = -1 costxdx

ﬂi Finl stid= v amadsd e mcos(x) = [[( ~cos(x)- cos(
i LE ! K 2 4 |—— BICo-Foxd,xd + c-JOFCxd, xd b zimplify
13 pe=— PRt =100 ’ mw-coslx) + Foos(sddx

—- » A ¥} Sintx)

4. .. | L
| 1 | - 11" P TAOinALoUFPs 12712 Compute Idefinite Inte3ral

+sinixl+C
1z Corpute Indefinite Intedral

rain

SMG Feature: The key SMG transformations to help students |earn to solve indefinite
integration problems are substitution, integration by parts and partial fractions. SMG also
includes sum/difference and scaar product transformations as well as transformations for

indefinite integrals of basic functions.

For more info please visit our web site http://education.ti.com
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