Tips for Beginners for the TI-89 Calculator, page 2

More Tips for the TI-89 Calculator

Dr. Wm J. Larson, bill_larson@csi.com, Institut Monte Rosa, Montreux, Switzerland, version 3.4 2000 April 01 corrections welcome

Catalog contains all the calculator’s functions (e.g. !, sinh-1, (, nCr, nDeriv, abs.) It’s a huge list. To get close, key the first letter of the command and then ▼ down.

To type in a program, key APPS 7: Program Editor.

Inside Program Editor, key F3 to insert DISP, INPUT, OUTPUT, etc. 

Shortcuts

keying ( ( gives ! (factorial).

keying ( < gives (.
keying ( > gives (.

keying ( = gives .

keying ( ) gives .

keying ( ( accesses the Greek letters See p. 312. For example ( ( alpha s gives (.

keying ( EE gives a keyboard map with all of the (shortcuts.

“|” means “with”. E.g. 2 + 3  x | x = 5 ENTER gives 17.

{} is used to make a list E.g. {1,2,3} + 4 evaluates as {5 6 7}. {1,2,3}sin({1,2,3}/6) evaluates as {/2 3 3}. 

To highlight (in preparation e.g. for copying or deleting it) hold down ( and highlight left or right with ◄ or ►.

To format a graph (rectangular vs. polar, grid on/off, label axes on/off, etc.) key ((( or in Y=, Window or Graph, key F1 9: Format.

To cancel a graph while it is being plotted, key ON.

Define

F4 Other 1: Define can be used to define a function. E.g. Define xxt(x) = 3x^2. Then xxt(5) ENTER evaluates as 75. Notice that letters available on the keyboard were used for faster typing. Or 1 ( cos(x) STO( sec(x) defines a new function, sec(x) which can, for example, be graphed by entering y1 = sec(x) or evaluated by typing sec() which evaluates as -1. You would have gotten an error message if you had tried to define xt1(x), because it is a system variable. An erroneous set of keystrokes can result in defining x & y. This is surprisingly easy to do by accident. E.g. if x has been defined as 2, expand((x+2)²) will give 16. If something like this happens, F6 Clean Up 1: Clear a-z ENTER ENTER will clear (i.e. delete) the definitions of any 1-character variables, i.e. “x”, but not “xx”.

Easier than keying in the letters is copying a variable from VAR-LINK. Key 2nd VAR-LINK. Highlight the variable (e.g. the sec(x) function created above) ENTER, sec(x) now appears in the entry line.

MODE Split Screen 3 LEFT-RIGHT is useful with graphs. Make one screen the graph and use the other screen to adjust the window and to set the style (dot, thick, etc.) of the graph.

To display a piecewise defined graph, e.g. 
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inside Y= key 

y1 = when(x > 1, x, else x^2) 

when( is in CATALOG.

If the graph has more than 2 pieces, e.g. 
[image: image2.wmf]g

x

(

)

=

-

£

<

£

ì

í

ï

î

ï

x,

     x

0

3,

  0

x

1

x,

      1

<

x

, 

you can use nested when functions or a user-defined function, see p. 194-95. Unfortunately the logic of nested when functions is hard to follow, especially since you have to read it inside the tiny entry line. 

It is easier is to enter a piecewise defined equation as separate equations, then selecting each with F4 . E.g.: 

y1(x) = -x | x ( 0

y2(x) = 3 - x + x | 0 < x and x ( 1

y3(x) = x | 1< x

The unexpected “- x + x” term was used to get an x into the expression. Without an x in the expression “y2(x) = 3 |0 < x and x ( 1” would have drawn a 3 for all x, not just for 0 < x ( 1.

The Boolean operator and is 2nd MATH 8: Test 8: and.

Unfortunately if you want to then graph g(x - 3) or if you need a table of g(x) or if you want to find values e.g. g(-3), then you need to express the function in one entry. If so the g(x) above can then be defined as: 

y1(x) = when (x ( 1, when(0 < x, 3, -x), x)

Notice the difference in the inequalities used and that the -x + x term is no longer needed.

Once you have defined a function in Y =, you can use it in the entry line. E.g. with the above definition, y1(-25) evaluates as 25

To make a table (p. 210-218): Create a function in Y=. E.g. y1(x) = sin x. Deselect any previously selected functions. Set the table parameters with ( TblSet tblStart = 0, tbl = 15 (assuming you are in degree mode &want a table of sin x for every 15°). Graph <-> Table = OFF (unless you want to use xmin & xres to set tblStart & tbl - not recommended). Independent = AUTO (unless you want to input the x values manually - which you might find easier). View the table with ( TABLE. To change the cell width in TABLE key (| or F1 9: Format 

log x ( log10x is not on the keyboard and only in the hard-to-access (because it’s so big) CATALOG. Alternatively use log x = ln x/ln 10. E.g. ln 100000 / ln 10 evaluates as 5. Or just type in log (x).

The normal graphing mode is MODE Graph = 1: FUNCTION. Use this e.g. to graph y1(x) = x².

To make a parametric graph (p. 115-20) key MODE Graph = 2: parametric. A parametric graph is made on the x-y axis by defining x = f(t) & separately y = f(t). Thus in parametric mode, you must type in a pair of equations. E.g. in Y=

xt1 = sin 2t

yt1 = sin 3t

To view the graph of the above set x & y min/max = ±1 & use radian mode. You will get a pretty Lissajous figure. 

You must use t (not x, y or z) as your independent variable.

( Window now has (in addition to xmax, yscl, etc.) tmin, tmax & tstep which you may need to set.

To graph in polar coordinates (p. 121-26) key MODE Graph = 3: pOLAR.

The Y= screen will now read r1=, etc. 

You must use  (not t, x, y or z) as your independent variable.  is ( (above the ^ key).

Use ZoomSqr to set the correct proportions or do it by hand by setting xmin & xmax to twice ymin & ymax.

( Window now has (in addition to xmax, yscl, etc.) min, max & step which you may need to set.

If some functions are selected, they might graph along with your polar graph. To turn them all off, in Y= key F5 ALL 1: All Off, 3: Functions Off or 5: Data Plots Off as needed.

( | Coordinates  Polar will cause F3 Trace to display the coordinates r & . ( | Coordinates  Rectangular will cause F3 Trace to display the coordinates x, y & 
To factor an expression key F2 Algebra 2: factor( in the entry line. E.g. factor(x^2 - 5x + 6, x) gives (x-3) (x-2).

To expand an expression key F2 Algebra 3: expand( in the entry line. E.g. expand((x+2)^2) gives x²+4x+4.

You can store a window setting with F2 Zoom B: Memory 2: ZoomSto. You can recall your stored setting with B: Memory 3: ZoomRcl.

In ( GRAPH to find the Minima or Maxima of a function use F5 Math 3: Minimum or 4: Maximum. You will be prompted to choose an x value on each side of the zero.

You can depict an inequality (e.g. y > 2x + 3) on the x-y plane by graphing the inequality as an equality solved for y (e.g. y1(x) = 2x + 3) and then shading above or below the graphed line, depending on whether the inequality was actually > or <. (You want to shade above in our example.) To set the shading in Y=, key F6 Style7: Above or 8: Below as needed. The TI-89 has 4 shading patterns which it automatically cycles through. So 4 different inequalities can be displayed. See p. 100. 

The TI-89 does not draw asymptotes, but because of the way it draws a curve, fake asymptotes sometimes appear. It evaluates y at the center (in x) of each pixel, draws a dot there and connects the dots. Thus where an asymptote should appear, a slightly crooked fake asymptote might be drawn. If you want to get rid of it, in Y= set the style to dot. Or set the scale so that a pixel element falls on the asymptote. E.g. for y = 1/(x-1) there is a vertical asymptote at x = 1. F2 Zoom 4: Dec and ( WINDOW xres = 1 will put a pixel element at x = 1 and thus no fake asymptote will appear. On the other hand if you know where an asymptote is, you could key its equation in - perhaps in a different style and add it to your graph. Vertical asymptotes can only be approximated, e.g. for a vertical asymptote at x = 2, use y = 1^100(x-2), this will be a line which goes through the point (2, 0) and has such a steep slope that it will appear perfectly vertical.

Various math symbols are available in 2nd CHAR 2: Math, for example A: gives (, I: gives ², N: gives ±. These are just symbols, e.g. trying to evaluate 3² gives an error.

To delete tables, etc. key 2nd VAR-LINK. p. 333-41.

All of your (user defined) variables: tables, functions, lists, text entries are listed. 

Highlight the table, etc. you want to delete. Key ( Enter. 

If you want to delete several variables, select all to be deleted with key F4 , then key ( Enter as above. 

If you want to delete all but a few variables, key F5 All 1: Select All. Then use F4  to deselect those tables you do not want to delete. 

By default all user defined variables are placed in the MAIN folder unless you specified otherwise. You cannot delete the MAIN folder.

To convert from Rectangular to Polar Coordinates key [x,y] 2nd MATH 4: Matrix L: Vector ops 4: ► Polar 

For example [1, 3)]: ► Polar gives [2 ( /3]

To convert from Polar to Rectangular Coordinates key [r,(] 2nd MATH 4: Matrix L: Vector ops 5: ► Rect 

For example [2, ( /3] ► Rect gives [1 3]

The “( ” is 2nd EE. The “,” does not display in the answer, but it is there. See p. 456, 464. 

To convert a complex number in standard (i.e. rectangular, i.e. a + bi) form to polar (i.e.. r ei) form, set the mode to complex polar with MODE Complex Format 3: POLAR, key in the complex number in standard form & press ENTER. The way the result is displayed depends on what modes you are in. You may need to reset the Exact/Approx mode or the Angle mode (i.e. Degree vs. Radian mode). For example:

In exact, radian mode + 2i ENTER gives 2 ei/4. 

In approx, radian mode + 2i ENTER gives 2 e0.785 i.

In exact, radian mode 5 + i ENTER gives       ei arctan5/5 3 2.

In approx, polar, degree mode + 2i ENTER gives 2.449(24.095.

Etc.

Apparently the TI-89 cannot be commanded to display in trigonometric form (e.g. 2 cos 45° + 2i sin 45°). 

To convert a complex number in polar (i.e. rei) form to a complex number in standard (i.e. rectangular, i.e. a + bi) form, set the mode to complex rectangular with MODE Complex Format 2: RECTANGULAR, key in the complex number in standard form and press ENTER. Again the way the result is displayed depends on what modes you are in. For example

In approx mode 2ei/4ENTERgives + i.

In exact mode 2ei/4ENTER gives + 2i.

The Solve() & Zeros() commands
To solve an equation key F2 Algebra 1: solve( in the entry line. E.g. solve(2x + 3 = 7,x) gives x = 2. This single line will do about half of your homework or test problems! If I want you to do the problem yourself by hand, I will require you to show your work or I will prohibit calculators on part of the test.

Some equations cannot be solved analytically (i.e. with algebra), e.g. x = cos x. With a grapher there are several ways to solve it.

One way is graphically by plotting y1 = x, y2 = cos x and in ( GRAPH find the intersection of two functions using F5 Math 5: intersection. You will be prompted to choose two functions and an x value on each side of the intersection. For a more detailed explanation of how to use the intersection feature, see my Tips for Beginners.
Or in the entry line use solve(x = cos(x), x), giving “x = .739085133”. 

Or set the equation equal to zero (e.g. x - cosx = 0) and in the entry line use zeros(x - cos(x), x), giving “x = .739085133”. Zeros is F2 4: zeros(.

Or graph y1 = x - cosx and find the zeros of the graph with F5 Math 2: Zeros. You will be prompted to choose an x value on each side of the zero. For a more detailed explanation of how to use the zeros feature, see my Tips for Beginners.
The above two Zeros functions are different. The one used in the entry line does not ask for a range to search and might not find all zeros.

Of all of the above methods, I recommend using intersection in the GRAPH screen, because by looking at the graphs you can understand what is going on, because if there is more than one intersection you can choose the one you want and because setting the equation equal to zero or equal to y involves extra algebra and is therefore not as intuitive.

Either Solve() or Zeros() can be used for most problems. For example Solve(x² - 4 = 0, x) or Zeros(x² - 4, x) will both give 2 & -2. 

There are three Solve() & two Zeros() commands: Solve() p. 478-481, Zeros() p. 494, cSolve() p. 403-405, cZeros() p. 407 and nSolve() p. 450. 

If you want complex solutions, you must use cSolve() or cZeros(). Solve() or Zeros() or nSolve() will give only the real solutions. 

Solve() is 2nd Math 9: Algebra 1: Solve(). 

Zeros() is 2nd Math 9: Algebra 4: Zeros().

nSolve() is 2nd Math 9: Algebra 8: nSolve(). 

cSolve() is 2nd Math 9: Algebra A: Complex 1: cSolve(). 

cZeros() is 2nd Math 9: Algebra A: Complex 3: cZeros().

nSolve looks for only one approximate real solution, but is faster than Solve() or Zeros(). 

Solve is very powerful.

· It can solve symbolic equations, e.g. Solve(ax^2 + b*x + c = 0, x) will give the quadratic formula. 

· It can find the intersection of two equations, e.g. Solve(x^2 + y^2 = 4 and y = x^2, {x, y}) will give (±1.250, 1.562) i.e. the intersections of the circle and the parabola. (“and” is 2nd Math 8: Test 8: and.)

· Solve(x4- 1 = 0, x) will give x = 1 or x = -1, but cSolve(x4- 1 = 0, x) will give x = i or x = -i or x = 1 or x = -1.

· To speed up the process, you can also include a guess e.g. Solve(x^2 = 2, x = 1.4) will give 1.414, although the equation must be more complicated before the speed-up is noticeable.

Solving with Complex Numbers

cSolve() or cZeros() can be used to find the roots of complex numbers. For example ³i = cSolve(x³ = i, x) = cZeros(x³ - i, x) = {-i, -3/2 + ½ i, 3/2 + ½ i}

DeMoivre’s Theorem can be used to display and trace (i.e. read out) the roots of complex numbers. For example DeMoivre’s Theorem says that the cube roots of 2i = 2 ei/2 are ³2 ei(/2+2k)/3, with k = 0, 1, 2. To graph these values set the Graph mode to Polar. In Y= key 2^(1/3). In WINDOW set min to the angle of the first root (i.e. (the argument of 2i) / n = (/2)/3 = /6). Set step to 2/n = 2/3. Set the window size appropriately, i.e. a little bigger than ³2 e.g. ±2. Key GRAPH. Key F2 Zoom 5: ZoomSqr (to make the plot “circular”). Key F3 Trace. The first root, 1.091 + .630 i will be displayed (as 1.091, .630). Key ► to display the second root -1.091 + .630 i. Key ► again to display the third (& last) root 0 - 1.260 i. 

There are at least five possible ways (!) that the results of cSolve() or cZeros() can be displayed. E.g. for x² = 4i, i.e. finding the square roots of 2i, the answer could be displayed in exact polar radian form ei, e.g. 2ei/4 and 2ei/4 or approx polar radian form ei, e.g. 2 e 0.785 i and 2e -2.366 i or polar degree form (r ( ), e.g. (2 ( 45) and 2 ( -135) or exact standard form a + b i, e.g.  + 2 i and -2 - 2 i, or approximate standard form a + bi, e.g. 1.414 + 1.414i & -1.414 - 1.414i. 

Apparently the TI-89 cannot be commanded to display the results in trigonometric form (e.g. 2 cos 45° + 2i sin 45°). 

Which form is displayed is controlled by 3 (!) mode settings. Mode: Complex Format 3: Polar will always display the result in polar form. 

Mode: Complex Format 1: Real or 2: Rect will always display the result in standard form.

Mode: Exact/Approx 2: Exact will always display the result in Exact form, i.e. ei/4 or 2/2 + 2/2 i, depending on the Complex Format mode.

Mode: Exact/Approx 3: Approximate will always display the result in Approximate form, i.e. e 0.785 i or .707 + .707 i, depending on the Complex Format mode.

In Angle 1: Radian mode the polar radian form, r ei, is displayed, i.e. ei/4 . In Angle 2: Degree mode the polar degree form, (r ( ) i.e. (1 ( 45), is displayed .

Complex numbers are explained on p. 533-535.

Expand

To multiply out an expression key F2 Algebra 3: expand(, e.g. expand(x + y)^3) ENTER gives x³ + 3x²y + 3xy² + y³. 

Factor

To factor an expression key F2 Algebra 2: factor(, e.g. factor(x³ + 3x²y + 3xy² + y³) ENTER gives (x + y)^3. Or cfactor(x4-1) gives (x-1) (x+1)   (x-i) (x+i)

Permutations and Combinations

Combinations are the number of ways of selecting r objects from n objects where order does not count = nCr = n! / r! (n-r)! is also written as 
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Permutations are the number of ways of selecting r objects from n objects where order does count = nPr = n! / (n-r)! 

nCr is 2nd MATH 7: Probability 3: nCr(

nPr is 2nd MATH 7: Probability 2: nPr(

Calculus

The two main operations of calculus are differentiation and integration, of course. Both of these can be done easily either numerically or symbolically on the home screen with the keyboard or in the graph screen. In addition to these two operations the AP Calculus Course Description lists two other calculator operations needed for the AP Calculus exam: “plot the graph of a function within an arbitrary viewing window” and “find the zeros of functions (solve equations numerically).” Both of these operations are covered above.

On the home screen 

2nd d (on the 8 key) [or equivalently F3 Calc 1: d( differentiate] does differentiation. 

E.g. d(x³,x) ENTER gives 3x².

E.g. d(f(x)(g(x),x) ENTER gives the quotient rule (although in a nonstandard form).

E.g. d((x-1)((x+1)),x) |x = 3 ENTER gives 1/8 

2nd  (on the 7 key) [or equivalently F3 Calc 2: ( integrate] does integration. 

E.g. x²,x) ENTER gives x³/3

E.g. x cosx,x) ENTER gives cosx + x sinx

E.g. 1/x,x,1,2) ENTER gives ln2

F3 Calc has other useful operations.

F3 Calc 3: limit( will find a limit.

E.g. limit( 3x/(1-2x),x,() ENTER gives -2/3.

F3 Calc 4: (( sum will find a sum.

E.g. F3 Calc 4: (( sum x², x, 3, 5) ENTER gives 50

F3 Calc 6: fMin( and 7: fMax( will find a minimum and maximum respectively between Lower and Upper Bounds.

E.g. F3 Calc 6: fMin((x-2)² + 3, x) ENTER will find the value of x where y = (x-2)² + 3 has a minimum i.e. x=2.

F3 Calc 8: arcLen( will find the arc length.

E.g. F3 Calc 8: arcLen( (1-x²,x,-1,1) ENTER gives 3.14159.

On the graph screen 

Plot the graph as usual.

To find the derivative key F5 Math 6: Derivatives 1: dy/dx. Then you will be prompted “dy/dx at?” Either key in the desired x value and key ENTER or move the cursor to the desired x value and key ENTER. 

E.g. graphing y = (x-1)((x+1) and in response to the prompt keying in 3 ENTER gives .125

To find the integral key F5 Math 7: f(x)dx. You will be prompted for the “Lower Limit?” Either key in the desired x value and key ENTER or move the cursor to the desired x value and key ENTER. You will be prompted similarly for the “Upper Limit?”

E.g. graphing y = 1/x and in response to the prompts keying in 1 ENTER and then 2 ENTER gives .69315.

F5 Math has several other useful operations. 

3: Minimum and 4: Maximum will find a minimum and maximum respectively between Lower and Upper Bounds.

8: Inflection will find an inflection point between Lower and Upper Bounds.

A: Tangent will draw a tangent line at the entered point and display its equation.

B: Arc will find the arc length between “1st Point” and “2nd Point”.

Other options are available in other modes. For example, in polar mode 6: Derivatives offers the options of 1: dy/dx or 4: dr/d. In parametric mode 6: Derivatives offers the options of 1: dy/dx or 2: dy/dt or 3: dx/dt.

Sequences and Series

A sequence is an ordered list of numbers. A series is the summation of the terms of a sequence. They can be calculated using 2nd MATH 3: List 1: seq(. (See p. 470, 127-139.) Seq takes the parameters (expression, var, low, high [, step]). Step is optional, the default is 1. 

E.g. to display the first 6 terms of the arithmetic sequence an = 3n + 2, key seq(3x+2, x, 1, 6) ENTER which gives {5  8  11  14  17  20}. Note I used “x” rather than “n” as my variable to make the keying easier. seq(3x+2, x, 3, 5, ½) ENTER gives {11  25/2  14  31/2  17}. 

To find the sum of a sequence use sum 2nd MATH 3: List 3: sum(seq( (See p. 483.) or F3 Calc 4: ((. (See p. 507.) The sum & ( features are different. Sum just takes a list to sum: ( (like seq) takes parameters (expression, var, low, high). E.g. to find the sum of the first 4 terms of the geometric sequence an = 52n, key sum(seq(5 2x, x, 1, 4) ENTER which gives 150. Or key ((5 2x, x, 1, 4) ENTER which, of course, also gives 150. The result can contain symbols, e.g. ((x, x, 1, n) ENTER gives n(n+1)/2.

To find the partial sums of a sequence use cumSum(. (See p. 405.) E.g. key 2nd MATH 3: List 7: cumSum(seq(1/x², x, 1, 4)) ENTER gives {1  5/4  49/36  205/144}

A sequence graph is will display a sequence. Set MODE Graph SEQUENCE. Key ( Y=. Enter the formula for the sequence in u1. If an initial value is needed, e.g. if a recursive formula for the sequence is entered in u1, enter the initial value in ui1, otherwise leave it blank. E.g. key in u1 = 3n+2. You must use “n” as your variable in sequence mode. Key ( GRAPH F2 Zoom A: ZoomFit. The axes are n and u1. You can use F3 Trace to read out the values of u1 (they are called yc). 

The convergence of a sequence can be displayed. E.g. Key in u1(n) = -.8u1(n-1) + 3.6, ui1 = -4 and ( GRAPH. The sequence can be seen to converge to 2. Or Key ( TABLE to see the values. Or simply sum the entire sequence. E.g. try ((1/x², x, 1, () ENTER. Surprising?

Taylor series approximations can be displayed. E.g. sinx = (((-1)^n * x^(2n+1) / (2n+1)!, n, 0, ()). Plot the first 6 terms of the Taylor series approximation, i.e. y1 = (((-1)^n * x^(2n+1)/((2n+1)!), n, 0, 5)) and also y2 = sin x on the same screen. The value of x where the approximation diverges from sin x is very striking. Or to find the numerical value of the differences define y3(x) = y1(x) - y2(x), deselect y1 & y2, key ( TABLE. Use MODE Display digits 9 & (| to set the cell width to 12 (for the maximum number of decimal places) and use F2 Setup to select where the table starts and the step size of the table.

The process of transferring programs from one TI-89 to another is called linking (See p. 349-352). Connect the two TI-89’s with the cable that came with them. On the receiving TI key 2nd VAR-LINK F3 Link 2: Receive. The message WAITING TO RECEIVE and the BUSY indicator are displayed. On the sending TI key 2nd VAR-LINK. Select the variables to send. Key F3 Link 1: Send to TI-89/92 Plus. The transmission will begin. When the transmission is complete, the VAR-LINK screen on the receiving TI will list the newly received program.
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