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ANGVEC
Description  Theangvec function computes the exact angle between two vectors using the current angle mode.
Access Vectors submenu in thdAMUCALC custom menu
Syntax angvec( v,w)
Input v: A vector having 2, 3, or more components

w: A vector with the same number of componentsas

V-W .

Output The exact anglé = cos?t (||v|| ||w||> betweerv andw in the current angle mode
Examples angvec([3,1,-1], [1,-1,2]) returnst/2 in RADIAN mode.

angvec([3,1,-1], [1,-1,2]) returns 90 iMEGREE mode.
See Also ANGVECDG, ANGVECRD
ANGVECDG
Description Theangvecdg function computes the approximate angle between two vectors in decimal degrees.
Access Vectors submenu in thEAMUCALC custom menu
Syntax angvecdg( v,w)
Input v: A vector having 2, 3, or more components

w: A vector with the same number of componentsas

) VW . .

Output The approximate angle = cos?t <||v|| ||w||) betweerv andw in decimal degrees
Example angvecdg([5,-1,3], [8,2,0]) returns 38.84.
See Also ANGVEC, ANGVECRD




ANGVECRD

Description Theangvecrd function computes the approximate angle between two vectors in decimal radians.

Access Vectors submenu in thEAMUCALC custom menu

Syntax angvecrd( v,w)

Input v: A vector having 2, 3, or more components
w: A vector with the same number of componentyas

Output The approximate angle = cost <||v|| ”v\\//v”) betweerv andw in decimal radians

Example angvecdg([5,-1,3], [8,2,0]) returns 0.68.

See Also ANGVEC, ANGVECDG

AUTOPOLR

Description  Theautopolr program draws polar curves in an automatic fashion usingytstaling.

Access FVMD submenu in thdAMUCALC custom menu

Syntax autopolr()

Input There are no arguments.

Output Polar plots are automatically displayed on the Graph screen using-kchaling. A range of 9 < 6 < 36Q° in 5°
increments is employed. The curves may be traced to analyze intersections, etc.

Example Set the Graphing mode to Polar, input polar curves using'theditor, then invokeutopolr . In order to successfully
use this routine, the angfemust only occur in arguments to trigonometric functions. Otherwise, use manual polar
graphing andRADIAN mode. Try graphing the polar curves= 3 andr = 3 4+ 2 cog39) simultaneously.

See Also Chapter 8Polar Graphing , in the TI1-89 Guidebook

Note When finished looking at the Graph screen, pENIER. In the event that the defadltrange didn’t produce a
satisfactory plot, manually adjust the range and/mcrement inDEGREE mode.

CA

Description  Theca function computes the acceleration of a position curve.

Access CLP submenu in thEAMUCALC custom menu

Syntax ca(nt)

Input r: Position vector expression
t: Independent variable (time)

Output The expression for acceleratianz= r”

Example ca([t, 2*t"2, 3*t"3], t) returns[Q4, 18t].

See Also Cs,cv




CAN

Description  Thecan function computes the normal component of acceleration of a position curve.
Access CLP submenu in thEAMUCALC custom menu
Syntax can(nt)
Input r: Paosition vector expression
t: Independent variable (time)
. i r/
Output The expression for the normal component of acceleratiqn= | T'|| ||r’|, whereT = T
2/5
Example can([t, 2*, t°2], t) returnsL.
Va2 +5
See Also CA, CAT
CAT
Description  Thecat function computes the tangential component of acceleration of a position curve.
Access CLP submenu in thEAMUCALC custom menu
Syntax cat(rnt)
Input r: Position vector expression
t: Independent variable (time)
/ 1
Output The expression for the tangential component of acceleration; —” i
4t
Example cat(t, 2*t, t"2], t) returns——.
Va2 +5
See Also CA, CAN
CB
Description  Thecb function computes the unit binormal vector to a position curve.
Access CLP submenu in thAMUCALC custom menu
Syntax cb(rt)
Input r: Position vector expression
t: Independent variable (time)
/ /!
Output The unit binormal vectoB = Tl to the curve
X
sint  cost 1
Example cb([cos(t), sin(t), t], t) returns[—, - —}
V2o V2 2
See Also CN, CT




CJ

Description  Thecj function computes the jerk of a position curve.
Access CLP submenu in thEAMUCALC custom menu
Syntax cj(nt)
Input r: Position vector expression

t: Independent variable (time)
Output The expression for jerk,”
Example cj([t, 2*xt"2, 3*t"3], t) returns[QO, 18].
See Also CA
CK
Description  Theck function computes the curvature of a position curve.
Access CLP submenu in thEAMUCALC custom menu
Syntax ck(nt)
Input r: Position vector expression

t: Independent variable (time)
Output The curvature = ||||I:|||| of the curve, wher&@ = II:;II
Example ck([t, 2*t, t"2], t) returns 25 33

(4t + 5)

See Also Ct
CL
Description  Thecl function computes the arc length of a position curve.
Access CLP submenu in thEAMUCALC custom menu
Syntax cl(rta,b)
Input r: Position vector expression

t: Independent variable (time)

a: Lower bound oft-range

b: Upper bound of-range
Output The arc Iength/b [r’|| dtof the curve

a

Example cl(ft, 2*, 2], t, 0, 1) returnsgIn5+3/2~ 2.51.
See Also CK, Cr, LEN




CLINEZ2PT

Description  Thecline2pt function finds a Cartesian equation of the line between two points ixytpéane.
Access CLP submenu in thEAMUCALC custom menu
Syntax cline2pt( a,b)
Input a: A pointon the line
b: A different point on the line
Output A Cartesian equation of the line
Examples cline2pt([5,2], [8,2]) returnsy = 2.
cline2pt([3,6], [3,-4]) returnsx = 3.
cline2pt([2,3], [1,1]) returnsy = 2x — 1.
See Also LINPTDIR, PLINE2PT
CN
Description  Thecn function computes the unit normal vector to a position curve.
Access CLP submenu in thEAMUCALC custom menu
Syntax cn(rt)
Input r: Position vector expression
t: Independent variable (time)
Output The unit normal vectoN = IIT;II to the curve, wher@d = ||r:||
Example cn([cos(t), sin(t), t], t) returns |- cost, — sint, Q].
See Also CB,CT
COMP
Description  Thecomp function computes the scalar projection of one vector onto another.
Access Vectors submenu in thEAMUCALC custom menu
Syntax comp( v,w)
Input v: A vector having 2, 3, or more components
w: A vector with the same number of componentyas
Output The scalar projection comp = ﬁ of the vectow onto the vector
Example comp([6,1,-2], [0,4,7]) returns—10/+/41~ —1.56.
See Also ORTH, PROJ




COMPOS

Description  Thecompos function yields the composition of two functions.

Access FVMD submenu in thd AMUCALC custom menu
Syntax compos( f,g,v)
Input f: A string (the name of the “outer” function)

g: A string (the name of the “inner” function)
v: Either a variable (ify is a function of one variable) or a vector of variableg(ifs a function of several variables)

Output The compositiorfog evaluated av; i.e., f (g(v))

Examples X"\3*yr2*z —f(xy,z): [2*t+3, t"2-1, t"3] —g(t): compos(“f’, “g”, t) returns(t2 - 1)2 3+ 2t)3t3.
[sin(x*y*z), x"\2*y, z"2*eN(x/5)] —w(X,Y,2): [u, cos(v), 2*sin(v)] —s(u,v): compos(“w”, “s”, [u,v])  returns

[sin(2u sinv cosv), u? cosv, 4e"/S sin? v].

See Also User-defined functions in the T1-89 Guidebook

CROSS
Description  Thecross function computes the cross product of two vectors.
Access Vectors submenu in thEAMUCALC custom menu
Syntax cross( v,w)
Input v: A vector having 3 components

w: A vector having 3 components

i ik

Output The cross produat x w = det| v; vz w3 [ofthe vectors andw

w1 w2 w3
Example cross([-3,8,4], [5,0,7]) returns [5641, —40].
See Also DOT

CS

Description  Thecs function computes the speed of a position curve.
Access CLP submenu in thEAMUCALC custom menu

Syntax cs(nht)

Input r: Position vector expression

t: Independent variable (time)
Output The expression for speesi= ||’

Example cs([t, 2*t"2, 3*t"3], 1) returnsy/81t4 + 16t2 + 1.
See Also CA,CV




CT

Description  Thect function computes the unit tangent vector to a position curve.
Access CLP submenu in thEAMUCALC custom menu
Syntax ct(nt)
Input r: Position vector expression
t: Independent variable (time)
/
Output The unit tangent vector = T to the curve
sint cost 1
Example ct([cos(t), sin(t), t], t) returns| ———, —, — |.
p ([cos(t), sin(t), t], t) [ﬁfzﬁ}
See Also CB, CN
Cr
Description  Thect function computes the torsion of a position curve.
Access CLP submenu in thEAMUCALC custom menu
Syntax ct(nt)
Input r: Position vector expression
t: Independent variable (time)
(r/ X r//) . r///
Output The torsionr = — of the curve
Ir < r”|l
Example ct([sin(4*t), 6*t"2, cos(4*t)], t) returnsi.
' ' ' 1442 4 25
See Also CK
CURL
Description  Thecurl function computes the curl (rotational) of a vector field.
Access FVMD submenu in thd AMUCALC custom menu
Syntax curl( v)
Input v: A vector field having 3 components
R [ ] k
Output The curlV x v=det| d/d0x d/dy d/dz |ofthe vector fieldv
vl v2 v3
Example curl([x"2*y, y*z"2, z*x"2])  returns[—2yz, —2xz, —x?].
See Also DIV, LAP




cv

Description  Thecv function computes the velocity of a position curve.

Access CLP submenu in th@AMUCALC custom menu
Syntax cv(nt)
Input r: Position vector expression

t: Independent variable (time)
Output The expression for velocity, = r’
Example cv(lt, 2*t"2, 3*t°3], t) returns[1, 4t, 9t2].
See Also CA,CS

DBLSUMBL
Description  Thedblsumbl function computes an approximate (numerical) double Riemann sum using the bottom left corners of
d rb
subrectangles. This is an estimate of the double inte%ral f(x, y)dxdy
C a

Access LSI submenu in thEAMUCALC custom menu
Syntax dblsumbl( “f",a,b,m,c,d,n )
Input f: A string (the name of the function in the integrand)

a: Lower horizontal x) value

b: Upper horizontalX) value

m: Number of horizontal subintervals

c: Lower vertical ) value

d: Upper vertical ¢) value

n: Number of vertical subintervals

m n b _a

Output The double Riemann suh >~ f (xi*, yT) AX Ayj, wherex* =a+ (i —1Dh& Axj = Ax=h = —

i=1j=1

d—
andyf =c+(j —Dk& Ayj=Ay=k= TC as a floating point decimal

Example eNx+y) —f(x,y): dblsumbl(“f", 0, 1/2, 4, 3/4, 1, 8) returns 0.360501; the exact answer is
1 12
/ / &Y dxdy=e¥? — /% — e + ¥4 ~ 0.390064.
3/4J0

See Also DBLSUMBR, DBLSUMMD, DBLSUMTL , DBLSUMTR




DBLSUMBR

Description  Thedblsumbr function computes an approximate (numerical) double Riemann sum using the bottom right corners of
d b

subrectangles. This is an estimate of the double inteﬁral f(x, y)dxdy
Cc a

Access LSI submenu in thAMUCALC custom menu
Syntax dblsumbr( “f",a,b,m,c,d,n )

Input f: A string (the name of the function in the integrand)
a: Lower horizontal x) value
b: Upper horizontalX) value
m: Number of horizontal subintervals
c: Lower vertical ) value
d: Upper vertical ¢) value
n: Number of vertical subintervals

b—a
m

m n
Output The double Riemann sutp > f (xi*, yT) AXjAyj, wherex* = a+ih & Axj = Ax=h =
i—1j=1

andyf =c+(j —Dk& Ayj =Ay=k= d%c as a floating point decimal

Example eM(x+y) —f(x,y): dblsumbr(“f”, 0, 1/2, 4, 3/4, 1, 8) returns 0.408501; the exact answer is
1 172
/ / e dxdy= e¥? — /% — e+ ¥4 ~ 0.390064.
3/4J0

See Also DBLSUMBL , DBLSUMMD, DBLSUMTL , DBLSUMTR

DBLSUMMD
Description  Thedblsummd function computes an approximate (numerical) double Riemann sum using the middle (center) points
d rb
of subrectangles. This is an estimate of the double inteﬁral f(x,y)dxdy
Cc a

Access LSI submenu in thEAMUCALC custom menu
Syntax dblsummd( “f",a,b,m,c,d,n )
Input f: A string (the name of the function in the integrand)

a: Lower horizontal X) value

b: Upper horizontalX) value

m: Number of horizontal subintervals

c: Lower vertical ) value

d: Upper vertical ¢) value

n: Number of vertical subintervals

m n b _a

Output The double Riemann suth > f (xi*, yj‘) AX Ayj, wherex* = a+ (i - %) h& Axj=Ax=h=—

i=1j=1

andyj =c+ (J - %) k& Ayj = Ay =k = d%: as a floating point decimal

Example eNx+y) —f(x,y): dblsummd(“f”, 0, 1/2, 4, 3/4, 1, 8) returns 0.389795; the exact answer is
1 172
/ / &Y dxdy=e¥? — /% — e + ¥4 ~ 0.390064.
3/4J0
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See Also DBLSUMBL , DBLSUMBR, DBLSUMTL , DBLSUMTR

DBLSUMTL

Description  Thedblsumtl function computes an approximate (numerical) double Riemann sum using the top left corners of

subrectangles. This is an estimate of the double inteﬁral f(x,y)dxdy

Cc a
Access LSI submenu in thEAMUCALC custom menu
Syntax dblsumtl( “f",a,b,m,c,d,n )
Input f: A string (the name of the function in the integrand)

a: Lower horizontal x) value

b: Upper horizontalX) value

m: Number of horizontal subintervals

c: Lower vertical ) value

d: Upper vertical ¢) value

n: Number of vertical subintervals

AL b—a
Output The double Riemann SUE Z f (xi*, yj‘) AX Ayj, wherex* =a+ (i —Dh& Axj = Ax=h = —
i=1j=1

andyf =c+ jk& Ayj = Ay =k = dT_C as a floating point decimal

Example eNx+y) —f(x,y): dblsumtl(“f", 0, 1/2, 4, 3/4, 1, 8) returns 0.371945; the exact answer is
1 12
/ / &Y dxdy=e¥? — /% — e + ¥4 ~ 0.390064.
3/4J0

See Also DBLSUMBL , DBLSUMBR, DBLSUMMD, DBLSUMTR

DBLSUMTR

Description  Thedblsumtr function computes an approximate (numerical) double Riemann sum using the top right corners of
d /b

subrectangles. This is an estimate of the double inteﬁral f(x, y)dxdy

C a
Access LSI submenu in th@AMUCALC custom menu
Syntax dblsumtr( “f",a,b,m,c,d,n )
Input f: A string (the name of the function in the integrand)

a: Lower horizontal X) value

b: Upper horizontalX) value

m: Number of horizontal subintervals
c: Lower vertical ) value

d: Upper vertical ¢) value

n: Number of vertical subintervals

b—a
m

m n
Output The double Riemann suth > " f (xi*, yT) AXjAyj, wherex* = a+ih & Axj = Ax=h =
i—1j=1

andyf =c+ jk& Ayj = Ay =k = dT_C as a floating point decimal

10



Example eNx+y) —f(x,y): dblsumtr(“f”, 0, 1/2, 4, 3/4, 1, 8) returns 0.421468; the exact answer is
1,172
/ / Y dxdy=e¥? — /% — e+ ¥4 ~ 0.390064.
3/4J0
See Also DBLSUMBL , DBLSUMBR , DBLSUMMD, DBLSUMTL
DIV
Description  Thediv function computes the divergence of a vector field.
Access FVMD submenu in thd AMUCALC custom menu
Syntax div( v,w)
Input v: A vector field withn (typically 3) components
w: A vector ofn (typically 3) independent variables
n vk dvy dvp  dvz
Output The divergenc& - v = — of the vector fieldv; typically, — + — + —
P g gaxk yp yaeraeraz
Example div([x 2%y, y*z~2, z*x"2], [x,y,z])  returns Xy + z% + x2.
See Also CURL, LAP
DOT
Description  Thedot function computes the dot product of two (real) vectors.
Access Vectors submenu in thdAMUCALC custom menu
Syntax dot( v,w)
Input v: A vector having 2, 3, or more components
w: A vector with the same numbarof components ag
n
Output The dot product - w = Z vkwg Oof the (real) vectory andw
k=1
Example dot([-3,8,4], [5,0,7]) returns 13.
See Also CROSS
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DPTHLINE

Description  Thedpthline function computes the distance from a point to a (hyper)line.

Access Vectors submenu in thEAMUCALC custom menu
Syntax dpthline( p,a,b)
Input p: A point [not on the (hyper)line]

a: A point on the (hyper)line
b: A different point on the (hyper)line

Output The distance from the pointp to the (hyper)line containing andb, given byd = |orth,w||, wherev = aband

w=ap
Example dpthline([1,0,-1], [5,0,1], [4,3,3]) returns /5 ~ 4.47.
See Also DPTPLANE, ORTH

DPTPLANE

Description  Thedptplane function computes the distance from a point to a plane.
Access Vectors submenu in thEAMUCALC custom menu

Syntax dptplane( p,a,b,c)

Input p: A point (not on the plane)

a: A point on the plane
b: A different point on the plane
c: A third point on the planea, b, andc are noncollinear.

Output The distancel from the pointp to the plane containing andb, andc, given byd = | proj,w|| = |comp,w|, where
v = ab x atandw = ap

Example dptplane([3,-2,7], [1,0,1], [2,1,3], [1,2,13]) returns 26+/53~ 3.57.
See Also DPTHLINE, PROJ

EQUATE

Description  Theequate function constructs simultaneous equations from the respective components of two vectors or lists.
Access Alg submenu in thdAMUCALC custom menu

Syntax equate( v,w)

Input v: A vector or list

w: Another vector or list with the same number of components.as
Output Simultaneous equations joined wihds; possibly simplified
Example equate([3*x"2+4y, 4*x—2*y], [0,0]) returns4 + 3x2=0and 2x —y = 0.
See Also SOLVE in the TI-89 Guidebook
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FTC

Description  TheFTC function applies the Fundamental Theorem of Calculus.

Access Calc submenu in theAMUCALC custom menu
Syntax FTC(Fx,a,b)
Input F: Antiderivative expression

X: Variable of integration
a: Lower limit of integration
b: Upper limit of integration

Output The value(F |x=p) — (Flx=a)

. 2 2
Example FTC(cos(x)+x*sin(x), x, 0, w/4) returnsg + JTT —1~0.26.

See Also [ (inthe TI-89 Guidebook

FTLI

Description  TheFTLI function computes the line integral of a conservative vector fiely applying the Fundamental Theorem for
Line Integrals.

Access FVMD submenu in thdAMUCALC custom menu
Syntax FTLI“ ", 9", a,b)
Input f: A string (the name of a potential function for the conservative vector &gld

g: A string (the name of a parameterization for the cu@ye
a: Lower bound of the range of the independent variable in the line intergral
b: Upper bound of the range of the independent variable in the line intergral

Output The value of the line integray w - dg :/ V.-dg= f (§b) — f G@)).
C C

Example mf([x,y,z], pot([4*x*e"\(z), cos(y), 2*x"2*e™N(z2)], [x,y,z]), “f"):
[t, t"2, t"M] —qg(t): FTLI(“f", “g", 0,1) returns 2+ sinl1~ 6.28.

See Also POT

GRAD

Description Thegrad function computes the gradient vector of a scalar function.

Access FVMD submenu in thd AMUCALC custom menu
Syntax grad(f,v)
Input f: A functional expression
v: A vector ofn (typically 2 or 3) independent variables
. - af of of . of of of of of
Output The gradientvectov f = | —, —, ..., — |; typically | —, — [ or | —, —, —[.
0X1 JX2 dXn ax ay X dy 09z

13



Example grad(x"2*sin(y)+4*x*z"3, [x,y,z])  returns[2x siny + 423, x2 cosy, 12x7?].
See Also HESS
HESS
Description  Thehess function computes the Hessian matrix of a scalar function.
Access FVMD submenu in thd AMUCALC custom menu
Syntax hess(f,v)
Input f: A functional expression

v: A vector ofn (typically 2) independent variables

fX;|_X;|_ e fX]_Xn f f
Output The Hessian matrixd = : : : typically H = [ fxx fxy }
‘ ‘ yx lyy
fxnxl ce fxnxn
6x 4

Example hess(x"3+4*x*y—y"2, [x,y]) returns 4 _2 |
See Also GRAD, LPMD
IMPLDIFF
Description  Theimpldiff function computes a derivative of an implicitly defined function.
Access Calc submenu in thEAMUCALC custom menu
Syntax impldiff( g,v,.x)
Input g: An equation relating dependent and independent variables

v: The dependent variable

X: An independent variable
Output The (partial) derivative of/ with respect tox.

— cogx z
Example impldiff(x*z=sin(x+y+z), z, y) returns SX+y+2 .
coSX+y—+12 —X

See Also d( in the TI-89 Guidebook
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INTPARTS

Description

Access
Syntax
Input

Output

Example

See Also

Note

Theintparts program repeatedly performs integration by parts at the direction of the user. At any time, the user may
choose to have the routine automatically finish the integration.

Calc submenu in thEAMUCALC custom menu
intparts(): antider
There are no arguments; the user is prompted for input.

An antiderivative of the user-supplied integrand with respect to the specified independent variable is stored in the glob
variableantider , then displayed on the Home screen.

intparts(): antider (SeeNOTE below.)
[ (inthe TI-89 Guidebook

Here is a transcipt of the steps involved in computi g(xz + 4x — 7) e dxvia integration by parts. TI1-89 prompts

are left-justified and user responses are indenigeimark: Whenever the PAUSE annunicator appears, the user simply
presses ENTER to continue. This allows time to read and/or scroll intermediate results.)
intparts(): antider
Variable of integration? (or ENTER to defaultx)
X
Integrand?
(X"2+4*x—T7)*e™N(3*X)
Cumulative antiderivative: 0
Current integrandx? + 4x — 7) e
u: Part to differentiate? (or ENTER to finish)
XN2+4*x—7
_ (X2 ax—T)eX
Cumulative antiderivative:

. —2(x +2) e
Current mtegrand:(;)

u: Part to differentiate? (or ENTER to finish)
X+2

2
. o X 10x
Cumulative antiderivative 3 4+ — - 25/9) e

9
e3x

Current integrand:

u: Part to differentiate? (or ENTER to finish)
ENTER
Final antiderivative: scroll then ENTER for HOME.
2
X 10x
Z 4= _73/27) e
3 + 9 / )

INVFUNC

Description
Access
Syntax

Input

ThelnvFunc function attempts to compute the inverse of a funcgioa f (x).
FCS submenu in th@AMUCALC custom menu
InvFunc( f)

f: A functional expression ixx

15



Output The inverse functional expressidn 1, if successful
. x3—-2
Example InvFunc((2+5*x)"(1/3)) functional returns?.
See Also SOLVE in the TI-89 Guidebook
JMATRIX
Description  Thejmatrix function computes the Jacobian matrix of a transformation.
Access FVMD submenu in thd AMUCALC custom menu
Syntax jmatrix( T,v)
Input T: A vector of expressions giving old variables . . ., X, in terms of new onesy, .. ., Up;
i.e., [X1(u1,...,Un), ..., Xn(U1, ..., Un)]
v: A vector of new variablesy, . .. un]
aX1/0uUq 0X1/90Un
Output The Jacobian matrid = : :
0Xn/0uUy 0Xn/0dUn

. . e cosd —rsing
Example jmatrix([rcos( 6), r*sin( 6)], [r, 6]) returns[ sind  r cosd
See Also DET in the TI-89 Guidebook
LAP
Description  Thelap function computes the Laplacian of a scalar field.
Access FVMD submenu in thd AMUCALC custom menu
Syntax lap(f,v)
Input f: A scalar field withn (typically 3) components

v: A vector ofn (typically 3) independent variables

n o2 2 2 2
= - f , . 9cf o9<f o-f
Output The LaplaciarV?f = >~ — of the scalar fieldf; typically, — + — + —
o1 0% aX ay 0z

Example lap(sin(x)*cosh(y)+cos(x)*sinh(y), [x,y])  returns 0.
See Also CURL, DIV
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LEN

Description  Thelen function computes the length of a vector.
Access Vectors submenu in thEAMUCALC custom menu
Syntax len(v)
Input v: A vector having 2, 3, or more components
n 1/2
Output The Euclidean lengthv| = (Z vE) of the (real) vector
k=1

Example len([-3,12,4]) returns 13.
See Also UNITVEC
LINPTDIR
Description  Thelinptdir function finds a parametric representation of the (hyper)line through a point in the direction of a vector.
Access CLP submenu in thEAMUCALC custom menu
Syntax linptdir( a,v)
Input a: A point on the (hyper)line

v: A direction vector
Output A parametric representati(fr(t) = a+ tv of the (hyper)line
Example linptdir([8,1,6], [2,-5,1]) returns|[2 + 8,1 — 5t,t + 6].
See Also CLINE2PT, PLINE2PT
LIS
Description  Thelis function computes the line integral of a scalar field along a cQrvéth respect to arc length.
Access LSI submenu in thEAMUCALC custom menu
Syntax lis(“f",“g",.a,b )
Input f: A string (the name of the scalar field)

g: A string (the name of the parameterizat@it) of the curveC)

a: Lower bound of the range of the independent variable in the line intergral

b: Upper bound of the range of the independent variable in the line intergral
Output The line integra% fds= /b f (@) |g'®| dt

a

Example T+x"2+y"M —f(x,y): [2*cos(t), 2*sin(t)] —g(t):

lis(“”, “g”, 0, 7/4) returns3(5m — 4) ~ 17.56.
See Also LIV; FCS andFVMD submenus of thEAMUCALC custom menu
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LIv

Description  Theliv function computes the line integral of a vector field along a c@ve

Access LS| submenu in th@AMUCALC custom menu
Syntax liv(“‘w”,“g”a,b )
Input w: A string (the name of the vector field)

g: A string (the name of the parameterizatig() of the curveC)
a: Lower bound of the range of the independent variable in the line intergral
b: Upper bound of the range of the independent variable in the line intergral

b
Output The line integray w-dg :/ w (§(t)) - g'(t) dt
C a

Example [X*y, 4*z—x, Xx"2*z] —>Ww(X,y,2): [3*t"2-8, 4*t"3, 6*t+7] —g(t):

liv(“w”, “g”, -1, 1) returns ~ 440057.

See Also LIS; FCS andFVMD submenus of theAMUCALC custom menu

LPMD

Description  TheLPMD function computes the leading principal minor determinants of a (numerical Hessian) matrix.

Access FVMD submenu in thd AMUCALC custom menu
Syntax LPMD(a)
Input a: A square matrix; typically a numerical Hessian matrix
Output A list of the leading principal minor determinants of the input magix.e., the determinants of the upper left square
submatrices o&: |aj1/, a1 a2 , etc.
a1 az2
o -16 4
Example mf([X,y], hess(x"3+4*x*y—y"2, [x,y]), “h"): h(-8/3, -16/3) returns 4 _2 |

ThenLPMD(h(-8/3,-16/3)) returns{—16, 16}.
See Also HESS

LSUM

Description  Thelsum function computes an approximate (numerical) Riemann sum using left endpoints of subintervals. This is an

b
estimate of/ f(x) dx
a

Access Calc submenu in thAMUCALC custom menu

Syntax Isum( f,a,b,n)

18



Input

Output

Examples

See Also

f: A string (either the name of a function or the name of a list of function values)
a: Lower horizontal X) value
b: Upper horizontalX) value
n: Number of horizontal subintervals
n
. b—a . . .
The Riemann sunz f (xfj) AXxk, wherexy =a+ (k—DhandAxy = Ax=h = 0 as a floating point decimal
k=1

1/x—f(X)
31 3
Isum(“f”, 2, 3, 10) returns 0.413914; the exact answe%s — dx=In = ~ 0.405465.

2 X 2
Delvar f: {0, 1, 3,4.5,5, 4.5, 3, 2, 1} —f
Isum(“f”, 0, 4, 0) returns 11.50. The routine in this case automatically computede one fewer than the number of
elements in the lisf; in other words, the number of equal-length subintervalao] determined by the data.

MSUM, RSUM, SIMP, TRAP

MF

Description
Access
Syntax

Input

Output

Examples

See Also

Themf program makes a user-defined function after evaluating its defining expression.
FVMD submenu in thd AMUCALC custom menu
mf(i,o,f)

i: An independent variable or a vector of independent variables (the input to the function)
o: Functional expression; a scalar, vector, or matrix (the output of the function)
f: A string (the name of the function)

The user-defined function is stored in the variable specified by the gtring

mf(x, xA2+9, “f"): f(x) returnsx? + 9. This is equivalent ta"2+9 —f(x): f(x) .
mf(t, [cos(t), sin(t), 4*t], “g"): g(t)  returns [co$, sint, 4t]. This is equivalent tgcos(t), sin(t), 4*t] —g(t): g(t) .

mf([u,v], [u*cos(v), u*sin(v), v],“s”): s(u,v) returns 1 cosv, usinv, v]. This is equivalent to
[u*cos(v), u*sin(v), v] —s(u,v): s(u,v) .

mf(t, pline2pt([2,-6,8], [-4,0,5]), “g™): g(t)  returns [2— 6t, 6t — 6, 8 — 3t]. This iISNOT equivalent to
pline2pt([2,-6,8], [-4,0,5]) —g(1): g(t) . Heremf constructs the function correctly; e.g(l) = [—4, 0, 5].
However, the conventional method fails; eg)l) = [2 — 6t, 6t — 6, 8 — 3t], which is clearly incorrect.

Accordingly,mf will alwaysconstruct functions correctly, whereas the conventional method may not if the function
definition has embedded user-defined function calls. If the function definitionnddeave such calls, the conventional
method is quicker if thdAMUCALC FCS submenu is employed (due to predefined templates).

FCS submenu in thFAMUCALC custom menu; user-defined functions in the T1-89 Guidebook
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MSUM

Description  Themsum function computes an approximate (numerical) Riemann sum using midpoints of subintervals. This is an
b
estimate of/ f(x) dx
a

Access Calc submenu in th@AMUCALC custom menu
Syntax msum( f,a,b,n)
Input f: A string (either the name of a function or the name of a list of function values)

a: Lower horizontal X) value

b: Upper horizontalX) value

n: Number of horizontal subintervals

n
. b—a . . .
Output The Riemann suny _ f (xi) Axg, wherex® = a+ (k— 3)handAx, = Ax =h = , as a floating point decimal
k=1
Examples 1/x—f(x)
31 3
msum(“f”, 2, 3, 10) returns 0.405407; the exact answe%s " dx=1In > ~ 0.405465.
2

Delvar f: {0, 1, 3,4.5,5, 4.5, 3, 2, 1} —f

msum(“f”, 0, 4, 0) returns 12.00. The routine in this case automatically compute$e one fewer than the number

of elements in the lisf; in other words, the number of equal-length subintervalsiph] determined by the data.
See Also LSUM, RSUM, SIMP, TRAP
ORTH
Description  Theorth function computes the orthogonal projection of one vector onto another.
Access Vectors submenu in thEAMUCALC custom menu
Syntax orth( vw)
Input v: A vector having 2, 3, or more components

w: A vector with the same number of componentyas
Output The orthogonal projection ogw = w — proj,w of the vectorw onto the vectow, where pragjw is the vector (parallel)

projection ofw ontov
Example orth([6,1,-2], [0,4,7]) returns[60/41, 174/41, 267/41] ~ [1.46, 4.24, 6.51].
See Also COMP, PROJ
PERP
Description  Theperp function computes an orthogonal complement of a two-dimensional vector.
Access Vectors submenu in thEAMUCALC custom menu
Syntax perp(v)
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Input v: A vector having 2 components

Output An orthogonal complement- = [—vy, v1] of the vectorv = [v1, v2]
Example perp([6,1]) returns -1, 6].

See Also ORTH

PLANE3PT

Description  Theplane3pt function finds a Cartesian representation of the plane through three points in space.

Access CLP submenu in th@AMUCALC custom menu
Syntax plane3pt( a,b,c)
Input a: A point on the plane

b: A different point on the plane
c: A third point on the planea, b, andc are noncollinear.

Output A Cartesian equation of the plane; (x, y, z) =i - &, wheren = (B — é) x (C—a)
Example plane3pt([0,4,6], [5,1,-1], [2,6,0]) returns 3% + 16y + 16z = 160.
See Also PLANENPT

PLANENPT

Description  Theplanenpt function finds a Cartesian representation of the plane through a point having a given normal vector.

Access CLP submenu in thEAMUCALC custom menu
Syntax planenpt( n,p)
Input n: A normal vector to the plane

p: A point on the plane
Output A Cartesian equation of the plare; (X, y,z) =i - p
Example planenpt([3,-4,-7], [8,2,0]) returns X — 4y — 7z = 16.
See Also PLANE3PT
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PLINE2PT

Description  Thepline2pt function finds a parametric representation of the (hyper)line between two points.

Access CLP submenu in th@AMUCALC custom menu
Syntax pline2pt( a,b)
Input a: A point on the (hyper)line

b: A different point on the (hyper)line
Output A parametric representatidn(t) = a + t (b — @) of the (hyper)line
Example pline2pt([-3,5,-2], [-4,6,7]) returns |t —3,t + 5,9t — 2].
See Also CLINEZ2PT, LINPTDIR

POT

Description  Thepot function determines whether a vector field is conservative. If so, it returns a potential function of the vector
field; if not, FALSE is returned.

Access FVMD submenu in thAMUCALC custom menu
Syntax pot(w,v)
Input w: A vector field

v: A vector of independent variables with the same number of componewnts as
Output A potential functionf for w (i.e.,w = v f) if w is conservative; otherwis€ALSE
Example pot([4*x*eN(z), cos(y), 2*x"2*e"(2)], [x,y,z])  returns X2eZ + siny.
See Also FTLI

PROJ

Description  Theproj function computes the vector projection of one vector onto another.

Access Vectors submenu in thEAMUCALC custom menu
Syntax proj( v,w)
Input v: A vector having 2, 3, or more components
w: A vector with the same number of componentsas
L . V-w\) Vv
Output The vector (parallel) projection pray = <m> m of the vectonw onto the vector

Example proj([6,1,-2], [0,4,7]) returns[—60/41, —10/41, 20/41] ~ [—1.46, —0.24, 0.49].
See Also COMP, ORTH
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RSUM

Description  Thersum function computes an approximate (numerical) Riemann sum using right endpoints of subintervals. This is

an estimate off f(x) dx

a

Access Calc submenu in thEAMUCALC custom menu
Syntax rsum( f,a,b,n)
Input f: A string (either the name of a function or the name of a list of function values)

a: Lower horizontal x) value

b: Upper horizontalX) value

n: Number of horizontal subintervals

n
. b—a _ . .
Output The Riemann sunz f (xfj) AXxk, wherexy = a+khandAxgx = Ax=h= , as a floating point decimal
k=1
Examples 1/x—f(x)
31 3
rsum(“f”, 2, 3, 10) returns 0.397247; the exact answeﬁs ” dx=1In > ~ 0.405465.
2

DelvVar f: {0, 1, 3,4.5,5, 4.5, 3, 2, 1} —f

rsum(“f”, 0, 4, 0) returns 12.00. The routine in this case automatically computede one fewer than the number of

elements in the lisf; in other words, the number of equal-length subintervalao] determined by the data.
See Also LSUM, MSUM, SIMP, TRAP
SIMP

b
Description  Thesimp function numerically approximates the definite integfal f (x) dxusing the Simpson’s Rule.
a

Access Calc submenu in thEAMUCALC custom menu
Syntax simp( f,a,b,n)
Input f: A string (either the name of a function or the name of a list of function values)

a: Lower horizontal X) value

b: Upper horizontalX) value

n: Number of horizontal subintervala (nust be even!)

n/2 n/2—1
Output The expressiogAx | f (xo) + f (xa) +4> " f(x2j_1) +2 > f(xx) | wherex; =a+ih, i =0,1,....nand
j=1 k=1
AX=h= b—a
n
Examples 1/x—f(x)
31 3
simp(“f”’, 2, 3, 10) returns 0.405465; the exact answe%s ” dx=1In > ~ 0.405465.
2

Delvar f: {0, 1, 3,4.5,5, 4.5, 3, 2, 1} —f

simp(“f”, 0, 4, 0) returns 11.83. The routine in this case automatically computede one fewer than the number of

elements in the lisf; in other words, the number of equal-length subintervalao] determined by the data.
See Also LSUM, MSUM, RSUM, TRAP
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SIS

Description  Thesis function computes the surface integral of a scalar field.
Access LSI submenu in thEAMUCALC custom menu
Syntax sis( “f",“S"u,g,h,v,a,b )
Input f: A string (the name of the scalar field)
S: A string (the name of the parameterizatiBfu, v) of the surface)
u: Inner variable of integration
g: Lower limit of the inner range of integration
h: Upper limit of the inner range of integration
v: Outer variable of integration
a: Lower limit of the outer range of integration
b: Upper limit of the outer range of integration
Output The surface mtegra}// f dS= / / S(u v) ‘SJ X S,H dudv
Example T+x"2+y"2 —f(X,y,z): [r*cos( 6), r*sin( 8), 36—4*r"2] —s(r,0):
. 381394/577— 37
sis( “f", “s", 1, 0,3, 0,0, 2*7) returns( 120 37 ~ 562118.
(On a TI-89, an uppercase “S” is regarded as a lowercase “s.” The latter is one less keystroke.)
See Also SIV; FCS andFVMD submenus of th@AMUCALC custom menu
SIv
Description  Thesiv function computes the surface integral of a vector field.
Access LSI submenu in thEAMUCALC custom menu
Syntax siv(‘w”,“S",u,g,h,v,a,b )
Input w: A string (the name of the vector field)
S: A string (the name of the parameterizatigfu, v) of theorientedsurface)
u: Inner variable of integration
g: Lower limit of the inner range of integration
h: Upper limit of the inner range of integration
v: Outer variable of integration
a: Lower limit of the outer range of integration
b: Upper limit of the outer range of integration
Output The surfacelntegra}// w-dS = / / S(u v) (é, X é,) dudv
Example [en(y), y*e(X), X 2*y] —W(X,y,2): [X, Y, X*2+y"2] —s(X,Y):
. 1 e
siv( “w”, “s", x,0,1,y,0,1) returns— — 3 ~ —2.70.
(On aTI-89, an uppercase “S” is regarded as a lowercase “s.” The latter is one less keystroke.)
See Also SIS; FCS andFVMD submenus of theAMUCALC custom menu
Note If the parameterization cé(u, v) is such that the normal to the surfa&,x é, has the opposite orientation to the

desired one, simply negate thie command. That is, specifgiv(...) .
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SMmI

Description

Access
Syntax
Input

Output

Example

See Also

Note

Thesmi (stepwise multiple integration) program shows the steps involved in multiple integration by repeatedly
computing antiderivatives and applying the Fundamental Theorem of Calculus. This is done in a fully automatic
fashion. The routine also handles single integrals.

Calc submenu in th@AMUCALC custom menu
smi(): solution
There are no arguments; the user is prompted for input.

The value of a (multiple) definite integral is stored in the global variablation , then displayed on the Home screen.
Along the way, every step of the integration is shown. In addition to the exact value of the integral, a decimal
approximation is also given for convenience.

smi(): solution (SeeNOTE below.)

Muint submenu in thAMUCALC menu

Here is a transcipt of the steps involved in the integration of the triple |nt?€: a/ X2 y + 5xz dzdy dx

Typically, the user first computes the integral using one of the templates Mttimé submenu of thEAMUCALC
menu, copies the input sitting in the entry line, then pastes it in the Program 10 area at raifipbmpt.
(Alternatively, one may provide the integrand, then the ranges from innermost to outermost when prompted.) Below,
TI-89 prompts are left-justified and user responses are indefRethdrk: Whenever the PAUSE annunicator appears,
the user simply presses ENTER to continue. This allows time to read and/or scroll intermediate results.)

smi(): solution
Enter complete integral or just the integrand.

JU(J(xr2*y+5*x*z, z, 5, 6), Y, 3, 4), X, 1, 2)

S 5x
Antiderivative w.r.t.z: x2yz+ -
Whenz = 6:  6x2y + 90x

125«

Whenz = 5; 5x? y+T
. 55x
Difference: x2y+ -

2,2

L X 55x
Antiderivative w.r.t.y: Ty + Ty
Wheny = 4:  8x2 + 110x

9x? 165«
Wheny =3: — + ——
y 2 T3
. 7X 55x
Difference: — -
7x3  55x?
Antiderivative w.r.tx: A
193 ® 4
Whenx =2 : =3
17
Whenx = 1: —3
12
Difference: —
Answer4 and approximatioq
49.42
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STP

Description  Thestp function computes the scalar triple product of three vectors.
Access Vectors submenu in thdAMUCALC custom menu
Syntax stp( a,b,c)
Input a: A vector with 3 components

b: Another vector with 3 components

c: A third vector with 3 components
Output The scalar triple producg - (b x ¢)
Example stp([3,-2,7], [-4,0,5], [-6,9,8]) returns—391.
See Also VTP
TAYLOREM
Description  Thetaylorem function gives the absolute value of Taylor's remainder formula
Access Calc submenu in thEAMUCALC custom menu
Syntax taylorem( f,x,n,a)
Input f: Functional expression ik

X: Independent variable

n: Order

a: Center of the Taylor expansion

. . | 104D () (x —a)™t! .
Output The absolute value of the remainder term in Taylor’s theo.‘em, "D , Where¢ is betweerx anda.
. x5 co .
Example taylorem(sin(x), x, 4, 0) returns where¢ is betweerx and 0.
See Also TAYLOR in the TI-89 Guidebook
TRAP
b
Description  Thetrap function numerically approximates the definite integfal f (x) dxusing the Trapezoidal Rule.
a

Access Calc submenu in th@AMUCALC custom menu
Syntax trap( f,a,b,n)
Input f: A string (either the name of a function or the name of a list of function values)

a: Lower horizontal x) value
b: Upper horizontalX) value
n: Number of horizontal subintervals
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n-1
. b—
Output The expressmr(% (f (xo)+ f (X)) + E f (xk)) Ax wherexy =a+kh, k=0,1,...,nandAx =h = Ta
k=1

Examples 1/x—f(x)
31 3
trap(“f”, 2, 3, 10) returns 0.405581; the exact answe%s —dx=1In 2 ~ 0.405465.

2 X
Delvar f: {0, 1, 3,4.5,5, 4.5, 3, 2, 1} —f
trap(“f”, 0, 4, 0) returns 11.75. The routine in this case automatically compute$e one fewer than the number of
elements in the lisf; in other words, the number of equal-length subintervalao] determined by the data.

See Also LSUM, MSUM, RSUM, SIMP

TRIPSUMD

Description  Thetripsumd function computes an approximate (numerical) triple Riemann sum using the middle (center) points of

s pd rb
subboxes. This is an estimate of the triple integ(al/ / f(x,y,z)dxdydz
r C a

Access LSI submenu in th@AMUCALC custom menu
Syntax tripsumd(“f”,a,b,L,c,d,m,r,s,n)
Input f: A string (the name of the function in the integrand)

a: Lowerx-value
b: Upperx-value
L: Number ofx-subintervals
c: Lowery-value
d: Uppery-value
m: Number ofy-subintervals
r: Lower z-value
s: Upperz-value
n: Number ofz-subintervals

L m n
Output The triple Riemannsun) ") "> " f (xi*, v}, zﬁ) AXj Ayj Azg, where
i=1 j=1k=1

. b—
xﬁ:a—i—(l—%)hl&Axi:Ax:hl:

a
and
d—c
i 1 - — —
S—r . . .
Zx=r+ (k — %) h3& Azg = Az=hz = o as a floating point decimal
Example erx"3+y"3+z"3) —f(x,y,z): tripsumd(“f”, 0,1,4, 0,1,4, 0,1,4) returns 2.308752.
See Also DBLSUMBL , DBLSUMBR, DBLSUMMD, DBLSUMTL , DBLSUMTR

UNITVEC

Description  Theunitvec function computes the unit vector in the same direction as a given vector.

Access Vectors submenu in thEAMUCALC custom menu
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Syntax unitvec( v)

Input v: A vector having 2, 3, or more components

. N Vo —
Output The unit vectofl = VI in the same direction as the vector

v
Example unitvec([-3, 12, 4]) returns[—3/13, 12/13,4/13] ~ [-0.23,0.92, 0.31].
See Also LEN

VIEW

Description  Theview program displays a large expression and permits easy scrolling.

Access Calc submenu in thEAMUCALC custom menu

Syntax view( x)

Input X: An expression, typically the one just computads(1)

Output The expression is displayed in the Program 10 window in regular (as opposed to reverse) video. The usual cursor key:

allow for easy scrolling. Pre&SNTER when viewing is complete.

Example solve(x"2+y"2=1 and x= A*x and y= —X*y, {x,y, A}) then
view(ans(1)) allows one to view the expression

x=21landy=0andr=1or..orx=—-landy=0andx» =1

by using the cursor keys to scroll.

See Also The Keyboard section in Chapter 2 of the TI-89 Guidebook

VTP

Description  Thevtp function computes the vector triple product of three vectors.

Access Vectors submenu in th@AMUCALC custom menu
Syntax vtp(a,b,c)
Input a: A vector with 3 components

b: Another vector with 3 components
c: A third vector with 3 components

Output The vector triple produch x (b x ¢)
Example vtp([3,-2,7], [-4,0,5], [-6,9,8]) returns [58 —207, —84].
See Also STP
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XLSUM

Description  Thexlsum function computes an exact (symbolic) Riemann sum using left endpoints of subintervals. This is an
b
estimate of/ f(x)dx
a

Access Calc submenu in th@AMUCALC custom menu
Syntax xlsum( f,a,b,n)
Input f: A string (the name of a function)

a: Lower horizontal X) value

b: Upper horizontalX) value

n: Number of horizontal subintervals, typically as a symbol (variable with no value)

n b—a
Output The Riemann sunz f (xff) AXxk, wherexy = a+ (k—1DhandAxg = AX=h = 7 as a symbolic expression
k=1
Example DelVar n: x"2+4*x—7 —f(x)
4(38n% —18n+1)

xlsum(“f”, 3, 5, n) returns 2 . Then

i 152 5,

limit(ans(1), n, oo) ylelds?, theexactvalue of | x“+ 4x — 7dx

3
See Also XMSUM, XRSUM
XMSUM
Description  Thexmsum function computes an exact (symbolic) Riemann sum using midpoints of subintervals. This is an estimate
b
of / f(x) dx
a

Access Calc submenu in thEAMUCALC custom menu
Syntax xmsum( f.a,b,n)
Input f: A string (the name of a function)

a: Lower horizontal X) value

b: Upper horizontalX) value

n: Number of horizontal subintervals, typically as a symbol (variable with no value)

n
. —a . .
Output The Riemann sunp _ f (x) Axk, wherex = a+ (k — $)h andAxg = Ax = h = , as a symbolic expression
k=1
Example DelVar n: x"2+4*x—7 —f(x)
76n? —

xmsum(“f”, 3, 5, n) returns%. Then

- 152 5,

limit(ans(1), n, o) y|elds?, theexactvalue of | x“+ 4x — 7dx

3

See Also XLSUM, XRSUM
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XRSUM

Description  Thexrsum function computes an exact (symbolic) Riemann sum using right endpoints of subintervals. This is an
b
estimate of/ f(x)dx
a

Access Calc submenu in thEAMUCALC custom menu
Syntax xrsum( f,.a,b,n)
Input f: A string (the name of a function)

a: Lower horizontal X) value

b: Upper horizontalX) value

n: Number of horizontal subintervals, typically as a symbol (variable with no value)

n
. —a . .
Output The Riemann sunz f (xff) AXxk, wherexy = a+khandAxg = AX =h = , as a symbolic expression
k=1
Example DelVar n: x"2+4*x—7 —1(x)
4(38n% + 180+ 1)

xrsum(“f”, 3, 5, n) returns 2 . Then

. 152 5,

limit(ans(1), n, oo) ylelds?, theexactvalue of | x“+ 4x — 7dx

3

See Also XLSUM, XMSUM
Z0
Description  Thezo (“zero or one”) function is an indicator function.
Access Just type it in or use théAR-LINK menu.
Syntax zo(b)
Input b: Boolean expression
Output If bis TRUE, then 1is returned;ib is FALSE, O is returned.
Examples zo(5>4) returns 1, whereamn(5=4) returns 0.
See Also Conditional Tests in the TI-89 Guidebook
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