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Chapter 9

EXp(

Features Used

[£], [MIODE], »Rect,
Cylind, »Sphere, unitV (),
dotP (), crossP (), norm (),
Func, [1], @, [COPY],
[PASTE], NewProb, [=]

Setup

[#]1, NewFold emag

Vectors Thischapter describes how to use the TI-89 for coordinate
system transformations, vector algebra, and vector
component transformations. The functions rec2cyl(),
cyl2rec(), rec2sph(), and sph2rec() are created in this chapter
for vector component transformations and are used in
Chapters 10 and 11.

Topic 37: Coordinate Systems and Coordinate Transformations

Points in 3-D space can be entered in rectangular, cylindrical, and spherical coordinate systems.
The TI-89 does this with position vectors, which are vectors that point from the origin to the
coordinates of the point in space. On the TI-89, each position vector is represented by the
coordinates of its endpoint—(x,y,z) in rectangular, (r,,z) in cylindrical, or (p,,0) in spherical

coordinates.

The TI-89 notation differs in two ways from the standard form of (p,@z) for cylindrical and (r,8,¢)
for spherical coordinates used in most electrical engineering texts. The coordinates are related as

Psrn=r» LTsrp=Pm» Purp=0y, and B, =@,. This difference in angle notation appears to interchange the
angles. The two vector forms are related as [p,,,0®,,Z] =1, 06,,2],, for cylindrical coordinates

and [rg,, 00, 0@ lsm=[Pm @, ,06,], for spherical coordinates. Check the Guidebook to be sure
of the definition of these variables. The coordinate transformations of this section use the TI-89

form.
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Figure 1a. Cylindrical coordinates
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Figure 1b. Spherical coordinates
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The TI-89 defines vectors as either a 1x3 row matrix or a 3x1 column matrix. The vector entry
mode is determined solely by the format of the vector elements and establishes the coordinate
system in which the vector is interpreted, but not necessarily displayed.

For rectangular coordinates, the vector is entered as three scalar expressions, for example,

[1,cos(x+Vy),-2.9],

For cylindrical coordinates, the second entry is entered as an angle with a preceding [

(@nd)[4]), for example, [z"3,0125,sin(y*z)],

For spherical coordinates, the second and third entries are entered as angles, for example,

[1,01v4,0(6-3)].

Regardless of the entry mode, vectors are displayed according to the Vector Format mode—
rectangular, cylindrical, or spherical.

1.

Clear the TI-89 by pressing [F6] 2:NewProb [ENTER].
Press [MODE] to verify that Vector Format is set to
RECTANGULAR (screen 1).

On the Home screen, enter the rectangular position
vector [1,1,1] as shown in the top of screen 2. Enter the
cylindrical position vector [1,00174,1]. Enter the
spherical position vector [1,001v4, (JTV6].

Note that the forms are all displayed in the
RECTANGULAR format regardless of the entry mode.

The TI-89 has three commands that change the display
format of these coordinates from one coordinate
system to another for the current entry only. The
rectangular-to-standard cylindrical coordinate
transformation is based upon

p=yx*+y* x=pcosp
cp:tan'l%g y =psing
z=z

Use » Cyiind to display [1,1,1] in cylindrical components
as shown in the top of screen 3.

(2nd) [£] 1 (] 1 (] 1 [2nd] [1] [CATALOG] [»] Cyiind

1)

)

i MOBE '\]

Fi Fz Fz
Fadg 1|Fadg £|Fads 3
GFarh

FUMCTION *
BUFILE +

.
]

. DEGREE
i MWORMAL >

Compley Farm
Weckor Forrat
Frakty Frint...

Enter=3AYE
TYFE OF USE £%t4 + [EMTER] OF [EZC]

Fi-] Fér |Fi-| Fi=] FE Far
Tools|AT13ckrajCalcfOther|FrAnal0jCTean U

T T T o T

=1 1 1] [1 1 1]
Tiz ] [BE ]
2 2 g

12

|EMHG

EAD AUTO FUHC REEL]

Flr] Fer |Fi=| Fi=r] FE [
Tools|A13gbrajCalc|Other|Framl0jClean Ur

a[1 1 1]¥Cylind
[Ez% 1]

51 1 1]¥Sphere

) i

[ﬁ Fa % z 5054[%]]

KAD AUTO FUHC [T
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CHAPTER 9: VECTORS 85

4. The rectangular-to-standard spherical coordinate
transformation is based upon

r=y{x*+y?+2z> x=rsinBcosp

6=cos‘1§g§ y = rsin@sing
r

Q= tan'1%§ z=rcosH

Use » Sphere to display [1,1,1] in spherical coordinates
as shown in the bottom of screen 3.

[f] 1(.] 1(.] 1(2nd] [1] [CATALOG] [>] Sphere

5. To convert back to original rectangular form, use ans(1) ﬁ.
to get the previous answer, and then enter ™ Rect as i
i [ 25 <cond 3]
shown in screen 4. £ £ E0sY =
3
[ANS] [CATALOG] [»] Rect = [[ I3 . % £ cns'i[%]]]mect
[1 1 1]
6. Set the Vector Format mode to CYLINDRICAL. |_
(4) EMAG RAD AUTO FUMWE 2430
MODE] ® @ @ @ @ @ (® 2:CYLINDRICAL [ENTER
7. Enter [1, 1, 1] which is now displayed in cylindrical rhas a1 b atate]nhar Fr Fentt -:1-zFuEn'u;~ﬁ
T 7 Tl

format in screen 5. =
- [[ [z % Z cus'i[TS]]]hRect
[1 1 1]

m[1 1 1] [E g 1]
11,1,11]
(5)|MG - FAD AUTO FONE 8720
8. Try this for SPHERICAL Vector Format mode also as R I A o L
shown in screen 6. (1 1 1
m[1 1 1] [E g 1]

a[1 1 1]
I:ﬁ £ % £ 5054[%]]
_ 1,1,11
(6)|MG - FAD AUTO FONE 5730

Topic 38: Vector Components

In the common notation, vectors are given as v=A,a,;+A,a,+A;a; where all vectors are noted by
bold symbols, such as v, and unit vectors in the 7th direction as a,.

On the TI-89, the magnitudes of the components, A;, A,, and A;, for v are entered as a vector. A
vector, v, can be represented in any orthogonal coordinate system as long as the unit vectors, a;, a,,
and a; form a right-hand coordinate system.

A right-hand coordinate system is one for which the first vector crossed into the second gives the
third, the second crossed into the third gives the first, and the third crossed into the first gives the
second. Mathematically this is written as a,Xa,=a; a,Xaz=a,, and a;xa,=a,. The proper right-hand
orders for the standard coordinate systems are (ax, ay, az), (a,, a4, az), and (a,, as, a,).
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86 ELECTRICAL ENGINEERING APPLICATIONS WITH THE TI-89

For operations on vector components, it is best to use the rectangular vector entry and display
modes.

1. Set the Vector Format mode to RECTANGULAR.

2. Enter vl=-4a+3a,+0a, as shown in screen 7. rhaTi|s1anraltaie|nbhar | Fr Feain|c1eay ue
n 13

230 (€] [ 41 3] 025 1] 5T03] vt [ < <con 5]

"[-4 3 @]+l [-4 3 O]
Although vl was given in rectangular coordinates, this ® rormsl) 5
could represent the cylindrical vector " unitliiul) + a"l’:l_ 45 TS5 @]

1:_4 i =—

v a,+3a,4+0a; or the spherical vector vi=-4a+3a,+0a, (7)&6 2 | I
equally well.

Note: The convention in this book is
to save the unit vector of vn as avn.

3. Use nom() to find the magnitude of v1.

CATALOG) norm(v1

4. Use unitV() to find the unit vector in the direction of v1.

CATALOG] unitv( vl avl

Topic 39: Angle between Vectors

Calculate the angle between vl from Topic 38 and a second el fare| mireer e sn|cam ] |
vector v2, which extends from (2,-5,4) to (1,1,3). "[-4 5 Hlswl T4 3 ©l
LRyt=Tal TV ] ]
1. Enter the two endpoints in rectangular coordinates " unitliinld 4 a“l’:l_ 45 35 o
using position vectors of [2,-5,4]>v2a and [1,1,3]>v2b, W[z -5 4]+wZa [2 -5 4]
respectively, as shown in screen 8. =[] 1 F]*uZhb [1 1 3]
(8) EMAG EAD AUTO FUHC 14/30
2. v2is the difference between the two position vectors, rhaiifineiralt ie|nitar e deoin|ram e |
i - > i [T o d]+w2a [2 o &)
see Figure 2. Enter v2b-v2a>v2 as shown in screen 9. [l 1 313k -
B2k - wZa w2 [-1 & -1]

LRFIER AL ARy I =10y

[ -[78 3038 _-[EE
38 13 k]

R AN e LT
(9)[Erias EAD AUTD FUHC 16770

ax
Figure 2. Vector addition
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CHAPTER 9: VECTORS 87

3. Use unitV() to find the unit vector in the direction of v2.
CATALOG] unitV( v2 av2
4. Set Angle mode to DEGREE using [MODE].

5. The angle between two vectors is given by the arccosine
of the dot product of their unit vectors, that is,
cos”!(dotP (av1,av2))>angviv2. This is entered as shown
in screen 10.

(+] [cos-] dotP(avl (] av2 angv1v2
(10)

6. Use [¢][=] to get a floating point value of about 45°

Fi~] Fex TF3~| Fi~ | FE Fa-
TooT5|AT13ckralCalc|Other |FramlOjcTcan Uk

B yn I WEY + au?

LGAtdotPoaul, aud rrangu vz
ErAG DEGRUTO FUHC 17420

Fi- Fer [F3=r| Fir FE Fa~
Tools|ATdcbralCalefdthsr |Framid|Clean Ue

[-Jﬁ 338 -J_B]

35 19 38
B cosiidotPOaw] , av2l) + anguk

c,ns'i[

11-@]
a5

(screen 11).

B costidotPoaul , av2)) + anguk

B costidotPaul , av2)) + anguk

LACdotPoavl, avdrrrangylv
(11)|mﬁ DEGHUTD FUNC 1B/%0

Topic 40: Parallel and Perpendicular Vectors

[ 3= ] 32 |

11-[38 ]
ot 11558

44, 46

Other common vector operations are to find the vector components of vl that are parallel and

perpendicular to v2.

Every vector can be decomposed into two orthogonal vector components so that v1 is the vector
sum of two components, one parallel and one perpendicular, vipar and viperp as in Figure 3.

Vi

V1PERP
»

. VIPAR

Figure 3. Parallel and perpendicular components

1. The magnitude of the component of v1 that is parallel to
V2 is the dot product of v1 and av2 as shown in screen
12.

CATALOG] dotP( v1 [5] av2 vlparmag

2. The parallel component is the magnitude multiplied by a F._E,,..,..,_E,.3=+=.5..._..g+..,..1F._E,,..
EMAG DEGAUTO FUMC =0E0

the unit vector av2 (screen 12).

viparmag [x] av2 vlpar

V2

Fiz| Fer [Far| Fur | F5 Fo~
Touls|n13ebracatc|other|Framinlciean ue
EENET
B dotPivl . avd) + wlparmag
11-[38

12

B ylparmag - avd + wlpar
[-11-19 RE~19 -11.-19]
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Find vlperp as vl-vlpar>vlperp as shown in screen 13.

An alternate method of finding viperp begins by
calculating the vector perpendicular to the plane
containing v1 and v2 using the crossP() command as
shown in screen 14.

CATALOG] crossP(vl [5] v2 V3

The cross product crossP(v3 ,v2)>v4 is perpendicular to
v2 and so is in the direction of viperp. Therefore, the dot
product dotP(v1 ,av4) gives the magnitude of the
perpendicular component of vl. The vector form of the
component of vl perpendicular to v2 is calculated by
unitV(crossP(v2 ,v3)) as shown in screen 14.

[CATALOG) unitV( [CATALOG] crossP(v2 (5] v3 aperp
Calculate the dot product of dotP(v1 ,aperp) aperp .
dotP(v1 [] aperp aperp vlperp

Screen 15 shows this result agrees with the earlier
calculation of viperp in screen 13.

Fir] Fe~ [F3~| Fi~| FE Fa-
Tool5|AT13ckr alCalc|Okher |Frarml0|Clean Ur

(13)

gl

11-
12

= ylparnag - auw? + vilpar
[-11-19 &&-19 -11-19]
Byl - wlpar + wlperp
[-65-19 -9-19 11-19]
EMAG DEG AUTD

FLUNC 1430

Fi=| F2= [FZ=| Fhi- FE FE~
Tools|A1AckrafCalc|Other [FEaml0jClean Ur

LAt crossPow
(14)5 DEG AUTD

[-65-13 -39-19 11-19]
B oprossPiul , w2y + w3
[-3 -4 -21]
B ynitWcrossPiws , w3 + apek
[ 65-[4427 -9 [44EFF 11,
4427 4427 ]

P
E3E0

FLUNC

Fi=| F2= [FZ=| Fhi- FE FE~
Tools|A1AckrafCalc|Other [FEaml0jClean Ur

(15)

[-3 -4 -ZI]

B yritlcrossPiwz , w30 + apcp

[ 65-[4427 -9 [44EF 11,
4477 4977 .

® dotPlul , aperpl-aperp + vk
[-85-19

-9-19  11-19]
. LPiul, aperplaperpivlperp
EMAG DEG AUTD FUNC FIRE]

Topic 41: Rectangular to Cylindrical Vector Transformation

Vector components in one system are transformed to another according to the geometrical
relationships between the two systems.

ay

A

ax

Figure 4. Rectangular and cylindrical components of a vector
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CHAPTER 9: VECTORS 89

The general procedure for transforming any vector is to find its components in the other system
using the dot product as E, = Eea,. The rectangular to standard cylindrical transformation of vector
components is based on

E, = E, cosp+E, sing

E, = —Ex sing+E, cosp

E,=E,
These equations are given in matrix form as

(E,0 Ocosp sing OOE,O
O_0 . O
o[- [T SIN@ cosp O%YD

HE:H B O 0 1FEH

However, it is time consuming to enter the matrix repeatedly for each transformation, particularly
since it depends upon the vector components and the coordinates of the point. Functions are an
ideal feature of the TI-89 for this use since they can be used in expressions and return results for
different input values.

1. Press [APPS] 7:Program Editor 3:New . IS PR 5 ek M .
HEI
2. Select 2:Function for Type and select emag for Folder. Tveer  Funchions
Folder: &Mad *
3. Type rec2eyl for Variable and press [ENTER] [ENTER] to variable EEEE |
display a template for the new function, as shown in
screens 16 and 17. \
(16} TYFE + [EMNTERI=0K AND [EXCI=CAMCEL
Fir Fzr x| F4d FE [
Taols{Conkrol]l/D|Yar|Find...[Modg
trecioul D
EFunc
{ ErdFunc
(17> EMAG DEGRUTO FUHE
4. Input data is provided to functions through the S PN S G ML
arguments of the function. For the rec2cyl function, the jpececylivec. pi)
arguments are the rectangular components of the iLeTilynhos ey
vector (vec) and the coordinates of the point at which ;5%:-[:’1*%3 4 ko ]
the transformation is to be evaluated (pt). Enter the :éﬁﬁﬁg’:mﬁ'ﬁf Eh et
arguments in the parentheses as vec and pt (screen 18). || EndFunc
(181 EMAG DEGRUTO FUHE
5. Enter the instructions for the function. Note: To F'nter T press [CHAR]
2:Math9:".

Local rho,x,y

Defines rho, x, and y as local variables. The function arguments as well as all variables listed in the
Local instruction exist only within the function and are erased upon the completion of the function.

ptl1,11->x
ptl1,21->y

Gets local variables x and y from the input vector pt.
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V(xA2+y~2)->rho

Computes local variable rho based on x and y.
(L[x/rho,y/rho,01[-y/rho,x/rho,01[0,0,111*vec’)’

Computes cos@=x/rho and sin@=y/rho, forms the transformation matrix, and performs matrix
multiplication. vec is transposed to a 3x1 column matrix in order to be multiplied by the
transformation matrix. The results are transposed to be put back into the row matrix format used
earlier.

6. Return to the Home screen, and use the rec2cyl function e LA LESY L
to transform the rectangular vector components [1,1,1] [-63-13 -9-19 11-19]

to cylindrical components at the point [-1,2,3]. recioglil 1 ALL71 2k

[E 3-8 ]

e

5 g

rec2cyl ((]1J 100 1(2nd) [1] ] (] 1G] 20 wpecZouldfl 1 11.0-1 2
32nd) [110 [.45 -1.34 1. EIEI]

20d) (11000 ...-41-::[[1,1_.111,[[ 1,2,3110

7. Press [ENTER] to observe the exact result (top of —— R AUTD_FUMC 2470

screen 19).

ACALE!

5 b

526

8. Press[¢][=]to observe the floating point result (bottom
of screen 19).

[.45-1.34 1.00]
This result shows the cylindrical components [E, E_E,] of the
original rectangular vector.
Topic 42: Cylindrical to Rectangular Vector Transformation
Standard cylindrical components are transformed to rectangular components by

(ExO [Cosp -sing OIE, D

EEY 0 %ln(p cosp O%

E.H Bo 0 1@@

Rather than enter this transformation matrix, the rec2cyl function in Topic 41 can be copied to a
new function and then edited by making use of the matrix relationship

[E,0 [Tyl IE,0 [Tyl [IRecIE,[

£ HEid b ok

FE-H HRecHE,H HRecHLyl HE H

which leads to

[Tyl D ERecD_:L

BO o DtOD
FRecH ECyIH
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1. Press [APPS] 7:Program Editor 1:Curren t to display rec2cyl . S PR S bk LR
_FEEEEHI(UEE ,pLY

2. Use @to move to the beginning of the third line. Hold

down [t]and press ® ® @ @ @ @ to highlight the
instructions to be copied as shown in screen 20.

\
(20} EMAG DEGALTO FUNC |

3. To copy the highlighted instructions, press [¢] [COPY]. s R A A A
H HEH -
4. Press [F1] 3:New to open a new function. Name the H tee Functions

function cyl2rec (screen 21). H At &

Enter=0K ESC=CAMCEL

H SaTa | VAT
3\
(21} TVFE + [EMTERI=OK AWD [EXCISCAMCEL |

5. Enter the arguments of vec and pt as before (screen 22). [Fhtsecomeren f}.f]{;'f]ri;ﬁ___ e

toylZrecivec, pil
fFunc

{EndFunc

\
(22} EMAG EEEPEGALUTO FUNC

6. Move the cursor to the third line and press [¢] [PASTE] to (555 ekl e e

i i i reallrecivec, ply
paste the copied instructions to cyl2rec (screen 23). =Sy F

20 [ [xerho Hfrhn 21 -g-rho,
JHerho @ @1t T Taec Ty

)
(23} EMAG EEEPEGALUTO FUNC

7. The transformation from cylindrical to rectangular | f}"ﬂﬁﬂnﬁ_" i

components uses the inverse of the original matrix. Edit jpalerecivec: pL)
the last instruction by inserting 10] as PLPgE! lf]‘hﬂ Had
- . S
highlighted in screen 24. ; ﬁ?ng,, gjipnn o n
: #orho ho k)
>T<a; rT*hn:u, o1t m’wec
(24) EMAG DEGAUTO FUMC

8. To verify that it works, return to the Home screen. Use [rEael S Eave nfar e Frainl e ue

ans(1) as the first argument of cyl2rec to transform the [ 5 35 ]
E J

cylindrical components from Topic 41 back to wreczoul(fl 1 51] [-1 2 »

rectangular components (screen 25). [.45 -1.34 1.00]

" cylZrecil. 44721359540995 b
[1.00 1.00 1.08]

cylZreciansily, [-1,2,31)

(25) EMAG DEGAUTO FUNE AT

Topic 43: Rectangular to Spherical Vector Transformation

Transformation from rectangular to standard spherical coordinates is based on

LE.0 [$inBcosp sinBsing cosb [TE, [

%aD— %osesm(p cosfsing —sme%YD
H -sine  cosp 0 HEf
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92 ELECTRICAL ENGINEERING APPLICATIONS WITH THE TI-89

A function rec2sph is constructed in a manner similar to rec2cyl (Topic 41).

1. Press[APPS] 7:Program Editor 3:New and name the function
rec2sph .

2. Enter the function lines shown below.

:rec2sph(vec,pt)

:Func

:Local ryra,x,y,z

:ptl1,11->x:pt[1,2]1->y:ptl1,3]1->z
V(XA2+y"2)->ra:V(rar2+z2)->r
t([[x/r,y/ryz/rllx*z/r/ra,y*z/r/ra,-ra/r1l-y/ra,x/ra,011*vec’)’
:EndFunc

3. Return to the Home screen and use rec2sph to transform
the rectangular components [1,1,1] to spherical
components at the point [-1,2,3].

rec2sph [(] [2nd] (€] 1 (] 1 (] 1(2nd] [1] (-] (2nd] [T] (@] 1 () 2
(] 3[2nd [71 00

The exact result shown in screen 26 is

ENE -\J70 —3\/55
g 7 35 5 7

Fir|” Fir |FZ=| Far [ FE FE=
Toals|A13ebr afCale|0kher [FramID|c1zan Ue
[.4% -1.34 1.00]

= cylZreci[. 44721 E39549995 p
[1.00 1.08 1.60]

mpacZsphl[1 1 11,[-1 2 @
[z-m -[7E -S-E]
5

7 35
recsphill.1.11,0-1,2,31)
(26)@5 : DEG AUTD FUHC EB/EN

Note: The function rec2sph gives
undefined results for x=y=0. A more
robust function could be written
using the when() command.

Topic 44: Spherical to Rectangular Vector Transformation

The standard spherical to rectangular transformation sph2rec
uses the matrix inverse as in Topic 42 and transforms the
spherical components back to the original rectangular
components.

Screen 27 shows sph2rec with the instructions copied from
rec2sph . Follow the procedure from Topic 42.

Screen 28 shows how to edit to function for the matrix inverse.

Screen 29 shows the spherical components transformed back
to the rectangular components in Topic 43.

Fir | Fir |Fa+{Fu< FE | FB*
Towls|Cenkro1)l70 | Mar|Find.. Mods
tsphZreciuec, ptl
fFunc
fLocal rara.x,da.zZ
LI=3 B A O
fpLll. 213y
fpLll,31+z
=I(x*i+u“2)+ra
a2tz 204
POl drr, 200 ] [z ara,

\
(27} EMAG DEG AUTO FUHC

Fir|_ Fer |Fa-{Fu=| FE | FB~

Toals|Conkra1)lA0|har|Find... Madz

eIl Z2Teg

tpi (113122

=I(x*§+u“2}+ra

a2tz 2

:(i[ﬁfﬁ,ufr,zﬁraEx*gfrfra,

Wz AP, Fas ] [ Tdsra, wer
I~ =1 58 ’

3,01 WecTaT
tEndFunc

|
(28} EMAG DEGAUTO FLMC

Fir Fer [FZ~| Fu-r FE FE~
Tools|A13¢brajCalec|0kher |FrAmi0|Clean U
mrecizsphilI 1 1IT.T-1 Z 3

[2-J14 -[7E -S-E]

T 35 3
. 5Ph2Pec[[—2 2 FC I i) Ey
7 35 !
[1 1 1]
zphdrectans(1ly, [-1,2,312
(29) EMH EG HUTD FUNE 29730
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CHAPTER 9: VECTORS 93

Tips and Generalizations

Mathematicians and engineers have chosen different “standard” ways of representing vectors. The
TI-89 follows the mathematicians’ standards. The functions developed here always follow the
engineers’ standards.

All of the transformations in this chapter work for symbolic entries as well, although they often
lead to quite complicated results.

The real excitement begins when Chapter 10 builds on this chapter and introduces vector calculus
using the TI-89.
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