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Chapter 1

Introduction to EE«Pro

Thank you for your purchase of EE+Pro, a member of the PocketProfessi ona® Pro software series desi gned by da
Vinci Technologies to meet the computational needs of students and professionals in the engineering and scientific
fields. Many long hours and late nights have been spent by the designers of this software to compile and organize
the subject material in this software. We hope you enjoy EE«Pro and that it serves as a valuable companion in
your electrical engineering career.

Topicsin this chapter include:

1.1 Key Features of EE*Pro

Key Features of EE«Pro

Download/Purchase Information

Manual Ordering
Memory Requirements

Differences between the T1 89 and TI 92
plus.

Beginning EE«Pro

Manual Organization

Summary

The manual is organized into three sections representing the main menu headings of EE«Pro.

Analysis

AC Circuits
Polyphase Circuits
Ladder Network

Filter Design

Gain and Frequency
Fourier Transforms
Two-Port Networks
Transformer Calculations
Transmission Lines
Computer Engineering
Error Functions
Capital Budgeting

Equations
Resistive Circuits

Capacitors and Electric Fields

Inductors and Magnetism
Electron Motion

Meters and Bridges

RL and RC Circuits
RLC Circuits

AC Circuits

Polyphase Circuits
Electrical Resonance

Reference

Resistor Color Chart
Standard Component Values
Semiconductor Data
Boolean Expressions
Boolean Algebra
Transforms

Constants

S| Prefixes

Operational Amplifier Circuits

Solid State Devices
Linear Amplifiers

Class A, B, & C Amplifiers

Transformers
Motors and Generators

These main topic headings are further divided into sub-topics. A brief description of the main sections of the
software is listed below:

EE Pro for Tl - 89, 92 Plus
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Analysis-(Chapters 2-14) Analysis is organized into 12 topics and 33 sub-topics. The toolsin this section
incorporate a wide variety of analysis methods used by electrical engineers. Examples include evaluation of AC
circuit performance characteristics, designing signal filters, building and computing ladder network properties,
plotting transfer functions, estimating transformer and transmission line characteristics, performing binary
arithmetic operations, and estimating pay-back returns for different projectsin capital budgeting. Many sections
in analysis can perform calculations for numeric as well as symbolic entries.

Equation Library (Chapters 15-31) This section contains over 700 equations organized under 16 topics and 105
subtopics. In any sub-topic, the user is able to select a set of equations, enter known values and compute results
for unknown variables. The math engine is able to compute multiple or partial solution sets. A built-in unit
management feature allows for the entry and expression of valuesin Sl or other established measurement systems.
Descriptions of each variable, unit selection, and appropriate diagrams are included in this section of the software.

Reference (Chapters 32-41) The Reference section of EEsPro contains tables of information commonly found in
electrical engineering handbooks. Topics include physical and chemical properties of common semiconductor
materials, alist of fundamenta constants commonly used by electrical engineers, tables of Fourier, Laplace, and z-
transforms, and a list of Boolean algebraic expressions. Added features are the ability to perform simple
computations, such as estimating standard (or preferred) manufacturer component values for inductors, resistors,
and capacitors, in addition to aresistor color chart guide which can compute resistance and tolerance from a
resistor’s color band sequence.

1.2 Purchasing, Downloading and Installing EE«Pro

The EE-Pro software can only be purchased on-line from the web store at Texas Instruments Inc. at
http://www.ti.com/calc. The software can be installed directly from your computer to your calculator using Tl-
GRAPH LINK™ hardware and software (sold separately). Directions for purchasing, downloading and installing
EE-Pro software are available from TI’s website.

1.3 Manual Ordering Information

Chapters and Appendices of the manual for EEsPro can be downloaded from TI’s web store and viewed using the
free Adobe Acrobat Reader which can be downloaded from http://www.adobe.com (it is recommended that you use
the latest version of the Acrobat reader and use the most updated driver for your printer). Printed manuals can be
purchased separately from da Vinci Technologies (see address on cover page or visit da Vinci’s website
http://www.dvtg.com/ticalcs/docs).

1.4 Memory Requirements

The EE«Pro program isinstalled in the system memory portion of the flash ROM, which is separate from the
RAM available to the user. EE*Pro uses RAM to store some of its session information, including values entered
and computed by the user. The exact amount of memory required depends on the number of user-stored variables
and the number of session folders designated by the user. To view the available memory in your Tl calculator, use
the [VAR-LINK] function. It isrecommended that at least 10K of free RAM be available for installation and use of
EE-Pro.

EE Pro for Tl - 89, 92 Plus i
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1.5 Differences between TI-89 and TI-92 plus

EE-Pro is designed for two models of graphing calculators from Texas Instruments, the TI-92 Plus and the TI-89.
For consistency, keystrokes and symbols used in the manual are consistent with the TI-89. Equivalent key strokes
for the T1-92 plus are listed in Appendix D.

1.6 Beginning EE*Pro

e Tobegin EE*Pro, start by pressing the [APPS] key. This accesses a pull down menu. Use the @ key to move
the cursor bar to EE Pro Elec. Eng. and press(ENTER]. Alternatively, enter [A] on TI-89, or [A] key on TI-92
Plus to get to the home screen of EE<Pro.

AFFLICATIONE T AFFLICATIONE
S Tlindow Editor
: 1 4:Graph
3t wlnduw Ed1t0r S:Table
gz b =t Data/Matr1x Editork
St Tab? T PPD ram Editor 4
&:bata-Matrix Editaork o: Editor 4
r:Proaram Editaor 4 9-Humer1c Soluer
SlText Editor L
L___
HAIN 9 RAD AOTO FUNC TVFE OF USE €14 + [ENTER] OF [ESCT
(Pull down Menu for [APPS Pull down Menu on for [APPS
EE-Pro option is further down the list) (EE<Pro at the end of the list)

The EE+Pro home screen is displayed below. Thetool bar at the top of the screen lists the titles of the main
sections of EEsPro which can be activated by pressing the function keys.

. ) ) . Fi Fe Fz F4
. Tools: Editing features, information about EEsPro in A:About [ onaTe i ashs b i e P it i
1 1 1 Tool Bar (EoF Tingd and Skak Chrkbaral
. Analysis-Accesses the Analysis section of the software TofiBae Moy Anexang SOl AR batTny
1 - 1 1 EHTEF ofk&n d th thind a5 Fa.
. Equations-Accesses the Equations section of the software. ENTERTELAD. dper i Jurle thiri ge 1
- 1 Fi:Tools/ B:C1 k| back to the bedinnind.
. Reference-Accesses the Reference section of the software. FLTpalsp il dopubick Lo thihe S
. |nf0_He| pr| h| nts on EE«Pro ERUATIONS aFg Jraured inko s¢ks arrlicable
: o speciFic situations,
HMAIN KRD AUTO FUMNC

A selection on any menu can be entered by moving the highlight bar to the item with the arrow key ® and
pressing (alternatively, the number or letter of the selection can be typed in). The Analysis, Equation and
Reference menus are organized in a directory tree of topics and sub-topics. The user can return to a previous level
of EE*Pro by pressing [ESC]. EE*Pro can be exited at any time by pressing the (HOME] key. When EE«Pro is
restarted the software returnsto it’s previous location.

1.7 Manual Organization

» Thefive sectionsin the manual, Introduction, Analysis, Equations, Reference, and Appendix, have
separate page numbering systems. The manual section, chapter heading and page number appear at the
bottom of each page.

» Thefirst chapter in each of the Analysis, Equations and Reference sections (Chapters 2, 15, and 32) gives
an overview of the succeeding chapters and introduces the navigation and computation features common
to each of the main sections. For example, Chapter 2 explains the basic layout of the Analysis section,
menu navigation principles, and gives general examples of features common to all topicsin Analysis. The
chapters which follow are dedicated to the specific topics in each section. Thetitles of these chapters
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correspond to the topic headings in the software menus. The chapters list al the equations used and
explains their physical significance. These chapters also contain example problems and screen displays of
the computed solutions.

»  The Appendices contain trouble-shooting information, commonly asked questions, a bibliography used to
develop the software, and warranty information provided by Texas Instruments.

1.8 Manual Disclaimer

»  The calculator screen displays in the manual were obtained during the testing stages of the software. Some
screen displays may appear dlightly different due to final changes made in the software while the manual was
being completed.

1.9 Summary

The designers of EE*Pro have attempted to maintain the following features:
»  Easy-to-use, menu-based interface.
»  Computational efficiency for speed and performance.
»  Helpful-hints and context-sensitive information provided in the status line.
» Advanced EE analysis routines, equations, and reference tables.
»  Comprehensive manual documentation for examples and quick reference.

We hope to continually add and refine the software products in the Pocket Professional seriesline. If you have any
suggestions for future releases or updates, please contact us via the da Vinci website http://www.dvtg.com
or write to us at improvements@dvtg.com.

Best Regards,
da Vinci Technologies Group, Inc.
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Chapter 2 Introduction to Analysis

The Analysis section of the software is able to perform calculations for a wide range of topicsin circuit and
electrical network design. A variety of input and output formats are encountered in the different topics of Analysis.
Examples for each of the input forms will be discussed in some detail.

*  The unit management feature in Equations is not present in Analysis due the variety of computation methods
used in this section. All entered values are assumed to be common Sl units (F, A, kg, m, s, Q) or units chosen
by the user (such as len in Transmission Lines).

* A feature unique to Analysis is the ability to perform symbolic computations for variables (with the exception
of Filter Design and Computer Engineering and afew variablesin other sections).

* Anentry can consist of asingle undefined variable (such as‘a or ‘x’) or an expression of defined variables
which can be simplified into a numerical result (such as‘x+3*y’, where x=-3 and y=2).

¢ Moreinformation on a particular input can be displayed by highlighting the variable, press(F5] and [2]/Type:
to show a brief description of avariable and its entry parameters.

* A variable name cannot be entered which isidentical to the variable name (ie.: C for capacitance). If a
symbolic calculation using the variable name, leave the entry blank.

»  Variables which accept complex entries (ex: 115+23*i) are followed by an underscore* ’ (ex: ZZ1 ).

2.1 Introduction

Analysis routines have been organized into twelve sections, each containing tools for performing electrical analysis
of avariety of circuit types. One can design filters, solve two-port networks problems, calculate transmission line
properties, minimize logic networks, perform binary arithmetic at bit and register levels, draw Bode diagrams, and
examine capital budget constraints - al with context-sensitive assistance displayed in the status line.

2.2 Setting up an Analysis Problem

The Analysis section is located in the home screen of EE«Pro.

e To access the home screen of EE*Pro, start by pressing the [APPS] key. This accesses a pull down menu listing
all the topics available. Use the @ key to move the cursor bar to EE Pro Elec. Eng. and press ([ENTER].
Alternatively, enter [A] on TI-89, or [A] key on T1-92 Plus to get to the home screen of EE«Pro.

AFFLICATION:

: 1 4

3t l.l.llndn:l.-.l E-:i1t-n:r S:Table
gz Th =t Data/MatHx Editork
St Tab T F'r*n:\ ram Editor 4
&:bata-Matrix Editaork o: Editor 4
r:Proaram Editaor 4 9-Humer‘1c Soluer
SlText Editor L

L___ L___

TVFE OF USE €14 + [ENTER] OF [ESCT TVFE OF USE €14 + [ENTER] OF [ESCT

On TI -89 for (Pull down Menu On Pull down Menu on TI -89 for

EE-Pro option is further down the list) (Lower end of the list)
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* Pressing will access the Analysis section of the software and display a pull down menu listing the topics
available. There are 12 sections under Analysis. The sections are accessed by using the ® key to move the
highlight bar to the desired section and pressing [ENTER]. Alternatively, any section can be accessed by entering
the number associated with each section. Thus pressing (1] will display a pop up menu for AC Circuits, while
pressing (5] will list topicsin Gain and Frequency. Analysis sections are listed and tagged with a number 1,
2, 3, etc. A down arrow (1) beside atopic at the bottom of amenu indicates there are more choices.

FL [¥] FY
Toulse Equakisns|Refer i

F
Analesis

A 1r'- it s,
ase Circults

“Fro - Haundakion Guide
Tool Bar (kor Tined and Stakus arga (botkord
rronide conbext-derendent usade hinks.

ENTEF often does the sare thind as FE. E E'r" Hetwork

ESC backs UR! ko the PE&UiOUS SEFEEN. E: ilter Desian..

FL:Tools B:CTear Aoks back ba the bedinnind. Gain and FPE'qUE"nC-':l---

AMALYEIS FURCRions SoTue SPeciFic PEoblems. " tFourier Transforms..

EGUATIONS ars Iroursd inke s¢ts arelicabls | riTwo—Fort MHetworks..

bo SpeCific Situakions. ki B'LTFE_HE-FDFNE'I"" Calcs..

GEFEREMCE has hand: Jeokyp bableg, |

MAIN EHD AUTD FUNL TWFE OF USE €314 + [EMTER] OF [E3CT
Main Screen for EE«Pro Pull down menu for Analysis; down arrow
Press for Analysis (1) indicates that there are more items.

m Tc-Fn:-j:I:v ﬁnuﬁlisis-lEqu;tgic-n:v Reiti'l-'znc-zrl! £

AC Circuits

Gain and Frequsncye

. i Hd' 1r~ 1z Tr' Elal! +--r' Funict ion
EH Cur‘r‘ent Divicer
d4:Circuit Performance
TYFE OF USE £314 + [EMTERT OF [EC] TYFE OF: USE €314 + [EMTER] Ok [ESCT
Press (1] for topics in AC Circuits. Press (5] for topics in

Gain and Frequency.

»  Oncean Analysis topic is accessed, a pop up menu lists the sub topics available for in the section. For

example, when Two-Port Networks is selected, the pop up menu shows three sub topics:
1. Convert Parameters
2. Circuit Performance
3. Connected Two-Ports.

» Each of these sub topics are tagged with a number 1, 2, 3 as shown in the screen display. These topics are
accessed by using the @ key to move the highlight bar to the desired choice and pressing (ENTER].
Alternatively, a section can be accessed by typing the number associated with the topic or subtopic. Thus
pressing (1] will display an input screen for Convert Parameters.

Fi F2 Fx F4 FE
Toolse|Analusise|Equationse|Referencer|Iinfo

Twao-Fork Hetbwarks

Fi Fz FE FB
- : | Wikl | Opkse | Choose
Conuert Fararmeters
E.”F’“t T'iu:'e R

Frm 1 hlz

11 Canuvert. F =|r ameters
tCircul OrMance
S Eunnected Twn Fort=

4
Out.put Tgpe g

TYFE OF USE £+t4 + [ENTER] OF [ESC] TYFE OF USE £+t4 + [ENTER] OF [ESC] Choose: Input Fararm. TYre
Pop up menu in Pop up menu for Input Type Input Screen for data entry
Two-Port Networks

Input Type z The right arrow indicates that there are choices to be
made for input type. Pressing ® or displaysa
pop up menu showing the choices for Input Type. To
select h parameters for input, press(3) or use the ® to
move the highlight bar to h and press [ENTER].
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Prm 1: z11 Parameter Z11_; when h parameter is selected this

changesto h11_.
Prm 2: z12 Parameter Z12_; when h parameter is selected this
changesto h12_.
Prm 3: z21 Parameter z21_; when h parameter is selected this
changesto h21_.
Prm 4: z22 Parameter z22_; when h parameter is selected this
changesto h22_.
Output Type VY » Theright arrow P indicates additional choices for this parameter.

Select this using the cursor bar. Pressing ®) or displays a pop up
menu showing the choices for Output Type the screen display shown.
To select say z parameters for output, press(1] or use the ® to move
the highlight bar to z and press [ENTER].

The input screen for Convert Parameters has severa characteristics common to various portions of the EEsPro
software.

The status line contains helpful information prompting the user for action.

Input Type z> Choose: Input parameter type

Prm1: z11 Enter: P1 Impedance V1/11 (12=0)

Prm 2: z12_ Enter: P1 Impedance V1/12 (11=0)

Prm 3 z21_ Enter: P2 Impedance V2/11 (12=0)

Prm 4: z22_ Enter: P2 Impedance V2/12 (11=0)

Output Type Y Choose: Output parameter type
The status line contents change if h parameters were chosen for Input Type:

Prm 1: h11 Enter: P1 Impedance V1/11 (V2=0)

Prm 2: h12_ Enter: P1 Parameter V1/V2 (11=0)

Prm3 h21_ Enter: P2 Parameter 12/11 (V2=0)

Prm 4: h22_ Enter: P2 Admittance 12/V2 (11=0)

2.3 Solving a Problem in Analysis

Continuing the example of Parameter Conversion, h parameters are to be converted to y parameters.
At the input screen choose h for Input Type and Y for Output type. Move the highlight bar to h11_and
typein avalue of 125.35 and press [ENTER].
Repeat the above step entering avalue of for h12_=.000028, h21_=-200 and h22_= 2.3E-6. The
entered data can be real or complex or a variable name that is acceptable to the operating system.
Press(F2] to solve the problem.
The results of the computation are displayed in the result screen shown below.

Eragn sibaes | i |oakae |
Conuckt Faramebers Conuckt Faramebers

Input TlilPE-= e FPrm 1 hizZ_: Q2022 T

Prm 1 hIl_: 125.35 Frm 1 hZl_: -2@0.

Frrm 1 hizZ_: Q@022 Frrm 1 h22_: 000002

Frm 1 R21_: -200, Qut.put. TlilF'E-= H-}

Prrm 1 hZ2_: .Q@oQaz Prm 0 gll_: .0G@7975

Output. Tupe: IR Frm O glZ_& -.Q00Q00022
Prm O g2l_f -1.59553
Prm 0 g22_:

Cheose: DUEFUE Faram. TEFe Fesult: Fe admitbance l2/%e (1L=00

Inputs entered, ready to solve. Calculated results.
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Note: If the calculator isturned off automatically or manually while a results screen is being displayed, when
EE*Pro is accessed again viathe key, the software automatically bypasses the home screen of EE*Pro and
returns to the screen result display.

2.4 Special Function Keys in Analysis Routines

When Analysis functions are selected, the function keysin the tool bar access or activate features which are
specific to the context of the section. They are listed in Table 2-1:

Table 2-1 Description of the Function keys

Function Key Description
Labeled " Tools™ - contains all the functions available on the T1-89 at the Home screen level.
These functions are;
1: Open
2: (save as)
3: New
4: Cut
5: Copy
6: Paste
7: Delete
8: Clear
9: (format)
A: About
Labeled ""Solve™ - Isthe primary key in various input screens. Pressing this key enables the
software to begin solving a selected problem and display any resulting output to the user.
Labeled "Graph™ - Thisfeatureis available in input screens where the solution can be
represented in graphical form. A plot can be viewed in the full screen or a split screen mode.
This can be performed by pressing the (MODE] followed by [F2]. Use(2nd] and totoggle
between the data entry screen and graph window.
Normally labeled as **View" - This enables the information content highlighted by the cursor to
be displayed using the entire screen in Pretty Print format. An example of such ascreenis
shown in the screen displays shown. This function is also duplicated by pressing the ®) key. If
there is no contents to be viewed, then pressing the key has no effect.
In some cases[F4] is labeled as ""Mode", "Split Screen”, "*Pict™, *'Cash"".
*  "Mode" isused in Computer Engineering Applications that displays an input screen
to select binary parameters such word size, octal, binary, decimal or hexadecimal data.
» "Split Screen" is displayed when a graphing solution is being set up. It allows the user
to use theright half or the bottom half of the screen to display the graphical
representations.
* "Pict" isavailable when the Polyphase Circuits is selected, giving the user a quick
glimpse of a picture of the circuit configuration.
» "Cash" isused in Capital Budgeting section of the software
Labeled "Opts" - This key displays a pop up menu listing the options:
1: View - alows the highlighted item to be viewed using Pretty Print.
2: (type) - Not active
3: Units - Not active
4: (conv) - Not active
5: lIcons - presents a dialog box identifying certain Icons used by the software
to display content and context of the information.
EE Pro for Tl - 89, 92 Plus 4
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6: (know)- Not active
7: Want - Not active

“Edit” - Brings in adata entry line for the highlighted parameter.

[Fe] - “Choose” in Capital Budgeting enabling the user to select from one of nine projects.
“OCheck” requesting the user to press this key to select a highlighted parameter for usein
an Analysis computation.

Appears only when solving problemsin the Ladder Network section and is labeled "Add"; this

[F7] displays the input screen alowing the user to add new elements to a ladder network.
Appears only when solving problems in the Ladder Network Section and is labeled "Del".
[Fe] Pressing [F4] will delete an element from the ladder network.

2.5 Data Fields Analysis Functions and Sample Problems

The Data Fields avail able to the user in the Analysis functions falls into four convenient categories.

AC Circuits, Polyphase Circuits, Filter Design sections provide the first type of user interface. In these sections,

a pop up menu presents the types of analysis available. Once the user has chosen a specific analysis topic, an input
form is presented to the user. For example, choosing AC Circuits section followed by Circuit Performance as a
topic displays a screen that has all the inputs and output variables.

ciean b
Circuik Ferformancs
Load Type: Admittances
I=_:N

Circuik Ferformancs
Load Tupe: RETEREREEG
Us_:

£5_"1 Ye 1

Lt ML

UL_: L _:

IL_: IL_:=

P: P: P:

[2H 4 [2H i PH i

Choose: [me. oF Admit. HMAld ERD AUTO FUHC Enter: RMS source current CAY

Input screen for circuit. Press [ENTER] to display a Input variables change when

Impedance for Load Type. Pop-up menu for Load Type. Admittance is selected for
Load Type.

Use the cursor bar to highlight Load Type, press [ENTER] to display a pop up menu for Impedance or Admittance as
aload type. Selecting a different load type will automatically update the variable list in the input screen as shown
above.

Ladder networks presents a second type of user input interface. A ladder network consists of aload, and a series
of ideal circuit elements (16 in variety) that can be added to the load as arung or the side of aladder. Circuit
elements are added to the ladder network viathe "Add" key (or [F7]). After selecting the proper element, enter the
value for the element and press[F2]. This produces a description of the ladder as shown in the screen display.
Ladder elements can be added at any location by moving the highlight bar to the element just prior to where the
new element is needed and pressing [F7]. Any element can be removed from the list by pressing [F8]. The circuit
elements are listed in order of appearance moving from the load (output) to the input.

Fi
Tonlss

y il 3
B G TRAT [Edit Resistar Ladder Hebwark
tCapacitaor Cont ig! IEERSEES Freguencal jycioialo]
tFL Rz Load: SE0Q
1: Capacitar
28 Current Controlled I
TRLC 3i _Rezisztor
LGeneral Impedance 4: IETES AT
TWFE OF USE €314 + [EMTER] OF [E51C] Choose: Cikcuik Confiduration Enter: Ladder Element
Pop up menu of elements Edit Screen for Resistor in Updated component list for the
for Ladder Network Ladder Network Ladder Network
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The Gain and Frequencysection under thAnalysis menu offers an example where a problem is set up in one topic
area Transfer Function) and graphed under another topic headBagdé Diagram). A Transfer Function is set

up as in the screen shown below. It is important to note that datarfiesandPolesis entered as a list, e.g.,

numbers entered within curly brackets separated by commas. @ridatisfer Function has been determined, it

can be graphed by switching to tRede Diagramtopic by pressin{ESC] followed by(2]. The software takes full
advantage of the graphing engine portion of the operating system of the calculator. Thus when the graphing function
is executed using tHEs] key, the tool bar reflects the functions available during a graphing operation.

FL_|_FE FL | _FE - [ Fi I w I F: | F4 I _Tj"rs F&
dwe k| Wicw | Oekse | Edik Vigw | Drkse Toolse) vz | GFArh | Full | Oets= | Edit
Transfir Funckien Transfer Function Eods Digdram -js ) ? 3 ' |
Inputs: Eootss Inputs: Rootss S H=l | -
Constant: loQ@og Constant: 100000, Indept =
ceros listis L-100% feros Lists {-10% Graph Tupe.. | Gain CdB>
Paoles list : EESHTEEPESE Y] EE'L?? 'Ié%fﬁamic_l??éﬁ??ﬂi w—-Hin: .1 4
FPE | IR R RNl Atascals” |¢e9te Posa
A-Mins -11..4 112,634
Enker: poles EL ... End nxm [RCIL] FAD ALUTO FLUML |Enter: Transfer Funckion
Input Screen for Graphing Parameters for Split Screen Display of Bode
Transfer Function Transfer Function Diagram of Gain Function (Hs)

The Computer Engineering section, under th&nalysis menu, performs calculations involving numbers

represented in binary, decimal, octal or hexadecimal formats within the constraints of parameters defined by the user.
In any topic of th&Computer Engineering section, the function kdg4] opens a dialog box allowing the user to

specify parameters such as the base of a number system, its word size, arithmetic using unsigned, 1's or 2's
complement methods, setting Carry and Range Flags. Examples of these screens are shown below:

EINREY MODES EINARY MODES

Eass..... ... Hexadecingl+ -1 11— Hexadecimal+
Hardsize: Hardsize:
o] . Unsidned » 2N,

1:lnsigned
it0neTs Comp.

I:Two's Comp.
UZE < AMWD 3 TO OFEW CHOICES TYFE OF UZE £%+4 + [EMTER] OF [EZC]
Press [F4] to access EE+*Pro's Highlight Sign and press ®
MODE screen. to display a pop-up menu for

available options.

Capital Budgeting represents a fourth category of an input interface where the user can compare relative financial
performance of several projects with relevant data ssitfieaest rate or discount rate (k), IRR, NPV, Payback
period. Screen displays shown here illustrate the basic user interface.

[rilrzlrs IruIrsIrs r FL | FE | F= FE
Towlsw] folus | Grarh | Cash | Opks- | Chooss Toolsw|Zolue|Grarh|cs.:.
[Carital Buddetind |II-uPitu1 Budﬁttinﬂ
Froject: IEEEEERSE Hame: Projectl
J:2 jAcH -lElElEligl
Paﬁbacm t1l: ZOoo
HE: L2 AR
E_?R pSE] IS
“Multiple Graphs
Full Screen Graph
Choose: oF Edit Frodect Enter: Cash Flow CE=00
Input Screen for Capital Budgeting Press [F4] to display Cash Flow

for ‘Project 1’
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Example 2.1 (Numeric Results)
Find the electrical Circuit Performance of an AC circuit consisting of a voltage source 110+15*i volts and an
impedance of 25-12*i ohms. The load for the example is a capacitive impedance 70-89*i.

|‘F1]' Fz '[ Fz ] Fu Irs'[‘l i ;
Toolsr|Analesis- |Equationsr|ReFerencer|info 53 2 4 25
. . Circuik Ferformancs Circuik Ferformancs
AC-Cik cuits Load Tlflpe .ﬂﬂm IL ! (. 454735+ 65198242 T
12 Impedance Calcs Us_t ¢110.+13.#4 F: 44.8741
Zilloltage Divider Fe_1 (25.-12.#i) n: -57.0342
3 I:ur*r*ent Oiwider ZL_t (V0. —-E9, %0 UI_: FZ2.587
= L. Pertormance UL _: g -, 904331
IL_: PF: .&61821Z2
F: Prax: .25
[#H 4 ZlLopt._:
TYFE OF USE €314 + [EMTER] OF [ESC] Cheose: IMF. oF RO, FieSUTE: Load iMFedence. FOr Mk, Fower

Pop up menu in AC Circuits Input entry complete Computed output

1. From the home screen of EE#*Pro press the [F2] key labeled Analysis to display the pull down menu listing all
the sections available under Analysis.

Press[1] to access AC Circuits section to view a pop up menu of all topics available.

Press[4] to enter to the input screen of Circuit Performance.

Enter the value of 110+15*i for Vs_, 25-12*i ohmsfor Zs_and 70-89*i for load impedance ZL _.
Pressthe Solve key [F2).

The results of the calculations are displayed in the data screen as shown.

OO0 hAWDN

Example 2.2 (Symbolic Results)
Find the parameters of a transmission line given the open circuit impedanceis Z0_, the short circuit impedanceis
Z1 _, distanceis dl, and frequency of measurement isf1.

1 Fz E F4 FE |‘F1 ]’ Fz '[ Fz ] Fu Irs'[‘l F1 B T
T ARA1¥Eis | Tools=|Analvsise|[Equations=|Referencer|infe [x Yigw | Optse | Edit
ZTFoluphaze Circuits. [Ling Patameters]
3k Ladger* Hetuwork A THAHIT AT Zoc_: z@
4:Filter Design.. 1: Llne F'r"D erties Z=c_t =zl
SiGain and Fr‘equencg... 28 = =|r =|r|-- T di dl
EiFourier Transforms.. H =timate 12 I
TiTwo—Fort Hetworks.. L Stub Imped Mat.ching
2:Transformer Calcs..
Al Transmission
TYFE OF USE €314 + [EMTER] OF [ESC] HAIN FRD AOTO FUHL Enker: Fredusncy (HZ)

Pull down menu for Analysis Menu for Transmission Lines  Input for Line Parameters

1. From the home screen of EE*Pro press the [F2] key labeled Analysis to display the pull down menu listing all
the sections available under Analysis.

Press[9] to access the Transmission Lines section to view a pop up menu of the all available topics.

Press[2] to open the input screen for Line parameters.

Enter the value of z0 for Zoc_, z1 of Zsc_, d1 for d and f1 for f.

Pressthe Solve key [F2).

The results of the calculations are displayed in the data screen as shown below.

O hAWDN
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Input entered symbolically

Example 2.3 (Graphical Results)

Construct a Bode diagram for a system with pole locations at 1000, 10000, 50000, a zero at 5000, and a

proportionality constant of 1000000.

1. From the home screen of EE*Pro, press the [F2] key to display the pull down menu listing all the sections

available under Analysis.

w N

Poles List.
5. Pressthe Solve key [F2].

Fesult: Fhase uglocity (lends)

Calculated Output also symbolic

Press[5] to access the Gain and Frequency section to view a pop up menu of available topics.
Press[1] to open the input screen for Transfer Functions.
4. Choose Roots for Inputs, enter 1000000 for Constant, {5000} for Zeroes List and { 1000, 10000, 50000} for

6. Theresults of the calculations are displayed in the data screen as shown.

7. Press(ESC] key to revert to the pop up display for Gain and Frequency, and press (2] to access Bode Diagram

input screen.

8. Begin entering parameters for graphing the Gain of the Transfer Function. The minimum and maximum

values for the horizontal axis show the default settings. Note that log (w) is the horizontal axis.

9. Maovethe highlight bar to set w-Min to 1, and w-Max to 200000.

10. Move the highlight bar to Auto Scale and press [F6] to select this option.
11. Press(F3]to graph the function.

Examples of the screen display for this problem are shown here:

=5 c\ur‘ler‘ St OrmMs..

ElL}
FETwo—Fort Netwnrks
B4 Transformer Calcs..

TYFE OF U3E £3%t4 + [EMTER] OF [E5C]
Pull down menu of

F3 F4
GFarh | 3Rt

FE Fa
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1 [ F Fh FE |‘ Fi ]’ [ '[ [ ] Fii Irs '[ ‘l FE FE
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1:AC Circuits=s.. Transfer Funckion]
Z2iFPolyphasze ClPGultS Input=:
Siladder Hetperk Salang REUSHEEE Constant: 1.E
4'F11ter De=ign.. 1:Transter Function Zetos List: {500
rn'uwn-4 tEB FPole= List: {1000, 10000, .

Fi 2L F3 F4
Taolse| d~ida | GFArh | 5RTiE

TYFE OF USE €314 + [EMTER] OF [ESC]

Choose: InFuk TYReS

Pop up menu for Gain and
Frequency

FE Fa
Ortse | Edit

Eode Diadram
aferMaEE
Indeps: _=_ X
Graph Tupe! Gain®
w—Ming .
w—Maxi 1000,
“Autoscale
A-Min: -10.
A-Max: 10@. 4
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Eode Diadram
e I.E

=] S_

Tupe: Gain+

Ma: 1geooo.
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Enter: Transfer Funckion

Enter: Transfer Funckion

Graphing parameters
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2.6 Session Folders, Variable Names

EE-Pro automatically storesits variablesin the current folder specified by the user in or the HOME screens.
The current folder name is displayed in the lower left corner of the screen (default is“Main”). To create a new
folder to store values for a particular session of EE*Pro, press(F1]:/TOOLS, [3]:/NEW and type the name of the
new folder (see Chapter 5 of the T1-89 Guidebook for the complete details of creating and managing folders).
There are several waysto display or recall avalue:

»  The contents of variablesin any folder can be displayed using the [VAR-LINK], moving the cursor to the

variable name and pressing [Fé] to display the contents of a particular variable.
* Variablesin acurrent folder can be recalled in the HOME screen by typing the variable name.

e Finally, values and units can be copied and recalled using the [F1)/Tools 5:COPY and 6:PASTE
feature.

All inputs and calculated results from Analysis and Equations section are saved as variable names. Previously
calculated, or entered values for variables in afolder are replaced when equations are solved using new values for
inputs.

Overwriting of variable values in graphing

When an equation or analysis function is graphed, EEsPro creates afunction for the Tl grapher which expresses
the dependent variable in terms of the independent variable. Thisfunction is stored under the variable name
pro(x). When the EE<Pro’s equation grapher is executed, values are inserted into the independent variable for
pro(x) and values for the dependent value are calculated. Whatever values which previously existed in either of
the dependent and independent variables in the current folder are cleared. To preserve data under variable
names which may conflict with EEsPro’s variables, run EE*Pro in a separate folder.

Reserved Variables

Thereisalist of reserved variable names used by the Tl operating system which cannot be used as user variable
names or entries. These reserved variables are listed in Appendix F.
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Chapter 3 AC Circuits

This chapter describes the software inAlzCircuits sectionand is organized under four topics. These topics form
the backbone of AC circuit calculations.

Impedance Calculations « Current Divider
Voltage Divider ¢+ Circuit Performance

o,
£
KD
£

3.1 Impedance Calculations

Thelmpedance Calculationstopic computes the impedance and admittance of a circuit consisting of a resistor,
capacitor and inductor connected in Series or Parallel. The impedance and admittance values are displayed to the
user in symbolic, numeric, real or complex form. As stated in Chapter 2, due to the variety of computation methods
used in each topic in @nalysis the unit management feature is not present. All entered values are assumed to be in
common Sl units (F, A, nQ, s, etc.). Symbolic computation is limited to single undefined terms for each entry

(such as ‘a’ or ‘X’ where ‘a’ and ‘x’ are undefined ) or an algebraic expression of previously defined terms which can
be simplified to a numerical result upon entry (such as 1.5*x-3/y, where xFan@*y=4).

Field Descriptions

Config : (Circuit Configuration)
Press[ENTER] and selecBeriesor Parallel configuration by using.) After choosing press
to display the input screen updated for the new configuration..

Elements : (Element Combinatign
PressingF2] displays the following circuit elements: R, L, C, RL, RC, LC and RLC.
The choice of elements determines which of the input fields are available.

fr: (Frequency in Hg
Enter a real number or algebraic expression of defined terms.

R: (Resistance in ohmsonly appears ifR, RL, RCor RLC s chosen ifElements field)
Enter a real number or algebraic expression of defined terms.

L: (Inductance in Henry-only appears ifL, RL, LC or RLCis chosen irfElements field)
Enter a real number or algebraic expression of defined terms.

C: (Capacitance in Faradsonly appears ifC, LC, RCor RLC s chosen irElements field)
Enter a real number or algebraic expression of defined terms.

77 (Impedance in ohmis
Returns a real or complex number.

YY_: (Admittance in Siemens

Returns a real or complex number.

EE Pro for TI-89, 92 Plus 10
Analysis - AC Circuits



Example 3.1

Compute the impedance of a series RLC circuit consisting of a 10 ohm resistor, a 1.5 Henry inductor and a 4.7 Farad
capacitor at a frequency of 100 Hertz.

ImEedance £a1cs Impedance Calcs

Contig! Series+ Contig! Series+
Elements: ELC+ Elerments: ELC+
Freg: 100, H .
Rio 10,
L: 1.5
i
i .
Fiesulk: Impedance () Fiesulk: Impedance (52
Input Screen Output Screen
1. Choose Series f@onfig and RLC forElements using the procedure described above.
2. Enter 100 foFreq.
3. Enter 10 foR, 1.5 forL, and 4.7 foC.
4. Pres§2jto calculateZzZ  andYY .
5. The output screen shows the results of computation. z

H < -

3.2 Voltage Divider

Z2

M.

This section demonstrates how to calculate the voltage drop across a load Vs (,;
connected to an ideal voltage source. The load consists of impedances or

admittances in series. The software computes the current through the load andlthe
voltage across each impedance/admittance.

Z3

-1=

Field Descriptions
Impedance/Admittance loads in series

Load Type: (Type of Load) PresdENTER] to display the choices; Impedan@ or Admittancg(Y).

The choice made determines whether the third fiek¥is (impedance
chain) orYY_ (admittance chain) is displayed .

Vs_: (Source Voltage inV  Enter a real or complex number, variable name, or algebraic expression
of defined terms.

ZZ_: (Impedances in Series Enter a list of real or complex numbers, or algebraic expression of
defined terms.

YY_: (Admittances in Serigs Enter a list of real or complex numbers, or algebraic expression
of defined terms.

IL_: (Load Currentin A Returns a real or complex number, variable name or algebraic
expression.

V_: (Element Voltages in)V Returns a list of real or complex numbers, variable names, or algebraic

expressions.
Example 3.2

Calculate the voltage drop across a series of loads connected to a voltage source of ijMd@ts25Fhe load
consists of a 50 ohm resistor, and impedances of (7bt22md (125-408) ohms.

raaise] same | siaes | vhow |obfie |7 raaise] shmme | sbee s | vhow [obfee [
Woltade Divider Woltade Divider
Ln:uad Tlilpe- Impedance+ Load Tupe: Impedance+
Us_o ¢110.+15.#%i)
%E_ .{SEI ?5+22*1, 125—d4.. %E_: 55+22*1125 40k

Eesult: Load currenk CAY Eesulk: Load current (AY

Input Screen Output Screen

EE Pro for TI-89.,92Plus 11
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agrwdhpE

Choose Impedance for Load Type
Enter the value 110 + 25*i for Vs _.
Enter {50, 75 + 22*i, 125 - 40*i} for ZZ_.
Press(F2) to calculate IL_and V_.
The results of the computation are shown in the screen display above.

3.3 Current Divider

This section demonstrates how to calculate individual branch currentsin aload defined by a set of impedances or

admittances connected in parallel.

T

Current Divider - Impedances

Field Descriptions

Load Type:
Is_:

Z7Z

YY_:

VL_:
I .

Example 3.3

(Type of Load)

(Source Current in A)
(Impedance in ohms)
(Admittances in Siemens)

(Load Voltage in V)
(Currents in A)

In addition, the voltage across the load is cal cul ated.

T

Current Divider - Admittances

Press to select Impedance or Admittance. This sets the third
field to be ZZ_ (Impedances) or YY_ (Admittances).

Enter areal or complex number, variable name or algebraic expression
of defined terms.

Enter alist of real or complex numbers, or algebraic expression of
defined terms.

Enter alist of real or complex numbers or algebraic expressions of
defined terms.

Returns areal, complex number or algebraic expression.

Returns alist of real or complex numbers or algebraic expressions.

Calculate the voltage drop across impedances connected in parallel to a current source of (50 + 25*i). The load
consists of 50, 75+22*i, 125-40*| Q.

turr-znt Divider turr-znt D:u:d-zr'

UL_ [ |
I_:

turr-znt Divider

Lnad T%EE Impedance+ Load T%EE Impedance+
Is_: i
ZZ 50, ?5+22*1,125 40, 221 L5l

75+22*1 125-40+.. £24.95%96 + 1345174  17.68

I_

Figsult: Load Yolbads )

Figsult: Load Yolbads ) Nigw: ETerment Currents (AY k

Input Screen

agrwbdpE

Output Screen Partial Pretty Print of |_

Choose Impedance for Load Type
Enter the value 50 + 25*%i for Is_.

Enter the value { 50, 75+22*i, 125-40*i } for ZZ_.
Press(F2)to calculate VL_and | .
The results of the computation are displayed in the screen shown above along with a Pretty Print display of the

expression for |_.

EE Pro for TI-89.,92Plus
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3.4 Circuit Performance

This section shows how to compute the circuit performance of a simple load connected to a voltage or current
source. Performance parameters computed include load voltage and current, complex power delivered, power
factor, maximum power available to the load, and the load impedance required to deliver the maximum power.

Field Descriptions - Input Screen

Load Type:

Vs :
VA
ZL
Is_:

Ys :

YL _:

(Type of Load)

Press to select load impedance (Z) or admittance (Y). Thiswill determine whether the
remaining fieldsVs_,Zs ,andZL_ or Is_, Ys_, and YL_ aredisplayed, respectively.

(RMS Source Voltage in V)
(Source Impedance in Q)

(Load Impedance in Q)

(RMS Source Current in A)
(Source Admittance in Siemens)

(Load Admittance in Siemens)

Field Descriptions - Output Screen

VL_:
IL_:

PF:
Pmax:
ZlLopt_:

YLopt_:

Example 3.4

(Load Voltage in V)
(Load Current in A)

(Real Power in W)

(Reactive Power in W)
(Apparent Power in W)

(pf Angle in degrees or radians.
determined by the setting)
(Load Power Factor)

(Maximum Power Available in W)
(Load Impedance for Maximum
Power in Q - if Impedance is
chosen for Load Type at the
input screen).

(Load Admittance for Maximum
Power in Siemens - if Admittance,
is chosen for Load Type at

the input screen)

A real or complex number, variable name, or algebraic
expression of defined terms.

A real or complex number, variable name or algebraic
expression of user-defined terms.

A real or complex number, variable name, or algebraic
expression of defined terms.

A real or complex number, variable name, or algebraic
expression of defined terms.

Enter areal or complex number, variable name, or algebraic
expression of defined terms.

Enter areal or complex number, variable name or algebraic
expression of defined terms.

Returns areal, complex number or algebraic expression.
Returns areal, complex number or algebraic expression.

Returns a real number or algebraic expression.

Returns a real number or algebraic expression.
Returns a complex number or algebraic expression.

Returns a real number or algebraic expression.
Returns a real number or algebraic expression.

Returns a real number or algebraic expression.
Returns areal, complex number or algebraic expression.

Returns areal, complex number, or algebraic expression.

Calculate the performance parameters of a circuit consisting of a current source (10 - 5*i) with a source admittance
of .0025 - .0012*i and aload of .0012 + .0034*i.

EE Pro for TI-89.,92Plus

Analysis - AC Circuits
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Wigl | Opkse

Circuik Ferformancs
Lnad}' =t

Circuik Ferformancs
Load Tupe:

Circuik Ferformancs

IL_: ¢13,.7534+42.9034%i> T
I=_1 Rt i I=_1 Rt i Pz ZEZ2375.
Ye_t 0L BE25—. Q1244 ) Ye_t 0L BE25—. Q1244 ) GE -SFIE94,
YLt €, 0012+, 005444 ) YLt €, 0012+, QEF44d ) UT_: GR2AEE
UL _: UL_: 12952, 944,414 B -1.231
3 ( Ea IL_: C18.7334+42. 90354 PF: 33282
F: Pz ZEZ2375.
[EH GE -SFEE94.
Choose: [me. oF Admit. Choose: [me. oF Admit.

Input Screen

abrwdNPpE

EE Pro for TI-89.,92Plus
Analysis - AC Circuits

. Choose Admittance for Load Type.
. Enter thevalue 10 - 5*i for Is_.
. Enter the value .0025 - .0012*i for Ys_, and .0012 + .0034*i for aload of YL .
. Press[F2] to calculate the performance parameters.
. The input and results of computation are shown above.

Output: Upper Half

14

Fesult: Load admitkance For mdx. Fowgt

Output: Lower Half



Chapter 4

< Wye ~ A Conversion

Polyphase Circuits

This chapter describes Wye afhdrrangements iRolyphase Circuits.

+ Balanced Wye Load

4.1 Wye ~ A Conversion

o
°»

BalancedA Load

The Wye -~ A Conversiorconverts three impedances connected in Wyeform
to its corresponding or Wye form, i.e., . Wye- A or A o Wye

Input Fields -
Input Type :

ZZA_: (Almpedanck
ZZB : (Almpedanck
ZZC_: (A lmpedanck
Z7Z1 : (Y Impedance
ZZ2 : (Y Impedance
ZZ3_: (Y Impedance

Result Fields
ZZA_: (Almpedanck

ZZB_: (A lmpedanck
ZZC_: (A lmpedanck
ZZ1_: (Y Impedance
Z72 _: (Y Impedance

ZZ3 : (Y Impedance

EE Pro for TI-89, 92 Plus
Analysis - Polyphase Circuits

Selection choices arA - Wye or Wye- A. This

determines whether the next 3 fields (input fields)

acceptA or Wye Impedances.

Real or complex number, variable name, or algebraic

expression of defined terms.

&

Real or complex number, variable name, or algebraic

expression of defined terms.

Real or complex number, variable name, or algelffaic4.1 Wye Network

expression of defined terms.

Real or complex number, variable name, or algebraic expression of defined terms.
Real or complex number, variable name, or algebraic expression of defined terms.
Real or complex number, variable name, or algebraic expression of defined terms.

Real or complex number, or algebraic
expression.
Real or complex number, or algebraic
expression.
Real or complex number, or algebraic
expression.
Real or complex number, or algebraic
expression.
Real or complex number or algebraic
expression.
Real or complex number or algebraic
expression.

15
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Example 4.1- Compute the Wye impedance equivalent Afreetwork with impedances 75+12*75-124, and
125 ohms

1. SelecA - Y for Input Type.
2. Enter the values 75+1i2%75 -121, 125 forZZA , ZZB_andzZzZC .
3. Pres§2] to calculatezZl , ZZ2 andZZ3 .

H F4 FE ¢
siaid | Fick [ Orkse

e £33 l:-:-nl.ler:i-:-n| HP'&“{".}; COnUEkSion

Input Tupe: o34+ Input. Type: o343

2R ?E H1E ki) Z2R ?E +13. %)
goR-1 sfartisiy Z2B_: (r5.-13.#i)
20l 125, Pojhar
221 By
i Hoair -
223l 5557 0. arae
Fesult: ¥ Impedancs (e Fiwsult: ¥ Impgdancs ()
Input Parameters Calculated Output

The computation results are:  ZZ1 : 34.0909 - 5.45455[1
ZZ2 : 34.0909 + 5.45455[1
ZZ3_:20.9782

4.2 Balanced Wye Load

A balanced Wye load refers to three identical impedance loads connected in a Wye configuration. Théldltage
represents the line voltage from line 1 to line 2 and is used as the reference voltage throughout this Wye network.
The voltages across lines 2 and 3, and across 3 and 1 have the same magwit2detag are out of phase by -

120° and 120° respectively. The software computes the cuftent® , andl3_ in each leg of the Wye network,

the line to neutral voltage in each ph&déN , V2N _, andV3N_, the power dissipated in each ph&seand the
wattmeter reading$/12 andW13 connected to the circuit as shown in the Fig 4-3.

Input Fields

Input Type:

V12 : (Reference Voltage in V across lines 1 ahd 2 Enter a real or complex number, variable
name, or algebraic expression of defined
terms.

ZZ_: (Phase Impedance i2) Enter a real or complex number, variable
name, or algebraic expression of defined
terms.

Result Fields

V23_: (Voltage in V across lines 2 anjl 3 A real, complex number, or variable name.

V31 _: (Voltage in V across lines 3 anjl 1 A real, complex number, or variable name.

VIN : (Voltage in V across IN A real, complex number, or variable name.

V2N_: (Voltage in V across 2N A real, complex number, or variable name.

V3N _: (Voltage in V across 3N A real, complex number, or variable name.

11 : (Line Current 1 in A A real, complex number, or variable name.

12_: (Line Current 2 in A A real, complex number, or variable name.

13 : (Line Current 3in A A real, complex number, or variable name.

P: (Phase Power in \V A real number or variable name.

W12: (Wattmeter reading in W across lines 1 and 2 A real number.

W13: (Wattmeter reading in W across lines 1 agpd 3 A real number.

Example 4.2 -A Wye network consists of three impedances of 50 + 2fth a line voltage of 110 volts across
line 1 and 2. Find the line current and power measured in a two-wattmeter measurement system.

EE Pro for TI-89, 92 Plus 16
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|
1. Select Balanced Wye Load. —> *—o
2. Enter the value 50 + 25for ZZ_.
3. Pres$?] to calculate performance characteristics$
of the circuit.
G . 3 OISy
Ealanced kg Lead ) ‘
Yiz_: 1i@, .
FPT (SH. +E5.#LD v N
Wik ] | 23
LI 2
v e 120V
LIZHZ
i1 !
Fesult: Yoltads gcross 23 (0
Input Screen

Fig. 4.3 Balanced Wye network with 2 wattmeters

Fi Fe FY4 FE = Fi F& i [&] FE "=
Fict | Oeksr etk | Fick | Opks-

bvs Load Bu'i;m;:-zd bvs Load
gy p o } L2H_: ¢ -55.-31.75d43+i) T
S CSM.+25. 10 LUIH_2 (53.5085+4 1
H%?_: C-o5, =95, PEPE+e . .

—: = = e T S L
H_t 055, -31. 754340
U2H_8 ¢ -55.-31. Fod3+i )
LEH_: C65. SEE5+E )

I1_: (. 623966—. 94B068+i) |
Fet Uk Varlbade across 3 000 FiatUTE: Atk meter Fedding across 13 ()

Output Screen (upper half) Output Screen (lower half)

The results of computation are listed below:

V23_: -55-95.2628* 12_: -1.13403 - .068068*
V31_: -55+ 95.2628* 13_: .508068 + 1.01614*
VIN_: 55 -31.7543¢ P: 64.533

V2N_: -55-31.7543¢ W12: 124.744

V3N_: 63.5085F W13: 68.8562

11_: .625966 - .948068*

4.3 Balanced A Load

A balanced Delta load refers to three identical impedance loads connected in a Delta configuration. The voltage
VAB_ represents the line voltage from line A to line B and is used as the reference voltage throughout this Delta
network. The voltages across lines B and C, and C and A have the same maghithBe dsut are out of phase

by -120° and 120° respectively. The software computes the cu&kentB _, andIC_ in each leg of the Delta

network, power dissipated in each phRs&vattmeter readingd/AB andWAC connected as shown in the Fig 4-4 .

Input Fields

Input Type:
VAB_: (Reference Voltage in V across lines 1 apd 2

Enter a real or complex number, variable name, or algebraic expression of defined terms.
ZZ . (Phase Impedance i2)

Enter a real or complex number, variable name, or algebraic expression of defined terms.

Result Fields
VBC_: (Voltage in V across lines B ang C A real or complex number, or algebraic exp.

EE Pro for TI-89, 92 Plus 17
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VCA _: (Voltage in V across lines C and A A real or complex number, or algebraic exp.

IA_: (Line Current Ain A A real or complex number, or algebraic exp.
IB_: (Line Current B in A A real or complex number, or algebraic exp.
IC _: (Line Current C in A A real or complex number, or algebraic exp.
P: (Phase Power in W A real number or algebraic expression.
WAB: (Wattmeter reading in across lines A and B A real number or algebraic expression.
WAC: (Wattmeter reading in W across lines A and C A real number or algebraic expression.

Example 4.3 -A Delta network consists of three impedances of 50 2th a line voltage of 110 volts across
line A and B. Find the line current and power measured in a two-wattmeter measurement system.

todtee] shiue | win e | Fibe [ontes [ rootee] semme [sin e | Fibe [oetes [
Ealanced & Load IBICI'lICII'll:t & Logd

UAE_: 1id, UBC_: ¢ -55.-95. 26781 T
ZZ_F (50,25, w0 UEAZ: ¢ -55,+35, ZE20wi )
UEC_:H IA-T (3,4021°, 284205+1 )
UEAZ: IBC: (-i.greo-zZ.gddzein
TA_: 16 : f-1.52a3+3 04541#i0
IE_: P 193.6
IC_t WAEE ~EhE., S5
Pr 1 WA : MRS
Fisulk: Wolkadg across BC VY Fiesulk: Wakkmsker Feadind across AC ()
Input Parameters Calculated Output

1. SelecBalanced Delta Load.

2. Enter the values 50 - 25fbr ZZ and 110 Vfor VAB .

3. Pres§2] to calculate performance characteristics of the circuit.

I A

Fig. 4.4 Wattmeter Measurement in a Delta Circuit

The results of computation are listed below:

VBC : -55-95.2628*f IC -1.5242 + 3.04841%*|
VCA : -55+ 95.2628%| P: 193.6
1A_: 3.4021 - .204205%| WAB: 206.569
IB_: -1.8779 — 2.8442%| WAC: 374.231
EE Pro for TI-89, 92 Plus 18
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Chapter 5 Ladder Network

This chapter describes ladder network analysis - a circuit reduction method by which branches of the circuit are
treated as sides (series connection) or rungs (parallel or shunt connection) of a ladder.

5.1 Elements of a Ladder Network

In the examples that follow, the left end of the ladder is the input end and the right end of the ladder is the output
end, where the load is connected. The elements of the ladder (from 1 to N) are entered from right to left, going
from output to input. The input impedance Zin__is calculated asif you were “looking in” to the left end of the
ladder.

Field Descriptions - Input Screen

Frequency: (Frequency) Enter areal number, or algebraic expression of defined terms.
Load_: (Initial Load) Enter areal or complex number, variable name, or algebraic expression of defined terms.

1: (Element 1 - closest to the load or output)

N: (Element N - furthest from the load or output)

Field Descriptions - Element Screen

Sixteen different element types are available to build the ladder network. These elements can be inserted in series
or parallel configuration.

R

Resistor
A resistor can be added as arung (parallel) or side (series). Choose )
Series or Parallel for Config, and enter avalue for R in ohms.

Series R Parallel R
Inductor - (ideal inductor) L
An inductor can be added as arung (parallel) or side (series)). Choose
Series or Parallel for Config, and enter avalue for L in henrys. L

Series L Par'allel L

EE Pro for TI-89.92 Plus 19
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Capacitor - (ideal capacitor)
A capacitor can be added as arung (parallel) or side (series). Choose
Series or Parallel for Config, and enter avalue for C in Farads.

RL

An RL series circuit can be added as arung (parallel) or asan RL
parallel circuit as aside (series). Choose Series or Parallel for Config,
and enter avalue for R in ohmsand L in henrys.

LC

An LC seriescircuit can be added as arung (parallel) or asan LC
parallel circuit as aside (series). Choose Series or Parallel for Config,
and enter avaluefor L in henrysand C in farads.

RC

An RC series circuit can be added as arung (parallel) or asan RC
parallel circuit as aside (series). Choose Series or Parallel for Config,
and enter avalue for R in ohmsand C in farads.

RLC

An RLC series circuit can be added as arung (parallel) or asan RLC
parallel circuit as aside (series). Choose Series or Parallel for Config,
and enter avalue for R in ohms, L in henrys, and C in farads.

General Impedance
An impedance can be added as arung (parallel) or side (series). Choose
Series or Parallel for Config, and enter avalue for Z_ in ohms.

Transformer - (ideal transformer)
A transformer can be added only in cascade connection. Specify turns
ratio by entering avalue for n.

Gyrator- (synthetic inductance filter)
A gyrator can be added only in cascade connection. Specify gyrator

parameter by entering avalue for O.

EE Pro for TI-89.92 Plus 20
Analysis - Ladder Networks
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Voltage-Controlled | o o
A controlled voltage can be added only in cascade connection. Specify
base resistance and transconductance by entering values for rb in ohms

and gm in siemens. ves

|
Current-Controlled | 5
A controlled current can be added only in cascade connection. Specify "
base resistance and common base current gain by entering values for rb (hie) (hfe)

in ohms and (3. Icis
Transmission Line
A transmission line can be added only in cascade connection. Specify
characteristic impedance and electrical length by entering values for Z0
in ohms and 60 in radians. The variation of 60 with frequency is not
taken into account in the ladder network calculation. Caution-be sureto
enter avalue for the electrical length 80 which is consistent with the
chosen frequency.
N

Open Circuited Stub

Can be added only in cascade connection. Specify characteristic

impedance and electrical length by entering values for Z0 in ohms and ~
00 inradians. Caution-be sure to enter a value for the electrical length

00 which is consistent with the chosen frequency.

Short Circuited Stub
Can be added only in cascade connection. Specify characteristic
impedance and electrical length by entering values for Z0 in ohms and

00 inradians. Caution-be sure to enter a value for the electrical length
00 which is consistent with the chosen frequency.

Two-Port Network
Can be added only in cascade connection. Choose z, Y, h, g, a, or b ) .
for Input Parameters, and enter valuesfor ..11, ..12, .21, and ..22. — —

Field Descriptions - Output Screen

Zin_: (Input Impedance in ohms) Returns areal or complex number, variable name or algebraic
expression.
12/V1_: (Forward Transfer Admittance Returns areal or complex number, variable name or algebraic
in Siemens) expression.
12/11_: (Current Transfer Ratio) Returns areal or complex number, variable name or algebraic
expression.
Pout/Pin: (Real Power Gain) Returns areal or complex number, variable name or algebraic
expression.
V2/V1_: (Forward Voltage Transfer Ratio) Returnsareal or complex number, variable name or algebraic
expression.
V2/11_: (Forward Transfer Impedance Returns areal or complex number, variable name or algebraic
in ohms) expression.
EE Pro for TI-89.92 Plus 21
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5.2 Using the Ladder Network

General instructions for entering the elements and computing the parameters of aladder network.

1. Theinitia screen prompts the user for entry of values for Frequency and Load.

2. Build the ladder by adding elementstoit. Press[F7] to insert the first element. Choose an element type and
press (ENTER]. Enter the appropriate values. Press(F2] to update the ladder with the new element just added. A
second press of the [F2] key computes the electrical performance of the circuit.

3. New elements can be added or inserted by moving the highlight bar to the location desired and pressing [F7].
The new element will appear after the a highlighted element.

4. A circuit element can be deleted from the ladder by moving the highlight bar to the element and pressing [Fg].[]

5. Press(F2] to compute the overall ladder network parameters.

6. Previously calculated results are not automatically updated for new element entries; the user must press [F2] to
re-solve for the circuit parameters for a new circuit configuration.

Example 5.1

What is the input impedance of the circuit shown below in Fig. 5.1 at 1 MHz and 10 MHZz?

50 Q 10E-6 H

Load

100 pF T 50 pFJ,: 50 Q

Element 4 Element 3 Element 2 Element 1

el

Fig. 5.1 Ladder Network Example

T shuel s : EhoLors Je 2o LB LEE R [P
[Cadier Hekuork] wesistor
Freguencg= 1.E6 e
Load: =
heral Impedance
Enter: inikial Load ) TYFE OF USE £+t4 + [ENTER] OF [ESC]
Entering Load and Frequency Partial list of Element Choices

:M;“ Vigw | Opkse | Edit T-:-Fn:-j:l:v 5 Siver B
Edit Caracitor Ladder Mebwork
CFE:P l1el+ F t 1.E6
C?h 1 ara e ngglglegau El
1: Capacitor
%: énductgr
H SpaclLor
i mEaa
Enker: Capacikance (F) Enker: Ladder Element
Typical Edit Screen for an Element List of all the Ladder Components

Zin_ M Zin_t

T2/01-% T2/018

I2-T1_1 I2-11_=

Fout-Fint 513544 Fout-Fint . 102966

L2011 (L 355140, 23046 V201 f (- B23127-.AF322.

WZ-117: (51.9333-5.51436. VZ-117: (-16.9184+.554430

Fesult: Ineuk impgdance (52 Fesult: Ineuk impgdance (52

Output Screen at 1 MHz Output Screen at 10 MHz
EE Pro for TI-89.92 Plus 22
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=

Enter 1E6 for Frequency.

Enter 50 for Load.

3. Press [F7] to add the first element and move the highlight bar in the pull down menu to Capacitor and press

to display the input screen for the Capacitor. Select Parallel for Configuration of the capacitor and

enter the value 50E-12 for C. Press to accept the element data and press(F2] to return alisting of the

Ladder Network.

Move the highlight bar to 1: Capacitor and press[F7] to enter the second element in this circuit.

5. Move the highlight bar to Inductor to display the input screen for the new element. Choose Series for
Config and enter the value 10E-6 for L. Press(ENTER] to accept the value and press to update the ladder.
Enter the remaining two elements: a 100 pF (100E-12) capacitor in parallel and a 50 ohm resistor in series.

6. Press to calculate the results displayed in the output screen as shown above.

7. Todelete an element from the network, highlight it and press[Fg], the delete key.

N

e

To calculate the ladder network parameters at a second frequency of 10 MHz:

1. Press to return to the input screen.

2. Inthe Frequency field, type 10E6.

3. Press(F2] to calculate the results, as displayed in the output screen shown above.

Example 5.2
A transistor amplifier is shown in the figure below. The transistor is characterized by a base resistance of 2500
ohms, a current gain of 100 and is operating at a frequency of 10,000 Hertz. Figure 5.2 and 5.3 show the circuit

and its simplified form.
VCC

1L
IX

0.638 HF — 318 pF

Vs

Fig. 5.2 Transistor Amplifier Example

This schematic can be reduced to the ladder network that appearsin Fig. 5.3

I :
1\

I s “ J
0.638 pF l Load
6/9 1MQ 2500 Q 100! ~~ 318 pF 5K

Capacitor Resistor Current-controlled | Capécitor

b X F
el By i L;dd-zr Hekwork
Laddsr Mekwork i e WL
Fr*eguenca: 1 QEEE IZ2-01 8 ¢ A9 d—, DA S+
Loa Eaggc'-;' o IZ2-11 1 (98, FEda-9. 96687,
£i Lurrent Controlled I Bes i 138 5017, son.
3 TECEATE UE-110: ¢ -4538340+49334. 0
Enker: Ladder Element Fesult: Ineuk impgdance (52
Input Screen Output Screen
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1. Enter the frequency and load values:
Frequency: 10,000 Hz.
Load: 5000 ohms.
2. Enter the ladder elements in the following order:
Capacitor: Parallel, 318E-12.
Current-Controlled I: Enter 2500 ohms for RB and 100 for 3.
Resistor: Paralel, 1E6 ohms.
Capacitor: Series, 0.638E-6 farads.
3. Press[F2] to compute the results, which are displayed in the output screen above.

EE Pro for TI-89.92 Plus 24
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Chapter 6 Filter Design

This chapter covers a description of the software under the heading Filter Design. Three filter designs are included
in this section. Design computations result in the value of component elements comprising the filter.

Chebyshev Filter s Active Filter
Butterworth Filter

7
0‘0
7
0‘0

6.1 Chebyshev Filters

This section of the software computes component values for Chebyshev filters between equal terminations. Inputs
are termination resistance, pass band characteristics, attenuation at some out-of-band frequency, and allowable
passband ripple as shown in Fig. 6.1. The Chebyshev circuit elements are assumed to beideal, and are illustrated
below.

Odd Elements Even Elements
—|—
LowPass & LTI
High Pass R —
g LY. i¢

Ln

LN,
—
Band Pass Lsn Csn
ﬂ (%

Cpn
ST,
——
Band Lsn Csn

Elimination (

Cpn
Fig. 6.1 Chebyshev Filter Elements

Field Descriptions - Input Screen

Char: (Bandpass Characteristic) Press[ENTER] to select Low Pass, High Pass,
Band Pass, or Band Elimination.
R: (Termination Resistance in ohms) Enter areal number, or algebraic expression
of defined terms.
fO: (Cutoff Frequency in Hz - for Low Pass and High Pass) Enter areal number.
(Center Frequency in Hz - for Band Pass and Band Elimination) Enter areal number.
f1: (Attenuation Frequency in Hz) Enter areal number.
AdB: (Attenuation in dB) Enter areal number.
Bandwidth:  (Bandwidth in Hz - only appears for Band Pass or Band Elimination) Enter area number.
Ripple: (Pass Band Ripple in dB) Enter areal number.
EE Pro for TI-89, 92 Plus 25
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Field Descriptions - Output Screen

Elementl: (First element in parallel) Returns areal
number.

Element2: (Second element in series) Returns areal number.
ElementN: (nth element in series because N is always odd) Returns areal number.
Example 6.1

Design alow-pass Chebyshev filter with a cutoff at 500 Hz, a termination resistance of 50 ohm, 3 dB pass band
ripple, and a 30 dB attenuation at 600 Hz.

Fi Fz i F4 FE F&
Tanlsr ivard | Wigl | Oekse | Edik
|l:h-zlwshtu Filkgr
Cbaga Low FPass -
01 500 121553575
fi: &o@ Ld:1.2733E"2
adBr 30 o2, 95327e-S
Eipple:IE LE: 1. 228992
Craz.239%5e-5
Enker: Fass band rieels (4B Eesult: Filkgk elemenk
Input Screen Output Screen

1. Enter 50 for R, 500 for fO, and 600 for f1.
2. Enter 30 for AdB and 3 for Ripple.
3. Press(F2] to calculate the results displayed in the output screen above.

6.2 Butterworth Filter

This section computes the component values for Butterworth filters between equal terminations. Inputs are
termination resistance, pass band characteristics, and attenuation at some out-of-band frequency. The basic form
of the filter uses elements shown In Fig. 6.2 below:

R Element 2 Element 4
»o L 2
L1 M
Vs Element 1 Element 3 Element R
Odd Elements Even Elements

e (BT
Low Pass cn
Ln
HonPes (YT,

Ln
Lsn Csn
ST
—
Band i Lsn Csn
Elimination (
Cpn

Fig. 6.2 Elements for Butterworth Filter, basic design
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Field Descriptions - Input Screen

Char: (Bandpass Characteristic) Press[ENTER] to select Low Pass, High Pass, Band Pass, or
Band Elimination.

R: (Termination Resistance in Ohms) Enter areal number.

fO: (Cutoff Frequency in Hz - for Low Pass and High Pass) Enter areal number.
(Center Frequency in Hz - for Band Pass and Band Elimination) Enter areal number.
(Center Frequency in Hz - for Band Pass and Band Elimination) Enter areal number.

f1: (Attenuation Frequency in Hz) Enter areal number.

AdB: (Attenuation in dB) Enter areal number.

Bandwidth:  (Band width in Hz - for Band Pass or Band Elimination) Enter areal number.

Field Descriptions - Output Screen

Elementl: (First element in parallel) Returns areal number.
Element2: (Second element in series) Returns areal number.
Element3: (Third element in parallel) Returns areal number.
Element4: (Fourth element in series) Returns areal
number.

ElementN: nth element in series (if nisodd) or parallel (if N is even) Returns areal number.
Example 6.2

Design a 100 Hz wide Butterworth band pass filter centered at 800 Hz with a 30 dB attenuation at 900 Hz. The
termination and source resistance is 50 ohms.

¥

ae v | view | oetee | Edit
Eukterworth Filter
Char: Band Fass+
E: 5

adB: 3A
Eanchsidth: EELEE

Ld4:1.5
C4l2, 57452 -7
Enter: Eandwidth (HZ1 Fesult: Filtet glement

Input Screen Output Screen

Choose Band Pass for Char.

Enter 50 for R and 800 for fO, and 900 for f1.

Enter 30 for AdB and 100 for Bandwidth.

Press(F2] to calculate the results, which are displayed in the output screen above.

el

6.3 Active Filter

This topic covers computation of element values for the standard active filter circuits shown below. In each case,
five different elements are calcul ated.

)|
]
O
N
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PAl

Ca

. . c C.
High Pass Filter - |(1 + & —i>—
%RZ
CA'::' Rg
Band Pass Filter AV 53 —i>_
LAY o

Fig. 6.3 Active Filter Configurations

Field Descriptions - Input Screen

Type: (Filter Type) Press[ENTER] to select Low Pass, High Pass, or Band Pass.
fO: (Band Cutoff in Hz) Enter areal number or algebraic expression of defined terms.
A: (Midband Gain in dB) Enter areal number or algebraic expression of defined terms.
1
Q: (Quality Factor: Q =— = ﬁ where a is the peaking factor and  is the damping factor)
a

Enter areal number or algebraic expression of defined terms.

C: (Capacitor in F) Enter areal number or algebraic expression of defined terms.

Field Descriptions - Output Screen

Elementl: (First element) Returns areal number.
Element2: (Second element) Returns areal number.
Element3: (Third element) Returns areal number.
Element4: (Fourth element) Returns areal number.
Element5: (Fifth element) Returns areal number.
Example 6.3

Design a High Pass active filter with a cutoff at 10 Hz, amidband gain of 10 dB, a quality factor of 1 and a

capacitor of 1 pF.

Choose High

AwWdE

,f:\ View |Ortse | Edit ,f:\ View | optse |
Active Filker Active Filker
THpEd High Pasz+ At 10
fl: 1o Geo1
A: 10 c: 1.6
Ei}- Frsi +1578a1es
H . E "5 : . E
CC3: 1. &
CC4: 1.7
RRS: IEARE R
Enkgr: Capacikor F) Fesult: Fgsiskor & 0600

Input Screen

Pass for Type.

Enter 10 for fO and 10 for A.
Enter 1 for Q and 1E-6 for C.
Press[F2] to calculate the results are displayed on the screen above.

EE Pro for TI-89, 92 Plus
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Chapter 7 Gain and Frequency

This chapter covers the basic principles of circuit analysis using a transfer function model and plots the resulting
equations using the classical graphical representation often referred to as a Bode diagram for gain or phase:

Transfer Function
Bode Diagrams

7
0‘0
7
0‘0

7.1 Transfer Function

A transfer function is defined as the ratio of an output to its input signal and is generally modified by a network
between the two. In the classic sense, the transfer function is dependent upon the output and input definitions and
is represented by aratio of two polynomials of the complex frequency, s_. The roots of the numerator and
denominator polynomials are referred to as zeros and poles, respectively. Transfer functions can be defined by the
poles and zeros or