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Getting Started

This chapter shows you how to install and start using the capabilities of
the HP 82211A HP Solve Equation Library Application Card:

Installing the card.

m Trying one of the card’s applications.

Selecting from a catalog of application items.

Choosing unit options.

Starting applications.

An example helps you try out one of the card’s applications.

Installing and Removing the Card

The HP 48 has two ports for installing plug-in cards, designated port 1 and
port 2. Port 1is closest to the front of the calculator; port 2 is closest to
the back. You can install your application card in either port. (See the
HP 48 Owner’s Manual for detailed information about installing and
removing other types of plug-in cards.)

AT,

:

; i
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w You must turn off the calculator while you're installing or
: removing a plug-in card. Otherwise, all of user memory
Caution  could be erased.

Also, whenever you install or remove a card, the HP 48 executes a
system halt, causing the contents of the stack to be lost.

To install the application card, follow these steps:

1. Turn off the calculator. Do not press until you’ve completed the
installation procedures.

2. Remove the port cover at the top of the calculator by pressing down
against the grip area and then pushing in the direction shown below.
Removing the cover exposes the two plug-in ports.

NN

Q

?

3. Select an empty port for the card —you can use either port.
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4. Position the application card as shown. The triangular arrow on the
card must point down, toward the calculator. Make sure the card is
lined up properly with a port opening and not positioned half in one
port and half in the other.

5. Slide the card firmly into the port until it stops. When you first feel
resistance, the card has about 5 millimeters ('/, inch) to go to be
fully seated.

6. Replace the port cover by sliding it on until the latch engages.

To remove the application card, follow these steps:

ﬂ If you have a RAM card that contains merged memory in
your calculator and you want to remove it, you must free
Caution  the merged memory before removal. Failure to do so will
probably result in loss of data stored in user memory.
See the HP 48 Owner’s Manual for instructions.

1. Turn off the calculator. Do not press until you’ve completed
step 4.

2. Remove the port cover.

1: Getting Started 11



3. Press against the card’s grip as shown and slide the card out of the
port.

4. Replace the port cover.

Trying an Application

The application card contains six main applications. (Technically, each
application is called a library object.) Each application is described in a
chapter in this manual.

Equation Library (chapters 2 and 3).
Periodic Table (chapter 4).
Constants Library (chapter 5).

Finance (chapter 6).

Multiple-Equation Solver (chapter 7).
Utilities (chapter 8).

The following example illustrates how to start and use an application. (If
you have trouble trying the example, press [ATTN], then start again at the
sccond step.)

Example: Heat Conduction and Convection. Red Burns, a heat-
transfer specialist, wants to design a 2-square-meter window for a heat
chamber. The temperatures on the two sides of the window will be 120 °C
and 35 °C. He’ll use two layers of 0.5-cm glass separated by a layer of air.
He knows that the glass has a heat conductivity of 1.02 W/m‘K. The
effective conductivity of air is 0.03 W/m'K. He assumes the convective
coefficient of the air on each side of the window to be 5.5 W/m?K. What
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thickness of air does he need between the glass layers to limit the heat

transfer rate to 150 watts?

To prevent conflicts between variables for this problem and other
variables already existing in your current directory, create another
directory ELIB for this example. Then switch to the new directory.

(] (HOME]

[JELIB
[«q](MEMORY] CELIF
ELIE

Get the LIBRARY menu. (Optionally, review the application names.)

(«<9)[LIBRARY
(7] (REVIEW

HOME ELIB }

¢
3
3
V4

11 1 1 | |

COLIB :Constants Libr
FIN :Finance

MES tMult Eqn Solver
UTILS :Utilities

[EGLIE[PRTEL[COLIE[FIN _[HES [UTILS

Select the Equation Library to get its main menu.

EGLIE

HOME ELIE }

{
4
3
r4
1
EcNLlsoLvelmsoL] T 1

Start the application, then notice the catalog of available subjects. (If
%1 wmand UHITwe aren’t flagged with small squares, press each of the

corresponding menu keys once.)

EGHLI
( =1 ifneeded)
(UHITS if needed)

Fluxds
Forces and Energy
Gases

Heat Transfer 1
[ 51 s]ENGLIuNITE] |  JéuiT]
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Move the highlight to the “Heat Transfer” subject and select it, then
notice the catalog of available titles within this subject.

UL GEET e —
ermal Expansion

Conduction

Convection .
Conduct ion+Convect ion
Black Body Radiation
[z0Lt | BN J VRS ] PIC [#sTH] EXIT |

Move the highlight to the “Conduction + Convection” title, then look at
the “picture” of the conduction-convection problem.

ufufulul

ALl kL2l ¥

hi h3
q
ThEa e y]Te

LsOLv ] BN JWRkS | PIC JPICT] EXIT

Examine the variables involved in the calculations.

VHES E%NDLIJCTI?#%DNVECTIDN'
t len

) Ki: conductivity 1

(«l[v] ‘é% conguc%;u;%g g

AW 3 conductivity

(SO0LY | EGN [VRRS ] PIC J3STH] ERIT

Begin solving the problem. Notice the menu labels corresponding to the
variable names.

SoLy Conduct ion+Convect ion
4:
eH
]
L_al’ll TH JL T JL A L H1 [ H3 ]

Enter values for the known variables. Notice that the menu labels turn
black as you store the values.

h3: S5.5_W/(m"2%K>

2

5.5 (ENTER] [ENTER
PHL i HE O

—NIW -
s ss B8 w8

(WN@] Th | tc | h | W] 43 |
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Change to the next page of variables and enter known values.

[NXT] .5 [ENTER] [ENTER] k2: 83_W/(m*KD
L1 L3 | 4:
1 02llﬁﬂﬂi (ENTER] 3:
B RS %:
[ L1 [Wwm] 13 [ k1| k2 [ K3 |
Change to the third page of variables and enter the last known value.
[NXT] 150 @ q: 158_W
4:
3:
%:
(BNTHN| G ]| N L |

Change to the previous page of variables and solve for the unknown
thickness.

(«1)[PREV

HOME ELIE }

{
3
r4
1

L2: 2.27967914438_
|mmlsl:lmm,

Review the values of the variables shown in the current menu.

(«1][REVIEW E?ndugt ion+Convect ion
: .5_cm
tg 252?96?9 14438_cm
K1 1.2 W/ CmEKd
k2: 33 W/ Cm*K>
k3: 1.82_W-/(mxKD>

EIEIEIEIEI
Press [ATTN] to return to the stack display.

If you didn’t obtain the same value for L2, one or more of the variables

(This is discussed later in this chapter under “Workmg with and W1th0ut
Units.”)
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Using Applications
The following sections give general information about using the
applications:

m Selecting from a catalog of application items.

m Choosing options for units.

m Using directories to separate problems.

m Starting applications different ways.

Viewing and Selecting in a Catalog

A catalog is a special environment for selecting from or viewing a
collection of items.

Three of the applications (the Equation Library, the Periodic Table, and
the Constants Library) may ask you to select one item from several
choices. For example, in the Equation Library you can select one subject
from 15 choices. The application displays the choices as a catalog of
items — one line per item. A highlight marks one item. If a complete
catalog doesn’t fit in the display, arrows in the right margin indicate
additional items above or below the displayed items.

EQUATION LIBRARY
Highlight —3»

agnetism

Mot ion Arrows
Optics |

Oscillations 1
[ 51 s]ENGLIJuNITe] | [GUIT]

You can move the highlight through the catalog to see what’s included.
Leave the highlight on the item you want to select. The following table
lists the operations you can perform.
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Operations in a Catalog

Key Action

(4] Moves the highlight up through the catalog. (The
highlight can wrap around to the bottom.) [#](4]
jumps the highlight up one display. [*][4] jumps
the highlight to the top of the catalog.

v) Moves the highlight down through the catalog.
(The highlight can wrap around to the top.) [«q](V]
jumps the highlight down one display. [](¥]
jumps the highlight to the bottom of the catalog.

[a]... Jumps the highlight to the next line starting with
the alpha character you type, including lowercase
letter or special character. (The highlight can
wrap around to the top.)

Menu Keys | Perform their labeled functions, which depend
upon the application.

Performs a function that depends upon the
application. For an item that’s wider than the
display, shows the complete item — press
or to return to the catalog.

Exits from the application.

.# If you’ve set the Alpha Lock flag (flag —60) to set Alpha
Lock mode, then each time you use [a] to move the
Note highlight in a catalog, you must press [a] again to turn off
alpha lock. The keystroke examples in this manual assume
that flag —60 is clear (alpha lock is not automatically set).

The previous example shows how to select from a catalog.
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Working with and without Units

Three applications provide options for choosing how units are used —the
units type (SI or English) and the units usage (used or not used):

m The Equation Library lets you choose SI or English units, and it lets
you choose to use or not use those units.

m The Periodic Table always has SI units, but it lets you choose to use
or not use those units.

m The Constants Library lets you choose SI or English units, and it lets
you choose to use or not use those units.

The type of units you use (SI or English) affects the values returned by
these applications and affects the actual or implied units of your data. For
example, the universal gas constant R is 8.31451 J /gmolK in SI units and
10.7316 psi-ft3/Ibmol-°R in English units. (So the type of units may be
important even if you don’t use units.)

The usage of units (used or not used) affects whether units are appended
to values or not— it determines whether you work with unit objects or
real-number objects.

m If you use units in your calculations, conversion factors are
automatically applied as needed, and your results are more easily
interpreted.

m If you don’t use units in your calculations, processes such as solving
equations work faster, no conversion factors are applied, and you
must ensure that variables and the values returned by applications use
a compatible set of implied units. (See also “Using No Units with the
Equation Library” in appendix B.)

You can set the type of units withthe = =1 and EHGL menu keys
for the two applications. The Units Type flag (flag 60) retains your
current choice: clear for SI, set for English.

You can choose units used or not used with the UHITS menu key for the
three applications. UJHIT# means units used, UHI TS means units not
used. The Units Usage flag (flag 61) retains your current choice: clear for
units used, set for units not used.
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Using Applications in Subdirectories

You can often simplify your work if you organize your computations into
separate directories. This enables you to have fewer variables, equations,
and programs to manage at one time. For more information about
directories, see the “Directories” chapter in the HP 48 Owner’s Manual.

Alternatives for Starting Applications

Each application includes a set of commands related to the application.
These commands appear in the main menu for each application. You can
start these applications— or execute any of the related commands —in
several ways:

m Using the LIBRARY menu. (This method is used throughout this
manual — see the previous example.)

m Typing the command name.

m Using a custom menu that includes the command name.

m In User mode, pressing a key that has the command name assigned to
it.

Using the LIBRARY Menu. You can use the LIBRARY menu to
access an application. The LIBRARY menu lists the six main applications
in the card. To start an application or enter an application command,
follow these steps:

1. Press [\q][LIBRARY] to get the LIBRARY menu. The menu shows
the six application labels. (Press (\q)(REVIEW] to see the full names.)

IB tEquation Libr
?b :Periodic Table

EcLik[PRTEL[COLIE[FIN _[rES [uTiLs

2. Press the menu key for the application you want, such as FETEL.
The menu changes to the main menu for the application.
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3. Press the menu key for the command you want:

m To start an application, press the left menu key, such as
FERTE. (In the Utilities application, a game starts.)

m To enter or execute an application command, press its menu
key, such as MOLMWT. (The command in the left menu label
starts the application.)

The example earlier in this chapter shows how to start the Equation
Library using the LIBRARY menu.

Typing the Command Name. You can enter an application
command by typing the command in the command line. Each of the
applications has a command that starts the application.

For example, you can type EQNLIB to start the Equation Library.

Using a Custom Menu. You can assign an application command to a
menu key in the custom menu. Then you can use the command by
pressing that menu key while the custom menu is displayed. (For more
information see the “Customizing the Calculator” chapter in the HP 48
Owner’s Manual.)

For example, you could put EQNLIB and PERTBL in a custom menu.
Then you could start the Equation Library or Periodic Table by pressing
and ERHLI or FERTE.

Using an User-Mode Key Assignment. You can assign an
application command to any unshifted or shifted key. Then you can use
the command by changing to User mode and pressing that key. (For
more information see the “Customizing the Calculator” chapter in the
HP 48 Owner’s Manual.)

For example, you could assign MSOLVR to the [][SOLVE] key. Then
you could start the Multiple-Equation Solver by pressing [+3][USR]
(] .
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Equation Library

The Equation Library is a collection of equations and commands that
enable you to solve typical science and engineering problems. The library
consists of more than 300 equations grouped into 15 technical subjects
containing more than 100 problem titles. Each problem title contains one
or more equations that help you solve that type of problem.

This chapter shows you how to do the following:
m Use the Equation Library from the keyboard.

m Get information about the equation sets.

m Use the underlying HP Solve and Multiple-Equation Solver
applications.

m Use Equation Library commands.

m Access the Equation Library from a program.

A complete list of equation subjects and titles is contained in chapter 3,
“Equation Reference.”

When you solve problems using the Equation Library, the application uses
the same numeric root finder that’s used by the HP Solve application,
which is built into the HP 48. This manual assumes you’re familiar with
the operation of the HP Solve application. If necessary, read the

“HP Solve Application” chapter in the HP 48 Owner’s Manual.
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Solving a Problem with the Equation Library

Many scientific and technical problems involve determining numeric
values for one or more unknown variables. Often these problems are
solved using one or more equations that relate the unknown variables to
known variables —but the task of solving for the unknown values is
sometimes difficult.

The Equation Library provides a convenient method for solving more
than 100 types of problems. Follow these steps for solving a problem using
the Equation Library:

1. Get the LIBRARY menu and start the Equation Library by
pressing (1] [LIBRARY] EGLIE EGHLI.

2. Set the options you want by pressing the menu keys. ( 51 =
indicates SI units, ' EHG# indicates English units, UHITs
indicates units used, and UHITS indicates units not used.)

3. Highlight the subject you want, then press [ENTER].
4. Highlight the title you want.

5. Optional —if you want to find out more about the equations in this
set, press other keys as described under “Getting Information about
Equation Sets” later in this chapter. You may want to do this to
change the units of variables (see “Choosing Unit Options” later in
this chapter).

6. Press S0OLY to start solving the problem.

7. For each known variable, type its value and press the corresponding
menu key. This stores the value. Press to see additional
variables and to enter additional values.

8. Press [\ followed by a menu key to solve for that variable. If the
equation set contains more than one equation, you can press
[\) ALL  to solve for all remaining unknown variables — the
variables not defined by you.

During this procedure, when you press  S0LY to start solving a
problem, the Equation Library uses one of two methods for finding
solutions. The number of equations in the set determines the method for
solving them:

m If the set contains only one equation, the HP Solve application built
into the HP 48 finds solutions.
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m If the set contains more than one equation, the Multiple-Equation
Solver included in the application card finds solutions. (The
Multiple-Equation Solver finds its solutions using the same root
finder as the HP Solve application.)

If you expect to solve different types of problems, you should consider
creating separate directories for each type. This minimizes conflicting uses
of variable names and units among the sets of equations. (For more
information, see “Avoiding Variable Conflicts” later in this chapter and
“Using Applications in Subdirectories” in chapter 1.)

Example: Using the Equation Library. You estimate that Juergen
Kickbacker kicked a ball at an elevation angle of 55 degrees. It landed 60
meters away. At what velocity did he kick it? What was the ball’s height at
the halfway point? (Ignore the effects of drag on the ball.)

Get the LIBRARY menu and start the Equation Library. (If &SI =
and UHITa aren’t flagged with small squares, press each of the
corresponding menu keys once.)

(](CLR]
(«2][LIBRARY]
EQLIBEQHLI

( 51  if needed)
(IHITS if needed)

Forces and Energy
Gases

Heat Transfer 1
[ 51 s[ENGLfuNITS] |  Joum

Select the “Motion” subject, then the “Projectile Motion” title.

@M@ MOTION
v ) L1near' Mot ion

FrDJertlle Mot1un
Hngu 10N
ercular Motxon
Terminal Velocity 1
(oL | BN [unks] PIC J*sTH] ERIT

Look at the picture that describes the problem.
PIC

Ls0Ly | BN [MARS ] PIC J*PICT] ERIT
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Start solving the problem.

SOLY Projectile Motion
4:
EH
2
1:
R CEICr ICy JCee JC_)

Enter known values. Define x0 and y0 as 0. (Notice that the menu labels
turn black as you store values — this reveals that the Multiple-Equation
Solver is being used to find your solutions.)

o ILvx 1Ly Il T KNS

1: vB: 25.82321 196?_m/|
IESDEDEIEII

Recall the range, divide by 2 to get the halfway distance, and enter that as
the x-coordinate.

) E x: 30_m
2 [z (NXT] (NXT] | i 3

2

1: vB: 25.823211967_m~
“ml'Il:l

Solve for the height y. Notice that the Multiple-Equation Solver finds
values for other variables as required to solve for the specified variable.

12 y: 21,422220101_m
[ s & s] 0| WEAC] w0 e[ M|

Solve for the velocity v0.

@

This example continues later in this chapter.
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Getting Information about Equation Sets

When you select a subject and title in the Equation Library, you specify a
set of one or more equations. You can get the following information about
the equation set from the Equation Library catalogs:

m The equations themselves and the number of equations.
m The variables used and their units —you can also change the units.

m A picture of the physical situation (for most equation sets).

The following diagram shows how to get to the equation information.
Note that you can switch among the information displays without
returning to the catalog of titles. (See “Viewing and Selecting in a
Catalog” in chapter 1 for details about using catalogs.)

Ob e 0 e Fa
Froject1le Hotion

9 -/ otion
ircular Motion

erminal Yelocit 4
mmﬂn‘

ENTER EQN NXEQ VARS PIC

ey

— K
T IS T S S

'ymgBtuy st +1/2%89#L 2"
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Viewing Equations

After you select a subject and title, you can view each equation in the set.
All equations have a display form — some equations also have a
calculation form. The display form gives the equation in its basic form —
the form youd see in books. The calculation form includes adjustments
for universal constants, unit manipulation, function substitution, variable
ranges, and calculation speed. (If there is more than one equation, the
number of equations appears in the upper-left corner of the equation
display. If the equation has a calculation form, an #* appears there.)

Operations for Viewing Equations

Key Action Example
EGH Shows display form of current or B_,L-B ol
or next equation in EquationWriter 2emer

H®ER | format. (This may take from
several seconds to a minute or
more.)

Shows display form of current or | 'E=¢( p@#pr#1 3¢
next equation as an algebraic ZxmErD !
object. or (V] shows the
next equation, [A] shows the
previous.

SSTE Shows calculation forms by "E=IFTECr<ru,
putting a list containing the COMSTCpBo % pr*1
current set of equations inlevel 1 | #r-(2xw#rw™23,
of the stack. (You can use COMSTCpBispr+]
OBJ— to separate the list into SC2FETErFID
individual equations.)

If you want to add, delete, or edit an equation, see “Changing the
Equations” later in this chapter.

26 2: Equation Library




Example: Viewing Equations. Look at the equations for “Hooke’s
Law,” included in the subject “Forces and Energy.”

Get the library menu and start the Equation Library.

(1] [LIBRARY
EGLIE
EGHLI

Forces and Energy
Gases

Heat Transfer !
[ 21 s[ENGLfuNITa] |  Joui |

Select “Forces and Energy,” then highlight “Hooke’s Law.”

¥ MM

MMM

FORCES AND ENERGY
Linear Mechanics
Angular Mechanics

astic Collisions
Drag Force i
[Z0LV] ECN | URRS | PIC [ #3Th] EXIT ]

View the first equation as an algebraic object. Notice that there are two
equations in the set, but no calculation form for this equation (no # after

the equation number).

ENTER

View the second equation.

L4

(S0l [ ECGN [ WRRS ] PIC [#3TH] EXIT |

2 OF 2

'W=—1/2%k¥x"2"

L0l | BN JYARS | PIC [#3Th] EXIT ]

View this equation in EquationWriter format.

EGH

[S0LY [NHER[WARS ] PIC J3STH] ERIT ]
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This example continues later in this chapter.

Viewing Variables and Selecting Units

After you select a subject and title, you can view the catalog of names,
descriptions, and units for the variables in the equation set. You can also
change to SI or English units and to units used or not used.

Operations in Variable Catalogs

Key Action

YARS : Catalog of variable names and descriptions.

Moves the highlight up or down the catalog (also

(4]
v («a) and ().
[a]... Jumps the highlight to that alpha line.

NXT Changes to the catalog of names and units (see
below).

Menu Keys | Show other equation information.

ENTER Shows the equation in algebraic form.
Eall Returns to the catalog of titles.

YARS [NXT): Catalog of variable names and units.

(a) Moves the highlight up or down the catalog (also
] [« and ().
[a]... Jumps the highlight to that alpha line.
1 u Indicates Sl units are active.
EHGe Indicates English units are active.
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Operations in Variable Catalogs (continued)

Key Action
UHITw Indicates units are used.
UHITS Indicates units are not used.
VAR Creates or changes all equation variables to have

indicated unit type and usage — even if existing
variables don’t contain real or unit objects.

FURG Purges all equation variables for this title in the
current directory.
NXT Changes to the catalog of names and descriptions
(see above).
ENTER Shows the equation in algebraic form.
EXIT Returns to the catalog of titles.

If you want to change how units are used with the equations, press the
corresponding  =I | EHGL ,or UHITS menu key. For information
about the effects of units, see “Choosing Unit Options” later in this
chapter.

Example: Viewing Variables. This example continues from above,
finding out about the equations for Hooke’s Law.

View the catalog of variable names and descriptions.

VAHES all
: t st

k
x .
E spring force

work

[s0Lv | EaN [WRRS ] PIC [#5TH] ERIT |

View the catalog of names and units.

NXT

UNIT s] 34iF [PURG | EXIT ]
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Change the units to English—just to see the effect.
EHGL

in
1bf
ft*

1bf

51 [ENSa[UNITa] +WiF [PURS | ERIT |

Press 51 and to change the units back to SI and to return to
the catalog of descriptions. This example continues later in this chapter.

Viewing the Picture

After you select a subject and title, you can view the picture of the
problem — but only if the title has a picture.

To see the picture, press | FIC . While the picture is displayed, you can
do the following:

m Press #FICT to store the picture in PICT, the graphics memory—
then you can use GRAPH ([¥q)(GRAPH])) to view the picture after
leaving the Equation Library catalogs.

m Press the menu keys or [ENTER] to show other equation information.
For information about displaying and manipulating graphics objects, see

the “More About Plotting and Graphics Objects” chapter in the HP 48
Owner’s Manual.

Example: Viewing the Picture. This example continues from above,
finding out about the equations for Hooke’s Law.

View the picture for this set of equations.

b1

Zké-F
2> X

(0L | EN [ kS| PIC [+PICT] ERIT |
Press [ATTN] to exit from the Equation Library.

30 2: Equation Library



Using the Solver

When you select a subject and a title in the Equation Library, you specify
a set of one or more equations. Then, when you press  SOL Y ,you leave
the Equation Library catalogs and start solving the equations you’ve
selected.

When you press  S0LY in the Equation Library, the application does
the following:
m The set of equations is stored in the appropriate variable: EQ for one
equation, EQ and Mpar for more than one equation. (Mpar is a
reserved variable name used by the Multiple-Equation Solver.)

m Each variable is created and set to zero—but only if it doesn’t
already exist.

m Each variable’s units are set to the conditions you specified —SI or
English units, and units used or not used —unless the variable already
exists and has units dimensionally consistent with what you specified.

m The appropriate solver is started: the HP Solve application for one
equation, the Multiple-Equation Solver for more than one equation.
(The number of equations in each set is given in its description in
chapter 3.)

Using the Menu Keys

The actions of the unshifted and shifted variable menu keys for both
solvers are identical. Notice that the Multiple-Equation Solver uses two
forms of menu labels: black and white. The key shows additional
menu labels, if required. In addition, each solver has special menu keys,
which are described in the following table. You can tell which solver is
started by looking at the special menu labels. (Or you can check the
title — the title for a library equation in the HP Solve application starts
with EG:))
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Actions for Solver Menu Keys

Operation HP Solve Multiple-Equation
Application Solver

Store value

Solve for value [«

(«a)
Recall value a3

)
Evaluate equation EXFE=
Next equation HAER
(if applicable)
Undefine all HLL
Solve for all (¢v) HLL
Progress catalog () ALL
Set states MUSE

MCHL

Information about each solver is given later in this chapter.

Returning to the Solver

If you change to other menus while using the solver, you can resume the
solving process where you left off:

m To resume the HP Solve application, press [*](SOLVE].

m To resume the Multiple-Equation Solver, execute MSOLVR
((«)[LiIBRARY] ERLIE HEOL or [\][LIBRARY] HEZ
MSOL ).

To interrupt the solution process, press [ATTN].

The following three topics give general information about the three steps
for solving equations.
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Step 1: Entering Known Values

To enter a known value for a variable, type the value and press the menu

key for the variable. For example, press 12.34
units as the value of x0.

0 toenter 12.34

The Equation Library interprets your input according to the unit choices

you’ve set — usually the same as the current units in the variables. When

you press a variable menu key to store a value, the Equation Library does
the following:

= If you enter a number without units, the variable value is set to the
number, and the current units are appended, if any.

m If you enter a number with units (a unit object), the input value and
units are stored in the variable. You can do this to change the units
for the variable. You should be careful that the units you use are
consistent with the default units for the variable —see “Working with
and without Units” in chapter 1.

.# Certain Equation Library variables use units for “cyclic”
measure. Such units separate into two types: “angular”
Note units (degrees, radians, and grads) and “rotational” units

(cycles and revolutions, as in Hz and rpm). Because these
units are all dimensionless, the HP 48 incorrectly converts between these
two types, though it correctly converts within one type. If you enter a unit
object for a variable with “cyclic” units, you must use units of the same
type as the default units for that variable (“angular” or “rotational”). For
example, don’t try to mix r/s and rpm.

If you want to change your unit choices after starting the solver, see
“Choosing Unit Options” later in this chapter.

If you accidentally enter a value in the wrong variable and its menu label
turns black, you should change the label back to white — unless you intend
to enter a value for that variable too. To make the label white, press [],
the menu key, and HMCHAL (on the last menu page).

Don’t enter values that are algebraic objects containing other equation
variables — unknown variables could be used as known variables. If such
relationships do exist, include them as additional equations — see
“Changing the Equations” later in this chapter.
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Step 2: Supplying Guesses (Optional)

You can supply deliberate guesses for a variable you want to solve for.
This can speed the solution process or focus on one of several possible
solutions, such as for equations involving trigonometric or polynomial
expressions. You can minimize the chance of finding undesirable values by
supplying guesses for variables with more than one possible solution.

You can supply one guess or a list of two or three guesses. The HP 48 root
finder uses the guess to define where it initially searches for a solution—
for more information see the “HP Solve Application” chapter in the

HP 48 Owner’s Manual.

To supply one guess for a variable, type the value and press the menu key
for the variable. If you’re using the Multiple-Equation Solver, see the special
note below.

To supply two or three guesses (a range) for a variable, press [q][{ 3],
type the values (one of them must include units that are consistent with
the default units for the variable, if any), press [ENTER], then press the
menu key for the variable. If you’re using the Multiple-Equation Solver, see
the special note below.

.J If yow're using the Multiple-Equation Solver, the menu
label turns black when you store a guess this way. You must
Note show that this is a guess, not a known value, in one of these
ways:

= Solve for only this variable by pressing (€] followed by
the menu key for the variable.

m Change the menu label to white by pressing (], the
menu key for the variable, and MCZAL (on the last
menu page).

An example of supplying guesses is included under the next topic.
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Step 3: Finding the Solution

To solve for a variable, press (4] followed by the menu key for the
variable. If you’re using the Multiple-Equation Solver, you can solve for
all remaining variables that you didn’t define as “known” — press

(\) ALL .

For example, press [q] " to solve forx0—or press [\) ALL to
solve for x0 and other unknown variables.

The solver automatically treats the current value of a variable as a guess if
it needs to solve for the variable. Initially, all variables created by the
Equation Library have values of 0 (with appropriate units). If a variable
already existed, or if a variable was found during a previous solution, the
variable may have a nonzero value.

See “Using the HP Solve Application” and “Using the Multiple-Equation
Solver” later in this chapter.

Example: Supplying Guesses. Consider the example at the
beginning of this chapter —Juergen kicking the ball. After finding that
solution, you want to find the lower vertical angle that would have
produced the same 60-meter range, assuming the initial velocity is the
same. (The following steps assume you tried only the examples in this
chapter.)

Clear the stack, then restart the Multiple-Equation Solver and review the
current variable values.

(>](CLR]

((«2)[CIBRARY] EL IE if needed)
MzOL

(«)

Projectile Motion
x@: B_m
x: 30_m

ya: B_m
3: 21.422220101_m
@: S5_.°

[0 ] i o] vo o SEEC] o o SEEN]

Recall and save the solved velocity as a user-defined value — otherwise,
this value won’t be “known.”

(NXT) () Wi w VBt 25.023211967_m/s
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Store the guesses 0° and 45° in 80 — otherwise, the original value will be
found. Then review the current variable values again.

@Y
(©)[ONITS] (NXT) [NXT) AMGL

o) = 45
() [CAST MENU] [NXT] (NXT)

Projectile Motion
x@: B_m
X: 38_m

yd: B_m
g: 21.422220181_m
B: { B8_" 45 >

80 _
() [REVEW [ a0 | & | v [EEEE] oo | ]
Solve for the lower angle.
(@) 1: B6: 35.0060000063_°

Lo | & [ vo |SSE ST S

This example continues later in this chapter.

Using the HP Solve Application

The Equation Library starts the HP Solve application if the equation set
contains only one equation.

When the Equation Library starts the HP Solve application, it first stores
the library equation and a list of variables in EQ. The list of variables
defines the HP Solve menu labels.

The menu labels for the variable keys are white —and they remain
unchanged throughout the solution process. (This differs from the menu
labels for the Multiple-Equation Solver.) In addition, you can use
EXFE= to verify the solution and (] [REVIEW] to view variable values
and units.

The HP 48 Owner’s Manual describes how to use the HP Solve
application — see the “HP Solve Application” chapter in that manual to
get details about finding solutions, supplying guesses, and interpreting
results.

See “Solving a Sequence of Problems” and later topics in this chapter for
additional information about using the Equation Library.
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Using the Multiple-Equation Solver

The Equation Library starts the Multiple-Equation Solver if the equation
set contains more than one equation.

When the Equation Library starts the Multiple-Equation Solver, it first
stores a list of the equation set in EQ and stores the equation set plus
additional information in Mpar.

You can get other information about the Multiple-Equation Solver in
chapter 7, “Multiple-Equation Solver.”

Controlling Variables

Because a solution involves many equations and many variables, the
Multiple-Equation Solver must keep track of variables that are user-
defined and not defined —those it can’t change and those it can. In
addition, it keeps track of variables that it used or found during the last
solution process.

The menu labels indicate the states of the variables. They’re automatically
adjusted as you store values and solve for variables. You can check that
variables have proper states when you supply guesses and find solutions.

Interpreting the Menu. The menu labels for the variable keys are
white at first —they change during the solution process as described
below. (This differs from the behavior of the HP Solve menu labels.)

2: Equation Library 37



Meanings of Menu Labels

Value x0 not defined by you and not used in the
last solution—it can change in the next solution.

Value x0 not defined by you, but found in the last
solution — it can change in the next solution.

HOo Value x0 defined by you, but not used in the last
solution— it can’'t change in the next solution
(unless you solve for only this variable).

#0 m Value x0 defined by you and used in the last
solution— it can’t change in the next solution
(unless you solve for only this variable).

Notice that = marks the variables that were used in the last solution —
their values are compatible with each other. Other variables may not have
compatible values because they weren’t involved in the solution.

If you move to another directory or change Mpar, the solver menu
changes accordingly. If a valid Mpar exists, the menu changes to match the
current Mpar. If a valid Mpar doesn’t exist, the MTH menu is displayed.

Changing Label Colors and Variable States. The menu label
colors indicate the states of variables — they normally change to the
proper state automatically. You can change the state of one or more
variables using the MUSER and MCALC commands ( MIJSE and
MCHL in the last page of the solver menu). You may need to do this
while supplying guesses or altering the problem.

To change a variable to user-defined (black menu label), press [], press
the menu key for the variable, then press MUSE — or recall and store its
value ([2) 507 TTHT ™),

To change a variable to not defined (white menu label), press [, press the
menu key for the variable, then press HCHL — “calculated” value. You
can change all variables to not defined by pressing | ALL .

To change the states of several variables, press [9][{ 3], press each
variable key, press [ENTER], then press 'HIUSE or "HCHL .
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If you use to enter a value for a variable, the variable state doesn’t
change, default units aren’t appended to the value, and the relationships
marked by = become invalid.

Interpreting Results

The Multiple-Equation Solver solves for variables by repeatedly looking
through the set of equations for one that contains only one variable that’s
“unknown” (not user-defined and not found by the solver during this
solution) —then it uses the HP 48 root finder to find that value. It
continues eliminating “unknown” variables until it solves for the variable
you specified — or until it can’t solve for any more variables. Each time
the Multiple-Equation Solver starts solving for a variable, only the
variables with black menu labels are “known.”

Checking Progress. During the solution process, the Multiple-
Equation Solver shows the variable it’s currently solving for. It also shows
the type of root found by the HP 48 root finder (zero, sign reversal, or
extremum) — or the problem if no root is found (bad guesses or
constant). (You can watch the iterations if you press any key except
during the root-finding process. For more information about the
root finder, see the “HP Solve Application” chapter in the HP 48 Owner’s
Manual.)

The following messages indicate errors in the problem setup:

m Bad Guessdesy. Units may be missing or inconsistent for a
variable. For a list of guesses, at least one of the list elements must
have consistent units.

®m Too Many Unknowns. The solver eventually encountered only
equations having at least two unknowns. Either enter other known
values, or change the set of equations — whichever is appropriate for
your problem. See “Changing the Equations” later in this chapter.

m Constant ? The initial value of a variable may be leading the root
finder in the wrong direction. Supply a guess in the opposite direction
from a critical value — if negative values are valid, try one.
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Checking Solutions. The variables having a = mark in their menu
labels are related for the most-recent solution —they form a compatible
set of values satisfying the equations used. The values of any variables
without marks may not satisfy the equations because those variables
weren’t involved in the solution process.

If any solutions seem improper, check for the following problems:

m Wrong units. A known or found variable may have units different
from those you assumed.

m No units. If you'’re not using units, your implied units may not be
compatible among your variables or with the implied units of
constants or functions. The current angle mode sets the implied units
for angles.

= Multiple roots. An equation may have multiple roots, and the solver
may have found an inappropriate one. Supply a guess for the variable
to focus the search in the appropriate range.

m Wrong variable states. A known or unknown variable may not have
the appropriate state. A known variable should have a black menu
label, and an unknown variable should have a white label.

m Inconsistent conditions. If you enter values that are mathematically
inconsistent for the equations, the application may give results that
satisfy some equations, but not all. This includes over-specifying the
problem, for which you enter values for more variables than needed
to define a physically realizable problem —the extra values may
create an impossible or illogical problem. (The solution satisfies the
equations the solver used, but the solver doesn’t try to verify that the
solution satisfies all of the equations.)

= Not related. A variable may not be involved in the solution (no = in
its menu label), so it’s not compatible with the variables that were
involved.

® Wrong direction. The initial value of a variable may be leading the
root finder in the wrong direction. Supply a guess in the opposite
direction from a critical value — if negative values are valid, try one.

You can evaluate solutions by using the HP Solve EXFF= menu key to
calculate the values of the left and right sides of each equation. You can
run the HP Solve application ([](SOLVE]) using the list of equations in
EQ and step through the equations one at a time —see “Using the
HP Solve Application with Several Equations” later in this chapter.
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You can also plot the relationship between two variables as a check of
your solution— see “Plotting Equations” in chapter 7.

Checking the Process. The Multiple-Equation Solver provides a
“progress catalog” that describes the last solution process. This catalog
lists variables, equations, and values in the order they were used or found.
To view the progress catalog, press [] ALL .

Operations in the Progress Catalog

Key Action
(4] Moves the highlight up or down the catalog (also [+]
(v] and [*]).

[a]... Jumps the highlight to that alpha line.

VAL Um Shows the values found.
ECHa Shows the equations used to solve for the variables.
FRINT Prints the progress catalog (values and equations).
EXIT Returns to the Multiple-Equation Solver menu.

ENTER Shows a wide (.. .) item completely — press [ENTER] or
ATTN] to return to the catalog.

Returns to the Multiple-Equation Solver menu.

Example: Checking the Progress Catalog. This example
continues from above — Juergen kicking the ball. Check the progress
catalog for the last solution.

View all found values in the progress catalog.

NXT
() ALL
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View all equations used in the solution.

EGHE

VALUE[ENe[PEINT] | | EWIT |

Press E#IT to exit from the catalog. This example continues later in
this chapter.

Altering the Problem

You may occasionally want to re-solve a problem using different known
conditions. To do this, follow these steps:

1. Enter any new, known values.

2. Check that all “known” variables have black menu labels and all
“unknown” variables have white menu labels —except, if you intend
to solve for only one variable, its state doesn’t matter. If necessary,

change variable states— see “Controlling Variables” earlier in this
chapter.

3. Solve for one or more unknown variables.

See the example under “Step 2: Supplying Guesses” earlier in this
chapter.

Using the HP Solve Application with Several
Equations

After starting the Multiple-Equation Solver, you can start the HP Solve
application ([®][SOLVE]) to work with the set of equations already stored
in EQ. This enables you to do the following:

m Solve one equation at a time. Press HHE®X to change from one
equation to the next.

m Verify the solution by evaluating the left and right sides of the
equation. Press EXFR= to put the left and right values on the stack.
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Solving a Sequence of Problems

Often you can separate a complex problem into a sequence of simpler
problems. For example, you might be able to consider a compound optical
structure as a series of individual lenses and reflectors. Then you could
use the Equation Library to find a solution for the first element, and apply
that result to the next element.

The Equation Library usually uses compatible variable names and units
for related sets of equations. The results of one solution may be preserved
and be directly applicable to the next set of equations.

Choosing Unit Options

Each equation set has two types of default units: SI and English. You can
choose either type. You can also choose to use or not use units. For
certain sets of equations that use constants from the Constants Library,
the type of units determines the numeric values of the constants—so the
type of units may be important even if you don’t use units. (See “Working
with and without Units” in chapter 1.)

If you choose not to use units, no unit conversions are performed —you
must ensure that all variables use a compatible set of implied units. (See
also “Using No Units with the Equation Library” in appendix B.)

If you want to change your unit options after starting the solver —if
variables already exist with different (but consistent) units —just changing
the unit options is not sufficient. You must impose your new choices. You
can use #YAFR in the unit catalog. This creates or changes equation
variables so they all have units of your new choices — SI or English units,
and units used or units not used.

1. Restart the Equation Library and select the subject and title.
2. Press YHAERS to get the units catalog.
3. Select your new unit options.

4. Press *%HE to force the variables to the new unit options.

2: Equation Library 43



l# If you choose not to use units, your results for many
equation sets may seem incorrect. This can be caused by
Note units that aren’t compatible among the variables or with the
implied units of constants or functions. See “Using No
Units with the Equation Library” in appendix B.

Example: Changing Units. This example continues from above —
Juergen kicking the ball. The earlier solutions involved units —you could
have used velocities in km/hr instead of m/s. Change the setup to use no
units (SI units implied). (Note that you must still specify SI or English
units because the value of acceleration due to gravity depends upon this
option.)

Review variable values to see that units are included.

[«7) [REVIEW

Projectile Motion
g: 25.823211967_m-s
X: B_m/s
y:

B_m/s
2.89819545283_s
60_m

L
[0 o] BTN MU0 (W] sf fLL |

DA+ LCC

Get the unit catalog for these equations.

(«)[CIBRARY) EGLIE EGHLT

MV
™ ™
MARS [NXT

1
L 31 s[ENGLJUNIT ] 3¥F [PURG | EXIT |

Set the unit options to SI units ( 1 ) and units not used (LHIT%).
Then force the variables to have the new unit options.

UHITs=
fiandt

1

[_51_s[ENSL[UNIT: ]+ vak [PURS | ERIT |
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Return to the solver menu and review the variable values. Note that the
units are gone.

ATTN ' Pro ect ile Mot ion
Ux:
-_REV|EW vy: @
=) i ? 2,09019545263

ALL
[0 WCT| U (W] F a] GLL ]

Changing the Equations

Occasionally you may want to add, delete, or edit an equation in a set of
equations from the Equation Library:

= You might add an equation if all equations in the set have at least two
“unknown” variables for your problem. You can often derive an
equation by combining other equations algebraically to eliminate
“unknown” variables.

® You might want to impose additional constraints on variables by
relating them to each other or by making them constant without
entering values.

You can’t change the application itself — the contents of the application
card are permanent — but you can change the equations in EQ. To
change EQ and run the Multiple-Equation Solver, follow these steps:

1. Select the subject and title from the Equation Library.
2. Edit EQ to create the desired list of equations:

= If you're viewing an Equation Library catalog (you haven’t
started the solver yet), you can press #3TK  GUIT  edit the
equations, then store the revised list of equations in EQ
((Q)[SOLVE] STEE or HEMW ).
m If you've started the solver, you can press [(][SOLVE] ELEG ,
then edit the equations.
3. Get the Multiple-Equation Solver menu ([€][LIBRARY] HMEZ ).

4. Use MINIT (MIHIT) to update Mpar (the multiple-equation
variable) according to the new EQ.

5. Press MSOL to start the Multiple-Equation Solver.
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Avoiding Variable Conflicts

If you use several sets of equations from the Equation Library, you may
occasionally find the same variable name used in more than one set. This
can cause problems or confusion because each set assumes the variable
contains its value. You can avoid this conflict by using separate directories
for each problem. Note that a conflict can be caused by a variable in the
current directory or in a higher directory.

If a set of equations needs a variable whose name already exists in the
current directory (or in a higher directory, such as HOME), the units for
the new and existing variables are compared for dimensional consistency.
They're consistent if they describe the same type of measurement, such as
velocity or temperature, or if there are no units for both variables — they
need not be identical units. Otherwise, the units are inconsistent.

The Equation Library uses existing values and existing units as often as
possible. This makes it possible to share data among equation sets.
Variables are found and recalled “globally” (from current and higher
directories) and are stored “locally” (in the current directory).
Specifically, the application responds this way just before it starts the
solver:

m If the variable exists in the current directory, then

m If its units are consistent with the units of the new variable, the
old value and old units are used by the equations.

m If its units are not consistent with the units of the new variable,
the Equation Library changes the variable to the old value and
new units.

m If the variable exists in a higher directory, then

m If its units are consistent with the units of the new variable, the
old value and old units are used by the equations. But if the
variable needs to change, a new variable is created in the current
directory with the new value (and units, if specified).

m If its units are not consistent with the units of the new variable,
the Equation Library creates a new variable in the current
directory with the old value and new units.

m If the variable doesn’t exist, the Equation Library creates it in the
current directory with zero value and specified units, if any.
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Using Equation Library Commands

The Equation Library includes three commands that you can execute
from the menu, in the command line, and in programs. You can view the
command names by pressing [¢q][LIBRARY] EGL IE [¢](REVIEW].

Equation Library Commands

Key Programmable Description
Command
EGHLI EQNLIB Starts the Equation Library. It doesn’t
affect the stack.
SOLYE SOLVEQN Sets up and starts the appropriate

solver for the specified set of
equations (subject and title),
bypassing the Equation Library
catalogs. It sets EQ (and Mpar for
more than one equation), chooses the
units type according to the Units Type
flag (flag 60: Sl if clear, English if set),
chooses to use or not use units
according to the Units Usage flag
(flag 61: used if clear, not used if set),
and starts the appropriate solver. |t
takes the subject number from level 3,
the title from level 2, and a “PICT”
option from level 1, and it returns
nothing. (Subject and title numbers
are listed at the start of chapter 3. If
the “PICT” option is 0, PICT is not
affected — otherwise, the equation
picture is copied into PICT.)
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Equation Library Commands (continued)

Key Programmable Description
Command
HMs0L MSOLVR Gets the Multiple-Equation Solver

variable menu for the set of equations
defined by Mpar. It doesn't affect the
stack. (Note that Mpar is not
automatically updated when you
revise EQ.)

Programming with the Equation Library

You can access the Equation Library from a program by using the
Equation Library commands:

m Execute SOLVEQN to return control to the keyboard and solve the
set of equations specified in levels 3 and 2 (subject and title
numbers — see chapter 3) —the “PICT” option is in level 1. The
current states of the Units Type and Units Usage flags (flags 60 and
61) define how units are used.

m Execute MSOLVR to return control to the keyboard and solve the set
of equations specified by Mpar.

If you want a program to continue after you find the solution from the
keyboard, you should include a HALT command after the Equation
Library command. Then after you find the solution, you can press
[«9)[CONT] to resume program execution.

Example: Equation Library in a Program. Red Burns wants
quicker access to the “Conduction + Convection” equations under the
“Heat Transfer” subject. He wants to use SI units each time.

From the first table in chapter 3, the equations are under subject 6 and
title 5. Enter the following program that starts the solver for that set of
equations, then assign it to a custom menu key.

o

CF &1

£ G CF & 5 8 SOLVEGRH =
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Clear the stack and get the main Equation Library menu.

(]([CLR]
(\)(LIBRARY] ERLIE

Enter the program.

@)« »]
60 [SPC] CF [SPC] 61 [SPC] CF (SPC]
6 [SPC) 5 [SPC] 0 SOLVE

Store the program in variable CNC.
0 CNC

TN TS T I I

1: « 68 CF 61 CF 6 5 @
SOLVEQN »
(EELTH) T T I N N

T TN T I I

Create and display a custom menu containing this function.

@I «WIEY
(@) C @@ C ] CNC [ENTER]

(>](MODES] : HEH LI

1:
I I N N N

2: Equation Library 49



Equation Reference

The Equation Library consists of 15 subjects (corresponding to the
sections in the table below) and more than 100 titles. Each subject and
title has a number that you can use with SOLVEQN to specify the set of
equations. (The page number for each title is shown in parentheses.)

Subjects and Titles

1: Columns and Beams (53)

1: Elastic Buckling (54) 6: Simple Shear (57)

2: Eccentric Columns (54) 7: Cantilever Deflection (58)
3: Simple Deflection (55) 8: Cantilever Slope (58)

4: Simple Slope (56) 9: Cantilever Moment (59)
5: Simple Moment (57) 10: Cantilever Shear (59)

2: Electricity (60)

1: Coulomb’s Law (62) 13: Capacitor Charge (68)

2: Ohm’s Law and Power (62) 14: DC Inductor Voltage (68)
3: Voltage Divider (63) 15: RC Transient (69)

4: Current Divider (63) 16: RL Transient (69)

5: Wire Resistance (64) 17: Resonant Frequency (70)
6: Series and Parallel R (64) 18: Plate Capacitor (70)

7: Series and Parallel C (65) 19: Cylindrical Capacitor (71)
8: Series and Parallel L (65) 20: Solenoid Inductance (72)
9: Capacitive Energy (66) 21: Toroid Inductance (72)
10: Inductive Energy (66) 22: Sinusoidal Voltage (73)
11: RLC Current Delay (67) 23: Sinusoidal Current (73)
12: DC Capacitor Current (67)
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Subjects and Titles (continued)

3: Fluids (74)

1: Pressure at Depth (75) 3: Flow with Losses (76)

2: Bernoulli Equation (75) 4: Flow in Full Pipes (77)

4: Forces and Energy (78)

1: Linear Mechanics (79) 5: 1D Elastic Collisions (81)
2: Angular Mechanics (80) 6: Drag Force (82)

3: Centripetal Force (80) 7: Law of Gravitation (82)

4: Hooke’s Law (81) 8: Mass-Energy Relation (82)
5: Gases (83)

1. Ideal Gas Law (84) 5: lIsentropic Flow (85)

2: Ideal Gas State Change (84) 6: Real Gas Law (86)

3: Isothermal Expansion (84) 7: Real Gas State Change (86)
4: Polytropic Processes (85) 8: Kinetic Theory (86)

6: Heat Transfer (87)

1. Heat Capacity (88) 5: Conduction +

2: Thermal Expansion (88) Convection (90)

3: Conduction (89) 6: Black Body Radiation (91)
4: Convection (89)

7: Magnetism (92)

1: Straight Wire (92) 3: B Field in Solenoid (93)

2: Force between Wires (93) 4: B Field in Toroid (94)

8: Motion (95)

1: Linear Motion (96) 5: Circular Motion (97)

2: Obiject in Free Fall (96) 6: Terminal Velocity (98)

3: Projectile Motion (96) 7: Escape Velocity (98)

4.

Angular Motion (97)
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Subjects and Titles (continued)

9: Optics (99)

1: Law of Refraction (99) 4: Spherical Reflection (101)
2: Critical Angle (100) 5: Spherical Refraction (101)
3: Brewster's Law (100) 6: Thin Lens (102)

10: Oscillations (103)

1: Mass-Spring System (103) 4: Torsional Pendulum (105)
2: Simple Pendulum (104) 5: Simple Harmonic (106)
3: Conical Pendulum (104)

11: Plane Geometry (106)

1: Circle (107) 4: Regular Polygon (109)

2: Ellipse (107) 5: Circular Ring (109)

3: Rectangle (108) 6: Triangle (110)

12: Solid Geometry (111)

1. Cone (111) 3: Parallelepiped (112)

2: Cylinder (112) 4: Sphere (113)

13: Solid State Devices (114)

2: Longitudinal Waves (127)

1: PN Step Junctions (116) 3: Bipolar Transistors (119)

2: NMOS Transistors (117) 4: JFETs (120)

14: Stress Analysis (122)

1: Normal Stress (123) 3: Stress on an Element (124)
2: Shear Stress (123) 4: Mohr’s Circle (125)

15: Waves (126)

1. Transverse Waves (126) 3: Sound Waves (127)
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Columns and Beams

Variable Names and Descriptions

ocr
omax

o >»Q

TEIrx~-m

Pcr

< X T <~

Eccentricity (offset) of load
Critical stress

Maximum stress

Slope at x

Cross-sectional area
Distance to point load

Distance to edge fiber (Eccentric Columns), or
Distance to applied moment (beams)

Modulus of elasticity

Moment of inertia

Effective length factor of column
Length of column or beam
Applied moment

Internal bending moment at x

Load (Eccentric Columns), or
Point load (beams)

Critical load

Radius of gyration
Shear force at x
Distributed load
Distance along beam
Deflection at x
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Elastic Buckling

These four equations analyze axial forces applied to a slender column,
causing it to bend and deflect laterally— failure is caused by buckling
rather than compression. The boundary conditions at both ends of the
column have a major impact on the buckling characteristics of the column.
The effective length factor K defines the boundary conditions — whether
ends are fixed, pinned, or free. The equations assume the column is
slender — K-L /r is greater than about 100, depending upon the yield
strength of the material.

K=5 K=1 K=1 K=2

[0V | BN [WARS ] PIC [#RICT] ERIT |

Equations:
2.E. 2.E. P
Per=— =2 EA.‘, Per=X E-l UCT=£
K-L (K-L)2 A
r I
r= —

Example: Given L=7.3152 m, r=4.1148 cm, E=199947961.502 kPa,
A=53.097 cm™2, K=0.7,I= 8990598. 7930 mm”4, solves
Pcr=676. 6019_kN ocr=127428.2444 kPa.

Eccentric Columns

These two equations analyze the maximum stress induced by an eccentric,
axial load applied at an offset from the axis of a slender column. See
“Elastic Buckling” for the meaning of the effective length factor K. The
equations assume the column is slender — K-L /r is greater than about 100,
depending upon the yield strength of the material.
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VL
s '
[Z0LV ] EN JWRRS ] PIC J*PICT] ERIT |
Equations:
_P eC 1 _ 1
omax = 7\- 1 ";'5— " L > r A
cos[ o A A]

Example: Given L=6.6542_m, A=187.9351_cm”™2, r=8.4836_cm,
E=206842718.795 kPa, I= 135259652. 16_ mm"4 K=1,P= 1908 2571 kN,
c=1524 cm,e=1. 1806 cm, ¢=15.24 cm, solves ormax=140853.0970 | "kPa.

Simple Deflection

This equation analyzes the deflection of a simply supported beam. The
equation uses superposition to combine the effect of three types of loads:
a point load P, an applied moment M, and a distributed load w. The
behavior at x is calculated differently depending upon the location of x
relative to the point load and moment. Applied loads are positive
downward, the applied moment is positive counterclockwise (right-hand
rule), deflection is positive upward, slope is positive counterclockwise,
internal bending moment is positive counterclockwise on the left-hand
part, and shear force is positive downward on the left-hand part. The use
of the equation is limited to a beam with one load of each type —you can
address multiple loads by solving the problem for each load and using
superposition. This equation assumes deflections are small (they don’t
alter the geometry of the problem), stresses are in the elastic region, and
the beam has a constant cross section.
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Equation:

Y=M'[X2 +(L—a)2- Lz]

6-L-E-l
Mx | x2 L _c?
'ﬁ[ 6L 3 H]
WX

s -(L"’ +x2-(x - 2~L)]

Example: Given L=20_ft, E=29000000_psi, /=40 _in"4, a=10_ft,
P=674.427 Ibf, c=17_ft, M=3687. 81_ft«Ibf, w=102. 783 _Ibf/ft, x=9 ft,
solves y= 6005__111

Simple Slope

This equation analyzes the slope of a simply supported beam. See
“Simple Deflection” for sign conventions, limitations, and assumptions.

[0y | BN [wnks] PIC [+PICT] EXIT |

Equation:

gL a! 2
6= 6LE] [3x +(L-a)2- J

Mo x2 L

E-l 2L 3 2L

__Ww 3 .y2.(4.

W (Lo exe-@x-60)
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Example: Given L=20_ft, E=29000000_psi, /=40_in"4, a=10 _ft,
P=674.427 Ibf, c=17 ft, M=3687.81 _ft«lbf, w=102. 783 _Ibf/ft, x=9 ft,
solves = -.0876_°.

Simple Moment
This equation analyzes the internal bending moment of a simply

supported beam. See “Simple Deflection” for sign conventions,
limitations, and assumptions.

0L | EN [WRRE] PIC [+PICT] EXIT |
Equation:
Mx = P-(Ll-_a)~x + ML-x w-X (L-%)

Example: Given L =20 ft,a=10_ft, P=674.427 Ibf, c=17 ft,
M=3687.81_ftIbf, w= 102.783 lbf/ft x=9 ft, solves Mx=9782. 1945 _ft«Ibf.
Simple Shear

This equation analyzes the shear of a simply supported beam. See
“Simple Deflection” for sign conventions, limitations, and assumptions.

[20UV [ EcN [ vaks | PIC_[+PICT] ElT |
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Equation:
V=ﬂ?l +% +!2v--(L—2-x)

Example: Given L=20 ft,a=10_ft, P=674.427 Ibf, M=3687.81_ft+Ibf,
w=102.783_Ibf/ft,x=9 ft, solves 1’'=624.387_Ibf.

Cantilever Deflection

This equation analyzes the deflection of a cantilever beam. See “Simple
Deflection” for sign conventions, limitations, and assumptions.

[SOLY | BN [ WRES ] PIC J»PICT] ERIT |
Equation:
P -x2 M-x2  wx?
= N - . .L2_4.L. 2
Y=5&1 ® 3 e 2aEr (6 x )

Example: Given L=10_ft, E=29000000 | psi, I= 15_in"4, P=500_Ibf,
M=800_ft«Ibf,a=3 ft,c=6_ft, w=100_lbf/ft,x=8 ft, solves y=-.3316_in.
Cantilever Slope

This equation analyzes the slope of a cantilever beam. See “Simple
Deflection” for sign conventions, limitations, and assumptions.

(SOl | ECN [ WARS] PIC [+PICT] EXIT |
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Equation:
P-x
2-E-l

Mx _ wx
-(x—2-a)+—~~E.I " SEl [3 L2- 3-L-x+x2]

6:

Example: Given L=10_ft, E=29000000_psi, /=15_in"4, P=500_Ibf,
M=800_ft+Ibf,a=3 ft,c= 6 ft, w=100_Ibf/ft, x=8 ft, solves ©= — 2652 °.

Cantilever Moment

This equation analyzes the internal bending moment of a cantilever beam.
See “Simple Deflection” for sign conventions, limitations, and
assumptions.

a P
w
X M
c—
L—i
[20LY | BN [ Wk | PIC [#PICT] EXIT |

Equation:

Mx =P-(x-a) +M- %'[LZ-Z'L'X +x2]

Example: Given L=10_ft, P=500_Ibf, M=800_ft«Ibf, a=3 ft,c=6 ft,
w=100_Ibf/ft, x=8_ft, solves Mx=—200_ft«Ibf.
Cantilever Shear

This equation analyzes the shear of a cantilever beam. See “Simple
Deflection” for sign conventions, limitations, and assumptions.

[S0LY ] €GN [ WAks | PIC_[»PICT] ERIT
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Equation:

V=P+w-(L-x)

Example: Given L=10_ft, P=500_Ibf,a=3 ft,x=8 ft, w=100_Ibf/ft,
solves V=200_Ibf.

Electricity

Variable Names and Descriptions

ResSegewy

c.Cc1.c2
Cp,Cs
d
E
F
f
fo

Relative permittivity

Relative permeability

Angular frequency

Resonant angular frequency
Phase angle

Parallel and series phase angles
Resistivity

Current change

Time change

Voltage change

Wire cross-section area (Wire Resistance), or
Solenoid cross-section area (Solenoid Inductance), or
Plate area (Plate Capacitor)

Capacitance

Parallel and series capacitances
Plate separation

Energy

Force between charges
Frequency

Resonant frequency
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Variable Names and Descriptions (continued)

V1
Vi Vf
Vmax

XC

Current, or

Total current (Current Divider)
Current in R1

Maximum current

Inductance, or

Length (Wire Resistance, Cylindrical Capacitor)
Inductance

Parallel and series inductances
Number of turns

Number of turns per unit length
Power

Charge

Point charge

Parallel and series quality factors
Charge distance

Resistance

Inside and outside radii

Parallel and series resistances
Time

Initial and final times

Voltage, or

Total voltage (Voltage Divider)
Voltage across R1

Initial and final voltages
Maximum voltage

Reactance of capacitor
Reactance of inductor
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Coulomb’s Law

This equation represents Coulomb’s law, the formal representation of the
nature of electrostatic force between two charged particles. This force
acts along the line connecting the two charges. It’s attractive (negative) if
the charges are unlike, and it’s repulsive (positive) if the charges are alike.
Coulomb’s law applies over a wide range of separation distances —in
particular, it’s valid for atomic distances. You can calculate the force on a
charge due to a system of charges by successively applying Coulomb’s law
and using the principle of superposition (in three dimensions).

Equation:
F= 1 1 gq1-q2
4 -0 er r2

Example: Givengql=16E-19 _C, q2=16E-19 C,r=4.00E-13 cm,
er=1.00, solves F=14.3801_N.

Ohm’s Law and Power

These four equations represent the relationships among current, voltage,
and power dissipation for a resistor. Ohm’s law states that the relation
between voltage and current is linearly dependent upon resistance. A
conducting material obeys Ohm’s law if its resistivity is independent of the
direction and magnitude of the electric field. In all homogeneous
materials, Ohm’s law is valid over a narrow range of electric fields in the
material. If the electric field is too strong, there is considerable departure
from Ohm’s law.

Equations:

V=IR P=V P=12-R p_Vv2
R
Example: Given V=24 V,I=16_A, solves R=1.5 ), P=384 W.
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Voltage Divider

This equation describes the behavior of a two-resistor voltage-divider
circuit. The circuit consists of two resistors in series. The equation
assumes the voltage source has zero internal resistance and no current is
drawn from the circuit at the voltage output.

Rle Vi
[0y | BN [ unks | PIC [+PICT] EXIT |
Equation:
Vi =v-[%]

Example: Given R1=40 1, R2=10 Q, =100_V, solves V1=80_V.

Current Divider
This equation describes the behavior of a two-resistor current-divider

circuit. The circuit consists of two resistors in parallel. The equation
assumes the current source has zero internal admittance.

—_—
Imn
R2

[s00% ] N [ vz | PIC_TSPICT] ExiT |

Equation:

R2
=] |-
-1 ]

Example: GivenRI=10 , R2=6 (1, 1=15_A, solves I1=5.6250_A.
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Wire Resistance

This equation relates electrical resistance, bulk resistivity, and the physical
dimensions of a conductor. The equation assumes the conductor is
homogeneous and isotropic and its cross-sectional area is uniform. You
can use this equation for an nonhomogeneous material if you apply it to
small “pill-box” elements and evaluate the resistance of the wire
analytically. The equation applies only to bulk resistivity —it doesn’t apply
to sheet resistivity, such as skin resistance at high frequencies.

Equation:
L
R=£>-
A

Example: Given p=.0035 (xcm, L=50 cm, A=1_cm”2, solves
R=0.175 Q.

Series and Parallel R
These two equations determine values of equivalent resistance of two
ideal resistive elements connected in series and in parallel. The equations

assume neither resistance is an open circuit for the series circuit and
neither resistance is a short circuit for the parallel circuit.

R1
— — < R1
R;/\R/Z’\% Rp % %R2

[20Ly T EGN [Viks | PIC_[sPICT] EdIT ]
Equations:
Rs =R1 +R2 1 _ 1,1

Rp Rl R2

Example: Given R1=2 1, R2=3 (], solves Rs=5 1, Rp=1.2000 Q2.
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Series and Parallel C

These two equations determine values of equivalent capacitance of two
ideal capacitive elements connected in series and in parallel. The
equations assume both capacitors are ideal — no series or leakage
resistances. No assumptions are made about the initial charge conditions
of the capacitors. The equations assume the capacitive elements are
linear, so that the laws of superposition can be applied.

—_—
Cp A ~C2
LsOLu | N [Whks] PIC J+PICT] EXIT |
Equations:
LI I I Cp=C1 +C2
Cs C1 C2

Example: Given C1=2 uF, C2=3 uF, solves Cs=1.2000_uF, Cp=5_pF.

Series and Parallel L

These two equations determine values of equivalent inductance of two
ideal inductive elements connected in series and in parallel. The equations
assume both inductors are ideal — no series resistance. No assumptions
are made about the initial conditions of the inductors. The equations
assume the inductive elements are linear, so that the laws of superposition
can be applied.

L1
— — IL1
Ls L2 Lp L2
[=0LY | EN [unkzs] PIc [»PIcT] ERIT |

3: Equation Reference 65



Equations:
Ls=L1 +L2 1 1 1

L O L2

Example: Given L1=17_mH, L2=16.5_mH, solves Ls=33.5000_mH,
Lp=8.3731_mH.

Capacitive Energy

This equation defines the electrostatic energy stored in a charged
capacitor. This energy is the work done in charging the capacitor and is
stored as electrical potential energy in the field between the plates. This
energy is recovered by discharging the capacitor. The equation assumes
the capacitor is a linear element.

Equation:
2
E==C \'
2

Example: Given E=.025 J, C=20 uF, solves V=50 _V.

Inductive Energy

This equation defines the magnetic energy stored in an inductor carrying
current. This energy is the work done in establishing the current through
the inductor and is stored as magnetic potential energy in the field around
the conductor. This energy is recovered as the collapsing field generates
current flow. The equation assumes the inductor is a linear element.

Equation:

_Le2
2

E

Example: Given E=4 J, L=15_mH, solves I=23.0940_A.
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RLC Current Delay

These five equations describe the phase delays of ac currents in two
resistor-capacitor-inductor circuits: elements in series and elements in
parallel. The phase delay (angle) is positive for current lagging voltage.
The equations also describe the capacitive and inductive reactances at a
certain frequency. The equations assume the inputs are sinusoidal and
the circuit elements are linear, time-invariant, and loss-free. (Guesses for
¢s and ¢p can help find the desired solution.)

gs R gp i
il L% __)n.? L% ¥
3

21

[SOLY | BN [WARS ] PIC [3RICT] EXIT |

Equations:
1 1 1
—_— = XC=—-r
XL-XC XC XL w-C
TAN(gS) = ——— TAN =0 A=
(¢s) ==+ #p) == XL —w.L
R w=2nf

Example: Givenf=107 Hz, C=80_uF, L=20 mH, R=5 ], solves
w=672.3008 r/s, gs=—-45.8292 °, gp=-5.8772 °, XC=18.5929 Q,
XL =13.4460 0.

DC Capacitor Current

These three equations define the dc current required to change the
voltage on a capacitor from an initial value to a final value in a certain
time interval. For practical purposes and for meaningful values of
charging current, the time interval should be very small — microseconds
or nanoseconds. These equations provide a numerical approximation to
analytical equations involving derivatives. However, for many applications,
the charging currents of greatest interest are those occurring during a
rapid rise or fall of a signal — this is an adequate approximation for such
cases.
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Equations:

oAV AV =Vf- Vi
At At =tf - ti

Example: Given C=15 uF, Vi=23 V,Vf=32 V,1=10_A,i=0_s,
solves AV'=.9000_V, Ar=1.3500_us, {f=1.3500_ps.

Capacitor Charge

This equation relates the charge and voltage on a capacitor. The equation
makes no assumptions about the capacitor.

Equation:
q=CV

Example: Given C=20 uF, V=100_V, solves g=0.0020_C.

DC Inductor Voltage

These three equations represent Lenz’s law, which calculates the dc
voltage induced in an inductor responding to a change in current from an
initial value to a final value in a certain time interval. For practical
purposes and for meaningful values of induced voltage, the time interval
should be very small — microseconds or nanoseconds. These equations
provide a numerical approximation to analytical equations involving
derivatives. However, for many applications, the induced voltages of
greatest interest are those occurring during a rapid rise or fall of a
signal — this is an adequate approximation for such cases.

Equations:
L. Al Al =If-li
At At =tf - ti

Example: Given L=100 mH, V=52 V, Ar=32 us, Ii=23 A, ti=0_s,
solves AI'= -0.0166_A, If=22.9834 A, tf=32 us.
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RC Transient

This equation defines the response of a resistor-capacitor circuit to a step
change in the input voltage. The equation assumes the resistive and
capacitive elements are ideal — linear, time-invariant, and loss-free. It
also assumes the initial input voltage level has been stable long enough to
stabilize the initial charge on the capacitor, and the input voltage jumps to
its final value essentially instantaneously and holds at that level.

N
vi R _11T
Vl—J— Cr Vv

| L

LsOLM ] N JuRkE] PIC [#RICT] ERIT |

Equation:
-1
V =Vf- (Vf- Vi)-eRC

Example: Given Vi=0_V, C=50_uF, Vf=10_V, R=100_{},t=2 ms,
solves 1'=3.2968 V.

RL Transient

This equation defines the response of a resistor-inductor circuit to a step
change in the input voltage. The equation assumes the resistive and
inductive elements are ideal — linear, time-invariant, and loss-free. It also
assumes the initial input voltage level has been stable long enough to
stabilize the initial current in the circuit, and the input voltage jumps to its
final value essentially instantaneously and holds at that level.

!

vf R
'v'i—r Lgl

LSOy | BN [MARS ] PIC [#RICT] EXIT |
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Equation:

-tR
|=—;—- Vi- (Vi-Vi)-e ©

Example: Given Vi=0_V,Vf=5 V,R=50 1, L=50 mH, t=75_ps,
solves 1=0.0072_A.

Resonant Frequency

These four equations describe the resonance of series and parallel
resistor-inductor-capacitor circuits and their quality factors. The resonant
frequency of the circuit is independent of the connection (serial or
parallel). The equations assume the circuit elements are ideal — linear,
time-invariant, and loss-free. The dynamic response of the circuit is
measured by the quality factor. For a series circuit, the quality factor
represents the ratio of the capacitor or inductor voltage to the source
voltage. For a parallel circuit, the quality factor represents the ratio of the
capacitor or inductor current to the source current.

Equations:

R+ / &
Qp =R )

w0 = Qs =

1./t
R C

ﬁ‘—‘
o)

w0 =270

Example: Given L=500_ mH, C=8 uF, R=10_{, solves w0=500_r/s,
Qs =25.0000, Qp =0.0400, f0="79.5775_Hz.

Plate Capacitor

This equation relates the capacitance of a parallel plate capacitor to its
construction. The equation assumes the plates of the capacitor are so
large and so close that the “fringing” effects of the electric field at the
edges can be neglected — it assumes the electric field is constant
everywhere in the capacitor. In practice, this is realistic if the plate
separation is less than 10 percent of the width of the plates. The equation
also assumes the dielectric material between the plates is made of a
homogeneous material.
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Equation:
€0-er-A
C=
d

Example: Given C=25 uF, er=2.26,A=1_cm"2, solves
d=8.0042E-9_cm.

Cylindrical Capacitor

This equation relates the capacitance of a cylindrical capacitor to its
construction. A cylindrical capacitor is formed by two coaxial conductors
separated by a dielectric material. The equation assumes the length of the
capacitor is so large compared to the separation that the “fringing” effects
of the electric field at the ends can be neglected — it assumes the electric
field is uniform in the capacitor. In practice, this is realistic if the
separation is less than 10 percent of the length of the conductors. The
equation also assumes the dielectric material between the conductors is
made of a homogeneous material.

€r L

5

LSOl | EN [WRRS | PIC [#PICT] EXIT |

Equation:
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Example: Givener=1,ro=1_cm,7n=.999 cm,L=10_cm, solves
C=0.0056_uF.

Solenoid Inductance

This equation relates the inductance of a solenoid to its geometry. The
equation assumes the length of the solenoid is so large compared to the
diameter of the tube that the “fringing” effects at the ends can be ignored.
It also assumes the winding is uniformly spaced and the magnetic material
in the solenoid is homogeneous.

L=
L0l ] BN JWARS ] PIC [+PICT] ERIT |

Equation:
L =l‘0.l‘r.n2 .A.h

Example: Given w=25,n=40 1/cm,A=.2 cm”2, h=3 _cm, solves
L=0.0302_mH.
Toroid Inductance

This equation relates the inductance of a toroid to its geometry. The
equation assumes the toroid material is homogeneous and the cross
section is rectangular.

(0L | EcN [Wiks] PIC [+PICT] EXIT |
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Equation:

ur-N2 -
L=l*°l‘rN h.LN[LCl]

2w ri
Example: Given w=1, N=5000,h=2 cm,ni=2_cm,ro=4_cm, solves
L=69.3147_mH.

Sinusoidal Voltage

These two equations describe the instantaneous value of a sinusoidal
voltage signal. (Guesses for w, ¢, and ¢ can help find the desired solution.)

Equations:

V =Vmax-SIN(w-t +¢) w=27f

Example: Given Vinax=110_V, t=30_us, f=60_Hz, $=15_°, solves
w=376.9911 r/s, V=29.6699_V.

Sinusoidal Current

These two equations describe the instantaneous value of a sinusoidal
current signal. (Guesses for w, t, and ¢ can help find the desired solution.)

Equations:
I =Imax-SIN(w-t +¢) w=2xf

Example: Given (=32 s, Imax=10 A, w=636_r/s, $=30_°, solves
I1=9.5983 A, f=101.2225 Hz.
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Fluids

Variable Names and Descriptions

€
I
P

AP

P1,P2
Re

viv2
vavg

y1y2

Roughness

Dynamic viscosity
Density

Pressure change

Height change

Total fitting coefficients
Cross-sectional area
Initial and final cross-sectional areas
Diameter

Initial and final diameters
Depth relative to PO reference depth
Head loss

Length

Mass flow rate

Kinematic viscosity
Pressure at h

Reference pressure
Initial and final pressures
Volume flow rate
Reynolds number

Initial and final velocities
Average velocity

Power input

Initial and final heights
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Pressure at Depth

This equation describes hydrostatic pressure as a function of depth from a
reference for an incompressible fluid. Depth A is positive downward from
the reference — altitude is represented by negative h.

L0l ] BN JWARS] PIC [*PICT] EXIT |

Equation:
P=P0+p-g-h

Example: Givenh=100_m, p=1025.1817 kg/m”3, P0=1_atm, solves
P=1106.6848 kPa.

Bernoulli Equation

These 10 equations represent the conservation of energy in a streamlined
flow of an incompressible fluid. The equations account for differences in
pressure, velocity, area, and height between inlet and outlet. The
equations assume the effects of friction are negligible.

LsoLv | E:N Wik ] PIC [+PICT] EXIT |
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Equations:
AP | v2%-vi?

, > +g-Ay =0
/ A2 2\
2.19- | =<
AP, - +g-Ay =0
p 2
4 A1 2 3\
2 AL -
; vi [Az] 1
.A_+ N / +gAy=0
p
.p12
AP =P2- P1 Q=A2v2 A1=%—
Ay =y2 - y1 Q =A1-vi A2 x-D22
M=p-Q T4

Example Given P2=25 psi, P1=75_psi,y2=35_ft,y1=0_ft, D2=24 in,
DI1=18 in, p=64_Ib/ft"3, vI=100_ft/s, solves Q= 23075.8762 ft"3/mm
M=1476856.0769 ' Ib/min, v2=122.4213 ft/s, A2=452.3893 in"2,
AI1=254.4690 in~2, AP=-50_psi, Ay=35_ft.

Flow with Losses

These 10 equations extend Bernoulli’s equation (previous title) to include
power input (or output) and head loss.

[sOLv | BN [VARS ] PIC [+PICT] EXIT |
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Equations:

( 2 _ 42
M- A_P+u +gAy+hL] =W
L P 2
4 A2 21
2. 1-|=
; V2 [A1]
M| £ 4 ~ +g-Ay +hL| =W
\ p 2
' (a1)? )
12.[| 2] -4
(V] M . +g-Ay+hL| =W
(P 2
. 2
AP =P2 - P1 Q=A22 A1=%
Ay =y2 - y1 Q=A1-vi A2 x-D22
M=p-Q T4

Example: Given P2=30_psi, P1=65 psi, y2=100_ft,yI=0_ft,
p=64 1b/ft"3, D1=24 in, D2=18 in, hL =20 ft"2/s"2 Ww=25 _hp,
vI 100 _ft/s, solves 0 =36.1018 ft"3/m1n M=2310.5165_lb/min,

AP=-35 psi, Ay=100_ft, v2=.3405 _ft/s, 41=452.3893 in"2,
A2=254.4690_in™2.

Flow in Full Pipes

These eight equations adapt Bernoulli’s equation (earlier title) for flow in
a round, full pipe, including power input (or output) and frictional losses.
The equations use the Fanning friction factor to calculate the frictional
losses (see “FANNING Function” in chapter 8). The equations assume
the fluid temperature and viscosity are constant.

P1

A vavG
LE0LY | ExN [Wnks ] PIC [+PICT] EXIT |

3: Equation Reference 77



Equations:

.N2
p-[’r D ]-vavg- AP +g-Ay +vavg?- 2-f-[£] SE0 w
4 p D 2
AP =P2 - P1 Q =A-vavg Re - D-vavg-p
Ay =y2-y1 _n-D? K
A= n=£
M=p-Q P

Example: Given p=624 Ib/ft"3, D=12 in, vavg=8 ft/s, P2=15 psi,
P1=20 psx y2=40 ft,y1=0 ft, u= 0.00002 _Ibfxs/ft"2, EK=2.25,
€=0.02_in, L =250 “ft, solves AP=—5 _psi, Ay=40 ft, A=113.0973 in"2,
n=1.0312 ft"2/s, 0=376.9911 _ft"3/min, M= 23524.2458 _1b/min,
W=25.8897 hp, Re=775780.5.

Forces and Energy

Variable Names and Descriptions

a Angular acceleration
w Angular velocity
wi,wf Initial and final angular velocities
P Fluid density
T Torque
e Angular displacement
a Acceleration
A Projected area relative to flow
ar Centripetal acceleration at r
at Tangential acceleration at r
Cd Drag coefficient
E Energy
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Variable Names and Descriptions (continued)

F

Ki,Kf
mmim2

Ni,Nf

Pavg

vivifvef
vivii

Force atr or x, or

Spring force (Hooke’s Law), or
Attractive force (Law of Gravitation), or
Drag force (Drag Force)

Moment of inertia

Spring constant

Initial and final kinetic energies
Mass

Rotational speed

Initial and final rotational speeds
Instantaneous power

Average power

Radius from rotation axis, or
Separation distance (Law of Gravitation)

Time

Velocity

Final velocity
Initial velocity
Work
Displacement

Linear Mechanics

These eight equations describe the basis of linear Newtonian mechanics.

They describe Newton’s second law and the concepts of force, kinetic

energy, work, and power.

Equations:

F=m-a

Ki 1 -m-vi2
2

W =Kf - Ki

Kf =1 -m vf2
2 P=Fv

W =F-x
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Example: Givent=10 s,m=50_lb,a=12.5 _ft/s"2, vi=0_ft/s, solves
vf=125 fit/s, x=625 ft, F=19.4256_Ibf, Ki=0_ftsIbf, Kf=12140.9961_ft«Ibf,
W=12140.9961_ft«Ibf, Pavg=2.2075_hp.

Angular Mechanics
These 12 equations describe the basis of angular mechanics. They

describe Newton’s second law and the concepts of torque, kinetic energy,
work, and power.

Equations:
r=l-a W=r0 Pavg =— w=27N
.1 . W =Kf - Ki wi =2 -7 -Ni
Ki = — | -wi? —wl to-

2 Perw of =wi +a-t of =2 -7Nf
L at=a-r

2

Example: GivenI=1750 lbxin"2, 6=360_°,r=3.5_in, =10.5_r/min"2,
wi=0_r/s, solves 7= 1.1017E - 3_ft«Ibf, Ki= 0 ft*lbf W=69221E - 3_ftxIbf,
Kf=6.9221E-3_ft«Ibf, at= 8.5069E — 4 ft/s"2 Ni=0_rpm,

wf=11.4868 r/mln t=1.0940_min, Nf=1.8282 rpm, Pavg=1.9174E-7_hp.

Centripetal Force

These four equations describe the centripetal (radial) force on an object
rotating about an axis at a constant angular velocity.

Equations:

2
v =D g
ar w —2 | N

F=m-w?-r

-1|<

Example: Givenm=1 kg,r=5_cm, N=2000_Hz, solves
w=12566.3706_r /s, ar="7895683. 5209 _m/s, F=7895683.5209_N,
v=628.3185_m/s.
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Hooke’s Law

These two equations describe the force exerted by a spring and the work

(potential energy) involved in stretching the spring.

Equations:

=-kx W =" kx2

Example: Given k=1725_Ibf/in, x=1.25 in, solves F = -2156.25_Ibf,

W= -112.3047_ft«Ibf.

1D Elastic Collisions

These two equations describe a linear collision between two objects. The

equations are based on the laws of conservation of momentum and

energy. The equations assume object 2 is initially at rest, no frictional
forces act on the objects, and the collision is elastic (no energy is lost).

vii—  v2i=0

mi m2
vif 3 —u2f
mi  m2
[S0LY | EGN [vnks ] PIC [»PICT] ERIT |
Equations:
V1f=M'V1i szz_ﬂ.\ni
mi1 +m2 m1 +m2

Example: Givenmi1=10 kg, m2=25 kg, vIi=100_m/s, solves
vif=-428571_m/s, v2f=57.1429 m/s.
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Drag Force

This equation describes the frictional force on a body moving through a
fluid (such as air or water) that acts to retard the motion. The equation
assumes the velocity is high enough to cause the fluid flow behind the
object to be turbulent.

Equation:

F=Cd-[—”"’2]-A
2

Example: Given Cd=.05, p=1000 kg/m"3, 4=7.5E6_cm”2,v=35 m/s,
solves F=22968750_N.

Law of Gravitation

This equation describes Newton’s universal law of gravitation, which
defines the gravitational attractive force that occurs between any two
masses.

Equation:
m1 -m2]

r2

F=G-[

Example: Given mI1=2E15 kg, m2=2E18 kg, r=1000000_km, solves
F=266903.6_N.
Mass-Energy Relation

This equation relates the rest mass of an object to its energy. The
equation was derived by Albert Einstein.

Equation:

E=m-c?

Example: Given m=9.1E-31 kg, solves E=8.1787E-14 J.
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Gases

Variable Names and Descriptions

I TxQA2>R o >

Mw

PO
Pc
Pi Pf

T0
Tc
Ti,Tf

Vi,Vf
vrms

Mean free path
Flow density
Stagnation density
Flow area

Throat area
Molecular diameter
Specific heat ratio
Mach number
Mass

Molecular weight

Number of moles, or
Polytropic constant (Polytropic Processes)

Pressure, or
Flow pressure (Isentropic Flow)

Stagnation pressures
Pseudocritical pressure
Initial and final pressures

Temperature, or
Flow temperature (Isentropic Flow)

Stagnation temperature
Pseudocritical temperature

Initial and final temperatures
Volume

Initial and final volumes
Root-mean-square (rms) velocity
Work
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Ideal Gas Law

These two equations represent the relation between pressure, volume,
temperature, and mass of an ideal gas.

Equations:

P-V=n-RT m =n-MW

Example: Given T=16.85 °C, P=1_atm, V=25 1, MW=36_g/gmol,
solves n=1.0506_gmol, m = 3.7820E-2 kg

Ideal Gas State Change

This equation represents the change in the state of an ideal gas from
initial conditions of pressure, volume, and temperature to final conditions.

Equation:
Pf-Vf _ Pi-Vi
Tf Ti

Example: Given Pi=1.5 kPa, Pf=1.5 kPa, Vi=2 1, Ti=100_°C,
Tf=373.15 _K, solves Vf= 2 1.

Isothermal Expansion

These two equations describe the expansion or compression of an ideal
gas at constant temperature.

Equations:

W= nRTLN[w] m =n-MW

Example: Given Vi=2 1, Vf=125 1, T=300_°C,n=0.25_gmol,
MW=64_g/gmol, solves W=4926. 4942 J,m=.016 kg,
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Polytropic Processes

These two equations describe the general case of a reversible pressure-
volume change of an ideal gas with associated heat transfer such that

P -V "™ is constant. Special cases for the polytropic constant n include
isothermal processes (n =1), isentropic processes (n =k, the ratio of
constant-pressure specific heat to constant-volume specific heat, both at
zero pressure), and constant-pressure processes (n=0).

Equations:

-n n-1
ﬂ_:[lf] T _(Pf)n
Pi Vi T | Pi

Example: Given Pi=15_psi, Pf=35_psi, Vi=1_ft"3, Vf=0.50_ft"3,
Ti="75_°F, solves n=1.2224, Tf=164.1117_°F.

Isentropic Flow

These four equations describe isentropic flow—the adiabatic and
reversible flow of a compressible fluid. The flow of a compressible fluid
behaves differently at flow velocities below and above Mach 1. The Mach
number is based on the speed of sound in the fluid.

Equations:
T2 VR
TO k-1)-M2 L |
2+ _5_) A0 [TOJ
P [T K41
PO (To A_1 | 2 [, k-1 2:(-1)
At M |k+1 2
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Example: Givenk=2,M=.9, T0=26.85 °C, T=373.15 K,
p0=100 _kg/m"3, P0=100 kPa,A=1 cm"2 solves P=464.1152 kPa,
At=0.9928 cm™2, p=215. 4333 kg/m"3

Real Gas Law

These two equations adapt the ideal gas law (earlier title) to emulate
real-gas behavior over a wide range of conditions. The equations use the
gas-compressibility Z factor to correct for nonideal behavior (see
“ZFACTOR Function” in chapter 8).

Equations:
PV=n-ZRT m =n-MW

Example: Given Pc=48 atm, Tc=298 K, P=5 kPa, V=10 ],
MW=64_g/gmol, T=75_ °C, solves n=0.0173 gmol m=1.1057E-3 kg

Real Gas State Change

This equation adapts the ideal gas law state-change equation (earlier title)
to emulate real-gas behavior. It represents the change in the state of a
real gas from initial conditions of pressure, volume, and temperature to
final conditions. The equations use the gas-compressibility Z factor to
correct for nonideal behavior (see “ZFACTOR Function” in chapter 8).

Equation:
Pf-Vf _ Pi-Vi
Zf-TE Zi-Ti

Example: Given Pc=48 atm, Pi=100_kPa, Pf=50_kPa, Ti=75_°C,
Tc=298 K, Vi=10 1, Tf=250_°C, solves V=30.1703 1.

Kinetic Theory

These four equations describe properties of an ideal gas. The equations

assume Maxwellian distribution statistics and perfectly elastic collisions
for gas molecules.
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Equations:

. . 2
p - N-MW vrms )= 1
3V \/E'r' n-NA .d2
3RT \"
vims = W
m=n-MW

Example: Given P=100_kPa, V=2 |, T=26.85 _°C, MW=18 g/gmol,

d=2.5_nm, solves vims = 644.7678 m/s m=14433E-3 kg,
n= 0802_gmol A=1.4916_nm.

Heat Transfer

Variable Names and Descriptions

eb12
eb
f
h,h1,h3
k,k1,k2,k3
LL1L2L3

-~ O3

Expansion coefficient

Elongation

Lower and upper wavelength limits
Wavelength of maximum emissive power
Temperature difference

Area

Specific heat

Emissive power in the range A7 to A2
Total emissive power

Fraction of emissive power in the range A7 to A2
Convective heat-transfer coefficient
Thermal conductivity

Length

Mass

Heat capacity

Heat transfer rate

Temperature
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Variable Names and Descriptions (continued)

Tc Cold surface temperature (Conduction), or
Cold fluid temperature
Th Hot surface temperature, or
Hot fluid temperature (Conduction+ Convection)
Ti,Tf Initial and final temperatures
u Overall heat transfer coefficient
Heat Capacity

These two equations calculate heat capacity of a material in terms of
specific heat, mass, and temperatures.

Equations:

Q=m-c-AT Q=m-c-(Tf-Ti)

Example: Given AT=15_°C, Ti=0_°C,m=10_kg, Q=25 kJ, solves
Tf=15_°C, c=.1667_kJ/(kg+K).

Thermal Expansion

These two equations describe the linear expansion of a material due to a
temperature change. These equations are valid over a wide temperature
range.

[ T ]
k—L —ilsk
[S0LY ] ECN [ VAR ] PIC [+PICT] EXIT |
Equations:
§=aL-AT §=a-L-(Tf-Ti)

Example: Given AT=15 °C,L=10_m, Tf=25 °C,6=1_cm, solves
Ti=10_°C, a=6.6667TE-5_1/°C.
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Conduction

These two equations describe the rate of heat transfer through a
homogeneous slab of material. The two temperatures are surface
temperatures. The equations assume a one-dimensional model of heat
transfer due to conduction — lateral heat transfer is ignored.

ALk
—Ekg—» 9
ThizATc
[0LY | EN Junks] PIC [+PICT] EXIT |
Equations:
q=k—L'5 AT q=%-(rh—Tc)

Example: Given Tc=25 °C, Th=75 °C,A=12.5 m"2,L=1.5_cm,
k=.12_W/(m+K), solvesq 5000 W, AT= 50_°C.

Convection

These two equations describe the rate of heat transfer from a surface due
to convection. One temperature is the surface temperature, and one
temperature is the fluid temperature. The equations assume the
convective coefficient includes effects such as fluid characteristics,
turbulence, and convection flows.

1 h
q

Tc
Th

[sOLv ] BN [ WakE] PIC J*PICT] ERIT |

3: Equation Reference 89



Equations:
g=h-A-AT q=h-A-(Th-Tc)

Example: Given Tc=300_K, A=200_m"2, h=.005_W/(m"2+K),
q=10_W, solves AT=10 _°C, Th= 368500 °C.

Conduction + Convection

These four equations describe the rate of heat transfer in a composite
medium of up to three layers. Heat is transferred by convection to and
from the fluid surrounding the composite medium and conductively within
the medium. If you have fewer than three layers, give the extra layers a
zero thickness and any nonzero conductivity. The two temperatures are
fluid temperatures. If you know the surface temperature (instead of the
fluid temperature) for a surface, set the corresponding convective
coefficient to 10%% (or other large value). The equations assume a one-
dimensional model of heat transfer —lateral heat transfer is ignored.

ALl KLEN LI
hi h3

ThEK1RKeYKI1TC
22NNV,

[SOLv | EN [unks | PIC [+PICT] EXIT |
Equations:
_ A-AT q= A-(Th-Tc)
TR 1,2 13 1
ht ki k2 k3 h3 hi ki k2 k3 h3
S Uu=—9
A-AT A-(Th-Tc)

Example: Given AT=35 °C, Th=55 °C,A=10 m"2,

h1=.05_ W/(m"2+K), h3= 05 W/(m"Z*K) LI= 3 cm, L2=5 cm,

L3 3 cm, k1=.1_W/(m+K), k2=.5 W/(m=+K), k3=.1 W/(m*K) solves
=20 °C, U=0.0246_W/(m"2+K), g=8.5995 W.
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Black Body Radiation

These five equations describe black-body radiation. A black body is
defined as a body that emits the maximum amount of energy at every
wavelength for a specified temperature. The equations also include
Wien’s displacement law, which relates temperature and the wavelength
of maximum emissivity. The equations use the black-body emissive-power
function (see “FOA Function” in chapter 8).

Lz0Ly | BN [Wnkz ] PIC [#PICT] EXIT |
Equations:
eb=0-T* eb12 =f-eb qg=eb-A
f =FOA(\2,T) - FOA(M,T) Amax-T =c3

Example: Given 7=1000 °C, A1=1000_nm, \2=600_nm, 4=1_cm"2,
solves ¥nax=2276.0523_nm, eb =148984. 2703 W/m"2 f=.0036,
eb12=537.7264 W/m"2 q=14.8984 W.
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Magnetism

Variable Names and Descriptions

w Relative permeability
B Magnetic field
d Separation distance
Fba Force
lla,lb Current
L Length
N Total number of turns
n Number of turns per unit length
r Distance from center of wire
ri,ro Inside and outside radii of toroid
w Radius of wire
Straight Wire

This equation relates the current carried by a wire and the resulting
magnetic field. The magnetic field is calculated differently depending
upon whether the point is inside or outside the wire. The equation
assumes the wire is infinitely long and the material surrounding the wire is
magnetically homogeneous. For most practical problems, the wire radius
and the distance to the wire are much smaller than the physical length of

the wire, so the assumption is appropriate.

2

L0l | EcN [WARS | PIC [3RICT] ERIT |
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Equation:

B= p0 -pr-|
2-rr

Example: Given wr=1,w=.25 cm,r=.2 cm, I=25_A, solves
B=.0016_T.

Force between Wires

This equation describes the force between two long, parallel wires
carrying currents. The force on each wire lies in the plane of the wires, is
perpendicular to the wires, and is positive for an attractive force (for
currents having the same sign). The equation assumes the force is caused
solely by the magnetic field produced by the current carried in the wires.
It also assumes the separation is small compared to the length of the
parallel wires.

Fba Fba

Iat+ +Ib

[sOLY [ BN [WARS | PIC J3RICT] EXIT
Equation:
-ur-L-lb-la
Fba = #0-pr-L-b-la
a 2w-d

Example: Givenla=10_A,b=20 A, w=1,L=50_cm,d=1_cm, solves
Fba=2.0000E-3 N.

B Field in Solenoid

This equation describes the magnetic field density in a long, ideal
solenoid. The equation is based on Ampere’s law and the law of Biot and
Savart. The magnetic field is uniform at the core of the solenoid cylinder.
The equation neglects fringing and stray fields. The equation assumes the
current in the wire is either dc or low-frequency ac— secondary effects
such as inductive, eddy, and skin effects are ignored.
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Equation:
B=u0-ur-l-n

Example: Given w=10,n=50,1=1.25_A, solves B=0.0785_T.

B Field in Toroid

This equation describes the magnetic field density in an ideal toroid. The
equation is based on Ampere’s law and the law of Biot and Savart. The
magnetic field is uniform at the core of the toroid. The equation neglects
fringing and stray fields. The equation assumes the current in the wire is
either dc or low-frequency ac— secondary effects such as inductive, eddy,
and skin effects are ignored. The equation also assumes the toroid can be
described by averaging its inner and outer radii, but makes no other
assumptions about its geometry.

nr
I+ ro
ri
B
[ZOLVT ECN [Viks | PIC_[sPICT] ExT ]
Equation:
B = po-pr-l-N | 2
27 ro +ri

Example: Given wr=10,N=50,ri=5_cm,ro=7_cm,1=10_A, solves
B=1.666TE-2 T.
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Motion

Variable Names and Descriptions

€

o~ §

Dz2I3IQL>w

S<SE*XIRI

Angular acceleration

Angular velocity (Circular Motion), or
Angular velocity at t (Angular Motion)

Initial angular velocity
Fluid density
Angular position at t

Initial angular position (Angular Motion), or

Initial vertical angle (Projectile Motion)
Acceleration

Projected horizontal area

Centripetal acceleration at r

Drag coefficient

Mass

Planet mass

Rotational speed

Horizontal range (Projectile Motion), or
Planet radius (Escape Velocity)

Radius

Time

Velocity at t (Linear Motion), or
Velocity at r (Circular Motion), or
Terminal velocity (Terminal Velocity), or
Escape velocity (Escape Velocity)

Initial velocity

Horizontal component of velocity at t
Vertical component of velocity at t
Horizontal position at t

Initial horizontal position

Vertical position at t

Initial vertical position
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Linear Motion

These four equations describe the one-dimensional motion of an object
with a constant linear acceleration. The equations assume the object
experiences no frictional or velocity effects from the surrounding air.

Equations:
X =x0 +v0-t+%-a-t2 X =x0 +%-(v0 +V)t
X =X0 +V-t- a2 V=\0+at

Example: Givenx0=0_m,x=100_m, ¢=10_s,v0=1_m/s, solves
v=19 m/s,a=18 m/s"2.

Object in Free Fall

These four equations describe the one-dimensional motion of an object
subject to acceleration due to gravity near the Earth’s surface. Velocity is
positive in the upward direction. The equations assume the object
experiences no frictional, buoyant, or velocity effects from the surrounding
air.

Equations:

Y=Y0 +V0-t- 5 gt V2 V0% - 2-g-(y - YO)
v=v0-g-t
y:yo +Vt+";—g't2

Example: Giveny0=1000 ft,y=0 ft,v0=0_ft/s, solves t=7.8843 s,
v=-253.6991 ft/s.

Projectile Motion

These five equations describe the two-dimensional motion of a projectile
near the Earth’s surface. The range is the horizontal distance traveled
before returning to the initial elevation. The equations assume the object
experiences no frictional, buoyant, or velocity effects from the surrounding
air and only gravity acts on the object. These equations apply to motion at
low velocities or in a vacuum. (A guess for ©0 can help find the desired
solution.)
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Equations:
x =x0 +v0-COS(e0) -t vx =v0-COS(60)

Y =Y0 +v0-SIN(60) t - %.g 12 vy =Vv0-SIN(60) - gt
2
R =0~ sIN(2-60)
d
Example: Givenx0=0_ft,y0=0_ft, 80=45_°,v0=200 ft/s,t=10 s,

solves R=1243.2399 ft, wx= 141.42_14_ft /s, vy; - 180.3183_& /s,
x=1414.2136_ft, y=—194.4864 ft.

Angular Motion

These four equations describe the motion of an object with a constant
angular acceleration.

Equations:
6=60+a)0-t+%-a-t2 6=60+—;—-(wo+w)-t
6 =60 +w-t—%-a-t2 w=w0 +at

Example: Given 60=0_°, w0=0_r/min, =15 r/min"2, t=30_s, solves
©6=10.7430_°, w=.7500_r/min.
Circular Motion

These three equations describe the tangential velocity and centripetal
(radial) acceleration of an object rotating at a constant angular velocity
(uniform circular motion).
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Equations:

v v2 =2+
w=— ar=— w 2ﬂ'N
r r

Example: Givenr=25_in, v=2500_ft/s, solves w="72000_r/min,
ar=3000000_ft/s"2, N=11459.1559_rpm.

Terminal Velocity

This equation relates the terminal velocity of an object falling near the
Earth’s surface to the properties of the object and the surrounding fluid
(such as air or water). The terminal velocity is the velocity at which the
drag force and the gravitational force are in equilibrium.

Equation:
vea / 2MQ
Cd-p-A

Example: Given Cd=.15, p=.025lb/ft*3, 4=100000_in"2, m=1250 _Ib,
solves v=1757.4709 ft/s.

Escape Velocity

This equation relates the escape velocity of a projectile to the properties
of the planet. The escape velocity is the initial velocity required of the
projectile to escape the gravitational pull of the planet. The escape
velocity is independent of the direction in which the projectile is fired.
The equation assumes the rotation of the planet has no effect.

Equation:

vor [ 26GM
R

Example: Given M=1.5E23 Ib, R=5000_mi, solves v=3485.1106_ft/s.
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Optics

Variable Names and Descriptions

o1 Angle of incidence
e2 Angle of refraction
eB Brewster angle
ec Critical angle

f Focal length

m Magnification

n,n1,n2 Index of refraction
rri,r2 Radius of curvature

u Distance to object

v Distance to image

Law of Refraction

This equation relates the angle of incidence and the angle of refraction to
the indexes of refraction of the incident and refracting media. The angles
must be less than 90 degrees. (Guesses for 81 and 62 can help find the
desired solution.)

LZ0LY | BN [MARS ] PIC [#RICT] EXIT |

Equation:
n1-SIN(©1) =n2-SIN(62)

Example: Givennl=1,n2=1.333,01=45_°, solves 62=32.0367_°.
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Critical Angle

This equation defines the critical angle for the interface between two
media. The critical angle is the angle of incidence above which a light ray
is totally reflected back into the original medium —no refraction occurs.
The incident medium must have the greater index of refraction (n2>n1),
otherwise the critical angle doesn’t exist. (A guess for 8¢ can help find
the desired solution.)

[S0LY ] BN TWAks | BIC [+PICT] ExIT ]
Equation:
SIN(@c) =1L

n2

Example: Givennl=1,n2=1.5, solves 8c=41.8103 °.

Brewster’s Law

These two equations define the Brewster angle for the interface between
two media. The Brewster angle is the angle of incidence at which the
reflected wave is completely polarized with its plane of vibration at right
angles to the plane of incidence. (Light waves and other electromagnetic
waves have polarization properties associated with them, and the electric
field vector for each wavetrain in the beam can be resolved into a
component perpendicular to the plane of incidence and a component lying
in the plane of incidence. In unpolarized light these two components are
of equal magnitude.) (A guess for ©B can help find the desired solution.)

Ls0L¥ | EN [Wkks] PIc f+PICT] EXIT |
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Equations:

TAN(6B) = % 6B +62 =90

Example: Givennl=1,n2=125, solves 8B=>56.3099_°, 62=33.6901_°.

Spherical Reflection

These three equations describe reflection from a spherical mirror, either
concave or convex. The focal length and curvature radius are positive in
the direction of the reflected light (concave mirror, as shown in the
picture). The object distance is positive in front of the surface. The
image distance is positive in the direction of the reflected light (in front of
the surface). The magnification is positive for an upright image, negative
for an inverted image. If parallel light rays shine on the mirror, the
reflected rays appear to converge at the focus.

ke f
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Equations:
1 1 1 1 -V
—_— _— = — f:——-r m=——-
u v f 2 u

Example: Givenu=10_cm,v=300_cm,r=19.35_cm, solves m = - 30,
f=9.6774_cm.

Spherical Refraction

This equation describes refraction at a spherical interface between two
media. The curvature radius is positive in the direction of the refracted
light (convex interface, as shown in the picture). The object distance is
positive in front of the interface. The image distance is positive in the
direction of the refracted light (behind the interface).
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Equation:
n  n2 _n2-ni
u v r

Example: Givenu=8 cm,v=12 cm,r=2 cm, nl=1, solves n2=1.5000.

Thin Lens

These three equations describe magnification for a thin lens, a lens whose
thickness is small compared to the object distance. The curvature radii
are positive in the direction of the refracted light (convex to the incident
light) —r1 is for the front surface and r2 is for the back surface. The
object distance is positive in front of the lens. The image distance is
positive in the direction of the refracted light (behind the lens). The
magnification is positive for an upright image, negative for an inverted
image.

—~
k=r2 rl}%

— U ——— v —
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Equations:
1 1 -V
— = 1 1 1 m=—
— =(n- 1 | — - —
u v f ( ) [n I'2] u

Example: Givenrl=5 cm,r2=20 cm,n=1.5,u=50_cm, solves
f=13.3333_cm, v=18.1818 cm, m=—.3636.
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Oscillations

Variable Names and Descriptions

X < N~3IFXxX U~ O €

3

Angular frequency
Phase angle

Cone angle
Acceleration at t
Frequency

Shear modulus of elasticity
Cone height

Moment of inertia

Polar moment of inertia
Spring constant

Length of pendulum
Mass

Time

Period

Velocity at t
Displacement at t
Displacement amplitude

Mass-Spring System

These three equations describe the linear oscillatory motion of an object
attached to a spring. The motion is harmonic if the displacement of the

object from its rest position is small. The equations assume frictional

forces are negligible.

=G
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Equations:

k T-27 w=2xf
w

Example: Given k=20 N/m,m=5 kg, solves w=2 r/s, T=3.1416_s,
f=23183 Hz.

Simple Pendulum

These three equations describe the motion of a simple pendulum, in
which a mass hangs from a string and swings beneath the pivot. The
equations assume the angular displacement from the rest position is small
(the sine of the displacement angle equals the angle in radians) and the
mass of the string is negligible.

mé ¥
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Equations:

_2n w=2rf
oy & T-2

Example: Given L=15_cm, solves w=8.0856_r/s, T=.7771_s,
f=1.2869 Hz.

Conical Pendulum

These four equations describe the motion of a conical pendulum, in which
a mass hangs from a string and moves in a horizontal circle. The motion
of the string describes the surface of a right, circular cone. The equations
assume the mass of the string is negligible. (A guess for 8 can help find
the desired solution.)
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Equations:
w =4 / g h=L-COS(8) T=§1
h w

Example: Given L=25_cm, h=20_cm, solves 8=36.899 °, T=.8973 s,
w=7.0024_r/s,f=1.1145_Hz.

Torsional Pendulum

These three equations describe the motion of a torsional pendulum, in
which the restorative force is caused by the twisting of a suspension wire.
The equations assume the restoring torque is directly proportional to the
angular displacement and the mass of the suspension wire is negligible.

G ¥
J L
*
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Equations:

G-J T-27 w=2-nf
w=y/ 2=
Ll w

Example: Given G=1000 kPa, /=17 mm”4, L=26 _cm, I=50_kg+m”2,
solves w=1.1435E-3 r/s, f= -1.8200E -4 Hz, T=5494. 4862 s.
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Simple Harmonic

These four equations describe the instantaneous displacement, velocity,
and acceleration of an object with one-dimensional, simple harmonic
motion. (Guesses for w, ¢, and ¢ can help find the desired solution.)

Equations:
X =xm-COS(w-t +¢) a=-w?-xm-COS(wt+¢)
v=-wXm-SINw-t+¢) w=2nxf

Example: Givenxm=10_cm,w=15 r/s,$=25_°,t=25_ps, solves
x=9.0615_cm, v=-0.6344 m/s a=-20.3884 m/s"2f 23873 Hz.

Plane Geometry

Variable Names and Descriptions

B Central angle of polygon
e Vertex angle of polygon
A Area
b Base length (Rectangle, Triangle), or
Length of semiaxis in x direction (Ellipse)
C Circumference
d Distance to rotation axis in y direction
h Height (Rectangle, Triangle), or
Length of semiaxis in y direction (Ellipse)
1,Ix Moment of inertia about x axis
Id Moment of inertia in x direction at d
ly Moment of inertia about y axis
J Polar moment of inertia at centroid
L Side length of polygon
n Number of sides
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Variable Names and Descriptions (continued)

P Perimeter
r Radius
ri,ro Inside and outside radii
rs Distance to side of polygon
v Distance to vertex of polygon
v Horizontal distance to vertex
Circle

These five equations describe certain properties of a circle, including
moments of inertia.

Equations:
A=r-r2 I=1r-r4 J=7r~r4 Id =1 +A-d?

Example: Givenr=5_cm,d=1.5_cm, solves C=31.4159_cm,
A=78.5398 cm”™2,I=4908738.5_mm”™4,J=9817477.0_mm"4,
Id=6675884.4_ mm”™4.

Ellipse
These five equations describe certain properties of an ellipse, including
moments of inertia. The equation for the circumference C is an

approximation. (You can find the moments of inertia about both axes by
swapping the major and minor semiaxis lengths.)
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Equations:
A=n-b-h I=1r-b-h3 J=7"bh [b2+h2]
b2 +h?2 4 4
C=2x- Id =1 +A-d?

2

Example: Givenb=17.85_um, h=78.9725 pin, d=.00000012_ft, solves
A=11249E-6_cm”2, C=7.9805E-3_cm, /=1.1315E-10_mm 4
J=9.0733E- 9_mm"4 Id=1.1330E- 10_mm

Rectangle

These five equations describe certain properties of a rectangle, including
moments of inertia. (You can find the moments of inertia about both
axes by swapping the base and height lengths.)

e b

Equations:
A=bh |- bh’ Jg=bh (b2+hz]
P=2-b+2h 12 12

Id =1 +A-d?

Example: Givenb=4 chain, h=7_rd, d=39.26_in, set guesses for 1, J,
and Id in km"4, solves A4 = 28328108. 2691 cm™2, P=23134. 3662 _cm,
I=2925TE-7 km™4,J=1.8211E- 6__km"4 1d=2.9539E - 7__km"4
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Regular Polygon

These six equations describe certain dimensions of a regular polygon. (A
guess for n can help find the desired solution.)

BAF
L
rsi 8+
n=6
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Equations:
%'" L? % % 3
A= rs = = B = ==
TAN[@] TAN[—‘Q] sm[—‘i'ﬂ]
n n
P=n L o= n-2 180

Example: Givenn=8,L=.5 yd, solves A=10092.9501_cm"2,
P=365.7600_cm, rs=55.1889_cm, rv=59.7361_cm, =135 _°, f=45 °.
Circular Ring

These four equations describe certain properties of a circular ring,
including moments of inertia.

ro
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Equations:
A =x-|ro2-ri? :
. [ ] J=2x [ro+n

| = ro +ri ° ) . 2
=nl| =5 (ro-ri)

3
] “(ro - ri)
Id =1 +A-d?

Example: Givenro=4_p,rni= 25.0_kA, d=.1_mil, solves
A=3.0631E-7_ cm”"2,I=1.6177E-10_mm"4,/=3.2353E-10_mm"4,
Id=3.5938E-10_mm”™4.

Triangle

These six equations describe certain properties of a triangle, including
base, height, and moments of inertia.

Equations:
_bh

_bh
2 V=36

[b2 -bwv +v2]

P=b+Vv2+h2+V(b-V)2 +h? J=%.[h2+b2_b.v+vz]

_bhd \
36 Id =|X +Ad

IX

Example: Given h=433012781892 in,v=2.5_in, P=15_in,d=2_in,
solves b=5.0000_in, Ix=11.2764_in"4, [y=11.2764_in™4,J=22.5527 in™4,
A=10.8253 in"2, Id=54.5776_in"4.
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Solid Geometry

Variable Names and Descriptions

A Total surface area
b Base length
d Distance to rotation axis in z direction
h Height in z direction (Cone, Cylinder), or
Height in y direction (Parallelepiped)
1Ixx Moment of inertia about x axis
Id Moment of inertia in x direction at d
Izz Moment of inertia about z axis
m Mass
r Radius
t Thickness in z direction
v Volume
Cone

These five equations describe certain properties of a cone, including
moments of inertia.

Equations:
v=Z12.h Izz=l-m-r2
3 10
A=n-12 +x1-Vr2 +h? Id =Ixx +m-d?
o< = = -m-r2 + - -m h2
20 80
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Example: Givenr=7_cm,h=12.5 cm,m=12.25 kg,d=3.5_cm, solves
V'=641.4085 cm™3,4 = 4689953 em™2, I =0.0162 _kgxm”2,
Izz=0.0180 kg*m"2 1d=0.0312 kg*m"2

Cylinder

These five equations describe certain properties of a cylinder, including
moments of inertia.

Equations:
V=xr2-h lzz =L m-r2
A=2-xr2+2xr'h 2

1 1 Id =Ixx +m-d?
Ixx =—-m-r? + — -m-h2

4 12

Example: Givenr=8.5_in, h=65_in, m=12000_lbs, d=2.5_in, solves
V'=14753.7045_in"3, A= 3925. 4200 “in™2, Ioe= 4441750 Ibxin"2,
Iz= 433500_lb*m"2 Id= 4516750_lb*m"2

Parallelepiped

These four equations describe certain properties of a parallelepiped,
including moments of inertia.

<=b
TN N K T T N
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Equations:

V=b-ht |=_1_,m,[h2 +t2] Id =I +m-d?
A=2-(b-h+b-t+h-) 1

Example: Givenb=36_in, h=12 in,t=72 _in,m=83_1b,d=7_in, solves
V'=31104_in"3, A=7776_ m"2 I= 36852 lb*m"2 Id= 40919 Ibsin"2.

Sphere

These four equations describe certain properties of a sphere, including
moments of inertia.

[0L% | &N [MARE] P [RICT] ERIT ]
Equations:
=§--w-r3 A=4-7-r2 =%-m-r2 Id =1 +m-d?

Example: Givend=14 cm, m=3.75 kg, Id=486.5_lbxin"2, solves
r=21.4273 cm, V= 41208.7268_cm”3, A= 5769.5719_cm”™2,
I=0.0689_kg+m™2.
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Solid State Devices

Variable Names and Descriptions

Cox
E1
Emax
GO
gds
gm

1B
IC
ICEO
ICO
ICS

Forward common-base current gain
Reverse common-base current gain
Body factor

Modulation parameter

Electron mobility

Fermi potential

Length adjustment (PN Step Junctions), or
Channel encroachment (NMOS Transistors)

Width adjustment (PN Step Junctions), or
Width contraction (NMOS Transistors)

Channel thickness

Effective junction area

Breakdown voltage

Junction capacitance per unit area
Silicon dioxide capacitance per unit area
Breakdown-voltage field factor
Maximum electric field

Channel conductance

Output conductance

Transconductance

Diode current

Total base current

Total collector current

Collector current (collector-to-base open)
Collector current (emitter-to-base open)
Collector-to-base saturation current
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Variable Names and Descriptions (continued)

ID,IDS
IE
IES
IS
J
Js
L

Le
NA

ND

T
tox
Va

VBC
VBE
Vbi
VBS
VCEsat
VDS
VDsat
VGS
vt
Vto
w

Drain current

Total emitter current
Emitter-to-base saturation current
Transistor saturation current
Current density

Saturation current density

Drawn mask length (PN Step Junctions), or
Drawn gate length (NMOS Transistors), or
Channel length (JFETSs)

Effective gate length

P-side doping (PN Step Junctions), or
Substrate doping (NMOS Transistors)

N-side doping (PN Step Junctions), or
N-channel doping (JFETSs)
Temperature

Gate silicon dioxide thickness

Applied voltage

Base-to-collector voltage
Base-to-emitter voltlage

Built-in voltage

Substrate voltage

Collector-to-emitter saturation voltage
Applied drain voltage

Saturation voltage

Applied gate voltage

Threshold voltage

Threshold voltage (at zero substrate voltage)

Drawn mask width (PN Step Junctions), or
Drawn width (NMOS Transistors), or
Channel width (JFETS)
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Variable Names and Descriptions (continued)

We Effective width

xd Depletion-region width
xdmax Depletion-layer width
Xj Junction depth

PN Step Junctions

These eight equations describe the behavior of a silicon PN-junction
diode. The equations use the Shockley equation relating saturation
current density, applied voltage, and temperature. They use the “two-
sided step-junction” model, in which the doping density changes abruptly
at the junction from the N-side density to the P-side density. The
equations assume the device is made of silicon, the current density is
determined by minority carriers injected across the depletion region, and
the PN junction is rectangular in its layout. The equations use the
intrinsic density of silicon (see “SIDENS Function” in chapter 8). When
applying this set of equations, you should keep in mind practical ranges of
parameters. For example, the doping densities are in the range 10" to
10'® cm ™3, resulting in a built-in voltage of 0.5 to 0.9 volts. Maximum
electric fields are in the range 10 to 110 kV/cm. Breakdown voltage is in
the range of a few volts to several thousand volts. The junction model is
valid for a range of temperatures from 77 to 500 K.

L0l | EGN [WhES | PIC [+PICT] EXIT |
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Equations:

Vbi = kT LN NA-ND
q ni2
_ 2-esi-€0 A 1
xd—\/ q [Vbu ] [NA+ND
. _ €si-e0
Ci= xd
Emax:M
xd
_esie0E12 (1, 1
V=" [NA +ND]
qva
J=Js:|e kT -1

=(W+2-AW)-(L +2-AL) +7-(W +L +2-AW +2-AL) -Xj +2 -7 -Xj?
| =J-Aj

Example: Given ND=1E22 cm”-3, NA=1E15 cm”-3, T=26.85_°C,
Js=1E-6_pA/cm™2, Va= - 20 V, E1=3.3E5 V/cm W=10 ;;,AW—I o,
L=10 p,AL=1 p,xj=2 p, solves Vbi= 9962V, xd=5.2551_p,
Cj=2005.0141_pF/cm”™2, Emax="79908.5240 V/cm BV'=358.0825_V,
J=-1.0E- 12_A/cm"2 Aj=3.1993E-6_cm™2, I= ~3.1993E-15_mA.

NMOS Transistors

These 10 equations describe the behavior of a silicon NMOS transistor.
The equations use a two-port network model, include linear and non-
linear regions in the device characteristics, and are based on a gradual-
channel approximation (the electric fields in the direction of current flow
are small compared to the electric fields in the direction perpendicular to
current flow). The drain current and transconductance are calculated
differently depending on whether the transistor is in the linear, saturated,
or cutoff region. The equations use the intrinsic density of silicon (see
“SIDENS Function” in chapter 8). The equations assume the physical
geometry of the device is a rectangle, second-order length-parameter
effects are negligible, short-channel, hot-carrier, and velocity-saturation
effects are negligible, and subthreshold currents are negligible.

3: Equation Reference 117



LsoLy | EN JVARS ] PIC [*PICT] ERIT |

Equations:
We =W-2-AW
Le=L-2-AL

tox

IDS = Cox -n- ["LV ] [(ves Vi) VDS - YRS—] (1 +A-VDS)

_ V2-esi0-q-NA
Cox
Vt =VI0 ++- [\/ 2-ABS(¢p) +ABS(VBS) - V2 -ABS(¢p)]

-k-T NA
op “Tq LN[n_i]

gds =IDS -

gm = \/ Cox-;m-[va—ee] (1 +1-VDS) 2-IDS

VDsat =VGS - Vt

Example: Given tox=700 A, NA=1E15 cm™-3, w1=600_cm"2/(Vss),
T=26.85_°C, Vi0=.75_V,VGS=5_V,VBS=0_V, VDS=5_V, W=25 p,
AW=1 p,L 4 p,AL 5 p, A= 05 1/V, solves We=23 ;A,Le 2.5 u,
Cox=49330.4750_pF/cm”2, y=.3725 V.5, ¢p=—.2898 V, Vt=.75 V,
VDsat=425 V, IDS=3.0741_mA, gds=1.5370E—4 S, gm=1.4466_mA/V.
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Bipolar Transistors

These eight equations describe the behavior of an NPN silicon bipolar
transistor. The equations are based on large-signal models developed by
J.J. Ebers and J.L. Moll. The equations include the reciprocity theorem,
which defines the strong relationship between forward and reverse
common-base current gains and saturation currents. The offset voltage is
calculated differently depending on whether the transistor is saturated or
not. The equations also include the special conditions when the emitter-
base or collector-base junction is open, which are convenient for
measuring transistor parameters.

IRy Ic
1E IC 18 VCE
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Equations:

(5 somios [
IE=-1ES-|e *T -1| +aR:ICS-|e ¥T -1

(5 o b5
IC=-ICS-|e ¥T -1| +aF IES-|e KT -1
IS =aF IES
IS =aR-ICS
IB+IE+IC =0
ICO =ICS-(1 - oF -aR)
ICEO =22

o 1+%-(1 - oR)
VCEsat = q ‘LN

a5
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Example: Given IES=1E-5 nA,ICS=2E- 5 nA, T=26.85 °C,
aF=98,aR=.49,IC=1_mA, VBC-——lO V, solves VBE = 6553 V,
IS =0.0000098_nA, ICO =.000010396 nA,ICEO .0005198 nA
IE——10204mAIB 0204 mA, VCEsat=0_V.

JFETs

These seven equations describe the behavior of a silicon N-channel
junction field-effect transistor (JFET). The equations are based on the
single-sided step-junction approximation, which assumes the gates are
heavily doped compared to the channel doping. The drain current is
calculated differently depending on whether the gate-junction depletion-
layer thickness is less than or greater than the channel thickness. The
equations use the intrinsic density of silicon (see “SIDENS Function” in
chapter 8). The equations assume the channel is uniformly doped and
end effects (such as contact, drain, and source resistances) are negligible.
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Equations:

vbi = KT LN[ND]
q ni

xdmax =\/ 2('1":_3,\‘1;0 -(Vbi - VGS +VDS)

GO =q-ND-;m-[—a'L—W]

VDS—— [ 2-esie0
q-ND-a2

3
2

ID=GO-

3
-[(Vbi - VGS +VDS) 2 - (Vbi - VGS) 5]

vosat=9lesD—‘5— (Vbi - VGS)

Vit =Vbi - q-ND-a?
2 -esi-e0

gm=G0-[1 —\/ 2;;'60 -(Vbi - VGS)]
q-

Example: Given ND=1E16_1/cm”3, W=6_p,a=1_p,L=2 p,
pn=1248 cm”2/(Vss), VGS=-4_V,VDS=4_V, T=26.85_°C, solves
Vbi=.3493_V, xdmax=1.0479_p, G0=5.9986E -4 - S, ID= 2268 mA,
VDsat=33531 V, Vt=-72537_V, gm=.1462_mA/V.
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Stress Analysis

Variable Names and Descriptions

Tmax
Tx1y1

~.~vn~gmm>8§§o3

Elongation

Normal strain

Shear strain

Angle of twist

Normal stress

Maximum principal normal stress

Minimum principal normal stress

Normal stress on plane of maximum shear stress
Normal stress in x direction

Normal stress in rotated-x direction

Normal stress in y direction

Normal stress in rotated-y direction

Shear stress

Maximum shear stress

Rotated shear stress

Shear stress

Rotation angle

Angle to plane of maximum principal normal stress
Angle to plane of minimum principal normal stress
Angle to plane of maximum shear stress

Area

Modulus of elasticity

Shear modulus of elasticity

Polar moment of inertia

Length

Load

Radius

Torque
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Normal Stress

These three equations relate the fundamental concept of stress and strain:
A load (stress) exerted on an element produces a change in length
(strain). The equations assume a linear relationship between normal
stress and normal strain, which is valid only for small values of stress and
strain and only until the material yields to the stress.

pel ] P

k—L —lék
(0L | BN JWnks | PIC [+PICT] EXIT |
Equations:
o=E-e €= {_ o= %

Example: Given P=40000_Ibf, L =8 in, A=3.14159265359_in"2,
E=10E6_psi, solves 6= 00102 in, €=0.0013, 0=12732.3954 _psi.

Shear Stress

These three equations relate the concepts of shear stress and shear strain.
A torque (shear stress) applied to a cylindrical element produces a twist
(shear strain). The equations assume a strictly torsional load and a linear
relationship between shear stress and shear strain, which is valid only for
small values of shear strain and only until the material yields to the stress.

—L—A P
500y [ €N [viks | PIC_[3PICT] Exi |
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Equations:
=Gy _Ié _rr
L N

Example: Given L=6_ft,r=2_in,J=10.4003897419 in"
G =12000000_psi, 7= 12000 _psi, solves T=5200. 1949 | ft*lbf $=12.96_°,
~7=0.3600 °.

Stress on an Element

These three equations relate stress and strain along reference axes to
stress and strain along rotated axes. The rotated axes are orthogonal, and
they’re in the same plane as the reference axes. Stresses and strains are
positive in the directions shown. (A guess for 8 can help find the desired
solution.)

'{”cv '{ Y wuu 1

T wny o"fl cx1
S o
v

—
[SO0LY | EtN [URRS ] PIC [3PICT] ERIT |

Equations:

ox1 = "";"Y + "X; %Y .CcOS(2- ) +rxy-SIN(2- 6)
ox1 +oyl1 =oX +ay
X1yl = - [L;"l] ‘SIN(2-6) +rxy-COS(2 6)

Example: Given ox=15000 kPa, oy=4755_kPa, mxy="7500_kPa, =30 °,
solves ox1=18933.9405_kPa, oyl=821 0595 kPa, mxlyl=— 6862151 kPa.
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Mohr’s Circle

These seven equations represent the graphical form of stress-and-strain
transformations called Mohr’s circle. Mohr’s circle is useful for defining
the relationships between normal and shear stresses acting on various
inclined planes at any point in a stressed object. The applied normal and
shear stresses define the circle, from which stresses are defined at any
rotation from the original xy-axis. The principal xIyI-axis is the one along
which the stresses are algebraically highest and lowest and the shear stress
is zero. The equations assume the problem is two-dimensional —the
results don’t extend to three dimensions. (A guess for 6pI can help find
the desired solution.)

LS0Lv | BN [MARS ] PIC [3PICT] EXIT |

Equations:

2
o =0’X'2f'0'¥ +A\/[ax;a ] +rxy2

o1 +02 =oX +oy

SIN(2-ep1) = Xy -

[O'X;O' ] +Txy2
op2 =6p1 +90 6s =6p1 - 45
rmax = ol ;UZ savg = aX;—ax

Example: Given ox=-5600_psi, oy=—18400_psi, 7xy=4800_psi, solves
ol=-4000_psi, 02=—20000_psi, 8p1=18.4349 °, 6p2=108.4349 °,
rmax=8000_psi, Os = —26.5651_°, oavg= —12000_psi.
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Waves

Variable Names and Descriptions

B Sound level
A Wavelength
w Angular frequency
P Density of medium
B Bulk modulus of elasticity
f Frequency
/ Sound intensity
k Angular wave number
s Longitudinal displacement at x and t
sm Longitudinal amplitude
t Time
v Speed of sound in medium (Sound Waves), or
Wave speed (Transverse Waves, Longitudinal Waves)
X Position
y Transverse displacement at x and t
ym Transverse amplitude

Transverse Waves

These four equations describe the instantaneous behavior of transverse
waves — the waves oscillate at right angles to the direction of propagation.
Waves generated in a string are transverse waves. The equations give the
instantaneous displacement of the vibrating material in terms of position
and time. The equations assume the following effects are negligible:
damping effects, gravitational effects, and any effects of the transmitting
medium on the dispersion characteristics of the waves. (Guesses for k, x,
w, and ¢ can help find the desired solution.)

126 3: Equation Reference



Equations:
y =ym-SIN(k X - w-t) K=2T® w=2xf
v=Af A

Example: Givenym=6.37_cm, k=32.11 _r/cm,x=.03 cm, w=7000 r/s,
t=1_s, solves f=1114.0846 HZ,/\ 1957 _cm, y=2.6655_cm,
y=218.0006 _cm/s.

Longitudinal Waves

These four equations describe the instantaneous behavior of longitudinal
waves — the waves oscillate direction of propagation. Sound waves
generated in a long tube are longitudinal waves. The equations give the
instantaneous displacement of the vibrating material in terms of position
and time. The equations assume the following effects are negligible:
damping effects, gravitational effects, and any effects of the transmitting
medium on the dispersion characteristics of the waves. (Guesses for k, x,
w, and ¢ can help find the desired solution.)

Equations:
s =sm-COS(k-X - w-t) k=2_'7r w=2-7f
v=Xf A

Example: Givensm=6.37_cm, k=32.11_r/cm,x=.03_cm,w=7000_r/s,
t=1_s, solves s§=5.7855_cm, v=2.1800_m/s, A=.1957_cm,
f=1114.0846 Hz.

Sound Waves

These four equations describe the properties of sound waves in a medium.
The medium is characterized by its density and bulk modulus of elasticity.
The sound waves are characterized by their intensity, velocity, frequency,
and amplitude. The sound intensity is related to a standard intensity
reflecting the lower limit of human auditory senses. These equations
assume the displacement is small (first-order approximations are valid)
and the wave is sinusoidal.
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Equations:

4/ B -10. 1
V= ; =10 LOG[IO]

= %-p-v-mzsm2 w=2xf

Example: Givensm=10_cm, w=6000_r/s, B=12500 kPa,
p=65_kg/m"3, solves v= 438.5290  m/s, [= 5130789412.97 ' W/m”™2,
p=217.1018_dB, f=954.9297 Hz.
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4

Periodic Table

The Periodic Table application gives you access to a large collection of
information about 106 chemical elements.
This chapter shows you how to do the following:

m Scan the Periodic Table display and find the names, symbols, and
properties of elements.

m Calculate molecular weights.

® Include Periodic Table commands in programs.

Using the Periodic Table

To start the Periodic Table, follow these steps:
1. Get the LIBRARY menu ([«](LIBRARY)).
2. Get the Periodic Table main menu by pressing FETEL.
3. View the Periodic Table display by pressing FEETE.

2 3 4

sopiumM - !L l
> 1
1 iﬂ AT 5@\\ 5

22.98977 €— 6
8 —>tso. EEFEFFEEFFEER o <——7

THELE[NHME | SYME[RTITIDENS | UIT |

bt
bt
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The display shows a picture of the periodic table. Each square represents
one element. The black pointer (1) marks the location of the current
element. For the current element, the display also shows the element
name (2), mass number (3), symbol (4), atomic number (5), atomic
weight (6), density (7), and physical state (8) — solid, liquid, gas, or
synthetic— at standard temperature for gases and at room temperature
for others. Each of these properties is listed fully with units in the catalog
of properties —see “Finding Element Properties” later in this chapter.

The Periodic Table is a special environment in which you can find
information about elements and molecules. The following diagram shows
how to switch among the displays and catalogs.

TABLE NAME SYMB

na
H uMNa
AT WT:
nsesr?

[ENTER] EXIT

.~

SEONM (NA): 0.92_G/CM*3
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In the main Periodic Table display, you can perform the operations listed
in the following table.

Operations in the Periodic Table Display

Key Action
(4] (V) Moves the pointer in the table, wrapping around
(= ] rows or columns. With [], moves the pointer to

the extreme of the current row or column. [« or
[»] wraps to the adjacent row. (4] or [¥] moves to
or from the rare-earth area.

[a]...[ENTER] | Jumps the pointer to the element having the
symbol entered, or calculates molecular weights.
Multiple-character entry allowed.

ATHT Puts the atomic weight of the current element on
the stack.
DEHS Puts the density of the current element on the
stack.
GUIT Exits from the application.
Exits from the application.

Finding Element Names and Symbols

The Periodic Table provides two catalogs containing names and symbols
of elements in alphabetical order. You can use these catalogs to find
names or symbols or to make a certain element the current element:

m To find the symbol for a certain element name, press HHAME .Use
(4] and [¥] to move to the element, or use [a] to enter the first letter
of the name.

m To find the name for a certain element symbol, press : 57 ME .Use
(4] and [¥] to move to the element, or use [a] to enter the first letter
of the symbol.

m To make a certain element the current element, do either of the
previous steps, then press THELE.
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You can also find element properties from the name and symbol
catalogs —see the next topic.

Finding Element Properties

The Periodic Table contains a collection of physical properties of
elements, such as melting-point temperature and heat of vaporization.
Values are based on the “Periodic Table of the Elements” published by
the Sargent-Welch Scientific Company — they may differ from values from
other sources.

To get the catalog of properties for a certain element, follow these steps:
1. Select the element in one of these ways:

m Move the pointer to the element in the Periodic Table display.

m Press [a], type the symbol for the element, then press [ENTER].

m Get the name or symbol catalog, then move the highlight to the
element.

2. Press [ENTER].

The catalog shows each property name and value, including units (if units
are used).

22 989??_9/§m

8.97_9/cm™3
tates:
Elec Cfg: [Nel3sl 1
[PLOT]  JUNITs[HOYE]35TE] EXIT |

The property catalog provides the operations listed in the following table.
(See “Viewing and Selecting in a Catalog” in chapter 1 for details.) The
property you point to last is the one that’s highlighted in the next property
catalog.
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Operations in the Property Catalog

Key Action

(4] Moves the highlight up or down the catalog (also
™ (\) and ().
[a]...

Jumps the highlight to that alpha line.

ENTER Shows a wide (...) item completely — press
[ENTER] or [ATTN] to return to the catalog.

FLOT Plots the highlighted property as a function of
atomic number. (See “Plotting Properties” later in
this chapter.)

UHITw Indicates units used.
UHITS Indicates units not used.

MOYE Moves the highlighted property to the top of the
catalog for this and future catalogs.

#ETE Puts the highlighted property in level 1 of the
stack.

EXIT Returns to the Periodic Table display at this
element.

Exits the Periodic Table.

The following table lists the properties in the order they're included in the
Periodic Table, plus the type of object associated with each property.
Certain properties are not numeric— they’re represented as string
objects.
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Properties of Elements

Property Type of Property
Object* Number

Atomic Number Real 1
Mass Number t Real 2
Atomic Weight Unit 3
Density t Unit 4
Oxidation States t String 5
Electronic Configuration String 6
State String 7
Melting Point Unit 8
Boiling Point Unit 9
Heat of Vaporization Unit 10
Heat of Fusion Unit 11
Specific Heat Unit 12
Group (U.S. customary) String 13
Family String 14
Crystal Structure String 15
Atomic Volume t Unit 16
Atomic Radius Unit 17
Covalent Radius Unit 18
Thermal Conductivity t Unit 19
Electrical Conductivity t Unit 20
First lonization Potential Unit 21
Electronegativity (Pauling’s number) Unit 22
Oxide Behavior String 23
Element Name t String 24
Element Symbol § Name 25
* Properties returning unit objects return real objects if units aren’t used. Unknown
values are returned as the string **-".
t See the notes that follow this table.
t Not included in catalog of properties, but listed in the title of the catalog.

Notes about properties: Mass number for a stable element is based on
the isotope with the highest percent abundance; for a radioactive element,
it’s based on the longest half-life. Density for a gas is at 273 K with units
of g/1; for others, it’s at 300 K with units g/cm3. Oxidation states are in
order of most stable to least stable. Atomic volume for a gas is for its
liquid state at the boiling point; for others, it’s derived from the density at
300 K. Thermal conductivity is measured at 300 K. Electrical
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conductivity is measured at 293 K.

Some properties for certain elements are annotated with special
information, such as indicating estimated values or special conditions. For
example, the note for the atomic weight of francium indicates that the
value is for francium’s most stable form. Such properties appear in the
catalog with # as the first character —you can search for this annotation
by pressing [a] [x]. To see the property and annotation, highlight it and
press [ENTER].

If you have one or more properties that you use frequently, you can
change the catalog to make these properties always appear at the top of
the catalog. To move a property to the top of the catalog (for this and
future catalogs), highlight the property you want at the top, then press
MOWE . (Note that this does not affect the property numbers listed in the
previous table.) To restore all properties to their original order, purge

variable PTpar ([VAR] [] FTFAFR [«q)(PURGE]).

The application always displays the property catalog with full precision,
regardless of the current display mode.

Example: Calculating with Properties. Ella Mental knows that
bromine and mercury are normally liquids. She wants to find the
temperature intervals for which they’re liquid.

Move to the HOME directory for this example. Then get the LIBRARY
menu.

(] (HOME] 1:
(<) [CIBRARY) EcLie[PrTEL[COLIEIFIN__ [HES JUTILS]

Get the Periodic Table menu, then start the application.

FRTEL | HYDROGEN ——
- H
PERTE B B
Tt 1.0073

DENSITY:
cns FEFFFFHFFHH 0.0898

THELE[NHHME| SV HE[RTIT
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Make bromine the current element —be sure to use proper uppercase
and lowercase ([4q]) letters —note that the alpha keyboard locks on.
Then get its property catalog. (If UHITw# isn’t flagged with a small
square, press that menu key once.)

(o) Br
(UHITE if needed)

ass No:
At Wt: 79.984_gsgmol
Move to the “Boiling Pt” property and copy it to the stack. Move to the
“Melting Pt” property and copy it to the stack.

@B #5TK
(4] +8TK

el 1r|.4 Pt i ZES.Gp_K
oHvap- 15 438 kd/gmol
Return to the Periodic Table display. Then make mercury the current
element and get its property catalog.
EsIT
HHME
M V]

Move to the “Boiling Pt” property and copy it to the stack. Move to the
“Melting Pt” property and copy it to the stack. Then return to the stack.

% :2;1: £ HOME }
< 3 Melting PL (Br)T 2.
3: Boiling Pt (Hod: &
I: Heltyns PU Gho):

PERTE[PTRRO[MOLKM] | | |

Calculate the temperature interval for mercury.

8 1' 395.72_K
PERTE[PTPEO[MOLK] T [ |

Calculate the temperature interval for bromine.

©BE 1' 66.35_K
PERTEPTPROMMOLW] | | |
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Plotting Properties

You can plot any numeric-valued property as a function of atomic number
for all elements. (You can’t plot non-numeric properties.) This is useful
for finding elements with certain characteristics and for observing the
periodic nature of many properties.

To plot a property, follow these steps:
1. Get a property catalog for any element.
2. Highlight the property you want to plot.
3. Press FLOT .

The plot includes a pointer just below the plot marking the current
element. The bottom line gives the name, symbol, and property value for
the current element.

23 DENSTTY _
18.4 o f
13.8 - ce -
5.2 R
e, O

SODIUM (NA): 0.87_G/CM*3

You can scan the plot to find certain elements or values. You can return
to the property catalog for the original element or to the Periodic Table
display for another element.
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Operations in a Property Plot

Key Action

<[] Moves the plot pointer to the left or right. With
[«a), jumps the pointer 10 elements left or right.
With [], jumps the pointer to the first or last
elements.

Returns to the Periodic Table display at the
element marked by the plot pointer.

ATTN Returns to the previous property catalog.

Example: Plotting Properties. Red Burns wants to find the three
elements with the greatest heat conductivities.

Start the Periodic Table. The current element doesn’t matter.

() [LIBRARY o MERCURY -
FETEL H Bo
1111l AT .
FERTE Hits il
DENSITY:
ve N 133

THELE[NAME] SVHE [ATIT]DENZ | GUIT |

Get the property catalog for the current element, then move to the “Ther
Cond” property.

@T

Plot the property. Then move the pointer to each of the three highest
points, noting that they’re for copper, silver, and gold.

FLOT w5,  THERMAL CONDUCTIVITY
(< or [»] 1.6 )
azt .
18" .. .
-! . . '.‘\.:. . "'...' . RN .
SILVER CAG): Y.28_W/(CMEK)

Press [ATTN] [ATTN] to return to the stack.
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Putting Information on the Stack

You can put information on the stack from the Periodic Table display,
from a catalog of properties, or from a command:

m From the Periodic Table display, press ATWT to put the atomic
weight of the current element on the stack, or press ‘FEHS to put
its density on the stack.

m In a property catalog, press | #STK to put any highlighted property
on the stack.

m From outside the Periodic Table, use the PTPROP command to put

any property on the stack. (See “Using Periodic Table Commands”
later in this chapter.)

The stack entry contains a tag showing the property name and element
symbol. The value may be a number (with or without units) or a string,
depending on the property. You control the use of units — see the next
topic.

Choosing Unit Options

The Periodic Table properties and commands have two choices for units:
SI units or no units (implied SI units). The numeric values don’t change
for these choices, but the type of objects put on the stack does depend on
your choice.

In any catalog of properties, you can choose SI units or no units using the
UHITS menukey. UHIT» means SI units used, UHITS means units
not used. See “Working with and without Units” in chapter 1 for details.

Calculating Molecular Weights
You can calculate the molecular weight of any compound using the
Periodic Table:

m From the Periodic Table display, press [a], enter the formula for the
compound, then press [ENTER]. Use [¢] to correct typing mistakes.
The operation is described below.
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= From outside the Periodic Table, use the MOLWT command. (See
“Using Periodic Table Commands” later in this chapter.)

When you press [a] in the Periodic Table display, the application prompts
for the molecular formula and automatically locks the alpha keyboard on.
The application accepts any formula containing combinations of items
listed below. (If you enter only an element symbol, the pointer moves to
that element instead.)

= Element symbols (letters). Only the first letter of a two- or three-
letter symbol is uppercase (use (4] to enter lowercase letters) — NiN
and NIN are different compounds. Letters that don’t form valid
symbols aren’t accepted.

m Subscripts (numbers). Indicate multiples of the preceding element or
group. Decimal numbers are allowed.

m Groups (parentheses). Join elements, subscripts, and groups. Use
[« for <. Use [*)[)] for ?, or unlock alpha and press [»].

These are examples of valid molecular formulas:

Input: Meaning:
NaF NaF
H2S04 H>S0,
Mg(OH)2 Mg(OH),

Zn3(Fe(CN)6)2  Zng[Fe(CN)glo

Press [ENTER] to calculate the molecular weight. Then

m To put the molecular weight and formula on the stack (and return to
the Periodic Table display), press [ENTER].

m To just return to the Periodic Table display, press [ATTN].
The molecular weight contains SI units if you’re using units — otherwise,

no units are included. You can change this option in the property catalog
for any element — see “Choosing Unit Options” earlier in this chapter.
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Example: Calculating Molecular Weights. While studying eating
disorders, Eaton Greenes wants to find the molecular weights of vitamin
B, (thiamine, C;,H;7CIN,OS) and TNT (trinitrotoluene,
CH3CeH(NOp)3 ).

Clear the stack and start the Periodic Table. Then prepare to enter the
molecular formula.

(=)[CLR) . MERCURT 1 202
(1) [CIBRARY] H T A,
FRTEL PERTE HH So0sn
e we EEFEFFEFEH f5e
13.53
Type sumbol or formula

Enter the formula for vitamin B,. Note that chlorine (Cl) near the middle
has a lowercase “el.”

C12H17CIN4OS ve FEFEFFEEEFFFE 1558

C,aH,,CIN,0S ¢

Calculate the molecular weight and put the formula and value on the
stack. Next enter the formula for TNT.

[a] CH3C6H2 [«w][()] NO2 [][()] 3

Calculate the molecular weight and put the formula and value on the
stack. Return to the stack to see the two weights.

13.53
CH,C,H,CNO,) 5 ¢

(ENTER] [ENTER] 2: C12H17CIN40S: 368..
QUIT 1: CH3C6EHZ(NO2)3:

.133_s-9mol
A G T I

Separate the last result to get the formula and weight.

FRG) OBJ  OEJs 2:
= {: "I:HacsHZ(ﬁ’o?)a"
[0EJ> | E2t3 | #HER [$LIST[25TE [$TRG]

Press (] to clear the stack.
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Using Periodic Table Commands

The Periodic Table includes three commands that you can execute from
the menu, in the command line, and in programs. You can view the
command names by pressing [q][CIBRARY] PRTEL [#](REVIEW].

Periodic Table Commands

Key

Programmable
Command

Description

FERTE

PTPRO

MOLW

PERTBL

PTPROP

MOLWT

Starts the Periodic Table. It doesn’t
affect the stack.

Returns the specified property for the
specified element. From level 2 it
takes the element’s atomic number or
symbol as a name (with certain
restrictions). From level 1 it takes the
property number. It returns to level 1
the property, usually a value or a
string. It chooses to use or not use
units according to the Units Usage
flag (flag 61: Sl units if clear, no units
if set). See “Getting Properties with a
Command” below.

Returns the molecular weight for the
specified molecular formula. From
level 1 it takes the formula as a string
(suchas "Hz0") or name (with
certain restrictions, suchas 'Hz0').
It returns to level 1 the molecular
weight. It chooses to use or not use
units according to the Units Usage
flag (flag 61: Sl units if clear, no units
if set). See “Calculating Molecular
Weights with a Command” below.

142 4: Periodic Table




You can use the PTPROP and MOLWT commands to get results without
using the Periodic Table display. See the following topics.

If you use PTPROP or MOLWT with the HP Solve application or the
Multiple-Equation Solver, you must consider the element name or
formula name to be a placeholder variable (a dummy variable) — you
can’t solve for it. (If it appears in a Multiple-Equation Solver menu, you
should make it a user-defined variable.)

Getting Properties with a Command

You can get element properties using the PTPROP command instead of
using the Periodic Table display. Define the element using either its
symbol (a name, such as 'Si') or its atomic number (such as 14).
Define the property using the property number (such as 9 for the boiling
point temperature). Property numbers are listed in the “Properties of
Elements” table under “Finding Element Properties” earlier in this
chapter.

For example, both of these program segments return the boiling-point
temperature for silicon:

€ ... 'Si'" 9 PTPROFP ... »
4 «.. 14 3 PTPROP ... *

If you use PTPROP as an algebraic function, you must use the symbol to
define the element— you can’t use its atomic number. For example, this
program segment is valid:

4 ... '"PTPROPCSi,92" EVAL ... *

Calculating Molecular Weights with a Command

You can calculate molecular weights using the MOLWT command instead
of using the Periodic Table display. With certain restrictions, you can
define the molecular formula in either of two forms:

m A string, such as "Hz0". Valid for any formula.

m A name, such as 'Hz0'. Valid only for formulas without
parentheses.
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You can store a molecular formula in a variable, then use the variable
name with MOLWT. You should do this when you want to use MOLWT
in an expression and the formula contains parentheses or matches an
HP 48 command name.

You must use care when naming a variable that contains a formula string
or name. Make sure the variable name itself isn’t a valid formula— for
example, start the variable name with a lowercase letter. (If the variable
name is a valid formula, using MOLWT with the variable name returns
the molecular weight for the variable name, not for the formula it
contains.)

For example, if you store the formula for ethyl alcohol ("CZHED") in
variables SUDS and HOPS, 'MOLWT¢SUDS)! gives the
molecular weight for ethyl alcohol, but ‘' MOLWT¢HOFS> gives
the weight for hydrogen-oxygen-phosphorus-sulfur. (“SUDS” isn’t a valid
molecular formula, but “HOPS” is.)

If your formula is the same as an HP 48 reserved word, such as SIN, you
must supply it as a string.

Programming with the Periodic Table

You can access the Periodic Table from a program by using the Periodic
Table commands (described under “Using Periodic Table Commands”
earlier in this chapter):

m Execute PERTBL to start the Periodic Table. Then after you finish
using the application, the program resumes execution.

m Execute PTPROP to get properties of elements. The current state of
the Units Usage flag (flag 61) determines if SI units are used ot not
used.

m Execute MOLWT to calculate molecular weights. The current state
of the Units Usage flag (flag 61) determines if SI units are used or
not used.
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Example: Scanning the Periodic Table. Experimental chemist
Cynthia Sizer often needs to find elements that have a numeric property
within a certain range. She can use the following program to get a tagged
list of elements that have the specified property within the specified limits.
To use the program, enter the property number (level 3) and two limits
(levels 2 and 1) on the stack. The program returns a list of values tagged
with element symbols to level 1. For example, 8, 90_°F, and —90_°F says
to find elements with melting-point temperatures (property number 8)
between 90 °F and —90 °F. If she omits units on the limit in level 1, SI
units are implied. (The program takes about 2 minutes to run.)

Program:
% MAX LASTARG MIH DUF

IF DUF TYFE
THEH &1 CF
ELSE &1 SF

EHD + prum hi lo unit

elem pnum PTPROP
DUF TYPE + prop tupe
4

IF 'propzlo AHD
prop£hi!
THEH prop

IF &1 FC?
THEH unit COMVEERET

EMD elem 25 FTFEOF

Comments:

Finds upper and lower limits and
creates unit sample.

Tests if unit sample has units. If units
are entered, clears the Units Usage
flag; otherwise, sets the flag.

Creates local variables for property
number, limits, and unit sample.

Initializes number of solutions and
FOR element counter.

Uses PTPROP to get property value.
Creates local variables for element
property and object type.

Tests if property is numeric (real or
unit object). Processes only if
numeric.

Tests if property is within limits, then
includes value.

If units are used, gets unit sample
and converts property units.

Uses PTPROP to get element
symbol (property 25).
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>TAG SHAP 1
EMD
EMD
&
HEXT
» sLIST 61 CF
1668 .1 BEEP

&

Checksum: # 2532d
Bytes: 400.0

+

Uses element symbol as tag for
value, then increments number of
solutions. Leaves value and number
of solutions on stack.

Converts solutions on stack into list
of solutions, clears the Units Usage
flag.

(For information about the checksum and byte count, (¢3][MEMORY
EYTES, see the “Calculator Memory” chapter in the HP 48 Owner’s

Manual.)
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Constants Library

The Constants Library contains a collection of common physical constants
and quantities. You can use them in equations and programs. (Several of
these constants are used by the Equation Library.) The following table
lists them in the order they appear in the Constants Library.

Constants Library

Name Description
NA Avogadro’s number
k Boltzmann constant
Vm Molar volume
R Universal gas constant

StdT Standard temperature
StdP Standard pressure

o Stefan-Boltzmann constant
c Speed of light in vacuum
€0 Permittivity of vacuum
u0 Permeability of vacuum
g Acceleration due to gravity
G Gravitational constant
h Planck’s constant
hbar Dirac’s constant
q Electronic charge
me Electron rest mass
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Constants Library (continued)

Name Description
gme g/me ratio (electron charge-to-mass)
mp Proton rest mass
mpme mp/me ratio (proton mass / electron mass)
a Fine structure constant
] Magnetic flux quantum
F Faraday constant
Roo Rydberg constant
a0 Bohr radius
uB Bohr magneton
uN Nuclear magneton
A0 Photon wavelength
f0 Photon frequency
Ac Compton wavelength
rad 1 radian
twor 2r radians
angl 180° angle *
c3 Constant from Wien'’s displacement law
kq k/q (Boltzmann / electronic charge)
€0q €0/q (permittivity / electronic charge)
ge0 q - €0 (electronic charge x permittivity)
esi Dielectric constant of silicon
€0X Dielectric constant of silicon dioxide
0] Reference intensity
* For no units: 180, 2x, or 200, depending on the angle mode.

Note that one name uses an accented character: ¢. To type this character,
press [a] O [a] [](8). You can’t search for this character in the catalog,
but it’s right after the “a” entry ([a] (] A).

148 5: Constants Library



Getting Constants from the Catalog

To view the Constants Library catalog and retrieve constants, follow these
steps:

1. Get the LIBRARY menu ([\q](LIBRARY)).

2. Get the Constants Library main menu by pressing COLIE.

3. Get the catalog of constants by pressing COHL .
The constants catalog is a special environment in which you can view the
descriptions and values of the constants, set the use of units, and retrieve

values. You can perform the operations listed in the following table. (See
“Viewing and Selecting in a Catalog” in chapter 1 for details.)

Operations in the Constants Catalog

Key Action

Moves the highlight up or down the catalog (also

(a)
\J [« and []).
(o] Jumps the highlight to that alpha line.

ENTER Shows a wide (...) item completely — press
[ENTER] or (ATTN] to return to the catalog.

P8l - Indicates Sl units are active.
EHGE Indicates English units are active.
HHITw Indicates units are used.
UHITS Indicates units are not used.
MALUE Indicates descriptions are shown.
YHLUm Indicates values are shown using the current

display format.
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Operations in the Constants Catalog (continued)

Key Action
A#5TK Puts the highlighted constant in level 1 of the
stack using the current units selections.
GuIT Exits from the catalog.
Exits from the catalog.

The Constants Library provides two types of units: SI and English. In
addition, you can choose to use or not use the units — this determines
whether | #ZTE returns a unit object or a real number. If you want to
change how units are used with the constants, press the corresponding

51 , EHGL ,or UHITS menukey. See “Working with and without
Units” in chapter 1 for details.

Example: Selecting Dirac’s Constant. Physicist Shirley Bright
needs Dirac’s constant for her energy calculation. Use the constants
catalog to get the value.

Clear the stack, then get the constants catalog.

(]
(«a] [LIBRARY

0
COLIECONLI olar volume
universal gas
StdT: std temperature
StdP: std pressure 1
[ 51 s[ENSL[UNIT o[VALUE[ 3T ] 2T |
Set ST units ( 51 =) and units used (LUHI Tw), then view the values in
the catalog.

(51 ifneeded)
(UHITE if needed)
MALUE amo]

amol*K>
1
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Find Dirac’s constant, named “hbar” —remember to use [#] for
lowercase. View its full value.

@l h
\d

Place the value on the stack, then exit the catalog.

ENTER

>E5TK QUIT

CONSTANTS LIBRARY

Qbaﬂ 1.85457266E-34_J
s

bar:
1. B5457266E-34_J#s
| CTY T I N I |

Getting Constants with Commands

The Constants Library includes two commands. You can view the

Constants Library Commands

Key Programmable Description
Command
COHLI CONLIB Gets the Constants Library catalog. It
doesn'’t affect the stack.
‘CONS CONST Returns the value of the specified

constant. It takes the constant name
(suchas 'g')fromlevel 1, and it
returns the constant to level 1. It
chooses the units type according to
the Units Type flag (flag 60: Sl if clear,
English if set), and it chooses to use
or not use units according to the Units
Usage flag (flag 61: Sl units if clear,
no units if set).
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Using CONST in Equations and Programs

You can use the CONST command in equations and programs to retrieve
constants. For example, an equation for free-fall velocity using CONST
might look like this:

Y=YE-COHST (g # T

COMST a2 returns the acceleration due to gravity using units as specified
by the Units Type and Units Usage flags (flags 60 and 61).

In a program that performs the same operation, CONST takes the
constant’s name from the stack:

 MB 'g' COMST T % -V STO =

You can have variables with the same names as constants, but you should
include ' marks around the constant names in the program. This ensures
that CONST finds the constant name on the stack, rather than a variable
value.

If you use CONST with the HP Solve application or the Multiple-
Equation Solver, you must consider the constant name to be a placeholder
variable (a dummy variable) —you can’t solve for it. (If it appears in a
Multiple-Equation Solver menu, you should make it a user-defined
variable.)

Changing Constants for CONST

You may want to temporarily substitute a different value for a constant
without having to alter your equation or program.

For the CONST command, you can override the library value of any
constant by storing your value in a certain variable in the current directory
(or higher directory). The variable name is “const” plus the constant
name. (This new value does not change the value in the constants
catalog.)

Purge the variable when you want to revert to the library value.
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For example, if you want to use 0.00831451 kJ /gmol K as the universal gas
constant, store . #8221451 _kJ~-amal #K in variable constR. The
CONST command returns this value for R regardless of the type of units
you're using (whether the Units Type flag, flag 60, is clear or set) — units
are dropped if the Units Usage flag (flag 61) is set.
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Finance

The Finance application provides time-value-of-money (TVM) and
amortization capabilities. You can use it for compound-interest and
amortization calculations.

Compound interest occurs when earned interest is added to the principal
at specified compounding periods, and then the combined amount earns
interest. Many financial calculations are compound interest
calculations — for example, savings accounts, mortgages, pension funds,
leases, and annuities.

Amortization calculations determine the amounts applied toward
principal and interest in a series of payments.
This chapter shows you how to use the Finance application:

m Creating cash flow diagrams.

m Making TVM calculations.

m Making amortization calculations.

® Programming using Finance commands.

Making Cash Flow Diagrams

You can represent and understand many types of financial transactions
using cash flow diagrams. A cash flow diagram is a time line divided into
equal segments representing the compounding periods. Arrows represent
the cash flows. Money received is a positive value, and money paid out is a
negative value.

The cash flow diagram for a transaction depends on the point of view you
take in your problem statement. For example, a loan is an initial positive
cash flow for the borrower, but it’s an initial negative cash flow for the
lender.
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The following cash flow diagram shows a loan from a borrower’s point of
view.

PV
(Loan)

Money re-
ceivedis a Equal periods

positive A Ay A A A

number 1
E l i l

Money paid out

is a negative PMT Fv

number N
Equal payments

The following cash flow diagram shows a loan from a lender’s point of
view.

Equal payments
P

PMT PMT
{ T T f Tow
} 1
Loan{ H_I g_Y_/ H_J H_I ;_Y_J
Equal periods

PV

In addition, cash flow diagrams specify when payments occur relative to
the compounding periods: at the beginning of each period or at the end.
The Finance application provides both of these payment modes: Begin
mode and End mode.
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The following cash flow diagram shows lease payments at the beginning of
each period.

PV

Capitalized
value
of lease

L L i i |
PMT PMT PMT PMT PMT

Fv

The following cash flow diagram shows deposits into an account at the
end of each period.

PV

Making TVM Calculations

To make TVM calculations, follow this general procedure — details are
given below:
1. Get the Finance menu ([«][LIBRARY] FIH ).

2. Start the TVM application by pressing | THHM .
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3. Check and set these TVM conditions:
= Number of payments per year.
m Payments at beginning or end of periods.
4. Store values for the four known TVM variables.
5. Find the unknown value.
When you first start the TVM application, it displays a message showing

the current number of payments per year and the payment mode (Begin
or End). The application also displays the TVM menu.

2 payments-/year
ND mode

1
E
4
3
V4
1

CHCErRICEy JCEMTICFY 1ERTAR

The TVM menu operates similarly to the HP Solve menu. It provides the
operations listed in the following table for the five TVM variables: N,
I%YR, PV, PMT, and FV. (The variables are described below.)

TVM Menu Keys

Operation Key Action

Creates variable if necessary and
stores value in variable.

Store value

Solve for value Creates variable if necessary and
solves for value of variable.
Recall value Recalls value of variable to stack.

The TVM menu contains the five TVM variables plus several other
functions. The key shows additional menu labels, which control the
TVM conditions.
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Operations in the TVM Menu

Action

AMET

Stores, solves, or recalls the total number of
payments (compounding periods).

Stores, solves, or recalls the percent nominal annual
interest rate.

Stores, solves, or recalls the present value —the initial
cash flow or the value of a series of future cash flows.
(To a lender or borrower, PV is the amount of the
loan—to an investor, PV is the initial investment.) PV
always occurs at the beginning of the first period.

Stores, solves, or recalls the amount of each periodic
payment. The payments are the same amount, and
no payments are skipped. Payments can occur at the
beginning or end of each compounding period.

Stores, solves, or recalls the future value —the
amount of the final cash flow, or the compounded
value of the series of previous cash flows. FV always
occurs at the end of the last period.

Calculates amortization (remaining balance, interest,
and principal) based on four TVM variables. (See
“Calculating Amortization” later in this chapter.)

Stores the number of payments (compounding
periods) per year. The value must be an integer.
3 " recalls the value.
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Operations in the TVM Menu (continued)

Key Action

EEG Sets Begin mode, used when payments occur at the
beginning of each compounding period. (Sets the
Payment Mode flag, flag 62.)

EHD Sets End mode, used when payments occur at the
end of each compounding period. (Clears the
Payment Mode flag, flag 62.)

(«a)(REVIEW] | Displays the current contents of the TVM variables in
the menu.

If you want to change the number of payments per year or the payment
mode (Begin or End mode), use the menu keys on the second page of the
menu.

Because TVM calculations use all TVM variables, you must be sure you
have four correct values stored — even if the problem statement doesn’t
refer to a variable. For example, to calculate a payment for a fully
amortized loan, you must make sure FV is 0. If a transaction has no
payments, make sure PMT is 0.

Example: A Car Loan. Otto Tailfin is financing the purchase of a car
with a 3-year loan at 10.5% annual interest, compounded monthly. The
purchase price of the car is $11,250, and his down payment is $2500. What
are his monthly payments? (Assume that payments start at the end of the
first period.)

PV=11,250 —-2,500
FVv=0
1%YR=10.5
N=3x12
PYR =12; End mode

DRIETT

PMT=?

6: Finance 159




Change to the HOME directory and clear the stack. Get the TVM menu,
then set the number of payments per year and the payment mode.

(] (HOME] [Em éﬁ paggents/gear
mode
[G)MODES) 2ZEIR. 4:
(QJ[LIBRARY] FIH  TWM 3t
(NXT] 12 . %:
(WET] 6ES [END =] S| N

Store the known TVM variables. Make sure you set the final value to 0,
because the loan is fully paid after 3 years (3 x 12 payments). Review the
known values — the unknown PMT variable may have any value.

NXT 12 payments-/year
: END _mode

N: 36.00

I%YR: 18.58
PV: 8,750.00
°$T- undef ined

(N (R Py I FHTICFY e

12 PMT: -284.
lI]EE]II
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